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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: Apnl 28, 2006

FROM: Julie Beitz, MD

SUBIECT: Acting Office Director Memo

TO:; BLA STN 125141 Myozyme {alglucosidase alfa); Genzyme Corporation

Myozyme is a form of the human enzyme acid a-glucosidase (GAA) that is produced by recombinant DNA
technology in a Chinese hamster avary cell line. Myozyme provides an exogenous source of GAA that is
taken up tnto cells and is transported into lysosomes where it hydrolyzes glycogen. Myozyme has been
evaluated in Pompe disease, an inherited disorder of glycogen metabolism caused by the absence or marked
deficiency of GAA. Glycogen accumulation in various tissues leads o the development of hypertrophic
cardiomyopathy and progressive muscle weakness, including impairment of respiratory function. When
the disease presents in infants, it 1s rapidly progressive resulting in cardiorespiratory failure and death
before the age of 2 years: the course of the discase when it presents in older patients is slowly progressive.
There are no available treatiments known to unpact the survival or progression of disease in patients with
Pompe discase, Current treaument involves supportive measures, such as nutritional therapy and use of
respiratory support or other assistive devices. This memo documents my concurrence with the Director of
the Division of Gastroenterology Product’s recommendation for approval of Myozyme, administered by
intravenous infuston, for use in patients with Pompe disease.

Efficacy
On July 27, 2005, Genzyme Corporation submitted BLA STN 125141 which was granted a priority review,

Additional clinical and product quality information was requested during the review which upon
submission prompted an extension of the review clock. Myozyme was studied in a multicenter clinical trial
of 18 infantite-onset Pompe discase patients (Study AGLU01602). Enroliment was restricted ta patients
aged 7 months or less at first infusion with clinical signs of Pompe disease with cardiac hypertrophy and
who did not require ventilatory support at study entry. Patients were randomized to either 20 mg/kg or 40
mg/kp every two weeks for 52 weeks. After 52 weeks of treatment, all 18 patients were alive and 3
required invasive ventilator supporl. With continued treatment beyond 52 weeks, four additional paticnts
required ventilator support and two of these patients died after receiving 14 and 25 months of treatment,
respectively. These outcomes were superior o what was observed in a historical cohart of 61 untreated
patients born between 1940 and 2003 Ounly one of these 61 patients was alive at age 18 months. No
difference in outcomes was observed hetween paticnts who received 20 vs. 40 rg/ke. Additional clinical
observations in evaluable paticnts included mmproved motor function in 13 patients and decreases in lefi
ventricular mass index in 15 patients. The majority of patients however remained significantly delayed in
mator function compared to normal infants of comparable age,

Interim data were also submitted from an ongoing, multicenter, open-label clinical trial that enrolled 2
patients who were aged 3 months to 3.5 years at the tine of first infusion (Study AGLUO01702). All
patients received 20 mg/kg every two weeks for up to 104 weeks. At the 52-week interim analysis, 16
patients were alive, Sixteen patients were ventilator-{ree at baseline; ten of these were ventilatar-free at 57
weeks, two required ventilator support, and four had died. Five patients required ventilator support at
baseline: four of these continued 1o require this support at 52 weeks, and one patient had died,

Data were presented on an additional twenty-five patients, including one infantile-onset patient, several
juvenile-onset patients and 3 patieats with symploni onset in their thivties. These patients had received
open-label treatment for varying periods of time, the maoily on expanded access prowrams. There was
one definite response chserved in the infantile-onset patient who had symptom onset at age 6 months and



had received a total of eight years of enzyme replacement therapy that included Myozyme. This patient
was wheelchair dependent at the start of therapy, could walk after 72 weeks, and in subsequent vears, could
run and play sports. Of the remaining 24 patients, six who were treated for periods of § months to six years
were able to decreasc their requirement for ventilatory support from 3-10 hours per day. In addition, three
patients with symptom onset at age 30, 33 and 35 years were treated for 17, 14, and 11 months respectively.
They remained ventilatar-dependent with stable motor function during therapy.

Ata CDER Regulatory Briefing held on March 3, 2006, the clinical significance of these data was
discussed. The consensus among CDER senior managers and DGP review staff was that the clinical
findings supported Myozyme use in infantile-onset Porape disease patients. In particular, Myozyme usc
improved ventilator-free survival in these patients as compared to an untreated historical control Pompe
disease population which experienced rapid and unrelenting progression of their discase. Furthermore, in
my view, the benefits of treatment with Myozyme in these patients outweigh the risk for serious
hypersensitivity reactions, inchuding potentially life-threatening anaphylaxis, a safety concern which came
to light in the weeks following the briefing (see below).

On the other hand, data presented at the brieling on treatment outcomes in juvenile- and adult-onset
paticnts were viewed as fess compelling. Data were not rigorously collected (i.e., derived primarily from
case parratives and not from controlled studies). Clinical improvements were far less dramatic than the
ventilator-free survival finding observed in patients with infantile-onset disease treated with Myozyme.
Rather, there werc reports of reduced numbers of hours per day of required ventilatory suppart and stable
motor function over several months’ tinie in a small number of patients. These findings, while suggestive
of disease stabilization, are difficult to interpret in the absence of a placebo-treated control group.
Improved symptom control and/or disease stabilization in the face of the altermative - slowly progressive
morbidity — could be considered clinically meaningful outcomes had they been rigorously assessed in
prospective, adequate and well-controlled studies. As this was not the case here, in my view, it is not
possible to determine cither the magnitude of the treatment effect, or whether the benefits observed in these
patients outweigh the risk for scrious hypersensitivity reactions, including potentially life-threatening
anaphylaxis. As of this writing, controlled data on the efficacy and safety of Myozyme in juvenile- and
adult-onset patients s being collected in ongoing Study AGLU02704. This randomized, multicenter,
double-blind, placebo-controlled study has completed accrual and will assess patient outcomes after 52 and
104 weeks of treatment. These data, expected {0 be ready for submission in 2008, should shed light on the
benefit vs. risk ratio for Myozyme treatment in these patient populations,

To conclude, my recommendation is to qualify the indication statement that Myozyme be used in patients
with Pompe disease with the following statement describing our current state of knowledge, namely that
“Myozyme has been shown Lo improve ventilator-free survival in patients with infantile-onset Pompe
disease as compared to an untreated histarical control, whereas use of Myozyme in paticnts with other
forms of the disease has not been adequately studied to assure safety and efficacy.”

Of note, this indication stalement is not inconsistent with that approved by the European Union on April 3,
2006, namely that, “Myozyme is indicated for long-term enzyme replacement therapy (ERT) in patients
with a contirmed diagnosis of Pompe discase (acid a-glucosidase deficiency). The benefits of Myozyme in
patients with late-onsct Pornpe discase have not been established.”

Safety

Serious infusion-related hypersensitivity reactions, including anaphylactic reactions, have been reported
with administration of Myozyme. The serious nature of these reactions came to light late in the review
cycle and was the subject of extensive discussion with the sponsor in teleconferences on April 12,13, and
18, 2006, Thirty-cight of 280 (14%) patients enrolied in clinical trials or expanded access programs
developed infusion reactions involving at least two of three critical body systems, namely, cutaneous,
respiratory or cardiovascular systems. Of these cases, 8 experienced severc or clinically sipnificant
reactions. Three of these patients (alt adults) discontinued Myozyme treatment. These events have been
kightighted in a Boxed Warning and in additional bolded warnings which advise that appropriate medical
support measures be readily available when Myozyme is administered. Decreasing the infusion rate,
temporarily stopping the infusion, and/or administering antihistamines, antipyretics or corticosteroids nay
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ameliorate the symptoms. If severe hypersensitivity or anaphylactic reactions accur, immediate treatment
discontinuation should be considered. Patients who have experienced infusion reactions should be treated

with caution when re-administering Myozyme.

Additional bolded warnings highlight: 1) the risk of cardiac arrhythmia and sudden cardiac death in
infantile-onset patients with cardiac hypertrophy, that was associated with the use of general anesthesia (in
six patients requiring central venous catheter placement or muscle biopsy, one of whom dicd), and 2) the
risk of acute cardiorespiratory failure possibly associated with fluid overload (in a 3-month-old infant with
cardiac hypertrophy).

Immunopgenicity
The majority of patients (89%) in clinical trials tested positive for IgG antibodies to alglucosidase alfa.

There 1s evidence to suggest that patients developing sustained titers (>12,800) of anti-alglucosidase alfa
antibodies may have a poorer response to treatment, or may lose motor function as antibody titers increasc.
In addition, infusion reactions were mare common in patients with high antibody titers (i.e., reactions
invelved 8 of 15 such patients) as compared to patients who were antibody negative (i.e., reactions in none
of 3 antibody-negative patients),

Product fssues

Genzyme had originally intended to market both a 160 liter and a 2000 liter scale product, however, no
safety or efficacy data were presented in the BI.A using the latter product. To detecmine comparability of
the two products, the sponsor conducted a study in GAA knockout mice. This study revealed that the 2000
liter scale product resulted in an AUC that was 30% lower than that for the 160 liter scale product. Afier
discussions with the product review team, the sponsor withdrew the 2000 liter scale product from
consideration in this BLA when it submitted a major information amendment on December 30, 2005.

Several deficiencies were identified with regard to the enzyme potency assays. The sponsor's assay utilized
an artificial substrate instead ot a physiologically relevant one, such as glvcogen. and did not measure
substrate binding or catalysis. There were o potency assays that measured -

ar
discussions with the product review team, the sponsor developed qualified potency assays, and analyzed
commercial launch lots using BLA clinical lot data to set provisional release specifications. Genzyme
agrees to validate and implement new potency assays in release testing in the coming months. There was
general concurrence with this approach at the Center-level briefing in March 2006.

Tradename Review
The tradename “Myozyme” is acceptable.

Phase 4 Studies
The sponsor has committed o conducting the following clinical studies:
» Completing and submitting a final study report for Study AGIL.UO01702 in infantile-onsct diseasc
patients
* Completing and submitting a final study report for Study AGLU02704 in juvenile- and adult-onset
- discasc patients
e Implementing a registry of Pompe disease patients treated with Myozyme to collect information
on clinical status, including ventilatory status and motor assessments, adverse cvents,
unnunogenicity and antibody formation for at least 15 years; cognitive, auditory and visual
screening assessments will be performed in patients who are less than one year of age at the start
of treatment
*  Conducting a study in infantile-onset patients wha are less than one year of age at the starl of
Myozyme treatment to assess growth, cognitive and development, auditory, visual and neuro-
imaging assessments, and antibody formation over a 10 year period
* Conducting a study of an immune tolerance regimen in patients who have high antibody titers, or
the prescnce of neutralizing antibody, and are failing Myozvme treatment; and monitaring
antibody positive patients, whose immune responses dare not associated with loss of cfficacy or
severe hypersensitivity responses, at regular intervals over an extended period of time {ic., 18-24



months) to specifically assess if a sub-population of patieats becomes tolerant with routine
treatment

¢ Conducting a dose and dose interval exploration study in patients with poor responses to treatment
regardless of antibody status; this study will include infantile-, juvenile- and adult-onset patients.

The sponsor also commits to conducting additional preclinical studies, including a six-month chronic
toxicily study in neonatal/juvenile mice, a Segment E teratology study in rabbits, histopathologic
cxamination of the testes of male mice in a previously conducted fertility study, and a Segment 11T prenatal
and postnatal study in rats or mice,

In addition, the spensor commits to addressing several product-related issues, including completing
validation of and submitting specifications for its potency assays, finalizing specifications for the drug
substance and drug product, incorporating validated assays into its stability protocol, and submitting
progress reports on the status of these commitments every 6 months after licensure. The sponsot also
comumits to providing 1) information from a validated neutralizing antibody assay to evaluate enzyme
uptake by human fibroblasts, and 2} results froi the validated inhibition of enzyme uptake assay from all
patients enrolled in Study AGLUO1602 and Study AGLUG1702, and all patients treated in clinical studies
or on expanded access programs who required invasive ventilation since February 2006.

%»J-.,; /54/5 o H-28-01

Julie Beitz, MDD

Acgting Director,

Office of Drug Evaluation IIT
CDER, DA




MEMORANDUM
DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
Center for Drug Evaluation and Research

DATE: April 28, 2006
FROM: Brian E. Harvey, M.D., Ph.D.
Division Director, DGP/ODE [II/OND
TO: Julie G. Beitz, M.D.
Deputy Director, ODE III/OND
SUBJECT: Division Director Concurrence Memo
APPLICANT: Genzyme Corporation
DRUG: BLA/STN 125141/0

MYOZYME (alglucosidase alfa)

DATE SUBMITTED: July 27, 2005

DIVISION RECOMMENDATION:

The primary Medical Officer, Medical Team Leader and all of the consulting review
team members have recommended that BLA/STN 125141/0 for MYOZYME
(alglucosidase alfa) be approved. Tam in agreement with these recommendations.

BACKGROUND:

MYOZYME® (alglucosidase alfa) consists of the human enzyme acid a-glucosidase
(GAA), encoded by the most predominant of nine observed haplotypes of this gene.
MYOZYME is produced by recombinant DNA technology in a Chinese hamster ovary
cell line. Alglucosidase alfa degrades glycogen by catalyzing the hydrolysis of o-1,4-
and a-1,6- glycosidic linkages of lysosomal glycogen. MYOZYME provides an
exogenous source of GAA and it’s binding to mannose-6-phosphate receptors on the cel]
surface has been shown to occur via carbohydrate groups on the GAA molecule, after
which it is internalized and transported into lysosomes, where it undergoes proteolytic
cleavage that results in increased enzymatic activity. It then cxerts enzymatic activily in
cleaving glycogen.



Pompe disease (glycogen storage disease type IT, GSD II, glycogenosis type 11, acid
maltase deficiency) is an inherited disorder of glycogen metabolism caused by the
absence or marked deficiency of the lysosomal enzyme GAA. In the infantile-onset
form, Pompe disease results in intralysosomal accumulation of glycogen in various
tissues, particularly cardiac and skeletal muscles, and hepatic tissues, teading to the
development of cardiomyopathy, progressive muscle weakness, and impairment of
respiratory function. In the juvenile- and adult-onset forms, intralysosomal accumulation
of glycogen is limited primarily to skeletal muscle, resulting in pro gressive muscle
weakness. Death in all forms is usually related to respiratory failure.

The safety and efficacy of MYOZYME were assessed in 2 separate clinical trials in 39
Pompe disease patients, who ranged in age from | month to 3.5 years at the time of first
infusion,

Study I was an international, multicenter, open-label, clinical trial of 18 infantile-onset
Pompe disease patients. Efficacy was assessed by comparing the proportions of
Myozyme-treated patients wha died or needed invasive ventilator support with the
mortality experience of an historical cohort of untreated infantile-onset Pompe patients
with similar age and discase severity. By the age of 18 months, only one of the 61
historical control patients was alive, indicating the poor outcome of patients who are left
untreated. Within the first 12 months of treatment, 3 of 18 MYQZYME-treated patients
required invasive ventilatory support; there were no deaths.

Study 2 is an ongoing, international, multicenter, non-randomized, open-label clinical
trial that enrolled 21 patients who were ages 3 months to 3.5 years at first treatment. All
patients received 20 mg/kg MYOZYME every other week for up to 104 weeks. Five of
21 patients were receiving invasive ventilatory support at the time of first infusion. The
primary outcome measure was the proportion of patients alive at the conclusion of
treatment. At the 52-week interim analysis, 16 of 21 patients were alive.

Tnfusion reactions occurred in 20 of 39 (51%) of patients treated with MYOZYME in
clinical studies. The most serious adverse reactions reported with MYOZYME were
cardiorespiratory failure and anaphylactic reactions.

RECOMMENDATIONS FOR REGULATORY ACTIONS

The review team and consultants for this product have recommended that BLA/STN
125141/0 for MYOZYME® (alglucosidase alfa) be approved and 1 concur with these
recommendations. I also concur with the summary of this review as stated in the Medical
Team Leader Memo. There were extensive discussions among the review team members
regarding the exact wording of the Indication statement and other important aspects of
the product label. The nature of these discussions centered upon the clinical trial data in
infants and what cxtrapolation could be made, if any, to patients whose disease was
diagnosed at a later age. These discussions were also informed by the CDER Regulatory
Briefing of March 3, 2006, as well as the general discussions of Inborn Errors of
Metabolism clinical trials at the Endocrinologic and Metabolic Drugs Advisory
Committee on January 13-15, 2003. This process led to the finalized negotiated label for



MYOZYME. Iconcur with the contents of this label which is based upon the totality of
the data present in this BLA.

Specifically, [ concur with the wording of the Indications and Usage statement for this
product as stated in the finalized negotiated label:

“MYOZYME (algiucosidase alfa) is indicated for use in patients with Pompe disease
(GAA deficiency). MYOZYME has been shown to improve ventilator-free survival in
patienis with infantile-onset Pompe disease as compared to an untreated historical
control, whereas use of MYOZYME in patients with other Jorms of Pompe disease has not
been adequatély studied to assure safety and efficacy

Based upon the data, [ also concur with the Black Box Warning as stated in the finalized
negotiated label:

“WARNING
RISK OF HYPERSENSITIVITY REACTIONS

LIFE-THREATENING ANAPHYLACTIC REACTIONS, INCLUDING
ANAPHYLACTIC SHOCK, HAVE BEEN OBSERVED IN PATIENTS DURING
MYOZYME INFUSION.

BECAUSE OF THE POTENTIAL FOR SEVERE INFUSION REACTIONS,
APPROPRIATE MEDICAL SUPPORT MEASURES SHOULD BE READILY
AVAILABLE WHEN MYOZYME IS ADMINISTERED

In addition, I concur with the follow negotiated PMC as outlined in the approval letter.
“Postmarketing Studies subject to reporting requirements of 21 CFR 601.70.

1. Genzyme commits to completing the juvenile- and adult-onset Pompe disease study
AGLU02704, entitled “A randomized, double-blind, multicenter, muitinational,
placebo-controlled study of the safety, efficacy and pharmacokinetics of Myozymie,
recombinant human acid alpha-glucosidase (hGAA), treatment in paticnts with late-
onset Pompe discase.” Patient accrual is complete, the study is to be completed by
September 30, 2007, and a final study report will be submitted to CDER by May 31,
2008.

2. Genzyme commits to conducting the extension to the Juvenile- and adult-onset
Pompe discase study AGLU02704 through 24 months (AGLIUI03206), entitled “An
open-label extension study of patients with late-onset Pompe disease who were
previously enrolled in protocol AGLU02704”. Patient accrual is to be completed by
December 31, 2007, the study is to be completed by June 30, 2008, and a final study
report will be submitted to CDER by November 30, 2008.



3. Genzyme commits to completing study AGLUQ1702, entitied “An open-label,
multicenter, multinational study of the safety, efficacy, pharmacokinetics, and
pharmacodynamics of recombinant human acid alpha-glucosidase (thGAA) treatment
in patients > 6 months and < 36 months old with infantile-onset Pompe discase
(Glycogen Storage Disease Type II).” This study is to be completed by June 12,
2006, and a final study report will be submitted to CDER by February 28, 2007.

4. Genzyme commits to designing and implementing a registry of patients with Pompe
disease being treated with alglucosidase alfa that will be established to obtain long-
term clinical status information. Information will be collected on patient
demographics, specifics of treatment with alglucosidase alfa, clinical status,
ventilatory status, motor assessments, adverse events, assessment of immunogenicity,
and potential ctfects of antibody formation. In patients who are less than one year of
age at the start of treatment, information is to be collected on cognitive status, and
auditory and visual screening assessments. This registry will be desi gned so that
detailed clinical status information is collected at registry entry and on a 6- to 12-
month basis for at least 15 years. Genzyme commits to conducting two sub-studies
within the registry: one sub-study that will evaluate the effect of alglucosidase alfa on
pregnancy and lactation, and one sub-study that will collect information on the
clinical status of patients on ventilatory support at the time of entry into the registry.
The registry data will be analyzed at yearly intervals and the results will be submitted
in your annual reports for BB-IND 10780. A study protocol will be submitted to
CDER by September 29th, 2006, for concurrence, and the study will be initiated by
March 31, 2007. The final study report under this registry will be submitted to CDER
by September 30, 2022.

5. Genzyme commits to designing and implementing an infantile-onset Pompe discase
study to assess growth and development with treatment with alglucosidase alfa, in
patients who are less than one year of age at study entry. This study is to include
blinded assessments of growth (including standardized measurements of recumbent
length, height, weight, and head circumference), developmental testing (the scales
used need to be prospectively agreed upon), auditory and visual screening, neuro-
imaging, and antibody assessments at 6- to 12-month intervals over a 10-year period.
A study protocol will be submitted to CDER by September 29th, 2006, for
concurrence, and the study will be initiated by January 31, 2007. The final study
report for this study will be submitted to CDER by September 30, 2017.

6. Genzyme commits to designing and implementing an immune tolerance protocol in
Pompe discase patients who have significant antibody titers, or the presence of
neutralizing antibody, and are failing treatment. Genzyme commits to designing and
implementing a preventive immune tolerance protocol in Pompe’s patients at high
risk of the development of significant immune responses to product. This would
involve 1) establishing the correlation among genotype, the level of G-glucosidase
protein (non-cnzymatic assay}), and the presence and levels of binding, IgE, and
neutralizing antibodies over time, using validated assays; and 2) developing an
immune tolerance regimen that would be tmplemented before or concomitant with



10.

L1,

12,

onset of therapy for those at high risk. Additionally, Genzyme commits to monitoring
antibody positive patients, whose immune responses are not associated with loss of
efficacy or severe hypersensitivity responses, at regular intervals over an extended
pertod of time (i.e., 18-24 months) to specifically assess if a sub-population of
patients become tolerant with routine treatment. Reports from preclinical studies to
assess potential tolerance regimens and a commitment for timelines for a subsequent
chinical study will be submitted to CDER by December 29, 2006.

Genzyme commits to developing a protocol which will be used to provide guidance
to physicians for the use of tolerance inducing regimens for patients who are currently
failing treatment because of a robust antibody response and to submit this protocol by
October 31, 2006.

Genzyme commits to designing and implementing a dose- and dose-interval
exploration study in patients with poor responses to treatment, regardless of antibody
status. This study is to include patients in the infantile-, juvenile-, and adult-onset
patient populations. A study protocol will be submitted to CDER by September 29,
20006, for concuirence, and the study will be initiated by January 31, 2007. The final
study report for this study will be submitted to CDER by September 30, 2009,

Genzyme commuits to inifiate a 6-month intravenous chronic toxicity study of
Myozyme in neonatal/juvenile mice by September 29, 2006 and submit the full report
of the study by September 30, 2007.

Genzyme comuits to submit by June 30, 2006 the final report of —  Study
6354-1063 titled "Intravenous Injection Study of Recombinant Human Acid-alfa-
Glucosidase (rhGAA) on Female Fertility and Early Embryonic Development to
Implantation in Mice".

Genzyme commits to conduct a Segment II. Teratology study of Myozyme in rabbits
and subnut the full report of the study by June 30, 2007. In the interest of clarity and
precision for the data obtained, pretreatment of the animals with diphenhydramine
should be avoided in the study.

Genzyme commits to conduct histopathology examination of the testes of male mice
in =~ study 6354-155 titled "Intravenous [njection Study of Recombinant
Human Acid alfa-Glucosidase (thGAA) on Fertitity and Early Embryonic
Development to Implantation in Mice" and submit the full pathology report by
October 30, 20006.

Genzyme commits to submit the data from the third Segment I
reproductive/toxicology study in mice by December 31, 2006, for concurrence. If
necessary, Genzyme commits to submit an additional protocol for the study of the
effects of Myozyme on spermatocytogenesis and spermiogenesis in male rabbits. In
any future protocols, animals should be treated for a minimum of 90 days.



13. Genzyme commits to conduct a Segment IIT. Prenatal and postnatal study in rats or
mice in the third quarter of 2006 and submit the full report of the study by September
30, 2007,

Postmarketing Studies not subject to reporting requirements of 21 CFR 601.70.

14. Regarding method validations:

a. Tocomplete validation of —

iest methods for drug substance and/or
product relcase. Results and proposed specifications will be submitted to FDA by
December 31, 2006.

To complete optimization and validation of — . .

—_— - test
methods for drug substance and product release. Results and proposed
specifications will be submitted by March 31, 2007.

To improve the —_ -ontent assay, or to develop,
validate, and implement an alternative more accurate and precise assay. Results
and proposed specification will be submitted by December 3 1, 2007.

15. To provide a revised protocol for requalification and confirmation of stability of the
primary and working reference standards that incorporates the new panel of validated
methods. A revised protocol will be submitted by July 31, 2006.

16. Regarding the drug substance specifications:

a.

To re-evaluate the specification for — and establish a limit for — i the
specification, following assay re-validation. Results and revised specifications
will be submitted by December 31, 2006,

To revise the specification for the —_ present in the oligosaccharide
mapping analysis and submit by June 30, 2006.

17. Regarding the drug product COA/specifications:

d.

To add the —

——i

prop.oscd specification will be submitted l;y March 31, 2007.

To explore development of a method for an —_—

—  obscrved in reconstituted drug product and after dilution in saline.
Results and a proposal for controlling particle content will be submitted by
November 30, 2007.



18.

19.

20.

21.

22,

23.

24,

To characterize the composition of the  —  material observed after
reconstitution of drug product and to investigate the nature of particle formation.
Results will be submitted by November 30, 2007.

——

[

Validated stability indicating assaifs will be incor]_:;orated into the stabilfty program
(including accelerated stability on drug product, and after reconstitution and dilutton).
Results and revised stability protocol will be submitted by June 30, 2007.

To perform a study on formulated bulk drug product to confirm its hold time using
the = content assay and other stability-indicating assays. Results will be
submitted by November 30, 2007.

To conduct bracketed, in use photostability studies on product diluted for infusion
using current methods. Results will be submitted by December 31, 2006.

To provide interim summary reports regarding progress of CMC PMCs
every 6 months after licensure.

To provide information from a validated cell-based neutralizing antibody assay to
evaluate the potential effect of GAA antibody on mannose-6-phosphate receptor
dependent enzyme uptake using human fibroblast cells. Results will be submitted by
June 30, 2006.

To provide results using the validated inhibition of enzyme uptake into human
fibroblast assay from all patients in Studies AGLU01602 and AGLUG1702, as well
as all patients in clinical studies or the expanded access program for Myozyme who
have become invasively ventilated since February 2, 2006. Results will be submitted
by October 31, 2006.

Brian E. Harvey, MD, PhD

Director

[ € MMW\O/* (/28/06

Division of Gastroenterology Products
Office of Drug Evaluation IIT
OND, CDER, FDA



DEPARTMENT OF HEALTH AND HUMAN SERVICES : PUBLIC HEALTH SERVICE
Food and Drug Administration

Center for Drug Evaluation and Research
10903 New Hampshire Avenue
Silver Spring, MD 20993

Division of Gastroenterclogy Products
HFD-180

Date: April 27, 2006

From: John Hyde, Ph.D., M.D., Clinical Team Leader, DGP

Subject: Clinical Team Leader Summary Review of BLA/STN 125141/0

Alglucosidase Alfa for Glycogenosis Type Il (Pompe Disease) W
To: BLA 125141/0 File W d\e(o
Brian Harvey, M.D., Ph.D., Division Director, DGP U\\ |
Julie Beitz, M.D.; Acting Director, ODE 3 D‘“\’ \[\I\V
“T( e
Identifying information
BLA/STN#; 125141
Applicant: Genzyme
Biologic name: recombinant alglucosidase alfa

Proposed trade name: Myozyme
Submaission date: July 29, 2005

Stamp date: July 30, 2005

PDUFA poal date:  Apnl 29, 2006

Formulation: 50 mg alglucosidase alfa, lyophylized, in 20 mL glass vial, for
reconstitution in sterile water and dilution in saline for injection

Proposed indication: /

Proposed regimen: 20 mg/kg intravenous infusion every two weeks

Recommended regulatory action: Approval under 21 CFR 601,

Introduction and Regulatory Background

This BLA is for the new molecular entity Myozyme (alglucosidase alfa, rhGAA), an exogenous
source of enzyme intended to treat severe deficiency of a-1,4-glucosidase, the defect causing
Pompe disease (also known as acid maltase deﬁciency glycogen storage discase type I,
glycogenosis type II, or generalized glycogenosis). The enzyme. produced by recombinant DNA
technology, is one of the normal variants of the humdn enzyme. The product is to be
administered every two weeks at a dose of 20 mg/kg as an intravenous infusion over



Clinical Team Leader Memo for BLA/STN 125141 ~ Myozyme for Pompe Disease

approximately four hours. The product 1s proposed as S—

—

Orphan Designation 97-1065 was granted {or this product on August 19, 1997, for the “treatment
of glycogen storage disease type 11.” Chinical studies were conducted under Genzyme’s BB-IND
10,780. A pre-IND meeling was held on October 15, 2002, and the TND was received on
November 22, 2002. Fast Track Designation was granted to Genzyme on February 13, 2003, for
“the investigation of Alpha-Glucosidase for its effect in preventing mortality in classical infantile
Pompe’s disease.” An End-of Phase-2 Meeting was held July 22, 2003, and an End-of-Phase 2
Meeting for late-onset Pompe disease was held on Aprit 28, 2005, A CMC pre-BLA meeting
was held on May 3, 2005, and a clinical and pre-clinical pre-BLA meeting was held on Junc 1,
2005. The BLA submission was received on July 30, 2005. The application was granted
Priority review status because it was viewed as represcnting, if approved, a significant
improvement over currently available therapies.

During the course of the review of this application, the Division sent three formal information
request letters to the applicant to obtain additional safety, efficacy, and manufacturing
information that was considered necessary for the review. The last request was made in
December 2005, with a request to provide the information by the end of that month. Amendment
008 was received in response to that request on December 30, 2005, and the review clock was
extended three months to permit time for the additional review.

No Advisory Committce meeting was convened to discuss this application.

The product was approved by the EMEA April 3, 2006. The indication states:

Myozyme is indicated for long-term enzyme replacement therapy (ERT) in patents with a
confirmed diagnosis of Pompe disease {acid a-glucosidase deficiency).

The benefits of Myozyme in patients with late-onset Pompe disease have not been
established (see section 5.1).

The EMEA labeling has a warning about infusion-associated reactions, and the recommended
dose is 20 mg/kg every other week.

The primary review disciplines have all written review documents, which should be consulted
for more specific details of the application. This memorandum summarizes selected information
from these documents. The primary review documents relied upon are the following:

Clinical Efficacy and Safety Review of A. Pariser, dated 4/27

Statistical Review and Evaluation of L. Kammerman, dated 4/27/06
Pharmacology/Toxicology Review and Evaluation of B. Wilcox, dated 3/20/06
Supervisory Pharmacologist memo of I. Choudary, dated 4/14/06

Clinical Pharmacology and Biopharmaceutics Review of A. Rajpal, dated 3/23/06
Immunogenicity Review of J. Wang, dated 4/27/06

Drug Substance Review of F. Mills, dated 4/27/06

Drug Product Review of R, Bernstein, dated 4/27/06

Facility inspection memo of M. Clark-Stuart and J. Li, dated 9/28/053, finalized 3/10/06

Pl
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In the original submission the applicant presented information on two commercial processes.
One used a 160 L fermentation scale and the other a 2000 L fermentation scale. (The clinical
studies used the product from the 160 L scale.) The subsequent purification steps differed for the
two scales. As a result of deficiencies in the 2000 L process identified during review of this
application, the applicant elected to withdrawn the request for approval of the 2000 L process.

The drug substance, rhGAA, is produced tn CHO cells ..
Fermentation takes place in a 160 L bioreactor, and the substance is purified and stcrilized by
chromatography, — and filtration. To characterize the drug substance adequately,
the applicant developed, at FDA’s request, five additional assays for release testing. They are
not fully validated, but are being used with specifications agreed upon between the applicant and
FDA. See the Drug Substance Review for details.

The substance 1s placed into glass vials without preservative and lyophylized to produce the final
drug product. For administration, the product is to be reconstituted in sterile water and diluted in
normal saline for infusion. The product from the 160 L process has shown adequate evidence to
support a shelf life of 24 months at 2 to 8 °C. The drug product should be designated as “protect
from light 7 Reconstituted material is stable for- — at 2 to 8 °C, and diluted material is
stable for —— at2to&°C.

Inspection of the drug substance and drug product manufacturing facilities did not identify any
issues that would preclude approval,

The immunogenicity reviewer noted a correlation between high binding antibody titer and
presence of nonsensc/frameshift mutations. Also there appeared to be a relationship between the
appearance of high antibody titers and loss of clinical response. Only one patient in 39 evaluated
had a neutralizing antibody, but the reviewer had questions about the sensitivity of the assay.
Genzyme had developed an assay for antibody inhibiting uptake, but it has only been evaluated
on the patient with neutralizing antibody.

Conclusions and Recommendations
The CMC reviewers concluded that the product is approvable using the 160 [. commercial
process.

The CMC reviewers negotiated post-marketing commitments to improve method validation, to
revise the protocol for re-qualification of reference standards using the improved validation
methods, to propose additional drug substance specifications for —— and for — on the
oligosaccharide mapping analysis, to perform specific drug product release tests and develop a
— specification, to characterize the — — material observed
after reconstitution, to investigate the utility of several specified assays for indicating stability, to
study bulk drug product using stability-indicating assays, and to perform photostability studies.

The immunogenicity reviewer recommended that the applicant conduct additional investigations
to cvaluate whether uptake-inhibiting antibody relates to clinical outcome, and to investigate
means to induce tolerance in patients who may be at risk for loss of response.
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Clinical Inspection Summary memo of J. Tavarez, dated 12/23/05

ODS/DMETS labels and labeling consult memo of N. Roselle, dated 9/12/05
ODS/DDRE pharmacovigilance plan consult memo of A. Brinker ct al., dated 12/12/05
ODS/DMETS proprietary name consult memo of C. Hoppes, dated 2/15/06

Neurology Consult of M. Walton, dated 12/16/05

Pediatrics Consult ot H. Sachs, dated 3/20/06

Clinical Background

Pompe disease (glycogen storage disease type LI, glycogenosis type 11, acid maltase deficiency)
15 a lysosomal storage disease, a category of discases characterized by a genetic deficiency in
production or function of one or more the lysosomal enzymes. In Pompe disease the deficient
enzyme is acid a-glucosidase (GAA), which catalyses the breakdown of glycogen in lysosomes
by hydrolysis of ®-1,4- and «-1,6-glucosidic linkages. Deficiency of the enzyme results in
accumulation of glycogen in lysosomes in various tissues. The disorder is autosomal recessive,
and numerous mutations have been identified.

Various forms of the discase are described; all involve myopathy, but with a wide range in
severity. In the infantile-onset form, symptoms are identified usually in the first few months of
life. The featurcs are hypotonia, progressive weakness, and cardiomegaly. Paticnts also have
macroglossia and hepatomegaly. Pulmonary function becomes progressively impaired, and
patients usually die of cardiorespiratory failure by two years of age. Glycogen deposition is
-found in cardiac, skeletal, and smooth muscle, as well as in liver, renal tubular epithelium, and
the CNS. Mental development appears normal. A muscular variant of the infantile-onset form
also presents with symptoms early in life but does not include cardiomegaly; these patients also
have progressive weakness but it may progress more slowly, and the patients can have longer
survival.

Juvenile- and adult-onset Pompe disease, sometimes referred to together as late-onset Pompe
disease, present later in life, do not involve cardiomegaly, and have longer survival. Symptoms
may begin in childhood, but especially mild cases may not come to medical attention until well
into adulthood. Presenting symptorns are proximal muscle weakness, greater in the lower
cxtremities, which becomes more extensive and progresses. Death is usually secondary to
respiratory failure. Glycogen deposition in muscle may be patchy.

The disorder is rare. The incidence is estimated at 1 in 300,000 to 1 in 40,000. Heterozygous
carries appear normai. '

There is no approved specific treatment for the disease. The currently available therapeutic
options are primarily symptomatic and palliative. There is a pressing need for new therapies,
Chemistry, manufacturing, and controls issues

The reader is referred to the Drug Substance review by 1) Mills, the Drug Product Review by R.
Bernstein, and the Immunogenicity Review by J. Wang.
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The immunogenicity reviewer negotiated post-marketing commitments requesting the applicant
to do additional work on a neutralizing antibody assay to be able to assess an impact on cell
uptake, to investigate the significance of the assay in patients in the two principal studies, and to
design and implemenl an immune tolerance protocol.

Pre-clinical pharmacology and toxicology issues

The reader is referred to the Pharmacology/Toxicology Review and Evaluation by B. Wilcox and
to the Supervisory Pharmacologist memo by J. Choudary.

Toxicology studies were performed in rats, dogs, cynomolgus monkeys, and mice. The product
was generally well-tolerated. Toxicities noted in mice were a small decrease in WBC and mild
dose-related increase in albumin; mildly increased AI1 and ST were noted in two females.
Studies in rats produced several unscheduled deaths, a number of which were felt to be due to
hypersensitivity, but the reviewer felt they were not sufficiently explained. Rats also showed a
dose-related decreasc in body weight.

Scveral studies were conducied in GAA knockout (KO) mice, an animal model for Pompe
disease. In thesc studies rhGAA consistently showed efficacy in clearing glycogen from a range
of muscles; with cardiac muscle being the most responsive. In a study that dosed 100 mg/kg
weekly for four weeks, glycogen was cleared from cardiac muscle at Day | after completing
dosing and in skeletal muscle at Day 3 after completing dosing. Glycogen te-accumulated in
skeletal muscle by Day 28, but in cardiac muscie it was not seen until Day 42. Different skeletal
muscles responded differently in a pattern that was consistent across different studies. KO mice
that were three months old were more responsive to thGAA than mice that were 12 months old.
In chronic studies, 40 mg/kg qow was as effective as 20 mg/kg weekly. Unscheduled deaths
-occurred that were thought to be due to hypersensitivity, but some were unexplained. Rodents
were routinely pretreated with diphenhydramine. An immunology study in KQ mice found
elcvated IgG, and histamine was elevated after the eighth dose, but IgE was not detected.

Pharmacokinetic parameters in KO mice showed lincar behavior over the range 10 1o 40 mg/kg.
Elimination half-lives were in the range 1 to 3.5 hours for the various species investigated.
Animal PK studies found that product from the 160 L and 2000 L production processes did not
satisfy criteria for bioequivalence.

Biodistribution studies found the highest level of thGAA activity in the liver, with lower levels
in the spteen, and still lower levels in muscle. Among muscle tissues, cardiac muscle showed the
highest levels. The 2000 . process product resulted in higher liver uptake than did the 160 L
process product. '

A Segment | study was performed in mice. There was a trend toward implantation loss that did
not reach statistical significance. Male fertility studies showed increased abnormal sperm and a
reduction in sperm counts. A Segment II study in mice showed no pre-implantation loss, but
there was a trend (not statistically significant) toward increased late resorptions. There was no
statistically significant ¢fTect on fetal development.
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No genotoxicity or carcinogenicily studies were conducted.

Conclusions and Recommendations
The pre-clinical reviewer concluded that the product was approvable but that the reproductive
toxicology data were inadequate to support the late-onset indication. She recommended that the
pregnancy category should be - and that the labeling should include —

~ .. 'The reviewer recommended
that additional reproductive toxicity studies should be done as a post-marketing commitment.
She recommended that the applicant should be asked to provide histopathologic evaluation of the
deaths in rat studies. She also suggested consideration be given to monitoring AST and ALT, in
light of the findings in the monkey study and the known high levels of thGAA found in the livers
of KO mice. '

The supervisory pharmacologist also concluded that the product was approvable. Apart from
hypersensitivity, he concluded no target organ of toxicity had been identified. He identified that
the safety pharmacology study in dogs did not have ECG monitoring, and recommend that the
applicant be required ' —_— He did not feel
that the — ' ) _ findings of
sufficient significance that they needed to be described in labeling. In light of previous
agreements regarding the four-week rat toxicology study, he concluded that additional
histopathologic examinations for that study were not warranted.

The supervisory pharmacologist’s assessment of the reproductive toxicology studies was that
that they “do not demonstrate an adverse influence of Myozyme on reproduction in male and
female mice.” He recommended that the pregnancy category be B; however, he recommended
that the applicant be required to conduct additional reproductive toxicology studies.

The supervisory pharmacologist negotiated post-marketing commitments requiring the applicant
to do the following:

I. Conduct a stx-month intravenous chronic toxicity study in nconatal/juvenilc mice.

Submit the final report of ~—  Study 6354-163, a study of intravenous rhGAA on

female fertility and embryonic development to implantation.

Conduct a Segment [1 teratology study in rabbits.

4, Conduct histopathologic examination of the testes of inale mice in — study
6354-155, a study of the effect of intravenous thGAA on fertility and early embryonic
development, and submit the full pathology report.

)

5. Submit the results of the third Segment [ study, and, if neccssary, submit a protocol
for a study of the effect of Myozyme on spermatogensis and spermiogenesis in male
rabbits,

6. Conduct a Segment I prenatal and postnatal study in rats or mice.

Clinical Pharmacology Issues

The reader is referred to the Clinical Pharmacology review by A. Rajpal.

6
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A subset of patients who received Myozyme in Studies 1602 (severe infantile-onset, dose-
ranging) and 1702 (infantile onset) had pharmacokinetic measurements, and these formed the
basis for the pharmacokinetic information in the labeling. Tn study 1602, pharmacokinetic
parameters were seen to be proportional between the two doses used. In both studies and at both
doses in Study 1602, PK parameters were similar between the first dose and the dose after 12
weeks; however, five patients with high antibody titers (> 12.800) had 50% higher clearance
after 12 weeks.

In Study 1602, quadriceps muscle biopsy showed greater increase in muscle GAA activity at the
higher dose, but no clear trend of skeletal muscle glycogen with dose was appreciated. In muscle
biopsies from both Study 1602 and Study 1702 there was no clear trend of skeletal muscle
glycogen with time. Plasma and urine oligosacchardies appeared to decrease over time, but no
effect of dose (20 mg/kg vs. 40 mg/kg) was observed.

The clinical study material used substance from the 160 L scale process, whercas the applicant

initially proposed commercial material using a 2000 1. scale process. The lots were deemed not

comparable based on pharmacokinetic studies in the GAA knockout mice model. Also in that

study, more (GAA was seen in the liver and less in quadriceps when using the 2000 L scale

- product compared to the 160 L scale product. The reviewer speculated that his may be duc to the
— in the particular lots studied, as —— . was found to be correlated

with AUC and to a lesser extent inversely related to the fraction of the dose found in the liver.

Based on a limited number of subjects, no obvious differences in PK were seen based on age,
gender, race, or body weight. There were no special drug-drug interaction studies. There were
no studies of pharmacokinetics in patients with hepatic impairment, renal impairment, or in the
elderly.

Conclusions and Recommendations
The Clinical Pharmacology reviewer drew the following conciusions:

1. Pharmacokinetic parameters were proportional when comparing the 20 mg/kp and 40
mg/doses.
2. Clcarance was similar on Day I and at Week 12 for patients with antibody titers <

12,800, but for the five patients with anttbody titers > 12,800, clearance at Weck 12
averaged 50% higher than on Day 1.

3. The 2000 L scale product was not pharmacokinetically comparable to the 160 1, scale
product, so that the 2000 L scale product would not be approvable without additional
clinical efficacy and safety studies. (The applicant withdrew its request tor approval
of the 2000 L scale product during the review period.)

The reviewer recommended labeling changes to include information about the relationship
between high antibody titer and clearance in the Clinical Pharmacology section.

No post-marketing commitments were requested.
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Clinical/Statistical Issues

The reader is referred to the Clinical Review by A. Pariser, and to the Statistical Review by L.
Kammerman.

Historical Study (AGLU-004)

The purpose of this study was to collect natural history data on Pompe disease to provide
substantial and numerical specificity for the general notion of the poor prognosis of infantile-
onset Pompe disease. The study searched North America, Europe, Isracl, and Taiwan for cases
of Pompe disease, living or dead, who had not been treated with exogenous enzyme therapy.
Data collection included demographics, survival, disease chronology, physical exam data,
laboratory data, and treatment data including ventilator use. To be enrolled, patients needed to
have a clinical diagnosis of infantile Pompe disease with documented GA A deficiency of GAA
gene mutation and symptom onset by age 12 months corrected for gestation.

At total of 300 cases were screened, 172 meet eligibility criteria, and 168 of these were known
not to have received exogenous enzyme therapy. Most of the cases were born with in the past 20
years, although 17 of the 168 were born before 1985. The survival experience for the group was
poor, with a median age at death of 8.7 months, but it was noteworthy that nearly one quarter
survived to one year, and a small percentage also lived past two years. .

To provide a control group for the infantile-onset study, the Historical Control Subgroup was
selected using the following additional criteria of:

* Documented age at diagnosis < 26 weeks.

* Documented age at first onset of symptoms < 26 weeks, corrected for gestation.

¢ Documented cardiomyopathy by 26 weeks; if left ventricular mass index (LVMI) was

measured it had to be 2 65 g/m’.

Patients were excluded for any of the following:

* Endogenous GAA not markedly reduced (criteria depended on lab, see clinical review).
Ventilator use before six months of age.
* Major congenital abnormality.
Sigaificant disease other than Pompe discase.

This identified an historical control group of 62 patients. One had unknown date of death, and
only one survived beyond 18 months. The median survival age was 7.5 months, thc mean
survival age was 8.6 months, and the 18-month survival rate was 1.6% with a 95% confidence
interval of (0.0% to 8.8%).

Severe Infantile-Onset Study (AGLU-1602)

This was a multinational, randomized, open-label, dose-ranging study of Myozyme [V 20 mp/kg
vs. 40 mg every other week for at feast 52 weeks to evaluate safety and the effect on ventilator-
free survival. The Historical Contro} Subgroup was used as a control in Heu of a concurrent
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placebo control. The study alse included PK/PD assessments and a number of physiologic and
developmental assessments.

To be eligible, patients were required to have a diagnosis of infantile-onset Pompe discase,
defined as GAA deficiency (less than 5% to 10% of normal, depending on assay), clinical signs
of discase by age six months, and cardiac hypertrophy. Patients were excluded if they had
respiratory insufficiency (defined by use of any form of ventilation and specific blood gas
criteria), major congenital abnormality, significant disease other than Pompe disease, or previous
exogenous enzyme therapy.

Patients were randomized with cqual probability to a dose of 20 mg/kg or 40 mg/kg every other
week (qow). Treatment was given biweekly intravenously over four to six hours, During an
infusion the rate was increased in a stepwise matter to a maximum of 7/mg/kg/hr. There were no
routine prophylactic medications. No concomitant medications were prohibited. At the
conclusion of the study period, patients could continue 1o be treated with Myozyme in an
extension study.

The primary endpoint was invasive ventilator-free survival. Ventilator dependence did not
include brief periods of ventilator support in association with medical procedures or for
management of a temporary acute iliness. The primary analysis was based on the pooled
Kaplan-Mcier estimate of survival to 18 months from data collected through 52 weeks after the
last patient entered the study (at which point all but the last few patients would have reached age
18 months or a study endpoint). This was to be compared with the survival estimate from the
Historical Control Subgroup. To address some of the concerns about the comparability of
historical control data, the analysis was designed to compare ventilator-free survival in the
treated groups to survival in the historical control, and the criteria for success were stated as non-
overlap of the 95% confidence intervals for the two survival estimates (which roughly
corresponds with a difference of 2.8 standard deviations, vs. the customary approximately 2.0
standard deviations).

A total of 19 patients were enrolled at seven sites (3 U.S., France, UK, Israel, and Taiwan). One
paticnt required invasive ventilation during the baseline period and was excluded. The 18
patients were randomized equally to 20 mg/kg and 40 mg/kg biweekly Myozyme infusions. The
median age at first infusion was 5.1 months. By the end of the study, all but three patients had
reached 18 months of age. Compliance was very high, only a few doses were missed or
incomplete. Half of the patients required some sort of premeditation to manage infusion
reactions. Protocol deviations were frequent, but the clinical reviewer felt they were of a nature
and magnitude that made it unlikely to have a meaningful effect on the results.

At the study conclusion, all patients were alive but three required invasive ventilation, for an
estimated proportion of patients alive and ventilator-free at 18 months of 83%; at the September
2005 update, at which point no patients were censored, the 95% confidence interval was (59% to -
96%). This was substantially higher than the survival rate in the Historical Control Subgroup
{1.6%). The applicanUs survival graphic using the pooled treatment groups is shown below:

9
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‘The reviewers noted a potential selection bias in this analysis, in that patients in ALGU-1602 had
to survive long enough (o start treatment, whereas that requirement did not apply to the
Historical Control Subgroup. However, even if one computes survival to age 18 months in the
historical group, conditioned on survival until six months of age, the survival would be
calculated as one patient out of 37, for a rate of 2.7% with a CL of (0.1% to 14.2%). The
treatment effect still appears dramatic. The statistical reviewer presented additional sensitivity
analyses that the applicant performed at the statistical reviewer’s request (slight discrepancies
between the results here and those in the applicant’s sensitivity analyses are likely due to use of
an exact method vs. applicant’s normal approximation method). The statistical reviewer noted
additional problems with the comparison to the Historical Control Subgroup, which are
discusscd in her review. She felt it was appropriate to analyze the data in terms of time since
randomization rather than in terms of chronologic age. An alternative analysis using that
approach still showed evidence for a substantial treatment effect of Myozyme. The statistical
reviewer concluded that “the quantitation of the treatment difference is almost impossible,” but
that the data suggested improved oulcomes with patients treated with Myozyme compared to the
natural history of patients who go untreated. She felt that the applicant’s proposed graphic for
the labeling was misleading and should not be included.

The graphic above also ails to reflect some events that occurred after 18 months. With
continued freatment after the end of the initial study period, four additional patients required
invasive ventilation. Two of these patients subscquently died, after 14 and 25 months of
treatment.

An analysis of left ventricular mass index (LYMI) showed progressive improvement in the
cardiomegaly over the 52 weeks of the study. However, there was significant variation present
at 52 weeks, with a few patients in the normal range but other still having very high LVML
Ljection fraction showed a small increase from baseline to Week 52. Change in cardiac findings
did not have any obvious correlations with clinical outcome. The review team felt that the

10
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LVMI index is most appropriately considered a pharmacodynamic measure of effect, rather than
an efficacy outcome.

Data on physical growth, motor function, and development were assessed. The growth data were
found to contain obvious outliers and other apparently erroneous values, and the clinical
reviewer did not consider the data to be reliable. Data on motor function showed that the
paticnts did generally exhibit progressive development of motor function, but that a majority still
lagged significantly behind normal children by the end of the study. The Bailey Scale of Infant
Development [I (BSID II), an assessment of cognitive, language, and personal/social
development, found generally increasing raw score over the course of treatment, but the
distribution of age-normalize index scores was similar at the beginning and end of the study,
with about half of patients in the normal range, and half showing varying degrees of delay.

Sixteen of the 18 patients developed antibody, eight in each dose group. None subsequently
became antibody negative, More high titers were seen in the 40 mg/kg group. Attempts to
correlated antibody titers with clinical outcome found a tendency for paticnts with poorer
outcomes to have a higher peak antibody titers. Two patients who appeared to be making
progress in motor development but later regressed were found to have loss of milestones and
ventilator dependence that correlated with markedly elevated peak antibody titers.

No benefit of the higher dose (40 mg/kg vs. 20 mg/kg) was seen in the primary analysis or with
the secondary endpoints. In light of the higher rates of infusion reactions (see under Safcty
below) and the higher antibody titers seen with the 40 mg/kg dose, the recommended dose ts 20
mg/kg.

Ongoing Infantile-Onset Study (ALGU-1702)

This study is a multinational, non-randomized, uncontrolled, open-label study of the safety and
efficacy of Myozyme 20 mg/kg qow for 52 weeks, to be followed by a 52-week maintenance
phase. The study also includes PK and PD assessments. The initial 52-week treatment period
has been completed and the maintenance phase 1s ongoing; only the data from the initial 52-week
period were available for review,

To be eligible for the study, patients had to be between 6 and 36 months ot age at time of first
infuston and they had to have a diagnosis of infantile-onset Pompe disease (defined here as
symptom onset by 12 months of age), GAA deficiency, and cardiac hypertrophy. Patients were
excluded for clinical cardiac failure with EF < 40%, major congentital abnormality, significant
other disease, or prior exposure to exogenous GAA therapy.

Myozyme was administered at a dose of 20 mg/kg every other week as an 1V infusion over
approximately four hours. There was no recommended routine prophylactic therapy, and no
concomitant medications were prohibited.

The primary endpoint was proportion of patients alive, with non-completers treated as deaths.
The experience from the historical study was offered as a comparison group. However, the
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Division has been unwilling to stipulate to the adequacy of an historical control for this study, in
part because of the increased heterogeneity of outcomes in patients in this age range. Secondary
endpoints were ventilator status, cardiac status as measured by LVMI and clinical cardiac failure,
and motor development. Measures of growth and function were also included.

Twenty-two patients were enrolled from six sites. Mean age at first symptoms was 3.9 months,
mean age at diagnosis was 8.9 months, and mean age at first infusion was 15.8 months, At first
infusion, 5 of 22 {24%) were on invasive ventilation, and 2 (5%) were on noninvasive
ventilation. Compliance with medication was very high. Five patients required some pre-
meditation at some point during the study. Protocol violations were frequent, and they did
increase the heterogeneity of the study population, but otherwise the clinical reviewer felt the
violations were unlikely to have significant impact in the overall assessment.

At Week 52, 17 of the 21 patients were alive, providing a survival rate of 1%, with a confidence
interval of (58% to 95%). A subset of 86 patients from the Historical Study was selected as a
potential reference group. An analysis of this reference group showed a wide range in time to
death. [t was observed that survival rates in treated patients appeared to be highly dependent on
age at first infusion. Certain stratified and matched analyses were performed (see Table A2-10
of the Clinical Review), but there was substantial overlap in confidence intervals for the 52-week
survival. Given these findings, and the inherent difficulties in using historical controls, it was
deemed that despite the favorable trend, the findings did not provide evidence of efficacy in this
study.

Of the five patients on invasive ventilation at baseline, one died and the others remained on
invasive ventilation. Of 16 who were not invasively ventilated at baseline, four died and two
went onto invasive ventilation. One patient on noninvasive (nasal) ventilation at baseline was
able to discontinue ventilation. -

Studies of LVMI showed decreases over the course of treatment, starting at around Week 8, but
these reductions were not indicative of clinical improvement. Measures of motor development
and mobility showed a modest favorable group trend, but were still variable. However, without
an adequate control group, these data do not provide support of efficacy.

Almost all (19 of 21) patients developed antibodies, but the two who did not had only limited
data. Only one patient out of the 19 had no measurable antibody at the end of the study.

Other Clinical Efficacy Data

The applicant has several active open-label, expanded access studies, mostly in patients with
juvenile- and adult-onsct Pompe disease (see Clinical Review for details), and some limited data
are available from carlier investigations with other formulations. In this application, data on 24
additional patients were provided. None of the experience is controlled, and the data are mainly
narrative reports of variable quality and completeness.
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One report is worthy of note. Patient — had symptoms noted at six months and appeared to
have the muscular variant of infantile-onset Pompe disease. By age 11 years he was wheelchair
bound but not ventilator dependent. Initially he was treated with a formulation by Pharming
made using transgenic rabbit mitk. Over three years he had dramatic improvement in motor
function to the point where he was able to walk, and subsequently he became able to run, ride a
bike, and play soccer. He presently has normal strength and 1s being maintained on Myozyme.

Data from the remaining 23 cases are much less clear regarding benefit. No ventilator-dependent
patient has been able to discontinue ventilatory support. For five patients, there arc reports of
reduced hours per day on the ventilator, but objective data were not provided. No case similar to
that of == was reported for a juvenile- or adult-onset patient.

Late-Onset Study (LOTS), Ongoing

The applicant is conducting a randomized, placebo-controlled study in 70 juvenile- and adult-
onset patients to investigate the safety and efficacy of Myozyme. The duration is one year.
Endpoints will be six-minute walk test and %FVI analyzed in a sequential fashion. Enroliment
is near or at completion. No results from this study were available for review.

Clinical Site Inspections

The clinical sites at the University of Florida in Gainesville, Florida, and at Duke University in
Durham, North Carolina, were inspected. The inspections did not reveal any significant issucs
regarding the conduct of the study, and the DSI Reviewer recommended that data from these
sites appeared acceptable for use in support of the BLA.

Safety

The reader is referred to the Clinical Review for full details of the safety analysis. The safety
database consisted of safety information on 44 patients from GCP studies as well as information
on an additional 17 patients from uncontrolled experience in non-GCP studies under the
expanded access program, for a total of 61 patients. Ilowever, additional patients have been
exposed to Myozyme in international experience (the exact numbers were not reported), and
some additional information, such as serious adverse event (SAL) reports, have been received on
those patients.

Identification of drug-related toxicity in these studies is challenging, because Pompe disease
patients have significant underlying morbidity. Serious adverse events would be expected 1n the
course of a 52-week study, and there was no systematic collection of adverse events in a placebo
comparison group (the historical data were not adequate for that purpose). Dr. Pariser reviewed
reports of deaths and non-fatal SALs, and she performed additional, treatment-blinded
calegorization analyscs of all adverse cvents reported in the clinical studies, pooling events in
related groups to increasc the sensitivity ol the analysis.
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A total of 14 deaths was reported in this application as of a March 8, 2005, cutoff. The deaths
occurred in the principal studies described above as well as from the several small studics
comprising the international expanded access program. An additional death occurring around
September 2005 was also reported by the applicant. These deaths were consistent with being due
to the patients’ underlying disease; none was attributed to Myozyme.

An additional death was noted in an infantile-onset Pompe disease patient not treated with
Myozyme, but who was in Study AGLU-1702. While undergoing general anesthesia for
placement of the catheter to be used for Myozyme infusion, the patient had ventricular
fibrillation and cardiac arrest. This case is of significance in light of other reports of cardiac
arrhythmias noted in infantile-onset patients who received anesthesia for catheter placement or
muscle biopsy (see below).

Of the 39 patients in the two principal trials, 35 had at least one SAE. These generally were a
retlection of the underlying disease. A comparison of the two dose groups in study ALGU-1602
did not demonstrate any relationship between dose and SAE rates.

Four patients who participated in Study AGLU-1602 and four patients in Study AGLU-1702 had
cardiac arrhythmia associated with anesthesia, in two cases the event was before the patients
started receiving Myozyme. Also, as noted above, one patient died prior to receiving Myozyme
during anesthesta to place the infusion catheter. These events led to a change in the investigator
brochure to advise investigators of the risk of using anesthesia for study procedures in these
patients. In infantile-onset Pompe disease, which involves cardiomyopathy, it appears that
anesthesia may pose a risk for cardiac arrhythmia. Because these patients may require central
catheter placement as a necessary prerequisite for receiving Myozyme therapy, the clinical
reviewer recommended that a warning about the use of anesthesia for placement of the catheter
be included in the Myozyme labeling.

One three-month-old patient developed acute cardiac failure and required intensive intervention.
The clinical reviewer’s assessment of the case was that the failure may have be a consequence of
the volume of fluid needed for the Myozyme adnunistration, in conjunction with the patient’s
cardiomyopathy. The reviewer recommended that this risk be described in a warning.

Several cases of significant hypersensitivity reactions have been received, involving both
infantile- and tatc-onset patients. In at least a couple of cases the patients have been found to be
IgE positive and the events were judged by the reviewer team to be anaphylaxis. There are four
reports of paticnts with reactions of such severity or seriousness that they have discontinued
therapy. As noted below, under Qutstanding Safety Issues, some significant information
regarding hypersensitivity reactions was received very late in the review cycle, and the issue has
not been resolved fully. Given the current understanding of these events, the clinical reviewer
recommended that the labeling include a boxed warning for this adverse event.

The predominant safety {inding was of infusion reactions associated with Myozyme, some
severe, a finding that would be expected based on experience with other exogenous enzyme
products. Rash. tlushing, urticaria, cough, tachypnea, tachycardia, vomiting, agitation, increased
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blood pressure, cyanosis, hypertension, nritability, patlor, pruritus, retching, rigors and tremor
were the common presentations. The less common but severe reactions included pyrexia,
decreased oxygen saturation, and hypotension. Slower infusions, or temporary interruption of
the infusion, sometimes with additional medications, were usually sufficient to manage the
reactions. In Study ALGU-1602, the frequency of infusion reactions was about 3-fold higher in
the 40 mg/kg group than in the 20 mg/kg group, reinforcing the selection of 20 mg/kg as the
recommended dose. The infusion reactions were of sufficient significance that a warning is
appropriate.

The size of the clinical study patient population is severely limited by the rarity of the diseasc.
This limitation underscores the importance of asking the applicant to conduct a post-marketing
registry study for systematic collection of additional safety data.

Outstanding Safety Issues

Subsequent to the applicant’s response, on December 30, 2005, to the Division’s latest formal
information request, significant new safety information has been reccived regarding Myozyme,
In April 2006 the Division received a report of a patent in her 30°s who had an anaphylactic
reaction of such severity that the independent Allergy Review Board recommended that the
patient stop being treated with Myozyme. Also, the Division received a report of an infantile-
onset patient who appears to have “coded” during an infusion. In response to inquiries from the
clinical reviewer, the Division received updated/corrected information about the extent of
antibody testing that the applicant had available, and afier requesting additional information
about patients who had posttive test for IgE antibodies, cases were uncovered that appear to be
anaphylaxis.

From discussions between the Division and the applicant about these and related cases, the
review {eam has come 1o have concerns that the applicant applied an overly narrow interpretation
as to what safety information should be presented to the FDA. The review team also has serious
concerns that significant safety information that should have been clearly identified, analyzed,
and discussed in the Integrated Summary of Safety was effectively obscured by the way it was
presented in the application: The Division learned from a third party about a case in which a
patient chose to stop treatment following an infusion reaction that led to an ICU stay; the case
apparently was only represent in the application as withdrawal of patient consent rather than
discontinuation due to an adverse event. Another discontinuation due to an adverse event was
only briefly identified as such at the end of a long casc report.

1t is the opinion of the review team that in order to evaluate the safety of this product adequately
it will be necessary to obtain additional information from the applicant, and additional time will
be needed to assess the significance of the new information. Until that work is completed, it
would be prudent to remain very cautious about whalt can be said about the safety of this product,
and to present the product safety information in the labeling from a conservative viewpoint.

Clinical Consults

Consulting reviews were requested [rom the Division of Neurology Products and from the
Division of Pediatric Drug Development.
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Neurology
The Neurology Reviewer (M. Walton} reviewed Study 1602 in conjunction with the historical

control data, and concluded that the submission provided a solid basis for acceptance of the
historical control in that the substantially longer avoidance of mortality was unlikely to be
attributable to concerns about non-comparability for the historical control.

The consultant also concluded that there was evidence that the functional capability of the treated
Pompe infants showed some advancement over the course of the study, but the infants remained
severely impaired. The consultant felt that the observations could not be interpreted as evidence
that the treatment permitted infants to begin development along normal lines, rather, only that
advancement occurred during the period of treatment and into the period when death would have
been expected to have atready occurred. The consultant recommended that continued follow-up
of these patients would be valuable.

Pediatrics
The Pediatric Reviewer (H. Sachs) considered the application from the perspective of
extrapolatability, adequacy of the assessment tools, and proposals for postmarket studies.

The consultant concluded that the course of disease in infantile-onset patients differed from that
of the other Pompe vartants in that the infantile form involved more rapidly progressive disease
and had cardiac symptomatology. The consultant also noted that the effect of neutralizing
antibody in patients dependent on endogenous enzyme was unknown. The consullant
recommended that dalta in the ongoing Late-Onset Study were needed to establish efficacy and
safety in the late-onset patient population.

The consultant generally felt that the motor scales used in the studies were appropriate, but that
not all would be as useful in older patients. The consultant also felt that the cognitive scales
were generally appropriate.

For the postmarketing studies. the consultant recommended assessments of fine and gross motor
function, language, growth, neuro-imaging, hearing screening, vision screening, and antibody
status. The specific tools recommended can be found in the Pediatric Consult Review.

