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EXECUTIVE SUMMARY
Fabry Disease and Unmet Medical Need

Fabrazyme is indicated for use as long-term enzyme replacement in patients with Fabry Disease.
Fabrazyme treats the underlying pathology of Fabry Disease by significantly clearing neutral
glycosphingolipids, predominantly globotriaosylceramide (GL-3) to normal or near normal levels
from vascular endothelium of kidney, heart and skin.

Fabry disease is a very rare, monogenic, X-linked, hereditary disorder resulting from mutations in
the gene encoding the lysosomal hydrolase, c.-galactosidase A. This leads to the progressive
intracellular lysosomal accumulation of several neutral glycosphingolipids, most prominently,
globotriaosylceramide (GL-3), in many cell types throughout the body. Although multiple cell
types accumulate GL-3, it is the involvement of the capillary endothelial cells that leads to the
devastating renal, cardiac, and cerebrovascular clinical manifestations of disease.

The clinical course of Fabry disease is indolent, yet relentlessly progressive over many years.
While there is much heterogeneity in the clinical course, patients with classic Fabry disease
usually present in childhood with a complex pain syndrome consisting of both acute and chronic
pain. Patients have episodic acroparesthesias and severe pain crises, associated with physical
exertion, stress, and warm temperatures. Patients also frequently have hypohidrosis and
gastrointestinal symptoms. While the pain syndrome often wanes over time, significant morbidity
and mortality results from renal insufficiency that usually begins in the fourth decade of life,
resulting in patients requiring dialysis or a renal transplant. Most often, later in life
cerebrovascular and cardiovascular involvement lead to strokes and myocardial infarctions.

Fabry patients, in much the same way as patients with hypercholesterolemia, can frequently be
asymptomatic for many years while abnormal accumulations of GL-3 occur in the vasculature.
However, only after years of pathological deposition and accumulated damage, does clinically
evident end organ failure occur. Once the end organ failure has manifested itself, it is often
irreversible. Any truly effective intervention should be aimed at preventing the end organ damage
from occurring. Intervention is less effective in reversing the disease once fibrosis or infarction
has occurred. Current therapy for Fabry patients consists merely of palliation of disease
symptoms. The patient population in the United States is approximately 3500 males.

(For more detail, refer to Sections 1.2, 1.3, and 1.4.)

Treatment of Fabry Disease with Fabrazyme®

Genzyme has developed Fabrazyme:® containing the active ingredient recombinant human
a-galactosidase A (r-haGAL, agalsidase beta) as enzyme replacement therapy for patients with
Fabry disease. Recombinant-human 0GAL is a highly purified recombinant form of the naturally
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occurring human glycoprotein and is produced in Chinese hamster ovary cells transfected with a
DHFR-vector carrying the cloned cDNA of the human oGAL-A gene.

Fabrazyme is taken up by cells by the mannose-6-phosphate receptor, is transported to the
lysosome and possesses enzymatic activitity as demonstrated in various in vitro and in vivo
preclinical and clinical studies. Hence, replacement therapy with Fabrazyme restores the missing
enzyme activity and leads to the clearance of neutral glycosphingolipids, predominantly
globotriaosylceramide (GL-3) in the lysosomes of various cells that would, in Fabry disease,
show pathologic accumulation. Therefore, it would be expected that prolonged treatment with
Fabrazyme resulting in removal of GL-3 accumulation will lead to normalization or possible
improvement in organ function.

(For more detail, refer to Section 1.6.)

Regulatory Status of Fabrazyme

Fabrazyme has been granted Orphan and Fast Track designation by FDA. The BLA was
submitted under the Accelerated Approval mechanism described in 21 CFR Part 601, Subpart E
in June 2000 and was given Priority Review status because of the serious and life-threatening
nature of Fabry disease and the potential therapeutic benefit that Fabrazyme may provide over
current palliative therapies. The accelerated approval mechanism was developed to allow
expedited marketing based on clinical evidence of safety and efficacy using a mutually agreed
upon surrogate endpoint reasonably likely to predict clinical benefit. This process is used in the
case of serious or life-threatening diseases where the proposed product provides meaningful
therapeutic benefit over existing treatments. This mechanism requires the sponsor to verify and
describe clinical benefit through a post-marketing study.

Fabrazyme has been approved for marketing in over 25 countries, including the European Union
and Australasia.

(For more detail, refer to Section 1.7.)

Fabrazyme Clinical Development Plan

1.) Fabrazyme Dose and Dosing Interval

Fabrazyme has been studied in several non-clinical pharmacokinetic, pharmacodynamic, and
toxicology studies in several models and species, including the ®GAL Knock-out SV129 mice.
Based upon these studies, as well as the dose-ranging (0.3, 1.0, and 3.0 mg/kg), pharmacokinetic,
pharmacodynamic, and safety results obtained in a 15 patient Phase 1/2 study, a dose of 1.0
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mg/kg administered intravenously every two weeks was chosen. This dosing regimen offered the
optimal balance between GL-3 clearance and the frequency of infusion associated reactions.

(For more detail, refer to Section 3.2.1.)

2.) Rationale for Primary Endpoint Selection: GL-3 Clearance

In designing a Phase 3 Placebo-Controlled Study to evaluate the therapeutic benefit of
Fabrazyme for treatment of Fabry disease, careful consideration was given to the major clinical
manifestations of the disease.

Renal insufficiency has been the major cause of morbidity and mortality in Fabry patients.
However, based on the pathophysiology of the renal disease and the irreversibility of
glomerulosclerosis, it was concluded that the most appropriate clinical endpoint would be to
focus on preserving renal function, thereby avoiding the most devastating common complication
of the disease. The likelihood that one could improve renal function once glomerulosclerosis had
occurred was felt to be unlikely.

Since renal insufficiency progresses over the course of years, it was determined that to properly
design a study using preservation of renal function as the primary endpoint, particularly among
patients with relatively normal renal function, would require a relatively large number of patients
studied over several years, as in studies of patients with diabetes. This was not felt to be feasible
in an ultra-orphan population.

Careful consideration was also given to designing a study focusing solely on the subset of Fabry
patients who already have abnormal renal function based on increased serum creatinine and
decreased glomerular filtration rate (GFR). However, our analysis revealed that even focusing on
this narrow subset of Fabry patients would still require a study of approximately three years’
duration. Such a study is an important part of our Phase 4 program.

While pain is often a presenting symptom of the disease and improvement in pain was ultimately
incorporated as a secondary endpoint, it was not chosen as the primary endpoint for several
reasons. (See Section 3.2.2.1) Primarily, pain is subjective in nature and highly variable in extent,
making it challenging to measure quantitatively. In addition, Fabry pain often wanes over time
and it would be very difficult, if not impossible, to account for this in the sizing of such a study
in this ultra-orphan disease population. It was calculated that to study pain improvement as the
primary endpoint required statistically powering the study with more than 100 Fabry patients per
group who had significant pain on pain medications in consideration of the placebo effect that is
often observed in a study setting and based upon other well-controlled pain studies for other
indications. This was not feasible given the very small size of this patient population.
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Prevention of clinically significant cardiac or cerebrovascular events were also considered as

primary endpoints. However, these events are episodic in nature with an event rate so poorly
documented that determination of sample size and study duration were not feasible. Additionally,
they are confounded by common concomitant conditions such as hypercholesterolemia and
hypertension.

3.) Selection of Primary Surrogate Endpoint for Pivotal Phase 3 Placebo-Controlled Clinical
Study

Because of the feasibility concerns outlined above surrounding the conduct of a properly
powered pivotal study using a clinical endpoint in this ultra-orphan disease, and after extensive
discussions between Genzyme, FDA and experts in the field, a surrogate endpoint likely to
predict clinical benefit was mutually identified and agreed upon with FDA as being appropriate
for studying as the primary endpoint in the Phase 3 Placebo-Controlled Study.

The mutually agreed upon primary endpoint was the histologic clearance to normal or near
normal levels (i.e., 0 score on a scale of 0-3) of GL-3 accumulations from the interstitial
(peritubular) capillary endothelial cells of the kidney. (For more detail, refer to Section 3.2.2.1.)

To summarize, the rationale for agreeing to this primary endpoint was that:

o renal failure is the most common devastating feature of Fabry disease;
¢ glomerulosclerosis present in Fabry disease is primarily a result of vascular damage;

e while multiple cell types accumulate glycosphingolipids (i.e. GL-3), the clinical-
pathological correlation in two milder variant Fabry patient populations strongly
support the concept that endothelial cell deposition leads to the ultimate end organ
damage and subsequent clinical deterioration; Both female heterozygotes and cardiac
variant patients generally have higher residual endogenous aGAL activity, very little
GL-3 accumulation in endothelial cells (though extensive accumulation in
cardiomyocytes and renal epithelial cells), and have a much milder clinical course of
disease;

e this endpoint could be measured in a reasonable timeframe;

e statistical power calculations based on this endpoint showed that the study population
required was appropriate for this rare disease; and

e clearance of GL-3 to normal or near-normal levels was felt to be clinically important
and would be expected to predict normalization/stabilization of function and clinical
benefit.

o for insidious diseases, such as kidney failure, that lack overt clinical symptoms until
they are beyond the reach of medical therapy, histologic diagnosis often can be the
only objective indicator for staging disease severity and gauging the success of
therapy.
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4.) Selection of Additional Endpoints

Secondary endpoints included a histologic assessment of reduction of GL-3 in endothelial cells
of the heart and skin, changes in pain as assessed by the Short Form McGill Pain Questionnaire,
and a biochemical assessment of GL-3 clearance from urine sediment and kidney tissue.
Numerous tertiary and other endpoints were investigated during the study including changes in
plasma GL-3, renal function, and quality of life as assessed by the Short Form (SF)-36. In
response to FDA questions, clearance of GL-3 in multiple renal cell types was also evaluated.

(For more detail, refer to Section 3.2.2.2.)

Summary of Efficacy

A Phase 3, double blind, randomized, placebo-controlled, multicenter study was conducted at

8 sites in 4 countries on 58 patients with Fabry disease. Patients received 1.0 mg/kg of
Fabrazyme or placebo intravenously every 2 weeks, for a total of 11 infusions (20 weeks).
Patients who successfully completed the Phase 3 Placebo-Controlled Study were eligible for
entry into a Phase 3 Extension Study. All 58 patients completed the Phase 3 Placebo-Controlled
Study and elected to enroll in the Phase 3 Extension Study. During this ongoing extension study,
all patients are receiving Fabrazyme, and long-term safety and efficacy parameters are being
monitored. This study will continue assessments for an additional 4.5 years, for a total of up to
five years of patient treatment with Fabrazyme. Currently, this study is being conducted at 19
investigational sites in the U.S. and Europe.

1.) Primary Endpoint: Renal Interstitial Capillary Endothelial Cells

The results of the Phase 3 Placebo-Controlled Study and the Phase 3 Extension Study
demonstrate that the single, prospectively agreed upon primary endpoint was reached with a high
degree of statistical significance (p<0.0001). 20/29 (69%) patients treated with Fabrazyme
achieved a zero score in the renal capillary endothelium compared to 0/29 of the patients treated
with placebo. This was consistent among the three, blinded renal pathologists, between different
clinical sites, and among all patient subsets. This improvement was shown to be maintained by
analyses of repeat kidney biopsies obtained at 6 months into the Phase 3 Extension Study and
was confirmed in the patients that crossed over from placebo to Fabrazyme treatment. (Figure D)
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Figure 1 Kidney Histology: Response of Interstitial Capillary Endothelial Cells in the
Phase 3 Placebo-Controlled Study and Phase 3 Extension Study
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PL FZ ¢ PL/FL FLIFZ (For more detail, refer to
Week 20 + 6 Months

Section 4.1.1.)

2.) Histologic Assessment of Additional Cell-Types of the Kidney

In response to questions from FDA, additional analyses on multiple additional cell-types were
subsequently conducted to verify that clearance of GL-3 accumulation was not an isolated
finding limited to interstitial capillary endothelial cells. These additional cell-types were
retrospectively evaluated in the pathology slides obtained at Baseline and Week 20 of the Phase 3
Placebo-Controlled Study and 6 Months into the Phase 3 Extension Study. The additional kidney
cell-types for analysis included glomerular endothelial cells, non-capillary (arteriolar) interstitial
smooth muscle cells, non-capillary (arteriolar) interstitial endothelial cells, podocytes, distal
convoluted tubules/collecting ducts, mesangial cells, and interstitial cells. At the end of the Phase
3 Placebo-Controlled Study, there was a highly statistically significant difference (p<0.001)
between the Fabrazyme and placebo treatment groups in the number of patients achieving a zero-
score in several additional cell types: mesangial cells, glomerular capillary endothelium,
interstitial cells and non-capillary endothelium. Nearly all of the patients with available data who
had originally received placebo in the Placebo-Controlled study showed clearance to normal or
near-normal levels of GL-3 accumulation in these additional kidney cell-types after 6 months of
open-label treatment with Fabrazyme. Podocytes and epithelial cells of the distal convoluted
tubules responded with modest reductions in GL-3 although neither cell type is thought to be
primarily responsible for renal functional decline in Fabry patients. For other kidney cell-types,
Fabrazyme reduced GL-3 levels, albeit not to zero.

(For more detail, refer to Section 4.2.1.1 and Section 4.2.1.2.)
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3.) Heart and Skin Interstitial Capillary Endothelial Cells

Highly statistically significant (p < 0.001) improvement was also obtained in the clearance of
GL-3 in the interstitial capillary endothelial cells of the heart and skin following Fabrazyme
treatment in the Phase 3 Placebo-Controlled Study which was again confirmed in the patients
that crossed over from placebo to Fabrazyme treatment during the Phase 3 Extension Study.
Repeat skin biopsies have been obtained every 6 months through 18 months and then yearly
thereafter, in the Phase 3 Extension Study; continued efficacy has been seen through 18 months
of this extension study as assessed by GL-3 clearance to normal or near normal levels in 41/46
(89%) patients at the 18 month timpoint. Four of the five patients that had non-zero skin scores at
18 months underwent subsequent biopsies and now have zero scores. (For more detail, refer to
Section 4.1.2.1.)