Clinical Conclusions and Recommendations

The clinical reviewer concluded that the application provided adequate evidence of efficacy for
Myozyme in infantile-onset Pompe discase, but that there was not substantial evidence that
Myozyme had efficacy in juvenile- or adult-onset Pompe disease. The statistical reviewer
concluded that the data suggested improved survival and invasive-ventilator-free survival among
subjects treated with Myozyme compared with the untreated historical subgroup.

The clinical reviewer concluded that the safety of Myozyme was an acceptable risk for treating

infantile-onset Pompe disease patients, but the risk of serious hypersensitivity reactions was
significant, and that there should be @ boxed warning for that risk.

16
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The clinical reviewer recommended that the labeling include a warning for cardiac arrhythmia
during anesthesia for catheter placement; a warning for cardiorespiratory failure, possibly as a
consequence of volume overload, in patients with cardiac hypertrophy; and a warning for
infusion reactions * i .. The statistical
reviewer recornmended that the proposed — T be removed from
the labeling because the selection bias with the historical control group (not accounting for the
need to survive until infusions could begin) gave a misleading impression of the relative benefit.

The clinical reviewer ncgotiated post-marketing commitments to require the applicant to do the
foltowing:
1. Complete the juvenile-onset Pompe disease study AGLU-02704, an ongoing
randomized double-blind study of safety efficacy and PK in patients with late-onsct
Pompe disease.

2. Conduct an extension to the study AGLU-02704 (extension protocol number ALGU-
03206), as an open-iabel extension study through 24 months of total time on study.

3. Complete study ALGU-1702, an ongoing open-label study of infantile-onset Pompe
discase patients aged 6 to 36 months at entry.

4. Design and implement a registry of Pompe patients being treated with Myozyme, to

run for 15 years. It should collect information on auditory and visual assessment for
patients less that one year at entry. It should include a substudy on pregnancy and
lactation and substudy on patients on ventilator support at time of entry into the
registry.

5. Conduct an infantile-onset discase study to assess growth and development during
treatment with Myozyme in patients less that one year at entry. I should include
assessment of growth and development, auditory and visual screening, neuro-
imaging, and antibody assessments over 10 years.

6. Design an implement an immune tolerance protocol in Pompe patients who have
significant antibody titers of neutralizing antibody and who are failing treatment.
7. Design and implement a dose and dose-interval exploration study in paticnts with a

poor response to treatment.

Advisory Committee

This application was not presented to an Advisory Committee. The application was discussed at
a CDER Regulatory Briefing on March 3, 2006.

Office of Drug Safety

Review of the trade name “Myozyme” by DMETS tdentified some similarity to the approved
product Naglazyme (an exogenous enzyme for treating MPS VI when scripted. However,
DMETS concluded that the potential for confusion was minimal and that the name was
acceptable. DMETS also recommended that the applicant develop patient information for this
preduct, similar to what was done for Aldurazyme (laronidase).
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DMETS reviewed the labels and labeling and made several recommendations to improve clarity
and reduce the risk of error.

DDRE reviewed the applicant’s plans to conduct a voluntary post-market registry, and concluded
that the pharmacovigtlance plan was adequate. In a pre-approval safety conference, the Division
apprised DDRE that its post-market monitoring concerns were that the Agency should give
particular attention to hypersensitivity reactions, and well as monitoring the other adverse events
relating to the warnings that had been added in the labeling.

Pediatrics

This product has received an orphan designation for the proposed use, and is therefore exempt
from the requirements of the PREA. The approval recommendation is for a pediatric population.
However, good information about the older pediatric population is lacking. One of the
postmarketing commitments 15 to complete the controlled study in late-onset Pompe disease,
which includes older pediatric patients, In addition, Genzyme has committed to perform a study
looking at growth and development in pediatric patients being treated with Myozyme. (See also
the comments from the Pediatric Consult Review under the Clinical Consults subsection of
Clinical/Statistical Issues above.)

Discussion

The application provides adequate evidence of efficacy for improved survival in infantile-onset
Pompe disease. However, the efficacy in later-onset variants of Pompe disease has not been
shown, and there is an inadequate basis for extrapolating from the infantile onset population to
the other populations, because of differences in the nature of disease and because it is unclear
what benefit would be extrapolated. LExtrapolation of improved survival to late-onsct disease
seems speculative, and the benefit one might wish to confer on late-onset patients, improved
motor function, was not what was directly demonstrated in the infantile-onselt population.

Significant new information about the safety of this product has come to light since the receipt of
the response to the information request made in December 2005, The need to have a thorough
assessment of product safety could be used to make the case for acting on the present application
with a complete response letter citing the inability to determine the acceptability of the risk of the
product because of incomplete mformation about the extent and nature of serious infusion
reactions.

However, patients with infantile-onset have a rapidly fatal disease with no currently approved
therapeutic options, and Myozyme has demonstrated the ability to prolong life in severcly
affected imfantile-onset Pompe patients. Even if thorough review of the safety information
regarding hypersensitivity reactions finds it to be as adverse as it could reasonable be expected to
be, given what is currently known, it still appears that Mvozyme could still be considered an
acceptable risk for infantile-onset Pompe patients, provided patients and physicians were
informed as fully as possible about the potential serious risks. Thus, it would be reasonable (o
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approve Myozyme for patents with infantile-onset Pompe disease. Given the current questions
about safety, including a boxed wamning regarding the potential for anaphylaxis or anaphylactoid
reactions would be prudent untii such time that the questions about safety are answered
adequately and the Division is able to determine that such a warning would not be necessary.
Given the lack of evidence of efficacy in the later-onset forms of disease, and the unanswered
questions about the safety and risk of significant adverse events, there is presently inadequate
justification for indicating Myozyme for the juvenile- and adult-onset Pompe disease
populations.

Regulatory Conclusions

In the opinion of this reviewer, the data in this application support approval of Myozyme under
21 CFR 601 for treatment of infantile-onset Pompe discase at a dosage of 20 mg/kg
intravenously cvery other weck, and the data provide a basis for construction of product labeling
that contains the essential scientific information needed for the safe and effective use of
Myozyme in that population. The efficacy for juvenile- and adult-onsets forms of discase has
not been demonstrated, and is not readily extrapolated from the infantile-onsct group.
Unanswered questions surrounding serious safety issues add further reason to be reluctant to
extend the indication beyond the infantile-onset form. Therefore the indication should be for
treatment of infantile-onset Pompe disease, and the labeling should identify that the benefit
obtained was improved survival. The pediatric section should indicate the lack of information
about safety and efticacy for the juvenile-onsct form of Pompe disease.

The labeling should contain a warning about the risk in the infantile-onset Pompe population of
using general anesthesia to place the central venous catheter for product infusion, a warning
about the risk of acute cardiorespiratory failure that may be related to volume overload during
infusion in patients with cardiomyopathy, and a warning aboult the risks and management of
infusion reactions. There also should be a warning about the risk of anaphylaxis and serious
anaphylactoid reactions. Until the Agency obtains sufficient information to provide assurance
that it is adequate to do otherwise, this warning should be presented as a boxed warning.

Genzyme has agreed to appropriate and adequate post-marketing commitments as outlined in the
discipline-specific sections above.
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1 EXECUTIVE SUMMARY

1.1 Recommendation on Regulatory Action

Recommend approving this application with revision to the proposed label.

It is recommended that Myozyme’s treatment indication be restricted to patients with infantile-
onset Pompe disease. A ventilator-free survival benefit with Myozyme treatment was
demonstrated in a clinical study (AGLUG1602) that was limited (o the youngest, most scverely
affected Pompe disease patient population. In AGLUO1602, a ventilator-free survival benefit at
age 18 months was secn in infantile-onset Pompe disease patients who received their first dose of
Myozyme prior to the age of seven months, who had cardiac hypertrophy, and who did not
require ventilatory support at study entry, as compared to an untreated, historical-control cohort
that was similar in age and disease severity.

No therapeutic benefit of Myozyme has been demonstrated in any other Pompe disease patient
population, and no adequatc and well-controlled studies with Myozyme in the treatment of
paticnts with juvenile- and adult-onset Pompe discase have been completed.

Safety results from clinical trials with Myozyme have shown a concerning safety signal for the
risk of hypersensitivity reactions, some of which have been hife-threatening and have lead to the
discontinuation of patients from clinical trials. In infantile-onset Pompe disease, this risk
appears to be acceptable given the risk of the underlying disease and the nearly universal
progression o death by 18 months of age in untreated patients, and with a clear ventilator-free
survival benefit having been demonstrated with Myozyme treatment. The risk/benefit profile of
Myozyme in the juvenile- and adult-onset Pompe disease patient population has not heen
defined. Thus, given the known risks of treatment with Myozyme, and the lack of any evidence
of a treatment benefit available at this time, the treatment of patients with juvenile- and adult-
onsct Pompe disease with Myozyme outside of a clinical trial or other monitored clinical
program cannot be recommended.

1.2 Recommendation on Postmarketing Actions

1.2.1 Risk Management Activity

None warranted at the present time,

1.2.2  Required Phase 4 Commitments

The recommended indication for Myozyme is limited by the narrow scope of the clinical data
submitted in support of this application, and a number of clinical arcas nced to be addressed by
post-marketing commitments. It is recommended that Mvozyme undergo further clinical
evaluation and study in:
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The juvenile- and adult-onset Pompe disease patient population.

A broader infantile-onset Pompe disease population than was defined by AGLUO01602, to
include final data from clinical study AGLUQG1702 (up to 104 weeks of Myozyme
treatment). Study AGLUG1702 included infantile-onset Pompe disease patients ages 3
months to 3.5 years at time of first dose of Myozyme, who may have been on ventilatory
support at study entry.

The growth and development of infantile-onset Pompe disease paticnts over time.
Pompe disease patients of any age failing treatment. This is to include poor responders
with and without high anti-thGAA IgG antibody titers.

The long-term evaluation of Myozyme treatment in a Pompe discase registry.

Evaluation of sub-populations of Pompe disease patients, including pregnant or lactating
females exposed to Myozyme, and ventilator-dependent patients of any age, as clinical
status in these patients will need to be followed over many years. These patients may be
followed in sub-studies as part of the registry.

Therefore, the following clinical post-marketing actions are recommended:

1.

Completion of the juvenile- and adult-onset onsct Pompe disease study AGLU02704,
entitled “A randomized, double-blind, multicenter, multinational, placebo-controlled
study of the safety, efficacy and pharmacokinetics of Myozyme, recombinant human acid
alpha-glucosidase (thGAA), treatment in patients with late-onset Pompe disease™
(LOTS). Enrollment in this study has been completed, the study is ongoing, and the
study is expected to be completed in March 2007,

Conduct and completion of study AGLU03206, the 52-week extension study to LOTS
(AGLUO02704) in juvenile- and adult-onset Pompe disease patients, entitled “An open-
label extension study of patients with late-onset Pompe disease who were previously
enrolled in protocol AGLUQ027047 (this is a draft title supplied by the sponsor). Patient
accrual is expected to be completed by March 31, 2007, and the study completed by
March 31, 2008.

Completion of study AGLU01702, entitled “An open-label, multicenter, multinational
study of the safety, efficacy, pharmacokinctics, and pharmacodynamics of recombinant
human acid alpha-glucosidase (rhGAA) treatment in patients >6 months and <36 months
old with infantile-onsct Pompe disease (Glycogen Storage Disease Type [1).” This study
is ongoing, and is expected to be completed by June 12, 2006.

Design and tmplementation of a long-term registry that will be established to obtain long-
term clinical status information in patients of all ages with Pompe disease who are being
treated with alglucosidase alfa. Information will be collected on patient demographics,
specifics of treatment with alglucosidase alfa, clinical status, ventilatory status, motor
assessments, adverse cvents, assessment of immunogenicity, and potential effects of
antibody formation. In patients who are less than one year of age at the start of treatmen,
information is to be collected on cognitive status, and auditory and visual screening
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assessments. This registry will be designed so that detailed clinical status information is
collected at registry entry and on a 6- to 12-month basis for at least 15 ycars. Two sub-
studies within the registry are to be performed: one sub-study that will evaluate the effect
of alglucosidase alfa on pregnancy and lactation, and one sub-study that will collect
information on the clinical status of patients on ventilatory support at the time of entry
into the registry. The registry data will be analyzed at yearly intervals and submitted in
annual reports to the Myozyme IND (#10780). The registry is expected to be initiated by
January 31, 2007, and run through January 31, 2022.

5. Design and implementation of an infantile-onsct Pompe disease study to asscss growth
and development with (reatment with alglucosidase alfa, in patients who are less than one
year of age at study entry. This study is to include blinded assessments of growth
(including recumbent length, height, weight, and head circumference), cognitive
(language and cognition} and motor (fine and gross motor) development (scales to be
used are to be prospectively agreed upon), auditory and visual screening, neuro-imaging,
and antibody assessments at 6- to 12-month intervals over a 10-year period. This study is
expected to be implemented by January 31, 2007.

6. Design and implementation of 1) an immune tolerance protocol in Pompe disease patients
who have significant antibody titers, or the presence of ncutralizing antibody, and are
failing treatment; and 2) the design and implementation of a preventive immune tolerance
protocol in Pompe discase patients at high risk of development of significant immune
responses to Myozyme.

7. Design and implementation of a dose- and dose-interval exploration study in patients
with poor responses o treatment, regardless of antibody status. This study is to include
patients in the infantile-, juvenile-, and adult-onsct patient populations.

1.2.3  Other Phase 4 Requests

None recommended at the present time.

1.3 Summary of Clinical Findings

1.3.1  Brief Overview of Clinical Program

Recombinant human acid ¢-glucosidase (alglucosidase alfa, rh(GAA) is the investigational agent
studied in this application, and the sponsor intends to market thGAA under the trade name
Myozyme®. Endogenous acid a-glucosidase (GAA) 1s a lysosomal hydrolase that catalyses the
hydrolysis of 0-1,4- and a-1,6-glucosidic linkages in lysosomal glycogen, leading to the
complete hydrolysis of glycogen 1o glucose. Deficient activity of acid a-glucosidasc results in
intralysosomal accumulation of glycogen. Myozyme is a new molecular entity (NME) being
proposed as an enzyme replacement therapy (ERT) for the treatment of Pompe disease
(Glycogen Storage Disease [1, GSD 1, acid maltase deficiency, glycogenosis type 1), an
inherited disorder of glvcogen metabolism resulting from absent or deficient activity of acid a-
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glucosidase. Myozyme is produced by recombinant DNA technology in Chinese hamster ovary
(CHO) cells.

Absent or deficient activity of endogenous acid a-glucosidase in Pompe disease results in
intralysosomal accumulation of glycogen in numerous tissues, particularly muscle, which results
in progressive muscle weakness and tmpairment of respiratory function. The rapidity of
progression of the disease appears to depend, at least in part, on the magnitude of the deficiency
of the enzyme and the age at onset of clinical symptoms, and Pompe disease is classified by the
age at onsct of clinical signs and symptoms of the disease. Infantile-onset Pompe disease is most
commonly defined as age of onsct by six months of age or younger (but has been defined to
include patients with age of onset up to 12 months), chitdhood- or juvenile-onset is most
commonly defined as age of onset after age six to 12 months and by the age of 16 years, and
adult-onset is defined as symptom onset after 16 years of age. The infantile-onset population is
further sub-divided into the classic infantile-onset form, including patients with signs and
symptoms of Pompe disease at six months of age or younger AND cardiac hypertrophy, and the
muscular-variant infantile-onset form. including patients with signs and symptoms of Pompe
disease at six months of age or younger, but without the cardiac involvement.

This biologics licensing application (BLLA) includes clinical efficacy or outcomes measures from
ten clinical studies and expanded access programs (EAPs), in which all patients received
treatment with open-labet Myozyme. There were no placebo or concurrent controls in any of
these studies or programs. Five clinical studies and EAPs were conducted in infantile-onset
Pompe disease patients, and five studies and EAPs were conducted in juvenile- and adult-onset
Pompe disease patients. Safety information was submitted from the same ten clinical studies and
EAPs as for efficacy, with additional, limited information obtained from an ongoing, double-
blind, placebo-controlicd, safety and efficacy study in juvenile- and adult-onset Pompe discasc
(Study AGLU02704).

The entire Myozyme clinical program was conducted in Pompe disease patients, and given the
rarity of this discase, the entire Myozyme-exposed population i this submission was small.
Comprehensive efficacy and safety results that permitted substantive review were available in
about 44 patients, 39 of whom were infantile-onset patients. There was additional safety and
outcomes information available for review in about 40 additional patients; however, this
information was mainly from FEAPs, and was of limited utility in defining cither the cffects of
Myozyme treatment or the safety ol Myozyme administration.

A retrospective, ternational, observation, natural history study was also conducted in infantile-
onset Pompe discase patients, whereby a retrospective chart review of 168 untreated infantile-
onset patients were identified, and demographic and survival data on these paticnt were
summarized. This observational study was conducted (o better characterize the natural course ol
infantile-onset Pompe disease. No patient in this natural history study received treatment with
rhGAA. This historical study population formed the basis of the historical contro! reference
populations that were used for comparison in studies AGLUQGT602 and AGLU0O1702 in licu of a
placebo or concurrent control.

o
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Infantile-Onset Pompe Disease

Five clinical studies and EAPs were performed in the infantile-onset patient population, and
information was available for review in the application for 52 infantile-onset patients. These
studies are:

Study AGLUO1602, n=18
Study AGLUO1702, n=21
Study AGLU02203, n=5
Study AGLU02003, n=7
Study AGLU1205-02, n=1

b

N

Study AGLUQ1602 was the pivotal clinical study submitted in support of the Myozyme BLA.
Study AGLUO1602 was a multicenter, international, open-label, safety and efficacy study
performed in 18 patients with classic infantile-onset Pompe disease. In this study, patients were
treated with Myozyme 20 mg/kg or 40 mg/kg every other week (qow) for from 52 to 106 weeks.
Enrollment was restricted to patients diagnosed with Pompe discase by six months of age, who
were age 7 months or younger at the time of first infusion, who had cardiac hypertrophy, and
who did nol require ventilatory support at study entry. The primary efficacy endpoint was the
proportion of patients who were alive and free of invasive ventilator support at 18 months of age,
as compared to an historical control that was similar to the study patients in age and severity of
disease. Other major efficacy outcome measures included changes from baseline after 52 weeks
of treatment in measures of cardiac status (left ventricular mass index [LVMI], ejection fraction
[EF]), physical growth (length, weight, and head circumference), and achicvement of motor and
mental developmental milestones assessed by the Alberta Infant Motor Scale (AIMS), the
Bayley Scales of Infant Development I (BSID-H), and the Pompe Pediatric Evaluation of
Disability Inventory (Pompe PEDI). As infantile-onset Pompe disease is a uniformly fatal
disease for which there are no established treatments, no placebo treatment was administered,
and all patients received active treatment with Myozyme.

Study AGLUO1702 was the largest study submitted in support of the Myozyme BLA (n=21), and
included comprehensive safety and efficacy outcomes measures that permitted substantive
clinical review. Swudy AGLUO01702 is an ongoing, mullicenter, international, open-label, safety
and efficacy study performed in 21 patients with Pompe disease. Patients were treated with
Myozyme 20 mg/kg qow for up to 104 wecks; however interim data only (to 52 weeks of
treatment for most patients) were submitted to the application. Enrolled patients were ages three
months to 3.5 years at time of first infusion, had onset of signs and symptoms of Pompe discase
by 12 months of age, had cardiac hypertrophy, and five of 21 patients were recelving invasive
ventilatory support at the time of first infusion. The primary outcomes mecasure was the
proportion of patients alive over the course of treatment, which was compared to an historical
control reference group that was similar in age and severity of disease. This study did not have a
placcbo- or concurrent-control group.

The remaining three infantile-onset studies and programs were of lesser importance to the
review, as they contained limited safety and outcomes assessments. These studies were:
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» Study AGLUG2203: AGLU02203 is an ongoing, open-label, expanded access safety and
efficacy study of Myozyme 20 mg/kg qow in five infantile-onset Pompe disease patients
at an advanced stage of disease progression (mean age of 10.3 years at study entry, range
7-16 years). The objective of the study was to provide ERT with Myozyme to these
patients.

s Study AGLU02003: AGLU02003 is an open-label, international, long-term, safety and
efficacy, extension study of Myozyme (10 mg/kg per week, or 20, 30, or 40 mg/kg qow)
in seven infantile-onset patients (mean age 22 months at first thGAA treatment, range 2
to 73 months, and 41 months, range 24 to 76 months at first Myzoyme treatment) who
were previously enrolled in clinical trials of ERT with other formulations of rhGAA
(Pharming and Synpac). The objective of the study was to menitor the long-term safety
and outcomes of rhGAA treatment in these patients.

¢ Study AGLU1205-02, Amendments 4 & 5: AGLUI1205-02 is an ongoing, open-label,
extension study of Myozyme 20 to 40 mg/kg qow administration to a single infantile-
onsel Pompe disease patient, who had previously received thGAA (Synpac and
Pharming formulations) for three years under IND: ~=— This patient was age
3 months at first thGAA infusion and 41 months at first Myozyme infusion.

Juvenile- and Adult-Onset Pompe Disease

Information on safety and outcomes measures for 24 juvenile- and adult-onset Pompe disease
patients was available for review in the application. Information on only four of these patients
(from EAPs) had been submitted in the original BLA application, with additional information,
predominantly in the form of narratives, submitted late in the review cycle (Amendments 002
and 007, submitted in November and December 2005, respectively). This information was of
limited utility in defining either the effects of Myozyme treatment or the safcty of Myozyme
administration in the juvenile- and adult-onset Pompe disease populations, and included:

e Study AGLU02804: AGLU02804 was an open-label, nonrandomized, uncontrolled,
single-center, 26-week, safety and efficacy study of five juvenile-onset Pompe discase
patients ages 6 to 15 years at study entry (median age 12.7 years), with onset of first
symptoms at ages 1 to 12 vears. All paticnts were able to ambulate at least 1) meters
(m) at baseline, and patients on invasive ventilation at baseline were excluded. All
patients received Myozyme 20 mg/kg qow for 26 weeks. The primary efficacy measures
were changes from baseline at Week 26 in distance walked in six minutes (six-minute
walk test, 6MWT), and pulmonary function test (PFT) parameters.

» Expanded Access Programs: Narratives {or 19 juvenile- and adult-onsct Pompe discase
patients participating in EAPs werc submitted. The patient population was extremely
diverse, and the length of treatment, safety and efficacy assessments, and scope of
information provided in the narratives were highly variable and subjective.

1.3.2 Efficacy

The recommendation for approval of Myozyme as a treatment for Pompe discase is based
entirely on the results of the pivotal Study AGLUO1602 conducted in 18 classic infantile-onsel
patients, who received their first infusion of Myozyme by age seven months and were not

12
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receiving ventilatory support at study entry. The results from Study AGLUOQ1602 show a clear
and compelling ventilator-free survival benefit at 18 months of age in Myozyme-treated patients
as compared to an untreated historical control of similar age and disease severity. No substantial
evidence of a benefit of treatment with Myozyme has been demonstrated in any other Pompe
disease patient population. No adequate and well-controlied studies with Myozyme in the
treatment of juvenile- and adult-onset Pompe disease patients have been completed, and no
efficacy data permitling substantive review have been submitted to this application to date in
support of a treatment indication for Myozyme in the juvenile- and adult-onset Pompe disease
population.

Efficacy results from the Myozyme clinical program are summarized as follows:

1. The efficacy results from Study 1602 show:

a. A clear ventilator-free survival advantage in Myozyme-treated patients at 18
months of age as compared to an untreated historical control of similar age and
discase severity.

b. Evaluation of cardiac parameters, including LVMI, feft ventricular mass (LVM)
7-scores and EF were notable for decreases in LVMI and LVM Z-scores in all
patients through Week 52, consistent with the pharmacodynamic (PD) effect of
rhGAA on cardiac muscle; however, no clear clinical effect on overall cardiac
function could be discerned, and the clinical relevance of the PD effect of thGAA
on cardiac function is unknown.

c. Physical growth measurements of body weight and length, and head
circumference were notable for numerous missing and inconsistent datapoints,
making interpretation of the data unreliable; however, despite these limitations,
weight, length, and head circumference appeared to increase in all patients
throughout the study.

d. Motor development results were notable in that the majority of paticnts treated
with Myozyme experienced clinically meaningful gains in motor developmental
milestones; however, the majority of patients remained significantly delayed
compared (o normal age-matched peers. A worrisome signal was noted in two
paticnts who initially showed the achievement of new motor milestones that were
almost completely lost during continued treatment. Motor milestone Josses
coincided with the development of markedly elevated antibody titers, suggesting
interference from antibody with clinical responsc.

¢. Cognitive developmental results from the BSID-II test were encouraging, with most
patients demonstrating increases in BSID-II scores from baselinc at Week 52.

. Immunogenicity data showed 89% of patients developed anti-thGAA antibody at
anytime during the study, usually by Week 12, and antibody titers tended (o be
high (arbitrarily designated as >6,400, maximum 409,600). More patients in the
40 mg/kg dose group developed high titers than in the 20 mg/kg group, and many
patients continued to show sustained or increasing antibody titers throughout the
study. A concerning signal was seen in patients with high-risk mutations
{frameshift or deletion mutations and absent or near-absent endogenous protein)
and high anti-thGAA 1gG antibody titers. These patients were more likely to



Clinical Review

Anne R Pariser, M.D.

BLA STN 125141/0
Alglucosidase alfa (thGAA)

have poor clinical outcomes than patients with lower risk mutations and lower
antibody titers.

2. ‘The efficay results for Study 1702 show:

a. The proportion of Myozyme-treated patients alive at Week 52 overlapped with
the survival ranges in the historical control reference populations of similar age
and disease severity. Due to the highly heterogeneous rate of progression to death
in this Pompe disease patient population, and as there was no concurrent control
group for the study, it is not possible to state whether survival was prolonged in
paticnts treated with Myozyme.

b. Evaluation of respiratory status at baseline and Week 52 showed seven patients
had a worsening status, including five patients who died, and two paticnts who
became invasive-ventilator dependent. In no case did a patient on invasive
ventilatory support at baseline discontinue this support over the duration of the
study. The findings for the respiratory status endpoint appeared to be at least
partially dependent on the patients’ ages at diagnosis and first infusion, and it was
extremely difficult to determine whether there was a treatment effect of Myozyme
in this population, or if the findings were consistent with the natural progression
of the underlying disease.

¢. FEvaluation of cardiac parameters (LVMI, LVM Z-score, and EF) showed that
most patients had decreases from baseline in LVMI at Week 52 consistent with
the pharmacodynamic effect of thGAA treatment; however, there was no clear
benefit on cardiac or clinical outcome seen.

d. Motor development assessments showed that about half of the patients had
modest gains in gross motor function (i.e., predominantly proximal, lower
extremity muscle strength and function), but these patients were delayed
compared to non-disabled, same-age peers. The other half of patients had littic to
no meaningful gains (or regression) in gross motor function. Fine motor function
(i.c. predominantly distal, upper extremity muscle function) was much more
preserved, however, with most patients demonstrating gains in fine motor
function. These motor development results are generally consistent with the
natural progression of the underlying disease, and it is not known if the motor
results, particulatory for fine motor assessments, are the results of treatment with
Myozyme.

e. Cognitive development results were encouraging as most patients scored within a
normal to mildly delayed range; however longer-term follow-up is needed.

f.  Immunogenicity data showed that 90% of patients developed anti-rhGAA
antibodies at anytime during the study, and that antibody titers tended to be high
(>6400) and to remain elevated throughout the study. High antibody titers also
tended to be associated with high-risk mutations {e.g., frameshift or nonsense
mutations in at feast one allele), and patients with the highest titers tended to have
poorer Qutcomes.

Outcomes measures in the remaining clinical studies and expanded access programs were of
limited utility in determining the effect of Myozyme in Pompe disease. These results tended to

14
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be highly subjective with few objectively or consistently collected outcomes measures available
for review. It is especially noted that there was a lack of objective data submitted in the juvenile-
and adult-onset patient population, and as there have been no adequate and well-controlled
studies completed to date in this population. Thus, no assessment of the effect of Myozyme
treatment on juvenile- and adult-onset Pompe discase patients is possible.

In summary, the treatment of infantile-onset Pompe disease patients with Myozyme at or prior to
the age of seven months results in an invasive ventilator-tree survival benefit at 18 months of age
as compared to an untreated historical control of similar age and disease severity. Clinically
meaningful gains in motor function were also demonstrated in these patients, although the
majority of these patients were substantially delayed compared o same-age, non-disabled peers.
It is not known if these results are sustained, especially in patients developing elevated anti-
thGAA antibody titers. No substantial evidence of a treatment effect of Myozyme in the Study
AGLUO01702 patient population could be determined. Discerning anything less than a dramatic
treatment effect in this Pompe discase population would have been difficult due to the highly
heterogeneous presentation and progression of the disease in this Pompe discase age group, and
the study results, not surprisingly, overlapped with the outcomes in an historical control
reference population similar in age and disease severity. No assessment of the effect of
Myozyme treatment on juvenile- and aduli-onset Pompe disease patients is possible, as no data
{rom adequate and well-controlled studies in this population have been submitted to the
application to date.

1.3.3 Safety

The safety results from the Myozyme clinical development program are notable for the following
safety signals and concerns that are to appear prominently in the product labeling:

1. A safety signal for severe hypersensitivity reactions during Myozyme infusion was noted
late in the review cycle. Some of these hypersensitivity reactions have been life-
threatening, including anaphylactic shock (cyanosis, hypoxia, hypotension, and
bronchoconstriction, requiring unspecified life support measures), anaphylactic and
anaphylactoid reactions (IgE and non-TgE mediated), angioedema, and numerous cases of
infusion reactions associated with two of the three organ systems of cardiac, respiratory
and skin (consistent with anaphytaxis/hypersensitivity). Recognition of this signal lead to
a request to the Sponsor to query their pharmacovigilence database for similar cases, and
the frequency, incidence, and magnitude of this problem is still being defined. However,
hypersensitivity reactions have occurred in infantile- through adult-onset patients, have
lead to the discontinuation of at least three adult patients from Study AGLU02704 (LOTS
protocol in juvenile- and adult-onset Pompe disease) and AGLU02603 (US expanded
access prolocol), and appear to have occurred in about 15% of patients treated in clinical
trials with Myozyme to date. This safety signal is noteworthy, and it is recommended
that a boxed warning appear in the product labeling.

2. One case of acute cardiorespiratory failure requiring intubation and inotropic support has
been observed in an infantile-onset Pompe discase patient with underlying cardiac
hypertrophy, possibly associated with fluid overload.
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3.

Multiple instances of cardiac arrhythmia and sudden cardiac death during general
anesthesia for central venous catheter placcment (needed for Myozyme infusion) have
occurred in infantile-onset patients, who are at risk for arrhythmia due to underlying
cardiac hypertrophy. These arrhythmias included ventricular tachycardia, ventricular
fibrillation, bradycardia, and cardiac arrest, and required intervention such as cardiac
defibrillation.

Safety results are otherwise summarized as follows:

Deaths reported in clinical studies and expanded access programs were predominantly
due to underlying disease, and included respiratory and cardiac failure, cardiac arrest, and
infectious causes.

Adverse Events (AEs) were frequently reported in clinical studies, and tended to reflect
underlving disease or were AEs commionly seen with enzyme/protein infusions (e.g.,
allergic and hypersensitivity reactions, and AEs such as pyrexia). Serious Adverse
Events (SALs) also tended to be consistent with underlying disease (e.g., respiratory and
infectious SAEs), or treatment intervention complications (e.g., catheter-related
complications). The most commonly reported SAEs in clinical studies (pooled results of
AGLU01602 and AGL.UG1702, n=39) were pneumonia, respiratory failure, respiratory
syncytial virus infection, and catheter-related infection.

Infusion reactions were common. Pooled results from AGLUG1602 and AGLUO01702
showed that 51% of patients treated with Myozyme experienced infusion reactions, some
of which were severe, such as oxygen desaturation, pyrexia, urticaria, hypotension, and
wheezing/bronchospasm, among others.

Hearing loss at Screening/Baseline and during treatment was reported in many paticnts in
the rhGAA clinical development program, including infantile-, juvenile- and adult-onsct
patients in clinical trials and in expanded access programs. Hearing loss was described as
hypoacousis, sensorineural, mixed, and conductive in these patients, and it was
additionally noted that middle ear effusions were present in many patients, which
complicated the interpretions of the results. Hearing loss has been described in the
medical literature as associated with Pompe disease, possibly secondary to glycogen
deposition in the cochlea. Hearing loss has also been reported in other lysosomal storage
diseases. It appears likely that the hearing loss reported in this study 1s secondary to
underlying disease and not to treatment with thGAA, although it is not possible at this
time to determine whether thGAA (reatment modifies the progression or development of
hearing loss in this patient population. It is recommended, therefore, that longer-term
tollow-up of hearing be performed in patients receiving rhGAA.

In summary, safety results from clinical trials with Myozyme have shown a concerning safety
signal for the risk of hypersensitivity reactions in all age groups, some of which have been life-
threatening and havce lead to the discontinuation of patients from clinical trials, and for cardiac
complications (cardiac failure and arrthymia) in infantile-onsct patients. In infantile-onsct
Pompe disease, this risk appears to be acceptable given the risk of the underlying disease and the
nearly universal progression to death by 18 months of age in untreated patients, and with a clear
ventilator-free survival benetit having been demonstrated with Myozyme treatment. The
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risk/benefit profile of Myozyme in the juvenile- and aduli-onset Pompe disease patient
population has not been defined. Thus, given the known risks of treatment with Myozyme, and
the lack of any evidence of a treatment benefit available at this time, the treatment of patients
with juvenile- and adult-onset Pompe discase with Myozyme outside of a clinical trial or other
monitored clinical program cannot be recommended.

1.3.4 Dosing Regimen and Administration

Doses of Myozyme ranged {rom 10 mg/kg every other week to 40 mg/kg every week by
intravenous infusion. Most patients in the Myozyme clinical development program received
treatment with Myozyme in a dose of 20 mg/kg every other week. The next most frequently
administered dose was 40 mg/kg every other week. Information available on patients receiving
doses of Myozyme less than 20 mg/kg and greater than 40 mg/kg every other week was
extremely limited, and was not of sufficient detail to provide any assessment of safety or
efficacy. Based on the safety and efficacy results from Study AGLUO1602, efficacy was found
to be similar between the 20 mg/kg and 40 mg/kg every other week doses, and the safety
concerns, particulary for immunogenicity and infusion rcactions, were less in the 20 mg/kg dose
group as compared to the 40 mg/kg dose group. Thus, the recommended dose of Myozyme is 20
mg/kg every other week.

1.3.5 Drug-Drug Interactions

No drug-drug interactions were explored in the Myozyme clinical development program.

1.3.6 Special Populations

Pompe disease is a rare, autosomal recessive, inherited, lysosomal storage disease that is
estimated to occur with an incidence of 1/300,000 to 1/40,000. The entire Myozyme clinical
development program has been conducted in Pompe disease patients only. Pornpe discase is
classified by the age at onset of clinical signs and symptoms of Pompe discase (infantile-onset,
childhood/juvenile-onset, and adult-onset), and the majority of patients treated in the Myozyme
clinical progam for whom efficacy and safety data were submitted to the application were in the
infantile-onset population. Response to treatment with Myozyme appears to vary considerably
by Pompe discase age classification, which is the subject of this review and will be discussed in
greater detail in the body of this review. No data were available in geriatric patients (=63 years
of age), as Pompe discase predominantly affects a younger patient population.

Males and females were nearly equally studied in the clinical development program, and
although the number of patients studied was small, male and female patients do not appear to
respond differently to Myozyme. As Pompe disease occurs worldwide, patients from the United
States, Asia, the Middle East, Europe, and South American have been included in clintcal studies
and EAPs; however, insufficient information exists to determine a difference in response to
Myozyme treatment by cthnic origin.
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2 INTRODUCTION AND BACKGROUND

2.1 Product Information

Recombinant human acid a-glucosidase (alglucosidase alfa, rhGAA) is the investigational agent
studied in this application, and the Sponsor (Genzyme) intends to market thGAA under the trade
name Myozyme®. FEndogenous acid a-glucosidase (GAA) is a lysosomal hydrolase that
catalyses the hydrolysis of @-1,4- and «-1,6-glucosidic linkages in lysosomal glycogen, lcading
to the complete hydrolysis of glycogen to glucose. Deficient activity of acid a-glucosidase
results in intralysosomal accumulation of glycogen. Myozyme is a new molecular entity (NME)
being proposed as an enzyme replacement therapy (ERT) for the treatment of Pompe discase
(Glycogen Storage Disease [I, GSD I, acid maltase deficiency, glycogenosis type II}, an
inherited disorder of glycogen metabolism resulting from absent or deficient activity of acid «-
glucosidase. Myozyme is produced by recombinani DNA technology in Chinese hamster ovary
(CHO) cells.

2.2  Currently Available Treatment for Indications

There are no available treatments known to impact the survival or progression of Pompe disease.
Current treatment involves supportive care, and managemeni of manifestations of the disease and
its complications (e.g., assistive devices, nutritional therapy, respiratory support).

2.3  Availability of Proposed Active Ingredient in the United States

Acid a-glucosidase is not a currently marketed product in the United States (US). Prior to the
PDUFA action date of 28-April-2006, Myzoyme is only available in the US under
Investigational New Drug (IND) #10780.

2.4 Important Issues With Pharmacologically Related Products

Acid u-glucosidase has previously been investigated in the US (and in other countries) in 2 other
formulations: 1) rhGAA derived from the mitk of transgenic animals (Pharming), and 2) CHO
cell-derived rhGAA (Synpac) under INDs respectively. These products are no
longer being investigated, and patients previousty treated with these formulations have been
transitioned to treatment with Myozyme. The Pharming and Synpac formulations of thGAA had
been administered to small numbers of Pompe disease patients only, and clinical experience with
these products is limited. Prefiminary data from these studies have suggested that ERT with
rhGAA may be beneficial in Pompe disease patients; however, given the small number of
patients treated with these formulations, no determination on the clinical activity of these
formulations relative to the Myozyme formulation can be made. In regard to the safety of the
Pharming and Synpac formulations, both products appear to be highly immunogenic, particularly
the Pharming formulation, which lead to the development of the Myozyme as a potentially less
antigenic form of rthGAA.
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2.5 Presubmission Regulatory Activity

Myozyme has been studied under IND 10780. Myozyme was granted Orphan Drug Designation
on 19-August-1997, and Fast Track Designation on 13-February-2003. This biologics licensing
application (BLA) was submitted under STN 125141/0, and was granted priorily revicw status as
a proposed treatment for Pompe disease.

The infantile-onset form of Pompe disease is a uniformly and rapidly fatal (usually by 18 months
of age) disease for which no established treatments are known to impact survival or progression
of disease. The Agency and the Sponsor have had ongoing and extensive discussions regarding
the clinical development program for Myozyme (and the previous formulations of thGAA) for
about the past ten vears with the purpose of assisting in the development of trecatments for this
patient population. Notable issucs relevant to the review of this application that have been
identified in these discussions between the Agency and the Sponsor include (source of
information includes documentation contained in the IND and BLA files for Myozyme, and as
summarized in a consultation by Marc Walton, M.D., Ph.D., CDER}):

e Agreement was reached between the Agency and the Sponsor that an historical control
was 10 be used for the pivotal study in the infantile-onset Pompe disease population
(Study AGLU01602), which was to include infantile-onset Pompe disease patients with
symptom onset at or prior to the age of six months, as a placebo-control was considered
unethical in this clinical situation. Given the constraints of an historical comparison,
mortality was sclected as the most reliable outcome measure. Concern remained that
advances in adjunctive therapy, such as ventilatory support, could aller the course of the
discase (e.g., prolong survival). That is, knowing that infants were for the first time
recciving a treatment that theoretically could alter the diseasc course may have resulted in
a greater willingness to apply mechanical ventilatory support to the AGLUG1602 study
population. Thus, it was decided that invasive ventilator-free survival in the
AGLU01602 population was to be compared to survival in the historical cohort.

e In 2002, Genzyme conducted a worldwide, retrospective chart review of patients with
infantile-onset Pompe disease at several clinical centers. Data were collected 1o assess
the certainty of diagnosis, the onset of clinically evident diseasc, the nature of the
impairments lecading to the diagnosis, major management modalities, and the age of death
of the patients. The data in this retrospective chart review were formally collected and
submitted to the application as Study AGLU-004-00: Historical Control Group Study,
entitled “Epidemiologic study of the natural history of infantile Pompe discase™.

» A subset of patients was selected from the historical control dataset based on the
eligibility criteria in AGLU01602, so that the historical comparator population was as
comparable as possible to the patients enrolled tn AGLUO1602. The results of this
historical data collection, and identification of the matched-subset altered the prior
impressions of the disease course. [t had previously been thought that no infantile-onsct
Pompe disease infant survived past 12 months of age; however, data from the historical
data collection disclosed that patients matched to the population selected for study in
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AGLU01602 showed survival in at least a small percentage of patients (approximately
20%) past 12 months, with near universal mortality in this population seen at 18 months
of age. Thus, survival to 18 months was sclected as the endpoint at which patients would
not have survived in absence of intervention.

o The Division was unwilling to stipulate to the adequacy of an historical control for Study
AGLU1702 as the Pompe disease population represented in this study (patients with age
at onset of signs and symptoms of Pompe disease at or prior to 12 months of age) had
increased heterogeneity of outcomes compared to the AGLUO1602 study population.

e« Pompe disease encompasses a wide range of phenotypes that differ in the age of onset,
extent of organ invelvement, and rate of progression to death. Childhood/juvenile- and
adult-onset Pompe disease is characterized by a more slowly progressive myopathy
relative to the infantile-onset variant, broad heterogeneity in the course of the disease,
and a virtual absent of the cardiomyopathy. The important differences in the juvenile-
and adult-onset disease presentation and progression relative to the infantile-onset
variant make this population a distinctly different population for study. As juvenile- and
adult-onset Pompe disease patients’ survival is measured in decades, extrapolation of
survival data in the infantile-onset Pompe diseasc population to the treatment of
juvenile- and adult-onset Pompe disease patients is not possible. To this end, the
Agency reached additional agreement with the Sponsor on the clinical development of
Myozyme in the juvenile- and adult-onset Pompe disease population to include the
following:

o A prospective, 12-month observational study in juvenile- and adult-onsct Pompe
diseasc (AGLU02303) has been conducted (initiated March 2004) to assist in
better characterizing the clinical presentation and progression of juvenile- and
adult-onset Pompe disease, and to assist in the design of a juvenile- and adult-
onset Pompe diseasc clinical trial. -

o A randomized, double-blind, placebo-controlled, 52-week, safety and effcicacy
study of Myozyme in the treatment of juvenile- and adult-onset Pompe disease
patients has been initiated (August 2005), enrollment has been completed (March
2006) and the study is ongoing. This study is designed to support an indication
for the treatment of juvenile- and adult-onset Pompe discase patients with
Myozyme.

2.6  Other Relevant Background Information

Myozyme received a marketing authorization approval in the European Union from the
European Agency for the Evaluation of Medical Products (European Medicines Agency, EMEA)
on 03-April-2006. The indication states:

“Myozyme 1s indicated for long-term enzymé replacement therapy (ER'T) in patients with a
confirmed diagnosis of Pompe disease (acid a-glucosidase deficiency).

The benefits of Myozyme in patients with late-onset Pompe discase have not been established.”
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Background information on Pompe Disease important to this application is summarized as follows:

Pompe disease' (glycogen storage disease type II, GSD II, glycogenosis type II, acid maltase
deficiency) is an autosomal recessive, inherited disorder of glycogen metabolism resulting from
absent or deficient activity of the lysosomal hydrolase acid a-glucosidase (GAA). Acid a-
glucosidase catalyses the hydrolysis of a-1,4- and a-1,6-glucosidic linkages in lysosomes,
leading to the complete hydrolysis of glycogen to glucose. GAA deficiency results in
intralysosomal accumulation of glycogen in numerous tissues, but is most marked in cardiac and
skeletal muscle, and in hepatic tissues of infants, and is limited to skeletal muscle (and 1s of a
lesser magnitude relative to the infantile-onset form) in the juvenile- and adult-onset forms. in
contrast to the other glycogen storage disorders, no defect in the glycogen degradation pathway
is associated with Pompe disease, as the major site of glycogen metabolism 1s within the
cytoplasm. Estimates of the incidence of Pompe disease in western nations ranges trom
1/300,000 to 1/40,000, and may vary in different ethnic groups and for the different clinical
forms. Heterozygous carriers are considered hecalthy.

Pompe disease encompasses a wide range of phenotypes, all of which include varying degrees of
myopathy, but differ in the age of onset, cxtent of organ involvement, and rate of progression to
death. The classic infantile-onset disease is the most severe, with clinical findings of
cardiomegaly, hypotonia, hepatomegaly, and death due to cardiorespiratory failure usually
before the age of 2 years. The adult-onset form of the discase is at the other exireme, and is
typically a slowly progressive, proximal myopathy with onset as late as the second to sixth
decade of life, and involves only skeletal muscle. Between the two extremes is a heterogencous
group of presentations (childhood/juvenile-onset), usually without cardiac involvement, and with
a progressive course of myopathy, including major impairment of respiratory function, Death in
all forms of the disease usually results from respiratory failure.

Infantile-onset Pompe disease is most commonly defined as age of onset of clinical signs and
symptoms of Pompe disease by six months of age or younger (but also has been defined as age
of onset up to 12 months). Infantile-onset Pompe disease is further sub-divided into the classic
infantile-onset form, including patients with signs and symptoms of Pompe disease at six months
of age or younger AND cardiac hypertophy, and the muscular-variant infantile-onset form,
including patients with signs and symptoms of Pompe disease at six months of age or younger,
but without cardiac involvement. The classic infantile-onset form of Pompe disease is the most
severe form of Pompe disease, and typically presents within the first few months of life with
marked cardiomegaly, hyptonia, rapidly progressive weakness, macroglossia, and less marked
hepatomegaly. There is generalized glycogen deposition predominantly in cardiac, skeletal, and
smooth muscle, liver, renal tubular epithelium, and the central nervous system (CNS). Mental
development is grossly normal, although due to the early death of patients, the natural
progression of mental development is unknown. The course of classic infantile-onset Pompe
disease is rapidly progressive with death usually before 1 to 2 years of life due to
cardiorespiratory failure.

Childhood/juvenile-onset Pompe disease is most commonly defined as age of onset of signs and
symptoms of Pompe disease aficr the age of six to 12 months and by the age of 16 years, and

21



Clinical Review

Anne R Pariser, M.D.

BLA STN 12514170
Alglucasidase alfa (thGAA)

adult-onset is defined as symptom onset after 16 years. Juvenile- and adult-onset Pompe disease
is characterized by a slowly progressive muscle weakness, and there is an absence of cardiac
involvement. Symptoms may begin in the first decade of life, but may be mild and patients may
not come to medical attention until the second to sixth decade of life. In most patients, proximal
muscle and truncal involvement are the presenting symptoms, and there is greater involvement of
the lower than the upper limbs. The muscle involvement may be patchy, and not all muscles in
the same area are equally affected. In some patients, however, the respiratory muscle
involvement may predominate and patients may present with respiratory failure. Death in either
presentation is usually due to respiratory failuze.

The clinical diagnosis is confirmed by virtual absence (infantile-onset) or markedly reduced
activity (juvenile- and adult-onset) of GAA in muscle biopsics and cuttured fibroblasts. Pompe
disease is genetically heterogeneous with missense, nonsense, and splice-site mutations, partial
deletions, and insertions described in the relatively small number of patients analyzed. A few
mutations have been described that are common in certain ethnic groups.

3  SIGNIFICANT FINDINGS FROM OTHER REVIEW DISCIPLINES

3.1 CMC (and Product Microbiology, if Applicable)

(CMC data have been extensively reviewed by the Product Reviewer (Frederick Mills, Ph.D.);
please see the CMC review for the complete review of the product data. The complete product
review was not available for summary at the time of this review, but two notable issues identified
by Dr. Mills include:

e Due to unresolved manufacturing issues for the 2000 liter (1) scale product that appear to
have an impact on the pharmacokinetics and, possibly, on the toxicity of the product,
consideration of the 2000 | product for approval was withdrawn by the Sponsor, and
approval is being recommended for the 160 [ scale product only (for which clinical safety
data are available).

e The recommendation for a number of post-marketing commitments (PMCs) to be

performed after Myozyme approval was made (please see approval Ictter for a listing of
these PMCs).

3.2  Anpimal Pharmacology/Toxicology

The preclinical data have been extensively reviewed by the Animal Pharmacology Reviewer
(Barbara J. Wilcox, Ph.D.). Pleasc see the pharmacology/toxicology review and cvaluation for a
complete review of the preclinical data. Notable findings from Dr. Wilcox’s review include:
¢ The preclinical data were found to be supportive of approval for Myozyme for the
infantile-onset patient population.
¢ Additional reproductive toxicology studies with Myozyme are recommended.
¢ Similar to commenis from the Product Reviewer, due to unresolved manufacturing issues
for the 2000 1 scale product, approval is recommended only for the 160 [ scate product.



Clinical Review

Anne R. Pariser, M.D.

BLA STN 12514140
Alglucosidase alfa (hGAA)

4 DATA SOURCES, REVIEW STRATEGY, AND DATA INTEGRITY

4.1 Sources of Clinical Data

This application includes clinical efficacy or outcomes measures from ten Genzyme-sponsored
clinical studies and expanded access programs (EAPs), in which all patients received treaiment
with open-label Myozyme. Five clinical studies and EAPs were conducted in infantile-onset
Pompe disease patients, and five studies and EAPs were conducted in juvenile- and adult-onset
Pompe disease patients. Safety information was submitted from the same ten clinical studies and
EAPs as for efficacy, with additional, limited information obtained from an ongoing, double-
blind, placebo-controlled, safety and efficacy study in juvenile- and adult-onset Pompe disease
(Study AGLU02704). Supportive data were also provided from clinical studies and TLAPs
conducted using the Pharming and Synpac formulations of thGAA, although these data were of
limited utility in defining the effect and safety of treatment with Myozyme. A retrospective,
international, observation, natural history study was also conducted in infantile-onset Pompe
disease patients for the purpose of betier characterizing the natural course of infantile-onset
Pompe disease. Subpopulations were selected from this natural history study and were used as
historical reference comparison populations for Studies AGLU01602 and AGLU01702 instead
of concurrent or placebo controls. The results of this natural history study were also included in
this application. '

4.2 Tables of Clinical Studies

The clinical studies and expanded access programs performed in support of the Myozyme
clinical development program, including completed and ongoing studies, are summarized in the
following table:

APPEARS THIS WAY
ON ORIGINAL
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Table 1: Myozyme Clinical Development Program

Siudy Description B )
Infantite-Onset Studies

AGLU-004-00, Obervational, retrospective, chart review of 168 infantile-onset Pompe disease patients conducted between
n=168 February and November 2002. This natural history study was conducted for the purpose of better

(rhGAA-exposed n=0)  characterizing the natural course of infantile-onset disease. No patient received treatment with rhGAA.
Reference populations were selected from this study for use as the historical controls in Studies 1602 & 1702

AGLUO1602 Multicenter, international, randomized (to dose), open-fabel (OL), historical-control, PK, PD, safety, and

(Study 1602), efficacy study of Myozyme 20 or 40 mg/kg qow in 18 clussic infantile-onset Pompe disease patients ages =7

n=18 mronths at the time of first infusion, with cardiac hypertrophy, and who were not receiving ventilatory support
at study entry (conductied from 26-May-2003 to 15-June-2005).

AGLU01702 Multicenter, international, non-randomized, historical-control, PK, PD, safety, and efficacy study of

{Study 1702}, Myozyme 20 mg/kg qow in 21 Pompe disease patients ages >3 to 3.5 years at time of first infusion, Patients

n=21 may have been receiving ventilatory support at study entry. I[nterim data only (to Week 52 for most paticnts)
were submitted to the application (conducted 17-March-2003 to ongoing)

AGLU02203, 0L, uncontrolled, US expanded-access, safety and cfficacy study of Myozyme 20 mg/kg gow in 5 infantile-

n 5 onset Pompe disease patients at an advanced stage of disease progression (29-December-2003 to anpoing).

Patients had a mean age of 10.3 years at study entry {range 7-16 years). The objective was to provide
Myozyme treatment to these patients,
AGLU02003, Ol., extension, safety and efﬂ,acy study of Myozyme (10 mg/kg every week, or 20, 30 or 40 mg/kg qow) in
n=7 7 mfdntlle onset patients who had previous received treatment with other thGAA formulations (Synpac or
Pharming) ( 10-April-2003 to ongoing). Patients were a mean age of 22 months at first thGAA treatment
(range 2 to 73 months), and 41 months at first Myozyme treatment (range 24 to 76 months).

AGLU17205-02, OL, extension study of Myozyme 20-40 mg/kg qow in a smgle infantile-onset Pompe discase pal:enl (age 3
Amendments 4 & 5, months at first thGAA infusion and 41 months at first Myozyme infusion) who had previously received other
n=I rhGAA formulations (Synpac and Pharming) for 3 years under INDs —~— AAGLUI1205-02

conducted from 12-June-2003 to ongoing).

| Juvenile and Adult- Onset Studies

AGLU02804, OL., uncontrolled, non- -randomized, single-center, 26-week, PK, safety, and efficacy study of Myozyme 20

n=5 : mgfkg, qow to 5 patients with juvenile-onset Pompe disease. Patients were ages 6 to 15 years (median 12.7
years) at baseline, with symptom onset at ages 1 to 12 years. All patients could ambulate 10 m at basctine,

- and patients on invasive ventilation at baseline were excluded.

AGLUO2303, OL, European, expanded access, safety and efficacy program of Myozyme 20 me/ke gow in 3 patlenls with

n=3 chmcail} advance juvenite-onset Pompe disease (84-November-2003 to ongoing). Four patients were
enrolled, and 3 received treatment. Patients were ages 9, 17 and 19 years at study entry, and had onsct of
sipns and symptoms of Pompe disease at >12 months to <21 years. The objective of the study was 10 provide
acces to treatment with Myozyme to these patients.

AGLUO2103, OL., extension, safety and efficacy study of Myozyme 30 mg/kg gow in 1 juvenile-onset Pompe disease

n=1 patient who had previously received 3.7 years of Pharming and Synpac rthGAA formulations under INDs

—  AGLUO02103 conducted from | 1-Apr-2003 to engoing). The patient was age 16 years at first

thGAA treatment, and age 20 years at first Myozyme treatment,

AGLU02704 (LOTS) Multicenter, international, randomized, double-blind, placebo- -controlled, 52-week, PK, safety, and efficacy

{ongoing, limited data study of Myozyme in about 80 juvenite- and adult-onset Ponpe disease patients. First patient was enrolied
available) _ ~ August 2005, enrollment was completed March 2006, and study completion is anticipated in March 2007.
AGLU02303, Mulitcenter, internation, prospective, 12- month, observational/natural history study initiated March 2004,
(thGAA-exposed n=0)  intended to better characterize the clinical presentation of juvenile and aduli-onset Pompe disease, 10 assist in

determining clinical efficacy endpoints for the planned placebo-controlled study AGLUG2704.

Expanded Access Programs

International EAP An expanded access pruﬂrdm conducted outside the US providing Myozyme to patlents of any age with
_ Pompe disease. 34 patients have been enrotied as ol 08-March-2003.
AGLU02603 Ongoing, OL, expanded access study in the US for severely affected patients with Pompe discase who do nat
(LS EA) meet the clinical eligibility criteria for enrollment in an ongoing study of Myozyme.
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4.3 Review Strategy

The most important study submitted to this application was Study AGLU01602. Study
AGLU01602 was a multicenter, international, dpen—label, 52-week, safety and efticacy study
performed in 18 patients with classic infantile-onset Pompe disease, and the recommendation for
approval of Myozyme as a treatment for Pompe disease is based entirely on the ventilator-free
survival benefit seen with Myozyme {reatment in this pivotal study. The comprehensive safety
and efficacy data submitted to the application for Study AGLU01602 permitted substantive
clinical review.

Study AGLUO1702 was the largest study submitted in support of the Myozyme application, and
was conducted in 21 infantile-onset Pompe discase patients. Study AGLUO1702 is an ongoing,
multicenter, international, non-randomized, open-label, 104-week, safety and efficacy study, and
the comprehensive safety and efficacy outcomes information available for this study also
permitted substantive clinical review. Interim results only for Study AGL.UO01702, up to Week
52 for most patients, were submitted for review.

Analyses of studies AGILU01602 and AGLU01702 were cmphasized in this review, and
comprehensive reviews of these studies are summarized in the Appendix section under the
Individual Study Reports. The data submitted for the three remaining studies and expanded
access programs (EAPs) conducted in the infantile-onset population were of lesser importance to
the review, as they contained limited safety and outcomes assessments.

Information on safety and outcomes measures for 24 juvenile- and adult-onset Pompe disease
patients was available for review in the application. The data submitted to the application for
Study AGLUO02804 were the only data in the the juvenile- and adult-onset population that were
amenable to detailed review. Study AGIL.U02804 was an open-label, nonrandomized,
uncontrolled, single-center, 26-week, safety and efficacy study conducted in five juvenile-onset
Pompe disease patients; however, as this was an open-label, uncontrolled study and the
endpoints were highly subjective (c.g., six-minute walk test [EMWT] is highly dependent on
patient effort), the results of this study were of limited utility in determining a treatment cffect of
Myozyme in this patient population. The information on the remaining 19 juvenile- and adult-
onsel patients from EAPs was submitted to the application in the form of narratives. The paticnt
population in these EAPs was extremely diverse, and the length of treatment, doses of Myozyme
administered, safety and outcomes assessments measured, and the scope of information provided
in the narratives were highly variable, and highly subjective. Thus, these data werc of limited
utility in defining cither a treatment effect or a safety profile of Myozyme administration in the
juvenile- and adult-onset population. '

Thus, a comprehensive review of the efficacy and safety results for the Myozyme clinical
development program will focus on about 44 patients, 39 of whom were infantile-onsct patients,
and the additional safety and cutcomes information available for review in the remaining
approximately 40 additional patients will be considered in lesser detail.
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4.4 Data Quality and Integrity

Several problems and concerns with this application were noted, and are listed as follows
(including, but not limited to):

e Therc were numerous errors, omissions, and incomplete data noted in the datasets,
making many of the endpoint results unreliable. For example, the datasets for the growth
parameters (particularly for length and head circumference) in Studies AGLUG1602 and.
especially, AGLU1702 contained numerous instances of implausible results, such as
patients appearing to lose, then gain length or head circumference from visit to visit.
Similar problems with implausible results were seen to a lesser extent in the cardiac
parameter datasets. The overall result of these obvious errors was to call into question
the reliability of the data submitted to the entire application. However, as ventilator-free
survival was an casily measured and verifiable outcome measure, it was felt that the
primary endpoiut result for the pivotal study AGLU01602 was likely reliable, and
considered to be accurate.

e Basic information necessary for the review of the application was missing from the
original application. This included such information as documentation of the timing of
all screening and baseline procedures, and the signing of the Informed Consent Form for
all patients; detailed descriptions of procedures performed (e.g., randomization,
developmental testing) and techniques (e.g., blinding of study personnel) used in the
studies; farge amounts of safety and efficacy data for Study AGLU1702 (e.g., safety data
collected after 03-September-2004, efficacy data on six of 21 patients after Week 12, and
data for the Leiter-R cognitive development test); data on juvenile- and adult-onset
patients in support of the proposed indication (c.g., information on a total of four of these
patients had been submitted to the original application, with information in the remaining
20 patients, predominantly in the form of narratives, submitted late in the review cycle in
Amendments 002 and 007, in November and December 2005, respectively); and a large
number of product-related issues (e.g., validation assay requests), among others. This
resulted in three Information Request (IR) letters being sent from the Division to the
Sponsor during the review cycle, requesting information in about 80 gucstions. Receipt
of responses to these questions in December 2005 and January 2006 resulted in a major
amendment to the application, and a three-month extension to the PDUFA goal date. As
some of the information was submitted very late in the review cycle, the remaining time
available did not permit a thorough review of all the information submitted.

e The construct of the application was confusing. There were twelve separate submissions
to the application during the review cycle, the data were poorly organized, and the
Sponsor did not effectively integrate the existing data submitted during the entire review
cycle. For example, safety data were scattered throughout the submission, there was no
integrated safety summary that encompassed the entire safety experience submitted Lo the
application, important information was frequently located in multiple pieces in
appendices, and either not noted or not clearly displayed within the body of the reviews,
summaries or individual study reports. This resulted in difficulty for the reviewers in
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navigating through the application, locating information critical to the review of this
submission, and comprehensively summarizing the existing data. The twelve separate
submissions {original and 11 amendments) to this application are summarized in the
following table:

Tabie 2: BLA 125141/0, Original and Amendment Summary

Amendment | Date Received | Description

000 29-July-2005 Original submission. Note: 1) Study 1602 (pivotal) contained 26-week interim data only, and
2) original submission contained information on 4 late-onset patients only (AGLU02103, n=1
and AGLUG2503, n=13)

001 01-Sept-2003 Study 1602 final data (52-week) for pr 1man endpoint, and major endpoints of growth, motor
function (AIMS, Pompe PEDI) and cognitive function (BSID-11). Safety data (SAEs only)
through 135-June-2005 cutoff for studies 1602, 1702, 2203, 2003, 2103, 1203-02, 2603, 2503
and the international EAP, and immunogenicity data from studies 1602 and 1702 through [3-
June-2G05.

002 02-Nov-2005 Abridged Clinical Study Reports (CSR) for Study 1602 mcorporatmg updates from
Amendment 001, and information on 13 late-onset Pompe disease patients from: 1)
AGLUO02804 (n=5) final CSR, and 2) narratives on 8 patients from EAP AGLU02503 (n=2),
AGLU2103 {n=1), AGLU02103 (updated from Amendment 000, n=1), AGLU02503 (updated
for 2 of 3 patients from Amendment 000, n=2}, and International EAP (n=5)

003 02-Nov-2003 Administrative correspondence: copies of information submlttcd to DSI

004 15-Nov-2005 Elcctromc datasets for Study AGLU02804 (CSR 0nly submlﬂed in Amendmem 002)

003 05-Dec-2005 | 4- -month safety update to BLA

(06 16-Dec-2005 Response to request for information, clinical and CMC. Clinical information included new
efficacy information for Study 1602 ventilator status, description of norms for motor and
cognitive function, randomization dates, updated KM plots, and randomization scheme. Safety

_ information included DSMB charter.

007 21-Dec-2005 Response to request for information. Study 1702 efﬁcacy data for remaining 6 patients through
Week 52 (no electronic datasets), and information (narratives only) for an additional 10 Jate-
onsel patients

008 06-Jan-2005 Response to request for information, CMC and clinical. Clinical information included responses
to questions 1-11, 13-34, 69-70 and 72-73 of IR letter #1, all questions in IR letter #2. Also
included resubmission of proposed indication for labeling and justification.

(09 17-lan-2006 Request for rype A meeting. Question l:‘;t mc]udcd __________

010 19-Jan-2006 Response to request for information, Responses to question 12 and 71, and updated responses
to questions 70 and 72 from IR letter #1.

011 15-Feb-2006 Response to request for informalion, Clinical protocol for AGLU02403, extension study to

| Study AGLUO1602.

Missing, incomplete, and unorganized safety data resulted in a worrisome safety signal
for hypersensitivity being noted late in the review cycle after a serious, related
hypersensitivity reaction was submitted as an expedited report to the Myozyme IND.
Receipt of this expedited report resulted in a request by the Division to the Sponsor for
the Sponsor to query their pharmacovigilence database for similar events. This query
resulted in the uncovering of numerous hypersensitivity reactions, some of which were
life-threatening, and some of which had not been previcusly reported as serious events in
either the Myozyme IND or the BLA. In discussions with the Sponsor, the Sponsor
stated that not all of these events were submitled as serious events to the IND, nor the
BLA, as they were considered to be expected events as they were listed in the
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Investigator’s Brochure. These discussions resulted ina clarification on reporting
procedures to be followed for this application.

e Define files were, at times, unhelpful, did not adequately explain the dataset ficlds, and
contained errors, limiting their utility.

e Flectronic datasets were not submitted for a number of outcomes measures considered
important to the review of this application (e.g., z-scores and percentiles for growth data),
resulting in manual review and compilation of some data by the reviewers.