4.) Pain

Using the Short Form McGill Pain Questionnaire, there were significant improvements in
multiple pain parameters within treatment groups in the Phase 3 Placebo-Controlled Study. This
improvement has been maintained for up to 24 months of Fabrazyme therapy. However, there
was no significant difference between treatment groups in pain parameters, possibly due to a
strong placébo effect. (For more detail, refer to Section 4.1.2.3)

5.) Urinary and Kidney Tissue GL-3 Levels

For GL-3 levels in urine and kidney tissue, the percent change was compared between treatment
groups using the rank sum score for each patient. There was a statistically significant difference
in the distribution of rank sum scores between the two treatment groups (p = 0.003). This

indicates an improvement in this composite endpoint. (For more detail, refer to Section 4.1.2.2.)

6.) Plasma GL-3

Plasma GL-3 levels were measured (by ELISA) as an indicator of ®GAL activity and an indirect
marker of the level of Fabrazyme reaching the different cells with accumulated GL-3. For A
highly statistically significant difference was observed between the two treatment groups in
percent change from Baseline to Week 20 for plasma GL-3 (p < 0.001). Median plasma GL-3
levels are presented in Figure 2. In the Fabrazyme treatment group, median plasma GL-3 levels
decreased by 100% from Baseline to Week 20, while the median value in the placebo treatment
group decreased by 16.5%.

Plasma GL-3 levels obtained for patients who originally received placebo in the Phase 3 Placebo-
Controlled Study and who then switched to Fabrazyme treatment in the Phase 3 Extension Study
were similarly decreased to levels obtained for patients who originally received Fabrazyme in the
Phase 3 Placebo-Controlled Study. Plasma GL-3 remains undetectable in most patients, although
it has been seen to rise in patients who have missed infusions. In addition, a strong association
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was observed between the median percent decrease from Baseline to Week 20 in plasma GL-3
levels and the reduction in kidney interstitial capillary endothelial cell histology scores.

Figure 2 Median Plasma GL-3 Levels in the Phase 3 Placebo-Controlled Study and
Phase 3 Extension Study
14 4 - OPlaceboanbrnzynme Group

A Fabrazyme/Fabrazyme Group

04

Median Plasma GL-3 Level (ngjuL)
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Phase 3 Placebo-Controlled Study

Study Timepoint

+ 6 Months + 12 Months
Phase 3 Extension Study

Entry

Placebo/Fabrazyme — patients who received placebo in the Phase 3 Placebo-Controlled Study and who switched to
treatment with Fabrazyme in the Phase 3 Extension Study

Fabrazyme/Fabrazyme — patients who received Fabrazyme in the Phase 3 Placebo-Controlled Study and who
continued receiving Fabrazyme in the Phase 3 Extension Study

(For more detail, refer to Section 4.1.3.1 and Section 4.2.1.3.)

7.) Renal function

Average renal function as assessed by serum creatinine was normal in both groups at Baseline and
did not change significantly in either treatment group during the Phase 3 Placebo-controlled study
and for 24 months into the extension study (i.e., up to ~30 months total treatment with Fabrazyme).
(Table 1) (For more detail, refer to Section 4.1.3.3 and Section 4.2.1.4.)

Table 1 Mean (+SD) Serum Creatinine Levels (mg/dL)
Phase 3 Placebo-Controlled Study Phase 3 Extension Study
Treatment Group Baseline Week 20 6 Months 12 Months 18-Months 24-Months
Placebo/Fabrazyme 0.810.2 08+0.3 08+0.3 0.8+0.3 09+03 0.8+0.4
(n=29) (n=29) (n=26) (n=28) (n=27) (n=25)
Fabrazyme/Fabrazyme 08102 09+0.2 09+0.2 09+0.3 09+0.3 0.9+0.4
(n=29) (n=29) (n=28) (n=28) (n=28) (n=25)

Placebo/Fabrazyme — patients who received placebo in the Phase 3 Placebo-Controlled Study and who
switched to treatment with Fabrazyme in the Phase 3 Extension Study

Fabrazyme/Fabrazyme — patients who received Fabrazyme in the Phase 3 Placebo-Controlled Study and who
continued receiving Fabrazyme in the Phase 3 Extension Study
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8.) Quality of Life as Measured by the SF-36 Health Status Survey

The mean change in the scores was calculated for the eight categories and the combined
categories that comprise the physical and mental component scales. Improvements in both
treatment groups were observed for several parameters across both populations, although
between-group differences were not statistically significant.

(For more detail, refer to Section 4.2.1.6.)

9.) Phase 2 Open-Label Study (Japan)

An open-label, bridging study that adhered to the ICH Harmonized Tripartite Guideline (Feb 5,
1998) was completed in Japan on 13 patients. Entry criteria and endpoints were virtually
identical to the Phase 3 Placebo-Controlled Study described above. This study confirmed, and
extended, the findings of the Phase 3 Study. The same significant reductions of GL-3 to normal
or near normal were seen in multiple cell types in the kidney following 20 weeks of Fabrazyme
treatment. Similarly, plasma GL-3 levels became undetectable and renal function was preserved.
These findings further confirmed the results of the larger Phase 3 Placebo-Controlled Study.

(For more detail, refer to Section 4.3.)

Safety

Full safety data derived from the treatment of 71 patients in three major studies (Phase 3
Placebo-Controlled Study, Phase 3 Extension and Phase 2 Open-Label [Japan]) demonstrate that
patients are able to tolerate the long-term use of Fabrazyme. To date, over 350 patients have
received over 4000 total infusions of Fabrazyme (including patient experience with Fabrazyme
through compassionate use/special access, other on-going studies and post-approval commercial
use in Europe and elsewhere) with the longest patient on therapy for over 3 years.

In the Phase 3 Placebo-Controlled Study, a statistically significant difference was observed for
three adverse events that were reported more frequently in patients treated with Fabrazyme
compared to placebo. These adverse experiences were rigors (15/29 [52%] vs. 4/29 [14%],
p=0.004), fever (14/29 [48%] vs. 5/29 [17%)], p=0.024), and skeletal pain (6/29 [21%] vs.

0/29 [0%], p=0.023) in the Fabrazyme vs. placebo treatment groups. Skeletal pain reported
during this study represents isolated musculoskeletal events and is most likely not due to the
infusion of Fabrazyme. Rigors and fever represent primarily infusion-associated reactions. The
initial presentation of these most often coincided with IgG seroconversion. When rigors and
fever occurred, they were generally mild to moderate in nature and were successfully managed by
a temporary reduction in infusion rate, and treatment with acetaminophen and diphenhydramine.
(For more detail, refer to Section 4.5.1.1.)
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The majority of patients develop IgG antibodies during treatment. Among IgG positive patients
in Phase 3 Placebo-Controlled Study whose antibody data have been followed for approximately
24-30 months in Phase 3 Extension Study, almost half have experienced a four-fold reduction in
titer with continued treatment. Similar findings have been observed in patients enrolled in the
Phase 2 Open-Label Study (Japan). Immune tolerance was achieved in seven patients as of the 24
month timepoint of the Phase 3 Extension Study. The proportion of patients who IgG
seroconverted is almost identical in the Fabrazyme patients in the Phase 3 Placebo-Controlled
(83%) and Phase 2 Open-Label study (Japan) (85%). IgG seroconversion does not impact
efficacy as assessed by i) sustained clearance of tissue GL-3 as measured by light mMIiCroscopy;

i1) sustained clearance of plasma GL-3; and iii) stable renal function. (For more detail, refer to
Section 4.5.3.1 and Section 4.5.3.2.)

There have been no reports of anaphylaxis. Of over 350 patients treated with Fabrazyme, two
patients tested serum IgE positive and three patients tested skin test positive representing < 1.4%
of all treated patients. One patient has been successfully rechallenged repeatedly with
commercial product, three patients have been treated under Genzyme’s cautious graded
rechallenge protocol (AGAL-019-01), and the fifth patient is pending rechallenge. (For more
detail, refer to Section 4.5.3.5.)

Long-term treatment has demonstrated a progressive decrease in the number of patients with
infusion-associated reactions. In addition, long-term data have demonstrated that patients are able
to successfully tolerate infusion rate increases resulting in a reduction in the total infusion time.
(For more detail, refer to Section 4.5.1.2.)

Results from laboratory tests are similar across all studies and indicate that treatment with
Fabrazyme appears to have no toxic effect. Chronic therapy is generally well tolerated. (For more
detail, refer to Section 4.5.4.)

Phase 4 Clinical Program

Genzyme has requested an accelerated approval pursuant to 21 CFR Part 601, Subpart E.

These regulations provide a mechanism by which products that offer meaningful therapeutic
benefits over existing treatments for serious, life-threatening illnesses are made available
(marketing approval granted) as soon as possible based on demonstrated effects on surrogate
endpoints reasonably likely to predict clinical benefit. Approval under this regulation is subject
to the requirement that the applicant study the product further to verify and describe the clinical
benefit.

Genzyme has conducted, completed and reported the results of a Phase 3 placebo-controlled,
adequate and well-controlled clinical study and established that Fabrazyme has an effect on a

GENZYME CORPORATION Page 11



Fabrazyme®(agalsidase beta) BLA STN BL 103979/0 Advisory Committee Briefing Document

surrogate endpoint that is reasonable likely, on the basis of pathophysiologic evidence, to predict
a clinical benefit. It could be argued that the submitted evidence goes beyond a surrogate
endpoint and is tantamount to clinical evidence. Nonetheless, since the BLA was submitted
under the accelerated approval mechanism, Genzyme has fully enrolled a Phase 4 Study
(currently on-going) and therefore meets the requirements for accelerated approval in that the
confirmatory study is underway.

In this section, we describe the ongoing Phase 4 study as well as important modifications to the
Phase 4 Program that we have proposed to FDA to address their concerns. Genzyme wants to
stress that the FDA’s concerns currently preventing approval of Fabrazyme are addressable in
various ways. More importantly, these are the types of issues that can and should be resolved in a
post-approval setting as intended by the Accelerated Approval regulations so that the very small
but seriously ill patient population may be granted access to this important therapy for a disease
where no alternative is available.

Current Phase 4 Clinical Study

Genzyme has designed, submitted and fully enrolled an adequate, well-controlled clinical trial
(multicenter, randomized, double-blind, placebo-controlled) to verify and describe the clinical
benefit. This placebo controlled study design was proposed in August 2000 because no
alternatives existed at that time for meeting FDA’s requirement that the study would be well-
controlled. This study assesses the time to clinically significant progression of renal disease,
cardiac disease, cerebrovascular disease, and/or death in patients with advanced Fabry disease.
Patients are assigned to treatment using a 2:1 (Fabrazyme:Placebo) randomization scheme.
Patients assigned to either treatment group will continue to receive standard care and are
monitored closely for progression of disease. If patients manifest clinically significant
progression, they are to receive open-label treatment with Fabrazyme. It is anticipated that the
total duration of this study will be approximately 3 years.

Extensive resources have been devoted to this Phase 4 study and much progress has been made.
It is currently fully enrolled, with the first patient having received treatment for approximately 21
months. Over 235 patients have been consented and screened at 34 different sites worldwide.
Seventy-six patients have met enrollment criteria and have been randomized and infused.

In several discussions between Genzyme, FDA, investigators, and other experts, concerns have
been raised about several aspects of this Phase 4 study. These have included concerns about the
ethics and feasibility of completing a long-term placebo-controlled study in a post-marketing
setting with an endpoint of irreversible organ damage, and concerns that the post-marketing study
might yield inconclusive results creating uncertainty as to the clinical benefit and possible
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withdrawal of the product that might, in fact be beneficial. Therefore, Genzyme has developed an
alternative proposal to meet the accelerated approval requirements for collecting data from
adequate and well-controlled post-marketing studies to verify and describe the clinical benefit of
Fabrazyme (referred to Proposed Phase 4 Program). (For more detail, refer to Section 6.2.)

Proposed Phase 4 Program

Genzyme is proposing a modified and expanded Phase 4 program and has already made
significant progress in its implementation. This modified Phase 4 program would include
extensive study of the impact of Fabrazyme on a broader cross-section of the Fabry population
than is currently being studied in the Phase 4 study. This new four-pronged program which is
described below will eliminate the concerns regarding feasibility of patient retention in a post-
marketing setting and obviate the ethical concerns regarding a placebo-controlled, post-
marketing study in which the endpoint will likely result in irreversible end organ damage. It also
includes several extensive studies of the clinical impact of Fabrazyme and provides added
assurance against the possibility of inconclusive results.

1. Develop a prospectively defined, comprehensive natural history database.

e The collection of these data under a prospectively defined protocol is complete. The final
study report was submitted to the BLA on October 18, 2002. The natural history database
consists of 447 unique patients from 27 sites in 5 countries. The data from the Historical
Study are recent, with 75% of the serum creatinine measurements in the “qualified
patients” occurring after April 1996. The contemporaneous nature of the historical data
suggests that statistical models can be utilized that would provide a robust assessment of
the data. (See Section 6.3 for further details and results).

2. Utilize an appropriate subset of patients from the natural history database as a control
group to convert the current Phase 4 Placebo-Controlled study into a single-arm,
historical-controlled study by comparing the renal disease event rates in this relatively
advanced disease population.

¢ The proposed protocol (Genzyme Study AGAL-008-00) for the conversion of the
study was submitted to FDA in April 2002. The protocol synopsis is included in
Appendix 8.1.