The Division of Scientific Investigations (DSI) performed 2 clinical site audits for this
application, including: 1) Dr. Byrne (Shands Hospital), Gainesville, Florida (Site #81 in
AGLUO01602), and 2) Dr. Kishnani (Duke University), Durham, North Carolina (Site #1 in
AGLU01602). These sites were selected for inspection because of their high enrollment,
geographic location, and . N

—  The overall observation noted by the DSI Inspector (Jose Javier Taverez, M.S.) for the
two clinical sites was that “therc was sufficient documentation to assure that all audited patients
did exist, fulfilled the cligibility criteria, received the assigned study medication, and had their
primary efficacy endpoint captured as specified in the protocol. No underreporting of adverse
events noted (sic). Overall data... appear acceptable for use in support of BLA 1251417

4.5 Compliance with Good Clinical Practices

The sponsor stated that studies AGLUO01602, AGLUO01702, and AGLU0O2804 were carried out in
accordance with Good Clinical Practice (GCP) regulations. The remaining studies and EAPs
were not conducted as GCP studies.

4.6 Financial Disclosures

Financial disclosures were included in the submission. For Studies AGLU01602 and
AGLU01702, notable findings were:

1. — & _1as a {inancial interest in the outcome of the
study. _— T
_ research grants and feliowship funding. These payments do
not reflect monies paid directly to -

however. It was also disclosed that Dr.  —  accepted payments (honoraria) from
Genzyme totaling $5,000.

2. The , Do — reported
acceptance of honoraria and laboratory support grants of more than $40,000 from
Genzyme.

5 CLINICAL PHARMACOLOGY

The clinical pharmacology data have been extensively reviewed by the Clinical Pharmacolopy
and Biopharmaceutics Reviewer (Ani} Rajpal. M.D.); please see the Clinical Pharmacology and
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Biopharmaceutics review for the completed review of these data. Dr. Rajpal’s findings for the
pharmacokinetic (PK) and pharmacodynamic (PD) data are noted, briefly, as follows:

5.1 Pharmacokinetics

The pharmacokinetic (PK) parameters for Myozyme after a single infusion were assessed in 13
patients from AGLU01602, ages 1 to 7 months, in the 20 mg/kg and 40 mg/kg dose groups.
Systcmic exposure was noled {o be approximately dose proportional between the 20 and 40
mg/kg doses. No accumulation was noted when PK. parameters were measured at Week 12, with
similar results having been obtained for these parameters. The PK results for the 13 patients
from Study AGLU01602 after a single infusion are summarized in the following table:

Table 3: Study AGLU01602, Myozyme PK Parameters After a Single Infusion

_ Dose Group

20 mg/kp 40 mg/kyg
n= 3 ) 8
PK Parameter _
Cmax (icg/mL) 262 1 31 276 + 64
AUC,, (meg-hr/mL) _ 811 + 141 1781 + 520
CL (mL/hr/mL) 25+ 4 B 24 +7
Vss (mL/kg) 96416 119 +28
t,, (hr) 2.3+04 29403

The PK results obtained in 14 patients in Study AGLUO01702, ages 6 months to 3.5 years, at a
dose of 20 mg/kg were similar to those observed in the 20 mg/kg dose group in the AGLU01602
study. Nineteen of 21 patients who received treatment with Myozyme, and had PK and antibody
titer data available at Week 12, developed antibodies 1o alglucosidase alfa. Five patients with
antibody titers >12,800 at Week 12 had an average increase in clearance {CL.) of 50% (range 5%
to 90%) from Week | at Week 12.

5.2 Pharmacodynamics

Pharmacodynamic (PD) measures were cvaluated by comparing skeletal muscle GAA activity
and skeletal muscle glycogen content (by biochemical and histomorphometric methods) at
baseline, and at Weeks 12 and 52. Plasma and urine oligosaccharides were also collected. In
general, the skeletal muscle glycogen content analyses, and the plasma and urine oligosaccharide
measures did not show a consistent correlation with clinical outcome, and should be considered
as exploratory at this time.

5.3 Exposurc-Response Relationships

Doses of Myozyme administered in the Myozyme clinical development program ranged from 10
mg/kg every other week 1o 40 mp/kg every week by intravenous infusion. Most patients in the
Myozyme clinical development program received treatment with Myozyme at a dose of 20
mp/kg every other week. The next most frequently administered dose was 40 mp/kg every other
week. Information available on patients receiving doses of Myozyme less than 20 mg/kg and
greater than 40 mp/kg every other week was extremely limited, and was not of sulticient detail to
provide any assessment of safcty or efficacy. Based on the safety and efficacy results from
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Study AGLU01602, efficacy was found to be similar between the 20 mg/kg and 40 mg/kg every
other week doses, and the safety concerns, particulary for immunogenicity and infusion
reactions, were less in the 20 mg/kg dose group as compared to the 40 mg/kg dose group. Itis
noted, however, that each dose group in the AGLU01602 study contained only nine patients, and
it is possible that a difference in efficacy between the doses exists, but was unable to be
determined.

6 INTEGRATED REVIEW OF EFFICACY

6.1 Indication

The Sponsor is proposing that Myozyme receive the following indication:

/

The data submitted to the Myozyme application is only supportive of an indication for use in
patients with infantile-onset Pompe discase, in whom a ventilator-free survival benefit has been
demonstrated. Adequate and well-controlled studies have not been completed in the juvenile-
and adult-onset population, and the risk/benefit profile of Myozyme in the juvenile- and adult-
onset population has not been described. Therefore, the Division is proposing the following
indication:

“Myozyme (alglucosidase alfa} is indicated for use in patients with Pompe disease (GAA
deficiency). Myozyme has been shown to improve ventilator-free survival in patients with
infantile-onset Pompe disease as compared to an untreated historical control, whereas use of
Myozyme in patients with other forms of Pompe disease has not been adequately studied to
assure safety and efficacy.”

6.1.1 Methods

This application includes clinical efficacy or outcomes measures from ten clinical studics and
expanded access programs (EAPs), in which all patients received treatment with open-label
Myozyme. The entire Myozyme clinical program was conducted in Pompe disease patients, and
given the rarity of this disease, the entire Myozyme-exposed population in this application was
small. Comprehensive efficacy and safety data that permitted substantive review were available
in about 44 patients, 39 of whom were infantile-onset patients. There was additional safety and
outcomes information available for review in about 40 additional patients; however, this
information was of limited utility in defining cither the effects of Myozyme treatment or the
safety of Myozyme administration, and will be considered in lesscr detail.

Five clinical studies and EADPs were performed in approximately 52 infantile-onset Pompe
disease patients, with comprehensive safety and efficacy data permitting substantive review

30



Clinical Review

Anne R. Pariser, M.D.

BLA STN 12514170
Alglucosidase alfa (thGAA)

available in 39 patients in Studies AGLU01602 and AGLUOL702. Analyses of studies
AGLU01602 and AGLU01702 were emphasized in this review, and comprehensive reviews of
these studies are summarized in the Appendix section under the Individual Study Reports.

The most important study submitted to this application was Study AGLUO01602, an open-label,
historical-control, 52-week, safety and efficacy study performed in 18 classic infantile-onset
Pompe discase patients. The data submitted to the application from this study were analyzed for
the purpose of making a determination on the effectiveness of Myozyme for the proposed
indication.

Study AGLUQ1702 was the largest study submitted to the Myozyme application (conducted in
21 infantile-onset Pompe disease patients). Study AGLU01702 is an ongoing, non-randomized,
open-label, 104-week, safety and efficacy study, and interim results only, up to Week 52 for
most patients, were submitted for review. These data also were analyzed for the purpose of
making a determination on the effectiveness of Myozymc for the proposed indication. However,
it is noted that although comparisons were made in this study to an historical reference
population, it was recognized by the Division that determining anything less than a dramatic
treatment effect in this population would be difficult due to the highly heterogencous
presentation and progression of the diseasc in this Pompe disease age group, and as therc was no
concurrent contrel.

The data submitted for the three remaining studies and EAPs conducted in the infantile-onset
population were of lesser importance to the review, as they contained limited safety and
outcomes assessments, and will be considered in lesser detail. Studies conducted in the infantile-
onset population (including the natural history study) are listed in the following table:

APPEARS THIS WAY
ON ORIGINAL
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Table 4: Myozyme Clinical Development Program, Infantile-Onset Studies

Study Population Description
AGLU-
004-00 Infantile-onset Obervational, retrospective, chart review of 168 infantile-onset Pompe disease patients
n=163 conducted between February and November 2002, This study included data obtained using a
retrospective chart review of 168 untreated patients diagnosed with infantile-onset Pompe
disease with the purpoese of better characterizing the natural course of infantile-onset Pompe
disease. No patient received treatment with rhGAA. Reference populations were selected
~ from this study for use as the historical controls in StudiesAGLU01602 and AGLUO1702.
01602 Classic infantile-onset, - Multicenter, international, randomized (to dose) opcn—iabel (OL) historical- control PK, PD
n=18§ safety, and efficacy study of Myozyme 20 or 40 mg/kg qow in 18 classic infantile-onset
Pompe disease patients ages <7 months at the time of first infusion, with cardiac hypertrophy,
and who were not receiving ventilatory support at study entry (conducted from 26-May-2003
to 15-fune-2005).
01702 . Infantile- and Multicenter, international, non-randomized, historical-control, PK, PD, safety, and efficacy
~ childhood/juvenile-onset study of Myozyme 20 mg/kg qow in 21 Pompe disease patients ages >3 to 3.5 ycears at time
{age at onset <12 months}, of first infusion. Patients may have been receiving ventilatory suppord at study entry. Interim
n=21 data only (to Week 52 for most patients) were submitied to the application (conducted 17-
March-2003 to ongoing)
02203 Infantile-onset (probable OL, uncontrolled, US expanded-access, safety and efficacy study of Myozyme 20 mg/kg qow
muscular variant and classic . in 5 infantile-onset Pompe diseasc patients at an advanced stage of discase progression (29-
forms, age at onset <6 " December-2003 to ongoing). Patients had a mean age of 10.3 years at study entry (range 7-
months} 16 years). The objective was to provide Myozyme treatment 10 these patients.
S
2003 Infantile-onset OL, extension, safety and efficacy study of Myozyme (10 mg/kg every week, or 20, 30, or 40
Cn=7 mg/kg qow) in 7 infantile-onset patients who had previous received treatment with other
thGAA formulations (Synpac or Pharming) (10-April-2003 to ongoing). Patients were a
mean age of 22 months at first ThGAA treatment (range 2 to 73 months), and 41 months at
_ first Myozyme treatment (range 24 to 76 months).
1205-02  Infantile-onset, OL, extension study of Myozyme 20-40 mg/kg qow in a smgle infantile-onset Pompe disease
n=1 patient (age 3 months at first thGAA infusion and 41 months at first Myozyme infusion) who
had previously received other thGAA formulations (Synpac and Pharming) for 3 years under
cINDs  — AGLUI1205-02 conducted from 12-June-2003 to ongoing).
Total n=52

Five studies and EAPs were eonducted in juvenile- and adult-onset Pompe disease patients, and
information on 24 of these patients was available for review. The data submitted for Study
AGLU02804, an open-label, nonrandomized, uncontrolled, 26-weck, salety and efficacy study,
were the only data in the juventle- and adult-onset population that were amenable to detailed
review: however, as this study was open-label and uncontrolled, and the outcomes measures
were highly subjective (e.g. 6MWT is highly dependent on patient effort), no reasonable
assessment of the effect of Myozyme treatment on juvenile- and adult-onset Pompe discase
patients could be made from these data. The information on the remaining 19 juvenile- and adult-
onset patients from EAPs was submitted to the application in the form of narratives. The patient
population in these EAPs was extremely diverse, and the length of treatment, doses of Myozyme
administered, safety and outcomes assessments measured, and the scope of information provided

in the narratives were highly variable, and highly subjective.

Thus, these data were of limited

utility in defining either a treatment cffect or a safety profile of Myozyme administration in the
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juvenile- and adult-onset population, and were considered in less detail. Studies conducted in the
juvenile- and adult-onset population are listed in the following table:

Table 5: Myozyme Clinica! Development Program, Juvenile/Childhood- and Adult-Onset Studies

Study Population Description
AGLUQ2804  Juvenile-onset (age range 1-6 " OL., uncontrolled, non-randomized, single-center, 26-week, P, safety, and efficacy
¥r8), study of Myozyme 20 mg/kg gow to 5 patients with juvenile-onset Pompe disease.
n=>5 Patients were ages 6 to 15 years {median 12.7 years) at baseline, with symptom
onset at ages | to 12 years. All patients could ambulate 10 m at baseline, and
_ patients on invasive ventilation at baseline were excluded.
AGLUD2503 . Juvenile-onset (age range at OL., European, expanded access, safety and efficacy program of Myozyme 20 mg/kg
- symptom onset 1-3 y15), ~ qow in 3 patients with clinicaily advance juvenile-onset Pompe disease (04-
n=3 * November-2003 to ongeing). Four patients were enrolled, and 3 received treatment.
Patients were ages 9, 17 and 19 years at study entry, and had onset of signs and
symptoms of Pompe disease at >12 months to <21 years. The objective of the study
was to provide acces to treatment with Myozyme to these patients,
AGLU02103  Juvenile-onset (age 11 yrs), (M., extension, safety and cfficacy study of Myozyme 30 mg/kg (;6w in 1 juvenile-
n=1 : onset Pompe discase patient who had previously received 3.7 years of Pharming and
- Synpac rhGAA formutations under INDe - — {AGLUO02103 conducted
from 11-Apr-2003 to ongoing). The patient was age 16 years at first thGAA
treatment, and age 20 years at first Myozyme treatment.
International - Infantile-, juvenile- and adult- An expanded access program conducted outside the US providing Myozyme to
EAP onset (1 patient age at symptom  patients of any age (infantile-, juvenile- and adult-onset) with Pompe disease. 54
onset 6 months c/w infantile- patients have been enrolled as of 08-March-2005.
onset muscular variant,
remaining 13 patients, juvenile-
onsel, age range 2-33 vyrs),
.. .n7l3 . - L
AGLUO2603 | Juvenile- and adult-onset {ages 2 Ongoing, OL, expanded access study in the US for severely affected patients with
(US EAP) “and 21 yrs), . Pompe discase who do not meet the clinicat eligibility criteria for enrolbment in an
. =2 : - ongoing study of Myozyme. o e
"AGLU02704 Limited safety data available Multicenter, international, randomized, double-blind, placebo-controlled, 52-week,
(LOTS) only PK, safety, and efficacy study of Myozyme in about 80 juvenile- and adult-onset
‘ Pompe disease patients. First paticnt was enrolled August 2005, enrollment was
) completed March 2006, and study completion is anticipated in March 2007.
Total n=24 '

Thus, a comprehensive review of the efficacy and safety results for the Myozyme clinical
development program will focus on about 44 patients, 39 of whom were infantile-onset patients,
and the additional safety and outcomes information available for review in the remaining
approximately 40 additional patients will be considered in lesser detail.

6.1.2 General Discussion of Endpoints

The pivotal study in this application is Study AGLUO01602, and the entire decision for approval
of this application was based on the primary endpoint of ventilator-free survival from Study
AGLUD1602. Relevant issues with the primary endpoint are discussed, as follows:

The primary efficacy endpoint in the pivotal study AGI 1101602 was the Kaplan-Meier estimate
of the proportion of patients who were alive and free of invasive ventilator support at 18 months
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of age with survival measured as time from birth for patients treated with rhGAA with both dose
proups combined using all data through 52 weeks after the last patient was randomized to
treatment. This was compared to the proportion of survivors at 18 months of age in an untreated
historical cohort. The primary endpoint was considered to have been met if there was no overlap
between the two-sided 95% CI for the proportion of thGAA treated patients alive and free of
invasive ventilation at 18 months of age and the 95% CI for 18 months survival of untreated
patients in the historical control subgroup. Patients who were alive but had not yet reached 18
months of age were right censored. Invasive ventilator-free survival was defined as 1) the
patient was ventilator-free for a 14-day period bracketing the target time point, or 2) the
investigator determined that the patient’s ventilator use was due to secondary causes only (c.g.,
aspiration pneumonia) at the target time point and the patient was followed for up to an
additional 30 days. If during this additional 30 days the patient became ventilator-free for at
least 14 consecutive days, the patient was considered to be ventilator free.

Exploratory analyses for the primary endpoint included estimates of ventilator-free survival time
from the date of first symptoms, date of diagnosis, and date of study treatment initiation.
Sensitivily analyses for survival rates in the historical control subgroup included:

1) comparisons of the rhGAA-treated group survival rate to survival rates from the historical
control subgroup subsets in which patients who died prior to three, four, five, and six months of
age were removed {rom the total sample size of 62; 2) assessment of whether the survival
inferences were dependent on the age at first thGAA infusion using a subset of the historical
control subgroup selected based on the median age at first infusion of thGAA, and after thGAA-
treated patients were partitioned into two groups based on their age at first thGAA infusion (less
than or greater than median age); and 3) with exclusion of patients with congenita! abnormalities
or clinically significant disease status recorded as “unknown” from the control group.

Comparison to an historical control was accepted by the Division as infantile-onset Pompe
disease is a uniformly fatal disease for which there are no established treatments, and placebo
treatment was considercd unethical in this clinical situation. Given the constraints of an
historical comparison, mortality was selected as the most reliable outcome measure. As there
was concern that the use of ventilatory support could alter the course of the disease (e.g., prolong
survival), and as the clinical situation in the Study AGLU01602 was different than in the
historical control setting (i.e., in the clinical study, parents and caregivers knew that infants werc
receiving a potentially beneficial trcatment, and the willingness to apply mechanical ventilatory
support to patients may have been greater than in the historical control setting where no
potentially beneficial treatments existed), it was decided that invasive ventilator-free survival in
the AGLUO1602 population was to be compared to survival in the historical cohort. Near
universal mortality was noted in the historical control population at 18 months of age. thus,
ventilator-free survival at 18 months was selected as the endpoint, as this was the timepoint at
which patients would not have survived in the absence of intervention.

The Statistical Reviewer (Lisa Kammerman, Ph.D.) noted that major statistical issues existed for
the analyses performed in Study AGLUQG1602 (please sec the Statistical Review and Evaluation
by Dr. Kammerman for a detailed discussion of these issues), including:
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1. Inappropriate use of the Kaplan-Meier methodogy, where the survival analysis started at
the date of birth, instead of at the more appropriate time of randomization in Study
AGLUO01602. Quantification of the treatment difference between the Study AGLUQL602
population and the historical control group was almost impossible because of this, as date
of randomization did not exist in the historical control group.

2. A potential selection bias existed in this study, as patients in AGLU01602 had to survive
long enough to start treatment, whereas that condition did not apply to the historical
control subgroup. This selection bias likely favored the treated patients. However, this
selection bias was minimal when 18-month survival was evaluated as almost no patients
survived in the historical control group at 18 months of age.

3. lmproved outcomes over time were noted in the historical control group, likely due to
more agpressive therapy and the better availability of therapies in later years. This likely
favored treated patients as they were born in later years as compared to the historical
control patients.

Overall, despite these limitations, the data suggest improved outcomes among patients treatment
with Myozyme when visually compared with the natural history of patients who go untreated.
However, quantification of this difference is almost impossible, and it was recommended by Dr.
Kammerman that Kaplan-Meier graphs not be displayed in labeling, as a survival difference
between the two groups was likely over-estimated in favor of treated patients.

6.1.3 Study Design

Two of the clinical studies submitted to the application underwent detailed review: AGLUO602
and AGLU01702 (Studies AGLU01602 and AGLU01702 are also described in the Appendix
section in the Individual Study Reports. Please refer to the Individual Study Reports for more
detailed discussions of these studies). The historical comparator groups for Studies AGLU01602
and AGLU01702 were selected from the historical control population identified in Study AGIL.U-
004-00, and the study design for AGLU-004-00 will also be described here.

The study design for AGLU-004-00 is described as follows:

AGLU-004-00 was a multi-national, multi-center histerical cohort study designed to characterize
the natural history of disease progression in untreated patients with infantile-onset Pompe
disease. Historical data were derived from a retrospective review of patient medical records.
Sites participating in the study were identified by a questionnaire, and included sites in North
America, Europe, Israel, and Taiwan. These sites were searched for cases of Pompe disease,
fiving or dead, who had not been treated with exogenous enzyme therapy. To be enrolled in the
study, paticnts were required to have a clinical diagnosis of infantile-onset Pompe diseasc
defined as documented GAA enzyme deficiency or GAA gene mutations, AND onset of
symptoms by 12 months of age corrected for gestation. Data collection included demographics,
survival, disease chronology, physical examination data, laboratory data, and (reatment data
including ventilator use.
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A total of 300 cases were screened, 172 patients met eligibility criteria, and 168 of these patients
were known not to have received exogenous enzyme therapy. Most patients identified were born
after 1985 (151 of 168 cases). Overall survival in the natural history study was poor, with a
median survival of 8.7 months; however, nearly one quarter of patients survived to one year, and
a small percentage (about 7%) lived past two years, with prolonged survival documented to 73.4
months in one patient.

For comparison to the AGLUO01602 population, a subset of 62 patients was selected from within
the 168 patients in the AGLU-004-00 cohort based on screening criteria adapted from Study
AGLUQ1602. This subgroup is known as the historical control subgroup, and was designed to
select a control population that most closely matched the study population entered into Study
AGLUO01602. The inclusion criteria for the historical control subgroup included age at first
symploms less than or equal to 26 weeks of age, age at confirmed diagnosis less than or equal to
26 weeks of age, and presence of cardiomyopathy by 26 weeks of age (LVMI 265 gf’m?‘).
Exclusion criteria inciuded any known ventilator use between zero and six months of age,
documented major congenital abnormality, and clinically significant disease other than Pompe
diseasc. Survival in the historical control subgroup was poor. Of the 61 patients with a known
date of death, one survived beyond age 18 months (2% survival, 95% CI [0%, 9%]), and median
survival was 7.5 months (range 0.3 to 43.9 months). Although no historical comparison can
provide the certainty of comparison as, for example, a placebo-control group, it appears that
survival in the historical control subgroup at 18 months of age provides a reasonable comparator
for ventilator-frec survival in Study AGLUO0{602 treatment group.

For comparison to the AGLUO01702 poulation, two reference populations were selected from
within the AGLU-004-00 cohort. An Historical Reference Subgroup (n=86) was selected from
AGLU-004-00 using screening criteria adapted from the AGLUO1702 cligibility criteria,
whereby AGLU-004-00 patients were excluded from the Historical Reference Subgroup if they
had a GAA activity >2% of mean of the normal range (patients without GAA levels available for
assessment were nol excluded), died, or were lost to follow-up at less than or equal to six months
of age, had an LVMI less than 65 g/m2 at age less than or equal to 12 months or had an LVMI
less than or equal to 79 g/ m” at age greater than 12 months, had symptoms of congestive heart
failure AND an EF less than 40%, had a major congenital abnormality, or had clinically
significant disease other than Pompe disease. For additional comparison, an Iistorical
Reference Subset (n =15) was also selected from the Historical Reference Subgroup, whereby
patients who died before the median age at which the Study 1702 poputation received their first
infusion (15 months of age) were excluded.

The study designs for AGL.U01602 and AGLUG1702 are described as follows:

Study AGLUO1602 was a multicenter (n=7), multinational, open-label, randomized (to dose),
dose-ranging, safety, cfficacy, pharmacodynamic (D} and pharmacokinetic (PK) study of
rhGAA in the trcatment of 18 patients with infantile-onset Pompe disease. Eligible patients werc
randomized 1:1 to receive an intravenous (V) infusion of thGAA 20 mg/kg or 40 mg/kg every
other week (qow) for 52 weeks. Patients were eligible for the study if they had a definitive
diagnosis of Pompe disease defined as a deficiency in GAA activity, onset of clinical signs of
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Pompe disease before the age of six months and cardiac hypertrophy, and if they were less than
or equal to six months of age at first infusion. The primary efficacy endpoint for the study was
the proportion of patients who were alive and free of invasive ventilator support at 18 months of
age, as compared to an historical control subgroup of similar age and disease scverity. Major
efficacy endpoints included changes from baseline at Week 52 in measures of cardiac status
(LVMI, EF), physical growth (length, weight, and head circumference), and achievement of
motor and mental developmental milestones assessed by Alberta Infant Motor Scale (AIMS),
Bayley Scales of Infant Development II (BSID-11), and Pompe Pediatric Evaluation of Disability
Inventory (PEDI) testing. As infantile-onset Pompe disease is a uniformly fatal disease for
which there are no established treatments, no placebo treatment was administered, and an
historical cohort was used as the control group.

Study AGLU01702 is an ongoing, multicenter (n=6), multinational, open-label, non-randomized,
safety, efficacy, PD and PK study of thGAA in the treatment of 21 patients with infantile-onset
Pompe diseasc. Eligible patients were to receive IV infusions of thGAA 20 mg/kg qow for 52
weeks followed by a 52-week maintenance phase at the same dose. Patients were eligible for the
study if they were more than six months and less than or equal to 36 months of age at the time of
first infusion, and had a diagnosis of Pompe discase defined as a deficiency in GAA activity,
onset of clinical signs consistent with Pompe disease by 12 months of age, and cardiac
hypertrophy. The primary efficacy endpoint was the proportion of patients alive over the course
of treatment. Secondary efficacy endpoints included the effect of treatment on respiratory
function, cardiac status, molor development, cognitive development, and physical growth. This
study had no concurrent control, and no placebo treatment was administered. Comparison to an
historical control reference population was provided. Interim efficacy and safety data through
Week 52 only for this study were submitted to the BLA. Although the initial 52 weeks of the
study have been completed, the 52-week maintenance phase is ongoing at the time the
application was submitted, and final results for the entire 104 weeks of the study are not yet
available. The last patient received her first dose of rhGAA on 28-May-2004; thus, the study is
expected to be completed on or about 28-May-2006.

The remaining studies and expanded access programs submitted to this application were
considered in lesser detail. The study designs for these studies and programs are described as
follows:

The remaining infantile-onset Pompe discase studies and EAPs were:

o Study AGLU02203 is an ongoing, open-label, expanded access, safety and efficacy
study of Myozyme 20 mg/kg qow conducted in the US in five infantile-onset Pompe
disease patients at an advanced stage of disease progression. Patients had a mean age of
10.3 years at study entry (range 7-16 years). All patients enrolled in this study had
dacumented GAA deficiency and onc of the following criteria: 1) cardiac hypertrophy,
2) was receiving invasive- or noninvasive-venitlatory support, or 3} had severe motor
delay. The objective of the study was to provide ERT with Myozyme to these paticnts,
as they did not meet the clinical characteristics for inclusion in other Myozyme studies,
and as there was no alternative treatment available to them.
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¢ Study AGLU02003 is an open-label, international, long-term, safety and efficacy,

extension study of Myozyme (10 mg/kg per week, or 20, 30, or 40 mg/kg qow)
administration to seven infantile-onset patients who were previously enrolled in clinical
trials of ERT with other formulations of thGAA (Pharming and Synpac). Patients had a
mean age of 22 months at first thGAA treatment (range 2 to 73 months), and 41 months,
(range 24 to 76 months) at first Myozyme treatment. At the time of transition to
Myozyme, two patients were receiving invasive-ventilatory support, and one patient was
receiving noninvasive-ventilatory support. The objective of the study was to monitor the
long-term safety and outcomes of hGAA treatment in these patients.

Study AGLU1205-02, Amendments 4 & 5, is an ongoing, open-label, extension study of
Myozyme 20 to 40 mg/kg qow administration to a single infantile-onset Pompe discase
patient, who had previously received rhGAA (Synpac and Pharming formulations) for
three ycars under INDs — “his patient was age 3 months at first hGAA
infusion and 41 months at first Myozyme infusion. The patient required invasive-
ventilatory support at age 39 months (while on Synpac rhGAA) and continued to require
invasive-ventilatory support at the time of first Myozyme infusion.

Juvenile- and adult-onset Pompe disease patients were treated in five separate studics and EAPs.
All of the studies and programs in juvenile- and adult-onset patients were considered in lesser
detail. The study designs for these studies and expanded access programs are described as
follows (more detailed information on these 24 patients is described in the Appendix section,
under Individual Study Reports, Juvenile- and Adult-Onset Pompe Disease Summary):

Study AGLU02804 was an open-label, nonrandomized, uncontrolled, single-center, 26-
week, safety and efficacy study of five juvenile-onset Pompe disease patients ages 6 to 15
years at study entry (median age 12.7 years), with onset of first symptoms at ages 1 to 12
years. All patients were able to ambulate at least 10 meters (m) at bascline, and patients
on invasive ventilation at baseline were excluded. All patients received Myozyme 20
meg/kg qow for 26 weeks. The primary cfficacy measures were changes from baseline at
Week 26 in distance walked in six minutes (six-minute walk test, 6MWT), and
pulmonary function test (PFT) parameters.

The remaining 19 patients were treated in four different studies and expanded access
programs, and the information was submitted predominantly as narratives. The study
designs for these studies and programs are described as follows.

o Study AGLU02503 is an ongoing, open-tabel, [luropean expanded access
program of Myozyme 20 mg/kg qow in the treatment of severely affected
juvenile-onsct Pompe discase patients. Four patients were cnrolled in the EAP,
but only three patients received treatment with rhGAA (one patient died prior (o
receiving any treatment). All patients enrofled in the CAP had documented signs
or symptoms of Pompe disease at age greater than 12 months, were 21 years of
age or younger at study entry, had documented GAA deficiency, and were
severely affected (non-ambulatory and needing assisted ventilation). The inilial
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report submitted in the original submission to the application contained
information on the first 26-weeks of treatment in these patients. A 52-week
update was received in Amendment 002 for two of the patients (one patient died
at Week 20).

o Study AGLUO02103 is an ongoing, open-label, extension, safety and efficacy
study of Myozyme 30 mg/kg qow in a single juvenile-onset patient, who had
previously received 3.7 years of thGAA treatment (Pharming and Synpac
formulations) under INDs - . :

o International EAP is an ongoing EAP conducted outside the US, which provides
Myozyme to patients with infantile-, juvenile- and adult-onset Pompe disease.
Fifty-four patients have been enrolled in this EAP as of 08-March-2005, and
narratives for 14 of these patients were submitted to the application from this
EAP, including 13 juvenile-onset patients and one muscular variant infantile-
onset patient (IW).

o  AGLU02603 (US EAP) is an ongoing, open-label, expanded access program
conducted in the US for severely affected patients with juvenile- and adult-onset
Pompe discase, who did not meet the clinical eligibility criteria for enrollment in
an ongoing study of Myozyme. The first patient was enrolled December 2004.
Narratives on two patients were submitted to the application from this EAP.

6.1.4 Efficacy Findings

Detailed reviews of the efficacy results for Studics AGLU01602 and AGLUO1702 were
performed and arc summarized in the Appendix section in the Individual Study Reports. Please
refer to the Individual Study Reports for more detailed discussions of these results.

The key efficacy findings from Studies AGLU01602 and AGLU01702 are summarized as
follows:

6.1.4.1 Study AGLUOI602: Ventilator-Frec Survival at Week 52

The primary cfficacy endpoint in Study AGLUO1602 was the proportion of patients alive and
free of invasive ventilation using Kaplan-Meier methodology as compared to survival in the
Historical Control Subgroup at 18 months of age. The results show that there was a clear
invasive ventilator-free survival advantage at 18 months of age seen in the rhGAA-treated
patients as compared to survival in the Historical Control Subgroup. At the 18-month milestone,
15 of 18 (83%) rhGAA-treated patients were alive and free of invasive ventilatory-support, as
compared to one of 61 surviving patients (2%) in the historical control. The overall results for
the primary endpoint at the 52-Week milestone at the 15-June-2005 and 15-September-2005
updates are summarized in the following table:
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Table 6: Study 1602, Primary Endpoint of Ventilator-Free Survival, 52-Week Results

" Stady 1602 o "~ Tistorical Control

Dose Group n=_Patients Patients Meecting Patients Proportion n= _ Patients Proportion

Alive & Primary Censored, Estimate & . Alive, n (%) Estimate &
VF*, n (%)  Endpoint,n (%) n= 95% CI** 95% CI#

As of 15-June-2005 Update N i

Overall, n= 18 13 (72) 3(1N 2 83 (66, 100) 61 1(2) 2(0,6)

20 mg/kg,n= | 9 8 (89) L 0 89 (68, 100) | - - -

40 mgkg,n=_| 9 7 (78} 2(22) 2 78 (51, 100) - : ) |

As of 15-September-2005 Update B

Overall, n = 18 15 (83) 3n 0 83 (59, 96) 61 1) 2 (0, 6)

W mgkg,n= | 9 8 (89) {(L]) 0 89 (52, 100) - )

40 mgkg, n= 9 7{78) 2(22) 0 78 (40, 97) - -

*VF= ventilator free

**Proportions and CI from Kaplan-Meier analysis of time to invasive ventilation or death for 15-June-2005 update, exact Cl for 13-

September 2005 update

#Proportions from Kaplan-Meier analysis of time to death.

The Kaplan-Meier curve for the time to invasive ventilation or death at the 18-month milestone

(as of 15-June-2005 cutoff, two patients censored) s represented graphically in the following

figure (electronically copied and reproduced from the Sponsor’s submission). The lower line on
the graph is the survival rate estimates curve for the Historical Control Subgroup with 95% Cl
surrounding it. The top line is the invasive ventilator-free survival rate estimate curve for Study

AGLUO1602 patients, with 95% CI surrounding it. It is noted that the analysis was the morc
conservative criterion of non-overlapping 95% Cls, and not the statistical significance of the

comparison of 18-month survival rates.

Figure 1: Kaplan-Meier Plot of Time to Invasive Ventilation or Death from Date of Birth through 18-Month

Milestone Compared to Historical Control Subgroup Survival
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Exploratory and sensilivity analyses showed no obvious differences between the two thGAA
dose groups for invasive ventilator-free survival, nor were there differcnces in invasive
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ventilator-free survival noted depending on age at diagnosis, first infusion, or first symptoms in
rhGAA-treated patients. A sclection bias in favor of patients enrolled in AGLUO01602 was seen
at the 12-month milestone (AGLUO1602 patients had to survive long cnough to start treatment,
whereas that condition did not apply to the historical control subgroup) when an analysis for
survival at the 12-month milestone was performed for age at death in the historical control
eliminating patients who died at ages less than six months from the survival rate proportion
estimate. This selection bias was minimal at the [8-month milestone (as only onc patient in the
Historical Control Subgroup survived to 18 months of age), showing a clear treatment effect for
invasive ventilator-free survival at 18 months of age in thGAA-treated patients.

6.1.4.2 Study AGLUOI702: Survival at Week 52

The primary efficacy endpoint in Study AGLU01702 was the proportion of patients alive at
Week 52. The results show that 16 of the 21 treated patients (76%) were alive at the Week 52
milestone, and at the Week 26 milestone, 17 of 21 patients were alive (81%). Five patients died
during the 52-weck treatment period at ages 8, 9, 12, 14 and 17 months. Sixteen patients
remained alive at the Week 52 milestone, ranging in age from 16 to 56 months. The overall
results are summarized in the following table.

Table 7: Study 1702, Patients Alive at Weeks 26 and 52

Patients, n = 21 95% CI
Duration of Treatment o o
26 weeks, n (%) ) s | 58,95
\ﬁweeks, n (%) _ 16 (76} 53,92

A comparison of age at death in an Historical Control Subgroup (n=86} and Subset (n=15),
comprised of patients who were similar to the treated population in age and disease severity,
showed that the age range at death in these historical control reference groups was broad, and
overlapped with the outcomes in the treated population. Survival was additionally analyzed by
the Sponsor by age at first infusion (inclusive of the first 15 patients enrolled only), and
compared to the istorical Reference Subgroup (n=86) where patients were divided into three
reference subsets by age (age <12 months at first infusion, >12 months at first infusion, and all
patients). The results showed that survival depended on age at first infusion, with paticnts who
survived to an age greater than 12 months prior to first infusion tending to have a longer survival
compared to patients treated at an age of 12 months or younger. Kaplan-Meier estimates of
conditional 52-weck survival rate vs. survival rates seen in the first 15 patients enrolled in Study
1702 divided by age at first infusion are summarized from the Sponsor’s study report in the
following table.

Table 8: Study 1702, Analysis of Survival by Age at First lnfusion as Compared to Historical Reference Subgroup

Study 1702 _ Historical Reference Subgroup
Age Category at 1~ Median Age at 1* Actual 532-Week Survival n= Kaplan-Meier Estimate of Conditional 52-
Infusion _Infusion (mos) Rate, n (%) [95%CI] N Week Survival Rate % [95% C1]
<12 months, n =6 8.1 3 (50%) [ 12%. 88%] 60 16% [6%, 26%]
=12 months, n =9 8.1 8 {89%} |52%, 100%] b 46% [ 16%, 75%]
All Patients, n =13 1.0 11 {73%) [45%, 92%) 16 38% {14%, 61%
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An evaluation of respiratory status at baseline and Week 52 was also performed, and showed that
at baseline, 16 of 21 patients were free of invasive ventilator support, including two patients on
noninvasive ventilation, and five patients on invasive ventilatory support. For the five patients
who were receiving invasive ventilator support at baseline, one died and four remained on
invasive ventilation throughout the study. For the 16 patients not on invasive ventilatory support
at baseline, ten remained free of ventilatory support, four died, and two required invasive
ventilation. Thus, at Week 52, seven patients had a worsening status, including five patients who
died, and two patients not on invasive veatilatory support at baseline who became mvasive-
ventilator dependent. A trend was noted in that patients with worsening status tended to have
younger ages at diagnosis and at first infusion than patients who had no change in status.

Interpretation of the results for Study AGLUG702 was further complicated by the broadening of
the study population through violations of the entry criteria, which allowed for a much more
diverse study population (including both more severely-affected paticnts and patients with more
attenuated discase) to be inciuded in the study than originally intended, as historically it has been
shown that cven small increments in age at diagnosis can result in much longer survival in
untreated patients. Discerning anything less than a dramatic treatment ¢ffect in this Pompe
disease population would have been difficult in any case, due to the highly heterogeneous
persentation and progression of the disease'in this Pompe disease age group, but the additional
difficulty resulting from the broadening of the treatment population through protocol violations
made the likelihood of discerning a treatment eftect in this study even less probable.

Thus, the overall results for Study AGLU01702 show that survival (and the outcome of
worsening status of respiratory failure or death) overlaps with the outcomes in the historical
reference groups, and appears to be at least partially dependent on the patients” ages at first
infusion. These results are consistent with the known historical results in Pompe disease, wherc
younger patients (i.c., those with more rapidly progressive disease, who come to medical
altention at a younger age) tend to have a poorer prognosis. Therefore, due to the highly
heterogencous rate of progression to death in this Pompe discase patient population, and as there
was no concurrent control group for the study, it was not possible to determine whether survival
in AGLUO1702 was due to a treatment effect with hGAA in this population, or if the findings
were consistent with the natural progression of the underlying disease.

6.1.4.3 Major Efficacy Endpoints

6.1.4.3 1 Cardiac Parameters

In both the AGLU01602 and AGLU01702 studics, the evaiuation of cardiac paramcters included
repeated measurements of LVMI, LVM Z-scores, and EI" by echocardiography.

In Study AGLU01602, the cardiac parameter results were notable for decreases in LVMI and
LVM Z-scores in all patients from bascline at Week 52, consistent with the PD cflect of thGAA
on cardiac muscle: however, there was no clear correlation by individual patient with decreases
in LVMI and changes in EF, nor was there a clear correlation with the changes in the cardiac
parameters and clinical outcome assessed by invasive ventilator-free survival, motor
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development, or the development of cardiac Adverse Events (AEs) consistent with cardiac
failure. The review of AFEs consistent with cardiac failure was notable for only five post-baseline
AEs in five patients, and as the signs and symptoms of cardiac and respiratory failure overlap in
this patient population and as there were no historical control cardiac failure data available for
comparison, no clear clinical effect on cardiac function can be discerned from rhGAA-treatment.
Thus, the relevance of the PD effect of thGAA treatment on cardiac function in these patients is
unknown, and no clear clinical effect of thGAA treatment on cardiac function could be
definitively determined from the available data.

In Study AGLU01702, the results for LVMI showed that, overall, there was a mean decrease in
1L.VMI from baseline to Week 52. In the 18 patients with LVMI results at bascline and at least
one post-baseline visit, 13 patients had decreases in LVMI, four had no change in LVMI, and
one patient had an increase in LVMI at Week 52 (or last available visit). The results for the
LVM Z-scores were similar to the results for LVMIL. The EF results showed highly variable
results, with changes in EF ranging from -31% to +40%, with eleven patients having an increase
in EF, and ten patients having a decrease in EF at the last available study visit. There did not
appear to be an association between change from baseline in EF and patient outcome; however,
an EF of <40% at baseline, or the development of signs and symptoms of cardiac failure at
anytime during the study (from screening through last available visit) tended to be associated
with a poor outcome (¢.g., ventilator dependence or death). Thus, although a pharmacodynamic
effect of thGAA treatment was seen in this study by decreasing LVMI and LVM Z-score, there
was no clear benefit on cardiac or clinical outcome seen with thGAA treatment. Obvious errors
were also noted in some of the cardiac parameter results, and the cardiac results are to be
interpreted with caution.

6.1.4.3.2 Physical Growth Parameters

Physical growth was assessed through repeated measurements of body weight, length, and head
circumference.

In Study AGLU1602, the growth data were notable for numerous missing and inconsistent
datapoints, making interpretation of the data unreliable. Despite these limitations, however,
weight, length, and head circumference increased in all patients throughout the study, Age-
matched comparisons for weight and length showed that almost all patients were within two SD
of the mean for normals at Week 52. No data on weight for height assessments and relation to
method of feeding and calorie intake were presented, however, limiting the utility of the results.
Head circumference data showed two patients with relative microencephaly at Weck 52, and it 15
unclear if increasing head size for most patients during the study was atiributable to catch-up or
to central nervous system (CNS) glycogen accumulation similar to that found in other storage
disorders. Thus, the overall effects of thGAA treatment on physical growth are unclear, and it is
recommended that follow-up trials for infants, including standardized measurements and analysis
of growth in relationship to feeding and nutritional status, and weight for height be determined,
and that longer term follow-up of head size be performed.

In Study AGLLUI01702, numerous irregularities in the data were noted. This was especially true
for length and head circumference, where there were numercus missing datapoints and obvious

-~

43



Clinical Review

Anne R. Pariser, M.D.

BLA STN [25141/0
Alglucosidase alfa (rhGAA)

errors throughout the dataset. Of the 20 of 21 patients with baseline and at least one post-
baseline result for length, eight patients had one {or more) clearly erroneous measurement(s).
For head circumference, six patients had at least one clearly erroneous measurement. Due to the
large number of errors, it was felt that the growth measurements data were unreliable and no
conclusions will be drawn or inferred from the growth results.

6.1.4.3.3 Motor Development Assessmenis

In Study AGLU1602, the results for motor development were assessed using the AIMS and
Pompe PEDI assessment tools. These results were notable in that the majority of patients treated
with hGAA experienced clinically meaningful gains in motor developmental milestones.
Results from historical controls and from the medical literature show that few motor milestones
arc achicved in untreated patients and these few milestones are lost with disease progression.
However, it is additionally noted that the majority of patients remained significantly delayed
compared to normal age-matched peers and further follow-up is warranted to demonstrate
persistence or catch-up with normal age-matched peers. Five patients by the AIMS test and four
patients by the Pompe PEDI failed to achieve new motor milestones at anytime during the study,
all of whom required ventilatory support during continued treatment and follow-up. Two
patients who had initially showed the achievement of new motor milestones on the AIMS and
Pompe PEDI tests (walking or weight bearing) had almost complete loss of these motor
milestones later in the study and became ventilator dependent during continued treatment and
follow-up. This coincided with the development of markedly elevated antibody titers and
suggests interference from antibody with clinical response.

In Study AGLUO1702, motor development was assessed using the AIMS, Pompe PEDI, and
PDIMS-2 tests. The results were consistent across the three tests evaluated, although
interpretation of these test results was limited somewhat by missing data, especially in the sicker
patients. Overall, the results appear to show that about half of the patients had modest gains in
gross motor function {i.e., predominantly proximal, lower extremity muscle strength and
function), but these patients were defayed compared to non-disabled, same-age peers. The other
half of patients had little to no meaningful gains (or regression) in gross motor function. Gains
(or preservation) in {ine motor function (i.e. predominantly distal, upper extremity muscle
{unction) were more evident, with most patients demonstrating gains in finc motor function that
in some cases, approached age-matched norms. These motor development results are not
surprising as in Pompe disease, proximal muscle weakness typically presents first and is more
pronounced than distal muscle weakness, and lower limbs (and truncal musculature) are more
affected than upper limbs. It is not known, however, if the fine motor gains (or preservation) in
these patients was the results of treatment with thGAA as these findings are consistent with the
natural progression of the underlying disease. It was additionally noted that patient outcome
tended to be associated with gross motor gains and function, but not with fine motor gains and
function. That is, patients with higher gross motor scores tended to do better (by the outcome of
death or ventilatory-support) than did patients with little or no gains and lower gross motor
scores. No obvious correlation with fine-motor scores and outcomes was scen.
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6.1.4.3.4 Cognitive Development Assessments

Cognitive development was assessed using the BSID-II assessment tool in both studies. In both
Study AGLUO01602 and Study AGLU01702, cognitive development results from the BSID-1I test
were encouraging, with most patients demonstrating increases in BSID-II scores from baseline at
Week 52, and with most patients having scores within the normal or mildly delayed ranges as
compared to same-age, normally developing peers. Longer-term follow-up of all of these
patients is warranted, however, as these results are not predictive of future cognitive
development (e.g., school-age function).

6.1.4.4  Additional Resulis

6.1.4.4.1 Study AGLUO2804

Key efficacy measures in this Study AGLUO2804 were the six-minute walk test ((MWT} and
pulmonary function tests (PF1's). The 6MWT was performed twice for each patient, once at a
“Comfortable Speed” and another time at a “Faster Speed”. The results show that distance
walked was largely dependent on patient effort and underscores the subjective nature of these
results. The results are otherwise uninterpretable in an open-label study. The results are
summarized in the following table.

Tahla 0- Qtudu 7804 Recudte of the 6MWT
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Overall, the results {rom this study were found to be highly subjective, and were uninterpretable.
Further study in the juvenile- and adult-onsct patient population in blinded, controlled trials is

needed.

6.1.4.4.2 International Expanded Access Program: Patient

Patient — results were submitted in the form of a narrative, and are summarized as follows:
Patient — (The Netherlands) is a 19 year old male who presented with symptoms of Pompe
discase at age six months when the patient experienced feeding difficulties. Motor milestones
were delayed, and the patient was able 1o stand at age two years and walk without support at age

2.5 years. Pompe disecase was diagnosed at age 2.5 years by fibroblast assay. The patient y‘

wheelchair dependent from the age of nine and was unable to walk or stand, but was able-to
move his legs. *At baseline (prior to any thGAA treatment), cardiac status was normal and
pulmonary function was within normal limits for age. ERT with Pharming (transgenic rabbit
milk) rhGAA formulation was started in September 1999 at the age of 11 years at 10
mg/kg/week, then 20 mg/kg/week at Week 29. In July 2002, the patient transitioned to
Myozyme (after 144 weeks of treatment with the Pharming preparation). After the start of
rhGAA treatment, the paticnt had a dramatic improvement in muscle strength and function.
After 72 weeks of treatment, he could rise from a chair and walk ten steps. He underwent an
Achilles tendon release procedure at 75 weeks of treatment, and muscle strength and function
continued to improve thereafter. After two years of treatment, he was able to walk short
distances, and in the following vears was able to run, ride a bike and play soccer.

This paticnt’s profile most closcly fits that of the muscular-variant infantile-onsct form (age at
onsct by six months of age and cardrac sparing). The patient’s dramatic response 1o treatment
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with thGAA (Pharming formulation) that was maintained on Myozyme is compelling and
noteworthy.

6.1.4.4.3 Additional Expanded Access Narratives

The information from the narratives in the {9 remaining juvenile- and adult-onset patients (those
patients not enrolled in Study AGLU02804), for whom information was submitted to the
application are summarized as follows:

e 18/19 patients were ventilator-dependent at bascline, and 18/19 werc wheelchair
dependent at baseline, consistent with advanced stage of discase.

o All information for these patients was submitted as narratives.

e Wide range of treatment lengths was reported (20 weeks to 8 years).

e Quality of the information was, for the most part, exceedingly poor. Detatls were few. at
times contradictory, and in at least one case, the narrative was iliegible.

e One patient had a definite response to treatment (Patient —  see above), and this
patient’s clinical history was most consistent with the muscular variant infantile-onset
form of Pompe discase.

s No ventilator dependent patient was shown to have been able to discontinue ventilatory
support. However, five patients were reported to have decreased the numbers of hours
per day on ventilator support (tanging {rom a decreased requirement ol 3 to 10 hours per
day). No objective data were submitted to support this, and in some cases, narratives had
conflicting information.

e Remaining patients had few objective signs of change.

All of these patients arc summarized in more detail in the Appendix section, in the Individual
Study Reports, Juvenile- and Adult-onset Pompe Disease Summary. Please refer to this section
for more detailed information.

6.1.5 Clinical Microbiology
Not applicable.

6.1.6 Efficacy Conclusions

The efficacy results from the Myozyme clinical program provided substantial cvidence ol a
benefit of treatment with Myozyme in the infantile-onsct Pompe disease paticnt population.
Evidence of a treatment benefit was demonstrated in Study AGLUO1602, where treatment of
infantile-onset Pompe diseasc patients with Myozyme at or prior to the age of seven months
resulted in an invasive ventilator-free survival benefit at 18 months of age as compared to an
untreated historical control of similar age and disease severity. Clinically meaningful gains in
motor function were also demonstrated in thesc patients, although the majority of these patients
were substantially delayed compared to same-age, non-disabled peers:=K is not known if these
results arc sustained, especially in patients developing clevated anti-ThGAA antibody titers, and
longer-term follow-up of these patients is needed.
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No substantial evidence of a treatment effect of Myozyme in the Study AGLUO1702 patient
population could be determined, and the results of the 52-week interim analysis for Study
AGLU01702 failed to definitely establish the efficacy of Myozyme in patients ages three months
t0 3.5 years at first infusion. Discemning anything less than a dramatic treatment effect in this
Pompe disease population would have been difficult due to the highly heterogeneous
presentation and progression of the disease in this Pompe disease age group, and the study
results, not surprisingly, overlapped with the outcomes in an historical control reference
population similar in age and disease severity. Interpretation of this study was additionally
complicated by the lack of a concurrent control group, a large number of protocol violators by
study entry criteria, and the poor quality of the data for several of the endpoints. Sccondary
endpoints of respiratory and motor function also were consistent with anecdotal and medical
literature reports of the expected progression of the disease in this patient population. That s,
patients with worsening status {e.g., death or ventilator dependence) tended to be younger than
patients with stable status during the study, consistent with a more rapidly progressive disease
course in patients with first symptoms and diagnosis at younger ages. Motor development
showed modest gains in gross motor function in approximately half of the patients in the study,
and most patients showed gains in fine motor function. This result is consistent with the earlier
presentation and progression of proximal, lower cxtremity {and truncal) motor involvement and
the relative sparing of distal motor function earlier in the course of the disease. These findings
make it extremely difficult to determine whether there was a treatment cffect with thGAA in this
population, or if the findings were due to the natural progression of the underlying disease.
Longer-term treatment with thGAA in this population is needed.

Outcomes measures in the remaining clinical studies and expanded access programs werc of
limited utility in determining the cffect of Myozyme in Pompe disease. These results tended to
be highly subjective with few objectively or consistently collected outcomes measures available
for review. It is especially noted that there was a lack of objective data submitted in the juvenile-
and adult-onset patient population, as there have been no adequate and well-controlled studies
completed to date in this population. Thus, no assessment of the effect of Myozyme treatment
on juvenile- and adult-onset Pompe discase paticnts is possible at this time.

Extrapolation of treatment cffect from the most severely affected infantile-onset Pompe disease
patients to the juvenile- and adult-onset Pompe disease patient population is not felt to be
appropriate. The regulations for extrapolation of data from adult patients to pediatric patients
state that extrapolation is possible when the course of the disease and the effects of the drug are
sufficiently similar. While extrapolation in the reverse direction, from younger to older patients
can be considered, the courses of disease are not the same in the infantile-onset, and juvenile-
and adult-onset patients. For example, survival in juvenile- and adult-onset patients is typically
measured in decades, not months as for infantile-onset patients, cardiac hypertrophy is not
described in juvenile- and adult-onset patients, glycogen storage in skelctal muscle is patchy in
older patients, and there is extreme heterogeneity of clinical presentation and progresston of
disease in juvenile- and adult-onset patients. These differences have also Icad to substantial
differences in study design being necessary for the juvenile- and adult-onset patients as
compared to the infantile-onset patients. Thus, the data obtained in the ongoing Study
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AGLU02704 (LOTS) will be essentital in establishing efficacy (and safety) in the juvenile- and
adult-onset Pompe disease patient population.

7 INTEGRATED REVIEW OF SAFETY

7.1 Methods and Findings

This application includes clinical safety information from ten Genzyme-sponsored clinical
studies and expanded access programs (EAPs), in which all patients received treatment with
open-label Myozyme. There were no placebo-controls used in any of these studies. Five clinical
studies and EAPs were conducted in infantile-onset Pompe disease patients, and five studies and
EAPs were conducted in juvenile- and adult-onset Pompe disease patients. Additional, limited
information was obtained from an ongoing, double-blind, placebo-controlled, safety and efficacy
study in juvenile- and adult-onsct Pompe disease (Study AGLU02704, LOTS). These additional
data consisted of isolated Med Watch reports submitted by the Sponsor to the Agency for serious,
expedited Adverse Events (AFs), and for reports on hypersensitivity and infusion reactions that
were submitted to the application at the request of the Division.

The most comprehensive safety data submitted 1o the application were the safety data collected
in the two largest, GCP-compliant studies conducted in infantile-onset patients in support of this
application: Studies AGLU01602 and AGLU01702, Safety data in these two studies were
collected in a rigorous and comprehensive manner, including regular AE assessment and
documentation at scheduled study visits, clinical laboratory evaluations, physical examinations,
site monitoring, and DSMB oversight (among others). Study AGLU02804 was also a GCP study
subject to the same requirements as studies AGLUO01602 and AGLUGQ1702; however, this study
was small (n=5) and of limited duration, resulting in a more limited safety database for the
juvenile- and adult-onset patients.

The remaining studics were non-GCP studies and expanded access programs, in which safety
data were collected predominantly through spontaneous reporting of Serious Adverse Events
(SAEs), and, for the most part, the available safety data did not permit detailed review. These
studies and programs do not allow for as complete a safety profile to be described as in the GCP
studies, and these data were of limited utility.

In addition, the true Myozyme-exposure in the entire Myozyme clinical development program is
unclear to this Reviewer. Full safety information was submitted to the application for 44 patients
participating in GCP studies, including:

o AGLUQ1602, n=18
o AGLU01702. n=21
e AGLUO2804, n=5
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More limited information from non-GCP studies and programs was submitted in an additional 17
patients, including:

AGLU02203, n=5
AGLU02003, n=7
AGLU1205-02, n=1
AGLUQ2503, n=3
AGLU02103, n=1

Reviewer comment: the 61 patients noted above include the 56 patients included in the 4-month
safcty summary submitted to the application plus the five additional patients from Study
AGLU02804 submitted to the application in November 2005,

Additional information, predominantly in the form of SAE reporting, was submitted for an
unknown number of Myozyme-exposed patients treated in other expanded access programs, and
it is not known if the complete safety experience available for Myozyme has been submitted (o
the application for review,

The review of the safety data was additionally limited by:

No comprehensive or integrated safety summary that encompassed all of the safety data
submitted to this application was performed by the Sponsor. As safety data were
submitted in picces in the multiple submissions to this application, locating, reviewing
and intcgrating all of the safety information contained in this application was extremely
difficult. For example, most of the SAEs submitted to the application were reported as
narratives that were located in multiple places scattered throughout the submission, with
no comprehensive listing or summary located anywhere in the application. Thus,
important safety information was, in effect, obscured by the presentation of the data in
the application.

A large amount of safety information {from Study AGLUO1702 was never submitted to
the application. Safety data up to Week 52 of treatment was submitted for most patients
in this study; however, many patients had Myozyme-exposure up to 2 years, but this
extended safety expericnce was never included in the application.

A worrisome safety signal for hypersensitivity was noted late in the review cycle after a
serious, related hypersensitivity reaction was submitted as an expeditied report lo the
Myozyme IND. Receipt of this expedited report resulted in a request by the Division to
the Sponsor for the Sponsor to query their pharmacovigilence database for similar events.
This query resulted in the uncovering of numerous hypersensitivity reactions, some of
which were life-threatening, and some of which had not been previously reported as
serious events to either the Myozyme IND or the BLA. In discussions with the Sponsor,
the Sponsor stated that not all of these cvents were submitted as serious events to the
IND, nor the BLA, as they were considered to be expected cvents as they were listed in
the Investigator’s Brochure. These discussions resulted in a clantfication on reporting
procedures to be followed for this application. As these reactions were identified and
reported late in the review cycle (April 2006), there was msufficient time available to
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thoroughly assess and review this safety signal. Until that work can be completed, it 15
appropriate to remain cautious about the safety of this product, and to label the product in
a conservative manner until more can be learned about the extent of the problem.

e As patienis participating in these studies have considerable underlying diseasc-rclated
morbidity, and as there was no placebo-control in any of the studies (with the exception
of AGLU?2704, for which there is limited information), the identification of drug-related
toxicities is challenging.

Safety information available from Studics AGLUO1602 and AGLUQ01702 was amenable to
pooling. Thus, pooled results for these two studies will be summarized and presented for most of
the safety sections (below). Safety data for Studies AGLU01602 and AGLUO1702 were also
analyzed in detail by individual study (please see the Appendix section, Individual Study Reports
for a more detailed discussion of the individual study safety results). Additional information
from the other studies and programs will be summarized where available and as appropriate.

7.1.1 Deaths

Deaths as of a safety cut-off date of 08-March-2005 were summarized in the 4-month safety
summary submitted to the application on 05-December-2005 (Amendment 005). These deaths
occurred in the 56 patients included in the 4-month safety summary from Studies AGLU- 01602,
201702, -02203, -02003, -1205-02, -02503, and -02103, and additional deaths (from an unknown
number of Myzoyme-exposed patients} werc also reported from the Pharmacovigilance
dabtabase from the International expanded access program (EAP), also to a cut-off date of 08-
March-2005.

There were 14 deaths listed in the 4-month safety update: ten deaths were reported in 56
Myozyme-exposed patients, and four additional deaths were reported from the International EAP
(overall denominator is not known). One additional death was known to have occurred in
approximately September 2005 (personal communication with the Sponsor): Patient 303 died
after completing participation in Study AGLUO1602 and transitioning to an FAP. For these 15
patients, causes of death were predominantly due to complications of underlying disease,
including cardiac and respiratory failurc/arrest, and infection. One additional death was noted in
a patient in Study AGLUO01702 (Patient 401), who died of ventricular fibrillation/cardiac arrest
after induction of general anesthesia for central venous catheter placement during the study
Screening/Baseline period (study-related procedure). This patient was never treated with
Myozyme.

These 16 deaths are listed in the following table:
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Table 11: Deaths -
Study Patient Age at First Ageat Estimated Cause of Death Attribution
Infusion (mos) . Death (mos) - Exposurc {mgs) :

1602 305 6 20 4 Desaturation and bradycardia Not Related
1602% 303* 1 32 25 ~ Multiorgan failure/septicemia Nat Related
1702+%* 401%* Never treated 9 None Ventricular fibrillation/Cardiac arrest Not related

1702 4035 . 13 17 4 Cardiorespiratory arrest Not Related

1702 407 8 12 4 Cardiorespiratory arrest Nat Related

1702 409 0 8 2 Arrhythmia, actue heart failure, actue Not Related

S “pulmonary edema

1702 412 8 14 6 Arrylhmia Not Related

1702 419 9 9 <1 Cardiac arrest Not Related
2003 203 8 34 26 Respiratory failure Not Related
2003 206 3 32 29 Cardiac arrest Not Related
2503 9301 20 20 <l Cardiorespiratory arrest Nol Related
2203 747 7 10 3 Respiratory faiture Not Related

[nt'LEAP  60-729 7 G 2 Cardiorespiratory failure Not Related
InCLEAP  99-702 10 14 4 Cardiac arrest Not Related
Int'1 EAP  102-716 B 15 7 Respiratory faiture Not Related
Int’! EAP = 129-749 29 32 3 Cardiac failure Not Related

*Patient died after completing study AGLUOQ 1602 and after transition to an expanded access program
**Patient died in Screeming/baseline period during general anesthesia for central venous catheter placement (study procedure related)

7.1.2 Other Serious Adverse Events

Serious Adverse Lvents that occurred in the infantile-onset studies AGLUO01602 and
AGLUO1702 were pooled by this Reviewer. Pooling was performed by combining all treatment-
emergent SAEs (occurring on or after Day 0, day of first Myozyme administration) from:
1. Study AGLUO1602, safety information to a cut-off date of 15-June-2005, after all
patients had completed at least 52 weeks of Myozyme (dataset Amendment 0072

aex_l.xpt); and

2. Study AGLUQO1702, safety information to, at latest, the cut-off date of 09-December-
2005, inclusive of the Week 52 visit (or last visit for patients who died) for all patients
{dataset Amendment 008 aex 1.xpt).

The results showed 35 of 39 patients reported at least one SAE during the studies. SALs tended
{o reflect the underlying disease (e.g., respiratory and infectious terms) or treatment intervention
complications (e.g., catheter-related infection). The most commonly reported SAL® was
pneumonia, reported by 16 of 39 patients (41%) in the pooled population, followed by
respiratory fatture (31%) and respiratory distress (26%). The types and frequencies of SAEs
reported were also similar in both studies when considered individually (not shown). Other -
significant serious adverse events, including infusion associated reactions, hypersensitivity and
infusion-related reactions, cardiac arrhythmias, and acute cardiorespiratory failure are discussed
in Section 7.1.3.3 Other significant adverse events (please refer to this section for a more detailed
discussion of these events), The most commonly reported SAEs (reported by »2 patients) are
listed in the following table.
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Table 12: Pooled SAEs, Studies AGLU01602 and AGLU01702, Most Common (Reported by >2 Patients)

o ~ SAE Incidence Rates
Treated patients, n = ) 35
S0C o __ |
' AE Preferred Term n (%}
Cardiac disorders o 1o
Cardiorespiratory arrest o 4 (10)
Bradycardia 3(8)
Arthythmia, | 25)
Cardiomyopathy ~ o 2(5)
Gastrointestinal disorders |
Yomiting o _ 3(8)
Diarrhea 2{%)
Gastrogsophageal reflux disease N _ 2(5
Upper gastrointestinal hemorrhage N 2(5)
General disorders and administration site conditions o
i Pyrexia - _ - 5(13y
[nfections and infestations _ ) o
Pneumonia N 16 (41)
Catheter related infection 8021
Rcspirat_m_'y syncytial virus infection 6 (15)
“Gastroenteritis ) _ ) | - 5(13)
Bronchiolitis 4 (10)
Viral infection _ 4 (10)
Bacteremia o _ 2(5}
BanC[}_i[:i.S. o ) 2{5)
Influenza _ _ N 2{5)
Nasopharyngitis 2(5)
Ear [nfection _ o ) 1 2(5)
Otitis media _ ) 2(5)
Respiratory tract infection o o 2(8)
Tracheitis - o S C I
Upper respiratary tract infection ) 2(5) ]
{njury, peisoning and procedural complications I
Fracture, femur _ _ 3(8)
Investigations _
Ejection fraction decreased o 3(8)
Oxygen saturation decreased 3(8)
Respiratory, theracic and mediastinal diserders
Rcspirafory failure . . . 12{31})
Respiratory distress ]O”(26}
Pneumonia aspiration _ 4(10)
Asthma 3(8)
Atelectasis L 2(5)
Bronchospasm S 2(5}
Cough ' 2(5)
Dyspnea 2 (5}
Hypoxia 2(5)
Pulmonary edema o 2{5
Respiratory arrest o 2 (_5_) ]
Skin and subcutaneous tissue disorders
_ Urticaria o - ' 205 ]

As patients in Study AGLUO1602 were randomized equally to treatment with Myozyme 20
mg/ke or 40 mgfkeg, SAE incidence rates could also be compared by dose group. There were no

LN
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obvious differences in SAE incidence rates occurring in either dose group. The results for the
most commonly reported SAEs (by >2 patients) by dose group for Study AGLUO1602 are

summarized in the following table.