* Whereas the current placebo-controlled study focused on a composite endpoint
consisting of renal, cardiac, cerebrovascular, and death components, the focus of the
active treatment protocol will be improvement in renal outcomes.
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e Converting the placebo-control design to a single-arm, active treatment design
obviates any concerns about the feasibility or ethics of maintaining Fabry patients on
placebo in a post-marketing setting and allows the study to focus on progression of
renal disease, the most common devastating manifestation of Fabry disease.

s Appropriate statistical methodology can be utilized to analyze the outcomes in the
Fabrazyme treated and historical control Fabry patients. (See below and Sections
6.4.1 and 6.4.2 for further details.)

3. Utilize an appropriate subset of patients from the natural history database to compare
the event rate of renal disease in the 58 Fabry patients enrolled in the Phase 3 Extension
study (Genzyme Study AGAL-005-99).

e The patients in the Phase 3 Extension study represent patients with much less
advanced renal disease.

¢ The patients in the Phase 3 Extension Study will be followed for at least 5 years from
the date of enrollment in the Phase 3 Placebo-Controlled Study.

e The interim analysis of the Phase 3 Extension Study patients after 24-30 months on
Fabrazyme therapy was completed in November, 2002. The interim analysis shows
encouraging trends with respect to slowing the progression of renal functional decline
in patients receiving Fabrazyme for up to 30 months compared to the comparable
historical database of untreated Fabry patients (See Section 4.2.1.5)

4. Commit to an extensive Fabry Registry program (already in place worldwide)

e The Fabry Registry will be open to any Fabry patient regardless of treatment and is
intended to collect long-term data with the express purpose of expanding the
knowledge of Fabry disease and treatment with Fabrazyme.

This multi-faceted approach provides additional confidence and obviates concerns regarding
inconclusive results from any one element. (For more detail, refer to Section 6.)

Statistical Methodology

Statistical methodologies exist to derive appropriate control groups from the historical database
and to compare the control groups to the active treatment groups in the Phase 3 Extension and
Phase 4 studies with regard to renal event rates. For use as a control group for the Phase 4 trial,
estimates of renal event rates were obtained from the appropriate subset of patients in the
historical database by modeling the underlying patient-specific trends in serum creatinine over
the duration of follow-up using linear random effects modeling. The renal event rate estimate
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was shown to be robust following supplementary analyses. Further additional analyses were
conducted in response to FDA questions to support the methodology and results. All of the
modeling scenarios thus conducted are remarkably consistent. See Section 6.4.1 for more detail.

To further address FDA concerns regarding issues such as the representativeness of the historical
data base and the missing/non-uniformly distributed serum creatinine values from the historical
data base Genzyme has also pursued alternative methods of analysis. The alternative
methodology (developed by Professor Donald Rubin of Harvard University) consists of matching
the historical control patients to the clinical study patients using propensity scoring algorithms.
Multiple imputation will be used to fill in the missing data. The imputation will be done by
using data from the two control groups, placebo and historical. Following imputation, the data
from the randomized patients will be compared to the matched historical control patients by
logistic regression using covariates to be discussed with FDA. For more detail, refer to Section
6.4.2.

Justification of Historical Control Phase 4 Study Proposal

The purpose of conducting clinical investigations is to distinguish the effects of a drug from other
influences such as spontaneous change in the course of the disease, placebo effect, or biased
observations. An adequate and well-controlled study has several characteristics one of which is
that the design must permit a valid comparison with a control group in order to provide an
adequate assessment of drug effect. The FDA and ICH recognize historical controlled studies in
the hierarchy of clinical study designs. The proposal to convert the current Phase 4, placebo-
controlled clinical study into a single-arm, historical-controlled study is supported by the ICH
Guideline, E-10 (Choice of Control Group and Related Issues in Clinical Trials).

There have been cautions raised about the use of historical controlled efficacy studies with regard
to such points as whether disease progression can be characterized sufficiently, whether there are
differences in diagnoses, follow-up, frequencies of measurements, concomitant medications or
treatment paradigms. However, historical controlled studies have been used successfully in
settings in which the disease is rare, there is a high likelihood of a particular outcome in the
absence of therapy and the new intervention can produce dramatic results. These conditions
apply in the setting of enzyme replacement therapy for patients with Fabry Disease.

Genzyme is not proposing the single-arm, historical-controlled trial in a vacuum to demonstrate
safety and effectiveness of Fabrazyme for the prevention of progression of renal impairment in
Fabry patients. Genzyme has conducted and reported the unequivocal results of the pivotal
Phase 3 placebo-controlled clinical trial demonstrating the safety and effectiveness of Fabrazyme
as determined on a histologically assessed and related renal vascular endpoint. The proposed
single-arm, historical-controlled trial is a confirmatory study to verify and describe the clinical
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benefit that will likely be derived on the basis of the effect of enzyme replacement therapy on the
histopathology of the disease. When one considers the extremely rare nature of the disease, the
existing clinical and preclincal data attesting to the effect of enzyme replacement therapy on the
underlying histopathology and the inherent complexities of conducting long-term (35 month)
placebo-controlled trials in this severely ill patient population, the proposed Phase 4 program
respresents a flexible and robust approach. (For more detail, refer to Section 6.2)
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Conclusions

Currently, no treatment is available for the prevention or stabilization of the progressive vascular
damage and resultant end organ destruction of Fabry disease. The GL-3 accumulation in multiple
cell types, but particularly the endothelial cells, leads to the high morbidity and mortality rates
due to renal failure, stroke, and cardiovascular disease.

Fabrazyme therapy has been shown to clear GL-3 to normal or near-normal levels in critical cells
involved in the pathophysiology of the disease, including the capillary endothelium, and thus has
the potential for long-term clinical benefit. This is further supported by trends in patients
receiving Fabrazyme for up to 30 months where data indicate a slowing in progression of renal
functional decline compared to a matched historical database of untreated Fabry patients. The
data demonstrate that Fabrazyme is well-tolerated and has a robust efficacy profile.

The ongoing Phase 4 study (fully enrolled, with the first patient having received treatment for
approximately 21 months) can now be converted to a historical control study based on the
significant historical data that have been collected. This, along with the additional aspects of the
proposed expanded Phase 4 program, ensure that data will be collected in the post-marketing
setting to demonstrate the long-term clinical benefit of Fabrazyme. Thus the requirements under
accelerated approval for adequate and well-controlled post-marketing studies to be underway at
the time of approval of the BLA have been met.

At this time, the data available indicate that Fabrazyme is an effective treatment for patients with
Fabry disease. Therefore, patients should not be denied the opportunity of this therapy, and
approval is warranted at this time.

Based on the data presented, the proposed label indication is:

Fabrazyme® (agalsidase beta) is indicated Jor use as a long-term enzyme replacement therapy in
patients with a confirmed diagnosis of Fabry disease. Fabrazyme® treats the underlying
pathology of Fabry disease by significantly clearing globotriaosylceramide (GL-3) to normal or
near normal levels from the vascular endothelium of the kidney, heart and skin. Clearance was
also demonstrated in other critical cell types, such as mesangial cells, glomerular capillary
endothelium, interstitial cells and non-capillary endothelium, and reduced in cell types with the
highest substrate burden (vascular smooth muscle cells, tubular epithelium and podocytes).
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Glossary of Selected Terms Used in Reporting on the Phase 3 Placebo-Controlled Study and the Phase 3
Extension Study

Study Timepoints

In order to differentiate between the beginning of the Phase 3 Placebo-Controlled Study and the beginning of the
Phase 3 Extension Study: '

* “Baseline” was used to identify the beginning timepoint of the Phase 3 Placebo-Controlled Study and

“Entry” was used to identify the beginning timepoint of the Phase 3 Extension Study

For the Phase 3 Placebo-Controlled Study, major Efficacy and Safety measurements were conducted at Baseline and

at Week 20 (Final Study Visit).

For the Phase 3 Extension Study, major Efficacy and Safety measurements were conducted every 6 months
(i.e., + 6, 12, and 18 menths) relative to the Entry timepoint.

Study Treatment Groups

Placebo/Fabrazyme (PL/FZ) - patients who received placebo in the Phase 3 Placebo-Controlled Study and who
switched to treatment with Fabrazyme in the Phase 3 Extension Study

Fabrazyme/Fabrazyme (FZ/FZ) — patients who received Fabrazyme in the Phase 3 Placebo-Controlled Study and
who continued receiving Fabrazyme in the Phase 3 Extension Study

Efficacy and Safety Reporting

For the Phase 3 Placebo-Controlled Study, major Efficacy and Safety measurements are reported relative to
Baseline.

For the Phase 3 Extension Study, major Efficacy and Safety measurements are reported relative to Baseline and to
Entry.

The difference between Baseline and Entry becomes most important when considering the time on treatment for the
patients in the Phase 3 Extension Study. In the Phase 3 Extension Study Placebo/Fabrazyme patients have received

approximately 20 fewer weeks of treatment with Fabrazyme than the Fabrazyme/Fabrazyme patients.
Study Outline

Phase 3 Placebo Controlled Study Phase 3 Open-Label Extension Study

Fabrazyme® (~ 1.0 mg/kg q 2 weeks)

| I | | | | | | |
Fabrazyme® (~ 1.0 mg/kg q 2 weeks)
r— Months: 1 2 3 4 : : : — >

’ +6 +12 +18 +54

: I I l I I : months months months months

: | | | ] | i Post-Entry Post-Entry Post-Entry Post-Entry

: Placebo 4 A
Baséline E Week 20 :

Randomization Entry into Phase 3 Extension Study
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1. INTRODUCTION
1.1 Proposed Indication and Usage

Fabrazyme® (agalsidase beta) is indicated for use as a long-term enzyme replacement therapy in
patients with a confirmed diagnosis of Fabry disease (0--galactosidase-A (aGAL) deficiency).
Fabrazyme treats the underlying pathology of Fabry disease by significantly clearing
globotriaosylceramide (GL-3) to normal or near normal levels from the vascular endothelium of
the kidney, heart and skin. Clearance was also demonstrated in other cell types, such as
mesangial cells, glomerular capillary endothelium, interstitial cells and non-capillary
endothelium, and reduced in cell types with the highest substrate burden (vascular smooth
muscle cells, tubular epithelium and podocytes).

1.2 Fabry Disease: Molecular Basis and Epidemiology

Fabry disease (also referred to as Anderson-Fabry disease) is an X-linked inborn error of
metabolism characterized by markedly decreased or absent activity of the lysosomal hydrolase,
o-galactosidase-A (-GAL). Fabry disease is a panethnic, monogenic disorder. The underlying
cause of Fabry disease is a mutation in the nucleotide sequence coding for the structural portions
of *GAL. It is estimated that the incidence of Fabry Disease is 1:40,000 males (Desnick, 2001, in
The Metabolic Basis of Inherited Disease) thus the patient population in the United States is
approximately 3500 males (United States Government Census, 2000). Deficiency of aGAL leads
to the progressive accumulation of glycosphingolipids, predominantly globotriaosylceramide
(GL-3) in the lysosomes of multiple cell-types in many tissues, including endothelial, perithelial,
and smooth-muscle cells of blood vessels, ganglion cells of the autonomic nervous system,
cardiomyocytes of the heart, epithelial cells of glomeruli and tubules in the kidney, and epithelial
cells of the comea (Desnick, 1995, in The Metabolic Basis of Inherited Disease). These
pathologic accumulations begin in utero (Desnick, 2001, in The Metabolic Basis of Inherited
Disease) and continue to progress throughout life.

Accumulation of GL-3 in lysosomes of affected individuals leads to the characteristic pathologic
cellular inclusions of Fabry disease. These inclusions appear as distinct granules stainable by
lipophilic dyes under light microscopy and as osmophilic lamellated whorls (myelin figures)
inside lysosomes under electron microscopy. The chemical nature of these inclusions may be
demonstrated in situ by binding of agents such as verotoxin (Lingwood et al., 1987, J Biol Chem)
(Zeidner, et al., 1999, Analytical Biochemistry) and by a characteristic retention time after
chemical modification by high-pressure liquid chromatography (HPLC) (Oshima, et al., 1990,
Biochim Biophys Acta) (Ullman, et al., 1980, Clin Chem).
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1.3 Clinical Manifestations and Natural History/Clinical Course of Fabry
Disease

Although abnormal glycosphingolipid accumulation begins in utero, sufficient pathologic
deterioration leading to clinical manifestations typically does not become evident for years-to-
decades. However, the ultimate clinical consequences of years of tissue GL-3 accumulation are
progressive impairment of tissue and organ function. More specifically, patients suffering from
Fabry disease have high morbidity and mortality rates due to renal failure, stroke, and
cardiovascular disease. Other common features of Fabry disease are pain, dysfunction of the
autonomic nervous system, hypohidrosis, and corneal opacities. Patients may also present with
gastrointestinal symptoms such as indigestion, cramps, gastric reflux, and bouts of diarrhea.
Figure 1-1 illustrates the disease course and body system involvement over time.

Figure 1-1  Illustration of Fabry Disease Timeline

__—"]Cardiac Disease

| Acroparesthesia
Age, years| | | | | | I

Constitutional
Symptoms

Quality of Life

The clinical course and organ involvement associated with the disease are heterogeneous, varying
with gender, age, and genotype. Additionally, the rates of progression of specific clinical
manifestations are incompletely understood. Specifically, since this is an X-linked genetic
disorder, affected males have much less residual enzyme activity than females. Males, therefore,
are generally affected more severely and earlier than females. However, depending on the nature
of random X-inactivation (lyonization), females have variable and, sometimes, significant
clinical manifestations. Extent of disease appears to correlate with the degree of GL-3 tissue
accumulation. While no precise genotype/phenotype correlation has been established at present,
patients with certain mutations have more residual enzyme activity (4 — 14% of normal). Such
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patients manifest a milder form of the disease, known as the “cardiac variant” (see Section 1.4),
which presents later in life with a distinct pathology and clinical course.

Although the clinical course of Fabry disease is variable, “classic” Fabry patients who have little
(<1%) or no enzyme activity typically:

develop acroparesthesias as early as 5-7 years of age as the initial symptom (Gordon,
1995, Pediatr Neurol) (Shelley, 1995, Pediatr Dermatol). However, acroparesthesias
often disappear or are reduced in frequency and severity in others, presumably as
nerve fibers die;

present with the onset of renal insufficiency in the fourth or fifth decade of life and
progress to end-stage renal disease requiring dialysis and/or transplantation (Figure
1-2). Renal insufficiency occurs in the vast majority of patients and is the major cause
of morbidity and mortality in this disease (Meroni, et al., 1997, Contrib Nephrol)
(Tsakiris, et al., 1996, Nephrology Dialysis Transplantation),

Figure 1-2  Onset of Chronic Renal Insufficiency: Effect of Level of a-Galactosidase A
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The probability of normal creatinine (< 1.5 mg/dL) is expressed as a function of age in Fabry
patients with undetectable levels of aGAL A activity (open square) and in Fabry patients with > 1%
0oGAL A activity (closed square). Age of onset of chronic renal insufficiency was significantly later
in patients with detectable *GAL A activity (p = 0.005). (Branton, 2002, Medicine)

develop cerebrovascular complications during the fourth and subsequent decades
(Crutchfield et al., 1998, Neurology) (Mitsias and Levine, 1996, Ann Neurol.)
(Grewal, 1994, J Neurol) and demonstrate abnormal autonomic responses throughout
the course of the disease;
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¢ develop a concentric hypertrophic cardiomyopathy that may clinically manifest in the
third and subsequent decades of life as a consequence of progressive GL-3
accumulation in cardiomyocytes (Ferrans, 1969, Am J Cardiol) (Yanagawa, 1988,
Acta Paediatr Jpn) (Goldman, 1986, J Am Coll Cardiol) (Bass, 1980, Am Heart J);

* experience ischemic cardiac events secondary to endothelial dysfunction and small
vessel occlusion (Gubler, 1978, Kidney Int) (Desnick, 1995, in The Metabolic Basis
of Inherited Disease); and

® experience a progressive increase in the frequency and intensity of non-specific
constitutional symptoms and a decrease in quality of life.

14 Pathologic Basis of Fabry Disease

While many cell-types demonstrate abnormal glycosphingolipid accumulation, it is important to
note that the clinical manifestations of Fabry disease primarily result from pathologic GL-3
accumulation in the vascular endothelium of many tissues (Crutchfield et al., 1998, Neurology)
(Hasholt and Sorensen, 1986, Hum Genet) (Nakamura et al., 1981, Acta Derm Venereol)
(Ohshima et al., 1999, Proc Natl Acad Sci USA) (Sakuraba et al., 1987Clin Genet) (Schatzki et
al., 1979, J Surg Pathol) (DeGraba, 2000, Ann Neurol) (Desnick, 1995, in The Metabolic Basis
of Inherited Disease).

Two “experiments of nature” provide evidence that endothelial pathology is primarily
responsible for the clinical manifestations of the disease. There is a subset of Fabry patients with
a cardiac variant form of the disease (von Scheidt, 1991, N Engl J Med) (Elleder, 1990, Virchows
Arch A Pathol Anat) (Tkari, 1992, Br Heart J) (Yoshitama, 2001, Am J Cardiol). This variant is a
milder form of the disease in which patients have higher residual levels of o-galactosidase A
activity. These patients present with clinical manifestations much later in life, often between the
sixth and seventh decades, compared to patients with the classical form of the disease who
experience more significant clinical manifestations between the fourth and fifth decades. Clinical
manifestations among cardiac variants are primarily related to cardiomyopathy. These patients do
not typically develop renal insufficiency though they may have proteinuria. Importantly, these
patients have residual enzyme activity (ranging from 4 — 14% of normal), do not have significant
GL-3 accumulation in endothelial cells, but do have GL-3 accumulation in cardiac myocytes,
kidney tubular epithelial cells and podocytes.

Similarly, a second subset of patients, female heterozygotes who rarely develop renal
insufficiency, have been reported to have significant GL-3 accumulation in podocytes, but not in
endothelial cells of the kidney (Farge, 1985, Arch Pathol Lab Med) (Gubler, 1978, Kidney Int)
(Marguery, 1993, Dermatology) (Rodriguez, 1985, Arch Pathol Lab Med) (Wuthrich, et al,
Nephrol Dial Transplant 1998) (Grunfeld, et al, Contrib Nephrol). In this regard, a very
enlightening case was recently discovered by Nieto and Desnick (personal communication). They
have identified a 41 year old woman with a family history of Fabry disease who had a lifelong
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history of signs and symptoms commonly seen in classical male Fabry hemizygotes. These
included acroparesthesias, angiokeratomas, corneal opacities, abdominal discomfort, fatigue, and
tinnitus. She had nephrotic range proteinuria for several years and a serum creatinine of 3.0
mg/dL. A renal biopsy was performed which revealed significant GL-3 accumulations not only in
tubular epithelium but also in interstitial capillary endothelial cells. Her echocardiogram showed
normal left ventricular size and function and mild mitral regurgitation. Presumably as a result of
an unfortunate random X-inactivation pattern, this patient had a deficiency in endogenous aGAL
more closely resembling that typically seen in male hemizygotes, and as a result, she also had the
pathological and clinical manifestations commonly seen in classical male hemizygotes. These
observations support the concept that Fabry is a vascular disease caused by abnormal GL-3
accumulation in endothelial cells that leads to the renal failure, myocardial ischemia, strokes and
transient ischemic attacks in patients with the classical form of Fabry disease.

The anatomic and pathologic basis of vascular endothelial dysfunction in Fabry disease has been
well documented (Crutchfield et al., 1998, Neurology) (Hasholt and Sorensen, | 986, Hum
Genet) (Nakamura et al., 1981, Acta Derm Venereol) (Schatzki et al., 1979, J Surg Pathol)
(DeGraba, 2000, Ann Neurol). As a consequence of the excessive accumulation of GL-3 deposits
in the vascular wall, small capillaries collapse, thrombi replace endothelial cells and weakened
vessels may give rise to telangiectatic eruptions (Nakamura et al., 1981, Acta Derm Venereol).
Additionally, investigators have more recently surveyed Fabry patients for markers of endothelial
. cell injury and activation (ICAM-1, VCAM-1, P-selectin), leukocyte activation (CD11b) and
coagulation (tPA, vWF, PAI). Abnormalities in these parameters in Fabry patients compared to
controls suggest that the vascular endothelial cells of Fabry patients are in a chronic
proinflammatory and prothrombotic state (Sakuraba, 1987, Clin Genet) (DeGraba, 2000, Ann
Neurol). Ultimately, the disease leads to vascular insufficiency because of narrowing and
thrombosis of small vessels. The resultant vascular insufficiency leads to peripheral neuropathy,
and myocardial and cerebral infarction.

1.5 Treatment of Fabry Disease

Currently no specific treatment or cure exists for Fabry disease; therefore, therapy is aimed at
sign and symptom palliation. However, the disease progression (renal, cardiac and
cerebrovascular) is largely unaffected by current medical interventions. Pain management
continues to be a large part of the medical therapy of Fabry disease. Opiates, diphenylhydantion,
carbamazepine and gabapentin have all been used with varying degrees of success (Lockman,
1973, Neurology) (Lenoir, 1977, Arch Franc Ped) (Filling-Katz, 1989, Neurology) (Inagaki,
1992, Brain Dev) (Desnick, 1995, in The Metabolic Basis of Inherited Disease) (Peters, 1997,
Postgrad Med). Oral anticoagulants and/or antiplatelet therapy are recommended for stroke-
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prone patients. Dialysis and/or renal transplantation are the two currently available therapeutic
options for end-stage renal disease.

1.6 Treatment of Fabry Disease with Fabrazyme®

Genzyme has developed Fabrazyme® containing the active ingredient recombinant human
o-galactosidase A (r-haGAL, agalsidase beta) as enzyme replacement therapy for patients with
Fabry disease.

Fabrazyme is taken up by cells, at least in part by the mannose-6-phosphate receptor, and is
transported to the lysosome. Hence, replacement therapy with Fabrazyme restores the missing
enzyme activity and leads to the clearance of neutral glycosphingolipids, predominantly
globotriaosylceramide (GL-3) in the lysosomes of various cells that would, in Fabry disease,
show pathologic accumulation. We have hypothesized that prolonged treatment with Fabrazyme
resulting in removal of GL-3 accumulation will lead to stabilization or possible improvement in
organ function.

1.7 Regulatory Status of Fabrazyme

Because of the serious, life-threatening nature of Fabry Disease and because it is believed that
Fabrazyme could provide meaningful therapeutic benefits compared with existing palliative
treatments, Genzyme and the Center for Biologics Evaluation and Research concurred that
expedited development and marketing should be pursued in line with Fast Track status issued in
1999. In addition, due to the nature of the disease and the long, slow progression of organ failure,
it was agreed that accelerated approval pursuant to 21 CFR Part 601, Subpart E was appropriate.
This regulation provides for approval based on evidence from adequate and well-controlled
clinical studies of the product’s effect on a surrogate endpoint that is predictive of clinical
benefit, followed by post-marketing studies to establish and confirm the degree of clinical benefit
to patients.

Fabrazyme has been granted orphan drug status in the United States and the European
Union (EU), among other regions. Fabrazyme has been approved for marketing in over 25
countries, including the European Union and Australasia.

1.8 Product Description

Recombinant-human 0GAL is a highly purified recombinant form of the naturally occurring
human glycoprotein and is produced in Chinese hamster ovary (CHO) cells transfected with a
DHFR-vector carrying the cloned cDNA of the human aGAL-A gene. The biochemical
characterization of Fabrazyme shows that the protein is richly sialyated and has sufficient
exposed mannose-6-phosphate to allow appropriate lysosomal uptake.
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2. NONCLINICAL DEVELOPMENT PROGRAM

The development strategy for Fabrazyme was based on the fact that it is derived from
recombinant DNA technology [mammalian (CHO) cell culture], is identical to the natural form
of the enzyme and would be inherently safe when administered to humans. The hamster cell
expression system (CHO) was chosen for production of Fabrazyme because of the demonstrated
safety profile over 20 years experience producing multiple therapeutic products using this
system.

Studies were conducted for acute toxicity, long-term toxicity, and to assess the impact on fertility
and reproductive development. No studies were conducted to assess oncogenic potential
including clastogenicity. Additionally, detailed studies were conducted to evaluate the critical
pharmacodynamic and pharmacokinetic properties of Fabrazyme. Results from all nonclinical
pharmacology studies of Fabrazyme present no evidence of safety concerns at the dose of

1.0 mg/kg administered intravenously. The preclinical development plan took into consideration
the International Conference on Harmonization S6 document entitled “Preclinical Safety
evaluation of Biotechnology-derived Products”.

The FDA Center for Biologics Evaluation and Research has informed Genzyme that there are no
outstanding issues relating to the preclinical data for Fabrazyme.

2.1 Summary of Preclinical Pharmacology and Toxicology Studies

Several preclinical studies were conducted to evaluate the pharmacologic and toxicologic
potential of Fabrazyme.

The studies included single dose and/or repeated dose studies in dogs, primates and rodents
including the aGAL SV129 Knock-out mouse.

2.1.1 Pharmacodynamics

Pharmacodynamic studies were conducted using ®*GAL Knock-out SV129 mice to investigate
the effect of Fabrazyme on GL-3 in a variety of tissues. Key findings from these studies showed:

IV administration of Fabrazyme at 0.03, 0.1, 0.3 and 3.0 mg/kg, including the dose
level to be used clinically (1.0 mg/kg), significantly reduced GL-3 levels at all doses .
tested in a time and dose dependent manner;

* reductions were observed in the liver, heart, spleen and kidney;

¢ cumulative doses of 0.5-0.6 mg/kg Fabrazyme cleared excess GL-3 in the liver after
1-2 days, whereas cumulative doses of 5-6 mg/kg were required for complete
reductions in the kidney, heart and spleen;

e following a single dose of 3.0 mg/kg, GL-3 levels in the kidney decreased by 24% at
Week 1 and gradual reaccumulation was observed thereafter to control levels at
Week 6; and
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no undesirable pharmacodynamic effects were identified.

Biodistribution studies following a single IV administration demonstrated:

in mice and rats given single intravenous bolus dose of 0.25-3.0 mg/kg, most of the
Fabrazyme activity was present in the liver (22-38% of injected dose) followed by
spleen, and kidneys (1.6-11% of injected dose) with little to none recovered in the
lungs, heart, and brain. There was no difference in the biodistribution of Fabrazyme in
the rat when 3.0 mg/kg dose was administered either as a bolus or as 2 hour infusion;
hence, preclinical studies using an IV bolus are appropriate and relevant in support of
clinical studies using an IV infusion.

Studies were conducted to evaluate the potential for Fabrazyme to accumulate in the liver

following repeated intravenous administration.

In the rat study, accumulation of Fabrazyme in rat livers 24 hours after the last of
27 weekly doses was noted at the 30 mg/kg dose. No histopathologic or liver enzyme
changes were associated with this accumulation.

The amount of Fabrazyme recovered from monkey liver tissue one day after every
other week administration for 26 weeks of Fabrazyme at 3, 12, or 48 mg/kg was
proportional to the dose administered. The data indicate that there is no accumulation
of Fabrazyme in monkey livers with this dosing regimen.