Table 13: Study 1602, Most Commonly Reported SAEs (reported by >2 patients)

SAE Incidence Rates

_ All 20 mg/kg 40 mg/kg
_Treated Patients, n = 8 9 9
SOC _
AE Preferred Term n{%) n (%) n(%)
Cardiac disorders
Bradycardia ) Z{1 1 (1) 11
Gastreintestinal disorders _ N
' Upper gastrointestinal hemorrhage 2(th) 2(22) 0
General disorders and administration site conditions
. Pyrexia 3 20D 1 L{L)
Infections and infestations _
Pneumonia 8 (44) 4 (44) 4 (44)
Catheter related infection 5(28) L(l1) 4 (44)
Respiratory syncytial virus infection 5(28) 2(22) 333
Bronchiolitis 4(22) 221 2(22)
Gastroenteritis 4(22) (L) 3(33)
Viral infection 4(22) 3(33) P
Nasopharyngitis 2(11}) 0 2(22)
Ear Infection 2(11) 0 2{22)
Otitis media 2(1h (NERD) 1011
Respiratory tract infection 2(11 1dn _(n
Injury, poisoning and procedural complications _
Fracture, femur 2{11) 1(11) L(11)
Investigations - . '
Ejection fraction decreased 210 111 1(11)
Oxygen saturation decreased . 2{11) 1{n 1(11)
Respiratory, thoracic and mediastinal disorders
Respiratory failure 7(39) 3(33) 4 (44)
Pneumonia aspiration 4(22) 3(33) LD
Respiratory distress 4022) 2(22) 2022)
, Asthmma 2011 L(LD) LD
| Alelectasis 2(11) 1¢11) LD

7.1.3  Dropouts and Other Significant Adverse Events

There were no discontinuations for Adverse Events (Alzs) in AGLU01602 and AGLU01702,
other than for patient deaths (one patient died prior to study completion in study AGLUO1602,
and six patients died prior to study completion in Study AGLUO01702 — see Deaths section
above). This Reviewer is aware of four patients who were discontinued from Myozyme
treatment in clinical studies and EAPs. Two adult patients were discontinued from Study
AGLU02704 (1LOTS), one adult patient was discontinued from Study AGLUO02603 (US EAP),
and one nfantile-onset patient was discontinued {rom Study AGLUO02203 (International 1AP).

These patients are:
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« Patient 16709/ — 32 year old female participating in LOTS;

e Patient 90701 —~ 61 year old male participating in LOTS;

o Patient 075-831. — 46 year old female participating in US EAP; and

e Patient 44-730; — 10-month old female participating in AGLU0G2203 (EAP)

7.1.3.1 Overall profile of dropouts

Three of the patients who dropped out were adult patients, and one was an infantile-onset patient.
Limited information is available on any of these patients, other than age and gender, which was
abstracted from the Med Watch forms or narratives associated with the Adverse Events (ALs).

" These patients included three females and one male, ranging in age from 10 months to 61 years
(10 months, 32 years, 46 years, and 61 years).

7.1.3.2 Adverse evenls associated with dropouts

All four patients who were withdrawn were withdrawn due to Adverse Events (AEs), all of
which were likely hypersensitivity or infusion-rclated reactions. These AEs included:
anaphylactic reaction, angioedema, likely anaphylactic/hypersensitivity reaction (hypotension,
flushing, tachycardia, rigors), and recurrent infusion/hypersensitivity reactions (episodes of
desaturation, cyanosis, rash, fever, hypotension, and other AEs) in the face of continuing clinical
decline. All of these reactions occurred during or immediately afier Myozyme infuston.

Patient 075-831: ~— he 46 year old female participating in the US EAP, was noted by the
Sponsor to have withdrawn consent; however, the Agency initially received notification of this
patient’s discontinuation from a third party {not from the Sponsor), and the patient’s own
description of her reason for discontinuing participation was due to the AE she experienced
during infusion, and her concerns about the risks of continued treatment with Myozyme. Patient
44-730 — the 10-month old who experienced recurrent hypersensitivity/infusion-related
reactions to Myozyme was also noted by the Sponsor to have been voluntarily withdrawn;
however, this patient experienced multiplc, recurrent, severe (some of which were life-
threatening) reactions to Myozyme, all the while experiencing continued decline in her clintcal
condition. It is inconceivable that the decision to withdraw this patient (by the patient’s parents})
was not influenced by the negative clinical course associated with Myozyme treatment.

The AEs leading to discontinuation in these four patients are briefly summarized as follows:

Patient 16709 — anaphylactic reaction (pruritus, rash, chest tightness, throat tightness,
headache, nausea, flushing, wheezing, tachycardia) that occurred during infusion of the second
Myozyme administration. The patient experienced hives during her first infusion. Laboratory
testing was notable for positive [gE to hGAA (retested sample, first testing was negative),
clevated serum (ryptase, and complement activation.

Patient 90701/ — . angioedema (tongue edema, dysphagia, chest tightness) 20 minutes after
completion of the second Myozyme infusion. [gh, serum tryptase and complement activation
testing were all negative.

o
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Patient 075-831 — hypotension, tachycardia, flushing, warm sensation, nausea, rigors, and
pallor during fifih Myozyme infusion. IgE and serum tryptase testing were negative, and
complement activation was positive.

Patient 44-730/ — cecurrent episodes of hypotension, oxygen desaturation, cyanosis,
tachycardia, rash, fever, pyrexia, bradycardia, hypotension, lachypnea, edema, and other Als
beginning at the fourth Myozyme infusion and experienced at multiple infusions thercalter. This
patient also had continued clinical decline including generalized hypotonia and invasive
ventilator dependency, and was discontinued from Myozyme treatment (treated from 05-August-
2004 to 26-February-2005).

7.1.3.3  Other significant adverse events

7.1.3.3.1 Infusion Associated Reactions

Infusion associated reactions (IARs) were defined by the Sponsor as those AEs occurring on the
day of infusion from the onset of the infusion up to and including the two-hour obscrvation
period AND were assessed by the Investigator as being at least possibly related to rhGAA
treatment. IARSs occurring in the infantile-onset studies AGLU01602 and AGLUO01702 studies
were pooled by this Reviewer (AGLU01602 Amendment 002 acx_1.xpt + AGLU01702
Amendment 008 aex 1.xpt).

The results showed that there were a total of 203 [ARs reported by 20 of 39 patients (51%), and
165 of these [ARs were reported by nine of these patients. The most commonly reported [ARs
were rash and pyrexia, reported by 9 of 39 patients (23%) each. All IARs reported in the pooled
studies are listed in the following table.

APPEARS THIS WAY
ON ORIGINAL

56
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Table 14: Pooled IARs, Studies AGLU01602 and AGLUOLT702

TAR Incidence Rates

#s of IARs by Term

Treated patients, n = 39 ]
soc L .
AE Preferred Term n{%)

Cardiac disorders _ o
Tachycardia A 7
Cyanosis 2{3) 3

Gastrointestinal disorders _

Vomiting 3(8) 8
Relching 2(5) 7
Gastroesophageal reflux digease 1(3) B 1

General disorders and administration site conditions
Pyrexia 9¢23) 25
Rigors 2(5) 3
Infusion site reaction i (3) ol

L Lethargy ] B 7_7 1(3) ] )

Injury, poisoaing and procedural complications )

Hypothermia 1 (3} 1 ]

Investigations _

' Oxygen saturation decreased 6 (19) 20
Blood pressure increased 2(5) 2
Blood pressure decreased 1(3) 1
Body temperature increased REEN] 1
Heart rate decreased 1(3) 2

* Heart raie increased 13y 1
Respiratory rate increased R R E)] I

Nervous system disorders _

Tremor _ 2 (5) 3

Psychiatric disorders o _
Agltation 203 4
[rritability 2(5) 2
Restlessness 1(3) 1

Respiratory, thoracic and mediastinal disorders _ N o
Cough 5{13) 17
Tachypnea 5(13} 8
Bronchospasm 1(3) 1
Rales - ~ 1(3) 1

Skin and subcutaneous tissue disorders
Rash 9(23) 12
Urticaria 6(13) 23
Pruritus 2(5) 2
Edema periorbital 1(3) 1
Hyperhidrosis 1(3) 1
Livedo reticularis (1) I
Palmar erythemia } Bt (3) 1

Vascular disorders ) )
Fiushing 6{15}) 12
Hypertension 2(5) 3
Pallor 2(5) 3

L Hypotension 1 3) B 2

As patients in Study AGLUD1602 were randomized equally to treatment with Myozyme 20

mg/kg or 40 mg/kg, AR incidence rates and numbers of 1ARs reported could also be compared
by dose group. This comparison was notable in that IARs were more commonly reported in the



Clinical Review

Anne R. Pariser, M.D.

BLA STN 125141/0
Alglucosidase alfa (rhGAA)

40 mg/kg group, with 123 of the 164 1ARs reported in Study AGLUQ1602 having occurred in
the 40 mg/kg group as compared to 41 IARs in the 20 mg/kg group. With the exception of the
term oxygen saturation decreased, all of the IAR terms were reported more frequently in the 40
mg/kg group, and 20 of the 28 IAR terms were reported exclusively in the 40 mg/kg group, The
most frequently reported IARs for all patients were pyrexia and rash (7 patients and 23 and 24
reports, respectively, each), followed by urticaria (5 patients, 22 reports). All IARs reported in
Study AGLUO01602 by incidence and by numbers of 1ARs reported are summarized in the
foltowing table. ‘

APPTARS THIS WAY
ON ORIGINAL
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Tabie 15: Study AGLU01602 Amendment 002, Al {ARs

IAR Incidence Rates Numbers of 1ARs Reported by Term
All 20 mg/kg | 40 mg/kg All 20mg/kg | 40 mg/kg
Treated Patients, n = L 18 | 9 9 R
AE Preferred Term 3 n (%) n (%) n (%)
Cardiac disorders
Tachycardia 3(17) 0 3(33) f 0 ]
Cyanosis 2¢1ty ¢ 0 2(22) 3 ¥ 3
Gastrointeslinal disorders _ ]
| Vomiting _ 3(17) L(1E) 2(22) 8 2 6
Retching 201N Lay rany 7 4 3
Gastroesophageal reflux disease L(6) 0 1(1H 1 o | 1
General disorders and administration site ,
conditions 3
Pyrexia o L7 (39 1(33) 4 (44) 23 6 17
Rigors o200 0 2(22) 3 0 3
[nfusion site reaction U I ) I R L e LA R ! {1 B I
Injury, poisoning and procedural complications i _ ]
Hypothemmia . 1 (6) 0 1(11) 1 1} 1 N
Investigations _ o S
Oxygen saturation decreased 4(22) 2(22) 2022 18 13 5
Blood pressure decreascd 1 (6) 0 . 111} ] 0 1
Body temperature increased L(0) b Crdn bl 0 1
Heart rate decreased L (6) 0 1(11) 2 0 2
Nervous system disorders ) | )
Tremor 1(6) 0 Ty 02 0] 2
Psychiatric disorders _ )
Irritability 200 o | 2@» | 2 0 2
Agitation 1(6) 0 (1) 3 0 3
Restlessness 1(6) 0 1(11) 1 ] 1
Respiratory, thoracic and mediastinal disorders _
Cough 3T (11 2(22) 14 3 L1
1 Tachypnea o 3N 0 3(33 0 6
Rales R B X O Lan 0 !
Skin and subcutancous tissue disorders I R
Rash 7(39) 2(22) | 5(36) 24 8 16
Urticaria 5(28) 33N 2(22) 22 5 17
Livedo reticularis 1{6) 0 L(il) 1 0 t
Palmar erythemia 1(6) 0 L(11) I 0 !
Pruritus i{6) 0 L{EL) 1 0 [
Vascular disorders | S -
Flushing 201 0 2(22) 4 0 4
Hypertension 2(1h 0 2(22) 3 0 3
Hypotension [ (6} ] 1 (i 1) 2 0 2
| Pallor L (6) 0 (1) 2 0 2
Total TR IO o 164 a1 123
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7.1.3.3.2 Hypersensitivity and Infusion-Related Reactions

A safety signal for severe hypersensitivity reactions during Myozyme infusion was noted late in
the review cycle. Some of these hypersensitivity reactions have been life-threatening.
Hypersensitivity reactions included anaphylactic shock (cyanosis, hypoxia, hypotension, and
bronchoconstriction, requiring unspecified life support measures), anaphylactic and anaphylactoid
reactions (IgE and non-IgE mediated), angioedema, and numerous cases of infusion reactions
associated with two of the three organ systems of cardiac, respiratory and skin (consistent with
anaphylaxis/hypersensitivity). Hypersensitivity reactions have occurred in infantile- through
adult-onset patients, have lead to the discontinuation of at least three adult patients from clinical
studies and expanded access programs (and possibly one infantile-onset patient from an expanded
access program), and appear to have occurred in about 15% of patients treated in clinical trials
with Myozyme to date.

Recognition of this signal lead to a request by the Division to the Sponsor to query their
pharmacovigilence database for simitar cases. As these reactions were identified and reported late
in the review cycle (April 2006), and as the frequency, incidence, and magnitude of this problem 1s
still being defined, there was insufficient time available to thoroughly assess and review this safety
signal. Until this work can be completed, it is appropriate to remain cautious about the salety of
this product, and to label the product in a conservative manner until more can be learned about the
extent of the problem. However, as this safety signal is noteworthy, it s recommended that a
warntng for serious and severe hypersensitivity reactions, including life-threatening reactions and
including a boxed warning, appear prominently in the product labeling.

7.1.3.3.3 Cardiac Arrhythmia

Cardiac arrhythmias associated with the use of general anesthesia have been observed during the
rhGAA clinical program in several infantile-onset Pompe disease patients with underlying
cardiac hypertrophy. These arrhythmias have included ventricular fibrillation, ventricular
tachycardia, and bradycardia, and have resulted in cardiac arrest or death, or have required
cardiac resuscitation or defibrillation in some patients.

Specific examples of these cardiac arthythmias include the following from Studies AGLUO1602
and AGLU01702;

In Study AGLUOQ1602, at least four patients were noted 1o have experienced cardiac arrhythmia
ALs with general anesthesia, some of which were for study-related procedures (e.g., muscle
biopsy or central venous catheter placement). Two of these cardiac arrhythmia AEs were noted
to have occurred in the Screening/Baseline period during study-related procedures, but prior to
rhGAA administration. One patient experienced bradycardia during muscle biopsy and central
line placement after receiving propofol, and one patient experienced ventricular {ibrillation
during muscle biopsy after receiving nitrous oxide and sevoflurane. Two additional patients
were noted to have experienced cardiac arrhythmias after receiving general anesthesia during or
shortly after completing the study. One patient experienced “arrhythmia” during bronchoscopy
and stomaplasty after receiving ketamine, sevoflurane and succinylcholine, and another patient
experienced ventricular tachycardia, ventricular fibrillation, and cardiac arrest during intubation
after receiving succinylcholine, fentanyl, and etomidate.
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In Study AGLUO01702, cardiac arrhythmia ALs were noted to have occurred in two patients
during the Screening/Baseline period and at Day 1 during the study, after administration of
general anesthesia for study-related procedures. One patient experienced ventricular fibrillation
resulting in cardiac arrest and death during induction of anesthesia for the baseline muscle biopsy
procedure prior to receiving any treatment with thGAA. The other patient was noted to
experience bradycardia and hypotension during anesthesia for surgical procedures during the
study.

The cardiac arrhythmia events associated with anesthesia use during Studies AGLUO1602 and
AGLU01702 are summarized in the following table.

Table 16: Study 1602, Cardiac Arrhythmias Associated with Anesthesia

| Patient AE Preferred Term ~ Time of Occurence
AGLUG1602 i - ) B ) .
3ls Bradycardia _ Study day -21
319 Ventricular fibrillation Study day -1
306 Arrhythmia _ 14 days post-last infusion
313 Ventricular tachycardia, ventricular fibriltation, cardiac arrest 7 days post-last infusion
AGLU1702 ) 7 N )

401 _ Cardiac arrest _ _ " 6 days post-signing 1CF
401 . Ventricular fibrillation i days post-signing [CF
413 Bradycardia during anaesthesia for surgical procedures Study day 1
413 ' Hypotension during anaesthesia for surgical procedures ~ Study day 1

These events and similar events in the infantile-onset Pompe discase population in other studies
and expanded access programs lead 10 a revision of the Investigator’s Brochure and heightened
awareness and training for the Investigators regarding the use of anesthetic agents in the
infantile-onset Pompe disease population. [nfantile-onsct Pompe disease patients are at
increased risk of experiencing cardiac complications during general anesthesia due to the
underlying cardiac hypertrophy found in these patients. As the majority of infantile-onset
patients will require central venous catheter placement for chronic Myozyme administration, the
placement of a prominent warning regarding the usc of gencral anesthesia for this procedure in
the product labeling is appropriate.

7.1.3.3.4 Acute Cardiorespiratory Failure

Acute cardiorespiratory failure was observed in one infantile-onset Pompe disease paticnt with
underlying cardiac hypertrophy after infusion of Myozyme. This patient (Patient 829-007 — ,is
a3 month old male enrolled in the International EAP, who developed acute cardiac failure,
worsening hyperirophic cardiomyopathy, respiratory failure requiring intubation, and intensive
care unit (ICU) admission and inotropic support approximately 10 hours after his first Myozyme
infusion. This event was felt likely to have been secondary o fluid overload in setting of cardiac
hypertrophy. As infantile-onset patients with underlying cardiac hypertrophy are at risk of
cardiac decompensation with the infusion of fluid/protein volumes. including Myozyme
treatment, the placement of a prominent warning for this event in the product labeling 1s
appropriate,

61



Clinical Review

Anne R. Pariser, M.D.

BLA STN 125141/0
Alglucosidase alfa (rhGAA)

7.1.3.3.5 Hearing Loss

Hearing loss at Screening/Baseline and during treatment was reported in many patients in the
thGAA clinical development program, including infantile-, juvenile- and adult-onset patients in
clinical trials and in expanded access programs. Hearing loss was described as hypoacousis,
sensorineural, mixed, and conductive in these paticnts, and it was additionally noted that middle
ear effusions were present in many patients, which complicated the interpretions of the results.

Hearing loss has been described in the medical literature as associated with Pompe disease,
possibly secondary to glycogen deposition in the cochlea. Hearing loss has also been reported in
other lysosomal storage diseases. It appears likely that the hearing loss reported in this study is
secondary to underlying disease and not to treatment with thGAA, although it is not possible at
this time to determine whether ThGAA treatment modifies the progression or development of
hearing loss in this patient population. 1t is rccommended, therefore, that longer-term follow-up
of hearing be performed in patients receiving thGAA.

7.1.4 Other Search Strategies

No other search strategies were performed.

7.1.5 Common Adverse Events

7.1.5.1 Eliciting adverse events data in the development program

For Studies AGLU0G1602, AGLU01702, and AGLU02804, the safety population included all
enrolled patients who received at least one dose of Myozyme. Safety assessments included
physical examinations (including vital signs), laboratory tests (chemistry, hematology and
urinalysis), anti-thGAA [gG antibody testing, ECGs, and AE assessments. AFEs were recorded
from the time of study entry (signing of the Informed Consent) and at each study visit for the
duration of the study. The other assessments were collected at baseline/screening and at
intervals throughout the study (see the Appendix section in the Individual Study Reports fora
listing of study visits and procedures by individual study}. Clinically significant worsening from
screening in physical examinations, vital signs, and laboratory evaluations were documented as
AEs. The anti-thGAA antibody results were not listed as AEs, and were analyzed separately
(see section 7.1.10 Immunogenicity).

7.1.5.2 Appropriateness of adverse event catcgorization and preferred terms

ALs were coded by System Organ Class (SOC) and AL preferred term by the Sponsor using the
Medical Dictionary for Regulatory Activities (MedDRA). The MedDRA coding system contains
greater than 15,000 AE preferred terms that can result in substantial granularity, frapmentation,
and dilution of AL terms. As the number of paticnts in the Myozyme clinical development
program was small, and as AEs from only 39 patients were proposed for inclusion in the Adverse
Reactions section of the product labeling, the AE preferred terms were revised by this Reviewer

62



Clinical Review

Anne R. Pariser, M.I.

BLA STN 125141/0
Alglucosidase alfa (thGAA)

(with agreement from the Sponsor), so that AL terms were clustered together to allow for a more
meaningful description of the AE profile of Myozyme. For example, rash, rash erythematous,
rash macular, rash maculo-papular, rash papular, and others, were all coded to the AE preferred
term of rash.

7.1.5.3 Incidence of common adverse events

Incidence rates of common AEs reported in Studies AGLU01602, AGLUO1702 and
AGLUG2804 were analyzed from the AE datasets for each study (aex_l.xpt). Multiple datasets
were submitted to the application for the AGLU01602 and AGLU01702, and the most recent
datasets (Amendment 002 for AGLU0L602 and Amendment 008 for AGLUO1702) were used for
the safety analysis as these were the most complete. The AE datasets for AGLU01602 and
AGLU01702 were pooled by this Reviewer (o increase the sensitivity of AL signal detection.
Treatment-emergent AEs (including those AEs that occurred on or after Day 0, day of first
Myozyme administration) were summarized. Recurrent or continuing AEs were counted only
once, and AE incidence rates were calculated using all patients who received at teast one dose of
study medication as the denominator. AEs occurring during the screening/baseline period were
reviewed and only notable AEs occurring during this time period are noted in this review (i.c.,
cardiac arrhythmias associated with the use of general anesthesia are discussed in section 7.1.3.3
Other significant adverse events),

7.1.5.4 Common adverse event tables

The most common ALs (ALs occurring in >20% of patients) from the pooled safety analysis for
Studies AGLU01602 and AGLU01702 are summarized in the following table:

APPEARS THIS WAY
ON ORIGINAL
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Table 17: Pooled AEs, Most Common, AGLU01602, Amendment 002 + AGLU01702, Amendment 008

7 _ Patients Reporting
Patients, n = B 35
50C .
AE Preferred Terin - n (%) B
Blood and lymphatic system disorders S 17 (44)
. Anemia - ) 12(31)
Cardiac disorders ' 24 (62)
Tachycardia _ 9(23)
] Bradycardia - 8(21) i
Gastrointestinal disorders 32(82)
Diarrhea 24 (62)
Vomiting _ _ 19 (49)
Gastroesophageal reflux disease 10 (26)
Constipation . B 9(23) B
General disorders and administration site conditions 38 (97)
- Pyrexia i ) o _ 36 (92)
Enfections and infestations 37 (93)
Pncumonia 18 (46)
Otitis media 17 (44)
Upper respiratory tract infection 17 (44)
Giastroenteritis 16 {41)
Pharyngitis 14 (36)
Ear infection 13 (33)
Oral candidiasis _ 12(31)
Catheter related infection 11 (28)
Bronchiolitis 9(23)
Nasopharyngitis N 9(23)
Injury, poisoning and procedural complications 20 (51)
Post procedural pain ) 10 (26)
Investigaiions 28 (72)
. Oxygen saturation decreased . o le@n -
Respiratary, thoracic and mediastinal disorders 3897y
Cough : 18 (d6)
Respiratory distress 13{33)
Respiratory failure 12{(31)
Rhinorrhea 11(28)
Tachypnea 9 (23}
Bronchospasm 8§21
Skin and subcutaneous tissue disorders _ 33 (35) _ B
Rash 24 (62)
Dermatitis diaper 14 (36)
Urticaria B ] N 8 @n
Vascular disorders - 436 O
Flushing , o 8(21)

All AEs occurring in Study AGLE02804 are summarized by AE preferred term in the following
labie:
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Table 18: AGLU02804, All AEs

AE Incidence Rates Numbers of AEs Reported
Treated Patients, n = 5
Patients Reported any AE, n (%) 5 (100)
AE Preferred Term _ n (%)
Headache 3 (60) 4
Pharyngitis _ 3 (60) 3
Abdominal pain upper 2 (40) 5
Malaise 2(40) 2
Rhinitis _ 20403 2
Atlergic rhinitis 120} H
Diarthea 1 (20) !
Excariation L (20) 1
Gastroenteritis L (20) ]
Keloid scar 1 (20) {
Molluscum contagiosum 1(20) l
Otalgia 1(20) 1
Pediculus capitus 1 (20} 1
Pyrexia 1(20) 1
Respiraiory tract infection 1 1(20) |
Sinusitis 1(20) 3
Traffic accident _ 120} ]
Upper respiratory tract infection 1 (20) ]
Visual acuity decreased 1(20) N
Wheezing 1 (20} |

7.1.6 Less Common Adverse Events

Due to the small size of the Myozyme-exposed population in the Myozyme clinical program, the
large number of diseasc-related AEs, and as there was no placebo-control data available for
comparison, no meaningful analysis of less common AEs could be performed. Less common
AT for which a safety signal was detected by surveillance of expedited safety reports submitted
during the review cycle have been discussed (above) and included in Section 7.1 .3.3 Other
significant adverse events (pleasc refer to this section for more detailed information).

7.1.7 Laboratory Findings

Iaboratory testing, including chemistry and hematology pancls, and urinalysis testing were
performed according 1o the study schedules outlined in the study visits and procedures section of
the AGLOU1602, AGLU01702, and AGLU02804 individual study reports. Clinically significant
worsening in any laboratory parameter was documented as an AE, and these AEs have been
considered in the overall review of AEs. Laboratory parameters were also reviewed by
individual clinical trial, and no notable, relevant, or remarkable findings for changes in any
laboratory parameters were scen; however, there was insufficient time available in the review
period to thoroughly review these data.
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7.1.8 Vital Signs

Vital signs were perfomed according to the study schedules outlined in the study visits and
procedures section of the AGLOU1602, AGLU01702, and AGLUG2804 individual study reports.
Clinically significant worsenings in vital signs were documented as AEs, and have been
considered in the overall review of AEs. Notable vital sign changes that were reported as ALs
tended to be associated with Myozyme infusion, and are additionally noted in the IARs,
hypersensitivity and infusion-related reactions sections (e.g., hypotension). Please refer to
section 7.1.3.3 Other significant adverse reactions above for a more detailed discussion of these
Aks.

No other notable, relevant, or remarkable findings for changes in vital signs were seen; however,
there was insufficient time available in the review period to thoroughly review these data.

7.1.9  Electrocardiograms (ECGs)

Changes in ECGs were evaluated as part of the cfficacy evaluations mn Studies AGLUO01602 and
AGLU01702, as cardiac hypertrophy and other cardiac-related Alis (e.g., cardiac failure and
arrhythmias) are clinical findings in infantile-onset Pompe disease. Please refer to the [ntegrated
Review of Efficacy for a discussion of the cardiac findings.

No other notable, relevant, or remarkable findings for changes in ECGs werc seen; however,
there was insufficient time available in the review period to thoroughly review these data beyond
the data previously discussed in the efficacy section.

7.1.10 Immunegenicity

Serum samples for anti-rhGAA IgG antibody testing were obtained pre-infusion and at intervals
during the AGLU01602 and AGLUO01702 studies. Anti-thGAA antibody was assessed using
EIISA and confirmed by radioimmunoprecipitation (RIP), and all immunological testing was
performed by Genzyme. Immunogenicity data for Studies AGLU01662 and AGLU01702 have
been analyzed in detail in the individual study reports (please refer to the Appendix Individual
Study Reports for a more detailed discussion of the immunogenicity results for thesc individual
studies). Antibody data were also collected from all patients participating in Study AGLU02804.
Antibody data were not collected in any meaningful way (if at all) in the remaining Myozyme-
treted patients in clinical studies and programs.

The majority of patients {34 of 38 patients with available results; 89%) in Studies AGLU01602
and AGLU01702 tested positive for IgG antibodies to thGAA, and most of these patients
developed detectable antibody by Week 12 of treatment. Some patients showed decreases in
antibody titers throughout the duration of the study, but many patients did not, and these patients
showed sustained elevations or increases throughout the study. Patients positive for anti-rhGAA
IgG antibody were also more likely to develop infusion associated reactions (IARs) to Myozyme
administration (sec section 7.1.3.3. Other significant adverse events for additional information).
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The immunogenicity findings for Studies AGLU01602 and AGILUO01702 are notable for the
following:

In Study AGLUO01602:

¢ More patients in the 40 mg/kg group were found to have high antibody titers than patients
in the 20 mg/kg group.

« Mutations that placed patients at high risk for antibody formation included those
mutations that resulting in an absent protein, such as nonsense and frameshift mutations.
Patients with lower risk mutations (mutations where low levels of protein are found),
such as missense mutations, had a lower risk of antibody formation.

e A concerning signal was seen in patients with high-risk mutations and high anti-rThGAA
lgG antibody titers. Patients with high-risk mutations and high antibody titers were more
likely to have poor clinical outcomes than patients with lower risk mutations and lower
antibody titers. This was particularly concerning in two patients who initially achieved
gains in motor scores, then later lost those motor milestones coincident with rising and
markedly elevated antibody titers (one of these two patients died}. These results
suggested interference of antibody with the clinical effect of Myozyme.

In Study AGLUG1702:
o A similar association with high-risk mutations and antibody formation was secn in this
study as was seen in Study AGLU01602

e Patients with higher antibody titers also tended to have poorer outcomes, but this was a
less consistent finding than for Study AGLU1602

In Study AGLU02804, four of five patients developed anti-thGAA IgG antibodies, but the
antibody titers did not tend to be as elevated as in Studies AGLU01602 and AGLUO01702 (peak
titers 800 in one patient in Study AGLU02804). There were no reported IARSs in this study.

Thus, in infantile-onset patients, about 90% of treated patients developed anti-thGAA antibodies,
usually by Week 12 of treatment. Antibody titers tended to be high and (o remain elevaled
throughout treatment, and patients with high-risk mutations tended to develop higher antibody
titers than patients with lower risk mutations. Patients with high antibody titers tended to have
poorer outcomes, and in at least two patients, deteriorating clinical status coincided with rising
and markedly elevated antibody titers. Further follow-up of immunogenicity data with
Myozyme treatment, and exploration of immune tolerance and prevention regimens (in high-risk
patients} are, therefore, recommended.

7.1.11 Human Carcinogenicity

No animal or human carcinogenicity studies have been conducted to date with Myozyme.

7.1.12 Special Safety Studies

No special safety studies were conducted.
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7.1.13 Withdrawal Phenomena and/or Abuse Potential

There are no withdrawal phenonmena or abuse potential issues identified with Myozyme.

7.1.14 Human Repreduction and Pregnancy Data

No format studies with Myozyme have been conducted in pregnant women, and there arc no
reports of pregnancy in any patients treated to date with Myozyme.

7.1.15 Assessment of Effect on Growth _

Growth was assessed as an efficacy endpoint in Studies AGLU01602 and AGLUO1702. Please
refer to the Integrated Review of Efficacy for a discussion of the growth assessment results.

7.1.16 Overdose Experience

All patients in the Myozyme clinical program were treated with doses ranging from 10 mg/kg
every other week to 40 mg/kg every week. There are no reports of overdose with Myozyme.,

7.1.17 Postmarketing Experience

Myozyme is not a marketed product, and there is no postmarketing experience with Myozyme.

7.2 Adequacy of Patient Exposure and Safety Assessments

The Sponsor provided primary source data with data collected from Genzyme-sponsored clinical
trials. No secondary sources were used.

The Myozyme clinical development program, patient exposure, and assessments are described in
detail in the following sections: 1) Section 4 Data Sources, Review Strategy, and Data Integrity
(including subsections 4.1 Sources of Clinical Data, 4.2 Tables of Clinical Studies, and 4.3
Review Strategy); 2) Section 6 Integrated Review of Efficacy (including subsections 6.1.1
Methods and 6.1.3 Study Design); and 3) Section 7 Integrated Review of Safety (including
subsection 7.1 Methods and Findings). Please refer to these sections for additional information.

The entire Myozyme clinical program was conducted in Pompe diseasc patients, and given the
rarity of this disease, the entire Myozyme-exposed population, for whom data werc submitted to
this application, was small. This application includes clinical safety information from ten
Genzyme-sponsored clinical studies and expanded access programs (EAPs), in which all patients
received treatment with open-label Myozyme. There were no placebo-controls used in any of
these studies. Five clinical studies and EAPs were conducted in infantile-onset Pompe disease
patients, and five studies and EAPs werce conducted in juvenile- and adult-onset Pompe disease
patients. Additional, limited information was obtained from an ongoing, double-blind, placebo-
controlled, safety and efficacy study in juvenile- and adult-onsct Pompe diseasc (Study
AGLU02704, LOTS). These additional data consisted of isolated MedWatch reports submitted
by the Sponsor to the Agency for serious, expedited Adverse Events (Akis), and for reports on
hypersensitivity and infusion reactions that were submitted o the application at the request of the
Diviston.
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The total patient exposure to Myozyme is unclear to this Reviewer, and is estimated to be about
280 patients (per personal communication with the Sponsor). For most of these patients, no
safety data arc available (other than a small number of expedited safety reports submitted during
the review cycle) as these patients are being treated in ongoing clinical studies and expanded
access programs, for which safety data were not available during the review cycle.

Thus, the product labeling for Myozyme will rely mainly on safety results available in 39
infantile-onset patients from Studies AGLU01602 and AGLU1702, with Myozyme exposurc
ranging from one week to 106 weeks of Myozyme treatment. Limited safety experience in five
juvenile-onset patients was described in Study AGLUO02804, with Myozyme exposure up 1o 26
weeks of treatment. Information on the remaining patients that is to appear in the product
labeling was from a small number of expedited safety reports, and only those for which
concerning safety signals were noted are to appear in the product labeling.

In the opinion of this Reviewer, the safety experience of Myozyme in the juvenile- and adult-
onsel Pompe disease population was not felt to have been adequately described in the data
contained in this application, and further study in the juvenile- and adult-onsct population is
recommended.

7.3 Summary of Selected Drug-Related Adverse Events, Important Limitations of
Data, and Conclusions

The safety results from the Myozyme clinical development program are notable for the following
safety signals and concerns that arc to appear prominently in the product labeling:

1. A safety signal for severe hypersensitivity reactions during Myozyme infusion was noted
late in the review cycle. Some of these hypersensitivity reactions have been life-
threatening. Hypersensitivily reactions included anaphylactic shock (cyanosis, hypoxia,
hypotension, and bronchoconstriction, requiring unspecified life support measures),
anaphylactic and anaphylactoid reactions (IgE and non-IgE mediated), angioedema, and
numerous cases of infusion reactions associated with two of the three organ systems of
cardiac, respiratory and skin (consistent with anaphylaxis/hypersensitivily). Recognition
of this signal lead 1o a request by the Division to the Sponsor to query their
pharmacovigilence database for similar cases, and the frequency, incidence, and
magnitude of this problem is still being defined. However, hypersensitivity reactions
have occurred in infantile- through adult-onset patients, have lead to the discontinuation
of at least three adult patients from Study AGLU02704 (1.OTS protocol in juvenile- and
adult-onset Pompe discase) and AGLU02603 (US expanded access protocot), and appear
to have occurred in about 15% of patients treated in clinical trials with Myozyme to date.
This safety signal is noteworthy, and it is recommended that a boxed warning appear in
the product labeling.

2. One case of acute cardiorespiratory Failure requiring intubation and inotropic support has
been observed in an infantiie-onset Pompe disease patiert with underlying cardiac
hypertrophy, possibly associated withy fluid overload.
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3.

Multiple instances of cardiac arrhythmia and sudden cardiac death during general
anesthesia for central venous catheter placement (needed for Myozyme infusion) have
oceurred in infantile-onset patients, who are at risk for arthythmia due to underlying
cardiac hypertrophy. These arrhythmias included ventricular tachycardia, ventricular
fibrillation, bradycardia, and cardiac arrest, and required intervention such as cardiac
defibrillation.

Safety results are otherwise summarized as follows:

5.

Deaths reported in clinical studies and expanded access programs were predominantly
due to underlying disease, and included respiratory and cardiac failure, cardiac arrest, and
infectious causes. _

Adverse Events (AEs) were frequently reported in clinical studies, and lended to reflect
underlying diseasc or were Alls commonly seen with cnzyme/protein infusions (e.g.,
allergic and hypersensitivity reactions, and ALs such as pyrexia). Serious Adverse
Events (SAEs) also tended to be consistent with underlying disease (e.g., respiratory and
infectious SAEs), or treatment intervention complications {(e.g., catheter-related
complications). The most commonly reported SAEs in clinical studies (pooled results of
AGLUO1602 and AGLU01702, n=39) were pneumonia, respiratory failure, respiratory
syncytial virus infection, and catheter-related infection.

Infusion reactions were common. Pooled results from AGLUO1602 and AGLUO1702
showed that 51% of patients treated with Myozyme experienced infusion reactions, some
of which were severc, such as oxygen desaturation, pyrexia, urticaria, hypotension, and
wheezing/bronchospasm, among others.

Hearing loss at Screcning/Baseline and during treatment was reported in many patients in
the thGAA clinical development program, including infantile-, juvenile- and adult-onset
paticnts in clinical trials and in expanded access programs. Hearing loss was described as
hypoacousis, sensorineural, mixed, and conductive in these patients, and it was
additionally noted that middle ear effusions were present in many patients, which
complicated the interpretions of the results. Hearing loss has been described in the
medical literature as associated with Pompe disease, possibly secondary to glycogen
deposition in the cochlea. Hearing loss has also been reported in other lysosomal storage
discases. 1t appears likely that the hearing loss reported in this study is secondary to
underlying disease and not to treatment with thGAA, although it is not possible at this
time to determine whether thGAA treatment modifies the progression or development of
hearing toss in this patient population. It is recommended, therefore, that longer-term
follow-up of hearing be performed in patients receiving rhGAA.

In summary, safety tesults {rom clinical trials with Myozyme have shown a concerning safety
signal for the risk of hypersensitivity reactions in all age groups, some of which have been life-
threatening and have lead to the discontinuation of patients from clinical trials, and for cardiac
complications (cardiac failure and arrthymia) in infantile-onset patients. In infantile-onset
Pompe disease, this risk appears to be acceptable given the risk of the underlying disease and the
nearly universal progression to death by 18 months of age in untreated patients, and with a clear
ventilator-free survival benefit having been demonstrated with Myozyme treatment. The
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risk/benefit profile of Myozyme in the juvenile- and adult-onset Pompe disease patient
population has not been defined. Thus, given the known risks of treatment with Myozyme, and
the lack of any evidence of a treatment bencfit available at this time, the treatment of patients
with juvenile- and adult-onset Pompe disease with Myozyme outside of a clinical tnal or other
monitored clinical program cannot be recommended.

7.4 General Methodology

Please see section 7.1 for a disussion of the methodoly used in the review of safety.

8 ADDITIONAL CLINICAL ISSUES

8.1 Dosing Regimen and Administration

Doses of Myozyme ranged from 10 mg/kg cvery other week to 40 mg/kg every week by
intravenous infusion. Most patients in the Myozyme clinical development program received
treatment with Myozyme in a dose of 20 mg/kg every other week. The next most trequently
administered dose was 40 mg/kg every other week. Information available on patients receiving
doses of Myozyme less than 20 mg/kg and greater than 40 mg/kg every other week was
extremely fimited, and was not of sufficient detail to provide any assessment of safcty or
efficacy. Based on the safety and efficacy results from Study AGLU01602, efficacy was found
to be similar between the 20 mg/kg and 40 mg/kg every other week doses, and the safety
concerns, particulary for immunogenicity and infusion reactions, were less in the 20 mg/kg dose
group as compared to the 40 mg/kg dose group. Thus, the recommended dose of Myozyme is 20
mg/kg every other week.

8.2 Drug-Drug Interactions

No drug-drug interactions were explored in the Myozyme clinical development program.

8.3 Special Populations

Pompe disease is a rarc, autosomal recessive, inherited, lysosomal storage disease that 1s
estimated (o occur with an incidence of 1/300,000 to 1/40,000. The entire Myozyme clinical
development program has been conducted in Pompe disease patients only. Pompe diseasc 1s
classified by the age at onsct of clinical signs and symptoms of Pompe discase (infantile-onset,
childhood/juvenile-onset, and adult-onset), and the majority of patients treated in the Myozyme
clinical progam for whom efficacy and safety data were submitted to the application were in the
infantile-onset population. Response o treatment with Myozyme appears to vary considerably
by Pompe disease age classification, which is the subject of this review and will be discussed in
greater detail in the body of this review. No data were available in geriatric patients (>65 years
of age), as Pompe discase predominantly affects a younger patient population.

Males and females were nearly equally studied in the clinical development program, and

although the number of paticnts studicd was small, male and female patients do not appear to
respond differently to Myozyme. As Pompeé disease oceurs worldwide, patients from the United
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States, Asia, the Middle East, Europe, and South American have been included in clinical studics
and EAPs; however, insufficient information exists to determine a difference in response o
Myozyme treatment by cthnic origin.

8.4 Pediatrics

Pompe disease predominantly affects a younger patient population, and the majority of paticnts
studied, who had data submitted to the application, were in the infantile-onsct Pompe disease
population. Childhood/juvenile-onset Pompe discase patients (age of onset >1 to 16 years) have
not been adequately studied to date, and the risk/benefit profile of Myozyme in these patients bas
not been described.

8.5 Advisory Committee Meeting

No Advisory Committee Meeting was convened to discuss this application.

8.6 Postmarketing Risk Management Plan

None warranted at the present time.

9 OVERALL ASSESSMENT

9.1 Conclusions

The efficacy results from the Myozyme clinical program provided substantial evidence of a
benefit of treatment with Myozyme in the infantile-onset Pompe disease patient population,
Evidence of a treatment benefit was demonstrated in Study AGLU01602, where treatment of
infantile-onset Pompe disease patients with Myozyme at or prior to the age of seven months
resulted in an invasive ventilator-free survival benefit at 18 months of age as compared to an
untreated historical control of similar age and disease severity. Clinically meaningful gains in
motor function were also demonstrated in these patients, although the majority of these patients
were substantially delayed compared to same-age, non-disabled peers. [t is not known if these
results are sustained, especially in patients developing elevated anti-thGAA antibody titers, and
longer-term follow-up of these patients is needed.

No substantial evidence of a treatment effect of Myozyme in the Study AGLUG1702 patient
population could be determined, and the results of the 32-week interim analysis for Study
AGLUO1702 failed to definitely establish the efficacy of Myozyme in patients ages three months
to 3.5 vears at first infusion. Discerning anything less than a dramatic treatment effect in this
Pompe disease population would have been difficult due to the highly heterogeneous
presentation and progression of the disease in this Pompe disease age group, and the study
results, not surprisingly, overtapped with the outcomes in an historical control reference
population similar in age and discase severity. Interpretation of this study was additionally
complicated by the lack of a concurrent control group, a large number of protocol violators by
study entry criteria, and the poor quality of the data for several of the endpoints. Secondary
endpoints of respiratory and motor function also were consistent with anccdotal and medical
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literature reports of the expected progression of the disease in this patient population. That is,
patients with worsening status (c.g., death or ventilator dependence) tended to be younger than
patients with stable status during the study, consistent with a morc rapidly progressive discase
course in patients with first symptoms and diagnosis at younger ages. Motor development
showed modest gains in gross motor function in approximately half of the patients in the study,
and most patients showed gains in fine motor function. This result is consistent with the earlier
presentation and progression of proximal, fower extremity (and truncal) motor involvement and
the relative sparing of distal motor function earlier in the course of the disease. These findings
make it extremely difficult to determine whether there was a treatment effect with thGAA in this
population, or if the findings werc due to the natural progression of the underlying discase.
Longer-term {reatment with thGAA in this population is needed.

Outcomes measures in the remaining clinical studies and expanded access programs were of
limited utility in determining the effect of Myozyme in Pompe disease. These results tended to
be highly subjective with few objectively or consistently collected outcomes measures available
for review. It is especially noted that there was a lack of objective data submitted in the juvenile- &
and adult-onset patient population, as there have been no adequate and well-controlled studies
completed to date in this poputation. Thus, no assessment of the effect of Myozyme treatment
on juvenile- and adult-onset Pompe disease patients is possible at this time.

Extrapolation of treatment effect from the most severely affected infantile-onset Pompe diseasc
patients to the juvenile- and adult-onset Pompe disease patient population is not felt to be
appropriate. The regulations for extrapolation of data from adult patients to pediatric patients
state that extrapolation is possible when the course of the disease and the effects of the drug are
sufficiently similar. While extrapolation in the reversc direction, from younger to older paticnts
can be considered, the courses of disease are not the same in the infantile-onset, and juvenile-
and adult-onset patients. For example, survival in juvenile- and adult-onset pattents is typically
measured in decades, not months as for infantile-onset patients, cardiac hypertrophy is not
described in juvenile- and adult-onset patients, glycogen storage in skeletal muscle is patchy i
older patients, and therc is extreme heterogencity of clinical presentation and progression of
disease in juvenile- and adult-onset patients. These differences have also lead to substantial
differences in study design being necessary for the juvenile- and adult-onset patients as
compared to the infantile-onset patients. Thus, the data obtained in the ongoing Study
AGLU02704 (LOTS) will be essentital in establishing efficacy {and safety) in the juvenile- and
adult-onset Pompe disease patient population.

The safety results from the Myozyme clinical development program are notable for the following
safety signals and concerns that arc to appear prominently in the product labeling:

|. A safety signal for severe hypersensitivity reactions during Myozyme inlusion was noted
late in the review cvele. Some of these hypersensitivity reactions have been life-
threatening. Hypersensitivity reactions included anaphylactic shock (cyanosis, hypoxia,
hypotension, and bronchoconstriction, requiring unspecified life support measures),
anaphylactic and anaphylactoid reactions (IgE and non-lIgh: mediated). angioedema, and
numerous cases of infusion reactions associated with two of the three organ systems of
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cardiac, respiratory and skin (consistent with anaphylaxis/hypersensitivity). This safety
signal is noteworthy, and it is recommended that a boxed warning appear in the product
labeling.

One case of acute cardiorespiratory failure requiring intubation and inotropic support has
been observed in an infantile-onset Pompe disease patient with underlying cardiac
hypertrophy, possibly associated with {luid overload.

Multiple instances of cardiac arrhythmia and sudden cardiac death during general
anesthesia for central venous catheter placement (needed for Myozyme infusion) have
occurred in infantile-onset patients, who are at risk for arrhythmia due to underlying
cardiac hypertrophy. These arrhythmias included ventricular tachycardia, ventricular
fibrillation, bradycardia, and cardiac arrest, and required intervention such as cardiac
defibrillation.

Safety results are otherwise summarized as follows:

4.

Deaths reported in clinical studies and expanded access programs were predominantly
due to underlying disease, and included respiratory and cardiac failure, cardiac arrest, and
infcctious causes.

Adverse Events (AEs) were frequently reported in clinical studies, and tended to reflect
underlying discase or were AEs commonly seen with enzyme/protein infusions (e.g.,
atlergic and hypersensitivity reactions, and AEs such as pyrexia). Serious Adverse
Events (SAFEs) also tended to be consistent with underlying disease (e.g., respiratory and
infectious SAEs), or treatment intervention complications (e.g., catheter-related
complications). The most commonly reported SAEs in clinical studies (pooled results of
AGLU01602 and AGLUO1702, n=39) were pneumonia, respiratory failure, respiratory
syncytial virus infection, and catheter-related infection.

Infusion reactions were common. Pooled results from AGLU01602 and AGLUO01702
showed that 51% of patients treated with Myozyme experienced infusion reactions, some
of which were severe, such as oxygen desaturation, pyrexia, urticaria, hypotension, and
wheezing/bronchospasm, among others.

Hearing loss at Screening/Baseline and during treatment was reported in many patients in
the thGAA clinical devefopment program, including infantile-, juvenile- and adult-onsct
patients in clinical trials and in expanded access programs. It appears likely that the
hearing loss reported in this study is secondary to underlying disease and not (o treatment
with ThGAA, although it is not possible at this time to determine whether thGAA
treatment modifies the progression ot development of hearing loss in this patient
population. It is recommended, therefore, that longer-term follow-up of hearing be
performed in paticnts recciving thGAA.

In summary, safety results from clinical trials with Myozyme have shown a concerning safety
signal for the risk of hypersensitivity reactions in all age groups, some of which have been life-
threatening and have lead to the discontinuation of patients from clinical trials, and for cardiac
complications (cardiac failure and arrthymia) in infantile-onset paticnts. ln infantile-onset
Pompe disease, this risk appears to be acceplable given the risk of the underiying disease and the
nearly universal progression to death by 18 manths of age in untreated paticnts, and with a clear
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 ventilator-free survival benefit having been demonstrated with Myozyme treatment. The
risk/benefit profile of Myozyme in the juvenile- and adult-onset Pompe disease patient
population has not been defined. Thus, given the known risks of treatment with Myozyme, and

. the lack of any evidence of a treatment benefit available at this time, the treatment of patients
with juvenile- and adult-onset Pompe disease with Myozyme outside of a clinical trial or other
meonitored clinical program cannot be recommended.

9.2 Recommendation on Regulatory Action

Recommend approving this application with revision to the proposed label.

It is recommended that Myozyme's treatment indication be restricted to patients with infantile-
onset Pompe disease. A ventilator-free survival benefit with Myozyme treatment was
demonstrated in a clinical study (AGLUO1602) that was limited to the youngest, most severely
affected Pompe disease patient population. In AGLU01602, a ventilator-free survival benefit at
age 18 months was seen in infantile-onset Pompe disease patients who received their first dose of
Myozyme prior to the age of seven months, who had cardiac hypertrophy, and who did not
require ventilatory support at study entry, as compared to an untreated, historical-control cohort
that was similar in age and diseasc severity.

No therapeutic benefit of Myozyme has been demonstrated in any other Pompe disease patient
population, and no adequate and well-controlled studies with Myozyme in the treatment of
patients with juvenile- and adult-onset Pompe discase have been completed.

Safety results from clinical trials with Myozyme have shown a concerning safcty signal for the
risk of hypersensitivity reactions, some of which have been life-threatening and have lead to the
discontinuation of patients from clinical trials. In infantile-onset Pompe disease, this risk
appears to be acceptable given the risk of the underlying disease and the nearly universal
progression to death by 18 months of age in untreated patients, and with a clear ventilator-free
survival benefit having been demonstrated with Myozyme treatment. The risk/benefit profilc of
Myozyme in the juvenile- and adult-onset Pompe disease patient population has not been
defined. Thus, given the known risks of treatment with Myozyme, and the lack of any evidence
of a treatment benefit available at this time, the treatment of patients with juvenile- and adult-
onset Pompe discase with Myozyme outside of a clinical trial or other monitored clinical
program cannot be reccommended.

9.3 Recommendation on Postmarketing Actions

9.3.1 Risk Management Activity

None warranted at the present time.

9.3.2 Required Phase 4 Commitments

The recommended indication for Myozyme is limited by the narrow scope of the clinical data
submitted in support of this application, and a number of clinical areas need 1o be addressed by
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post-marketing commitments. Itis recommended that Myozyme undergo further clinical
evaluation and study 1in:

e The juvenile- and adult-onset Pompe disease patient population.

e A broader infantile-onset Pompe disease population than was defined by AGLUO1602, to
include final data from clinical study AGLUO1702 (up to 104 weeks of Myozyme
treatment). Study AGI.U01702 included infantile-onset Pompe disease pattents ages 3
months to 3.5 years at time of first dose of Myozyme, who may have been on ventilatory
support at study entry.

¢ The growth and development of infantile-onset Pompe disease palients over time.

e Pompe disease patients of any age failing treatment. This is to include poor responders
with and without high anti-tThGAA [gG antibody titers.

o The long-term evaluation of Myozyme treatrent in a Pompe disease registry.

« FEvaluation of sub-populations of Pompe discase patients, including pregnant or lactating
females exposed to Myozyme, and ventilator-dependent patients of any age, as clinical
status in these patients will need to be followed over many years. These patients may be
followed in sub-studies as part of the registry.

Therefore, the following clinical post-marketing actions are recommended:

1. Completion of the juvenile- and adult-onset onset Pompe disease study AGLU02704,
entitled “A randomized, double-blind, multicenter, multinational, placebo-controlled
study of the safety, efficacy and pharmacokinetics of Myozyme, recombinant human acid
alpha-glucosidase (thGAA), treatment in patients with late-onsct Pompe disease”
(LOTS). Enrollment in this study has been completed, the study is ongoing, and the
study is expected to be completed in March 2007.

2. Conduct and completion of study AGLU03206, the 52-week extension study to LOTS
(AGLU02704) in juvenite- and adult-onset Pompe disease patients, entitled “An open-
label extension study of patients with late-onset Pompe disease who were previously
enrolled in protocol AGLU(02704” (this is a draft title supplied by the sponsor). Patient
accrual is expected Lo be completed by March 31, 2007, and the study completed by
March 31, 2008.

3. Completion of study AGLU01702, entitled “*An open-label, multicenter, multinational
study of the safety, efficacy, pharmacokinetics, and pharmacodynamics of recombinant
human acid alpha-glucosidase (rhGAA) treatment in patients >6 months and <36 months
old with infantilc-onset Pompe disease (Glycogen Storage Disease Type 11).” This study
is ongoing, and is expected to be completed by June 12, 2000.

4. Design and implementation of a long-term registry that will be established to obtain long-
term clinical status information in patients of all ages with Pompe discase who are being
treated with alglucosidase alfa. Information will be collected on patient demographics,
specifics of treatment with alglucosidase alfa, clinical status. venulatory status, motor
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assessments, adverse events, assessment of immunogenicity, and potential effects of
antibody formation. In patients who are less than one year of age at the start of treatment,
information is to be collected on cognitive status, and auditory and visual screening
assessments. This registry will be designed so that detailed clinical status information is
collected at registry entry and on a 6- to 12-month basis for at least 15 years. Two sub-
studies within the registry are to be performed: one sub-study that will evaluate the effect
of alglucosidase alfa on pregnancy and lactation, and one sub-study that will collect
information on the clinical status of paticnts on ventilatory support at the time of entry
into the registry. The registry data will be analyzed at yearly intervals and submitted in
annual reports to the Myozyme IND (#10780). The registry is expected to be initiated by
January 31, 2007, and run through January 31, 2022.

Design and implementation of an infantile-onset Pompe disease study to assess growth
and development with treatment with alglucosidase alfa, in patients who are less than one
year of age al study entry. This study is to include blinded assessments of growth
(including recumbent length, height, weight, and head circumference), cognitive
(language and cognition} and motor (fine and gross motor) development (scales to be
used arc to be prospectively agreed upon), auditory and visual screening, neuro-imaging,
and antibody asscssments at 6- to 12-month intervals over a 10-year period. This study is
expected to be implemented by January 31, 2007.

Design and implementation of 1) an immune tolerance protocol in Pompe discase patients
who have significant antibody titers, or the presence of neutralizing antibody, and are
failing treatment; and 2) the design and implementation of a preventive immune tolerance
protocol in Pompe discase patients at high risk of development of significant immunc
responses to Myozyme.

Design and implementation of a dose- and dose-interval exploration study in patients with poor
responses to treatment, regardless of antibody status. This study is to include patients in the
infantile-, juvenile-, and adult-onset paticent populations.

9.3.3

Other Phase 4 Requests

None recommended at the present time.

9.4 Labeling Review

The product labeling has been extensively discussed with the Sponsor, and agreement was
reached between the Sponsor and the Division on the proposed labeling for Myozyme. Please
see the finalized labeling for Myozyme that has been approved for this application.

9.5 Comments to Applicant

I is the recommendation of this Reviewer that the Sponsor receive the following:
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1. A letter stating that the biologics license application for Myozyme has been approved.
This Reviewer additionally recommends that Myzoyme's use be restricted to infantile-
onset Pompe disease patients.

2 Notification that additional clinical post-marketing commitments are recommended,
including further clinical evaluation and study in:

a. The juvenile- and adult-onset Pompe discase patient population.

b. A broader infantile-onset Pompe disease population than was defined by
AGLUO01602, to include final data from clinical study AGLUO1702 (up 1o 104
weeks of Myozyme treatment). Study AGLUQ]702 included infantile-onset
Pompe diseasc paticnts ages 3 months to 3.5 years at time of first dose of
Myozyme, who may have been on ventilatory support at study entry.

¢. The growth and development of infantile-onset Pompe discase patients over time.

d. Pompe disease patients of any age failing treatment. This is to include poor
responders with and without high anti-rhGAA 1gG antibody titers.

¢. The long-term evaluation of Myozyme treaiment in a Pompe discasc registry.

f  Evaluation of sub-populations of Pompe disease patients, including pregnant or
lactating females exposed to Myozyme, and ventilator-dependent patients of any
age, as clinical status in thesc patients will need to be followed over many years.
These patients may be followed in sub-studics as part of the registry.

The language to be used for these post-marketing commitments is listed in Section 9.3.2
Required Phase 4 Commitments (please refer to Section 9.3.2 above).
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10.1.1 Study AGLU01602 (Study 1602)

10.1.1.1 Study Design

Study AGLUQ1602 (Study 1602) was a multicenter (n=7), multinational, open-tabel, randomized
(to dose), dose-ranging, safety, efficacy, pharmacodynamic (PD) and pharmacokinetic (PK)
study of alglucosidase alfa (thGAA) in the treatment of 18 patients with infantile-onset Pompe
disease. Eligible patients were randomized 1:1 to receive an intravenous (IV) infusion of hGAA
20 mg/kg or 40 mg/kg every other week (qow) for 52 wecks. Patients were eligible for the study
if they had a definitive diagnosis of Pompe disease defined as a deficiency in GAA activity,
onset of clinical signs of Pompe disease before the age of six months and cardiac hypertrophy,
and if they were less than or equal to six months of age at first infusion. The primary efficacy
endpoint for the study was the proportion of patients who were alive and free of invasive
ventilator support at 18 months of age, as compared to an historical control subgroup. Major
efficacy endpoints included changes from baseline at Week 52 in measures of cardiac status (left
ventricular mass index [[.VMI]), physicail growth (length and weight), and achievement of motor
and mental developmental milestones assessed by Alberta Infant Motor Scale (AIMS), Bayley
Scales of Infant Development 11 (BSID-II), and Pompe Pediatric Evaluation of Disability
Inventory (PEDI) testing. As infantile-onset Pompe disease 1s a uniformly fatal discasc for
which there are no established treatments, no placebo treatment was administered, and an
historical cohort was used as the control group.

The first patient reccived his first dose of rhGAA on 26-May-2003 and the last patient received
her first dose of rhGAA on 03-June-2004. The cutoff date for the interim analysis, after all
patients had received 26 weeks of thGAA treatment, was 24-Novembei-2005, and the final visit
cutofT date, after the last patient completed her 52-week visit, was 15-June-2006.

10.1.1.2 Study Objectives

The objectives of the study were to evaluate the satety, efficacy (ventilator-free survival
compared to historical control), PK and PD of two doses (20 mg/kg and 40 mg/kg qow) of
rthGAA in the treatment of patients with infantile-onset Pompe disease after 52 weeks of
treatment.

10.1.1.3 Gligibility Criteria

To be eligible for the study, patients must have been age less than or equal to six months of age
(26 weceks and 0 days corrected for gestational age) at the time of the first dose of thGAA, and
have had a diagnosis of infantile-onset Pompe disease defined as onset of clinical symptoms of
Pompe discase at less than six months of age, deficient GAA activity (<5-10% normal range
[depending on the laboratory used] by peripheral blood mononuclear cell [PBMC] or <1%
normal range by cullured skin fibroblast assay), and cardiac hypertrophy (LVMI >65 g,/m2 by
echocardiography). Patients were excluded if they had:
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I. The presence of respiratory insufficiency defined as O, saturation <90% on room air
(RA) by pulse oximetry (pulse ox}, or venous partial pressure of carbon dioxide (PCO,)
>55 mmHg on RA or arterial PCO; >40 mmHg on RA, or any ventilation use (invasive
or non-invasive) at the time of enrollment;

2. The presence of a major congenital abnormality;

3. The presence of clinically significant organic disease {excluding Pompe disease related
symptoms) that, in the opinion of the Investigator, would potentially decrease survival or
preclude participation in the study; or

4. Had received enzyme replacement therapy (1:RT) with GAA from any source.

10.1.1.4 Concomilant Medications

No concomitant medications were prohibited from use during the study, other than the exclusion
criterion for prior use of ERT with GAA, and the use of all medications was at the discretion of
the treating physician, There were no routine prophylactic concomitant medications
recommended or prescribed for use during the study or prior to the administration of rhGAA.

10.1.1.5 Study Visits and Procedures

All patients required placement of a permanent, indwelling, central intravenous catheter to
receive ongoing study treatments. The study visits and procedures are summarized below in the
following tables. All study assessments had a 414 day window unless otherwise noted.

APPEARS THIS WAY
ON ORIGINAL
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Table Al-1: Study 1602, Study Visils and Procedures, Screening through Week 26

Day Week

Screen

Baseline 0 |2 4 6 8 10 12 14 16 g 20 12

Procedure

Informed consent

Medical history

Head MRI

Blood for GAA activity in

PBMC _

Skin biopsy for GAA aclivity

Skin biopsy for CRIM status
Blooed spot collection

ACE marker allele stalus
‘Venous blood gas

Pulse ox (RA)

GAA gene mutation analysis

Chest xray

Central venous catheter

placement

Muscle biopsy

Plasma oligosaccharide levels

Urine oligosaccharide Jevels

Hearing test

Physical exam

Echocardiogram

ECG

Safety labs (heme & chem)

Urinalysis

Nutritional analysis
Anti-rthGAA antibody (IpG)
PK

AIMS

PDMS-2

Motor development milestones
assessment ]

PEDI and Pompe PEDI

Modified BSID-1

Weight

Vs

RhGAA infusion

Ventilator use
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Table Al-2: Study 1602, Study Visits and Procedures, Weeks 28 through 52 (end-of-study)

\ Week .
28 30 32 0 34 36 38 40 42 44 46 48 50

th
[ =]

Procedure

Chest xray

Muscle biopsy

Plasma oligosaccharide levels
Urine oligosaccharide levels
Hearing test

Physical exam
Echocardiogram

:CG

Safety tabs (heme & chem) i
Urinalysis ) X X X X X X
Nutritional analysis
Anti-thGAA antihody (IgG)
AIMS

Motor development milestoncs
assessment

PEDI and Pompe PEDI
Modified BSID-II

Weight X X X X X X

Vs X X X X X X X X X X x X
RhGAA infusion X ¢ X X X % X X oy
Ventilator use «— Continuous menitoring -~

AE assessment _ _ o + Continugus monitoring —»

Conmeds/therapy monitaring + Continuous monitoring ~»

FU contact X

padies

PP

e e

o

i e i S e T R

o e

10.1.1.6 Randomization and Controls

Patients were randomized 1:1 to thGAA 20 mg/kg or 40 mg/kg qow using a simple central
randomization (without stratifying by study site) using blocks of two. As infantile-onset Pompe
discase is uniformly and rapidly (usually by 18 months of age) fatal, there arc no established
treatments known to impact the survival or progression of infantile-onset Pompe disease, and
preliminary information from studies with thGAA derived from the milk of transgenic animals
(Pharming) and CHO cell-derived thGAA (Synpac) have suggested that ERT with GAA may be
beneficial in Pompe disease patients, a placebo control was considered unethical, and all patients
received active treatment with thGAA (Genzyme formulation). An historical infantile-onset
Pompe disease cohort was used as the control population in this study.