A study was conducted to evaluate the effects of a single bolus IV administration of Fabrazyme

on cardiac function in Beagle dogs.

2.1.2

Doses used in this study were 0, 3, 9, and 27 mg/kg. Administration of escalating
doses of Fabrazyme to Beagle dogs showed no adverse cardiac effects at doses of

3 and 9 mg/kg. A transient hypotension (decrease from 30 — 40 mmHg that returned
to normal within 40 minutes of dosing) was observed in 5 of 6 dogs administered
Fabrazyme at a dose of 27 mg/kg. Heart rate, respiration rate, and central venous
pressure were not significantly affected.

Pharmacokinetics

Pharmacokinetics of IV infusion of Fabrazyme were evaluated in the rodent, dog and the

monkey.

Pharmacokinetics were linear at low doses of (3 mg/kg) and non-linear at higher
doses (9 and 27 mg/kg) in rats and dogs. Fabrazyme was cleared with first order
kinetics at low dosages, whereas at higher dosages, initial clearance was relatively
slow. In monkeys, following a six-hour intravenous infusion of Fabrazyme every
other week for 25 weeks at 3, 12, or 48 mg/kg, the pharmacokinetics were linear at all
doses tested. This was likely due to the slow infusion rather than bolus administration.

There were no differences noted in the pharmacokinetic parameters between the sexes
in any studies.
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2.1.3 Toxicology

Nonclinical data reveal no special hazard for humans based on studies to evaluate single dose
toxicity and repeated dose toxicity. Genotoxic and carcinogenic potential are not expected.

¢ Two single-dose toxicology studies were carried out in Sprague-Dawley rats. Doses
up to 27 mg/kg were administered by bolus injection. No toxic effects were observed.
The dose of up to 27 mg/kg is 9 times the highest dose for the Phase 1/2 Study and
27 times higher than the dose used in the Phase 3 Placebo-Controlled Study and the
Phase 2 Open-Label Study (Japan) and the proposed dose for labeling.

¢ Two repeat dose studies were carried out in Sprague-Dawley rats and cynomolgus
monkeys. In the rat repeat-dose study, animals received a weekly injection of up to
30 mg/kg Fabrazyme for 27 weeks. In addition, two rats of each sex in each of the
high and control dose groups were left untreated for a further four weeks after the end
of the 27 week dosing period. No adverse signs of toxicity were observed. However,
after the third week of dosing of Fabrazyme (Week 3) some rats showed extreme
hypoactivity associated with hypersensitivity requiring treatment with
diphenhydramine (DPH). This was not unexpected considering that a human protein
was administered to rats in this study. Pre-treatment with DPH at 5 mg/kg was
successful in blocking this response. In the repeat-dose monkey study, Fabrazyme was
administered by IV infusion every other week for 25 weeks at doses of 3, 12, and
48 mg/kg. Fabrazyme was well tolerated and minimal clinical observations were
noted in the 12 and 48 mg/kg dosing groups that were likely associated with a mild
hypersensitivity response in some animals. This response was not serious enough to
require treatment.

* Based on the available toxicology data, Fabrazyme is deemed safe at up to 48 times
the recommended human dose.

¢ On a mg/mg basis the available toxicology data support the safety of Fabrazyme at
48 times the recommended human dose.

2.1.4 Reproduction Studies

A study to evaluate the effects of Fabrazyme on embryo-fetal development (Segment II) was
performed in rats at doses of 3, 10 and 30 mg/kg/day from gestational Day 7-17. Hepatocellular
necrosis consistent with accumulation of test material when administered at high doses daily was
evident in maternal livers upon histological evaluation. There were no effects of Fabrazyme on
embryo-fetal development. However, it is proposed to include statements in the labeling that
Fabrazyme should only be used in pregnant or lactating women if clinically justified.

2.1.5 Mutagenicity/Carcinogenicity

There have been no studies conducted to assess the mutagenicity and/or carcinogenicity of
Fabrazyme. The structure of the drug substance (a glycoprotein), its purity profile and the
excipients of the final product (mannitol and sodium phosphate) do not suggest that the material
has any mutagenic or carcinogenic potential. In addition the range and type of genotoxicity
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studies routinely conducted for pharmaceuticals are generally not applicable to biotechnology-
derived pharmaceuticals and therefore not performed (ICH S6 Guideline).

2.1.6 Dosage Regimen

Maximum clearance of GL-3 was seen 1-2 weeks after a single administration of Fabrazyme at
the recommended clinical dose (1.0 mg/kg) and re-accumulation did not occur for approximately
one month post-dose in the liver, heart, and spleen but gradual reaccumulation was evident in the
kidney at week 2. In addition, tissue half life of Fabrazyme varied from 1-7 days in different
tissues. Both findings support a clinical administration regimen of an approximate dosing
interval of 14 days.

2.1.7 Conclusions

In conclusion, the preclinical data clearly support clinical use of Fabrazyme at the proposed dose
of 1.0 mg/kg, every two weeks.
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3. FABRAZYME® CLINICAL DEVELOPMENT PROGRAM

The clinical development of Fabrazyme has included several studies conducted on a worldwide

population of patients with Fabry disease. (Table 3-1).

Table 3-1 Summary of Clinical Studies with Fabrazyme
Protocol No. Primary Endpoint(s) Fabrazyme Duration of No. Patients
and Study Design Treatment Doses Treatment Entered/ Evaluable
FB9702-01 Clinical pharmaco-dynamic, 0.3 mg/kgql4dd X 5 10 Weeks
Phase 1/2 Study pharmacokinetic, and safety 1.0 mg/kgql4d X 5 “ 15/15 (15 male)
Open-label, Non- parameters. 3.0mgkgql4dX 5 “ (n=3/dose group)
randomized, Dose-finding 1.0 mg/kg 48 hrs X 5 10 Days

3.0mgkgq48hrs X 5 “
AGAL-1-002-98 Morphological assessment of Fabrazyme: 20 weeks
Phase 3 Double-Blind GL-3 inclusions of the ~1.0mg/kgql4d X 11 29/29
Placebo-Controlled Study capillary endothelium of the (27 male, 2 female)
Randomized, Double-blind, kidney.
Placebo-Controlled Placebo: 20 weeks 29/29 (29 male)

~1.0 mg/kg q14d X 11

AGAL-006-99 Ongoing assessments of safety Until marketing 13/13 (13 male)

Phase 1/2 Extension Study and efficacy parameters of the ~1.0 mg/kg q14d approval Ongoing
Phase 1/2 Open-label study.

AGAL-005-99 Ongoing assessments of safety approx. 5 years 58/58

Phase 3 Extension Study and efficacy parameters of the ~1.0 mg/kg ql4d (56 male, 2 female)

Open-label extension study Phase 3 Placebo-Controlled Ongoing

(patients rolled over from
Study AGAL-1-002-98)

Study (AGAL-1-002-98)

AGAIL-007-99 Morphological assessment of 20 weeks 13/13 (13 male)
Phase 2 Open-Label Study GL-3 inclusions of the ~1.0 mg/kg ql4d X 11 .
Non-randomized, bridging to | capillary endothelium of the

AGAL-1-002-98 kidney.

AGAL-008-00 Time to clinically significant Fabrazyme: ~35 months

Multi-center,double-blind,
randomized, placebo-
controlled Phase 4 study

progression of the composite
outcomes of renal, cardiac, and
cerebral vascular disease,
and/or death among Fabry
patients with advanced disease.

~1.0mgkgql4d X 11

Placebo:
~1.0mg/kgqld4d X 11

75; (Blinded)
(Randomization is
2:1, active: placebo)
Ongoing

AGAL-012-01 Ongoing assessments of safety Until marketing 13/13 (13 male);
. and efficacy of the Open-label, approval Ongoing
Multl—.center,open-l_abel Non-randomized study ~1.0 mg/kg ql4d
extension study (patients
rolled over from Study
AGAL-007-99)
AGAL-019-01 Evaluation of safety of re- 0.5 mghkg q7d x 2 Up to 52 weeks 3 infused:
Multi-center, open-label challenging Fabry patients who Followed by 1.0 ) ’
safety study have previously tested IgE orowe qli d‘ mg/kg Ongoing
positive or have had positive
skin test to r-haGAL
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3.1 Clinical Pharmacology

A Phase 1/2 Study in Fabry patients which investigated safety, pharmacokinetic and
pharmacodynamic measurements, and dose-response effects was conducted in 15 male patients.
The study evaluated the effects of 5 different intravenous dosing regimens with three patients in
each regimen:

e 0.3 mg/kg q 14 days for 5 doses;

e 1.0 mg/kg q 14 days for 5 doses;

e 3.0 mg/kg q 14 days for 5 doses;

e 1.0 mg/kg q 48hrs for 5 doses; and
e 3.0 mg/kg q 48hrs for 5 doses.

In addition, the pharmacokinetics of Fabrazyme were evaluated in 11 European patients with
Fabry disease who participated in the Phase 3 Placebo-Controlled Study.

Results of the Phase 1/2 Study were published in Issue 3, 2001 of the American Journal of
Human Genetics (Eng, 2001, Am J Hum Genet) (Appendix 8.2).

3.1.1 Pharmacokinetics Results of the Phase 1/2 Study and Phase 3 Placebo-
Controlled Study

Plasma profiles of Fabrazyme were studied at 0.3, 1.0 and 3.0 mg/kg in the Phase 1/2 Study. The
area under the plasma concentration-time curve (AUC..) and the clearance did not increase
proportionately with increasing doses, demonstrating that the enzyme follows non-linear
pharmacokinetics. Terminal half-life was dose independent with a range of 45 - 102 minutes.

Figure 3-1 illustrates the relationship between AUC.. Cmax, CL and dose after Infusion 1 of
Fabrazyme.
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Figure 3-1  Relationship between AUC.. Cmax, CL and Dose after Infusion 1 of
Fabrazyme (FB9702-01)
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Pharmacokinetics of Fabrazyme was evaluated in 11 Fabry patients in Europe participating in the
Phase 3 Placebo-Controlled Study. Table 3-2 summarizes the ranges of pharmacokinetic
parameters following an intravenous infusion of 1.0 mg/kg of Fabrazyme over a period averaging
280 to 300 minutes in the Phase 3 Placebo-Controlled Study. There was no correlation of IgG
seroconversion and IgG titer to AUC and half-life. '
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Table 3-2 Pharmacokinetic Parameters After Infusion of Fabrazyme in the
Phase 3 Placebo-Controlled Study

Pharmacokinetic Parameter Range of Means
Maximum Plasma Concentration (Cypax) 2.09 - 3.49 pg/mL
Area Under the Curve (AUC..) 372 — 784 ug/mLemin
Volume of Distribution (V,) 0.23-0.49 L/kg
Volume of Distribution at Steady State (V) 0.12-0.57 L/kg
Plasma Clearance (CL) 1.75 — 4.87 ml/min‘kg
Half-Life (1) 82.3 - 119 minutes

Pharmacokinetics of Fabrazyme were also evaluated in 13 Fabry patients in Japan participating in
a Phase 2 Open-Label Study (Japan). The results of these evaluations show that Fabrazyme
pharmacokinetics are comparable in Caucasian and Japanese Fabry patients.

3.1.2 Pharmacodynamics and Dose Response

The Phase 1/2 Study demonstrated that Fabrazyme was taken up by cells and was effective in
clearing GL-3 from multiple cell types but most importantly it effectively cleared GL-3 from
vascular endothelial cells to normal or near normal levels. When taken together, the data from
histologic evaluations and biochemical analyses of GL-3 reduction in tissue and plasma suggest a
discernible dose response in clearing GL-3 stores, with higher doses being more effective than
lower doses. This response was most evident in plasma GL-3 levels. In the 14-day schedule, both
the 1 and 3 mg/kg dosing groups responded by lowering GL-3 to minimal levels by the second
infusion, whereas for the 0.3 mg/kg group, although a decrease in plasma GL-3 levels was noted,
it was not to the same degree. (Figure 3-2)

Figure 3-2  Effect of Fabrazyme Dose on Plasma GL-3 Clearance
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3.2 Clinical Efficacy — Phase 3 Placebo-Controlled Study

3.2.1 Selection of Treatment Dose and Regimen

Following infusion, Fabrazyme is taken up from the plasma at least in part by way of
glycoreceptors in cells such as endothelial cells, leukocytes, fibroblasts, mesangial cells,
cardiomyocytes, and/or podocytes. The pharmacodynamic activity of Fabrazyme occurs in the
lysosomes of these cells.

Human pharmacokinetic findings were consistent with the animal model studies. The clearance
of Fabrazyme in rats and dogs was relatively slow at higher doses until serum concentrations
decreased to below a threshold level, whereupon more rapid clearance followed. The non-linear
nature of the disposition observed in humans and animals is consistent with a saturable
elimination mechanism in accordance with the general understanding of the fate of glycoproteins.
The pharmacokinetics of Fabrazyme appeared unaltered following repeated administration.

The dose interval of every two weeks is based on the animal and human pharmacokinetics data
supported by the findings in studies of knock-out mice in which GL-3 reduction in target tissues
persisted for several weeks post-Fabrazyme administration.

In consideration of the preclinical results, and clinical safety and preliminary efficacy results
observed in the Phase 1/2 Study, the mid-dose of 1.0 mg/kg every 14 days offered the optimal
balance between GL-3 clearance and frequency of infusion associated reactions. Therefore, the
1.0 mg/kg every 14 days was selected for future clinical studies. In the Phase 3 Placebo-
Controlled Study, a range of 0.9 — 1.0 mg/kg was permitted in order to accommodate patient
weight, to permit flexibility in treatment vial preparation, and to maximize product use among
the available vials.

In addition, in comparison to the Phase 1/2 Study, a slower infusion rate and a higher dilution
volume were selected for the Phase 3 Placebo-Controlled Study. A volume of 500 mL was
selected to be infused at a rate of 0.25 mg/min, a duration of approximately 6 hours. This rate
was selected in order to reduce the potential for infusion associated events that could
compromise the blinding scheme of the Phase 3 Placebo-Controlled Study for the patients and

investigators.
3.2.2 Selection of Endpoints
3.2.2.1 Considerations in Selection of Appropriate Study Endpoints

In designing a Phase 3 Placebo-Controlled Study to evaluate the therapeutic benefit of
Fabrazyme for treatment of Fabry disease, a careful consideration of the clinical manifestations
of Fabry disease is essential. The major clinical manifestations include pain, renal insufficiency,
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stroke and transient ischemic attacks, and myocardial disease. Each of these was given careful
consideration as a possible primary endpoint to assess the efficacy of therapy with Fabrazyme.

Kidney failure is a major cause of morbidity and mortality in Fabry patients. Based on the
pathophysiology of the renal disease, it was concluded that a better clinical endpoint would be to
focus on preserving renal function, thereby avoiding the most devastating common complication
of the disease. The likelihood that one could improve renal function once glomerulosclerosis had
occurred was felt to be unlikely.

¢ Since renal insufficiency progresses over the course of years, it was concluded that to
properly design a study using preservation of renal function as the primary endpoint,
particularly among patients with a normal renal function (as measured by serum
creatinine or GFR), would require a relatively large number of patients studied over
several years, as in studies of patients with diabetes. This was not felt to be feasible in
an ultra-orphan population.

¢ Careful consideration was also given to designing a study focusing solely on the
subset of Fabry patients who already have abnormal renal function based on increased
serum creatinine and decreased GFR. However, our analysis revealed that even
focusing on this narrow subset of Fabry patients would require a study of
approximately three years’ duration. Such a study has been incorporated as an
important part of our Phase 4 Program (Section 6)

While pain is often a presenting symptom of the disease and improvement in pain was ultimately
incorporated as a secondary endpoint, it was not chosen as the primary endpoint for several reasons.

* Pain is subjective in nature and highly variable in extent, making it challenging to
measure quantitatively.

¢ No pain instruments are validated for assessing pain related to Fabry disease.

e Fabry pain can often be well controlled using currently available pain medications;
however, use of pain medications can confound interpretation of results and,
therefore, their usage must be recorded accurately (dgency for Healthcare Research
and Quality, 2002).

¢ Pain improvement as the primary endpoint required statistically powering the study
with more than 100 Fabry patients who had significant pain on pain medications in
consideration of the placebo effect that is often observed in a study setting and based
upon other well-controlled pain studies for other indications. This was not feasible
given the very small size of this patient population.

e False positive and/or false negative pain findings are common in small studies
(Moore, 1998, Pain).

» Fabry pain often wanes over time and it would be very difficult, if not impossible, to
account for this in the sizing of such a study in this ultra-orphan disease population.
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o In small studies, pain assay sensitivity may be too low to distinguish between active
and inactive treatment, where assay activity is defined as the ability of a study to
distinguish between active and inactive treatments; (Temple, 2000, Ann Intern Med).

e Pain results, as a subjective endpoint, could be potentially biased even with mild
infusion reactions that might lead to breaking of the blind.

Prevention of clinically significant cardiac or cerebrovascular events were also considered as
primary endpoints. However, these events:

e Are episodic in nature with an event rate so poorly documented that determination of
sample size and study duration were not feasible;

e Are confounded by common concomitant conditions such as hypercholesterolemia and
hypertension; and

e Frequently represent a final isolated vascular occlusion. Therefore, patients may already
have significant occult vascular disease and may have such an increased risk for vascular
events that treatment at this late-stage with Fabrazyme will not be very effective.

3.2.2.2 Selection of the Primary Endpoint: GL-3 Clearance

Because of the feasibility concerns outlined above surrounding conducting a property powered
pivotal study using a clinical endpoint in this ultra orphan disease, and after extensive
discussions between Genzyme, FDA and experts in the field, a surrogate endpoint likely to
predict clinical benefit was mutually identified and agreed upon with FDA as being appropriate

- for studying as the primary endpoint in the Phase 3 Placebo-Controlled Study. Since kidney
failure is a major cause of morbidity and mortality in Fabry patients, a surrogate endpoint for the
progression of renal disease was considered further.

The mutually agreed upon primary endpoint was the histologic clearance to normal or near
normal levels (i.e., 0 score on a scale of 0-3) of GL-3 accumulations from the interstitial capillary
endothelial cells of the kidney.

The rationale for agreeing to this primary endpoint was that:
e Renal failure is the most common devastating feature of Fabry disease;
e Glomerulosclerosis present in Fabry disease is primarily a result of vascular damage;

e Vascular endothelial GL-3 deposition is the pathologic basis of morbidity and
mortality
— Supported by pathology 1n cardiac variant patients (Section 1.4)
— Supported by pathology in female heterozygotes (Section 1.4);

e This endpoint could be measured in a reasonable timeframe;

e Statistical power calculations based on this endpoint showed that the sample size was
appropriate for this rare disease; and
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¢ Clearance of GL-3 to normal or near-normal levels was felt to be clinically important
based on discussions between Genzyme, FDA, and outside experts and was, therefore,
expected to predict normal function and clinical benefit.

e For insidious diseases, such as kidney failure, that lack overt clinical symptoms until
they are beyond the reach of medical therapy, histologic diagnosis often can be the
only objective indicator for staging disease severity and gauging the success of
therapy.

The decision to focus the primary endpoint specifically on clearance of abnormal GL-3
accumulations in interstitial capillary endothelial cells as opposed to glomerular endothelial cells
or as opposed to changes in the degree and extent of glomerulosclerosis was based upon several
important practical concerns. Typical kidney biopsies contain only a small number of glomeruli.
In fact, not infrequently, no glomeruli are present. Hence, if one focused primarily on glomerular
capillary endothelial cells, some biopsies would be completely uninformative and others would
have so few cells present that sampling variability might mislead one. Similarly, if one tried to
assess the extent of focal segmental glomerulosclerosis and global glomerulosclerosis in each
biopsy, the small number of glomeruli in each sample makes the assessment highly subject to
sampling variability. Additionally, glomerulosclerosis is generally believed to be irreversible and
it would be unreasonable to expect to observe reversal of sclerosis. For these reasons, we do not
believe that changes in extracellular mesangial matrix and glomerulosclerosis are the best .
indicators of renal health or disease in Fabry patients. We have therefore assessed GL-3 clearance
within multiple cell types in the kidney with the primary endpoint being clearance of abnormal
GL-3 accumulations in interstitial capillary endothelial cells. A minimum of 50 endothelial cells
were assessed in each biopsy.

3.23 Study Design

The pivotal Phase 3 Placebo-Controlled Study was a multinational (4 countries),

multicenter (eight study sites), placebo-controlled, double blind, randomized study of patients
diagnosed with Fabry disease having had no prior treatment with enzyme replacement therapy. A
randomized, double-blind study design was employed to minimize the potential for subjective
bias. Overall, the study design attempted to capture and isolate from placebo the effects of
enzyme replacement therapy with Fabrazyme in Fabry disease patients.

Fifty-eight patients were randomized to one of two treatment arms (active treatment or placebo)
at eight study centers. Baseline assessments for all safety and efficacy endpoints and procedures
were completed within 28 days prior to Visit 1 (first infusion visit). Patients received

approximately 1.0 mg/kg (0.9 to 1.1 mg/kg) of Fabrazyme or placebo intravenously at a rate of
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no more than 0.25 mg/min over a period of approximately 6 hours every 2 weeks, for a total of
11 infusions. Patients were observed in the clinic for 2 hours after each infusion.

Patients who successfully completed the Phase 3 Placebo-Controlled Study were eligible for
entry into a Phase 3 Extension Study. All 58 patients completed the Phase 3 Placebo-Controlled
Study and elected to enroll in the Phase 3 Extension Study. During this ongoing extension study,
all patients are receiving Fabrazyme, and long-term safety and efficacy parameters are being
monitored. This study will continue assessments for an additional 4.5 years, for a total of up to
five years of patient treatment with Fabrazyme. Important features of the extension study include:

o The opportunity to confirm the results of the Phase 3 Placebo-Controlled Study by the
crossover of placebo patients to Fabrazyme treatment;

. The opportunity to collect additional long-term safety and efficacy information
specifically with regard to the surrogate endpoints and clinical outcome evaluations;

o The opportunity to determine whether patients can tolerate an increased infusion rate;
and
. The transfer of patients to local treatment sites for infusions and study assessments,

providing patients with easier access to the study drug treatment.

Currently, this study is being conducted at 19 investigational sites in the U.S. and Europe.

A schematic outline of the Phase 3 Placebo-Controlled Study and Phase 3 Extension Study is
presented in Figure 3-3.

Figure 3-3  Study Outline
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Randomization Entry into Phase 3 Extension Study
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3.2.3.1

Estimation of Sample Size

Table 3-3 displays the estimated power calculations (as described in the protocol) given the
possible success rates within each treatment group. These estimates were calculated for a two-
tailed chi-square test with continuity correction. The o was set at 0.050 and the estimated number

of patients per group was 28 (overall total = 56).

Table 3-3 Estimated Power Calculations

Number (%) Patients Scored Number (%) of Patients Score 0 in the Fabrazyme Group
0 in the Control Group 10 (35.7) 11 (39.2) 12 (42.9)
0(0) 90% 94% 97%
13.6) 78% 85% 91%
2(7.1) 63% 73% 81%
3(10.7) 47% 58% 68%

3.2.3.2

Evaluation of the Primary Endpoint and other Histologic Endpoints

The primary endpoint of the Phase 3 Placebo Controlled Study was the clearance of GL-3
accumulation from the interstitial capillary endothelial cells of the kidney to normal or near-

normal levels.

In addition to this primary endpoint, the interstitial capillary endothelial cells of the skin and

heart were evaluated.

Kidney, skin, and heart biopsies were performed during the Baseline period and again at the final

study visit. After the samples were processed, under blinded conditions, groups of three
independent renal, cardiac, and skin pathologists used light microscopy (LM) to score the
severity of GL-3 accumulation in the capillary endothelium of each of the samples using the

following scoring system:

None: Score = 0 — A zero score is confined to vascular endothelium in which there is either no evidence of
visible endothelial inclusions in the vessels examined, or, in which the majority of the vessels contain no
visible inclusion and the remaining vessels contain only traces of visible inclusions. A trace is defined as
vessels containing only single, isolated, small inclusions in the remaining minority of the vessels examined.
Scores will reflect the pathologists’ overall impression of the patients’ endothelial status, ignoring clearly
aberrant vessels or artifacts. ‘

Mild: Score = 1 — The criteria for designation of mild is that the majority of vessels in the fields examined
contain evidence of inclusions in the cytoplasm of the endothelium. This grade ranges from single small
granules in almost all vessels to occasional multiple loosely organized granules often distributed randomly
in different areas of the cytoplasm. Occasional vessels may have small clusters of granules. There is rarely
evidence of bulging into the capillary lumen. Scores will reflect the pathologists’ overall impression of the
patients’ endothelial status, ignoring clearly aberrant vessels or artifacts.

Moderate: Score = 2 — A score of moderate is characterized by multiple areas throughout the endothelial
cytoplasm containing single or multiple granules often in small clusters. All or nearly all clearly defined
capillaries will contain multiple inclusions. In the juxtanuclear area there may be occasional coalescing of
inclusions with minor bulging into the vessel lumen. Coalescence is not a feature away from the nucleus.
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Scores will reflect the pathologists’ overall impression of the patients’ endothelial status, ignoring clearly
aberrant vessels or artifacts.

* Severe: Score = 3 — A score of severe is reserved for vascular endothelium containing large accumulations
of inclusions, some of which coalesce into clusters at both the Jjuxtanuclear region and around the free
cytoplasmic borders, and where many bulge into the vessel lumen. In the severe category the majority of
vessels are readily identified as containing large numerous granules often at several different sites around
the periphery of the endothelium. Scores will reflect the pathologists’ overall impression of the patients’
endothelial status, ignoring clearly aberrant vessels or artifacts.

Subsequent to the initial histological review of the capillary endothelium of the tissue samples,
but prior to unblinding, a second review of the kidney tissue samples alone, the primary study
endpoint, was prompted by discussions between the FDA and Genzyme. These discussions led to
a mutual agreement of a more quantitative scoring system to review the light microscopy slides
of the kidney biopsy specimen. The slides and photomicrographs to be reviewed in this second
analysis were restricted to those samples that had been scored as a “0” or “1” during the first
evaluation. The same LM slide for each patient that had been evaluated by the pathologists
during their first review was to be used for their second review. This quantitative assessment was
used to define the primary endpoint and is described below and displayed in Figure 3-4:

1. A minimum of 50 vessels was to be assessed. Each assessable vessel in a slide was read by the
pathologists and classified as follows:

[ ]

Number of Clear Vessels [0]: an interstitial capillary that contains no visible inclusions in
the endothelium as judged by LM using a total magnification of 1000X in conjunction
with o1l immersion.

Number of Vessels scored as Trace [trace]: an interstitial capillary that contains a single,
small (approximately 0.2 (+ 0.1) microns) lipid granule within the endothelium as judged
by LM using a total magnification of 1000X in conjunction with oil immersion. For
capillaries obviously cut in the longitudinal plane such that the length of the visible lumen
1s greater than twice the width, two small (approximately 0.2 (+ 0.1) microns) inclusions
will be accepted.

Number of Vessels scored as Mild [1]: an interstitial capillary that contains multiple
discrete lipid granules within the endothelium as judged by LM using a total
magnification of 1000X in conjunction with oil immersion.