Study 1602 was an open-label study and no blinding of patients, families, ar study personne! was
performed, with the exception of: 1) the central cardiologist who read ECGs and -
cchocardiograms was blinded to patient and study timepoint for the first year, but not blinded
thereafter; and 2) the pathologist evaluating the tissue samples for the histopathological,
biochemical and gene expression analyses was blinded 1o patient and sequence.
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10.1.1.7 Study Medication Dose Selection, Dispensing, and Compliance

RhGAA was supplied to the study sites as a lyophilized product that was reconstituted in sterile
water, then further diluted into a fixed total volume of 0.9% NaCl for injection by the site
pharmacist prior to infusion (volumes depended on patient weight and dose; see study Pharmacy
Manual for details). RhGAA infusions were administered in a step-wise manner, beginning with
a slow initial rate (1 mg/kg/hr), with gradual increases every 30 minutes to a maximum rate of
infusion of 7 mg/kg/hr (infusion rate could be increased by 2 mg/kg/hr every 30 minutes as
tolerated, with doses typically administered over approximaltely four hours). The patient’s dose
of thGGAA could be reduced at any time 1f the patient experienced severe or intolerable reactions;
however, no dose adjustments were reported during the study. As all study drug treatments were
administcred by study personnel, study medication monitoring and recording was under the
control of the investigative staff, and all missed or incomplete infusions were documented.

10.1.1.8 Efficacy and Endpoint Measures

[ata to the cutoff date of 15-Junc-2005 (after all patients had received 52 weeks of thGAA
treatment and all but three patients had reached 18 months of age) were analyzed for the study.
The study endpoints were:

10.1.1.8 1 Primary Efficacy Endpoint

The primary efficacy endpoint was the Kaplan-Meier cstimate of proportion of patients who
were alive and free of invasive ventilator support at 18 months of age with survival measured as
time from birth for patients treated with thGAA with both dose groups combined using all data
through 52 weeks after the last patient was randomized to treatment. This was compared to the
proportion of survivors at 18 months of age in an untreated historical cohort. The primary
endpoint was considered to have been met if there was no overlap between the two-sided 95% CI
for the proportion of rhGAA treated patients alive and free of invasive ventilation at 18 months
of age and the 95% CI for 18 months survival of untreated patients in the historical control
subgroup. Patients who were alive but had not yet reached 18 months of age were right
censored. Invasive ventilator-free survival was defined as 1) the patient was ventilator-free for a
i4-day period bracketing the target time point, or 2) the investigator determined that the patient’s
ventilator use was due o secondary causes only (e.g., aspiration prnewmnonia) at the target time
point and the patient was {ollowed for up to an additional 30 days. If during this additional 30
days the patient became ventilalor-free for at least 14 consecutive days, the patient was
considered to be ventilator free.

Additional analyses included the proportion of patients alive and frec of invasive ventilator
support at 12 months of age (both dose groups combined) as compared with the historical contro!
subgroup at 12 months of age. Exploratory analyses included estimates of ventilator-free
survival time from the date of first symptoms, date of diagnosis and date of study treatment
initiation. Sensitivity analyses for survival rates in the historical contro! subgroup included:

1) comparisons of the thGAA-treated group survival rate to survival rates from the historical
control subgroup subsets in which patients whe died prior o three, four, five, and six months of
age were removed from the total sample size of 62; 2) assessment of whether the survival
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inferences were dependent on the age at first hGAA infusion using a subset of the historical
control subgroup selected based on the median age at first infusion of rhGAA, and after rhGAA-
treated patients were partitioned into two groups based on their age at first thGAA infusion (less
than or preater than median age); and 3) with exclusion of patients with congenital abnormalities
or chinically significant disease status recorded as “unknown” from the control group.

10.1.1.8.2 Secondary Efficacy Endpoints

Secondary efficacy endpoints were:

s Proportion of patients treated with thGAA alive and frec of any ventilatory support (i.e.,
not limited to invasive support) at |8 months of age measured from birth, Additional
analysis included proportion alive and {ree of any ventilatory support at 12 months of age
by dose group.

e (Cardiac status as measured by LVMI and LVM Z-score change from baseline to Week
52; ‘

e Physical growth (length and wetght) change from baseline to Week 52.

10.1.1.8.3 Tertiary Efficacy Endpoints

Tertiary efficacy endpoints were:
e Proportion of patients alive at 18 months of age. Additional analysis included survival
distribution by dose group and proportion of patients alive at 12 months ot age;
¢ Proportion of patients with signs or symptoms of cardiac failure at Week 52;
e Total AIMS raw scores change from baseline to Week 52,
e Number of motor milestones achieved at Week 52,
¢ BSID-IT Mental Development Index (MDI} change from baseline to Weck 52;
e Pompe PEDI raw scores change from bascline to Week 52;
e Hours on ventilation from baseline to Week 52; and
o (hange from baseline to Week 52 in urinary and plasma oligosaccharides

10.1.1.8.4 Exploratory Variables

Exploratory variables included:

e Circulating reactive immune material (CRIM) status
Angiotensin converting cnzyme (ACE) marker allele status
e (Jene expression
»  (GAA gene mutation

10.1.1.8.5 Safety Assessments

Safety was assessed by: types and incidence of Adverse Events (AEs); discontinuations due to
ALs; drug-related, scrious and severe AEs; changes from baseline in physical exams (including
vital signs); clinical laboratory assessments including clinical chemistry, hematology, urinalysis,
and anti-thGAA IgG antibody titers; and ECG assessments. Other safety variables included:
circulating immune complex detection (as indicated), inhibitory antibody formation in patients
testing positive for Ip(, anti-rhGAA IgE antibodies. serum tryptase, and complement activation
(as indicated).

&7
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101 1.86 PK and PD Measures

PK (plasma rhGAA levels) was assessed at Day 0, Week 12 and Week 52. PD was assessed by
comparing skeletal muscle GAA aclivity and glycogen content at bascline, and at Week 12 and
Week 52.

10.1.1.9 Additional Statistical Considerations

An historical cohort was used as the control population in this study. The data for the historical
control population were collected in a natural history study: Study AGLU-004-00
“Epidemiologic study of the natural history of infanttle Pompe disease”. Data for the natural
history study were retrospectively collected from review of medical charts identified in an
international cohort of 168 patients with infantile-onset Pompe diseasc who did not receive
treatment. Thesc patients had documented GAA deficiency and onset of symptoms by the age of
12 months. A subset of 62 patients was then selected from within the AGLU-004-00 cohort
based on screening criteria adapted from Study 1602, This subgroup is known as the historical
control subgroup and was designed to select a control population that most closely matched the
study population entered into Study 1602. The inclusion criteria for the historical control
subgroup included age at first symptoms less than or equal to 26 weeks of age, age at confirmed
diagnosis less than or equal to 26 week of age, and presence of cardiomyopathy by 26 weeks of
age (LVMI >65 g/m”). Exclusion criteria included any known ventilator use between zero and
six months of age, documented major congenital abnormality, and clinically significant disease,
other than Pompe disease. Although no historical comparison can provide the certainty of
comparison as, for example, a placebo-control group, it appears that survival in the historical
control subgroup provides a reasonable control group for ventilator-free survival in the Study
1602 treatment group for comparison at the 18 month timepoint.

10.1.1.10 Protocol Amendments

There were five protocol amendments to Protocol AGLUOL1602. No patients were cnrolled under
the original protocol dated 25-September-2002. The protocol amendments are briefly described
as follows;

Amendment I, dated 12-March-2003: Two patients were enrolled and began treaiment under this
amendment. Changes included: spectfied that the central cardiologist would be blinded to
patient and study time point, added that investigators would remain blinded to the results of
efficacy, PK and PD variables, extended primary efficacy analysis to include the survival
probability and corresponding 95% Cl at 12 and 18 months, and other minor changes were
noted.

Amendment 2, dated 20-August-2003: Two patients were enrolled and began treatment under
this amendment. Changes included: modified the fength of the study to 52 weeks of treatment,
modified the primary efficacy endpoint to survival from birth at 18 months of age for paticnts
treated with thGAA for 52 weeks as compared Lo an historical cohort, modilicd secondary
objectives to include ventilator-free survival, added arterial pCO; =40 mmHg on RA to exclusion
criterta, and other minor changes.
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Amendment 3, dated 23-September-2003: One patient was enrolled and began treatment under
this amendment. This amendment included minor changes.

Amendment 4, dated 08-October-2003: Ten patients were enrolled and began treatment under
this amendment. Changes included: eliminated adaptive randomization based on ACE marker
allele status (in actuality, all patients were randomized by simple randomization procedures) and
other minor changes.

Amendment 5, dated 18-May-2004: Three patients were enrolled and began treatment under this
amendment. Changes included: 1) change to primary efticacy variable such that primary
efficacy would be measured by the Kaplan-Meier estimate of the proportion of patients treated
with thGAA who were alive and free of invasive ventilator support at 18 months of age as
compared to an historical cohort. The survival probability and corresponding 95% two-sided CI
would be estimated at 18 months of age for patients treated with rhGAA until 52 weeks after the
last patient was randomized to treatment; 2) Changes to sccondary efficacy endpoints would be
measured by evaluating the effect of treatment on time Lo ventilator dependence or death from
birth at 12 months of age. Time {o any ventilatory support or death, [.VMI and physical growth
were also added as secondary efficacy variables; 3) Changes to tertiary efficacy variables such
that efficacy would be measured by the Kaplan-Meier estimator of the proportion of patients
alive at 18 months of age, signs and symptoms of cardiac failure at Week 52, motor
development, maintenance of cognitive function, change in functional status, change in levels of
oligosaccharides in urine and plasma, and time on any ventilation bascline to Week 52, added
infusion visits and assessments after Week 52 to continue study until 52 weeks after the last
patient had been randomized to treatment, and other minor changes.

10.1.1.11 Study Conduct

The sponsor noted that the study was conducted under [CH/GCP guidelines.

Financial disclosures werc included in the submission, and notable findings include the
following:

i. Dr. _— noted payments from the sponsor (honoraria)
totaling $5,000, and tv  __

— _ —

——— ’ _ .nt
—_— .. The time period is from 2003 through Q2 2005.
The investigator notes that payments to — _ do notreflect monies paid
directly to the investigator,
2. Dr. - 7 reported $300 m honoraria, and
$40,000in - laboratory support grants for 2003 through Q2 2005.
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A Data Safety Monitoring Board (DSMB), comprised of three physicians (later added a fourth)
knowledgeable about Pompe disease and who had no direct relationship with the study provided
medical and ethical guidance related to the conduct of the study. The DSMB assembled
quarterly to review adverse events (AEs), serious AEs (SAEs), laboratory listings and for other
safety related reasons (please see DSMB charter for additional information). An independent
Allergic Reaction Review Board (ARRB} was also established, which was consulted on an ad
hoc basis to review reports of moderate or severe infusion-associated reactions (IARs) and
provide guidance on IAR management.

A central cardiologist read all echocardiograms and ECGs, and a central physical therapist
scored all motor and cognitive assessments. Three branches of a central laboratory (one each in
Europe, the US, and Australia) were used for standard safety laboratory analyses. GAA activily
in peripheral blood mononuclear cells (PBMC) was conducted in one of three laboratories (in the
US, Taiwan or France), GAA activity in skin fibroblasts was conducted at Duke University
Medical Center in North Carolina, and pathology, histochemical, pharmacokinetic, immunologic,
GAA mutational analyscs, CRIM status, ACE marker allele status, and gene expression analysis
were conducted in Genzyme specialty laboratories in Framingham, Massachusetts.

10.1.1.12 Study Results

Lfficacy and safety data for Study 1602 were received in multiple submissions. The sponsor
conducted an interim analysis after all patients had completed 26 weeks of treatment, and the 26-
week interim analysis of the efficacy and safety data was submitted as the original submission.
Per agreement with the sponsor, 52-week updates to the primary endpoint and major secondary
endpoints (AIMS, Pompe PEDI, BSID-I{ and growth) were submitted as Amendment 001 to the
BLA (received 01-September-2005). The sponsor later submitted updates for all the endpoints in
the study to on 02-November-2005 (Amendment 002). An update to the safety data with data
through 31-Oclober-2005 was submitted in the 4-month safety update on 05-December-2005
{Amendment 005). An additional update for the primary endpoint was obtained with a cutoff of
15-September-2005 after all patients except one had completed the study and reached 18 months
of age (Patient 319 had not yet reached 18 months of age, but had met the primary endpoint),
which showed essentially no change from the 15-June-2005 update. Thus, efficacy data in the
study to the cutoff date of 15-June-2005, aficr all patients had received 52 weeks of thGAA
treatment, and safety data collected up to 31-October-2005 (4-month safety updatc) were
available for all endpoints in the study and will be included in this review.

10.1.0.12.1  Patient Population

Nineteen (19) patients were enrolled in Study 1602 and 18 patients received treatment with
thGAA. The first dose of thGAA was administered to the first patient on 26-May-2003 and the
last patient enrolled received her first dose of thGAA on 03-June-2003. The last patient
randomized underwent her Week 26 visit on 24-November-2004 and her Week 52 visit on 15-
June-2005. There was one patient who was enrolled but not treated with thGAA (Patient 304).
This patient required invasive ventilation during the baseline period (exclusion criterion). Five
days after the informed consent was signed, this patient developed respiratory decompensation
and requiring intubation and mechanical ventilation. This patient had undergone some
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screening/baseline study-related procedures, but no invastve procedures (i.¢.. no central line
placement or muscle biopsy — personal communication with sponsor). The patient was
discontinued from the study and enrolled in an expanded access study. The remaining 18
patients completed the 52 weceks of the study, and there were no discontinuations. The following
table summarizes patient ages and length of treatment at the 26-week and 52-week data cut-off
timepoints.

Table A1-3; Study 1602, Summary of RhGAA Administration and Cutolf Dates

Patient Treatment Age at 1* Ageat Interim | Age at 20-Week | Age at 15-June- | Age at 52-Week
Group | [nfusion* Analysis Cutoftf Milestone 2005 Cutoff Milestone
(mg/kg) {mos}) {mos) (mos) (mas} (mos})
301 40 4.8 18.4 12.0 29.7 18.0
302 20 5.6 18.0 12.0 28.6 18.0
303 40 6.1 18.2 12.0 28.1 18.0
303 20 5.0 181 _ 2.0 _ *x 18.0
306 20 58 18.1 12.0 26.4 18.0
307 40 6.0 18.3 12.0 26.2 18.0
308 40 4.3 12.1 2.0 23.1 18.0
309 20 43 12.2 12.0 237 18.0
310 20 5.7 18.5 12.0 24.4 18.0
311 40 6.1 18.3 2.0 25.2 18.0
312 20 5.1 12.1 2.0 I 212 18.0
313 40 1.8 12.4 (2.0 18.5 18.0
314 20 1.9 12.0 12.0 18.0 18.0
315 40 1.2 _ 7.3 13 159 15.9
316 20 5.5 13.4 12.0 20.3 18.0
317 40 5.6 I P2 92 L 18.8 18.0
318 40 5.4 11.3 tL3 (7.9 | 7.9
319 ' 20 1.8 7.8 7.8 14.4 t4.4

*Corrected for gestational age (adjusted to full-term gestational age of 40 weeks if <40 weeks of gestation)
**Patient died at age 19.8 months

There were eight screen failures for the study, who did not qualify for the following reasons:
three patients did not have Pompe disease, were heterozygous, or baseline GAA was too high,
two patients died prior to completing screening procedures, two patients’ parents refused to
consent to the trial, one patient had a congenital abnormality, and one patient was on respiratory
support (later enrolled in Study 1702).

There were eleven international clinical sites participating in the study, and patients were

enrolled at seven of these eleven sites. Enrollment by clinical site is summarized in the
following table.
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Table Al-4: Stady 1602, Enroliment by Site

Site ID#  Sile (Investigator) ~ Hof Patients  Patients Enrolled at
Enrolled Site

01 Durham, NC, USA (Duke Univ. Med. Ctr, PL: P. Kishnani) 3 307,309, 311

02 Lyon, France {Pediatrigue Hépital Debrousse PI: M. Nicolino) 3 301, 308, 318

21 ~ Cincinnati, OH, USA (Cincinnati Children’s Hosp. Med. Ctr, PI: N. Leslie) ! 316

52 - Taipei, Taiwan, ROC (Natl, Taiwan Univ, Hosp., Pl WL HWu) 4 304*%, 305, 306, 310

60  Haifa, Israel (Rambam Med. Cir, PI: H. Mandel) 3 302,303, 315

(81 Gainesville, FL, USA (Shands Hosp Univ. FL, PI: B. Byme) 3 313,317,319

83 Manchester, UK (Royal Manchester Hosp PL JE Wralth) o 2 312,314

—
=

Total, n = 7 sifes

*Withdrawn prior to receiving thGAA

Randomization to treatment by study site is summarized in the table below. As patients were
randomized centrally in blocks of two, patients by dose were not balanced at cach site.

Table A1-5: Randomization to Treatment Group by Site

Site ..o »0 um 52 .60 81 83 |
All Pat:ents n = 3 3 1 3 1 3 7
20 mg/kg, n = ! 0 L 3 1 I 2
40 mg/kg, n = 2 3 0 0 3 2 0

*excluding Patient 304

At the end of the study after the last patient had completed 52 weeks of treatment( 1 5-June-2005),
17 of 18 were living (Patient 305 died at age 19.8 months of age after completing the 18-month
milestone, but while the study was ongoing), and of those 17 patients, 16 were enrolled in the
extension study AGLU02403. The remaining patient (Patient 303) was enrolted in an expanded
access protocol. Thus, all 17 patients were continued on thGAA.

10.1.1.12.2  Demographics

Baseline demographics showed that 11 of the 18 treated patients (61%) were male, and seven
were Caucasian (39%). One patient was diagnosed with Pompe discasc prenatally, and in the
remaining patients, the diagnosis was made between 0.2 to 6.8 months of age (median 4.3
months). Age at first symptoms ranged from 0 to 5.4 months {(median 1.0 month), and corrected
age (for gestational age) at first infusion ranged from 1.2 to 6.1 months {median 5.3 months).
Baseline demographics were stinilar between the two dose groups, with the exception of a minor
imbalance by gender with more males being randomized to the 40 mg/kg dose group. Baseline
demographic data were also similar to baseline data in the Historical Control Subgroup, which
had a median age at first symptoms of 1.9 months and median age at diagnosis of 4.1 months.
Baseline demographic data for patients enrolled in Study 1602 and the Historical Control
Subgroup are summarized in the following table.

Note: in the Study 1602 dataset, for patients with no age of first symptoms noted, imputed age of
first symptoms was date of diagnosis. I date of dlaﬂnosm’inqt symptoms not known {¢.g.,
month noted but no date) then patient was assigned the 15" of that month,
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Table Al1-6: Study 1602 and Historical Control Subgroup, Demographic Data

Study 1602 Historical Control
Treatment Group Subgroup
_ All 20 mg/kg 40 mg/kg All
ITT Population, n = 18 9 9 62
Demographic
Gender
Male, n (%) 11 {6l 4 (44) 7(78) 28 (45)
| Female, n (%) 7{39) 5 (56) 222) 3458y
Race )
) Caucasian, n (%) 7(39) 3(33 4 (44) 31(50)
Black, n (%0) 422y [NER)] 3(33) 4(6)
Asian, 1 (%) 3(17) 333 0 18¢29)
Hispanic, n (%) 2(11) 1(11) 1(1H 1(2)
Other, n (%) ) 20y 1(11) 1(11) ) 8 (13)
Age at First Symptoms (mos)
Mean 1.6 L7 L5 1.9
Median 1.0 1.5 0.4 19
Min, max 0,54 0,54 0,4.3 0,5.9
Age at Postnatal Diagnosis (mos) o o
Mean 3.6 4.0 33 3.6
Median 4.3 4.7 4.2 4.1
~_Min, max 02,68 0.7,6.2 02,68 Prenatal, 6.6
Chronologic Age at 1* [nfusion (mas) NA ’
‘Mean 5.1 5.1 5.1
Median 5.6 5.7 5.4
Min, max 12,73 19,7 1.2,7.3
Corrected Age at 1* Infusion (mos) o NA
Mean 4.6 4.6 46
Median 5.3 5. 5.4
Min, max 1.2, 6.1 1.8,5.8 12,61
APPEARS THIS WAY

ON ORIGINAL
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Study 1602 demographic data by individual patient are summarized in the following table.

Table AL-7: Study 1602, Demographic Data by Individual Patient

Patiecnt  Treatment  Gender Race - Chronologic Corrected* Age = Chronologic Age Chronologic
Group Age at 1 at 1" Infusion at Symptom Age at
(mg/kg) Infusion (mos) {mos) : Onset (mos) Diagnosis (mos) |
301 40 M Caucasian 5.0 4.8 c 0 0.7
302 20 M Caucasian 7.0 5.6 : 0 47
303 40 F Caucasian 7.0 6.1 : 2.4 4.9
305 20 _ F Astan 5.7 5.0 _ 2.6 4.0
306 20 M Asian 5.9 _ 58 1.5 4.8
307 40 M Black 6.9 6.0 4.2 _ 4.2
308 40 M Other 43 43 0 1.7
{Turkish) N
309 20 F Hispanic 53 4.8 0.2 5.0
310 20 M Asian 6.4 5.7 5.4 62
3H 40 M Hispanic 73 6.1 2.2 6.8
312 20 F Caucasian 5.1 5.1 2.3 29
313 40 F Black 2.3 1.8 0.4 0.7
314 20 M Other 1.9 1.9 0 0.7
' (Ecuadortan)
315 40 M Caucasian L2 1.2 _ 0.2 02
316 20 F Black 6.9 5.5 3 6.0
317 40 M Black 62 o 5.6 0.1 6.0
318 40 M Caucasian 5.4 34 4.3 45
319 20 F Caucasian 2.1 1.8 0 1.9

*Corrected for gestational age

10.1.1.12.3 Concomitant Medications

Approximately 700 different concomitant medications (conmeds) were administered during the
study for a wide range of conditions and indications, and all 18 patients used multiple conmeds
during the study. The most commonly recorded indications for conmed use included infection,
respiratory problems, acute illness (e.g., diarrhea, fever, URI), anesthesia for procedures (e.g.,
biepsies) and vaccinations. The most commonly prescribed medications were antibiotics and
anesthetic and analgesic agents (including local and system anesthetic agents, scdatives, and
analgesics such as acetaminophen). Medications were additionally specifically classified as
“premedication” by the sponsor. Nine of 18 patients required premedication during the study
beginning at Day O through end of study, which required administration at from three to 40 study
visits per patient. Medications used {or premedication included: antihistamines
(dexchlorpheniramine, promethazine, diphenhydramine) in cight patients, glucocorticosteraids
(solumedrol, prednisone, prednisolone, hydrocortisone) in six patients, antipyretics
(acetaminophen, ibuprofen) in three patients, and antiemetic agents in one patient (ondansetron).
Premedication conmed usage is summarized in the following table.
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Patient Dose Premedication Comments
Group Administrations
_ (ALH of Visits)
301 40 5(D Week 32 through 36, including solumedrol & dexchlorpheniramine T
303 40 103 (40) Weeks 2 through 86, including promethazine & hydrocortisone
305 - 20 =R Weeks 44 through 60, including dlphenhydramme
306 20 5(5) - Weeks 82 through 90, including ibuprofen
3o 20 IENERY] Weeks 58 through 78, including dlphenhydrdmme & solumedrol,
313 40 43 (34) Weeks 2 through 70 including diphenhydramine, acetaminophen, & lbuprofen
318 40 42 (20) Week 16 through 54 including, selumedrol & dexchlorpheniramine
317 40 25(i6) Weeks 2 through 54, including dlphenhydramme & solumedrol
319 20 39(22) Pray 0 through Week 52, including acetaminophen, dlphenhvd:‘ammc ondansetron,
prednisone, & preduisolone
10.1.1.12.4  Compliance with Study Medication

Study medication was administered at the clinical sites; thus, study medication administration and
compliance was largely under the control of study personnel. Compliance with study medication
was very high. Fourteen (14) of 18 patients received 100% of study medication. One patient had a
dose daly at Week 34 (308), and one patient received all doses except for one partial dose (Patient
312 received a partial infusion at Wecek 12 due to TV problems). Two patients missed more than
one infusion, including: 1) Patient 316, who missed the Week 36 dose due to illness, and received
a partial dose at Week 10 due to nursing error; and 2) Patient 303 who missed five doses due to
illness or AEs, and had three partial doses due to AEs. Study medication compliance is
summarized in the following table.

Table A1-9: Study 1602, Compliance with Study Medication

Patient Dose Weeks in Study Complete Doses ' Comments
Group Received (%)

301 40 Through Week 106 54/54 (100)

302 20 Through Week 94 48/48 (100)

303 40 Through Week 86 36/44 (81) S missed doses: received <5 mL at Weeks 2 and 38 due to AEs, missed
Weeks 70, 72 and 82 due 1o illness. 3 partial doses (Weeks 20, 22 and
78) due 1o Alis, [ARs, and infusion reactions

305 20 Through Week 60 31/31 (100) '

- 306 20 Through Week 90 46/46 {100)

307 40 Through Weel 84 43743 (100)

308 40 Through Weck 82 42/42 (100} Week 34 infusion given at Week 35 (venous access pro'blems)'

309 20 Through Week 80 41741 (100y

310 20 Through Week 78 40/40 (100)

311 40 ]hrough Week 78 40f40 (100)

312 20 Through Week 70 35/36 97 Partial dose at Week 12 due to IV problem

313 40 Through Week 70 3636 (100) '

34 20 Through Week 70 36/36 (100)

315 40 Through Weck 64 33733 (100)

316 20 Through Week 38 27129 (933 Missed dose at Week 36 due to illness. Partial dose at Week 10 due to
HArSing errer

317 40 Through Week 34 2828 (100}

318 40 Through Week 54 28728 (100)
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20 i Through Week 52 27/27(100)

10.1.1.12.5  Proiocol Deviations and Violations

Protocol deviations were noted to be frequent, and predominantly consisted of cut-of-window
infusions or assessments, deviations in rates of infusion, and missed assessments. These
deviations were felt to be minor and unlikely to impact on the overall study results. Protocol
violations reported were notable for:

1) Two patients (Patients 303 and 311) were 6.1 months of age after correction for
gestational age at first infusion (protocol required patients to be less than or equal to six
months plus zero days ol age). Exceptions for entry of these patients into the study were
granted by the Medical Monitor.

2} Patient 303 underwent randomization prior to Informed Consent having been signed
(Randomized 29-August-2003, Informed Consent signed 02-September-2003)

3) Patient 316 did not have updated Informed Consent Form signed prior to protocol
procedures being performed.

4y Patient 302 underwent AIMS, PDMS, Pompe PEDI, BSID and motor milestone
assessmenl prior to the Informed Consent having been signed.

5) Patient 310 had parental samples tor GAA mutation analysis drawn prior to Informed
Consent having been obtained.

6) Patients 3137s and 319’s parents were inadvertently given the Parental Genotyping
Informed Consent for Study 1702 to sign rather than for Study 1602 (forms are identical
other than protocol title and number)

7) DSl inspector of Site 81 (Gainesvitle site) noted that the three patients entered at site 81
(311, 317 and 319) did not have weight information entered correctly (mean weight only
entered, protocol states that three separate weights were to be obtained and the average of
three weights used for study drug dose calculation). It is unclear if three weights were
obtained and if the appropriate dose was given to these three patients (noted on protocol
deviation log that Patient 319 had measurements performed only once each at Week 38).
It is noted that all three of these patients required mechanical ventilation at 18.9, 9.2 and
9.1 months of age, tespectively.

8) Patient 307 received rhGAA intended for Study AGLUO02203 instead of Study 1602
rhGAA due to insufficient supply of Study 1602 thGAA. The AGLU02203 thGAA was
manufactured using the 2000 L manufacturing process.

[t is unlikely that these pratocol violations resulted in meaningful changes to the overall results
of the study, particularly the primary endpoint results.

10.1.1.12.6  Primary Efficacy Endpoint

The primary efficacy endpoint was the proportion of patients alive and free of invasive
ventilation using Kaplan-Meier methodology as compared to survival in the Historical Control
Subgroup at 18 months of age. For the primary analysis, time to event is measured from date of
birth. The results show that overall, three patients met the primary endpoint of invasive-
ventiation as of 18 months of age. No patient died  Two patients were censored as they had not
yel reached 18 months of age; however, neither one of these patients had reached a primary
endpoint as of 15-June-2005. An updale to patient status as of 15-September-2005 after all
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patients but one had reached 18 months of age showed no change in status for any patient
(Patient 319 was less than 18 months of age, but had met the primary endpoint of invasive
ventilator support). A comparison to the Historical Control Subgroup showed that of the 61
patients in the Historical Control Subgroup for whom an age of death is known (total 62 patients
in subgroup), one of the 61 patients (2%) survived beyond 18 months of age. Median age from
birth to first ventilatory support or death in the Historical Control Subgroup was 7.0 months
(95% CI1 6.5, 8.3). The results show a significant difference between rhGA A-treated patients and
untreated patients in the Historical Control Subgroup, with treated patients showing a survival
and ventilator-free survival advantage. The sponsor pooled the results of the two treatment
groups, but no obvious differences in the primary endpoint between the dose groups are seen,
with one patient in the 20 mp/kg group and two patients in the 40 mg/kg group requiring
invasive ventilatory support. The overall results for the primary endpoint at the 52-Week
milestone at the 15-June-2005 and 15-September-2005 updates are summarized in the following
table (summarized from sponsor’s submission):

7 Study 1602 _ Histerical Control

Dose Group n= Patients Patients Meeting Patients Proportion n= Paticnts Proportion

Alive & Primary Censored, Estimate & Alive, n (%) Estimate &

VF*, n (%)  Endpoint, n (%) n= 95% CI** o 85% CI#

As of 15-June-2005 Update e o o
Overall, n = 18 13(72) 3(17) 2 83 (66, 100) 61 1{2) 2{0,0)
20mgkg,n= | 9 8 (89) (11} 0 89 (68, 100y | - - .
40 mg/kg, n = 9 7 (78) 2(22) 2 78 (51, 100) - - -
As of 15-September-2005 Update o ] i
Overall, n= | 18 15 (83) 300 .0 83 (59,96) | 6t 1 (2) 2{0,6)
0mgkg,n= | 9 8(89) L(Ly 0 89 (52, 100) | - -
40 mgkg,n= | 9 7 (78} 2(22) 0 78 (40, 97) - -

*VF= ventilator free

**Proportions and CI from Kaplan-Meier analysis of time to invasive ventilation or death for 15-June-20035 update, exact CI for 15-

Sept-2005 update

#Proportions from Kaplan-Meier analysis of time to death.

The Kaplan-Meier curve for the time to invasive ventilation or death at the 18 month milestone
(as of 15-June-2005 cutoff] two patients censored) is represented graphically in the following
figure (electronically copicd and reproduced from the sponsor’s submission). The lower linc on
the graph is the survival rate estimates curve for the Historical Control Subgroup with 95% CI
surrounding 1t. The top line is the ventilator-free survival rate estimate curve for Study 1602
patients, with 95% CI surrounding it. It is noted that the analysis was the more conservative
criterion of non-overlapping 95% Cls, and not the statistical significance of the comparison of

1 8-month survival rates.
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Figure Al-1: Kaplan-Meier Plot of Time to Invasive Ventilation or Death from Date of Birth through 18-

Month Milestone Compared to Historical Control Subgroup Survival
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Patient status at the 52-week milestone (15-June-2005) is also summarized by individual patient
in the following table. ‘

Table Al-11: Study 1602, Status of Individual Patients at 52-Week Milestone, Updated with 15-September-2005 Results

Patient  Treatment Age*at 1 Age* at week  RhGAA exposure at Status at 52- Age*at start of
Group [nfusion (mos) milestone 52-week milestone ~ week milestone invasive
(mg/kg} {mos) (mos) (mos) ventilation (mos)

301 40 5.0 18.0 10.0 Invasive 15.0
302 20 7.0 18.0 11.0 Alive & VF -

303 40 7.0 18.0 10 Alive&VE ~
3035 20 3.7 18.0 123 Noninvasive (12.0)
306 20 59 180 12.1 Noninvasive (13.7)
307 40 6.9 18.0 111 Alive & VF -
308 40 4.3 18.0 7.8 Alive & VF -
309 20 5.3 18.0 6.9 Alive & VEF -
310 20 64 18.0 1.6 Alive & VF -
311 40 7.3 18.0 107 Alive & VE -
312 2 3.1 18.0 7.0 Alive & VF -
313 40 2.3 18.0 BURY Noninvasive (14.9)
314 20 1.9 18.0 10.1 Alive & VF -
315 40 1.2 5.9 6.1 Alive & VF -
316 20 6.9 t8.0 64 ~ Alive & VF -
317 40 6.2 18.0 30 Invasive 9.2
318 40 54 179 Alive & VF -
319 20 2.1 14.4 5.7 Invasive 9.1

*Age not adjusted for age at geslation. Ages in ( ) represent age al start of noninvasive ventilation.

**YT = invasive ventilator-free

Patients were cntered into the study at different times, and had varying lengths of trcatment and
ages at the 52-week milestone. As all patients continued to be followed, the status of all patients
at the 15-June-2005 and ] 5-September-2003 cutoffs was known. The results for all patients as of
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the 15-June-2005 cutoff showed that patient ages ranged from 14.4 10 29.7 months of age, and
total length of treatment with thGAA ranged from 12.3 to 24.7 months. Seven of the 18 treated
patients had reached the primary endpoint of invasive ventilation, and one of these seven patients
had died. The median age at invasive-ventilation or death is not yet known. These results also
show that for the threc patients on noninvasive ventilation at 18 months of age (Patients 305,
306, 313), all three patients subsequently required invasive-ventilation. The 15-September-2005
update showed no change in ventilator status for any patient; however, Patient 303 was noted to
have died in - after completing Study 1602 and being enrolled in an expanded
access program (personal communication with the sponsor). The status of all patients as of 15-
Fune-2005 is summarized in the following table.

Table Al-12: Study 1602, Status of Individual Patients as of 15-June-2005

Patient Treatment = Age* at [* RhGAA exposure at Age* at 15- Statusas of ~ Age* at start of Ape* at

Group Infusion 15-Jun-05 or time of  Jun-05 (mos) 15-Jun-05 invasive death

o (mg/kg) {mos} _ death (mos) o ventilation (mos) (mos)
301 H) ' 5.0 247 297 _ [nvasive 15.0 -
302 20 70 21.6 286 None - -
303 . 40 7.0 21.1 281 Invasive 24.5 -

303 20 5.7 14.0 - Invasive/died 19.4 19.8
306 20 59 _ 20.5 26.4 Invasive 19.7 -
307 40 6.9 19.2 262 None : - -
308 40 43 18.8 23.1 None . - ;
309 20 53 184 ' 23.7 None - -
310 20 6.4 : 17.9 24.4 None - -
311 40 73 ' 18.0 252 None . - -
312 20 5.1 ' 16.1 212 None - -
313 40 23 16.2 18.5 ~ Invasive (8.5 -
314 20 LY : 16.1 _ 18.0 None - -
315 40 1.2 ' 147 15.9 None - -
e 20 6.9 13.4 203 None - -
317 40 6.2 12.6 13.8 ~ Invasive 92 -
318 40 5.4 12.5 17.9 ' None . -
319 20 2.1 12.3 144 Invasive a1 -

*Chr(;notogic age not adjusted for age at gestation

10.1.1.12.6.1  Additional Primary Endpoint Analyses

Additional and exploratory analyscs of the primary endpoint were performed. The endpoint of
patients alive and free of invasive ventilator support at 12 months of age showed that two
paticnts, one patient in cach of the two dose groups, had met the primary endpoint at the 12-
month milestone (89% invasive ventilator-free survival). Both of these patients (Patients 317
and 319) were receiving invasive ventilation, and no patient had died. On comparison to the
Historical Control Subgroup, nine of 61 patients were alive at 12 months of age (15% survival);
however, the comparison of the treatment group in Study 1602 to the Historical Control
Subgroup is subjectto selection bias and the results are less reliable than for the 18-month
endpoint comparison (see sensitivity analyses below). The results overall and by individual
patient are summarized in the {following tables.
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TableA-13 : Study 1602, Additional Primary Endpoint Analysis, 12-Month Mitestone

Study 1602 S Historical Control
Dose Group n= Patients Alive Patients meeting Proportion n=  Patients Alive, n Proportion
& VF, n (%) Primary Endpoint, Estimate & (%) Estimate & 95%
n (%) - 95% €1 . Cl
Overall, n = 18 16 (89) 2011 89 (74, 100) 61 9(15) 17(7,27)
20 mp/kg,n= | 9 8 (89) 111 89 (68, 100) - ;
40 mg/kg, n = 9 £ (89) 1(11) 89 {68, 100) - - i

Patient status at the 26-week milestone (15-June-2003) is also summarized by individual patient
in the following table.

Table Al1-14: Study 1602, Status of Individual Patients at 26-Week Milestone, Updated Results as of 15-June-2003

Patient  Treatment Age*at 1%  Age* at 26-week - RhGAA exposureat = Status at 26- Age*at start of
Group [nfusion (mos)  milestone (mos) 26-week milestone week milestone invasive
(mg/kg) L (mos) ventilation (mos)

301 40 5.0 120 7.0 Noninvasive {12.0)
302 20 7.0 12.6 5.0 Alive & VF -
303 40 7.0 12.0 5.0 Alive & VI -
305 20 5.7 , £2.0 63 Noninvasive (12.0)
306 20 5.9 : 12.0 6.1 Alive & VF -
307 40 6.9 ' 12.0 5.1 Alive & VF -
308 40 4.3 12.0 7.7 Alive & VF -
09 20 5.3 12,0 6.7 Alive & VF -
310 20 6.4 12.0 5.6 Alive & VF -
311 40 13 12.0 4.7 Alive & VF -
312 20 5.1 12.¢ 6.9 Alive & VF -
313 40 ' 2.3 12.0 _ 9.7 Alive & VF -
314 0 20 19 12.0 10.1 Alive & VF -

315 - 40 1.2 12,0 10.8  Alive & VF -
316 20 6.9 12.0 - 5.4 Alive & VF -
317 - 40 6.2 12.0 5.8 [nvasive 92
318 40 5.4 12.0 : 6.6 Alive & VF -
319 20 20 12.0 _ 9.9 [nvasive 9.1

* Age not adjusted for age at gestation
**VF = invasive ventilator-free. Age at onset of noninvasive ventilation appears in ().

Exploratory evaluations by date of first symptoms, date of diagnosis, date of study treatment
initiation, length of thGAA treatment, and dose group assignment, revealed no obvious
differences in any of these parameters between patients who required invasive-ventilation or died
during study treatment and thosc who remained alive and ventilator-free. It is noted, however,
that for patients requiring invasive ventilation, the median age at the start of invasive ventilation
was 18.5 months, and eight of the cleven patients who were alive and free of invasive ventilation
were less than 18.5 months of age as of the last patient status update (15-September-2005). It is
not known if these younger paticnts will develop respiratory failure as they age. Patients by
invasive-ventilation status are summarized in the following table.
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Table AL-15: Patients by Invasive-Ventilation Status (last date noted 15-Sept-05)

Patient Dose Age at First ' Ageat - Age at First Age at Start of RhGAA  Ageat Cut-
(mg/kg)  Symptoms (mos) : Diagnosis Enfusion Invasive Exposure off (mos)
{mos) (imos) . Ventilation (mos) {imos)
Patients Requiring Invasive Ventilation
301 40 0 0.7 5.0 150 24.7 32.7
303 40 - 2.4 49 7.0 24.5 21.1 1.3
305 20 2.6 4.0 5.7 19.4/19.8% 14.0%* -
6 20 L5 4.8 59 19.7 20.5 294
313 a0 0.4 0.7 2.3 18.5 16.2 215
317 S 40 0.1 6.0 6.2 9.2 12.6 21.8
319 20 0 I LN 9.1 12.3 17.4
Mean - 1.0 . 33 49 16.6 17.3 25.7
Median .- 04 4.0 5.7 18.5 16.2 25.6
Min, max - 0,26 0.7, 6.0 21,70 9.1,245 14.0,24.7 174,327
Patients Not Requiring Invasive Ventilation 7
32 20 0 4.7 7.0 - 216 31.6
307 0 4.2 42 6.9 - 19.2 29.2
308 40 0 1.7 43 - 18.8 26.1
309 20 0.2 : 5.0 53 - 18.4 26.7
310 20 5.4 - 6.2 6.4 - t7.9 27.4
311 40 2.2 6.8 73 - 18.0 28.2
312 20 2.5 29 5.1 - 16.1 24.2
314 20 0 0.7 1.9 - 16.1 21.0
315 LD 0.2 0.2 12 - 14.7 18.9
316 20 3.0 6.0 6.9 - 13.4 233
318 40 43 . 45 5.4 - 12.5 20.9
Mean R 2.0 : 3.9 52 - 17.0 25.2
Median - 22 45 54 - 17.9 26.1
Min, max - 0,54 02,68 12,70 125,216 189,316

*age at death’
** exposure at time of death

14.1.1.12.6.2  Sensitivity Analyses of Primary Endpoint

To control for selection bias whereby “healthier” patients who survived to at least six months of
age were included and “sicker” patients who died at a younger age (i.e, less than six months of
age} were excluded from Study 1602, sensitivity analyses were performed by the sponsor. In
these analyses, the proportion of rhGAA-treated patients in Study 1602 who were alive and frec
of invasive ventilation at 12 and 18 months of age werc compared to survival rates from the
Historical Control Subgroup in which patients who died prior to three, four, five, or six months
of age were removed. The 12- and 18-month survival rates for the thGAA-treated patients
remained higher than the survival estimates for each of these analyses, with non-overlapping
confidence intervals. It is noted, however, that in the 12-month survival analyses, the proportion
estimates for survival increases in the Historical Control Subgroup steadily increased as the
younger aged patients were excluded, suggesting that the [2-month comparison was susceptible
to selection bias. This trend is completely climinated when | §-month survival is evaluated as
almost no patients survive in the Historical Control Subgroup at 18 months. Thus, ventilator-free
survival at 18 months appears to be a more robust asscssment vs. the historical control for
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discerning an thGAA-treatment effect. The sponsor’s results are summarized in the following

table (from the sponsor’s abridged final report).

Table Al-16: Study 1602, Sensitivity Analyses, Primary Endpoint

Study 1602 Historical Control Subgroup
Invasive Ventilator-Free Survivai Survival
Age n= Proportion estimate Age Milestone Subset n= Proportion estimate |
(95%CD) {(95% CI)
12 Months 18 89 (74, 100} All patients 61 17{7,27)
3 months 60 17(7,27)
4 months 57 18 (7, 29)
5 months 45 21 (9,33)
B 6 months 37 S 25(11,39)
18 Months 18 83 (66, 100) All patients 61 20, 6)
- ' 3 months 60 2(0,6)
4 months 57 2 (0, 6)
5 months 45 2.7
i 6 months 37 30,8 |
10.1.1.12.7  Secondary Efficacy Endpoints

16.1.1.12.7.1

The proportion of patients who were alive and free of any ventilatory support at 12- and 18-
months of age was assessed. Ventilatory support was defined as any invasive or noninvasive
form of ventilatory support. Ventilator use in planned surgical or protocol-related procedures, if
the total duration of ventilatory support was less than three days, was not counted as an event.
Patients were considered to be free of any ventilation at the 12- or 18-month milestones if they
were free of any ventilation for the 14-day period bracketing this date or, if they required
ventilator support at the target time point (for secondary causes only) and were able to come off
of ventilatory support for at least 14 consecutive days during a 30-day follow-up period.
Overall, the results show that at the 18-month milestone (52 weeks updated to reflect known
status of patients as of 15-September-20053), twelve patients (six in each dosc group) were alive
and free of any ventilatory support, three patients required invasive ventilation, and three paticnts
required noninvasive ventilatory support. At the 12-month milestone, four patients ({wo patients
in cach dose group} required any ventilatory support: two each invasive and noninvasive

“ventilatory support. Patients alive and free of any ventilatory support at the 12- and 18-month
milestones are summarized in the following table:

Alive and Free of Ventilatory Support
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Table Al1-17: 1602, Patients Alive and Free of Any Ventilatory Support at 12- and 18-Month Milestones

All 40 mg Group 20 mg Group Proportion Estimate

Treated Patients, n = 18 9 9 & 95% CI
12-Month Milestone '
Alive and Free of Any Ventilatory Support, n = 14 7 7 80 (60, 100)
Died, n = 0 O 0
On Ventilatory Support 4 2 2

Invasive 2 { 1

B Non-invasive I 2 t 1 o

18-Month Milestone
Alive and Free of Any Ventilatory Support, n = 12 6 6 67 (45, 88)
Died, n = 0 ] 0
On Ventilatory Support 6 k! 3

Invasive 3 2 1

Non-invasive 3 1 2

The results by individual patient are also represented graphically in the following figure
(electronically copied and reproduced from the sponsor’s submission):

Figure Al-2: Study 1602, Any Ventilator-Free Survival vs. Historical Control Subgroup Survival
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Overall, the results for any ventilator-free survival (invasive or noninvasive) as compared to
survival in the Historical Control Subgroup at Weck 52 showed a survival advantage in favor of
rhGAA-treated patients, which is consistent with the results of an invasive-ventilator free
survival advantage in the rhGAA-treated patients as compared to the Historical Control
Subgroup at Week 52 (primary endpoint).

10.1.1.12.7.2

Cardiac Parameters

Cardiac parameters were assessed by echocardiography, focusing primarily on lefl ventricutar
mass (LVM), LVMI, and ¢jection fraction (13F), which were assessed at bascline and at Weeks 4,
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8, 12,26, 38 and 52. Cardiac hypertrophy (referred to as cardiomyopathy by the sponsor) was
defined as an LVM greater than two standard deviations (SDs} from the mean for age-matched
normals. All patients had cardiac hypertrophy at baseline (entry criterion for the study). Fifteen
of 18 patients had LVMI and LVM Z-scores at baseline (missing Patients 302, 303 and 318).
The results show that all patients had a decrease in LVMI throughout the course of the study:.
LVMI progressively decreased from a mean at baseline of 193 g/m” to a mean of 87 g/m? at
Week 52 (mean change from baseline -118 g/m®). LVM Z-scores decreased from a mean of 7.1
(approximately 7 SD above the mean) at baseline to a mean of 3.3 at Week 52 (mean decrease in
Z-score of -4.3 al Week 52). The LVM Z-scores ranged from a minimum of 0.7 to a maximum
of 6.3 at Week 52, which is consistent with VM ranging from the normal range to some
patients continuing to have massively increased VM compared to normals. The EF results
showed a small mean increase in EI from a mean at baseline of 31% to 55% at Week 52. Mean
EI results initially showed decreases through Week 12, with subsequent smaller increases at
Weeks 26, 38 and 52. The cardiac parameter results through Week 52 are summarized in the

following table:

Table A1-18: Study 1602, Cardiac Parameters Baseline through Week 52

Baseline Week 4 Week8 = Week 12 Week 26 Week 38 ngk 52
Parameter : o
LVMI (g/m’), n = 15 6 16 16 14 12 ts
Mean 193 (72 147 130 98 100 87
Median 202 180 140 126 9 103 77
Range 59,302 73, 302 83,217 . 72,205 56, 158 61, 156 45, 157
ALVMI*(g/m"), n = - 14 13 R V) 1 14
Mean - -26 59 -0 110 -152 -118
Median - -27 -55 -78 -102 -100 -119
Range - 75,444 -120,0 -116, 26 -178, -43 -182, -46 -193, -45
LVM Z-Score, n = 1S 16 6 16 14 12 15
Mean 7.1 6.6 6.0 ‘ 53 40 4.1 33
Median 7.6 7.0 60 5.4 39 4.4 3.1
Range 26,93 3.0,93 18,78 30,75 2.1,64 2.1,63 0.7, 6.3
AZ-Score*, n = - 14 13 ; 13 12 12 4
Mean - -0.7 -1.6 . 2.0 -1.6 -3.6 -43
Median - 0.6 -8 -1.8 3.7 3.7 -4.8
Range . - -2.3, +0.8 3.0,-0.0 -3.1,-09 -5.5,-1.2 -5.8,-13 -5.8,-1.3
Ejection Fraction, n = 16 16 17 ' 16 15 13 s
Mean 51 44 42 44 55 53 55
Median 50 43 42 44 57 s3 56
Range 25, 76 27, 64 22,69 . 27,60 21,74 33,71 24, 76
AEF* n= - 15 15 : 14 13 12 16
Mean - -7 .11 ; -7 +1 +6 +2
Median - 3 9 -8 -8 5 +9
Range - 24, +11 38,410 ¢ 30,410 -14,426 -29, +23 40, +40

*Change from Baseline o
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The results for LVMI by study visit from baseline to Week 52 are represented graphically in the
- following figure:

Figure A1-3: Study 1602, LVMI (g/m?) by Visit from Baseline to Weck 52
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The results for LVM Z-scores by study visit {rom baseline to Week 52 are represented
graphically in the foliowing figure:

Figure Al-4: Study 1602, LVM Z-scores by Visit from Baseline to Week 52
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The results for ejection fraction by study visit from baseline o Week 52 are represented
graphically in the following figure:

Figure Al-5: Study 1602, Ejection Fraction by Visit from Baseline to Week 52
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Cardiac status was also assessed by the proportion of patients with signs or symptoms of cardiac
failure through Week 52 of the study (tertiary endpoint). There were two patients (Patients 309 and
314) who had signs or symptoms compatible with cardiac failure at baseline. By Week 52, four
patients (Patients 303, 306, 313 and 314; Patient 314 had cardiac failure AE at Day ! only) had AEs
reported that were compatible with or could be indicative of cardiac failure. However, it is noted
from a clinical standpoint that there is overlap in the signs and symptoms of cardiac failure with
respiratory failure in this patient population, and as there were no historical control data available for
comparison, no conclusions can be drawn from these cardiac failure results. It is additionally noted
that three of the patients listed below (Patients 303, 306 and 313) also developed respiratory faiture
requiring invasive ventilation at some time during the study. AEs reported during the study that are
compatible with cardiac failure are summarized in the following table:

Table A1-19: Study 1602, Cardiac AEs Compatible with Signs or Symptoms of Cardiac Failure

Patient SOC " AE Preferred Term Verbatim AE Term Days after
__ . L 7 _ o 1 Infusion |

303 Cardiac disorders ~ Hypertrophic obstructive cardiomyopathy Left ventricular outflow obstruction 580

303 _ Cardiac disorders ~ Hypertrophic obstructive cardiomyopathy LV obstruction 492

3_()6 Cardiac disorders Diastolic dysfunction Diastolic dysfunclion 411

313 Cardiac disorders Cardiac failure Worsening heart function 485

314 Cardiac disorders Cardiac failure Poor cardiac function 1

Overall, the cardiac parameter results showed decreases in LVMI and LVM Z-scores for all

patients from baseline at Week 52 that are consistent with the pharmacodynamic (PD) effect of
ERT with thGAA; however, there was no clear correlation by individual patient with decreases

in LVMI and changes in EF, nor was there a clear correlation with the changes in the cardiac

paramcters and clinical outcome assessed by invasive ventilator-free survival, motor
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development, or the development of cardiac AEs consistent with cardiac failure. Thus, the
relevance of the PD effect of thGAA treatment on cardiac function is unknown, and no clear
clinical effect of thGAA treatment on cardiac function could be definitively determined from the
available data.

10.1.1.12.7.3  Physical Growth

Growth was assessed through repeated measurements of body weight and length, and head
circumference. Growth data were expressed as standardized age- and gender-matched
percentiles and Z-scores with reference to the Center for Discase Control/National Center for
Health Statistics (CDC/NCHS) growth charts (Note: CDC/NCIIS charts are scaled for a US
populations and patients in this study are an international cohort). The quality of data supplied
by the sponsor for physical growth is poor contained obvious crrors in some patients that were
noted on review of the data, such as decreases in lengths and head sizes from prior time points,
and missing datapoints were frequent for many patients.

Despite limitations in data quality, the results show that ali patients had increases in length,
weight and head circumference from baseline through Week 52. For weight at baseline, mean Z-
score was -1.4 (-3.3 to +0.8). At Week 52, weight mean Z-score increased to -0.6 {-2.2 to +0.8)
consistent with improved weight gain approaching norms for age (all but two patients were
within two SD of mean for age at Week 52). For length, mean Z-score at baseline was -0.3 (-3.0
to +2.5) and at Week 52 was +0.5 (-2.7 to +3.4), with all but three patients within two SD of
mean for age (one patient was less than -2, and two patients were more than +2). Head
circumference at baseline showed a mean Z-score of -1.2 at baseline (-4.8 to +0.1), and at Week
52 mean Z-score increased to -0.7 (-2.6 to +0.9), with all but three patients within two SD of the
mean for age (three patients were less than-2, and no patient was greater than 42). The overall
study results for growth parameters from baseline through Week 52 are summarized in the
following table (a summary of growth parameters by individual patient is located in the
subappendix):

APPEARS THIS WAY
ON ORIGINAL
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Table A1-20: Study 1602, Growth Parameters

o Baseline Week 12 Week 26 Week 52 |
__F;ramcter
Weight (kg), n = 18 18 18 18
Mean 5.9 7.1 8.4 10.6
Median 5.7 7.1 87 10.6
Min, max 4.1,7.5 5.5, 8.4 63,98 9.2,12.8
Weight Z-score, n = 18 18 13 t8
Mean -1.4 -15 1.3 0.6
Median 1.7 16 -1.3 0.5
i Min, max -3.3,0.8 4.2, +0.9 -4.5, +0.1 22,408
Length (cm), n = 16 17 17 15
Mean 63 67 74 82
Median 63 69 75 82
Min, max 53,76 63,76 66, 80 74, 91
Length Z-score, n = i 17 17 13
Mean -0.3 0.2 +0.1 +0.5
Median 0.3 0 +0.5 +0.5
Min, max -3.0,+2.5 -2.5, 121 -3.9, +1.6 2.7,+3.4
Head Circumference (cm), n = 14 17 16 15
Mean 41 42 44 46
Median 41 43 45 47
Min, max 36, 44 39, 46 42,47 43,49 |
Head Circumfercnce Z-score, n = 16 17 16 15
Mean -1.2 -1.4 -[.0 -0.7
Median 10 -1 0.9 0.5
Min, max 4.8, +0.1 -4.4, 402 32,404 -2.6, 0.9

Weights from baseline to Week 52 are represented graphically in the following figure:

Figure Al-6: Study 1602, Weights (kg) from Baseline through Week 52
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Weight mean Z-scores from baseline to Week 52 are

figure:

Figure A1-7: Study 1602, Wei

—_— .

represented graphically in the tollowing

ght Z-scores from Baseline through Week 52

i
_._.2.. ],, - —_ —
,O,, L — JE
5l 5 T
- 1
'_ o
. .,2 T —_ - _ -
: )
,,_4 ‘_. — e —
el
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Figure Al1-8: Study
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Length mean Z-scores from baseline to Week 572 are represented graphically in the following

figure:

FigureA1-9: Study 1602, Length Mean Z-scores from Baseline through Week 52

A
L 2

Head circumferences from baseline to Week 52 are represented graphically in the following

figure:

Figure A1-10: Study 1602, Head Circumference

(cm) from Bascline through Week 52
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Head circumference mean Z-scores from baseline to Week 52 are represented graphically in the
following;:

Figure Al-11: Study 1602, Head Circumference Mean Z-scores from Baseline through Week 52
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A consultation from the Division of Pediatric Drug Development was requested by the Division
on the growth assessments used in this study, and the following comments are noted (for a
complete review by the Pediatric consultant, please see Medical Officer Consult, by Hari Sachs,
M.D., FAAP):

Data from the Historical Cohort (n=168) suggest that median weight-, height- and head-
circumference percentiles at birth were only slightly smaller than average, but final
measurements indicate that the weight and head circumference measurements were less
than the tenth percentile (interpretation of these data is limited as the methodology
utilized to measure these growth parameters was not specificd and measurements for each
patient were not available for review). Feeding difficultics and faiture-to-thrive were
present in greater than 50% of patients and greater than 75% of patients received
nutritional support, but whether or not feeding difficulties were present is not known in
approximately 30% of the historical cohort limiting the usefulness of these data.
Limitations in Study 1602 data were noted (errors, missing data and reference to US
population norms only).

Presentation of weight for length to assess relative failure to thrive, and analysis
regarding method of feeding and calorie intake were recommended by the Pediatric
Consultant, but were not available for study 1602, :

Head circum{erence results noted two patients (Patients 311 and 317) with relative
microencephaly (small head sizes disproportionately small compared with length).
Relative microencephaly is of significance due to the association between developmental
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delay and microencephaly. Increasing head size was also noted by the Pediatric
Consultant as possibly being of concern as this may represent either catch up growth or
CNS glycogen accumulation similar to that found in other storage disorders.

The overall conclusion was that effects on growth are unclear, as growth was not correlated with
feeding method, gestational age or nutritional status. There were missing data and errors in
length and head size measurements noted. It was recommended that follow-up trials for infants
should included standardized measurements and analysis of growth in relationship (o feeding
method and nutritional status, and weight for height data should be presented. This Reviewer is
in agreement with the findings and recommendations of the Pediatric Consultant, and although
the growth data appear to show encouraging trends in growth, further stud v 1s warranted based
on the limitations in the data as noted above.

10.1.1.12.8  Tertiary Efficacy Endpoints
(An overall assessment of the motor and cognitive development findings for the AIMS, Pompe
PEDI and BSID-IT tests is provided after the BSID-II summary. )

10.1.1.12.8.1  Alberta Infant Motor Scale (AIMS) Performance Scores at Week 52

The AIMS is a widely used observational measure of infant motor performance that assesses
motor maturation of the infant from term (40 weeks gestational age) through the age of
independent walking (approximately 18 months of age). AIMS describes the motor development
sequence according to the development of postural control relative to the various postural
positions: prone, supine, sitting and standing (tmaximum scores prone 21, supine 9, sit 12 and
stand 16). Observations are scored (maximum 58 points for raw score), and the raw score is
converted into an age-equivalent score (the age at which 50% of healthy peers achieved such
score, indicating the developmental age at which the patient is performing). The following is a
listing of the scored motor development milestones from the AIMS test (discrete milestones
grouped in four categories: supine, floor mobility (prone), sitting, standing/walking, which are
roughly hierarchical in terms of difficulty within each category but do not reflect a
developmental sequence). At each assessment, the patient’s score was equal (o the total number
of milestones achieved (table clectronically copied and reproduced from the Sponsor’s
submission):

APPEARS THIS way
ON ORIGINAL
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Figure A1-12: AIMS Motor.Development Milestones

Positiang Milestone Desceiption

Supine Or Supporicd Supinc | Tumns Head Side To Side To Loak At Parent

Grasps Smudl Ohjoci

Rewches Up O Out To Grasp Small Object

Brings Honds Toagiher in Midlins

Trangfiers Small Object Hand Ta Hand

Floar Mobility Rols Prone To Supinc Posigion

Rallsx Supine To Prone Position

Supparted Holds Head Uprighy With Body Supporied in Chair Or 13y
Sitfing Person

Holds Head Stendy While Avonding To An Activiry-tneink
Supporicd

Cirasps Sniall Obyjoct

Beaches Elp Or Out o Grasp Snadl Object

Brings Hands Together bn Midtine-supported Suting

Feansfors Smaft Object Hand To Hand

Srteivg Lndependent | §uyg Independenthy-proppsd Without Independent Head Contrml
' Sitting Sus indeperdenity-holds Head Steady To Atiend To Act wily
Grasps Small Object

Reaches Up Or it To Grasp Small Objent

Brings Hands Together In Midiine-indopondent Sittiy
Transices Small Object Hand To Hand

Sutisg | Palls To Sir Without Hend Lag
Transitions

Transitions From Floor fnio Sitling Independently

Standmy and Walking Bears Weight Through Lower Bxtremifios

Walks With Hands Held

Pulls Tn Stand Independently

Walks Endependonily

Welks White Carrving Ozt

Goes Up Stairs Wigh Assistnee (ruil, huadfs} held, assistive
deviced

Gioes Up Starrs Independonthy

The results show that at baseline all patients except one (Patient 302) had motor scores less than
the 50" percentile for ape (11 of whom had percentile scores less than or equal to the first
percentile). By Week 52, 13 patients showed varying degrees of increases in motor raw scores
(achieved new motor milestones). Seven of these 13 patients demonstrated motor development
in the greater than or equal to the 50th percentile for age (raw scores 55-58 out of a possible 38).
The remaining six patients had percentile scores ranging from less than the first (o ninth
percentile for age (raw scores 16-51) demonstrating progress in these patients in motor develop,
albeit delayed for age. Five patients (301,305, 306, 317 and 319) failed to achieve new motor
milestones as demonstrated by the AIMS test, with little to no increases (or regression) in the
AIMS raw score. Tt is noted that all five of these paticnts required invasive or noninvasive
ventilation at the 52-week milestone (as did Patient 313, raw score 5 t, ninth pereentile, who
required noninvasive veatilation), Historical control comparisons were not provided for the
AIMS results, nor for any of the motor or developmental assessments performed as part of this
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study. However, as infantile-onset Pompe disease is a
milestones with increasing age is noted to be charac

progressive disorder, and loss of motor
teristic of disease progression, gains in motor

milestones would not be expected in any untreated patient. The AIMS results at baseline and

Week 52 by individual patient are summarized in the followin

AIMS results by

g table (a complete listing of
individual patient is located in the subappendix).

14

Tabie Al-21: Study 1602, AIMS Motor Performance Scores from Baseline to Weck 52
Patient Week Chronologic Age Raw Score Age Equivalent Percentile Score Status j
(mos) (58) __Score(mosy | o
301 Baseline 4.8 6 1] <t T
52 [7.1 5 08 S Invasive
302 Baseline 6.6 24 6.0 66 |
52 18.9 58 214 | =50 A & Vi
303 Baseline 7.0 15 4.0 2 T
52 19.4 ss 13 250 | A&VF
305 Baseline 5.6 3 <0.5 <l o o
52 7.8 B . S R = B =l | Noninvasive
306 Baseline 5.8 7 14 <1 -
52 176 2 <05 =l | Noninvasive
307 Baseline 6.6 12 33 l
52 18.9 58 L >S50 A& VF
308 Baseling a1 4 < <l T ]
' 52 162 58 14 >50 A & VF
309 Baseline | 5. 13 36 7 ,
52 17.1 57 >14 250 A& VT
310 Baseline 6.4 g 3.0 <l _
52 184 47 99 - D A & VF
31 Baseline 7.2 I <(.5 <t -
52 19.2 16 42 <l A& VF
312 Baseline 4.8 7 1.3 <l _
- 52 7.0 39 8.4 <l A& VF
313 Baseline 20 6 1.0 16 T _
52 e 0 s L LT R I Noninvasive
314 | Baseline 1.6 6 10 25 ]
52 13.8 39 8.4 <1 A& VI
315 Baselinc 04 T I T e — ! T
52 - 13.0 B - =14 435 A& VI
316 Baseline 67 7 [T S e A —
52 ‘ 18.9 5T . zl4a =50 B A& Vi
317 Baseline | 6.2 1 05 T
52 187 0 | <05 <1 Invasive
318 ‘Baseline 53 s 08 <1
52 l7.3 29 | 6.7 B <1 A & VF
319 | Baseline 20 s s T T
26 i 6 1.0 <] Invasive
L 52 __Notavailable _Not available _ Notavailable Notavailable |
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The AIMS results arc also represented graphically in the following figure (electronically copied
and reproduced from the sponsor’s submission):

Figure A1-13: AIMS Motor Performance Age-Equivalent Scores from Baseline to Week 52
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10.1.1.12.82  Pompe PEDI Evaluation of Disability inventory

The PEDI” is a standardized instrument developed to assess the functional capabilities of
children six months to seven and a half years of age. Functional skills (performed
independently) and caregiver assistance skills (performed with assistance) arc assessed in three
contents domains: self-care (e.g., feeding, grooming bathing, dressing), mobility (e.g., chair or
bed transfer, locomotion), and social function (e. g., comprehension, expression). Higher scores
indicate better performance and increased independence. The PEDI is administercd as a parental
report.questionnaire.