Number of Vessels scored as Moderate [2]: an interstitial capillary that contains a single
or multiple aggregates of lipid granules within the endothelium as judged by LM using a
total magnification of 1000X in conjunction with oil immersion.

Number of Vessels scored as Severe [3]: an interstitial capillary that contains aggregates
of lipid granules within the endothelium that are neither large enough or numerous
enough to cause clear distortion of the luminal surface of the endothelial cell as judged by
LM using a total magnification of 1000X in conjunction with oil immersion.

2. Hf the majority of vessels were scored as None (0) and less than 5% of vessels were scored as > 1, then the
slide was given a new Majority Score of 0. Otherwise, the slide was given a new Majority Score of 1.

3. The new Majority Score supersedes the previous original Majority Score.

Kidney, skin, and heart biopsies were conducted at specific timepoints during the Phase 3
Placebo-Controlled Study and the Phase 3 Extension Study. The number of patients
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(denominator) may change at each timepoint because biopsies may not have been conducted or

may have not been evaluable. (Table 3-4)

Table 34 Number of Evaluable Tissue Biopsies Obtained at Different Study
Timepoints
Phase 3 Placebo-Controlled Study Phase 3 Extension Study
Biopsied Tissue Baseline Week 20 6 Months 12 Months 18 Months
PL FZ PL ¥Z | PL/FZ | FZ/FZ | PL/FZ | FZ/FZ | PL/FZ | FZ/FZ
Kidney 29 29 29 28 24* 25% - - - -
Skin 29 29 29 29 26 27 27 28 22% 24*
Heart 29 29 29 29 18* 22* - - - -

* Kidney and heart biopsies at the 6-month timepoint of the Phase 3 Extension Study may have been postponed to one
year. Skin biopsies at the 18-month timepoint were optional.
PL/FZ (Placebo/Fabrazyme) — patients who received placebo in the Phase 3 Placebo-Controlled Study and who
switched to treatment with Fabrazyme in the Phase 3 Extension Study
FZ/FZ (Fabrazyme/Fabrazyme) — patients who received Fabrazyme in the Phase 3 Placebo-Controlled Study and who
continued receiving Fabrazyme in the Phase 3 Extension Study

A secondary (histologic) endpoint was the mean between-group change in the combined GL-3

accumulation score in the capillary endothelium of the kidney, heart, and skin from Baseline to

Week 20 using light microscopy. Interstitial capillary endothelial cells from each organ were

scored on a scale of 0 — 3.
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Figure 3-4

Slide Review and Scoring Diagram for the Primary Endpoint

High-level assessment
of apparent cellular
GL-3 accumulation

SLIDE REVIEW AND SCORING
Independent review by
three pathologists*
(Scoring=10, 1,2, 0r 3)

'

2/3 pathologists agree
(i-e., “majority” agrees)
AND

point spread < 1 between

pathologists’ scores?
(e.g.,scoresare 0,1, 1 or1,2,2)

YES

Majority Score Assigned

v

Majority Score =0 or 1?

Final Re-Read by
Majority Score

Quantitative Method

(Score=2or3) -

-

Y

NO
Adjudication Procedure
A J
~"

Re-review of slide set by all three pathologists

Procedure: i

* Pathologists meet as a group around a multi-headed
microscope.

¢ Pathologists try to agree on a single score.

e If a single score is agreed on, this score stands.

¢ Ifa single score cannot be agreed on, each
pathologists’ re-review score stands, and the median
of these scores is used as the Final Majority Score.

Procedure:

e Number of Clear Vessels [0]

e Number of Vessels scored as Trace [trace]
¢ Number of Vessels scored as Mild [1]

¢ Number of Vessels scored as Moderate [2]
e Number of Vessels scored as Severe [3]

Score of 1.

Quantitative re-read by each pathologist masked 1o treatment and sampling timepoint

1. Each assessable vessel in a slide was read by the pathologists and classified as follows:

2. If the majority of vessels were scored as None (0) and less than 5% of vessels were scored as > 1,
then the slide was given a new Majority Score of 0. Otherwise, the slide was given a new Majority

—

3. The new Majority Score supercedes the previous original Majority Score. Final

Majority Score

* Renal pathologists were:

Dr. Helmut G. Rennke, M.D.: Professor of Pathology, Harvard Medical School; Director of Renal Pathology Laboratory,

Brigham and Women’s Hospital;

Robert B. Colvin, M.D.: Benjamin Castlemnan Professor of Pathology, Harvard Medical School; Chief, Department of

Pathology, Massachusetts General Hospital; and

Steven Dikman, M.D.: Associate Professor of Renal Pathology; Mount Sinai School of Medicine New York, NY
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3.2.33 Secondary, Tertiary, and Other Endpoints

In addition to the secondary histologic endpoint described above, two additional secondary
endpoints were chosen to demonstrate the efficacy of Fabrazyme compared to placebo:

¢ Change in GL-3 levels from Baseline to Week 20 measured by a rank sum score of
kidney tissue and urine levels as measured by an ELISA assay, and

¢ Reduction of pain from Baseline to Week 20 as assessed by the Short Form McGill
Pain Questionnaire

The tertiary endpoints of the Phase 3 Placebo-Controlled Study included the determination of
change from Baseline to Week 20 in:

Vibration Detection Threshold;

Neuropathy Impairment Score;

SF-36 Health Survey Scores;

Total Symptom Score (the neuropathic signs and symptoms of pain, burning,
paraesthesia, and numbness, are quantified by this scoring system);

Physician Assessment of Fabry Symptoms;

Pain as assessed by a Daily Patient Diary;

GFR as measured by inulin clearance or creatinine clearance tests, and

Autonomic status as measured by the composite score of the Quantitative Sudomotor
Axon Reflex Test (QSART), Thermal/Vibration Detection Threshold Assessment,
and Venous Occlusion Plethysmography.

“ The other endpoints of the Phase 3 Placebo-Controlled Study included determination of change
from Baseline to Week 20 in:

¢ Serum Creatinine
e Urnary Protein:Creatinine Ratio
e Plasma GL-3
¢ Ophthalmic Examination
3.2.34 Additional Histologic Analyses

After the Phase 3 Placebo-Controlled Study was completed, in response to questions asked by
FDA relating to whether the reduction in GL-3 was isolated to the interstitial capillary
endothelial cells, Genzyme undertook a retrospective histologic review of additional cell-types of
the kidney and skin. (Section 4.2.1.2) These additional cell-types were also reviewed in the
biopsy samples taken during the Phase 3 Extension Study and the Phase 2 Open-Label

Study (Japan).
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The additional kidney cell-types analyzed included:

Glomerular endothelial cells

Non-capillary (arteriolar) interstitial smooth muscle cells
Non-capillary (arteriolar) interstitial endothelial cells
Podocytes

Distal convoluted tubules/collecting ducts

Mesangial cells

Interstitial cells

These additional kidney cell-types were analyzed in biopsies from three timepoints to
demonstrate the long-term treatment effect: Baseline and Week 20 (Final Visit) of the Phase 3
Placebo-Controlled Study, and at 6 months into the Phase 3 Extension Study. In addition, these
biopsies were also evaluated for changes in mesangial cell matrix and the number of glomeruli
with focal segmental or global glomerulosclerosis.

The additional skin cell-types for analysis included:

e Deep vessel endothelial cells
e Deep vessel smooth muscle cells
e Cells of the perineurium

Biopsies were conducted at five timepoints to assess skin cell-types: Baseline and Week 20

(Final Visit) of the Phase 3 Placebo-Controlled Study, and at 6, 12, and 18 months into the Phase
3 Extension Study.

To evaluate these additional kidney and skin cell-types, additional refined scoring methods were
devised that would permit a consistent approach to scoring the different cell-types based on cell
morphology and physiology. Table 3-5 summarizes the scoring system used for the additional
kidney and skin cell-types. Results for the analyses of these additional kidney and skin cell-types
are reported in Section 4.2.1.2. :

Table 3-5 Additional Kidney Cell-Type/Tissue GL-3 Accumulation Scoring Scheme
Tissue Cell-Type Scoring System
Glomerular endothelial cells )
. . S 0 =None or Trace Accumulation
Non-capillary (arteriolar) interstitial smooth muscle cells . .
. . . .. . 1 = Mild Accumulation
Non-capillary (arteriolar) interstitial endothelial cells .
2 =Moderate Accumulation
Kid Podocytes* 3=3 A lati
ney Distal convoluted tubule/collecting ducts* evere Accumulation
Mesangial cells 0= N(.) 1.1 pid gr a'nules
= 1 = Minimal lipid granules
Interstitial cells ..
2 = Numerous lipid granules
Deep vessel endothelial cells 0= Nqne or Trace Apcumulaﬂon
. 1 = Mild Accumulation
Skin Deep vessel smooth muscle cells .
) . 2 =Moderate Accumulation
Cells of the perineurium .
3 = Severe Accumulation

* In the Phase 3 Placebo-Controlled Study, for podocytes and distal convoluted tubule/collecting ducts, scoring was
conducted using an increase, decrease, or no change assessment.
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4. CLINICAL EFFICACY AND SAFETY
4.1 Phase 3 Placebo-Controlled Study

Results of the Phase 3 Double-Blind, Placebo-Controlled Study were published in the July 5,
2001 edition of the New England Journal of Medicine (Eng, 2001, NEJM) and results of further
pathological findings were published in the November 18, 2002 edition of Kidney International
(Thurberg, 2002, Kidney Int) (Appendix 8.2)

4.1.1 Primary Endpoint Results — Phase 3 Placebo-Controlled Study

The primary efficacy parameter for the Phase 3 Placebo-Controlled study was the between-
treatment group histologic (using light microscopy) comparison of the clearance of GL-3
inclusions from the capillary endothelium of the kidney after 20 weeks of treatment with
Fabrazyme. The primary endpoint analysis was based on the number of patients who had a
majority score of zero at 20 weeks, signifying clearance of GL-3 to normal or near-normal levels
in this cell-type.

Analyses were performed on the Intent-to-Treat population as well as the As Treated population.
The As-Treated population takes into account treatment dispensing deviations that resulted in six
patients receiving treatment not assigned by randomization. The statistical analyses performed on
these two populations yielded similar results as shown in Figure 4-1 and Table 4-1 for the
primary endpoint. For consistency, only the As Treated population is presented throughout this
document for the remaining efficacy data. For all other efficacy parameters presented, the
analysis performed on the Intent-to-Treat population yielded similar results to the As Treated
population, with statistical significance being achieved in both populations for endpoints
described in the protocol.

Figure 4-1  Kidney Biopsy LM Assessment: Between Treatment Group Comparison at
Week 20 of Zero versus Non-Zero Using the Majority Score (As Treated and Intent-to-

Treat Population)
100 -
As Treated Population Intent-to-Treat Population
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)
g
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There was a highly statistically significant difference (p<0.001) between the Fabrazyme and

placebo treatment groups. The greater proportion of patients with a kidney majority score of 0
occurred in the Fabrazyme group. In the As Treated population, 20/29 (69%) of Fabrazyme

patients achieved the primary endpoint versus 0% in the placebo treatment group. The majority

of patients who achieved a score of zero at Week 20 had scores at Baseline of moderate or severe

(score of 2 or 3). Therefore, most patients demonstrated a two- or three-point reduction with

Fabrazyme treatment. Eight out of the nine patients who did not achieve a zero-score had a score

of one (mild) at Week 20. The remaining patient did not have a Week 20 biopsy and was

assigned a score of 3 (severe). The odds of achieving a score of zero for patients treated with

Fabrazyme compared to placebo is 99%. The results were consistent among the three, blinded

renal pathologists who performed the assessments, across the study sites, and various subgroups.

Table 4-1 Kidney Biopsy LM Assessment: Between Treatment Group Comparison at
Week 20 of Zero versus Non-Zero Using the Majority Score
(As Treated and Intent-to-Treat Populations)
Tissue GL-3 Status
Ponulat T‘éa‘me"t Statisti Odds Ratio
opulation roup tatistic Zero Non-Zero* | (95% C.I) | P-Value**
: Fabrazyme
As Treated n=29 n (%) 20 (69) 931 0.008
Placebo (0.00,0.14) | <0-001
n=29 n (%) 0 (0) 29 (100)
Fabrazyme
Intent-To- n=29 n (%) 18 (62) 11 (38) 0.045
Treat Placebo (0.01,0.23) <0.001
n=29 n (%) 2(7) 27 (93)
C.1. = Confidence Interval
* Non-zero includes 1 (mild), 2 (moderate), and 3 (severe)
** p-value based on a 2x2 Chi-Square test
Note: A single missing observation for a patient at Week 20 was assigned a Score = 3.

An illustration of the typical level of observed GL-3 clearance from the kidney interstitial
capillary endothelial cells after treatment with Fabrazyme is presented in Figure 4-2. Persistance

and confirmation of this effect was also seen in multiple cell types in the Extension study and in

patients who crossed over from Placebo to Fabrazyme (see Section 4.2.1.1 and 4.2.1.2).
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Figure 4-2  Renal Interstitial Capillary Endothelial Cells are Cleared of GL-3 after
Enzyme Replacement Therapy (Score =3 Cleared to Score = 0)

.. ” L ) P, ~,

Histologic section of kidney using light microscopy (Richardson’s stain, 1000x magnification). Left panel is from
a patient biopsy at Baseline. Arrows point to interstitial capillary endothelial cells laden with abnormal lysosomal
accumulation of GL-3. Right panel is a biopsy from the same patient following 20 weeks of treatment with
Fabrazyme. Arrows point to interstitial capillary endothelial cells that now appear normal.