The Pompe PEDF is a standardized, modified version of the PED] specifically designed for
patients with Pompe discase. Since Pompe disease primarily impacts motor function, the PEDI
mobility and sclf-care functional skill scales were modified for the Pompe PEDI by adding items
that reflected the types of functional skills and deficits noted in children with Pompe disease, and
new items were added to the original PEDI to increase the ceiling level, decrease the basal level,
create smaller skill increments between items to improve scoring precision and potential
sensitivity to change, and to include assistive technology items (e.g., use of wheelchair), The
Pompe PEDI was administered as a telephone interview questionnaire and parent-reported items
were scored as “capable” or “unable™. Raw scores are transformed to normative and scaled
scores. Normative scores are available for children up lo seven yecars of age to describe how a
child is performing compared to same-aged peers without a disability. Scaled scores are reporied
on a 0-100 continuum used to represent functional skills achieved (the higher the score, the more
skills the child can perform). The mobility scales has four levels (by scaled score): limited
movement (0-30) for patients who are not yet mobile, incipient mobility (30-50) for patients who
use powered wheelchairs or have floor mobility/weight bearing, basic self mobility (50-70) for
patients manually driving a wheelchair or walking with crutches, and advanced skill movement
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(70-100) for patients who are self-mobile and can participate in sports. Self care scores also
have four levels of function: object use (0-30) describing patients who can use their hands and
fingers but not shoulder, incipient self-care (30-50) for patients who exhibit improved fine notor
and proximal control and can assist caregivers, basic person care (50-70) for patients who can
bathe, dress, and perform personal hygiene on their own with minimal assistance, and advanced
self care (70-100) describing patients who can perform toileting, tytng shoes, grooming hair and
managing personal hygiene. For the Pompe PEDI, 50% of non-disabled 18-month olds will
score a 48 for mobility (range 38-60 for the 3" to 97" percentiles).

The results for the mobility scores showed that at baseline, 13 of 18 patients had normative
scores less than 50 (ranging from 16 to 47) and five patients had scores greater than 50 (ranging
from 52-64). At Week 52, two patients had normative scores greater than 50, and 16 patients
had scores less than 50 (less than 10 to 49), six of whom had scores less than 10, indicating
substantial motor developmental delay compared to non-disabled peers. By scaled scores, which
show the child’s motor devefopment compared to the same child’s previous scores and allowing
an assessment of the same child over time, four patients (301, 305, 306 and 31 7} showed
essentially no increases in scaled score (or a decrease), and 14 patients showed mobility score
gains from baseline to Week 52 of varying amounts, Higher scaled scores were associated with
a better outcome. Of the six patients requiring invasive or noninvasive ventilation, five of these
patients had scaled scores less than 20 at Week 52 (301,305, 306, 317 and 319), which shows a
strong association of low mobility scaled scores and eventual ventilator dependence (the sixth
patient requiring noninvasive ventilatory support [Patient 313] had a scaled score of 41}, There
were no obvious differences in the results by treatment group. The results for the self-care score
were similar to the mobility scores.

By comparison with typically-developing 18-month olds (scaled score range 38-60 for the 3 to
g7 percentiles), nine of 18 Study 1602 patients scored less than the third percentile for mobility
and 15 of 18 scored less than the third percentile for self-care, showing substantial motor
developmental delays compared to same-age peers. However, similar to the AIMS results, no
increases in motor milestones as demonstrated by the Pompe PEDI would have been expected in
any untreated infantile-onset patient. The Pompe PEDI mobility and self-care scores by
individual patient are summarized in the following tables and are represented graphically in the
following figures (with thanks to Ellis Unger, M.D., Ph.D CDER) (a complete listing of Pompe
PEDI scores is located in the subappendix).
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Table A1-23; Study 1602, Pompe PEDI Scores, Mobility Scores

Patient/ Week Chron Age _ ~ Mobility Scores Status
Dose Group (Mas) Raw Scaled (SE) Normative Std
301 Baseline 4.8 2 8.1(3.0) 34 -
40 mg 52 171 L 4.5 (3.6) <i0 lavasive
302 ~ Baseline 6.6 15 26.7(L.5) 62
20 mg s2 18.9 86 54.8 (1.0) 51 A & VI
303 Baseline 7.0 9 21.0 (1.9 16
40 mg 52 19.4 63 48,7 (0.9) 37 A & VF
305 Baseline 5.6 b 16.8 (2.2) 47
20 mg 52 17.6 6 16.8 (2.2) < Noninvasive
306 Baseline 5.8 9 21(1.9) 54 R
20 mg 52 17.6 3 10.8(2.7) <10 Noninvasive
307 Baseline 6.6 9 21.0(1.9) .54 o
40 mg 52 1 i89 72 50.7(0.9) 41 A& VF
308 Baseline 4.1 3 10.8(2.7) 38 o
40 mg 52 162 53 44.9 (1.0) 45 A & VF
309 Baseline 5.1 9 21.0(1.9) 54
20 mg 52 17.1 64 48.4 (0.9) 52 A & VF
310 Baseline 6.4 12 24.2(17) 23
20 mg 52 18.4 51 442 (1.0) 26 A & VF
311 Baseline 7.2 4 13.1(2.5) 42 '
40 mg 52 19.2 18 28.8 (1.4) <10 A & VF
312 Baseline 4.8 6 16.8(2.2) 47
20 mg 52 17.0 27 34.0 (1.3) 23 A & VF
313 Baseline 2.0 2 81(3) 34
40 mg 2 4.0 42 40.9 (1.1) 37 Noninvasive
314 Baseline 1.6 1 45(3.6) 29 o
20 mg 52 13.8 28 34.6 (1.2) 24 A& VF
s Basetine 0.4 0 - 0(5.8) 22
40 mg 2 0130 60 47.2 (LO) 49 A& VT
316 Baseline 6.7 8 19.8 (2.0) 52
20 mg 52 18.9 80 53.0 (0.9) 47 A & VF
317 Baseline 6.2 2 3.1(3) <10 )
40 mg, 52 187 3 10.8(2.7) <10 [nvasive
318 Baseline 3.3 3 10.8(2.7 38
40 mg, 52 173 29 35.1(1.2) 25 A& VFE
319 Baseline 2.0 ¢ T 0(5.6) 22
20 mg 52 144 6 16.8 (2.2) <10 Invasive
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Table Al1-24: Study 1602, Pompe PEDI Scores, Self-Care Scores

Patient/ Week Chron Age _Self-Care Status
Dose Group {Mos) Raw Scaled (SE) Normative Std
301 Raseline 48 3 _ 188(28) 58 o
40 mg 52 17.1 7 23.1 (2.5) 11 Invasive
302 Baselie 6.6 8 L 23.0(25) 7
20 mg 52 18.9 46 $3.0(1.2) 54  A&VF
303 Baseline 70 | 10 28.7(2.4) 3l
| 40mg 52 (9.4 25 42.4 (1.4) 30 A & VF
305 Baseline 5.6 5 18.8 (2.8) 58 |
20 mg 52 17.6 6 21.0(2.6) <10 Noninvasive
306 Baseline 5.8 3 127(3.5) 46 |
20 mg 52 17.6 3 127(3.5) <i¢ Noninvasive
307 Baseline 6.6 10 26.7(2.4) 79
40mg | 52 189 | 33 46.7(1.3) 40 A & VF
308 Baseline 4.1 1 4.9(4.0) 60| T
| 40mg 52 16.2 35 | 41703 | ss A& VF
309 Baseline 5.1 6 21.0¢2.6) 63 |
20 mg 52 17.1 30 45.2 (1.3) 53 A& VF
310 Baseline | 6.4 o 8 25.0(2.35) 2
20mg 52 18.4 31 45.7(1.3) 38 | A&VF
311 Baseline 72 9 C26.8(2.9) 75 N
40 my 52 19.2 25 424(14) - | 39 A & VF
-312 Baseline 48 _ 6 210 (2.6) 63
20 mg 52 17.0 32 462(13) | 55 A & VF
313 Baseline 20 6 21.0 (2.6) 63 o
40 mg 52 14.0 23 41.2(1.4) 46 Noninvasive
34 Baseline 1.6 _ 2 _ 9.0(3.5) _ 35
20 mg 52 13.8 19 38.6 (1.5) 41 A& VF
315 Baseline - 04 _ LU 0(6.3) 19
40mg 52 13.0 25 42.4(1.4) 48 A & VF
316 Baseline 6.7 Y 287 (2.4 79 :
20 mg 52 18.9 48 | 539(12) 56 A& VT
317 Baseline 6.2 3 127 (3.5) <10
40 mg 52 18.7 7 O 23.1(2.5) <10 Invasive
318 Bascline 53 6 20026) | a3
| a0 mg 52 17.3 23 41.2(1.4) 46 A & VF
319 Baseline | 2.0 2 9.0(3.5) T R R
| 20mg 52 Not avail 1t 30323 25 Invasive
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Figure Al-14: Study 1602, Pompe PEDI Mobility Scores, 20 mg/kg = black line, 40 mg/kg = dotted gray line
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Figure A1-15: Study 1602, Pompe PEDI Self-Care Scores, 20 mg/kg = black line, 40 mg/kg = dotted gray line
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The Pompe PEDI social function scores assessed skills such as comprehension and expression,
At baselinc for almost all patients, normative scores could not be obtained due to the young age
of the patients. At Week 52 by normative scores, four patients scored greater than 50, 13
patients scored 27 to 48, and one patient scored 13. By scaled scores, all 18 patients showed
increases from bascline to Week 52 (intra-patient comparison). There was no obvious
correlation between a patient’s motor or self-care scores and the social score, nor was there an
obvious correlation between social score and eventual ventilator dependence. The Pompe PED]
social function scaled scores by individual patient are summarized in the following table and are
represented graphically in the following figure (with thanks 1o Elljs Unger, M.D., Ph.D., CDER)
{a complete listing of social function scores is located in the subappendix).

Table AI-25: Study 1602, Pompe PEDI Scores, Social Function Scores

Patient/ Week Chron Age Social Function Scores Status
Dose Group (Mos) Raw Scaled (SE) Normative Std
301 Raseline 4.8 4 14.7(3.2) NA
40 mg 52 176 i2 Jo.I{ts)y A5 [nvasive
302  Baselinc 6.6 5 21.6 (5.9) NA R
20 mg 52 18.9 20 42.5(1.3) 37 A & VI
303 Bascline 7.0 k 10.5(3.2) 29
40 mg 52 19.4 16 39.6 (1.4) 29 A& VF
305 _ Baseline 5.6 5 21.6(5.5) _ NA o
20mg 52 17.6 9 3129(.7 41 Noninvasive
- 306 Baseline 5.8 7 30.02.0) NA
20 mg 52 17.6 H) 34.0(1.6) 43 Noninvasive
307 Baseline 6.6 3 10.5(3.2) NA -
40 mg 52 18.9 13 38.8 (1.4) 27 A & VF
308 | Baseline 4.1 2 6629 NA ,
40 mg 52 16.2 19 41.8(1.3) 53 A& VF
309 | Baseline 5 3 10.5{(3.2) NA
20 mg 52 17.1 16 39.6 (1.4) 30 A & VF
310 Baseline 6.4 5 21.6 (5.5) 43 _
20 ng 52 184 (7 - 40.4(1.3) 3t A & VF
3 ~ Baseline 72 2 6.6 (2.9} NA N
40 mg 52 19.2. 5 1 38804 27 A& VF
312 Baseline 4.8 2 6.6(2.9) NA T
20 mg 52 7o 18 41.1(1.3) 53 A & VF
313 Basclme 2.0 i 3.0 (3.1 o A
40 mg 52 LMo L 12 36115 45 Noninvasive
314 Baselinc 16 T O0NA) | NA
20 mg 52 13,8 8 31.6(1.8) 39 A & VF
315 Baseline 0.4 0 C0(NAy NA
40 mg 52 13.0 14 37.9(1.5) 48 A& VF
316 Baseline 6.7 3 110532 NA
20 mg 52 18.9 22 43.8(1.2) 41 A & VF
317 Baseling 6.2 2 __G?QW T T T
AWmg 52 T R () ol 3416y ! 13 Invasive
318 Baseline 53 4 14732 | T T Na T T T
40 mg 52 A e 40.4(1.3) 51 A& VFE
39 ~Baseline 20 2T T H N7 N S —
20 mg 22 [ Notavail 1z SONAS) | A5 | Invasive
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Figure A1-16: Study 1602, Pompe PEDI Social Scores, 20 mg/kg = black line, 40 mp/kg = dotted gray line

60 o - j ~+= 302
| a- 305
—0- 306
-4~ 109
-#- 310
-v- 312
., ~0- 314
-0~ 316
-¥- 318

=i= 301

Social scaled score

=ae 303
sle 307
@im 308

=em 31

== 315

] eme gy
100 =72 318

Study Week

10.1.1,12.8.3  Bayley Scales of Infant Development 11 (BSID-II)

The Modified Bayley Scales of Infant Development (BSID-II) is used to assess cognitive,
language, and personal/social development in children from one through 42 months of age. The
mental age-cquivalent score is used to determine the age level at which a child is functioning,
regardless of chronological age, while the mental development index (MDI) score is used to
compare a child’s performance to that of same-age normally developing peers. MDIs within
normal limits (WNL) range from 85-114, mildly delayed performance range from 70-84, and
significantly delayed are less than or equal to 69. The BSID-II was not intended to be
administered to seriously ill children, or children with severe motor impairment, as test
assessments require cooperation with the examiner and some of the test assessments in young
children require some motor abilities (e.g, pointing to and picking up objects). Thus, for the
seriously ill or severely motor impaired children in this study (e.g., those ventilatory dependent),
the results may not necessarily accurately reflect the child’s mental development.

The results show that 17 of 18 patients had increases in their total raw score from baseline at
Week 52 (Patient 306 had a decrease in score). At bascline, compared to same-age normally
developing peers (MDI), nine of 17 tested patients scored in the normal range, three showed mild
delays, and five showed significant delays. Al Week 52, nine of 18 patients scored in the normal
range, four showed mild delays, and five showed significant delays. Of the five patients showing
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significant delays at Week 52, four patients were on ventilation and had motor
delays on the AIMS and Pompe PEDI assessments.

developmental
The long-term cognitive develop in

infantile-onset Pompe disease is not known, as historically, almost all of these infants have not
survived beyond age 18 months. The BSID-II results in this study are also not predictive of
future cognitive development (e.g., school-age function). The BSID-II results at baseline and
Week 52 for individual patients is summarized in the following table (complete listing is located
in the subappendix) and represented graphically in the following figure (figure electronically

copted and reproduced from the sponsor’s submission).

Tahle A1-26: Study 1602, BSID-1I Scores

Patient/ Week Total Raw Chron Age Age Equiv MDI " Outcome
Dose Group Score {Muos) (IVMos)
301 Bascline 38 48 3 63 Invasive
40 mg 32 i 82 [7.1 11 56
302 Baseline 39 6.6 6 107 A& VF
20 mg 52 109 18.9 {7 85
303 Baseline 62 7.0 6 98 A&VF |
40 mg 52 101 19.4 s 77
305 Baseline I 5.6 <1 <50 Noninvasive
20 mp 52 76 17.8 9 52 '
306 Baseline 34 5.8 3 <50 Noninvasive
20 mg 52 Not available
64 25 203 2 <50
307 Baseline 58 6.6 5 90 A& VF
40 mg 52 106 18.9 16 79
308 Baseline 38 4 3 87 A & VF
40 mg 52 96 16.2 14 86 '
309 Baseline ST 5.1 5 [03 A&VF |
20 mg 52 107 17.1 17 107
310 Baseline 41 6.4 4 56 A&VF |
20 mg 52 101 18.4 15 77 '
311 Baselne 60 72 5 94 A& VF
| 40my 52 104 19.2 16 83
312 Baseline 45 4.8 4 101 A& VF
20 mg 52 102 17 16 88
313 Baseline 1 20 o 78 Noninvasive |
40 mg 52 96 4 14 103 3
314 Baselinc 8 L6 <1 87 A& VE
20 mg 52 8 13.8 10 65
315 Baseline 0| 04 < Not dane A& VF
40mg 52 93 13 13 105 )
316 Bascline 56 6.7 5 101 A&VE |
| 20mg 52 | 109 18.9 17 102
317 Baseline 53 62 5 80 invasive
. 40mg 52 6 | 187 9 <50 '
318 Baseling 47 53 4 83 A&VE
| 40mg 52 10l 173 15 86
3i9 Baselme | 9 20 <] 62 Invasive |
 20mg A 144 14 103 |
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Figure A1-17: Study 1602, BSID-1I MIM Scores from Baseline through Week 52

MODIFIED BSID-H MENTAL DEVELOPMENTAL INDEX SCORES
Efficacy Population

1507 20 mpikg
g ) 40 mpdky
& 144
v
v 130
I
-3 Acetiersed
= ! :"U 1 Peifornuawe
=2 i1t
o Within
= 1O Konnal
o Linsie:
= G
o - L Eoias g ek Laadi s o Lo e ST - P i - S S
L Adibdly
o4 ht¥] Dt
- Derfornwmwe
= T - o
F k| Shanifhcantdy
}i [HY] hakyven!
Sl A IFertormaee
M
T T T T T T o
-4 1l 1 M R4 S
Tune From Treatment Initiation { Woeks)
Patient [[3  ®7%™ 0] *e 3 8-8-8 1] 8B )i S-e—e G, we-e Y7
o e gy e 33 &8 3 Lat A T bt 1) 0 At eA 1pY
Howwe 3] Weowrk RS i 31 iy kIR

Consultations regarding the validity of the motor and developmental assessments (AIMS, Pompe
PEDI and BSID-IT) were requested from the Division of Pediatric Drug Development (Hari
Sachs, M.D., FAAP) and from the Division of Neurology Products (Marc Walton, M.D., Ph.D.).
The pediatric consultant noted the following:

¢ The three scales are appropriate and compliment each other. The BSID-IT and AIMS are
norm-referenced instruments intended to identify children at risk for developmental delay
at various ages. The PEDI is intended to examine changes in functionat performance for
a particular patient. The AIMS identifies the highest motor ability achieved, while the
PI:DI examines how the infants and toddlers interact with their environment. The BSID-
I1 tracks motor and cognitive status. The evaluation of infants was additionally noted to
be challenging, as infants may demonstrate fluctuating developmental patterns.

¢ The majority of patients treated with thGAA experienced clinically meaningful gains in
devclopmental milestones; however, the majority of patients remained significantly
delayed compared 1o normal age-matched peers. Further follow-up is warranted to
demonstrate persistence or “calch-up” with normal age-matched peers.

* Results from the historical cohort showed that greater than 75% of patients had no
developmental milestones documented. In a few (less than 20) patients, milestones were
documented, and no patient maintained the ability to stand, walk, run or climb steps. The
AIMS and PEDI were not administered to any patients, and the BSID-1{ was
administered to only one. Further review of the literature suggests that few motor
milestones are achicved and the few milestones gained are lost with disease progression.
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¢ The scales may need additional validation in the ethnic groups under study, as ethnic
differences have been noted in some assessments, and at the ages studied, none of the
scales are predictive of {ater function and ability.

e The AIMS and BSID-II are unlikely to be useful for patients with the other Pompe
variants as they have developmental ceilings of 18 months and 3.5 years, respectively.

The neurology consultant noted the {ollowing:

¢ The assessments (AIMS, Pompe PEDI and BSID-II) were not intended as “validated”
outcome tools to support a claim of efficacy, and were intended for descriptive purposes.
As the majority of the study patients have survived to ages not previously observed for
patients with infantile-onset Pompe disease, these assessments were intended (o assist in
the assessment of the quality of life for these infants.

e There is no significant amount of data available on patients with infantile-onset Pompe
disease with the AIMS, Pompe PEDI and BSID-I tools from which to form a
comparison. To the end of forming a comprehensive assessment to the functional
abilities of these infants, however, then the tools selected appear to be reasonable. These
tools’ senstiivity to various functions, however, may have a different neurological basis
in these infants than in the infants for whom there exists extensive prior experience.
Therefore, the interpretation of the meaning of the specific components of these
assessments should be done with caution.

* EBven with enzyme treatment these patients remain severely impaired and do not approach
the median of normal infant level of function. These patients should be followed over
time as they continue to receive ERT.

Thus, overall, the motor development assessments were notable for the majority of patients
treated with thGAA demonstrating clinically meaningful gains in motor function by the AIMS
and Pompe PEDI tests. Most palients remained significantly delayed compared to normal age-
matched peers, however, and further follow-up of motor development is warranted. Durability
of response is also of concern as two patients who initially demonstrated gains in motor function
had an almost complete loss of these milestones later in the study (Patients 313 and 303), both of
whom later required invasive ventilatory support, and one of whom died (Patient 303). The loss
of motor milestones coincided with the development of markedly elevated anti-rhGAA 1oG
antibody titers, suggesting interference from antibody with clinical response. Mental
developmental results from the BSID-II test were encouraging, with most patients demonstrating
increases in BSID-11 scores from baseline at Week 52, and with most patients having scores
within the normal or mildly delayed ranges as compared to same-age normally developing peers.
Longer-term follow-up of these patients is warranted, however, as these results are not predictive
of future cognitive development (e.g., school-age function).
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10.1.1.12.9  Other Endpoints

10.1.1.12.9.1  Survival at 12 and 18 Months of Age

The proportion of patients alive at 12 and 18 months of age was estimated and compared to
survival probability in the historical control subgroup. -Eighteen of 18 patients in Study 1602
survived to 12 and 18 months of age. In contrast, using data from the historical control

subgroup, of the 61 patients included in the subgroup for whom date of death was known, nine of
61 (15%]) survived beyond 12 months of age and one of 61 (2%) survived beyond 18 months of
age. Median age at death was 7.5 months in the Historical Control Subgroup, and median age of
death in the Study 1602 population has not been reached (two patients have died as of late-
September 2005: Patient 305 at age 19.8 months and Patient 303 at age approximately 37
months}). The results are represented graphically in the following figure (clectronically copied
and reproduced from the sponsor’s submission).

Figure A1-18: Study 1602, Kaplan-Meicr Estimate of Time to Death from Date of Birth as Compared to

Survival in the Historical Control Subgroup
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Although comparison with the historical control shows a survival advantage in rhGA A-treated
patients, a comparison between the historical control and Study 1602 patients was never intended
to provide a valid comparison between the two patient groups. Data from the historical control
show that only a small number of patients were ever placed on ventilatory support, indicating
that respiratory failure was often a pre-terminal event. It is noted that there was no potentially
life-saving treatment available for patients in the historical control (i.e., no ERT available), and
this fact may have influenced decision making as to initiating ventilatory support (that is, parents
may not have opted for ventilatory support in the historical control population given the lack of a
potentially efficacious treatment available at that time). This is contrasted with the fact that as of
I5-September-2005, seven patients in Study 1602 had been placed on invasive ventilatory
support. As these Study 1602 patients developed ventilatory failure, the ventilatory support is
thought to be life-prolonging treatment, thereby affecting the survival outcome measure in the
Study 1602 study population. Thus, ventitator-free survival in Study 1602 vs. survival in the
Historical Control Subgroup is a more valid comparison that ts consistent with the treatment
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approach taken with the historical control patients, and the comparison of survival results is
noted here for completeness only.

10.1.1.12.9.2 Hours on Ventilation

Hours on ventilation (both invasive and non-invasive) were assessed by the sponsor from
baseline to Week 52, and did not include ventilator use in planned surgical or protocol-related

- procedures, or if the total duration of ventilatory support was less than three days. In the opinion
of this Reviewer, this is not a meaningful analysis. No meaningful comparison can be made to
the historical control subgroup because of a lack of data in the subgroup, and because in almost
all cases for the patients in Study 1602 who required any ventilatory support, these patients
required long-term ventilatory support and the actual number of hours of ventilation was not
important to the interpretation of the data. For patients in Study 1602 as of the 15-June-2005
data cutoff, a total of 9 of 18 patients required any ventilatory support, including:

* Seven patients (301, 303, 304, 305, 306, 313, 317 and 319) were receiving long-term
invasive ventilatory support. Most of these patients required several periods of invasive
or noninvasive ventilatory support of varying lengths of time, and then eventually
required long-term invasive ventilatory support from which they were unable to be
discontinued for the duration of Study 1602. In most of these patients, periods of
noninvasive ventilation predicted eventual transition to invasive ventilatory support.

* Patient 311 required 15 days of non-invasive ventilation (BIPAD) at age 7.5 months for
influenza, and did not require ventilatory support thereafier.

+ Patient 309 required one day of invasive ventilatory support for a procedure, and did not
require ventilatory support thereafter.

* Atthe 18-month milestone, three patients (17%) required invasive ventilation

In contrast, in the historical control subgroup, a history of ventilator support was reported in six
of 62 patients (10%), no use of ventilator support at any time was reported in 31 patients (50%)
and was unknown in 25 patients (40%). The median age at which ventilator support was first
instituted for the six patients with available data was 7.7 months. There were a total of nine
ventilator episodes in these six patients, which were required primarily for “advancement of the
diseasc”, In the three of the six patients who required ventilator assistance in whom data were
available, first ventilator support lasted a median of one day and was likely a peri-terminal event.
The reasons for stopping support were not documented.

10111210 Exploraiory Variables

10.1.1.12.10.1 CRIM and ACE Marker Allele Status

Circulating Reactive Immune Material (CRIM) status was determined from a skin fibroblast
assay in all patients. A patient was considered to be CRIM posttive if the presence of any bands
corresponding to the apparent molecular weight of major protein forms of GAA were detected in
samples on Western blot assay (including 110, 95, 76 or 70 kDa forms). Angiotensin-converting
enzyme (ACE) marker allele status was determined by polymerase chain reaction (PCR)
amplification of genomic DNA. ACE is encoded in the DCP-1 gene, and polymorphisms consist
of the absence (deletion, I allete) or presence (insertion, | allele) of a 287-base pair DNA Alu
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fragment located within intron 16 of the DCP-1 gene. The D allele may encourage the growth of
type Il muscle fibers (anaerobic metabolism) while the [ allele may encourage the growth of type
I muscle fibers (oxidative metabolism). Fifteen of 18 patients were CRIM positive, and three
patients (303, 313, and 319) were CRIM negative at baseline. These results were notable in that
the three patients who were CRIM negative at baseline all required invasive ventilation at some
point in the study. The ACE marker results showed that three of 18 patients had no results
available, four patients were I/, three patients were D/D and eight patients were I/D. There was
no obvious correlation between ACE marker allele status and outcome. The results are
summarized in the following table.

Tabie A1-27: Study 1602, Baseline CRIM and ACE Marker Allele Status

Patient Dose CRIM Status ACE Marker Allele . Outcome ]
301 ) 40 _ Positive D ; Invasive
302 20 Positive D ‘None
303 : 40 Negaiive NA Invasive
303 20 Positive KD Invasive/died
306 20 Posilive D/ Invasive
307 40 Positive I'D None
308 40 Positive i/l Naone
309 ' 20 Positive I/1 Naone
310 20 Positive " _ None

311 ' 40 Positive I'D None
312 : 20 Positive NA None

313 40 Negative D Invasive
314 ‘ 20 Positive I/l _ None
3540 Positive D/D B None

3 16 ' 20 P(}siti-vc D None
317 40 Positive NA Invasive
318 4 ' I/D , None
319 ] 20 /D - Invasive

NA = Not available

10.1.1.12.10.2  Gene expression GAA Geae Mutational Analysis

The GAA mutational analysis was notable in that of the 14 of 18 patients with mutational
analysis results, all 14 had different mutations, and most were compound heterozygotes. An
analysis by GAA mutation was, thercfore, not possible. Only three of 18 patients had detectable
GAA activity on baseline muscle biopsy results (lower limit of quantification [.LLQ)] of the assay
was 3.0 nmol/hr/g wet tissue). No normal values for GAA activity in muscle biopsy specimens
were provided, and according to the sponsor (personal communication) no normal ranges for
GAA activity in muscle biopsy specimens are currently known, The results are summarized in
the following table.
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Table AL1-28: Study 1602, GAA Mutational Analysis

Patient Maternal Allele Maternal Allele: Faternal Allele . Paternal Allele : | Bascline GAA
Class of Mutation : Class of Mutation Activity
301 (Del exon 18) Inframe deletion c.437delT Frameshift <3.0
c.2481+102 2646+3del p.-Metl46Argfs X7
p.Gly828 Asng82del _
302 ¢.1064T>C p.Leud55Pro Missense £.1064T>C p.Leu355Pro Missense 5.8
303 N/A N/A N/A N/A <3.0
305 N/A fA N/A N/A <3.0
306 c.872T>C p.Leu291Pro Missense c.872T>C p.Leu29!Pro ‘Missense 3.5
307 c.1700C>G p.AsnS70Lys Missense c.2560C>T p.Arg854X Nonsense <3.0
308 ¢.1465G>A p.Asp489Asn Missense c.40 47delGCCGTCTG frameshift <3.0
o p.Alal4ArgfsX18
309 c.1802C>T p.Ser60iieu; Missense ¢ 1099T>C p Tip367Arg Missense 4.6
¢.1726G>A p.GlyT268er;
c.2065G>A p.Glu689Lys _
310 c.1935C>A p.Asp645Glu; Missense cA94(IVSTH2T>C Splice site <3.0
c.1726G>A p.Gly726Ser; mutation
c.2065G>A p.Glu689Lys _ 7
311 ¢ 2297TA>C p.Tyr7668er Missense ¢ 2297A>C p.Tyr7668er Missense <3.0
312 | N/A N/A N/A | N/A <3.0
313 c.2560C>T p.ArgB54X Nonsense c2560C>T p Arg854X Nonsense <3.0
314 2741 2742delAG; Frameshifi 2741 2742delAG; Frameshift <3.0
c.2743_2746dupCAGG €.2743_2746dupCAGG
p-GIn914ProfsX30 p.Gln914ProfsX30 o _
315 c.i210G>A p.Aspd(4Asn Missense ¢ 1064T>C p.Leu3s5Pro Missense <3.0
lle c.256OC>_T p.Arg854X Nonsense ¢ 1979G>A p Arg660His Missense <3.0
317 NA N/A N/A CN/A <3.0
318 (Del exon 18) Inframe deletion {Del exon 18) Inframe deletion <3.0
c.2481+102 264643 1del Cc2481+102_2646+31del
p-Gly828_ Asn882del p.Gly828 Asn882del
319 ¢ 1754(IVSI2) F1G>A Splice site . 722 723delTT frameshift <3.0
mutation p.Phe24 [Cysfs X 88

10011211
Serum samples for anti-thGAA antibody testing were obtained pre-infusion, at 4-week intervals
for the first 26 weeks, then at Weeks 38 and 52, and at 12-week intervals thereafier. All
tmmunological testing was performed by Genzyme. Anti-thGAA antibody was assessed using
ELISA and confirmed by radioimmunoprecipitation (RIP).

Immunogenicity

The results show that 16 of 18 patients (eight of nine patients in each dose group) developed
anti-thGAA antibody at anytime during the study. One patient (Patient 303) had detectable
antibody at Baseline, ten patients had detectable antibody beginning at Weck 4, four patients at
Week 8, one patient at Week 12, and one patient at Week 64. Antibody titers ranged from 0 to
409,600, and more patients in the 40 mg/kg group (seven of nine) had antibody titers > 1,000

‘(arbitrarily selected as cutpoint) than paticnts in the 20 mg/kg group (four of nine). None of the
16 patients with any detectable anti-rhGAA antibody during the study became antibody negative.

Some patients showed decreases in antibody titer throughout the duration of the study, but many
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patients did not, and these patients showed sustained elevations or increases throughout the

study. Individual patient antibody titers are summarized in the following table:

Table A1-29: Study 1602, Antibody Titers

20 mg/kg o Patient Number _

Week 302 305 306 309 310 312 314 316 319
0 0 0 0 0 0 0 0 0 0

4 400 L00 0 0 0 - 100 0 800
8 3200 800 0 100 400 - 3200 100 3200
12 12800 3200 0 200 400 - 6400 {00 12800
16 12800 3200 0 200 400 - 12800 L06 12800
20 6400 6400 0 200 400 - 6400 100 -
24 6400 3200 0 200 400 - 12800 100 51200
38 1600 400 0 200 400 0 6400 400 25600
52 400 200 0 100 400 - 6400 100 -
64 200 - 200 160 400 - 3200 - -
78 200 - 200 400 400 - - . :
90 - 200 - - - - -
104 - - - - - - - -
40 mg/kg

Week 301 303 307 308 311 313 31s 317 318
0 0 100 0 ) 0 0 0 0 0
4 400 800 - - 1600 6400 - 12800 - 800
8 3200 1200 3200 - 6400 125600 - 12800 12800
12 23600 6400 1600 200 6400 23600 - 25600 S1200
16 12800 12800 800 200 6400 51200 - 0 25600
20 12800 51200 800 400 6400 0 - 51200 51200
24 25600 25600 800 200 25600 102400 0 25600 25600
38 S1200 204800 400 200 12800 204800 0 204800 25600
52 25600 204800 200 200 3200 163840 0 102400 51200
64 51200 409600 400 200 1600 163840 0 - -
78 25600 409600 400 100 1600 - - - -
90 102400 - - - - - - - -
104 51200 - - - - - - -

Value of “0” corresponded to an ELISA within normal range (WNR) or a negative RIP, and no dilutions were perfoxmcd:__
Samples with readings of above nonnal range (ANR) on ELISA or positive RIP underwent dilution,

APPEARS THIS WAY
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Antibody titers by individual patient are also represented graphically in the following figure

(logarithmic scale):

Figure A1-19: Study 1602, Antibody Titers (log scale, zero values entered as 1)

gray dashed line = 40 mg/kg and solid black line = 20 mg/kg patients
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Immunogenicity was further explored by correlating antibody titers with the primary endpoint
and motor development milestones. The results are notable for the following:

-

Mutations that place the patient at high risk for antibody formation include those
resulting in an absent protein, such as nonsense and frameshift mutations, and lower risk
mutations where low levels of protein are found would include missense mutations. For
the seven patients with poor outcomes (invasive ventilation or death), three patients did
not have mutation information available (303, 305, 317), three patients (301, 313, 3 19)
had high risk mutations in both alleles (deletion, frameshift, nonsense or splice site
mutations) and one patient (306) had two missense mulations, Patient 303 (mutation
unknown) was low-level antibody positive at baseline, and three patients (303, 313, 319)
were also CRIM negative at baseline. In patients with better outcomes (did not reach
primary endpoint), one patient (312) did not have mutation information available, two
patients (314, 318) had high-risk mutations in both alleles (frameshift and inframe
deletion mutations), and the remaining eight patients had lower-risk mutations in af least
one allele (missense).

In general, patients with poor outcomes tended to have higher peak antibody titers, with
five of seven patients with poor outcomes having a peak titer >50,000 compared with one
patient with a betler outcome with titers >50.,000.
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¢ Two patients (303, 313) initially made substantial progress in motor development by both
the AIMS and Pompe PEDI assessments. Both patients had [oss of most motor
milestones and became ventilator dependent later in the study. Loss of motor milestones
and ventilator dependence coincided with peak antibody titers that were markedly
elevated. This result is concerning, as the development of antibody associated with
clinical deterioration may suggest interference from antibody with the clinical response.
As many patients in this study have sustained or increasing antibody titers, many of
whom have markedly elevalted titers, following these patients over time to correlate
antibody titers/immune response with sustained or lost milestones and overall outcome is
essential.

The immunogenicity results by individual patient are summarized in the following table.

APPEARS THIS WAY
ON ORIGINAL
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Table A1-30: Study 1602, Antibody Analysis/Exploration

132

Patient | Maternal/Paternal All CRIM Peak Qutcome Comments
‘ eles: Mutation Class Status Titers
301 Inframe deletion/ Positive 102,400 Invastve Minimal progress in motor development on
Frameshift AIMS and Pompe PEDI
303 NANA Negative 409,600 | Invasive/died* | Initially made substantial progress in motor
development on Pompe PEDI and AIMS
(“walker”} until approx. Weck 64, then lost most
milestones. Had rising antibody titers
throughout study to peak at Weeks 64 and 78.
305 NAMNA Positive 6.400 [nvasive/died | Minimal progress in motor development on
| AIMS and Pompe PEDI o
306 Missense/Missense Positive 200 Invasive Minimal progress in motor development on
o AIMS and Pompe PED! o
313 Nansense/Nonsense Negative 204,800 Invasive Initially made good progress in motor
development on Pompe PEDI and AIMS
(“stander”) unti! approx. Week 52, then lost
most milestones. Had rising antibody titers
throughout study to peak at Weeks 38, but
remained markedly elevated (163,840} through
Weeks 52 and 64.
317 NA/MNA Positive 204,800 Invasive Minimal progress in motor development on
AIMS and Pompe PEDI
g Spiice site/Frameshift Negative 51,200 [nvasive Minimal progress in motor development on
) AIMS and Pompe PEDI
(302 Missense/Missense Positive 12,800 A& VF Achieved independent ambulation (“walker) on
AIMS test and substantial gains on Pompe PEDI
307 Missense/Nonsense Positive 3,200 A& VF Achieved 111dependcnt ambulation (“walker™) on
- _ AIMS test and substantial gains on Pompe PEDI
308 Missense/Frameshitft * Positive 400 A& VF Achieved 1ndep<_ndult ambulation (“walker”) on
AIMS test and substantial gains on Pompe PEDI
309 Missense/Missense ~ Positive 400 A & VF Achieved independent ambulation (“walker”) on
AIMS test and substantial gains on Pompe PEDI
310 Missense/Splice site Positive 400 A& VF Good progress by motor milestones (“stander™)
ol AIMS test and Pompe PEDI _
311 [ Missense/Missense Positive 25,600 \ A& VE Modest motor gains (sit independently, unablé
Lo weight bear on legs) on AIMS and Pompe
PEDN
312 NA/NA Positive ¢ Ad VI Modest motor gains (sil independently, unable
to weight bear on legs) on AIMS and Pompe
PEDI
314 Frameshift/Frameshift Pasilive 12,800 A& VF Giood progress by motor milestones (“stander’™)
_ - ont AIMS test and Pompe PEDI
315 Missense/Missense Positive 0 A& VFE Achieved mdependmt ambulation (“walker”) on
AIMS test and substantial gains on Pompe PEDI
36 Nonscnse/Missense Positive 400 A& VF Achieved independent ambulaiion (“walker”} on
: AIMS test and substantial gains on Pompe PEDI
318 | Inframe deletion/ Positive 50,200 A& VFE Modest moter gains (sit independently, unable
[nframe deletion : : to weight hear on legs) on AIMS and Pompe
t | N L A PEDL
*died at approximately 32 months of age after completion of study and transition to expanded access program
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10.1.1.12.12  Pharmacokinetic (PK) and Pharmacodynamic (PD) Measures

The PK and PD results have been reviewed in detail by the Clinical Pharmacology Reviewer (see
review by Anil Rajpal, M.D.), and will be treated briefly here. Plasma rhGAA PK parameters
were calculated for cach patient at baseline and Week 12. The PK results showed that there were
few notable differences in PK characteristics between the two dose groups, other than differences
in AUC (1.9 times higher in 40 mg/kg group than 20 mg/kg) and Chae (1.5 times higher in 40
mg/kg than 20 mg/kg group), which are related to concentration of thGAA present in plasma.
The PK parameters are summarized as follows:

Table A1-31: Study 1602, Plasma PK Parameters

Parameter Day 8 Week 12
Coax, /M, )

20 mg/kg 1,609,10 +27,598 195,540 +73,190

40 mg/kg 278,253 161,258 236,096 150,920
AUC, ng*h/mL _

20 mg/kg 937,896 1199381 LOI7,118 + 262,278

40mekeg | 1,883,581 +407,002 | 1861479 + 407,002
a-half-life, hrs 0.57 4 .081 059+ 065 |
f-half-life, hrs 2713 .58 2.80 + .57 ;
Clearance, _

mL/hr 133 + 41 154 + 51

| mbdwkeg ] 2.1 +42 21.8 - 54

mL 264 + 87 308 +91

mL/kg 43.5+ 84 | 435484
Vss _ _

mi. 404 + 116 469 + 100

ml/kg 06.9 +10.3 ] 67.0+9.8 o

Pharmacodynamic (PD)} measures were evaluated by comparing skeletal muscle GAA activity
and skeletal muscle glycogen content (by biochemical and histomorphometric methods) at
bascline and Weeks 12 and 52, Plasma and urine oligosaccharides were also collected. Please
see the Clinical Pharmacology review for a complete discussion of these findings. Tn general,
however, the skeletal muscle glycogen content analyses and the plasma and urine
oligosaccharide measures did not show a consistent correlation with clinical outcome and should
be considered as exploratory at this time.
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10.1.1.13 Efftcacy Summary

The efficacy results from Study 1602 show the following:

1. For the primary endpoint of proportion of patients alive and free of invasive ventilation at
18 months of age, there was a clear ventilator-free survival advantage at 18 months scen
in the thGAA-treated patients as compared to survival in the Historical Control
Subgroup. At the [8-month milestone, 15 of 18 (83%) rhGAA-treated patients were
alive and ventilator free, as compared to one of 61 surviving patients (2%) in the
historical control. Exploratory and sensitivity analyses showed no obvious differences
between the two thGAA dose groups for ventilator-free survival, nor were there
differences in survival noted depending on age at diagnosis, first infusion or first
symptoms in rhGAA-treated patients. A selection bias in favor of patients enrolled in
Study 1602 was seen, however, when an analysis controlling for age at death in the
historical control (eliminating patients who died at ages less than six months from the
survival rate proportion estimate) for survival at the 12-month milestone was performed.
This selection bias was minimal at the 18-month milestone (as only one patient in the
Historical Control Subgroup survived to 18 months of age), showing a clear treatment
effect for ventilator-free survival at 18 months of age in thGAA-treated patients.

2. Evaluation of cardiac parameters, including LVMI, [.VM Z-scores and EF were notable
for decreases in LVMI and LVM Z-scores in all patients through Week 52, consistent
with the PD effect of thGAA on cardiac muscle. Mean EF showed only a small mean
increase from baseline at Week 52, however, and the clinical relevance of the PD effect
of thGAA on cardiac function is unknown. The review of AEs consistent with cardiac
failure was notable for only five post-baseline AEs in five patients. As the signs and
symptoms of cardiac and respiratory failure overlap in this patient population and as there
were no historical control cardiac failure data available for comparison, no clear clinical
effect on cardiac function can be discerned from rhGAA-treatment.

(e

Physical growth was assessed through repeated measurements of body weight and length,
and head circumference. These data were notable for numerous missing and inconsistent
datapoints, making interpretation of the data unreliable. Despite these limitations,
however, weight, length, and head circumference increased in all patients throughout the
study. Age-matched comparisons for weight and lenpth showed that almost all patients
were within two SD of the mean for normals at Week 52. No data on weight for height
assessments and relation to method of feeding and calorie intake were presented,
however, limiting the utility of the results. Head circumference data showed two patients
with relative microencephaly at Week 52, and it is unclear if increasing head size for
most patients during the study was attributable to catch-up or to CNS glycogen
accumulation similar to that found in other storage disorders. Thus, the overall effects of
rhGAA treatment on physical growth are unclear, and it is recommended that follow-up
trials for infants, including standardized measurements and analysis of growth in

134



Clinical Review

Anne R. Pariser, M.D.

BLA STN 125141/0
Alglucosidase alfa (thGAA)

relationship to feeding and nutritional status and weight for height be determined, and
that longer term follow-up of head size be performed.

4. Motor and mental development were assessed using the AIMS, Pompe PEDI, and BSID-
Il assessment tools (these assessments were noted to be appropriate and complimentary
by Pediatric and Neurology consultants to the Division). These results were notable in
that the majority of patients treated with thGAA cxperienced clinically meaningful gains
in developmental milestones. Results from historical controls and from the medical
literature show that few motor milestones are achieved in untreated patients and these
few milestones are lost with disease progression. However, it is additionally noted that
the majority of patients remained signiflicantly delayed compared to normal age-matched
peers and further follow-up is warranted to demonstrate persisience or catch-up with
normal age-matched peers. Five patients by the AIMS test and four patients by the
Pompe PEDI failed to achieve new motor milestones at anytime during the study, all of
whom required ventilatory support during continued treatment and follow-up. Two
paticnts who had initially showed the achievement of new motor milestones on the AIMS
and Pompe PEDI tests (walking or weight bearing) had almost complete loss of these
motor milestones later in the study and became ventilator dependent during continued
treatment and follow-up. This coincided with the development of markediy elevated
antibody titers and suggests interference from antibody with clinical response. Mental
developmental results from the BSID-II test were encouraging, with most patients
demonstrating increases in BSID-II scores from baseline at Week 52, and with most
patients having scores within the normal or mildly delayed ranges as compared to same-
age normally developing peers. Longer-term follow-up of these patients is warranted,
however, as these results are not predictive of future cognitive development (c.g., school-
age function).

5. Immunogenicity data showed that 16 of 18 patients (8§9%) developed anti-rhGAA
antibody at anytime during the study (15 of 16 patients by Week 12 and 16 of 16 patients
by Week 64). Antibody titers were very high (maximum 409,600), and were greater than
6,400 (arbitrarily selected as “high” cutpoint} in ten of 16 antibody positive patients at
anytime during the study. More patients in the 40 mg/kg dose group developed “high”
titers than in the 20 mg/kg group. Although some patients had decreasing antibody titers
over time, many patients continued to show sustained or increasing antibody titers
throughout the study. A concerning signal was seen in patients with high-risk mutations
(frameshift or deletion mutations and absent or near-absent endogenous protein) and high
anti-thGAA [gG antibody titers. Patients with high-risk mutations and high antibody
titers were more likely to have poor clinical outcomes than patients lower risk mutations
and lower antibody titers, Two patients with high antibody titers had losses of motor
gains that also coincided with rising and elevated antibody titers. As the number of
paticnts in this study was small, no definite conclusions can be made {rom these results;
however, the results are concerning and further follow-up and evaluation of the effect of
immunogenicity on patient outcome is warranted.
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Thus, the treatment of infantile-onset Pompe disease patients with thGAA at or prior to the age
of seven months results in an invasive ventilator-free survival benefit at 18 months of age as
compared to an Historical Control Subgroup. The long-term growth and development of these
patients is unknown, however, and it is unclear if the results arc sustained, especially in patients
developing elevated anti-thGAA antibody titers. Long-term follow-up and additional study in
these patients is warranted.

10.1.1.14 Review of Safety

Safety was assessed by types and incidence of Adverse Events (ALs), discontinuations due to
AEs, and drug-related, serious and severe AEs, and changes from baseline in physical exams
(including vital signs), clinical laboratory assessments including clinical chemistry, hematology,
urinalysis, and anti-GAA antibody 1gG titers, and ECG assessments. Other safety variables
included: circulating immune complex detection (as indicated), inhibitory antibody formation in
patients testing positive for IgG, anti-thGAA IgE antibodies, scrum tryptase and complement
activation (as indicated). Safety data are available up until the cutoff date of 15-June-2005 (after
all patients had completed the Week 52 visit) for all patients in Study 1602.

1011141 Exposure

As of the safety data cutofT date of 15-June-2005, patient exposure to thGAA ranged from 52 to
106 weeks of treatment (375 to 751 days) of qow infusions (27 to 54 infusions). Exposure
overall and by individual patient is represented graphically in the following figure and
summarized in the following table.

Table Al1-32: Study 1602, Exposure to rhGAA

i Patient Weeks in Study Days in Study Infusions Received
301 _ 106 7 751 o 54
302 94 _ 657 48
303 i ge 642 36*
305 60 427 31
300 90 623 46
307 84 . 585 43
308 - 82 572 42
309 80 560 4
310 78 _ 545 40
3l 78 546 40
312 70 489 J5**
313 70 492 : 36
114 70 489 ' 36
315 64 47 33
316 58 a7 274
317 s4 382 28
318 54 _ 380 : 28

1 52 375 3 27

Mean 74 521 _ 37

Median 74 518 36
Min, Max 52, 106 173, 751 27, 54

“~Missed 5 doses and received 3 partial doses. **Received partial dose. #Missed onc dose and received ! partial dose
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Figure A1-20: Study 1602, Paticnt Exposure (Days) to rhGAA

1011142  Adverse Events

Adverse Events (AEs) were collected from the signing of Informed Consent through study
completion; however, unless otherwise noted, only treatment-emergent AEs, defined as those
that started following initiation of study medication (Day 0, day of {irst infusion) through study
completion are included here. Recurrent or continuing Alis were counted only once (unless
otherwise specified). AT incidence rates were calculated using all patients who received at least
one dose of study medication as the denominator (n=18). All AEs were coded using the Medical
Dictionary for Regulatory Activities (MedDRA), and are presented by AE Preferred Term. AEs
were tabulated and analyzed using the aex_1.xpt datasel in Amendment 002 of the submission,
which (per personal communication with the sponsor) represents the complete AE dataset for
Study 1602 through the Week 52 visit for the last patient enrolled (15-June-2005).

There were 75 AEs captured in the database that had their onset prior to the date of first infusion
(screening/baseline period), or for which no AE start date was noted (including three AEs
experienced by Patient 304 who never recetved thGAA). These screening/baseline ALs were
notable for two cardiac arrhythmia AEs that occurred during study-related procedures, but prior
to thGAA exposure (these cardiac arrhvthmia Al<s are discussed in greater detatl in the Other
Adverse Events section below), The Screening/Baseline AEs were otherwise noted to be
consistent with underlying disease and will not be further discussed.

Review of the treatment-emergent AEs showed that therc were large numbers (>1100 AE
reports) and types (240 different preferred terms) of AEs were reported during the study, and all
18 patients reported multiple AEs. Individual patients reported from 19 to 157 AEs (11 to 68
ditferent AE terms) per patient, and there was a numerically greater number of ALs reported in
the 40 mg/kg group (approximately 660 AEs) than in the 20 mg/kg group (approximatcly 470
ALs). There werce no deaths up to the 52-week milestone, although two patients died during
continued follow-up and treatment (sce Deaths section below), There were no discontinuations
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during the study due to AEs or for any other reason, and all patients completed 52 weeks of
study treatment. '

AEs were reported most commonly in the Infections and Infestations, and Respiratory, Thoracic,
and Mediastinal Disorders System Organ Classes (SOCs). In general, reported AEs tended to
reflect the underlying disease (e.g., respiratory and infectious AEs), or were AEs commonly seen
with enzyme/protein infusions (e.g., rash, fever/pyrexia). By AE Preferred Term, the rates of
AEs reported were highest for pyrexia (18 of 18 patients reporting, 100%), rash (13, 72%), otitis
media (12, 67%), and gastroenteritis (11, 61%). The most commonly reported A¥s (by
incidence rates) are summarized in the following table (cutoff arbitrarily selected as >5 or »25%
of patients reporting, for a complete list of the incidence of all AEs reported during the study,
please refer to the subappendix.)

APPEARS THIS WAY
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Table A1-33: Study 1602 Amendment 002, Most Commonly Reported AEs (Reported by >5 Patients)

All 20 mg/kg 40 mg/kg
Treated Patients, n = 18 N S | 9
soc .
AE Preferred Term n (%) n (%) n (%)
Blood and lymphatic system disorders ) _ _
Anemia 10 (56} 5(56) 5(56)
Cardiac disorders
Tachycardia L 6(33) 222y | 484
Ear and labyrinth disorders
Hypoacusis 3 5(28) 2(22) 3(3)
Eye disorders -
Conjunctivitis 5(28) 222 3(33)
Gastrointestinal disorders
Diarrhea 10 (56) 6 (67 4 (44)
Vomiting 10 (56) 4 (44) 6 (67)
Gastroesophageal reflux disease oS58y 1 202 1033
General disorders and administration site conditions '
Pyrexia _18(100) | 950 9 (50)
Infections and infestations _ _
Otitis media 12 (67) 5(56) 7(78)
Gastroenteritis 11 (61) 4 {44} 7(78)
Pharyngitis 9 (50) 4 (44) 5(56)
Pneumonia 9(50) 5(56) 4(44)
- Upper respiratory tract infection 9(50) 6(67) 3(33)
Catheter related infection 8 {44) 3(33) 5(368)
Ear infection 739 2(22) 5(36),
Nasopharyngitis 6 (33) 222y 4 {44)
Viral infection 6(33) 3 (33} 3(33)
Bronchiolitis 5(28) 1(33) 2 (22)
Oral candidiasis 5(28) 3(33) 2(22)
Respiratory syncytial virus infection 5(28) 222y 3(33)
Tnvestigations | o
Oxygen saturation decreased N A &), 4 (44) 5 (36)
Respiratory, thoracic and mediastinal disorders
' Cough 9 (50) 3(33) 6 (67)
Respiratory failure 739 3(33) 4{44)
Rhinorrhea 6(33) 2(22) 4 (44)
Tachypnea EER) {1 5(56)
Respiratory distress o 5(28) 2(22) 3(33)
Upper respiratory tract congestion 5(28) 2(22) 3(33)
Skin and subcutancous tissuc disorders
Rash 13 (72) 6 (67) 7
Dermatitis diaper 6(33) EXRES) 333
Urticaria 6 (33) 4 (44) 2(22)
Lczema o 5(28) 3{33 2(22)
1011143 Deaths

Two of the 18 patients in the study were known to have died during continued follow-up and
treatment after receiving more than 52 weeks of treatment. One patient (305) died at age 19.8

139




Clinical Review

Anne R. Pariser, M.D.

BLA STN [25141/0
Alglucosidase alfa (thGAA)

months due to underlying disease/respiratory failure after having received approximately 14
months of treatment with thGAA. This patient required invasive ventilatory support after
approximately 13 months of hGAA treatment, and the cause of death was reported as death due
to desaturation and bradycardia while hospitalized for respiratory distress and pneumonia.
Another patient (303) died at approximately 32 months of age after completing the study and
while enrolled in an expanded access program (personal communication with the sponsor) after
having received approximately 25 months of thGAA treatment. The cause of death was reported
as multiorgan failure and septicemia. This patient became invasive ventilator dependent at 24.5
months of age after receiving treatment with thGAA for approximately 17 months.

10.1.1.14.4  Infusion Associated Reacrions (IARs}

Infusion Associated Reactions (IARs) were defined by the sponsor as those AEs occurring on the
day of infusion from the onset of the infusion up to and including the two-hour observation
period AND were assessed by the Investigator as being at least possibly related to thGAA
treatment. By this definition, a total of 164 IARs, including 28 different AL preferred terins
were reported in 11 patients. TARs were more commonly reported in the 40 mg/kg group, with
123 of the 164 IARs reporied compared to 41 IARs in the 20 mg/kg group. With the exception
of the term oxygen saturation decreased, all of the IAR terms were reported more frequently in
the 40 mg/kg group, and 20 of the 28 TAR terms were reported exclusively in the 40 mg/kg
group. The most frequently reported TARs for all patients were pyrexia and rash (7 patients and
23 and 24 reports, respectively, each), followed by urticaria (5 patients, 22 reports). All reported
IARs by incidence and by numbers of IARs reported are summarized in the following table,

APPEARS THIS WAY
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Table A1-34: Study 1602 Amendmeni 002, Ali TARs

IAR Incidence Rates

Numbers of IARs Reported by Term

All 20 mp/kg | 46 mg/kg All 20 mg/kg | 40 mgikg
Treated Patients, n = 18 9 9
soc |
AE Preferred Term n (%) n (%) n (%)
Cardiac disorders N
Tachycardia 3N O 3(33) 6 0 6
Cyanosis 2010 0 | 222 3 0 3
Gastrointestinal disorders o ' 7
Vomiting (17 1{l1} 2(22) 8 2 6
Retching 2(11) P(I1) 1(11) 7 4 3
Gastroesophageal reflux disease 1(6) 0 (11 l 0 1
General disorders and adminisiration site '
conditions S
Pyrexia 7(39) 3(33) 4 (44) 23 6 i7
Rigors 2{11}) 0 2022 3 0 3
Infusion site reaction o L{6) 0 1{1}) 1 0 ]
Injury, poisoning and procedural complications o
Hypothermia N | 1(6) 0 L 1 0 i
Investigations _ o B
Oxygen saturation decreased 4(22} 2(22) 2020 18 13 5
Blood pressure decreased 1) 0 (1 | 0 1
Body temperature increased 1(6) 0 1(1n | 0 1
Heart rate decreased 1(b) a 1(11) 2 0 2
 Nervous system disorders . , , . '
Tremor o 1{0) 0 111y 2 0 2
_Psychiatric disorders
Imitability 2(11) 0 222y | 2 0 2
“Agitation L (6) 0 EReR) 3 0 3
Restlessness l (6) 0 1{11) [ 0 ]
Respiratory, thoracic and mediastinal disorders
Cough 37 i1 2(22) 4 3 Ll
Tachypnea 317 0 3(33) 6 0 6
Rales B 1 (6) 0 1{11) 1 0 | I
Skin and subcutaneous tissue disorders o _ R o
Rash T(39) 2(22) 5(56) 24 8 16
Urticaria 5(28) 3(33) 2 (22) 22 5 17
Livedo reticularis 1{6) 0 1 (i lj ] 0 [
Palmar erythemia 1 {6) G 1 {11} ] 0 |
Pruritus | (6) 0 1y | g 0 L
Vascular disarders C
Flushing 21 0 12 4 0 4
Hypertension 2010 0 2(22) 3 0 3
Hypotension L(6) 0 (L) 2 0 2
Pallor OB Ity F 2 e 2
Total 64 41 123

IARs were also evaluated by individual patient. One hundred (100) of the 164 1ARs were
reported m two patients: Patient 318 (40 mg) experienced 53 [ARs, and Patient 303 (40 mg)
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experienced 43 IARs. All patients except one with high antibody titers (high arbitrarily
designated as >6,400) experienced [ARs, and no patient (n=2) with antibody titers of 0 reported
an JAR. JARs by individual patient are summarized in the following table.

Table Al1-35: Number of IARs Reported by Patient

Patient =~ Dose # of IARs IAR Terms Peak Ab Titers Study
Outcome

301 40 4 Rash (2), hypothermia (1), tachycardia (1) 102,400 [ovasive
102 20 2 Pyrexia (1), urticaria (1) 12,800 None
303 40 43 Pyrexia (10), rash (10}, urticaria (4), cough (23, cvanosis (2), 409,600 [nvasive

hypertension (2}, rigors (2}, tachycardia (2), vomiting (2),

flushing (1), infusion site reaction (1), irritability (1), pruritus

(1), rales (1), restlessness (1), tachypnea (1)
305 20 4 Pyrexia (2), rash (1), urticaria (1) 6,400 Invasive/died
306 20 3 Pyrexia (3) 200 Invasive
307 40 0 - 3,200 None
308 4¢ 0 - 400 None
309 20 0 - _ 400 None
310 20 14 Rash {7), cough (3), urticaria {3), oxygen saturation decreased 400 None

(1
311 40 4 Rash (2), pyrexia (1), body temperature increased (1) 25,600 None
312 20 0 - - - 0 None
313 40 7 _ Pyrexia (4), tachypnea (2), blood pressure decreased (1) 204,800 Invasive
314 20 0 - 12,800 None
315 40 0 - 0 None
316 20 0 - o _ 7 400 None
317 40 8 Oxygen saturation decreased (4), heart rate decreased (2), 204,800 Invasive

irvitability (1), rash (1} S
318 40 57 Urticaria (13), cough (9), vomiting (4), agitation (3), flushing 51,200 None

(3}, retching (3), tachycardia (3), tachypnea (3), hypotension (2),

pallor (2), pyrexia (2), tremor (2), cyanosis (1),

gastroesophageal reflux disease (1), hypertension (1), livedo

reticularis (1), oxygen saturation decreased (1), palmar erythema

{1), rash (1), rigors ()
319 2( 8 Oxygen saturation decreased (12), retching (4), vomiting (2) 51,200 [nvasive

10.1.1.14.5  Serious Adverse Events (SALs)

A total of 172 Serious Adverse Events (SAEs), including 72 different preferred terms were
reported by 17 of 18 patients in the study (only Patient 316 in 20 mg/kg dose group did not
report an SAE). SAEs tended to reflect the underlying discase (e.g., respiratory and infectious
terms) or treatment intervention complications (e.g., cathcter related infection). By incidence
rates, specific SAlis were about as commonly reported in the 20 mg/kg group as in the 40 mg/kg
group. There was a numerically similar number of SAEs reported in each dose group (20 mg/kg
group reported 87 SAls and 40 mg/kg group reported 85 SAEs). The most commonly reported
(by >2 patients) SAE terms were: pneumonia (8 patients), respiratory faiture (7), catheter related
infection and respiratory syncytial virus infection (5 each), and bronchiolitis, gastroenteritis,
aspiration pneumonia. respiratory distress and viral infection (4 each). Pneumonia, respiratory
failure, aspiration pneumonia, and catheter related infection were also the most numertcally
commonly reported SAUs during the study. The most commonly reported SALs by incidence
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and by numbers of reported SAEs are summarized in the following table (for a complete listing

of all SAEs reported during the study, please refer to the subappendix).

Table A1-36: Study 1602, Most Commonly Reported'SAEs (reported by >2 patients)

SAE Incidence Rates

Numbers of SAEs Reported by Term

Al 20 mg/kg | 40 mg/kg All 20 mg/kg | 40 mg/kg
Treated Patients, n = . 18 9 5
SOC . .
AE Preferred Term n (%) n (%) n (%) )
Cardiac disorders o N
_Bradycardia 2(11) (1) i 2 i |
Gastrointestinal disorders B
Upper gastrointestinal hemorrhage 2(1lD 2(22) 0 3 3 0
General disorders and administration site
conditions
Pyrexia ez L1 1{h 2 ﬁ,' 1
Infections and infestations _ B
) Pncumonia 8 (44) 4 (44) 4 (44) 21 16 5
Catheter related infection 5(28) 1{11) 4 (44) 7 2 5
Respiratory syncytial virus infection 5028 1 2(22) | 333 3 2 3
Bronchialitis 4 (22) 2(22) 2(22) 5 2 3
Gastroenteritis 4022) 1(11) 3033 4 1 3
Viral infection 4{22) 3(33) 1 4 3 ]
Nasopharyngitis 21y | 0 2(22) 4 t 4
otits 23y |0 2(22) 2 0 2
Otitis media 2{11D) 1(11) 1 (11} 3 1 2
Respiratory tract infection 2(11) 111 (11} 2 1 1
Injury, poisoning and procedural complications o )
Fracture femur L 2(11) an {11} 2 l !
Investigations
Ejection fraction decreased 2{(10) 1 (1) L1 2 1 1
Oxygen saturation decreased 2(ln 1(11) 1(1D) 2 1 1
Respiratory, thoracic and mediastinal disorders _ _
Respiratory failure 7(39) - 3(33) 4 (44) 5 8 7
Pneumonia aspiration 4(22) 3(33) (I 12 11 {
Respiratory distress 4(22) 2(22) 2{22) 5 2 3
Asthma 2(1) L(1T) L(1D) 2 | 1
Atelectasis L 2 (11) L(11) 111 2 e |
Total I 172 87 85

The number of SAEs reported by individual patient ranged from zero to 32, and as expected, the
patients with the poorest outcomes (those requiring ventilatory support) had the largest numbers
of SAEs. SAEs by individual patient arc summarized in the following table:
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Table A1-37: Number of SAEs Reported by Patient

Two cardiac arthythmia ALs were noted to have occurred in the Screening/Baseline period

during study-related procedures, but prior to thGAA administration. One patient (313)

144

Patient Dose  #of SAKs SAE Terms Study
Outcome
301 40 17 Fracture (4), bronchiolitis (2), pneumonia (2), respiratory failure (2), Invasive
atelectasis (1), bradycardia (1), cough (1), gastroenteritis (1),
gastroesophageal reflux disease (1), oxygen saturation decreased (1), pyrexia
(1)
302 20 6 Asthma (1), gastroenteritis (1), pneumonia (1), pyrexia (1), tonsillitis (1), None
viral infection {1} _
303 40 16 Myopathy (3}, urticaria {2), aspiration pneumonia (1), catheter related Invasive
infection (1), hypertrophic obstructive cardiomyopathy (1), hypokinesia (1),
leukodystrophy (1), rales (1), pneumonia (1), respiratory failure (1), seplic
shock (1), supraventricular arthythmia (1), ventricular hypertrophy (1)
305 20 22 Pneumonia (7), respiratory failure (4), catheter related infection (2), sputurn Invasive/died
retention (2), aspiration pneumonia (1), bradycardia (1), oxygen saturation
decreased (1), pneunothorax (1), respiratory acidosis (1), upper
gastrointestinal hemorrhage (1), vocal cord paresis (-
306 20 32 Aspiration pneumenia (8), pneumonia (7), upper gastrointestinal hemorrhage Invasive
(4), respiratory fatlure (3), arrhythmia (1), bronchiolitis (1), electrotyte
imbalance (1), esophageal erosion (1), gastritis erosive (1), hypotension (1),
injury asphyxiation (1), localized infection (1), otitis media (1), upper
respiratory tract infection (1)
307 40 1 Pneumonia (1) o None
308 40 4 Nasopharyngitis (2), diarrhea (1), vomiting (1) None
09 20 3 Dental caries {1}, ejection fraction decreased (1), respiratory syncytial virus None
_ mfection (1) 7 _ -
310 20 6 Supraventricular tachycardia (4), Arrhythmia nodal (1), atrial tachycardia (1) None
311 40 17 : Bronchospasm (3}, catheter related complication {2), catheter related infection None
(2), bacteremia (1), ejection fraction decreased (1), gastroenteritis (1),
influenza (1), lymphadenopathy (1), middle ear effusion (1), respiratory
distress (1), respiratory syncytial virus infection (1), superior vena cava
_occlusion (1), ventricular extrasystoles (1) o _ _ _
312 20 6 Dysphagia (2), bronchiolitis (1), pneumenia (1), syncope (1), viral infection None
(1)
313 40 6 Respiratory distress {2), catheter related infection (1), otitis (1), pulmonary Invasive
edema (1), respiratory failure (1}
34 20 2 Respiratory distress (1), respiratory syncytial virus infection (1) None
3ts 40 S Asthma (1), catheter related infection {1), pneumonia (1), respiratory Nong
_ syacytial virys infection (1), viral infection (1)
316 20 0 - o _ None
317 40 1o Respiratory failure (3), otitis media (2}, heart rate decreased (1), gastritis viral Invasive
(1), respiratory tract infection (1), tracheitis (1), urinary tract infection (1)
318 40 9 Bronchitis (2), nasopharyngitis (2), bronchiolitis (1), gastroenteritis { 1}, otitis None
- (1), rash (1), respiratory syncytial virus infections (1),
319 20 10 + Aspiration pneumonia (2), atelectasis (1), cardiorespiratory arrest (1), [nvasive
dyspnea (1}, fracture (1), respiratory distress (1), respiratory failure {1),
| __respiratory tract infection (1), viral infection (1) o
10.41.0.14.6  Other Adverse Events: Cardiac Arrhythmias and Hearing Loss




Clinical Review

Anne R. Pariser, M.D.

BLA STN 125141/0
Alglucosidase alfa (rhGAA)

experienced bradycardia during muscle biopsy and central line placement after receiving
propofol, and one patient (319) experienced ventricular fibrillation during muscle biopsy after
receiving nitrous oxide and sevoflurane. Two additional patients were noted to have experienced
cardiac arrhythmias after receiving anaesthesia during or shortly after completing the study.
Patient 306 experienced “arrhythmia™ during bronchoscopy and stomaplasty after receiving
ketamine, sevoflurane and succinylcholine after approximately 80 weeks of treatment, and
Patient 313 experienced ventricular tachycardia, ventricular fibrillation, and cardiac arrest during
intubation after receiving succinylcholine, fentanyl, and etomidate approximately one week after
completion of 70 weeks of the study.

These events and similar events in the infantile-onset Pompe disease population in other studies,
including one patient death in Study 1702 (ventricular fibrillation and cardiac arrest during
central line placement post-anaesthesia), lead to a revision of the Investigator’s Brochure and
hetghtened awareness and training for the Investigators regarding the use of anaesthetic agents in
these patients, who are at high risk of cardiac complications likely due to underlying cardiac
hypertrophy. The cardiac arrhythmia events associated with anaesthesia are summarized in the
following tabic.

Table A1-38: Study 1602, Cardiac Arrhythmias Associated with Anaesthesia

Patient AE Preferred Term o _ Days Prior to 1* Infusion
315 Bradycardia -21
319 Ventricular fibriflation o - ) -1

] ~ Days Post-Last Infusion
306 Arrhythmia _ 14
313 ' Ventricular tachycardia, ventricular fibrillation, cardiac arrest 7

Hearing loss was reported in several patients during the study. Thirteen of 18 patients underwent
hearing tests at Screening/Baseline, and of these 13 patients, five had abnormal hearing results in
at least one car. At Week 26, seven patients were noted 1o have abnormal hearing in at least one
ear, including three patients with abnormal results at baseline, one patient with normal hearing at
baseline, and three patients with no baseline hearing results. Hearing loss was described as
hypoacousis, sensorineural, mixed, and conductive in these patients. It was noted that middle ear
cffustons were present in many patients, which complicated the interpreations of the results.

Hearing loss at Screening/Baseline and during treatment was reported in many patients in the
rhGAA clinical development program, including infantile-, juvenile- and adult-onsct patients in
clinical trials and in expanded access programs. Hearing loss in Pompe discase has also been
reported in the medical literature, and appears to be due to the underlying disease (thought to be
secondary to cochlear glycogen deposition). Hearing loss has also been reported in other
lysosomal storage disease. It appears likely that the hearing loss reported in this study is
sccondary to underlying discase and not to treatment with thGAA, although it is not possible at
this time to determine if thGAA treatment modifics the progression or development of hearing
loss 1n this patient population. [t is recommended, therefore, that longer-term foltfow-up of
hearing be performed in patients receiving rhGAA.
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10.1.1.14.7  Adverse Events Over Time

AEs were assessed over the duration of the study, and in general, the occurrence of ALls
appeared to be fairly evenly distributed over time. The numbers of AEs reported by study day
are represented graphically in the following figure (fewer AEs reported after approximately Day
450 is consistent with fewer patients with exposure to study treatment greater than 450 days).

Figure A1-21: Study 1602, AEs Reported Over Time (Study Day)
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The SALs reported over time showed similar results to AEs over time, with the occurrence of
SAEs appearing to be fairly cvenly distributed over time. The numbers of SAEs reported by
study day are represented graphically in the following figure.

Figure A1-22: Study 1602, SAEs Reported Over Time (Study Day)

[ARs over time appeared to show 1ARs occurring more commonly in the first year of the study.
There are several possible explanations for this: 1} premedication was commonly given to
patients who had previously cxperienced IARs; 2) palients may have developed tolerance to
study medication, which is supported by somce (but not all) patients showing decreases in
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antibody titers over the course of the study; or 3) the patient with the largest number of IARs
(Patient 318) was in the study for only 380 days. The numbers of IARs reported by study day
are represented graphically in the following figure:

Figure A1-23: Study 1602, IARs Reported Over Time (Study Day)
1000
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10.1.1.14.8  Laboratory Results

In general, there were no notable patterns of clinical laboratory abnormalities seen in the study.
Elevations in CK, ALT and AST were noted throughout the study, consistent with muscle
damage and release of enzyme. Ancmia was noted as an AE (as were low Hgb and Het) in
cleven patients (72%}); however, this may have been secondary to underlying diseasc, frequent
phlebotomy, and nutritional status of the patients. There were isolated elevations in other
laboratory parmeters in individual patients, but no consistent patterns were seen that were likely
to be attributable to thGAA treatment. There were no other notable laboratory results, other than
the immunogenicity results, which are summarized above.

10.1.1.15 Safety Summary
The safety results from Study 1602 show the following:

I AEs were frequently reported in this study, and all [8 patients reported multiple AEs.
This 1s not unexpected due to the severity of the underlying disease and the medically
fragile conditions of the study patients. In general, AEs tended to reflect underlying
diseasc (c.g., respiratory and infectious AEs), or were AEs commonly secn with
enzyme/protein infusions (c.g., rash, fever/pyrexia). By AE preferred term, the most
commonly reported AEs (by incidence rates) were pyrexia (100% of patients), rash
(72%), otitis media (67%) and gastroenteritis (61%).

2. There were two deaths reported in the 18 patients in the study. One death occurred

during the study in Patient 305, who died at age 19.8 months due to underlying
diseasc/respiratory faiture (desaturation and bradycardia while hospitalized for
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respiratory distress and pneumonia) after having received approximately 14 months of
rhGAA treatment. Another patient (303) died at approximately 32 months of age after
completing the study and while enrolled in an expanded access program, after having
received approximately 25 months of thGAA treatment. The cause of death was reported
as multiorgan failure and septicemia. No other patient discontinued participation in the
study due to an AE or for any other reason.

3. IARs were reported in 11 patients, and were more commonly reported in the 40 mg/kg
group than in the 20 mg/kg group. 1ARs were also more commonly reported in patients
with antibody titers >6,400, and no IARs were reported in the two patients with antibody
titers of zero. The most commonly reported IARs were pyrexia and rash (39% of
patients), and urticaria (28%). Approximately two thirds of the IARs reported during the
study were reported in two patients (Patients 318 and 303), both of whom were in the 40
mg/kg group and had peak antibody titers >50,000. Nine patients (50%) required
premedication prior to infusions at one or more study visits, and all patients except
Patient 303 were able to receive >90% of scheduled thGAA doses. Patient 303 missed
five doses and received three partial doses of thGAA (80% of scheduled infusions) due to
AEs, including 1ARs (Patient 303 was also noted to initially gain new developmental
milestones that were later lost, coincident with rising antibody titers, and this paticnt
eventually became ventilator dependent).

4. SAEs were reported in 17 of 18 patients, and tended to reflect underlying discase (e.g.,
respiratory and infectious SAES) or treatment intervention complications (e.g., catheter
related infection). The most commenly reported SAEs were pneumonia (44% of
patients), respiratory failure (39%), and catheter related infection and respiratory
syncytial virus infection {28% each).

5. Serious cardiac arrhythmia AEs were noted in four patients at any time during the study,
and were associated with anaesthesia usc for procedures. These arrhythmias included
ventricular tachycardia, ventricular fibrillation, bradycardia and cardiac arrest, Similar
cardiac archythmias have also been reported in infantile-onset Pompe disease patients in
other thGAA studies, and at least one patient in another Genzyme thGAA study {Study
1702) experienced ventricular fibrillation, cardiac arrhythmia, and death associated with
anacsthesia. Cardiac arrhythmia is felt to be due to risk of anaesthetic agents in these
high-risk paticnts due to the underlying cardiac hypertrophy associated with infantite-
onset Pompe discase, which has lead to heightened awareness and training of
tnvestigative staff for the thGAA clinical program.

6. Hearing loss was reported in many patients in this study at Screening/Baseline and at
follow-up asscssments. Hearing loss has also been reported in other clinical studies and
expanded access programs in the thGAA clinical program. Hearing loss has been
described in the medical literature as associated with Pompe disease, possibly secondary
to glycogen deposition in the cochlea, and hearing loss has been described in other
lysosomal storage diseascs. Tt appears likely that the hearing loss reported in this study is
sccondary to underlying discase and not to treatment with thGAA, although it is not
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possible at this time to determine whether rhGAA treatment modifies the progression or
development of hearing loss in this patient population. Longer-term follow-up of hearing
in patients receiving thGAA is recommended.

In summary, given the risk of the underlying disease and the nearly universal progression to
death by 18 months of age in untreated patients with infantile-onset Pompe disease, the safety
profile of thGAA 1s acceptable, and all patients in Study 1602 were able to receive greater than
80% of scheduled doses of thGAA. Safety concerns noted were either likely due to underlying
disease or were similar to AEs seen with other enzyme/protein infusions.

10.1.1.16 Conclusions and Recommendations

Based on the results of Study 1602, it is the recommendation of this Reviewer that thGAA 20
mg/kg be approved. The treatment of infantile-onset Pompe disease patients with thGAA at or
prior to the age of seven months results in a ventilator-free survival benefit at 18 months of age
as compared to an Historical Control Subgroup. It is unclear if the results are sustained,
however, especially in patients developing elevated anti-thGAA antibody titers, and the long-
term growth and development of these patients is unknown. The safety profile of thGAA is
found 1o be acceptable given the seriousness of the underlying disease. Safety concerns noted
with thGAA were either likely duc to underlying disease or were similar to AEs seen with other
enzyme/protemn infusions. As the thGAA 20 mg/kg and 40 mg/kg doses were found to have
similar efficacy, and as the rhGAA 20 mg/kg dose was noted to have a more favorable safety
profile as compared to the hGAA 40 mg/kg dose, the thGAA 20 mg/kg dose is the
recommended dosc for use in the infantile-onset Pompe disease patient population. Noteworthy
safety signals that are recommended to be incorporated into product labeling include a warning
regarding the use of anaesthesia in this patient population {as anaesthesia is frequently used for
catheter placement, and an indwelling catheter is needed for the long-term administration of
rhGAA in these patients), and warnings/precautions regarding anti-rhGAA antibody formation,
infusion-associated ALs, and possible loss of enzyme effect with antibody formation.

Appears This Way
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10.1.1.17

10.1.1.17.1

Table A1-39: Study 1602, Height and Weight

Subappendix: Study 1602

Study 1602 Height and Weight by Individual Patient
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Patient/ Week Chren Age Weight Height
Dose Group {Mos) | Kg Z-score Yeile Cm Z-score Yaile
301 Baseline 4.8 5.7 -1.7 4 G2 -0.9 18
40 mg 12 7.9 6.6 24 [ 68 0.6 29
26 L1 7.6 2.7 0 73 -0.7 25
38 13.8 7.9 2.9 0 75 09
52 17.0 9.5 -1.9 3 78 -1.1 14
64 19.7 [0.5 -1.2 1l Not avail
78 23.0 3.6 | 04 65 95 2.6 100
90 25.7 14.6 1.1 87 84 -1.0 is
t04 29.1 17.3 2.2 99 92 0.4 64
302 Baseline 7.0 7.5 -0.7 23 65 -1 (3
20mg 12 9.7 8.4 -1.1 14 Not avail
- 26 12.9 9.0 14 8 79 1.0 84
38 15.7 9.7 -1.3 9 Not avail
52 18.9 16.9 -0.7 23 Not avail
64 21,7 1.6 0.5 29 85 0.2 43
78 24.9 119 0.6 26 93 1.6 95
90 27.7 12,5 1 03 32 Not avail
303 Baseline 7.0 6.4 -1.8 3 Not avail T
40 mg 12 9.7 7.3 -1.6 6 74 1.2 89
26 13.0 9.8 0.1 55 79 1.4 92
38 15.8 10.7 02 59 85 22 99
52 193 12.0 I 0.6 72 Not avail
64 22,7 130 | 09 8l Not avail
78 263 135 0.7 76 Not avail o
305 Raseline 57 5.4 210 2 66 0.6 73
20 mg 12 8.4 7.9 -1.5 6 74 1.8 96
26 116 8¢ 0.6 28 75 0.8 78
38 i4.4 10.1 0.1 46 80 Il 87
52 17.3 113 0.8 77 90 3.4 100
306 Bascline 5.8 55 2.7 0 62 -2.0 3
20mg 12 8.4 6.4 -3.0 0 69 -0.6 28
26 1.6 6.3 -4.5 0 70 -1.8 4
38 14.4 7.1 -4.1 0 76 -0.9 t8
52 17.8 9.3 2.1 2 85 .1 86
64 20.3 9.8 2.0 2 85 0.2 58
78 23.6 12.8 0.1 56 90 0.8 79
90 26.3 139 | 06 73 95 1.8 96
307 Baseline 6.8 66 2.0 3 67 6.3 37
40 mg 12 9.6 i 8.2 -1.3 10 71 0.6 29
26 128 | 93 0.6 28 79 0.8 78
| 38 156 | i3 0.1 33 80 0.2 57
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Table A1-39: Study 1602, Height and Weight

Patient/ Week Chron Age Weight Height
Bose Group {Mos) Kg Z-score Yaile Cm Z-score Yoile
' 52 18.8 12.8 0.7 77 85 0.7 76
64 21.5 14.7 1.6 95 88 0.8 80
78 24.8 14.8 1.4 91 % 1.0 83
308 Baseline 4.3 6.9 -0.2 43 a5 03 62
40 mg 12 7.2 7.8 0.9 18 68 -0.8 23
' 26 10.2 9.3 -0.5 31 74 0.1 55
38 13.1 104 -0.3 39 75 0.8 2
52 16.3 1.2 0.2 43 83 0.8 79
64 19.4 12.2 0.2 57 84 02 58
78 223 12.8 03 | 60 88 06 | M
309 * Baseline 53 7.5 0.6 74 67 1.0 85
20 mg 12 7.9 7.6 -0.3 37 70 0.8 79
' 26 113 8.8 0.6 28 76 1.1 87
38 14.0 10.0 -0.2 42 79 0.6 73
52 17.4 10.7 0.2 13 81 0.4 65
64 19.9 12.7 1.1 86 2 0.2 57
78 232 129 | 07 75 85 02 | M
310 Baseline 6.3 74 -0.8 20 76 25 | 100
20 mg 2 9.2 8.2 -13 10 76 1.2 89
‘ 26 124 9.8 0.6 28 80 14 91
38 £5.1 10.9 0.3 40 84 L4 92
52 18.4 IS -0.2 40 91 24 99
64 212 13.0 0.5 70 89 1.2 88
78 24.4 14.0 0.9 81 93 L7 96
3 Baseline 7.2 6.0 -3.2 0 6y 0.2 43
40 mg 12 9.7 7.8 -1.8 4 70 08 20
26 13.3 8.7 -1.9 3 75 09 17
38 16.1 9.2 2.0 2 79 -0.4 33
52 19.1 9.7 2.0 2 80 -1.0 {7
64 22,0 104 -1.7 5 83 0.8 20
78 25.2 10.2 22 13 84 1.1 E
312 Baseline 49 5.7 1.0 16 1 6s 10 84
20 mg 12 79 6.8 -1.3 10 7 1.3 90
26 111 7.6 2.0 3 76 1.0 84
38 13.8 8.4 -1.6 5 78 03 80
52 17.3 9.7 -1 3 81 0.4 65
64 20.1 10.1 121 83 0.1 54
313 Baseline 2.1 42 1.6 6 54 1.9 3
40 mg 12 5.0 5.5 -1.9 3 63 -0.7 23
26 8.3 7.0 -1.5 6 71 0.5 69
38 1Ll 86 0.8 21 74 0.3 61
52 14.3 9.2 -1.0 16 78 0.3 61
64 17.0 9.3 -L.6 6 81 0.4 63
314 Baseline 18 5.4 0.8 78 57 0.1 S6
20 mg 12 4.6 7 0.1 33 o8 1.4 62
26 7.9 8.7 0.1 52 74 L6 94
38 10.7 99 0.1 52 79 17 96
52 13.8 10.8 0.1 52 52 IS 3
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Table A1-39: Study 1602, Height and Weight

Patient/ Weck Chron Age Weight Height
Dose Group {Mos) Kg Z-score Yaile Cm Z-score Yaile
B 64 16.6 11.2 -0.2 43 85 12 | 89
315 Bascline 11 1.6 0.4 34 57 0.1 56|
40 mg 12 3.9 7.1 0.9 81 68 2.1 98
26 7.2 8.7 0.1 52 Not avail
38 9.8 9.8 0.3 62 75 0.9 82
52 13.1 104 -0.3 39 Not avail
64 159 11.1 0.1 46 82 0.8 79
316 Basecline 6.7 3.5 -2.5 0.6 65 -0.3 39
20 mg 12 9.9 6.7 2.3 | 69 0.6 28
26 £3.2 8.8 -1.2 12 75 0.2 44
38 15.7 9.6 0.8 21 77 0.1 45
s2 18.9 109 | -02 44 82 0.5 69
317 Baseline 6.2 5.6 -3.3 0 6l -3.0 0
40 mg 12 9.1 6.0 -4.2 0 66 -2.5 |
26 12.1 6.7 -4.2 0 66 3.9 0
38 151 7.7 -3.6 0 73 -2.2 1
52 183 9.3 2.2 I 74 2.7 0
318 Baseline 5.4 6.2 -1.7 4 Not avail
40 mg 12 8.1 7.4 -1.8 3 71 0 51
26 113 8.7 -1.4 8 75 0.1 44
38 4.1 9.1 -1.7 4 78 -0.1 45
52 17.3 10.2 -1.2 11 85 1.1 86
319 Baseline 2.0 4.7 -0.8 21 56 -0.9 19
20 mg 12 4.5 6.0 -0.6 28 63 0.3 60
26 7.7 74 -0.6 28 69 0.3 62
38 10.6 8.1 1.0 16 72 0.0 51
52 14.2 10.1 -0.1 46 76 -0.2 41
10.1.1.17.2  Study 1602: Head Circumference by Individual Patient
Table A1-40: Study 1602, Head Circumference L
Patient/ Week Chron Age Head Circumference
Doase Group (Mos) Cm Z-score Yaile
301 Baseline 4.8 4 R R T
40 mg 12 7.9 44 0.4 33
26 1.1 45 -0.9 17
38 13.8 45 1.4 8
52 17.0 47 -0.5 31
64 19.7 Not avail
78 23.0 50 1.1 86
90 257 51 1.5 %4
104 29.1 52 1.6 94
302 Bascline 1.0 44 0.1 35
20 mg 12 9.7 45 -G.4 33
20 12.9 47 0.4 63
38 157 48 0.6 71
52 i8.9 Not avait
04 21.7 49 0.1 33
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Table Al1-40: Study 1602, Head Circumference

tn
[N

Patient/ Week Chron Age Head Circumference
Dosc Group (Mos) Cm Z-score %ile
' 78 24.9 49 0.1 52
90 217 Not avail
303 Baseline 7.0 Not avail
40 mg 12 9.7 43 -0.8 22
26 13.0 45 0.2 44
38 15.8 46 0.0 51
52 19.3 Not avail
64 227 Not avail
78 2603 Not avail i _
305 Baseline 5.7 40 -1.4 7
20 mg 12 8.4 41 2.2 2
20 1.6 43 -1.4 8
38 14.4 45 -0.7 26
,_ 2 | s |4 26 L
306 Baseline 5.8 40 -2.5 l
20 mg, 12 54 42 -2.7 ]
26 11.6 42 -3 0
a8 14.4 43 3.3 .0
52 17.8 45 24 1
64 203 43 2.3 I
78 23.6 | 46 2.0 2
90 26.3 ! 47 -1.4 8
307 Baseline 6.8 44 04 34
40 mg 12 9.6 46 0.2 60
26 12.8 47 0.4 65
38 15.6 47 -0.4 36
52 18.8 19 0.9 50
64 21.5 30 0.9 80
78 24.8 50 10 84
308 Baseline 43 42 -0.8 23
40 mg 12 7.2 44 -6.8 20
26 10.2 46 0.1 53
38 13.1 46 -0.6 27
52 163 47 -0.4 36
64 19.4 47 -0.8 22
78 223 48 -(0.7 24
309 Baseline 53 42 0.3 38
20 mg 12 7.9 43 0.5 30
26 i3 45 0.2 57
38 14.0 47 0.7 77
52 174 48 0.8 79
64 19.9 47 0.4 65
78 232 48 0.3 61
310 Baseline | 6.3 42 -14 8
20 mg 12 9.2 44 -1 14
26 12.4 44 2.3 ]
34 5.1 40 -0.8 21
B 52 184 147 07 24
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Table Al1-40: Study 1602, Head Circumference
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Patient/ Week Chron Age Head Circumference
Dose Group {Mos) Cm Z-score Yaile
64 21.2 47 038 23
78 244 49 0.1 52
3 Baseline 7.2 43 -1 13
40 mg 12 9.7 43 2.0 3
26 13.3 46 1.0 16
18 16.1 46 -1.3 10
52 19,1 47 -0.9 18
64 220 48 -0.3 37
78 252 47 -1.4 8
- 312 Baseline 4.9 41 -0.3 39
20 mg 12 7.9 f 42 -1.0 16
2% TR a3 15 7
38 13.8 44 -t.2 12
52 17.3 : 45 -1.5 7
64 20.1 45 -1.4 8
i 313 Baseline 21 ’ 36 28 0
40 mg 12 34 40 2.1 2
26 8.3 a2 -1.4 8
38 11.1 44 -0.9 20
52 14.3 45 -0.6 28
64 17.0 M 18 3
314 Baseline 1.8 39 0.1 45
20mg 12 4.6 43 0.2 60
26 1.9 435 0.2 60
38 10.7 47 0.9 81
52 13.8 48 0.6 71
64 16.6 48 0.2 57
315 Baseline 1.1 19 -0.4 33
40 mg 12 3.9 Not avail
20 7.2 Not avail
38 9.8 44 -1.2 12
32 131 Not avail
L. 139 Not avail
316 Bascline 6.7 ; 41 -1.3 10
20 mg 12 9.9 : 42 1.8 4
26 {32 Nol avail
38 157 46 03 63
) 52 185 Y -0.1 47
i 317 Bascline 6.2 38 -4.8 00
40 mg 12 9.1 40 44 0
26 12.1 43 =32 it
38 15,1 44 2.6 1
52 18.3 as 22 2
318 Bascline 54 Not avail -
40 mg 12 8.1 42 24 I
26 i1.2 i 45 -(.9 17
38 14 j 45 2.0 2
52 173 a7 0.5 31
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Table A1-40: Study 1602, Head Circumference

Patient/ Week Chron Age Head Circumference
Dose Group (Mos) Cm Z-score %hile
319 Baseline 2.0 37 -1.9 3
20 mg 12 4.5 39 -1.9 3
26 7.7 43 0.6 27
18 10.6 43 1.7 5
52 2 46 R
10.1.1.17.3  Study 1602: Cardiac Parameters by Individual Patient

Table Al-41: Study 1602, Cardiac Parameters

Patient/ Week Ejection AEF from LVMI ALVMI from LVM Z- ALVM Z-score
Dose Fraction Baseline Baseline score from Baseline
301 0 68 0 238 0 8.4 -0.0
40 mg 4 50 -19 223 -14 8.13 -0.3
8 49 -9 146 -32 6.2 -1.2
t2 4 -14 121 -6 5.3 3.
26 55 -13 71 -167 2.9 -5.5
38 . : . . . .
52 76 7 30 157 33 5.1
64 69 0 68 -170 2.4 6.0
78 7l 3 8 -151 3.3 =51
302 4 51 13 3.0
20 mg g oY 11 49
12 60 72 3.0
26 62
38 &0
52 63 . .
64 58 58 Lo
78 65 61 1.9
90 56
303 4 . . .
40 mg 8 52 180 E 7.0
12 45 e E 49
26 74 75 i 2.9
38 :
52 70 . L . ‘r : :
305 ¢ 53 0 302 o 93 -6.0
20mg 0 . - . . ; . .
4 346 -i6 302 0 9.3 0.0
8 44 -9 181 -120 7.1 -2.2
12 43 -10 205 ST 7.5 -1.8
26 67 i4 124 -178 5.3 -4.0
38 57 4 L9 -182 : 4.9 -4.4
52 68 6 (o -192 ‘ 4.4 -4.9
306 0 64 ¢ 163 0 6.7 0.0
20 mg 4 63 1 95 -68 4.4 -2.3
8 66 2 83 -81 3.8 -2.9
12 58 -5 79 -85 i 3.6 3.1
26 72 8 56 -107 “ 2.1 -6

W
A
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Table Al1-41: Study 1602, Cardiac Parameters

Patient/ Week Ejection AEF from LvMI ALVMI from LVM Z- ALVM Z-score
Dase Fraction Baseline | Baseline score from Baseline
38 59 5 105 59 4.6 _ 2.1 i
52 64 o 74 -90 2.9 338
64 57 -7 77 -87 3.1 3.6
78 65 1 41 -122 0.1 6.6
90 70 6 44 -119 03 6.4
307 0 25 0 283 0 9.0 _ -0.0
40 mg, 4 28 j 2 221 62 7.8 _ 12
' 8 2 -1 203 -80 7.4 1.6
12 27 ' 2 195 -88 7.2 , -1.8
26 43 20 128 -135 S W 3.8
38 a6 21 109 -174 4.5 -4.5
52 63 40 90 -193 3.5 -5.5
64 59 _ 34 72 211 2.4 _ 6.6
78 67 42 42 241 1 01 89
308 0 60 0 225 0 8.0 0.0
40 mg 4 36 -3 150 -75 6.3 Wi
8 42 -18 RN 114 5.0 3.0
12 : : . : : :
26 61 1 70 -155 2.8 52
38 71 12 70 -155 26 -5.4
52 S0 e 66 o139 2.3 -5.7
64 61 o 64 -162 2.1 . -5.9
78 58 -1 64 -162 20 5.9
309 0 44 0 220 . 0 79 -0.0
20 mg 4 45 1 188 32 7.2 0.7
8 54 10 217 -4 7.8 ' 0.1
12 . 43 L AU . -2.0
26 70 26 126  -953 5.2 : 2.7
38 67 23 - 6l ' -159 2.1 _ -5.8
52 56 12 76 -144 _ 2.9 -5.0
64 60 16 60 -160 1.9 -6.0
78 69 ' 25 63 -157 2.0 -5.9
310 0 45 0 179 0 6.8 0.0
20 mg 4 27 -18 171 -8 6.8 0.0
8 46 i . , . :
12 46 2 130 -49 5.5 -1.3
26 37 -8 105 74 4.4 2.4
. 50 5 79 -100 3.1 3.7
52 63 1 18 59 -120 L7 5.1
64 58 ' 13 56 -123 1.5 -5.3
78 61 17 L L .
311 _ 0 34 ' 0o 163 0 6.6 -0.0
40 mg 4 37 3 113 -50 5.0 -1.6
8 33 SN 108 -85 4.8 -1.8
12 44 10 83 =79 3.7 2.9
IR N | | | | ‘
38 L s 16 63 100 23 43
52 50 16 45 -118 0.8 -5.8
64 59 24 69 -94 26 A0
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Table Al-41: Study 1602, Cardiac Parameters

Patient/ Week Ejection ° AEF from LVMI ~ ALVMI from LVM Z- | ALVM Z-score
Dose Fraction Baseline __Baseline score ~ from Baseline
B 78 63 § 28 69 -94 2.5 ; 4.1
312 0 48 0 208 0 7.8 0.0
20 mg 4 40 ' -9 212 5 7.8 -0.0
8 36 _ -13 208 0 7.7 : -0.1
12 16 -13 175 -32 6.9 ; -0.9
26 N . . . - - " - . -
38 53 - 4 "3 93 4.8 3.0
52 61 12 7 131 3.1 : 4.7
313 0 39 S0 153 0 6.5 0.0
40 mg 4 41 _ 3 132 -21 6.0 -0.5
8 300 9 103 -50 4.7 -t.8
12 46 - 8 83 -70 3.9 2.6
26 57 19 57 96 2.1 _ -4.4
38 56 |7 82 72 3.4 3.
52 49 10 96 -57 4.2 2.3
64 38 I 96 . 57 4.1 2.4
314 0 76 0 149 0 6.3 0.0
20 mg 4 59 -17 t09 -40 4.9 1.4
8 38 38 106 -43 4.8 N
1z 60 -16 87 : 62 3.9 24
26 66 ' -10 68 -81 2.6 3.7
38 : . ) . . .
52 57 19 64 -85 22 -4.1
64 : . . L : .
315 0 61 0 59 0 2.6 0.0
40mg | 4 ' : .
8
12
20
38 . .
52 55 6 . L L ]
316 0 60 ; 0 o122 0 5.4 00
20 mg 4 39 21 124 2 5.5 0.1
8 42 -18 t14 -8 ; 5.1 0.3
12 43 -17 96 26 i 43 -1.1
26 45 14 79 -43 3.3 2.1
52 24 -35 45 77 0.7 -4.7
317 0 41 0 202 0 76 0.0
40 mg 4 52 o 246 44 8.4 0.8
(3 37 -4 184 -18 7.2 0.4
12 41 0 151 SL 6.4 ' 12
26 36 -1 158 44 6.4 -2
18 42 l 156 -46 6.3 13
52 32 -9 157 -45 63 13
118 0 33 0 ) I T
40 mg 4 33 -0 206 ' 7.6
8 22 -1 159 6.5
12 27 -6 188 7
26 21 -12 150 6.0
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Table Al-41: Study 1602, Cardiac Parameters

Patient/ Week Ejection AEF from LvMI " ALVMI from LVM 7~ ALVM Z-score
Dose Fraction Baseline | __Baseline score from Baseline
38 33 0 101 . 4.3 '

52 36 23 113 . 4.1 .
319 0 68 0 233 0 82 00
20 mg 4 a4 -24 192 42 _ 7.5 0.7
8 37 -31 134 -100 59 2.3
12 3 -30 154 80 6.4 -8
26 55 -t 108 -125 4.8 3.4
38 39 j 29 140 -93 5.9 23
52 % 40 149 -85 5.9 2.3

10011174 Study 1602: AIMS Scores by Individual Patient

Table A1-42: Study 1602, AIMS Scores by Category

Patient/ Week Category Raw Score Total Raw Chron Age Equiv Percentile
Dose Prenc = Supine Sit Stand Score Age Score Score
Group | 2H (9 (12) (16) (58) (Mos) | (Mos)
301 Bascline 1 4 i 0 6 4.8 1.1 <1
40 mg 12 36 2 0 [ 78 3.0 <1
26 6 8 7 0 21 110 5.1 <t
38 16 2 0 9 13.8 22 <l
52 0 4 I 0 5 17.1 0.8 <t
64 0 5 i 0 6 20.0 1.1
78 0 4 ! 0 5 233 0.8
90 0 0 0 0 0 25.5 <0.5
104 0 i .06 0 3 29.0 <0.5
302 Baseline & 7 6 3 24 6.6 6.0 66
20 mg {2 14 9 ) 3 38 9.7 83 36
26 21 9 12 1 53 12,9 12.0 54
38 21 9 12 15 57 15.7 >14 >S50
52 21 9 12 16 58 18.9 >14
78 2 9 {2 16 38 25,0 >14
303 Baseline 5 4 4 2 0 E 70 4.0 2
40 mg 12 12 9 8 3 32 9.8 7.4 15
26 12 8 1 3 34 13 7.8 <1
38 9 g i 7 36 {55 8.1 <1
52 21 9 i2 13 55 19.4 i3
64 21 4 12 13 55 23.1 2.9
78 0 0 0 l [ 26.5 <0.5
305 Baseline 0 2 0 | 31 56 <0.5 <l
20 mg 12 0 2 0 0 2 8.4 <0.5 - <1
‘ 26 0 2 I | 4 1.6 <003 <l
38 0 2 0 | 3 14.3 <0.5 <1
] | s I 2 6 I 1 17.8 0.5 <l
306 Baseline 0 3 i R 7 X S I R T
20 mg (2 1 5 ! 1 8 8.4 1.8 <1
26 0 2 0 0 2 1.8 <0.5 <
38 |0 R N 14.4 <0.5 <|
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Table A1-42; Study 1602, AIMS Scores by Category
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Patient/ Week Category Raw Score Total Raw Chron Age Equiv | Percentile
Dose Prone  Supine Sit Stand Score Age Score Score
Group (21) ¢ (12) (L6} (58} (Mos) (Mos)
52 0 2 0 0 2 17.6 <0.5 <1
64 0 0 0 0 0 203 <0.5
78 0 0 0 0 0 23.6 <0.5
90 0 0 0 0 0 26.3 <0.5 N
307 Baseline 3 4 3 2 12 6.6 3.3 1
40 mg 12 1 9 0 4 34 9.5 7.7 26
' 26 21 9 12 13 55 12.9 12.0 52
38 21 Y 12 16 58 154 >4 >50
52 21 9 12 16 58 18.9 >14 =50
64 21 9 12 16 58 21.8 >4
308 Baseline 1 3 6 0 4 4.1 <] <l
40 mg 12 5 7 2 0 14 7.2 1.8 <
26 14 8 Ll 3 36 10.2 8.1 3
38 20 9 12 ¥ 52 13.8 12 18
52 21 9 2 16 58 62 1 =4 >50
309 Baseline 3 7 | 2 13 5.1 36 7
20 mg 12 8 g 9 3 28 7.9 6.4 23
26 15 9 i 8 43 1.3 9.0 13
38 21 9 12 13 55 14.0 12.0 55
52 21 9 12 15 57 17.1 >14 =50
64 21 9 2 16 | 38 9.8 >14 B
310 Baseline 3 5 ] 2 1 6.4 3.0 <l
20 mg 12 9 8 4 3 24 9.1 5.7 !
. 26 9 7 6 3 25 (2.4 5.9 <l
38 21 8 10 10 49 15.1 10.4 <5
52 20 8 § 8 47 18.4 9.9 <1
64 19 9 12 12 52 212 1.7
78 21 9 ! i3 54 239 123
31l Raseline 0 0 1 0 1 7.2 <0.5 <]
40 mg 12 2 4 2 0 8 9.8 1.8 <
26 0 5 { 0 6 133 1.0 <1
38 3 7 7 0 17 16.1 43 <5
52 4 6 6 0 16 19.2 42 <l
64 12 9 9 & 30 22.0 7.0
78 13 9 1l 2 35 25.1 7.9
312 . Bascline 1 4 ] ] 7 4.8 1.3 <
20 mg 12 l 5 ! | 8 7.9 1.8 <l
26 2 7 8 1 (8 1.2 4.5 <1
38 4 9 10 I 24 13.9 57 <l
52 18 8 12 | 39 17.0 8.4 <l
- 64 19 9 1 o M 20.0 8.7 B
313 Bascline [ 3 1] 2 O 2.0 [.0 16
40 mg i2 4 5 5 i 15 5.0 4.0 14
26 15 9 12 2 38 $.3 8.2 52
38 21 9 2 8 50 14 1.0 49
52 21 9 2 = s 14.0 1.4 g
64 12 9 1l 0 32 17.2 7.4 <5
34 Baseline 2 2 F 6 16 1.0 25 |
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Table A1-42: Study 1602, AIMS Scores by Calegory

Patient/ Week Category Raw Score Total Raw Chron Age Equiv | Percentile

Dose Prone Supine Sit Stand Score Age Score Score

Group (21) (9) (12) (16) {58) {Mos) {Maos)

20 mg 12 6 6 I 2 15 4.7 4.0 19
26 1 8 4 2 25 8.0 5.8 10
3R 11 e 10 3 33 10.7 7.6 <1
52 13 9 10 7 39 3.8 8.4 <l
64 17 9 1 §! 48 166 10.1 <5

3is Baseline 1 1 0 I 3 0.4 0.5 14
40 mg 12 9 4 2 2 b7 318 43 79
26 9 9 10 3 31 7.1 7.2 50
38 21 9 12 iy 52 g8 11.7 78
52 21 Y 12 15 57 13.0 »14 65
316 Baseline s 4 2 0 7 6.7 14 <1
20 mg 12 10 7 6 0 23 9.7 55 <
' 26 21 9 12 6 48 3.2 (0.1 26
38 21 9 12 9 51 15.9 11.4 <l
52 21 9 12 15 57 18.9 >14 >50
317 Baseline 0 0 1 0 | 6.2 0.5 <
40 mg 12 0 0 1 0 1 8.9 <0.5 <]
|26 0 0 0 0 0 12.3 <0.5 <l
38 0 0 0 0 0 15.1 <0.5 <]
52 0 0 0 0 0 187 | <05 <1
318 Baseline | 0 4 1 0 5 3 08 <1
40 mg 12 3 8 5 l 17 8.4 43 <
o 26 7 8 9 ! 25 1.2 5.9 <1
38 9 8 Ll U 29 14.1 6.7 <l
52 10 9 9 ] 29 17.3 6.7 <1
319 | Baseline 1 2 1 1 5 20 0.8 7
20 mg 12 1 4 1 0 6 43 1.0 <
26 1 4 ! 0 6 7.7 1.0 <1
38 0 0 0 0 0 10.5 <0.5 <1
» 52 Not avail '
10.1.1.17.5  Study 1602: Pompe PEDI Scores by Individual Patient
10.1.1.17.5.1  Mohility Scores
Tahle Al-43: Study 1602, Pompe PEDI Scores, Mohility Scores
Patient/ Week Chran Age _ Mobility Scores
Dose Group (Mos) Raw Scaled (SE) Normative
Std Score
301 Bascline 48 2 8.1(3.0) 34
40 mg 12 7.8 10 22.2(L.8) 19
26 11.0 14 25.9(1.6) 26
38 138 9 129U <10
52 171 ] 453.6) | <10
64 200 15 38.8 (1 .4) <10
78 233 17 40.4 (1.3) <)
90 255 118 411 (1.3) <10
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Table Al1-43: Study 1602, Pompe PEDI Scores, Mobility Scores
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Patient/ Week Chron Age Mobility Scores _
Dose Grounp {Mos) Raw Scaled (SE) Narmative
Std Score
104 29.0 12 36.1(1.5) <10
302 " Baseline 6.6 15 26.7(1.5) 62
20 mg 12 9.7 23 31.9(1.3) 18
26 12.9 41 40.5(1.1) 16
38 15.7 68 49.5 (0.9) 54
32 18.9 86 54.8(1.0) 51
64 21.9 77 52.1(0.9) 45
78 25.0 75 51.6(0.9) 26
90 27.9 88 554 (1.0) 37
303 Baseline 70 9 21.0(1.9) 16
40 mg 12 98 4 25.9(1.6) 26
26 i3 24 32.4(1.3) 20
38 155 35 37.9(1.2) 3
52 19.4 65 48.7(0.9) 37
64 231 55 45.6(1.0) 29
78 265 3 10.8(2.7) <19
305 Baseline 3.6 0 16.8(2.2) 47
20 mg 12 8.4 Not done
26 1.6 7 18.4(2.1) [l
38 14.3 3 10.8 (2.7) <10
52 17.6 6 16.8(2.2) <10
306 Baseline 5.8 9 21 (1.9) 54
20 mg 12 84 10 222(1.8) 19
26 i.8 6 16.8 (2.2) <10
38 14.4 2 8.1(3) <10
52 176 3 10.8 (2.7) <10
64 20.3 3 108 (2.7) <10
78 23.6 2 8.103) <10
L 90 263 0 B 0 (5.8) <10
307 Baseline 6.6 9 21.0(1.9) 54
40 mg 12 9.5 20 30.1(1.4) 15
26 12.9 41 40.5(1.1) 36
38 15.4 65 48.7(0.9) 52
s2 18.9 72 50.7 (0.9) 4]
64 21.8 85 54.5(1.0) 50
78 25.0 94 37.3(1.0) 42
- 308 Baseline 4.1 3 10.8 (2.7) 38
40 mg 12 1.2 1 23.2(1.7 21
26 10.2 22 31.3(1.3) 37
38 13.8 46 42.4(1.1) 40
52 16.2 53 449 (1.0) 45
64 188 b 26 33303 <10
309 Bascline 5.1 9 21.0 (1.9) s4
20 mg 12 7.9 18 28.8 (1.4) 32
26 I3 27 34.0(1.3) 43
38 14.0 46 42.4(1.1) 40
52 7.1 64 48.4(0.9) 52
64 19.8 73 51.0 (0.9) 42
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Table A1-43: Study 1602, Pampe PEDI Scores, Mobility Scores

Patient/ Week Chron Age - Mobility Scores
Dose Group {Mos) Raw Sealed (SE) Normative
Std Score
73 23.3 87 55.1 (1.0) 52
310 Baseline 6.4 12 242(1.7 23
20 mg 12 9.1 16 27.5(1.5) 29
26 2.4 27 34.0(1.3) 23
38 15.1 44 41.7 (1.1 39
52 18.4 51 442 (1.0) 26
64 212 69 49.8 (0.9) 39
78 23.9 77 52.1(0.9) 435
311 Baseline 7.2 4 13.1(2.5) 42
40 mg 12 9.8 9 21.0 (1.9} 16.2
26 3.3 7 18.4 (2.1} <10
38 16.1 15 26.7(1.5) <10
52 19.2 18 28.8(1.4) <10
64 22.0 23 31.9 (1.3) <10
i 78 23.1 23 31.9(1.3) <10
312 Baseline 48 6 16.8 (2.2) 47
20 mg 12 7.9 10 22.2(1.8) 19
26 1.2 13 25.1(1.6) 25
38 13.9 18 28.8(1.4) 13
52 t7.0 27 34.0(1.3) 23
313 Baseline 2.0 2 8.1 34
40 mg 12 5.0 9 21.0(1.9) 54
26 8.3 19 29.5(14) 34
38 1. 24 C324(13) 40
52 14.0 42 40.9 (1.1) 37
64 172 18 288 (1.4) 13
314 Baseline 1.6 I 4.5 (3.6) 29
20mg 12 4.7 L1 23.2(1.7) 51
26 8.0 L4 25.9(1.6) 26
38 10.7 17 28.2(1.4) 3]
52 13.8 28 34.6 (1.2) 24
64 16.6 33 37.0(1.2) 29
315 Baseline 0.4 0 0(5.8) 22
40 mg 12 3.8 3 10.8 (2.7) 38
26 7.1 13 25.1(1.6) 25
38 9.8 33 37.0(1.2) 49
52 3.0 60 47.2(1.0) 49
316 Baseline 6.7 8 19.8 (2.0) 52
20 mg 12 9.7 16 27.5(1.5) 29
26, 13.2 26 333013 42
38 159 46 42.4(1.1) 40
52 18.9 80 53.0 (0.9) 47
317 Baschne 6.2 2 8.1(3) <10
40 mg 12 8.9 P 8.1 (3} <10
26 12.3 3 10.8 (2.7) <10
38 15.1 ! 4.5(3.6) <10
52 187 3 10.8 (2.7) <10
318 Baseline 53 3 10.8 (2.7) 38
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Table A1-43: Study 1602, Pompe PEDI Scores, Mobility Scores

Patient/ Week Chron Age Mobility Scores
Dose Group (Mgos) Raw Scaled (SE) Normative
5td Score
40 mg 12 8.4 14 259(1.6) 26
26 11.2 18 288(1.4) 32
38 14.1 23 31.9(1.3) 19
52 17.3 29 35.1(1.2) 25
319 Baseline 20 0 0(5.6) 22
- 20mg 12 4.3 5 15.2(2.4) 45
26 7.7 7 184 (2.1} 11
38 10.5 8 19.8 (2.0} 14
52 144 6 16.8(2.2) <10
10.1.1.17.5.2  Self-Carc Scores
Table Al-44: Study 1602, Pompe PEDI Scares, Sell-Care Scores
Patient/ Week Chron Age Self-Care
Dose Group (Muos) Raw Scaled (SE) Nermative
i o _5td Score
301 | Bascline 48 5 18.8 (2.8) S8
40 mg 12 1.8 9 269(2.5) 26
26 11.0 10 28.7(2.4) 31
38 13.8 7 23.1(2.%) 11
52 17.1 7 23.1(2.5) 1
64 20.0 9 26.9(2.5) 0
78 233 7 23.1(2.5) <10
90 255 7 231 (2.5) <10
104 28.0 { 0 <10
302 ~ Baseline 6.6 8 250(2.5) 71
20 mg 12 9.7 17 37.0(1.6) .54
26 12.9 25 42.4 (1.4) 48
38 5.7 V) 46.2 (1.3) 55
52 189 46 53.0(1.2) 34
64 21.9 39 49.7(1.2) a6
78 250 41 50.6 (1.2} 37
90 279 | 52 s57(L2y | 47
303 Baseline 7.0 [0 28.7(2.4) 31 )
40 mg 12 9.8 14 34.2 (1.9 47
26 13 24 41.9(14) 47
38 15.5 27 43.6 (1.3) 50
52 19.4 25 42.4(1.4) 30
64 23.1 3 45.7(1.3) 38
78 20.5 8 25025 | <10
305 Baselinc 3.6 5 18.8 (2.8) 58
20 mg 12 8.4 Not done _
26 tLe 7 23.1{2.5) LS
38 14.3 5 18.8 (2.8) <10
52 | e 6 21.0(2.6) <10
306 Bascline osg 32 7_i?_5_)_ 46
20mg 12 8.4 3 18828 o 0
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Table Al-44: Study 1602, Pompe PEDI Scores, Self-Care Scores

Patient/ Week Chron Age Self-Care
Dose Group {Mos) Raw Scaled (SE) Normative
Std Score
26 1.8 5 18.8 (2.8) <10
18 14.4 3 12.7 (3.5) <10
52 17.6 3 12.7(3.5) <10
64 20.3 3 12.7 (3.5) <10
78 23.6 4 16.1(3.1) <10
90 26.3 2 9.0 (3.5) <10
307 Baseline 6.6 10 207(2.4) 79
40 mg, 12 9.5 12 31820 40 !
26 129 16 362 (1.7) 36 '
38 15.4 24 419 (1.4) 47
52 18.9 13 46.7 (1.3) 40
64 218 49 54.3¢1.2) 57
78 25.0 ) 56 57.4(1.2) 51
308 Bascline 4.1 1 4.9 (4.0) 30
40 mg 12 7.2 9 26.9(2.5) 26
26 10.2 13 33.1(2.0) 43
38 13.8 27 43.6(1.3) 50
52 16.2 35 47.7 (1.3) 58
64 18.8 23 42.4 (14) 30 ]
309 Baseline 5.1 6 21.0 (2.6 63
20mg 12 7.9 12 3L8(21) 40
o 26 113 17 37.0 (1.6) 54
38 14.0 23 412014 46
52 17.1 30 45.2(1.3) 33
64 19.8 43 51.6(1.2) 51
78 233 50 54.8(1.2) 58
310 | Bascline 6.4 [3 25.0(2.5) 21
20 mg 12 9.1 12 3.8 (2.1) 40
26 124 17 37.0 (1.6) 18
18 15.1 22 40.6 (1.4) 45
52 18.4 31 45.7(1.3) 38
64 21.2 35 47.7(1.3) 42
78 239 16 48.2(1.3) 3
31 Baseline 72 9 26.8(2.5) 75
40 mg 12 5.8 7 23.1(2.5) 15
26 13.3 18 37.8(1.6) 39
38 - 16.1 21 40.0(1.5) 43
52 19.2 25 42.4(1.4) 30
6 22.0 30 452(1.3) 36
78 25.1 39 49.7 (1.2 36
312 Baseline | 4.8 6 - 21.0 (2.6) 63
20 mg 12 7.9 14 342(1.9) 47
26 11.2 16 362 (1.7 52
38 13.9 | 20 393 (1.5) 42
_ 52 17.0 32 46.2(1.3) 35
313 Rascline 2.0 5 21.0¢2.6) 63
40 mg 12 5.0 i 303423 82
26 8.3 HE 31821 40
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Table Al-44; Study 1602, Pompe PEDI Scores, Self-Care Scores

Patient/ Week Chron Age Self-Care
Dose Group (Mos) Raw Scaled (SE) Normative
Std Score |
38 1.1 19 38.6(1.5) 59
52 14.0 23 412 (1.4) 46
64 17.2 26 43 (1.4) R
314 Baseline 1.6 Z 9.0(3.5) 38
20 mg 12 4.7 9 28.9(2.5) 75
26 8.0 14 34.2 (1.9) 47
38 10.7 14 34.2 (1.9) 47
52 13.8 19 38,6 (1.5) 41
64 16.6 26 4314 49
315 Baseline 0.4 0 0 (6.3) 19
40 mg 12 3.8 3 12.7(3.5) 46
26 A I 30.3(2.3) 36
38 9.8 16 36.2(1.7) 32
) 52 13.0 25 424(14) 48
316 Baseline 6.7 10 287 (2.4) 79
20 mg 12 9.7 14 34.2(1.9) 47
26 132 24 41.9(1.4) 68
38 159 28 44.1 (1.3) 51
52 18.9 48 53.9(1.2) 56
317 Baseline 6.2 3 12.7(3.5) <10
40 mg 12 8.9 6 21.0 (2.6) <10
26 12.3 s 18.8 (2.8) <10
18 15.1 4 16.1 (3.1} <10
52 18.7 1 7 23.1(2.5) <10 |
318 Baseline 53 6 21.0(2.6) 63
40 mg 12 8.4 10 28.7(24) 3
o 26 12 13 33.1(2.0) 43
38 14.1 16 36.2 (1.7 36
52 17.3 23 41214 46
319 Bascline 2.0 2 5003.5) 38
20mg 2 4.3 9 26.9 (2.5) 75
- 26 7.7 9 26.9 (2.5} 26
38 10.5 7 23.1 (2.5} 15
52 Not avail 10 303(2.3) 25
10.1.1.17.5.3  Social Function Scores

Table Al-45: Study 1602, Pompe PEDI Scores, Social Function Scores
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Patient/ Week Chron Age Social Function Scores

Dose Group (Mos) Raw Scaled (SE) | Normative
— — Std Score

30 Baseline 4.8 4 14.7 (3.2} NA

40 mg 12 7.8 5 21.6 (5.5) 43

26 11.0 10 34.0(1.6) 38

38 138 G 210019 4l

32 17.1 12 36.1 (1.5} 45

6 200 8 L 1982.0) L2
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Table Al-45: Study 1602, Pompe PEDI Scores, Sociat Function Scores

Patient/ Week Chron Age _ Social Function Scores
Dose Group (Mos) Raw Scaled (SE) Normative
Std Score
78 233 4 13.1(2.5) 31
90 25.5 4 13.1(25) 17
104 29.0 0 0 <10
302 Bascline 6.6 5 21.6(5.5) NA
20 mg 12 9.7 6 27.7(2.7) 50
- 26 12.9 9 32.9(1.7) 41
38 157 19 41.8(1.3) 53
52 18.9 20 42.5(1.3) 37
64 219 22 43.8(1.2y° 41
78 25.0 17 40.4 (1.3) 15
90 279 26 46.2 (1.2) 32
303 Baseline 7.0 3 10,5 (3.2) 29
40 mg 12 9.8 8 31.6(1.8) 33
' ' 26 13 It 35.1(1.6) 44
18 15.5 16 39.6 (1.4) 50
52 19.4 16 39.6(1.4) 29
64 23.1 16 39.6 (1.4) 29
8 26.5 e 35.1 (1.6) <10
305 Baseline 5.6 5 21.6(5.5) NA
0mg 12 8.4 Not done -
o 26 116 7 300 (2.1) 53
38 143 8 31.6 (1.8) 39
52 176 9 3129 (1.7) 41
306 Basetine 5.8 7 30.0 (2.1) NA
20 mg 12 8.4 6 27.7(2.7) 50
26 118 6 27.7(2.7) 50
38 14.4 10 34.0 (1.6) 43
52 17.6 10 34.0 (1.6) 43
64 20.3 7 30 (2.1) <10
78 236 7 30 (2.1) <10
90 26.3 6 {2772 <10
307 Baseline 6.0 3 10.5(33.2) NA
40 mg 12 9.5 4 14.7(3.2} 34
' 26 2.9 7 300 (2.1 37
34 15.4 7 300 (2.1) 37
52 18.9 15 38.8(1.4) 27
64 21.8 19 41.8(1.3) 35
78 250 28 47.3 (1.2) 35
308 Buseline 4.1 2 6.6 (2.9) NA
40mg 12 7.2 3 10.5(3.2) 29
26 10.2 1 35.1 (1.6) 59
38 13.8 18 41.413) 53
52 162 19 41.8(13) 53
64 18.8 19 L 41.8(13) 35
309 Bascline 5 3 P05 NA
20 mg 12 7.9 4 147 (3.2) 34
26 1.3 9 ¢ 329017 56
I 8 uo B sTas a7_
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Table A1-45: Study 1602, Pompe PEDI Scores, Social Function Scores

Patient/ Week Chron Age Social Function Scores
Dose Group {Mos) Raw Scaled (SE) Normative
Std Score |
52 17.1 i6 39.6(1.4) 50
64 19.8 21 43.1(1.2) 39
78 23.3 27 468(1.2) | 49
310 Baseline 6.4 3 21.6(5.5) 43
20 mg 12 9.1 6 27727 50
26 12.4 10 34.0 (1.6) 43
38 5.1 16 40.0 (1.4 50
52 18.4 17 40.4 (1.3) 3
64 21.2 18 41.1(1.3) 33
T8 23.9 22 43.8 (1.2) 4
31 Bascline 72 2 6.6 (2.9} NA
40 mg 12 9.8 4 14.7 (3.2) 34
' 26 13.3 5 21,6 (5.5) 25
3§ 16.1 9 32.9(1.7) 41
2 19.2 15 38.8 (1.4) 27
64 22.0 13 37(1L5) 22
78 250 22 43.8(1.2) 25
312 Baseline 4.8 2 6.6(29) NA
20 mg 2 7.9 5 21.6(5.5) 43
" 26 1.2 8 316 (1.8) 55
38 13.9 10 34 (1.6) 43
i 52 17.0 18 A41.1{1.3) 53
313 Baseline 2.0 1 EREERD] NA
40 mg 12 5.0 2 6.6 (2.9) NA
26 8.3 4 14.7 (3.2) 34
38 It 6 21727y S0
52 14.0 12 36.1(LS) 45
64 17.2 14 37.9(L.5) 48
314 Baseline 1.6 0 0 (NA) NA
20 mg 12 4.7 4 14.7 (3.2) NA
26 8.0 4 14.7(3.2) 34
38 10.7 6 27.7(2.7) 50
32 13.8 8 3.6 (1.8) 39
64 16.6 12 36.1(1.5) 45
315 Baseline 0.4 o 0 (NA) O ONA
40 mg 12 38 3 10.5(3.2) NA
26 7.4 5 21.6 (5.5) 43
38 9.8 10 34 (1.6) 58
52 13.0 14 37.9(1.5) 48
316 Baseline 6.7 3 10.5(3.2) NA
20 mg 12 9.7 5 21.6(5.5) 43
26 13.2 7 30(2.1) 37
38 15.9 9 32.9(1.7) 41
20 18.9 22 43.8(1.2) 4l
317 Bascline 6.2 2 C6.6(2.9) 24 |
40 mg 12 84 3 si32y | 29
26 12,3 2 6.6(29) <10
] L s 3 10532y <o |
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Table A1-45: Study 1602, Pompe PEDI Scores, Social Function Scores

Patient/ Week Chron Age Social Function Scores
Dose Group {Mos) Raw Scaled (SE) Normative
Std Score
52 18.7 10 (6 | 13
318 Bascline 53 4 147 (3.2) NA
40 mg 12 84 9 325 (1.7) 56
26 1.2 14 37.9(1.5) 62
38 14.1 16 39.6 (1.4) 50
52 17.3 17 404 (13 51
319 Baseline 2.0 2 6.6 (2.9) NA
20 mg y) 43 2 6.6 (2.9) NA
26 7.7 3 10.5 (3.2) 29
38 10.5 ; S 21.6(5.5) 43
52 Notavail | 12 36.1(1.5) 45
10.1.1.17.6  Study 1602: BSID-1I Scores by [ndividual Patient
Table A1-46: Study 1602, BSID-11 Scores k
Patient/ Week Total Raw Chron Age Age Equiv MD1
Dose Group Score (Mos) (Mos)
301 Baseline 38 4.8 3 65
12 60 7.8 5 76
26 78 11.0 10 88
38 83 (3.8 1 82
40 mg 52 82 i7.1 11 36
64 93 20.0 13- 54
78 97 233 14 <50
90 103 25.5 16 <50
104 55 29.0 5 <50
302 Baseline 39 6.6 6 107
20 mg 12 73 97 R 96
26 86 12.9 11 96
38 102 15.7 16 107
52 109 igaq 17 &5
64 16 214 19 78
78 1i8 2540 19 64
90 133 27.0 24 78
303 Raseline 62 7.0 6 98
40 mg 12 73 9.8 8 96
26 86 13 1] 96
38 98 3.5 15 9y
52 101 19.4 15 77
64 113 23.1 18 72
8 104 265 16 50
308 Baschne 11 5.0 <1 <50
20 mg 12 Not dane
20 Naot done
38 72 ! 4.3 8 55
~ 52 76 S R 9 52
o6 Baseline M 58 3 50
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Table Al-46: Study 1602, BSID-iI Scores
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Patient/ Week Total Raw Chron Age Age Equiv MDI
Dose Group - Score (Mos) (Maos) )
20 mg i2 -3 8.4 5 62
o 26 Not done
38 Not done
52 Not available _
64 25 20.3 2 <50
78 63 23.6 6 <50
S0 Not available )
307 Baseline S8 6.6 5 90
40 mg 12 70 9.5 7 96
26 89 12.9 12 105
18 96 15.4 14 95
52 106 18.9 16 79
64 Y; 218 19 80
78 130 25.0 23 88
308 Baseline 38 4.1 3 7
40 mg 12 64 7.2 6 93
26 78 10.2 ) 9%
38 96 13.8 14 103
52 96 16.2 14 86
64 104 188 16 73
309 Bascline 57 5.1 5 103
20 mg 12 66 79 7 98
: 26 84 L1.3 L1 102
38 98 14.0 15 108
52 L07 (7.0 17 107
64 14 19.8 I8 88
78 130 23.3 23 100
310 Baseline 41 6.4 4 56
20 mg 12 68 9.1 7 84
26 79 12.4 10 80
38 99 15.1 L5 (0]
52 10t 18.4 15 77
64 101 21.2 15 54
78 Eig 23.9 19 70
311 Bascline 60 72 5 94
40 mg 12 68 9.8 7 92
26 78 13.3 10 77
8 95 16.1 14 93
52 104 19.2 16 83
64 116 22.0 19 44
8 123 251 21 74
312 Baseline 45 4.8 4 104
20 mg (2 62 7.9 6 89
26 71 12 8 73
38 76 3.9 9 6
52 102 17 16 88
77 64 105 200 16 g
313 Baseline 7 2.0 j 78
~ 40mg 12 49 5.0 4 R7
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Table Ai-46: Study 1602, BSID-1I Scores

Patient/ Week Total Raw Chron Age Age Equiv MDI
Dose Group Score (Mos) (Mos)

26 65 8.3 6 86

18 7% (1.1 10 90

52 96 14 14 103

64 102 172 16 88

314 Baseline 8 1.6 <1 87
20 mg i2 42 4.7 4 95
26 60 8.0 5 85

38 71 10.7 8 73

32 78 13.8 o 65

64 9% 166 14 76

s Baseline 0 0.4 <l ~ Not done

40 mg ) 43 38 4 97
' 26 63 7 6 96

38 73 9.8 8 88

52 93 13 13 105

316 Baseline 50 6.7 3 101
20 mg 12 71 7 8 91
26 84 13.2 1t 102

38 98 (5.9 15 108

52 109 189 17 102

317 Baseline 53 62 5 80
40 mg 12 66 8.9 7 80
' 26 68 12.3 7 56
38 75 15.1 9 .52

B 52 76 18.7 9 <50
318 Baseline 47 53 4 83
40 mg 12 71 8.4 8 98
26 77 1.2 9 85

38 93 14.1 13 97

52 101 173 15 86

I Baseline 9 20 <l 62
20 mg. 12 40 4.3 3 9]
26 66 77 7 98

38 76 105 9 94

52 96, . 14.4 14 103

170




Clinical Review

Anne R. Pariser, M.D.

BLA STN 125141/0
Alglucosidase alfa (thGAA)

10.1.1.17.7  Study 1602: All Adverse Events (incidence table)
Table A1-47: Study 1602 Amendment 002, All AEs
. Alt 20 mg/ikg 40 mg/kg
Treated Patients, n = 18 g 9
S0C
AE Preferred Term n (%) n (%) n (%)
Blood and lymphatic system disorders
Anemia 10 (56) 5(50) 5(56)
Eosinophilia 37 C2(22) L{1)
Lymphadenitis 1(6) LN 0
Lymphadenopathy 1 {6} 0 L(LT)
Thrombocythemia ~ 1 (6} 1 (L1} 0
Cardiac disorders :
Tachycardia 6(33) 2(22) 4 (44)
Bradycardia iin 2(22) LD
Cardiac failure 200 L(LT) LD
Cyanosis 2010 G 2(22)
Arrhythmia 106} L(LT1) 0
Arrhythmia nodal 1 (6} (11 0
Arrhythmia supraventricular 1 (6} 0 Ll
Atrial tachycardia L (6) L(L1) 0
Cardio-respiratory arrest I (6) [XEEI G
Cardiomegaly 1(6) idn 0
Diastolic dysfunction 1 (6) (11} 0
Hypertrophic obstructive cardiomyopathy L(6) 0 1D
Myocardial ischemia L (6) 0 1(1n)
Tachycardia supraventricular 1 {6) {11} 0
Ventricular extrasystoles 1 {6) 0 1(11)
Ventricular hypertrophy N 1{6) 0 1 (1)
- Cangenital, familial and genetic disorders
Macroglossia 2(1y 2(22) 0
Laryngomalacia 1{6) 1{1) 0
~Leukedystrophy 1(6) 0 ECLny
Plagiocephaly . 1 (6} 0 LT
Ear and labyrinth disorders
Hypoacusis 3{28) 2022) 333
Ear pain _ 2{11) L(11) 1 (11}
Middle ear eftusion 2018 0 222y
Mastoid disorder o L (6) 0o (1D
Endocrine disorders - I
‘Hypoparathyroidism 2(11) 2(22) 0
Adrenal insufliciency L (6) 0 i
Eye disorders o R
Conjunctivitis 5(28) 2(22) 3 (33)
Eye discharge 201 (NGRS 1(11}
Blepharitis 1 (0) ] [ (11}
Eve redness B 1 (6) 0 1{11}
Gastrointestinal disorders )
Diacrhea 13 {56} 6(67) 4 (44)
Vomiting 10 {56} 4 (44) 6 (67)
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Table A1-47: Study 1602 Amendment 002, All AEs

All 20 mg/kg 4¢ mg/kg
Treated Patients, n = 5 18 9 9
soc
AE Preferred Term n (%) n (%) n (%)
Gastroesophageal reflux disease 5(28) 2(22) 3(33)
Constipation 4(22) BECR 3(33)
Dysphagia 4(22) 3(33) L(11)
Teething 3(17) 2(22) )
Abdominal distension 2{11) 2{(22) 0
Retching 21D F{11) 1{ID)
Upper gastrointestinal hemorrhage 2(1) 2022 0
Abdominal pain I (6) (1) 0
Abnormal feces 1 (6) 0 1(11)
Anorectal disorder 1{6) 0 1(1h
Esophageal crosion F{B) 1(11) 0
Feces discolored 1(6) 0 (LD
Flatulence 1(6) 0 (L
Guastric hypomotility 1(6) Lt 0
Gastritis crosive 1(6) (LD 0
Gastrointestinal motility disorder L (6} 1 (1) 0
~ Gingivitis 1 (6} 0 11
Inguinal hermia 1 (6) 11 0
Intestinal obstruction 1 {(6) 1(11) 0
Mouth ulceration 1 {6) L(11) 0
Nausea 1(6) 0 L(l)
Pyloric stenosis i 1 {6) 1(i1} 0
General disorders and administration site conditions o ' B
Pyrexia 18 (100} 9 (50) g (50)
Edema peripheral I (1) 2022
Asthenia 2(11) 0 2(22)
Catheter related complication 2(11) 1(11)} 1 (l 1)
Inflammation localized 201N 1(t1) 1(11)
Rigors 211 0 2(22)
Catheter site rash 1(6) 0 {11}
Catheter site related reaction 1(6) 0 1{l1)
Developmental delay 1 (6} 0 1(I1)
Edema L (6} 0 1(11)
Fatigue I (6) 0 1{l1}
Granuloma 1(6) 1 (L1 0
Hyperthermia I (6) 0 (1
Infusion site reaction !”(6) 0 b (1])
Pain 1(6) 0 11y
Scoliosis 146) 0 1(1)
Immune systemn disorders
Drug hypersensitivity 1 (6) 0 LD
Immunization reaction L (6) 1 (1) 0
Seasonal allergy ~ 1(6) 0 1 (L1}
Infections and infestations R B -
Otitis media 12 (67} 5 (50} 7(78)
Gastroenteritis 11 (61 404y L T(78)
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Table A1-47; Study 1602 Amendment 002, All AEs
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7 _ All 20 mgikg 40 mg/kg
Treated Patients, n = 18 5 9 N
soc |

AFE Preferred Term n (%) i (%} n (%)
Pharyngitis 9 (50) 4 (44) 5(56)
Pncumonia 9 (50) 3(56) 4 (44)
Upper respiratory tract infection 9 (50) 6{67) 3133
Catheter related infection 8 (44) 3(33) 5(56)
Far infection 7(39) 2(22) 5(56)
Nasopharyngitis 6 (33) 2{(22) 4 (44)
Viral infection 6 (33) 3(33) 3(33)
Bronchiolitis 5(28) ENKE) 2(22)
Oral candidiasis 5(28) 333 2(22)
Respiratory syncytial virus infection 5(28) 2(22) 3(33)
Respiratory tract infection 4(22) 202 2(22)
Tonsillitis ERGN)] 2(22) 1(11)
Urinary tract infection 3(17) L{l]) 2(22)
Bacteremia 2010 b(LD) L(LD
Dental caries 2(1 P(in) L (11
Eye infection 2(11) 1(11y L(LD)
Influenza 2{1D 0 2{22)
Skin infection 2{(11) 1(11) LD
Skin infection fungal 2{1) 0 2(22)
Tracheitis 2{11) L(11) (1)
Bacteriuria 1 (6) 1(11) 0
Bronchitis | (6) 0 1(11)
Cellulitis L (0) 0 L
_Clostridium colitis 1{6) 0 1{lD)
Gastritis viral 1{6) 0 (1L
Genital infection fungal 1{6) 0 1(11)
[mpetigo 1(6} 0 1(1n
Localized infection 1 {6} 1(1D) 0
Lower respiratory tract infection 1 (6} 0 1D
Postoperative infection L{6) LG 0
Sepsis L(6) 1{11) 0
Septic shack 1 (6) 0 (1
Sinusitis 1 (6) 0 1(11)
Urinary tract infection tungal 1{6) b} F(! 'i')
~ Wound infection 1{6} (11} 0
[njury, poisoning and procedural complications _
Post procedural pain 4(22) L(ET} 3033
Lxcoriation 3(17) 2022 1(L)
Medical device complication 3017 2{22) (L)
Fracture femur 2011} 1{11) F(1D)
Arthroped bite 1 (6) 0 1(11)
Fall 1{6) (1) 0
Fracture humerus 1{0) 0 [ (11}
Fracture tibia 1{6) 0 (L1
1ypothermia 1 (6} ; 1{iD i
IHiotibial band syndrome 1 (6} } gy
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o All 20 mg/kg 40 mg/kg
Treated Patients, n = 18 ~ 9 9
S0C -

AE Preferred Term n (%) n (%) n (%)
Injury asphyxiation 1(6) 1(11) 0
Postoperative wound complication 1(6) 0 F(IT)
Thermal bum 1(6) o 1(11)
Investigations 7
Oxygen saturation decreased 9 (50) 4 (44) 5(50}
Acoustic stimulation tests abnormal 201 1(11) (11}
Blood potassium decreased 2(1D 2(22) 0
B]ood pressure decreased 2(1h 0 2(22)
F}e(,uon fraction decreased 2{(1N L{LLy L(11)
Heart rate decreased 2(11) 0 222
Sputum culture positive 2(11) 0 2(22)
Urine output decreased 2(11) (th) {11}
Alanine aminotransferase increased 1 (6) 0 {1
~ Aspartate aminotransferase increased 1 (6) 0 {1
Blood bicarbonate decreased i (&) 0 F(LD
Blood calcium increased 1(6) (L) O
Blood chloride decreased 1 (6} {1 0
Blood creatine phosphokinase MB increased 1{6) 110 0
Blond creatine phosphokinase increased 1 (6} 0 1(11)
Blood pressure increased 1(6) {11 0
Bodv temperature increased 1 (6) 0 1(11)
Fungus urine test posilive 1 (63 0 1(11)
Hematocrit decreased 1 (6) 0 (11}
Hemoglobin decreased L {6) L{LT) 0
PCO2 increased L {6) ¢ P
Renal scan abnormal 1 {6) 1L{I) 0
_Specnf ic gravity urine increased 1(6) 0 1{11)
White blood cell count increased 1{6) (D 0
Metaholism and nutrition disorders
Feeding disorder 4(22) 3(33) 1(11)
Electrolyte imbalance 200 1(11) (L1}
Hypercalcemia 2(11) 2(22) 0
Hyperuricemia 2 ('] 1} 2(22) 0
Hypochloremia 2(11) 222 0
Anorexia 1(6) 0 L(L
Hyperkalemia F(6) 0 HLD
Hyperphosphatemia I (6) 1an 0
Hypocalcemia 1(6) 1 (1) 0
Hypoglycemia 1{6) (11} 0
Hypomagnesemia 1 (6} 11 0
Hyponatremia 1(6) 1) ]
Metabolic acidosis 1(6) L (1) 0
Musculoskeletal and connective tissue disorders -
Joint contracture 4(22) 0 4 (44)
Myopathy 2011} 0 2(22)
Osteopenia 2011 111 111
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Tabie A1-47: Study 1602 Amendment 002, All AEs

o All 20 mg/kg 40 mg/kg
Treated Patients, n = 18 9 9
AE Preferred Term n (%) n (%) n (%)
Osteoporosis 2{11 (1D (1
Arthralgia 1{6) 1{11) 0
Joint swelling L(6) ECED) 0
Pain in extremity 1 (6) 0 1 (11}
Nervous system disorders
~ Hypokinesia 2(11) 0 2(22)
Hypotonia 2{11) (i 1(11}
Tremor ' I(6) 0 1(11)
Vocal cord paresis 1(6) F(LL) 0
Psychiatric disorders
Insomnia 4(22) 1 (10 3(33)
Agitation 3(17) 0 3(33)
[rritability 2 0 2(22)
Restlessness 2{11) F(ED) 1{11}
Anxiety 1(6) 0 L(11)
Renal and urinary disorders
Hematuria _ 3(17) 3(33) 0
Hypercalciuria 3(17) 300 0
Pyuria 7 3(17) 2(22) 1(11)
Hydronephrosis 1 {6) FCHD ]
Kidney enlargement F({6) L(LL) 0
Leukocyturia L{6) L1 0
Nephrolithiasis 1 (6) 1{11) 0
Oliguria 1 (6} 0 1(11)
Respiratory, thoracic and mediastinal disorders _ _

Cough 9 (50) 3(33) 6 (67)
Respiratory failure 7(39) 3(33) 4 {44
Rhinorrhea 6(33) 2(22) 4 (44)
Tachypnea 6(33) Ll 5 (56)
Respiratory distress 5(28) 2020 31{33)
Upper respiratory tract congestion 5(28) 2(22) 3(33)
Increased bronchial secretion 422 222y 2(22)
Pneumonia aspiration 4(22) 3(33) 1(11}
Atelectasis 3007 2{22) {1
Bronchospasm 3(17) (11) 2(22)
Dyspnea iam (11} 2(22)
Asthma 2{H) 1(1h INERY)
Choking 21D 222 ¢
Epistaxis _ 2{11) 11D 1(1D)
Respiratory tract congestion 2011 ] 2(22)
Rhinitis 2(11) 0 2 (22)
Rhonchi 201 2(22) 0
Aspiration 1 (6) 0 i1
Bradypnea 1(6) 0 1
Bronchomalacia 1 {6) 1{I1) {
Croup i (6) 11D 0
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Table A1-47: Study 1602 Amendment 002, All AEs

All 20mghkg | 40 mgikg
Treated Patients, n = 18 9 9
SOC
AE Preferred Term n (%) n (%) 1 {%)
Epiglottic edema 1(6) 0 L
Hypercapnia 1(6) 0 [{I1)
Increased throal secretions 1(6) 0 b(Lt)
Laryngeal stenosis 1 (6} (LD @
Lung disorder 1 (6} 4 L(LLy
Lung infiltration 1 {6} 1(l1} 0
Nasal congestion 1 {6} ] L (1T}
Nasal mucosal disorder 1 (6) 0 L (L1}
Pneumothorax 1{(6) L(ln) 0
Pulmonary edema 1(6) 0 1(1])
Rales 1{(6) 0 1(11)
Respiratory acidosis 1(6) L) 0
Respiratory alkatosis 1 (6) 0 (1)
Sputum retention 1(6) INERY) 0
Tracheal disorder o 1(6) 0 {1
Skin and subcutaneous tissue disorders _
Rash 13 (72) 6 (67) 7
Drermalitis diaper 6(33) 3(33) I3
Urticaria 6(33) 4 (44 2(22)
Eczema 5(28) 3(33) 2(22)
Blister ENQg) 0 13y
Hyperhidrosis 3(17) (11 2(22)
Pruritus (N L{1) 2(22)
Dermatitis contact 2(11) 1(11) L{ID
[y skin 2(11y 2(22) 0
Skin ulcer 2(11) 2(22) 0
Edema facial 1{6) 1 (1) G
irythema L{6) 0 (D
Exanthema t{6) 0 P
Livedo reticularis 1 {0) 0 (L
Palmar erythemia t{6) 0 | {11}
Skin irrtation L {6) 1{11} o
__Post procedural drainage L {6) 1 (11} 0
Vascular disorders o
Flushing 4 (22) 0 4 {44y
Hypertension I 0 3(33)
Hypotension 2{1l1) L(in L)
Pallor 1 (6) 0 (i)
Superior vena caval occlusion 1 (6) 0 F(ED)
| Syncope _ L (6) Lan 0
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10.1.1.17.8

Tahle A1-48: Study 1602 Amendment 002, All SAEs

Study 1002: All Serious Adverse Events (incidence and numeric)

177

o SAE Incidence Rates Numbers of SAEs reported by Term
All 20mg/kg |+ 40 mg/kg All 20 mg/kg | 40 mg/kg
Treated Patients, n = i8 9 9 )
SOC )
AE Preferred Term o _ n{%) n{%) n{%) i
Blood and lymphatic system disorders _ o
Lymphadenopathy 1 (6 0 L{i1) 1 0 |
Cardiac disorders _ _
Bradycardia 211 ECLDY 1{1n) 2 1 1
Arthythmia L (6) FCLD 0 I t 0
Arrhythmia nodal t(6) 111 0 1 1 0
Arrhythmia supraventricular 1 {6) 0 {1 I 0 I
Atrial tachycardia t(6) {1 0 1 ! 0
Cardio-respiratory arrest _ E(6) 1(in 0 | | 0
Hypertrophic obstructive cardiomyopathy i (6) 0 111} I 0 1
Tachycardia supraventricular 1{6) 1{11}) 0 4 4 0
Ventricular extrasystoles 1{8) 0 1 (1) l 0 |
Ventricular hypertrophy B 1(6) 0 Tan | l 1} 1
Congenital, familial and genetic disorders
Leukodystrophy 1(6) 0 Ty | | 0 1
Ear and labyrinth disorders _
Middle ear effusion 1 (6} 0 1 (i) i 0 1
Gastrointestinal disorders T |
Upper gastrointestinal hemorrhage 2(11) 2(22) 0 5 5 0
Diarrhea L (6) 0 LI 1 0 !
Dysphagia 1 (6) L{L) 0 2 2 0
Esophageal erosion b (6) TN 0 1 1 ¢
Gastritis erosive 1{6) 1(t) 0 1 l 0
Gastroesophageal reflux discase 1{6) 0 1(11) 1 0 1
Vomiting 7 _1(6) 0 1{11) 1 0 1
General disorders and administration site
conditions
Pyrexia 211} 1 (11} 11 2 | !
Catheter related complication ~ I (6} 0 o 2 0 2
Infections and infestations T i
Pneumonia g (44) 4 (44) 4(44) 21 L6 5
Catheter related infection 5(28) L (1) 4.(44) 7 2 5
Respiratory syncytial virus infection 5 (28) 2(22) 3(33) 5 2 3
Bronchiolitis 4(22) 2 (22) 2(22) 5 2 3
Gastroenteritis 4(22) LI 3(33) 4 1 3
Viral infection 4(22) 3(33) 1(11) 4 3 1
Nusopharyngitis 2(11) 0 2(22) 4 0 4
Outis 2011 0 2(22) 2 0 2
Otitis media 2014 i POy 3 1 2
Respiratory tract infection 200 {11 T(113 2 1 l
Bacteremia L {6 i T{L1) 1 ; 0 I 1
Bronchitis 1 (6) 0 Ly R B | 2
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Table A1-48: Study 1602 Amendment 002, All SAEs

SAFE Incidence Rates

Numbers of SAEs reported by Term

t78

All 20 mg/kg | 40 mp/kg All W0 mgkg : 40 mg/kg
Treated Patients, n = 18 9 9 o
socC | -
AE Preferred Term n (%) n (%) n (%)

_ Dental caries 1(6) 1 (11 0 l ] 0
Gastritis viral 1(6) 0 111} l 0 i
Influenza 1(6) 0 1{113 | 0 ]
Localized imfection 1(6) 1(11) 0 { i 0
Septic shock 1(6) 0 1{11) [ 0 1
Tonsillitis 1(6) 1(11) 0 i ! 0
Tracheitis _ 1(6) 0 1{11) [ ¢ 1
Upper respiratory tract infection R, 11 0 I ! 0
Urinary tract infection 1(6) 0 1{11} | 0 L

Injury, poisening and procedural complications _ -
Fracture femur 2(1D 1(11) H(11} 2 | l
Fracture humerus 1 {6} 0 1 (11} 2 0 2 J
Fracture tibia 1(6) 0 1{in | 0 I i
Injury asphyxiation 1(63 1(11) 0 [ T T N

Investigations _ L
Ejection fraction decreased 2000 (i L) 2 | 1
Oxygen saluration decreased 201 1(1hH 1{in 2 [ 1
Heart rate decreased 1(6) 0 | 1y ] 0 1

Metabolism and nutrition disorders
Electrolyte imbalance ) 1(6) 11D 0 1 e

Musculoskelctal and connective tissue disorders o
Myopathy o 1(6) 0 1(i1) 3 0 3

Nervous system disorders
Hypokinesia 1(6) 0 L) ! 0 !
Vocal cord paresis 1(6) 1{1n) ¢ 1 l 0

Respiratory, theracic and mediastinal disorders
Respiratory failure 739 3(33) 4 (44) 15 ] 8 7
Pneumonia aspiration 4(22) 3(33) (1) 12 ' 11 1
Respiratory distress 4(22) 2(22 2(22) 5 | 2 3
Asthma 200 {1y 1{(in 2 1 !
Atelectasis 2(1hH I (1) 11y 2 ! L
Bronchospasm 1 (6} 0 1{11) 3 0 3
Cough 1 (6} 0 1(11) 1 i 0 1
Dyspnea 1{6) 1{1t} 0 ] ! 0
Pneumothorax 1 (6) (1) 0 I 1 0
Pulmonary edema 1 (6) 0 110 I 0 |
Rales S 1 (6) 0 1(11) | 0 1
Respiratory acidosis 1 (6) L{it) ] I 1 0
Sputum retention i (6) 1) 0 P 2 0

Skin and subcutaneous tissuc disorders
Rash 1 (6) 0 1 (1) L 0 l
Urticaria ke |0 1(11) 2 0 2

Vascular disorders o a
Hypotension 1 {6) 1(n 0 I i 0
Superior vena caval occlusion | (6). ( (1) ! 0 1
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Table A1-48: Study 1602 Amendment 002, All SAEs

SAE Incidence Rates Numbers ol SAEs reported by Term
B All 20 mg/kg | 40 mg/kg All 20 mg/kg | 40 mg/kg
Treated Patients, n = 18 9 9
SOC _
' AE Preferred Term n (%) n (%) a®%y
“ Syncope - L (6) L(11) 0 1 1 0
Total 172 | 87 35
10.1.1.17.9  Pooled Results for 1602 and 1702 Studies: All AFs

Table Al-49: Study 1602 and Study 1702, Amendment 002 + Amendment 008 Pooled All AEs

Patients Reporting

179

Patients, n = 39 _
50C
AE Preferred Term n (%) )
Blood and lymphatic system disorders 17 (44)
~Ancmia 12(31)
~ Eosinophilia 3(8)
Lymphadenitis 2(5)
Lymphadenopathy 2(%)
Leukocytosis 1(3)
Neutropenia 1{3)
_ Thrombocythemia i i(3)
Cardiac disorders 24 (62)
Tachycardia 9(23)
~ Bradycardia 820
Cardiac fatlure 410
Cardio-respiratory arrest 400
Cyanosis 4010
Arthythmia 2(5)
Cardiomyopathy 2(5)
Arrhythmia nodal L(3)
Arrhythmia supraventricular (3]
Atrial tachycardia INEY
Cardiac arrest H
Cardiomegaly {3
Diastolic dysfunction 1{3)
Extrasystoles - _ 1(3)
Hypertrophic obstructive cardiomyopathy F(3)
Myocardial ischemia 1(3)
Pericardial effusion L(3)
Supraventricular extrasystoles L(3)
Tachycardia supraventricular [ {3}
Ventricular extrasystoles 1 (3)
Ventricular fibrillation 1(3)
Ventricular hypertrophy o o [ (3)
Congenital, familial and genetic disorders B ___---_4-(i1}) ]
Macroglossia 205}
Laryngomalacia 1(3)
Leukodystrophy 1{3)
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Table A1-49: Study 1602 and Study 1702, Amendment 002 + Amendment 003 Pooled All AEs

Patients Reporting

180

{ Patients, n= 9

s0C
AE Preferred Term I L )
Plagiocephaly L Gy

Ear and {abyrinth disorders 9(23)
Hypoacusis 6 (15)
Ear pain 2(5)
Middle ear effusion 2(5)
Mastoid disorder - 13y

Endocrine disorders 3(8)
Hypoparathyroidism 2(5)
Adrenal insufficiency ) 1 (3)

Eye disorders _ 11 (28)
Coenjunctivitis 6(15)
Eye discharge I8
Blepharitis [ (3)
Erythema of eyelid 1 (3}
Eye redness 1 {3}
Xerophthalmia B 1{(3)

Gastrointestinal disorders 32 (82)
Diarrhea ' 24 (62)
Vomiting 19 (49)
Gaslmesophageal reflux disease 10 (26)
Constipation 9(23)
Dysphagia 6(15)
Teething 5(13)
Abdominal distension 4(10)
Abdominal pain 2(5)
Mouth ulceration 2 (5)
Retching 2(5)
Upper gastrointestinal hemorrhage 2(5
Abnormal feces E{(3)
Anorectal disorder 1{3)
Esophageal erosion 1(3)
Feces discolored 1({H
Flatulence 1 {3
Gastric hypomotility 1(3)
Ciastritis erosive l (3)”
Gastroinlestinal motility disorder 1(3)
Gingivitis l (3)
Hematemesis 13
Inguinal hermia 1(3)
intestinal obstruction 1(3)
Nausea 1(3)
Oral mucosal blistering 1(3)
Pyloric stenosts {3
Tongue discoloration 1K)

~ Toothache - o (3

General disorders and administration site conditions o 38 7 |

Pyrexia ' 36 (92)
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Table A1-49: Study 1602 and Study 1702, Amendment 002 + Amendment 008 Pooled All AEs

Patients Reporting

E81

Patients, n = 3 9
S0C
AE Preferred Term 3 n{%)
Catheter related complication 7(18)
Edema peripheral 5(13)
Pain 4 (10}
Asthenia 3(R)
Edema 3(8)
Granuloma 3(8)
Hyperthermia 3(8)
Inflammation localized (&)
Edema localized 2(5)
Fatigue 2(3)
Lethargy 2(3)
Rigors 2(5
Catheter site ecchymosis 1 (3}
Catheter site erythema 1 (3}
Catheter site phichitis 1 (3}
Catheter site rash i (3)
Catheter site related reaction 1 (3}
Developmental delay 1(3)
Discomfort 1{3)
Infusion site reaction 1(3)
Infusion site swelling 1(3)
Scoliosis _ 1(3)
Hepatobiliary disorders 1(3)
Hepatomegaly B 13
Immune system disorders 33y
Drug hypersensitivity L (3)
Emmunization reaction 1 (3}
Seasonal allergy - t (3)
Infections and infestations 37 (95)
Pneumonia 18 {46)
Otitis media 17 (44)
U'p'per fcépiralory tract infection 17 (44)
Gastroenteritis 16 (41)
Pharyngitis 14 (36)
Otitis 3 13 (33)
Oral candidiasis 123
Catheter related infection 11(28)
Bronchiolitis 921
Nasopharyngitis 92
Viral infection 71 8)
Bacteremia 6 (15}
Influenza 6 (13)
Respiratory syncytial virus infection 6(13)
Respiratory tract infection 5(13)
Tonsillilis S{L3)
Tracheitis 5013
Bronchitis 4 (L
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Table A1-49: Study 1602 and Study 1702, Amendment 002 + Amendment 668 Pooled All AEs

Patients, n = I 39
50C
AE Preferred Term L _ n (%)
Urinary tract infection 4 {10)
Skin infection 3(8)
Skin infection fungal 3(8)
Cellulitis 2(5)
Clostridium colitis - 2(5)
Dental caries 2(5)
Eye infection 2(5)
Lower respiratory tract infection 2(5)
Sepsis 2(5)
Bacteriuria 1 (3)
Gastritis viral 1(3)
Genital infection fungal 1(3)
I'mpeligo 1 (3}
Infection 1(3)
Localized infection 1 (3)
Preumonia aspiration 1(3)
Postoperative infection 1 (3)
Seplic shock 1(3)
Sinusitis 1(3)
Urinary tract infcction fungal 1 (3}
Wound infection o 1 (3)
Injury, peisoning and procedural complications 20(51)
Post procedural pain 10 (26}
Medical device complication 6 (15)
Fracture femur 4(10)
Contusion 3(8)
Excoriation 3(8)
Arthropod bite L{3)
Arthropod sting b (3)
Fall t(3)
Fracture humerus 1(3)
Fracture tibia (3
Fracture libia‘fibuta 1Y)
Hypothermia 1(3)
Itiotibial band syndrome 1(3)
Injury asphyxiation 1(3)
Joint dislocation 1(3)
Post procedural hemorrhage 1(3)
Postoperative wound complication F(3)
Thermal burn 1(3)
“Fracheosiomy malfunction B o 1 (3}
Investigations 28(72)
Oxygen saturation decreased 16 (41)
Sputum culture positive ' 7(18) :
Blood pressure increascd (13 '
Blood bicarbonate decreased 4(10)
Blood potassium decreasced 0100
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Table A1-49: Study 1602 and Study 1702, Amendment 602 + Amendment 008 Pooled All AEs

Patients Reporting

Patients, n = i B 39

s0cC
AE Preferred Term o ] n{%)

B “Urine output decreased 4(10)

Blood chloride decreased 3(8)
Blood phosphorus mcreased 3(8)
Blood pressure decreased 3(8)
Ejection fraction decreased 38
Heart rate increased 3(8)
White blood cell count increased 3(8)
Acoustic stimulation tests abnormai 2(3)
Alanine ammotransferase mc.reascd 2{%)
Aspartate ammotrdnsferase increased 2(5)
Blood creatine phosphokmase increased 2{5)
Blood urea increased 2(5)
Culture throat positive 2(5)
Gallop chythin present 2(5)
Heart rate decreased 2(3)
Hemoglobin decreased 2(5)
Weight decreased S2(3)
Bleod alkaline phosphatase decreased 1 (3}
Blood calcium increased _ o 1 (3}
Blood creatine phesphokinase MB increased 1(3})
Blood lactic acid increased 1 (3}
Blaod uric ac1d increased 1 (3}
Body temperature increased 1 (3}
FEosinophil count increased L(3)
Fungal test positive 1(3)
Fungus urine test positive 1{3)
Hematocrit decreased 1(3)
Lymph node enlarged 1 (3
Lymphocyta count decreased 1(3)
Monocyte count decreased 1 (3}
Neutrophil count increased 1(3)
PCO? increased 1 (3
Platelet count decreased 1(3)
Renal scan abrnormal 1(3)
Reqp[rator\/ rate increased ] (3)
Specific gravity urine increased 1(3)
Weight increased 1(3)
White blood cell count decreased L (3}

Metabolism and nutrition disorders 17 (44)
Fecdmg dlsorder 6(15)
Dehydratlon 3(8)
Electrotyte imbalance 2(5}
Hypercalcemia ‘ 2z
Hyperuricemia 2(5)
Hypocalcemia 205
Hypochloremia 2(5)
Hypoglvcemia 2(5)
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Table A1-49: Study 1602 and Study 1702, Amendment 002 + Amendment 008 Pooled All AEs

Patients Reporting

184

Palients, n = 39
SOC
AE Preferred Term ~ 3 n (%)
Hypokalemia 2(35)
Anorexia 1 (3)
Fluid imbalance 1 (3)
Fluid retention 1 (3)
Hyperkalemia L (3)
Hypernatremia 1(3)
Hyperphosphatemia 1 {3}
Hypomagnesemia 1(3)
Hyponatremia 13
Metabolic acidosis 1(3)
Weight gain poor ) 1(3) )
Musculoskeletal and connective tissue disorders 20 (51)
Joint contracture 7(18)
Osteopenia 6 (15}
Myopathy 3(8)
Arthralgia 205
Osteoporosis 2(3)
Joint swelling 1 (3}
Muscle hemotrhage 1 (3}
Pain in extremity 1 (3)
Neoplasms benign, malignant and unspecified (incl cysts and 1(3)
polyps)
Fibroma ) ) 1 {3) i
Nervous system disorders 6 (15)
Hypokinesia 2(3)
Hypotonia 2(3)
Tremor 2{%)
Semnolence 1(3)
i Vocal cord paresis 1(3)
fsychiatric disorders 10 (26)
Insomnia 5{(13)
Agitation 4 '('i{])
Ankie[y 2 (5)
[rritability 2(3)
o Restlessness _ o o 2(5)
Renal and urinary disorders 12 (31}
Hematuria 410
‘Hypercalciuria 4(10)
Proteinuria 3(8)
Pyuria 3(8)
Oligura 2(5)
Hydronephrosis 1(3)
Kidney enlargement 1(3)
Leukocyturia 1 (3)
Micturition disorder 1 (3}
Nephritis 1 (3}
Nephrolithiasis 1 (3}
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Table A1-49; Study 1602 and Study 1702, Amendment 002 + Amendment 008 Pooled All AEs

Patients Reporting

Rhinttis allergic

Patients, n = ~ o 39
S0C
AE Preferred Term n (%)
Renal insufficiency L3
Reproductive system and breast disorders 2(5)
Edema genital 1(3)
Scrotal swelling L 1 (3)
-_"Respiratory__,_t_horacic and mediastinal disorders . 38 (97)
Cough 18 (46)
Respiratory distress 13 (33)
Respiratory failure 1231
Rhinorrhea 11 (28}
Tachypnea H(23)
Bronchospasm B(21)
Increased bronchial secretion 7(18)
Upper respiratory tract congestion 7(18)
Atelectasis 6(15)
Nasal congestion 6(13)
Choking 5(13
Dyspnea 5(13)
Pneumonia aspiration 4(10)
Asthma 3(8)
Hypoventilation 3 (8)
R'es_p__i_r_at_(__n_’y tract congestion 3(8)
Aspiration 2(5)
Epistaxis 2.(3)
Hypoxia 205)
Increased throat secretions 2(5)
Lung crepitation 2(5)
Lung disorder 2(5)
Pulmonary congestion 2(5)
Pulmonary edema 2(5)
Respiratory arrest 209
Rhinttis 2{(3)
Rhonchi 2(3)
Bradypnea 1Y)
Bronchomalacia 1(3)
Croup I {3)
Epiglottic edema 1(3)
Hypercapnia 3)
Increased viscosity of bronchial secretion 1(3)
Laryngeal stenosis L(3)
Lung infiltration 1(3)
Nasal mucosal disorder 1 (%)
Pain tracheal 1(3)
Pneumothorax 1{3)
Rales 1(3)
Respiratory acidosis 1(3)
Respiratory alkalosis Li3)
1(3)
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Tabte A1-49; Study 1602 and Study 1702, Amendment (02 + Amendment 008 Pocled All AEs

Patients Reporting

186

Patients, n = e 4
50C
AE Preferred Term n (%)
Sinus congestion {3
Sputum retention i {3)
Tracheal disorder 13
Skin and subcutaneous tissue disorders 33 (85)
Rash 24(62)
Dermatitis diaper 14 (36)
Urticaria 32y
Eczema 615
Hyperhidrosis 313
Pruritus 5(1%)
Dry skin 4 (1)
Blister 3(8)
Excoriation 1(8)
Decubitus uleer 2{3)
Dermatitis allergic 2(3)
Dermalitis contact 205
Edema periorbital 2(9)
Skin ulcer 2(3
Edema facial t3)
Erythema 1(3)
Exanthema § (3')
Livedo reticularis 1{3)
Palmar erythemta 1(3)
Skin irritation i (3)
Surgical and medical procedures 1(3)
Post procedural drainage L (3)
Vascular disorders 14 (36)
Flushing 821
Hypertension 6 (15)
Hypotension 4(10)
Pallor 2(5)
L.abile blood pressure L(3)
Superior vena caval occlusion L (3)
Syncope [ (3)
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10.1.2 Study AGLU0702 (Study 1702)

10.1.2.1 Study Design

Study AGLUO01702 (Study 1702} is an ongoing, multicenter (n=6), multinational, open-label,
historically-contrelled, non-randomized, safety, efficacy, pharmacodynamic (PD) and
pharmacokinetic (PK) study of alglucosidase (rhGAA) in the treatment of 21 patients with
infantile-onset Pompe discase. Eligible patients were to receive IV infusions of thGAA 20
mg/kg every other week (qow) for 52 weeks lollowed by a 52-week maintenance phase at the
same dose. Patients were eligible for the study if they were more than six months and less than
or equal 10 36 months of age at the time of first infusion, and had a diagnosis of Pompe disease
defined as a deficiency in GAA activity, onset of clinical signs consistent with Pompe discase by
12 months of age, and cardiac hypertrophy. The primary efficacy endpoint of the study was the
proportion of paticnts alive over the course of treatment. Secondary efficacy endpoints included
the effect of treatment on respiratory function, cardiac status, motor development, cognitive
development, and physical growth. This study had no concurrent control, and no placebo
treatment was administered.

Interim efficacy and safety data through Week 52 only were submitted to the BLA. Although
the initial 52 weeks of the study have been completed, the 52-week maintenance phase is
ongoing as of the time of this review and final results for the entire 104 weeks of the study are
not yet available. The last patient received her first dose of thGAA on 28-May-2004; thus, the
study 1s expected to be completed on or about 28-May-2006.

10.1.2.2 Study Objectives

The overall objectives of the siudy were to evaluate the safety, efficacy (overall survival), PK
and PD of thGAA 20 mg/kg in patients with infantile-onset Pompe disease ages greater than six
months to less than or equal to 36 months at time of first infusion, after 104 weeks of treatment.
For the purposes of this interim report, evaluations after 52 weeks of treatment only were
assessed.

10.1.2.3 Eligibility Criteria

To be eligible for the study, patients must have been more than six months and less than or equal
to 36 months of age at the time of first dose of thGAA, and have had a diagnosis of infantile-
onset Pompe disease defined as onset of ¢linical symptoms of Pompe disease by 12 months of
age, deficient GAA activity (<2% of normal range by cultured skin ﬁbroblast assay), and cardiac
hypertrophy (LVMI >65 g/m* in patients <12 months of age or >79 g/m” in patients >12 months
of age). Patients were excluded if they had:

L. Signs and symptoms of cardiac failure AND an cjection fraction (EF) <40%;

2. The presence of a major congenital abnormality;
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3. The presence of clinically significant organic disease that, in the opinion of the
Investigator, precluded participation in the study or potentially decreased survival; or
4. Had received ER'T with GAA from any source.

10.1.2.4 Concomitant Mcdications and Procedures

No concomitant medications were prohibited from use during the study, other than the exclusion
criterion for prior use of ERT with GAA, and the use of atl medications was at the discretion of
the treating physician. There were no routine prophylactic concomitant medications
recommended or prescribed for use during the study or prior to the administration of thGAA.
Placement of an indwelling catheter {central or peripheral) was recommended for delivery of
study medication, but catheter placcment was at the discretion of the Investigator.

10.1.2.5 Study Visits and Procedures

The study visits and procedures are summarized below in the following tables. All study
assessments had a +14 day window unless otherwise noted. '

APPEARS THIS WAY
ON ORIGINAL
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Table A2-1: Study 1702, Study Visits and Procedures, Screening through Week 26

Day Week

Screen

Procedure
Informed consent
Medical history
Head MRI
GAA activity (skin biopsy)
CRIM status
ACE marker allele status
GAA gene mutation analysis
Chest xray
Placement of indwelling
_catheter
Muscle biopsy tor PK & PD
Hearing, test
Physical exam
Echocardiogram
ECG
Safety labs (heme & chem)
Urinalysis
Anti-ThGAA antibody (1203)
PK
AIMS
PDMS-2
Motar development milestones
assessment
PEDI and Pompe PED
Modified BSID-II
Modified Leiter-R scale
Weight
VS
RhRGAA infusion
Ventilator use
AE assessment _
Conmeds/therapy monitoring

Baseline | 0 | 2 4 6 8 10 1214 16 I8 20 22 24
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Table A2-2: Study 1762, Study Visits and Procedures, Weck 28 through Week 52

Week
18 36 32 34 36 38 40 42 44 46 48 = 50

N
[ 3]

Procedure

Muscle biopsy for PK & PD
Hearing test

Physical exam
Echocardiogram

ECG _

Safety labs (heme & chem.) _ _
Urinalysis X X X X X X
Anti-rhGAA antibody (1gG)
AIMS

PDMS-2 o
Motor development milestones
assessment ] ]

PEDT and Pompe PEDI
Medified BSID-11

Modified Leiter-R scale
Weight X

VS X X
RhGAA intusion X X X X X x X
Ventilator use Continuous monitoring —

AE assessment - Continuous monitoring —
Conmeds/therapy monitoring < Continugus monitoring —

Pl
E g A I e

P oo

o

X X X
X X X X X X
X

P i A

o
et
EE Y
pes

X

10.1.2.6 Randomization and Controls

Study 1702 was an open-label, uncontrolled study. There was no randomization, As infantile-
onset Pompe disease is an uniformly fatal discase for which there are no established treatments,
and as preliminary information from rhGAA derived from the milk of transgenic animals
(Pharming GAA) and CHO cell-derived rhGAA (Synpac) had suggested that ERT with GAA
may be beneficial in Pompe disease patients, a placebo control was considered unethical and all
patients received active treatment with thGAA at a starting dose of 20 mg/kg qow. No blinding
techniques were used in the context of patient treatment, with the exception of single-blind
techniques used for the central cardiologist reading all echocardiograms and ECGs for the first
year only (unblinded readings thereafter). A corresponding proportion of patients from an
historical control group (Study AGLU-004-00) was presented as a comparator/control (reterred
to as Historical Reference Subgroup); however, given the highly helerogeneous prescentation and
progression of Pompe disease in this patient population as demonstrated by the Historical
Reference Subgroup, this comparison was of limited utility.

10.1.2.7 Study Medication Dose, Dispensing, and Compliance

RhGAA was supplied to the study sites as a lyophilized product that was reconstituted in sterile
water, then further diluted into a fixed total volume of 0.9% NaCl for injection, by the site
Pharmacist prior to infuston (volume dependent on patient weight and dose; see study Pharmacy
Manual for details). RhGAA infusions were administered in a step-wise manncer, beginning with
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a slow initial rate (1 mg/kg/hr), with gradual increases every 30 minutes to a maximum rate of
infusion of 7 mg/kg/hr (infusion rates could be increased by 2 mg/kg/hr every 30 minutes as
tolerated). Typical total infusion time was about four hours.

Dose augmentation or reduction could occur for specific criteria; however, all dosing was to
remain within 10 to 40 mg/kg gow. Dose augmentation to 40 mg/kg qow from 20 mg/kg qow
could occur following at least 26 weeks of treatment (protocol Amendment 4) for patients
meeting specific criteria. Six patients were known to have qualified for dose augmentation
{Patients 404, 406, 410, 413, 416, and 421), including three patients (Patients 413, 416, and 421)
who received at least one augmented dose during the first 52 weeks of treatment (Patients 404,
406, and 410 received augmented doses during the maintenance phase of the study). Dose
reduction could occur at anytime for severe or intolerable reactions defined as 1) liver or other
toxicity attributed to thGAA; 2) symptoms suggestive of immune complex disease attributable to
rhGAA; or 3) unmanageable IARs, defined as [ARs not responding to pretreatment, rate
reduction or treatment during reaction. There were no dosc reductions for safety reported during
the first 52 weeks of the study.

As all study drug treatments were administered by study personnel, study medication monitoring
and recording were under the control of the investigative staff, and all missed or incomplete
infusions were documented.

10.1.2.8 Efficacy and Endpoint Measures

All enrolled patients who received at least one dose of thGAA during the study comprised the
population evaluated for safety, efficacy, PK and PD. Data to a cutoff of the Week 52 study visit
were analyzed for the study. The study endpoints are:

10.1.2.8.1 Primary Fndpoint

The primary efficacy endpoint is the proportion of patients alive over the course of treatment.
Exact 95% Cls were constructed around the proportion of patients alive at Weeks 26 and 52,
assuming a binomial distribution. For this analysis, non-completers are considered as failures
(patients who died or withdrew from the study). Time to death was measured {rom 1) date of
birth, 2) datc of first symptoms, 3) date of confirmed diagnosis, and 4) datc of treatment
initiation, The survival probablities were estimated using Kaplan-Meier methodology. The
corresponding proportion of patients alive in an Historical Reference Subgroup of patients was
determined and was presented as comparator {(from Study AGL1J-00-004).

10.1.2.8.2 Secondary Endpoints

Secondary cfficacy endpoints were:
¢ Respiratory function. For patients who werc ventilator-free at study onset, the proportion
of patients remaining alive and ventilator-free over the course of treatment was measured.
Ventilator-frec was defined as ventilator-free for a 14-day period bracketing the target
time points (Week 26 and 52), or if the patient was ventilator-dependent due to secondary
causes (e.g., aspiration) at the target time point, the patient was followed for up 1o an
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additional 30 days. If the patient became ventilator-free for at least 14 consecutive days
during that 30-day period, (s)he was constdered to be ventilator-free.

¢ Cardiac status as measured by change from baseline in LVMI and any presence of signs
and/or symptoms of cardiac failure.

e Motor development by AIMS scores (for patients <i8 months of age or >18 months of
age for patients who have not met the ceiling of the AIMS [independent ambuiation]) and
the PDMS-2 scores (for patients >18 months of age), and the achievement and/or
maintenance of clinically relevant motor developmental milestones.

10.1.2.8.3 Other Efficacy Variables

o (Other indicators of cardiac status (e.g., EIY)

o Cognitive function assessed by the MDI of the BSID-II and/or the Brief 1Q score of the
Leiter-R

» Physical growth by body length, weight and head circumference

o Functional status from baseline to study visits as measured by PEDI scores

« Functional status from baseline to study visits as measured by Pompe PEDI scores

10.1.2.8.4 Safety Endpoints

Safcty was assessed by types and incidence of ALs, discontinuations due to ALs, and drug-
related, serious and severe AEs, and changes from baseline in physical exams (including vital
signs), clinical laboratory assessments including clinical chemistry, hematology and urinalysis,
and anti-thGAA IgG antibody titers, and ECG assessments, Other safety variables included:
circulating immune complex detection (as indicated), inhibitory antibody formation in patients
testing positive for IgG, anti-thGAA IgE antibodies, serum tryptase, and complement activation
(as indicated).

10.1.2.8.5 PK and PD Measures

PK (plasma rhGAA levels) was assesscd at Day 0 and Week 12. PD was assessed by comparing
skeletal muscle GAA activity and glycogen content at bascline, and at Week 12 and Week 52 (48
hours after infusion).

10.1.2.9 Other Statistical Considerations

An historical cohort was used as the control population for this study. A corresponding
proportion of patients from an historical control group (Study AGLU-004-00, n=168) was
determined and presented as a comparator (referred to as Historical Reference Subgroup, n=86)
using screening criteria adapted from the Study 1702 eligibility criteria, so that the Subgroup was
as comparable as possible to the patients in Study 1702. AGLU-004-00 patients were excluded
from Historical Reference Subgroup if they had a GAA activity >2% of mean of the normal
range (patients without GAA levels available for assessment were not excluded), died, or were
lost to follow-up at less than or equal to six months of age, had an IVMI less than 65 g/m” at age
less than or equal to 12 months or had an LVMI less than or equal to 79 g/m” at age greater than
12 months, had symptoms of congestive heart fatlure and an EF less than 40%, had a major
congenital abnormality, or had clinicatly significant disease other than Pompe discase. For
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additional comparison, an Historical Reference Subset (n =15) was also selected from the
Historical Reference Subgroup, whereby patients who died before the median age at which the
Study 1702 population received their first infusion (15 months of age) were excluded. These
Historical Control Reference Subgroups were of limited utility in evaluating the outcome
measures for Study 1702, however, as patients in the control populations were a highly
heterogeneous group in terms of presentation and progression of Pompe disease, it was difficult
to discern a treatment effect in the treated group vs. the untreated control.

10.1.2.10 Protocol Amendments

There were five protocol amendments to Protocol AGLUO1702. The protocol amendments are
briefly described as follows: '

Amendment 1, dated 05-November-2002: Inclusion criteria changed to allow patients up to 36
months of age to be included in the study, exclusion criterion added to exclude patients who had
received ERT with GAA from any source, study size increased to 16 patients (from eight), and
other minor changes.

Amendment 2, dated 10-January-2003: Inclusion criteria changed to specify qualifying LVMI by
age {for patients <12 months or >12 months), biopsy procedure changed so that may be
performed under general, regional or local anesthesia, cardiac outcome parameters changed to
LVPWT, EF SF, LVMI and others, physical exam to include weight, length and head
circumference, and other minor changes.

Amendment 3, 08-August-2003: Study size increased to 20 patients and discontinued patients
{who had not received thGAA) were to be replaced, and other minor changes.

Amendment 4, dated 09-March-2004: Dose augmentation to 40 mg/kg could occur after 26
weeks of treatment for patients meeting specific criteria, definition of ventilator-free changed to
14 consecutive days (from seven) bracketing target time point, ECG assessments added and sent
to a central cardiologist for review, interim analysis changed to take place after the fifteenth
patient enrolled completed 26 wecks of treatment, and other minor changes.

Amendment 5, dated 07-September-2004: meluded minor changes to protocol.

[0.1.2.11 Study Conduct

The sponsor noted that the study was conducted under ICH/GCP guidelines.

A financial disclosure was included in the submission and notable {indings include the
following: — noted payments from the sponsor
{(honoraria) totaling $5,000, and to —

— -_—

193



Clinical Review

Anne R. Pariser, M.D,

BLA STN 125141/0
Alglucosidase alfa (thGAA)

A DSMB comprised of three physicians (later added a fourth) knowledgeable about Pompe
disease and who had no direct relationship with the study provided medical and ethical guidance
related to the conduct of the study. An independent Allergic Reaction Review Board (ARRB)
was also established that served in a consultancy role to review reports of moderate or severe
[ARs and to provide guidance on IAR management. Each member of the ARRB is a physician
not directly involved in the study. A central cardiologist read all echocardiograms and ECGs,
and the readings were single-blinded in the first year of treatment (no longer blinded thereafter).
A central physical therapist scored all motor and cognitive assessments conducted on study
patients. Two central laboratories (one each in the US and Europe) were used for standard safety
laboratory analyses. All skin fibroblast assays were performed at Duke University Medical
Center in Durham, NC, and GAA mutational analyses and ACE marker allele status were
performed at the Genzyme specialty laboratory in Framingham, MA.

10.1.2.12 Study Results

Efficacy and safety data for Study 1702 were received in multiple submissions. In the original
submission, the sponsor submitted a 52-wceek interim report with a data cutoff date of 03-
September-2004. The original submission included: 1) safety and efficacy (report and datasets)
for the first 52 weeks of treatment for the first 15 patients treated; 2) efficacy data on the
remaining six patients treated to Week 12; and 3) safety data to a cutoff date of 03-September-
2004 for all 21 patients treated. An update to the safety data was submitted in the 4-month safety
update on 05-December-2005 (Amendment 005), with data through 31-October-2005,
Additional safety and efficacy data were received in Amendments 007 and 008 {on 21-
December-2005 and 06-January-2006, respectively) in response to Information Request letters
from the Division, which included data through the Week 52 visit for the {ast six patients
enrolled in Study 1702 (previously submitted efficacy data through Week 12 and safety data
through 03-September-2004 for these patients). Thus, efficacy and safety data to Week 52 were
available for all 21 treated patients for all endpoints in the study and will be included in this
review.

10.1.2.12.1  Patient Population

Twenty-two (22) paticnts were enrolled in Study 1702, and 21 patients received treatment with
thGAA. The first dose of rhGAA was administered to the first patient enrolled on 17-March-
2003, and the first dose of thGAA was administered to the last patient enrofled on 28-May-2004.
One patient {Patient 401) died during the baseline period prior to receiving any treatment with
rhGAA. This patient died of cardiac arrhythmia and cardiac arrest after receiving anacsthesia for
the muscle biopsy procedure (study related procedure). For the remaining 21 patients, 15
patients completed 52 weeks of the study, and six patients were discontinued: five patients died,
and one patient discontinued after completing Week 52 (Patient 414). This patient continued to
receive tThGAA through participation in an expanded access program. The following table
summarizes patient ages at {irst infusion, and age at the Week 52 visit or discontinuation.
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Table A2-3: Study 1702, Su-mmary of Patient Ages at Study Entry, Week 52 Completion and Discontinuation

Patient Age at First Infusion (mos) Age at Week 52 Visit (mnos) Age at Discontinuation {(mos)
402 7.2 293 -
403 378 50.0 .
404 8.3 20.2 .

405 13.2 - 17.4
406 16.4 28.5 .
407 8.3 - 1.6
408 43.6 55.7 -
409 6.4 7.7
410 37.1 49.4 i -
411 10.0 22.1 .
412 8.1 - 14.3

413 7.1 19.3 -

414 245 36.4 36.4
415 15.2 27.1 .
416 18.3 30.3 .
417 14.5 266 -
418 8.5 20.8 -
419 9.1 - 9.1
420 3.7 (5.9 -
421 9.5 21.7 -
422 18.1 30.2 -

There were no screen failures reported.

Five clinical sites in the US and Europe enrolled patients in the study and administered at [east
the first 26 weeks of treatment. After 26 weeks of treatment, patients could be transferred to
regional investigational sites for continuing treatment for the remainder of the study (cight
centers: six in the US, one in Germany, and one in the UK). Enrollment by clinical site is
summarized in the following table.

Table A2-4: Study 1702, Enrollment by Site

Site ID #  Site (Investigator) # of Patients  Patients Enrolled at Site
I e . Enrolled .
0] Durham, NC, USA (Duke Univ, Med, Ctr, 6 401%.403, 407, 411, 416,420
PIL: P. Kishnani)
G2 - Lyon, France (Pediatrique Hépital Debrousse, 3 405,415, 419,421,422
_ * Pl : M. Nicolino)
21 Cincinnati, OH, USA (Cincinnati Children’s 3 408, 409, 418
Hosp. Med. Crtr, PI: N. Leslie)
81 Gaingsville, FL, USA (Shands Hosp. Univ. 4 402, 404, 406, 412
FL,PL: B. Byme)
83 Manchester, UK (Royal Manchester Hosp, 4 410,413,414, 417
- Pi: JE Wraith)
Total, n= 5 sites 22 .

*Died prior to receiving rhGAA
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10.1.2.12.2  Demographics

Baselinc demographic data are shown for the 21 treated patients, and for the Historical Reference
Subgroup (n=86) and Subset (n=15). Of the 21 patients in Study 1702, 52% were female, and 71%
were Caucasian. Fourteen of 21 patients (67%) were free of invasive ventilator support at the time of
first infusion, five patients (24%) were on invasive ventilation, and two paticnts were on noninvasive
ventilation. The study population was heterogeneous by age at first symptoms, diagnosis, and first
infusion. Mecan age at first symptoms was four months (range 0-13 months), mean age at initial
diagnosis was nine months (range 0-23 months), and mean age at first infusion was 16 months (range
4-43 months). The Historical Control Subgroup appeared to be reasonably similar by age criteria to
the Study 1702 patient population, but the Historical Reference Subset showed some differeneces.
‘The mean and median ages at first symptoms in Study 1702 was less than the Historical Reference
Subset, and the range of ages at first symptoms and at initial dtagnosis in Study 1702 was broader than
for the Reference Subset. As the range of ages at symptom onset and diagnosis may have introduced
variability in predicted survival in the study population, this may have weakened the validity of the
comparison of survival in the two groups. Demeographic data are summarized in the following table.
Note: For patients with no age of first symptoms noted, imputed age of first symptoms was date of
diagnosis. If date of diagnosis/first symploms was not known, then the patient was assigned the
fifteenth of that month as a date.

Table A2-5: Study 1702 and Historical Reference Subgroup, Demographic Data

Historical

Study 1702 Historical Reference
Patients Subgroup Reference Subset
Patients, n = . 21 86 15
Parameter
Gender
Male, n (%0) 10 (48) 36 (42) (53
Female, n (%) 11 (52) 50 (58) 7{47)
Ethnicity o i 7
Caucasian, n (%0) 15 (71) 40 (47) 10 (67)
Black, n (%) 2010 12 {14; 1(7)
Asian, n (%) o 3(i4) 28 (33) 4 (27)
Other/unknown, o (%) I (5} ) 6(T ]
Age at First Symptoms (mos)
Mean 39 3.2 53
Median 3.1 3.0 4.8
Min, max 0, 12.8 B 707122 0.2,94
Age at [nitial Diagnosis (mos) o
Mean 8.9 5.9 8.0
Median 6.9 58 8.1
Min, max 1.5,22.9 -5.1,23.0 1.6,13.3
Age at First Infusion (mos)
Mean 15.8 - -
Median 13
. Mimmac 3.7,43.1
Ventilator Support at First Infusion 7 ) - i T
None, n (%) 14 (67) - -
[nvastve, n (%) 5(24)
. Nonmvasive, 1 (%) 205)
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Study 1702 demographic data by individual patient are summarized in the following table:

Table A2-6: Study 1702, Demographic Data by Individual Patient

Patient . Gender Race Age at First © Age at Diagnosis Age at First
Symptoms {(mos) {mos} Infusion (muos)

402 F Caucasian 1.5 ' L.9 17.0
403 M Caucasian _ 33 : 13.8 373
404 M Caucasian 3.1 6.7 8.2
405 F Caucasian 4.9 5.6 13.0
406 M Caucasian 72 10.3 16.2
407 I Black 1.9 5.5 8.2
408 F Caucasian 3.1 183 43.1
409 M Caucasian ) 3.0 4.1 6.3
410 M Caucasian 0 229 36.6
411 M Black 2.0 6.3 9.8
412 M Caucasian ; 6.4 6.9 8.0
413 F Asian 1.8 4.3 7.0
414 F Aslan 57 13.1 24.1
413 M Caucasian : 5.1 112 5.0
416 M Asian 2.6 88 18.1
47 F Caucasian 54 11.4 14.3
418 I Caucasian 2.1 8.2 _ 84
419 F ~ Caucasian 5.0 5.0 9.0
420 3 Other (L.ebanese} 1.5 1.5 37
421 M Caucasian .25 4.7 93
422 F Caucasian 12.8 154 17.8

10.1.2.12.3  Concomitant Medications and Procedures

More than 400 different concomitant medications (conmeds) were reported as having been used
during the study, and all 21 treated patients reported using multiple conmeds during the study.
The most commaonly recorded indications for conmeds use were for conditions associated with
underlying disease (e.g., infections, respiratory disorders, cardiac disorders) and for anesthesia or
analgesia for study- or discasc-related procedures or complications (e.g., biopsies). The most
commonly recorded medications by class were antibiotics, anaesthetic and analgesic agents, and
cardiovascular system medications. The most commonly reported conmeds by individual
medication for the 21 treated paticnts were: Fentany! (12 patients), ibuprofen and ketamine (10
each), and Augmentin, lidocaine and vancomycin (9 each).

Pretreatment medications were summarized separately by the sponsor. Five patients were
reported to have received any premedication prior to thGAA administration at anytime during
the study. Premedications included antihistamines (4 patients), acetaminophen (3), ibuprofen
(1), and glucocorticosteroids (1). Premedication use ts summarized by individual patient in the
following table:
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Table A2-7: Study 1702, Premedication Summary

Patient = Premedication Administrations Comments
S (at # of Visits) ]

407 2(2) Weeks 12 and 14, including acetaminophen

408 ' 67 (34) Day 0 through Week 52 (and in maintenance period), including
acetaminophen and diphenhydramine

418 18 (10) - Weeks 34 through 32, including acetaminophen, ibuprofen,
diphenhydramine, and promethazine

421 ' 43 (22) Weeks 2 through 52, including dexchlorpheniramine and
methylprednisolone

422 18 (18) Weeks 18 through 52, including dexchlorpheniramine |

Eleven (11) of the 21 treated patients received a central line at baseline and nine patients
received a peripheral line (no line placement described for Patient 419). For thosc patients who
received a peripheral linc at baseline, seven pattents later received a central line at some point
during the study (total of 18 of 21 patients known to have received a central line). Thus, it
appears likely that the majority of patients in this age group will require central line placement to
receive ongoing treatment with thGAA.

10.1.2.12.4  Compliunce with Study Medication

Study medication was administered at the clinical sites; thus, study medication administration
and compliance was largely under the control of study personnel. Compliance with study
medication was very high. Seventeen (17) of 21 patients received 100% of scheduled study
medication, and the remaining four patients received one incomplete or missed one complete
infusion during the study either due to illness (3 patients) or staff error (1 patient). Study
medication compliance is summarized in the following table:

APPEARS THIS WAY
ON ORIGINAL
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Table A2-8: Study 1702, Compliance with Study Medication

Patient ~  Waeeks in Study Complete Doses Received (%) Comments
402 ° Through Week 76 39/39 (100%)
403 Through Week 76 39/39 (100%)
404 Through Week 76 39739 (100%) |
405 Through Week 18 10710 (100%) Missed Week 4 dose due to dysfunction of catheter (full dose
: given at Week 5)
406 Through Week 72 37437 (100%) _ _ o
407 Through Week 14 7/8 (88%) Partial dose at Week 8§ due to AE (fever, desaturation due to
_ pneumaonia}
408 Through Week 70 36/36 (100%) Missed Week 26 dose due to purt malfunction (full dose given
alt Week 27)
409 Through Week 6 3/4 (75%) Partial dose on Day 0 due to staff error
410 - Through Week 66 34/34 (100%)
411 Through Weel\ 64 33/33 (100%)
412 Through Week 26 1414 (100%)
413 Through Week 62 31732 (97%) Missed Wecek 20 mfusion due to pyrexia
414 Through Week 52 26/27 (96%) Missed Week 12 due (o pyrexia‘illness
415 Through Week 52 27727 (100%)
416 Through Week 52 27727 (100%)
417 Through Week 52 2727 (100%)
418 Through Week 52 27127 {100%)
419 Through Day 0 1/1 (100%)
420 " Through Week 52 27/27 (100%) _
421 ) ' Through Week 52, 27’27 (100%) Dose escalation to 40 mg/kg Weeks 34 to 52
422 - Through Week 52 27727 (100%) B
10.1.2.12.5  Protocol Deviations and Violations

A protocol deviation log was submitted in the original submission only, with deviations noted
through Week 26 only. The majority of protocol deviations were noted (by the sponsor) to be
frequent and minor, and were predominantly out of window assessments and infusions, and
missed assessments, These deviations were unlikely to have impacted on the interim study
results. Protocol violations were notable for violations in entry criteria for 1 of the 21 treated
patients, as follows:

Three patients were granted exceptions to the inclusion criterion for age (requires patients
to be greater than six to less than or equal to 36 months of age at first infusion), including
Patient 403 who was 37.3 months, Patient 408 who was 43.1 months and Patient 420 who
was 3.7 months (not a candidate for Study 1602 as on noninvasive ventilation).

One additional patient had an age violation at bascline not initially calculated properly by
the site: Patient 410 was age 36.6 months at baseline

Four patients were noted (by this Reviewer} to have been included in the study despite
not meeting the inclusion criterion for cardiac hypertrophy at baseline (Patients 402, 414,
415 and 422, all of whom were >12 months of age and had L.VMIs <79 g/m?), and two
additional patients (Patients 405 and 418) did not have an LVMI reported at baseline.

One patient (Patient 413} had a baseline BF of 21%, and signs and symptoms of cardiac
fatlure (“worsening cardiac function™) prior 1o first infusion, in violation of exclusion
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criteria (ineligible if EF <40% AND the patient has signs and symptoms of cardiac
failure). .

The broadening of the study population through violations of the entry criteria allowed for a
much more diverse study population (including both more severely-affected patients and patients
with more attenuated disease) to be included in the study than originally intended. It is known
from the historical control and from the medical literature that even small differences in age at
presentation may result in less predictability as to length of survival. That is, small increments in
age at diagnosis can result in much longer patient survival (without treatment with ERT), making
it more difficult to discern a treatment effect for survival in the older patients. Conversely, the
inclusion of a patient younger than six months at first infusion resulted in the inclusion of more
severely-affected patient in the study. Similarly, the study population became more heteregeous
with the addition of patients at both ends of the spectrum by baseline cardiac findings. The
inclusion of patients without the protocol-specified cardiac hypertrophy likely allowed for the
inclusion of patients with more attenuated disease, and the inclusion of a patient with poor
cardiac function at baseline allowed for the inclusion of a patient with a poor prognosis at
baseline. The overall effect of these protocol violations was to allow for a highly hetercogenous
study population, thereby making the likelihood of discerning. a treatment effect in this study less
probable.

10.1.2.12.6  Primary Efficacy Endpoint

The primary efficacy endpoint was the proportion of paticnis alive at Week 52, with an
additional analysis of proportion of patients alive at Week 26. As of the Week 52 milestone, 16
of 21 patients (76%) were alive, and at the Week 26 milestone, 17 of 21 patients were alive
(81%). The primary cfficacy endpoint results are summarized in the following table.

Table A2-9: Study 1702, Patients Alive at Weeks 26 and 52

Patients, n = 21 95% CI !
Duration of Treatment

26 weeks, n (%) 17 (81) 58,95

52 weceks, n {%) 16 (76) i 53,92

Five patients died during the 32-week treatment period: four patients (405, 407, 409 and 419)
during the first 26 weeks of trcatment, and one patient (412) between Weeks 26 and 52, at ages
17, 12, 8. 9, and 14 months of age, respectively. Sixtecn patients remained alive at the Week 52
milestone, ranging in age {rom 16 to 56 months.

Survival was additionally analyzed by the sponsor by age at first infusion in the original
submission (inclusive of the first 15 patients enrolled only), with patients who were less than or
equal to 12 months of age at first infusion (n=6) and patients who werc 12 months of age or older
at first infusion (n =9) analyzed separately. The Historical Reference Subgroup (n=86) was also
divided into three reference subsets comprised of untreated patients known to have survived past
the median age at first infusion in Study 1702, including: 1) Subset 1 for patients first infused at
age less than or equal 1o 12 months who had a median age = 8.1 months {n = 60); 2) Subset 2 for
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patients first infused at age greater than 12 months who had a median age = 18.1 months (n =
11); and 3) Subset 3 for all pat