GENZYME CORPORATION Page 49



% of Patients with Clearance (Score =0

Fabrazyme®(agalsidase beta) BLA STN BL 103979/0

Advisory Committee Briefing Document

4.1.1.1 Primary Endpoint Sensitivity Analysis

As noted in Figure 3-4 (scoring system), for a zero-score at least 95% of interstitial capillary
endothelial cells were required to have a score < 1. As noted in Section 4.1.1, this endpoint was
achieved with a high degree of statistical significance. In order to assess the robustness of this
result, a sensitivity analysis was undertaken. The analysis showed that this result was still

statistically significant even if at least 99% of interstitial capillary endothelial cells were required
to have a score less than 1 (p <0.001). (Figure 4-3) '

Figure 4-3  Sensitivity Analysis of Kidney LM Results at Week 20
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4.1.2 Secondary Endpoints
4.1.2.1 Capillary Endothelium of the Kidney, Skin, and Heart

The percentages of patients achieving zero-score at Week 20 for the interstitial capillary
endothelial cells of the skin and heart are displayed for both treatment groups in Figure 4-4. The
percent of zero-scores in the interstitial capillary endothelial cells of the skin and heart tissues
were similar to those observed for the primary endpoint, kidney tissue. (Figure 4-1)

Figure 4-4  Percent Zero-Scores in the Interstitial Capillary Endothelial Cells of the Skin
and Heart (As Treated Population)
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A composite scoring method was used to display the mean change in GL-3 clearance from
capillary endothelium of the kidney, heart, and skin from Baseline to Week 20 using light
microscopy. Each organ was scored by three groups of independent renal, cardiac, and skin
pathologists. The majority score was calculated per organ and then summed across all organs.
Each composite score ranged from 0 - 9. The mean change in this composite score was calculated
and compared between Baseline and Week 20. (Table 4-2 and Figure 4-5)

The marked clearance to normal or near-normal levels of the GL-3 accumulation in the
interstitial capillary endothelial cells of each organ is highly statistically significant when
analyzed individually and when analyzed according to the prospectively defined composite
endpoint (p <0.001).

Additional analyses on multiple additional cell-types were subsequently conducted to verify that
clearance of GL-3 accumulation was not an isolated finding limited to interstitial capillary
endothelial cells. These analyses are presented in Section 4.2.1.2.
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Table 4-2

Summary of the Change in the Assessments of GL-3

in the Kidney, Skin, and Heart Using LM: As Treated Population

Ogan Treatment Group Statistic Baseline Week 20
Placebo = 2 29
. Mean £ SD 2.2+0.68 2.1+0.79
Kidney
n 29 29
Fabrazyme
Mean t SD 1.9 £0.80 0.4 +£0.68
Placebo 1 29 29
. Mean  SD 2.3+0.80 2.2+0.71
Skin
n 29 29
Fabrazyme
Mean + SD 2.1£0.74 0.0 £ 0.00
Placebo 1 29 29
Mean £ SD 0.9 £0.53 1.2+ 0.60
Heart
n 29 29
Fabrazyme
Mean 1 SD 0.9 +0.44 0.3 +0.54
Placebo 1 29 29
. Mean x SD 541135 5.5%1.62
Composite
n 29 29
Fabrazyme
Mean £ SD 4.9+£1.53 0.7+0.85
Note: Composite = the sum of the majority scores for kidney, skin, and heart.

Figure 4-5

Summary of the Mean Change from Baseline to Week 20 in the Assessments

of GL-3 in the Kidney, Skin, and Heart Using LM: As Treated Population
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4.1.2.2 Urinary and Kidney Tissue GL-3 Levels

For GL-3 levels in urine and kidney tissue, the percent change was compared between treatment
groups using the rank sum score for each patient. The change score was calculated, ranked, and
then summed together as defined prospectively.

Median urine GL-3 decreased by 23.3% in the Fabrazyme treatment group and increased by
42.8% in the placebo group. The median kidney tissue GL-3 decreased by 34% in the Fabrazyme
group and decreased by 6.2% in the placebo group. As shown in Table 4-3, the distribution of
rank sum scores between the two treatment groups was statistically significant (p = 0.003).

Table 4-3 Rank Sum Score of Percent Change in GL-3 Accumulation from Baseline to
Week 20 in Urine and Kidney Tissue Measured by ELISA

(As Treated Population)
Parameter Statistic Fabrazyme Placebo P-Value*
n 21 2]
Urine GL-3 Median 233 4238
% Change 0.005
n 27 28
Kidney Tissue GL-3 .
% Change Median -34.1 -6.2 0.256
n 20 21
Rank Sum Score Median 32.5 48.0 0.003
Note: Urine GL-3 was measured in nmoles/filter and kidney tissue GL-3 in ng/mg
* p-value = p-value for Wilcoxon’s Rank Sum Test
Note: Rank Sum Score = Sum of ranked change scores for kidney and urine.
Note: Urinary GL-3 determinations at two of the eight sites were compromised due to logistical issue and
are, therefore, not included in the analysis. Additionally, data from Patient 307 are excluded from the
analysis because of a missing kidney biopsy from Week 20.

In addition to the analysis of GL-3 levels in kidney tissue and urine, the relationship between the
three biochemical parameters that were measured (urinary, kidney, and plasma GL-3 levels) and
kidney LM scores was examined. (Section 4.1.3.2)

4.1.2.3 Pain Measured by the Short Form McGill Pain Questionnaire

The secondary endpoint of pain was measured by the Short Form McGill Pain Questionnaire. In
addition, tertiary endpoints of pain measurements used the Present Pain Index (PPI) and Visual
Analog Scale (VAS). The Short Form McGill Pain Questionnaire, PPI, and VAS permit scoring
of pain based on the scale summarized in Table 4-4.
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Table 4-4 Pain Scoring Scales

Pain Parameter
Scale (Range)

Short Form McGill Pain Questionnaire (Secondary Endpoint)

Sensory 0-33

Affective 0-12

Total 0-45
Present Pain Intensity (PPI) (Tertiary Endpoint) 0-5
Visual Analog Scale (Tertiary Endpoint) 0-10
Lower number = less pain
Higher number = more pain

Values observed at Baseline in each treatment group were relatively low (less pain) and were not
different from each other for each of the parameters measured using the Short Form McGill Pain
Questionnaire. The Phase 3 Placebo-Controlled Study, while assessing pain as a secondary
endpoint, was not designed as a pain study with respect to sample size. In addition, patients were
not selected on the basis of severe pain, no effort was made to standardize pain medications, and
patients were not asked to wean or abstain from their pain medications during the course of the
study.

There was no significant difference between treatment groups in pain parameters, possibly due to
a strong placebo effect although improvement in multiple pain parameters were noted within
treatment groups in the Phase 3 Placebo-Controlled Study. This improvement has been
maintained for up to 24 months of Fabrazyme therapy. (Figure 4-6) It is not surprising to observe
a confounding placebo effect in a relatively small study. Most pain studies are much larger than
the Phase 3 Placebo-Controlled Study. Conducting such an appropriately sized study to assess
parameters as subjective as pain is problematic in a disease with aprevalence as low as that of
Fabry disease and with the significant heterogeneity that exists in the clinical presentation and
severity of pain.
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Figure4-6  Mean Pain Rating Values of the Short Form McGill Pain Questionnaire

D Sensory A Affective <> PPI X’ VAS O Total

45 45
I= Placebo = \ Fabrazyme
7 7

Mean Pain Score

Mean Pain Score

P-value*
X \\ _ —
2 0.007 2
0.013 0.060

1 0.004 : 0.047
0.050 0.009
0 0.005 0
Baseline Week 20 Baseline Week 20

* p-value: One sample t-test

4.1.3 Tertiary and Other Endpoints
4.1.3.1 Plasma GL-3

Plasma GL-3 levels were measured (by ELISA) as an indicator of GAL activity and an indirect
marker of the level of Fabrazyme reaching the different cells with accumulated GL-3.

It is important to understand that just like the naturally occurring lysosomal hydrolase,
Fabrazyme has a pH optimum of approximately 4.5, almost three orders of magnitude more
acidic than the pH of plasma, which is approximately 7.4. Fabrazyme is essentially inactive in
plasma. Therefore, the clearance of plasma GL-3 resulting from treatment with Fabrazyme
appears to represent decreased egress from body tissues as a result of effective intracellular
enzyme replacement therapy. While clearance of plasma GL-3 may not be sufficient, it seems
reasonable to postulate that clearance may be necessary to significantly impact the underlying
Fabry disease pathology and that the level of plasma GL-3 may provide a measure of the total
tissue load of GL-3.
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For Fabrazyme-treated patients, a highly statistically significant difference was observed in
percent change from Baseline for median plasma GL-3 (p < 0.001). In the Phase 3 Placebo-
Controlled study, the Baseline median plasma GL-3 level for the Fabrazyme treatment group was
13.9 ng/uL and for the placebo group was 13.4 ng/uL. A statistically significant difference was
observed for percent change from Baseline for median plasma GL-3. At Week 20 the median
percent change from Baseline value in the Fabrazyme treatment group decreased by 100% while
the median value in the placebo treatment group decreased by 16.5%.

Figure 4-7 illustrates the decrease in median plasma GL-3 levels of patients after treatment with
Fabrazyme.

Figure 4-7 Median Plasma GL-3 Levels in the Phase 3 Placebo-Controlled Study
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4.1.3.2 Relationship Between Biochemical and Histologic Clearance of GL-3

An additional analysis was conducted to examine the relationship between the histology scores
and the GL-3 ELISA measurements of kidney tissue, urine, and plasma. (Figure 4-8)

Patients were categorized according to their histologic response to treatment with Fabrazyme
(i.e., Reduction to Zero, Reduction, and No Change or Increase). This analysis showed that a
relationship can be seen between reduction in LM kidney scores and the biochemical
measurements that were performed. The greater the reduction in kidney LM score, the greater the
observed median percent decrease in GL-3 in urine, kidney tissue, and plasma. The strongest
relationship was observed in plasma. This analysis further supports the histologic findings.
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Figure 4-8  Relationship Between Kidney LM Scores and Biochemical Measures (GL-3)

(Both Treatment Groups Combined) (Note: n = total number of patients with both a LM score and an ELISA GL-
3 assessment value for the corresponding biochemical measurement)
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4.1.3.3 Renal Function

Average renal function as assessed by serum creatinine was normal in both groups at Baseline
and did not change significantly in either treatment group during the study. Serial mean serum
creatinine measurements are shown in Table 4-5.

Table 4-5 Mean Serum Creatinine (mg/dL)

Treatment Group Statistic Baseline Week 20
Placebo (n = 29) mean =+ sd 0.8+0.21 0.8+£0.26
Fabrazyme (n =29) mean * sd 0.8+0.20 0.9+0.24

Glomerular filtration rate (GFR) was determined by a measure of inulin clearance. However, the
commercial supplier discontinued the manufacture of inulin during the study. Therefore, 57/58
patients had inulin clearance assessments at Baseline, only 36 patients had assessments
performed at Week 20. Table 4-6 summarizes GFR results for those patients who had inulin
clearance assessments performed.

Table 4-6 Glomerular Filtration Rate as Determined by Inulin Clearance

(mL/min/1.73m?)
- . L. Treatment Group

Visit Statistic Placebo Fabrazyme

Baseli a 28 29
ne mean + sd 97.4 +34.74 823 +22.23

n 19 17
Week 20 mean =+ sd 100.6 + 34.77 93.9+36.15

4.2 Phase 3 Extension Study

Since Fabrazyme is intended for long-term enzyme replacement therapy for patients with Fabry
disease, it is essential that long-term follow-up data are collected on patients who receive
Fabrazyme. Therefore, at the completion of the Phase 3 Double-Blind Placebo-Controlled Study,
a Phase 3 Open-Label Extension Study was initiated that investigated many of the same
endpoints of the Placebo-Controlled Study. All 58 patients from the original study elected to
enroll in the long-term extension study, which was designed to treat all enrolled patients with
Fabrazyme on an open-label basis and to monitor the patients for an additional 4.5 years after
completing the Placebo-Controlled Study.

In order to differentiate between the beginning of the two studies:

* “Baseline” was used to identify the beginning timepoint of the Phase 3 Placebo-
Controlled Study,

* “Entry” was used to identify the beginning timepoint of the Phase 3 Extension Study.
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Efficacy (and Safety) measurements are conducted every 6 months and are discussed relative to
“Baseline” and to “Entry.”

Patients who received placebo in the Phase 3 Placebo-Controlled Study switched to treatment
with Fabrazyme in the Phase 3 Extension Study. These patients are designated as
“Placebo/Fabrazyme” (“PL/FZ”) patients. Similarly, patients who received Fabrazyme in the
Phase 3 Placebo-Controlled Study and who continued receiving Fabrazyme in the Phase 3
Extension Study are designated as “Fabrazyme/Fabrazyme” (“FZ/FZ”) patients.

The difference between Baseline and Entry becomes most important when considering the time
on treatment for the patients in the Phase 3 Extension Study. In the Phase 3 Extension Study
Placebo/Fabrazyme patients have received approximately 20 fewer weeks of treatment with
Fabrazyme than the Fabrazyme/Fabrazyme patients.

4.2.1 Study Results
4.2.1.1 Histologic Assessment of Interstitial capillary endothelial Cells of Kidney,
Skin, and Heart

After 6 months of open-label treatment with Fabrazyme in the Phase 3 Extension Study, the

kidney, heart, and skin interstitial capillary endothelial cell response of patients who originally

received placebo in the Phase 3 Placebo-Controlled Study was similar to the response of patients

who received treatment with Fabrazyme in that study. (Figure 4-9, Figure 4-10, and Figure 4-11,
_respectively)

For skin tissue biopsies, efficacy assessments were conducted every 6 months through the 18-
month timepoint of the Phase 3 Extension Study and then yearly thereafter. For kidney and heart
tissue, the challenges of repeat biopsies limited additional assessments to the 6-month timepoint
only.
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Figure 4-9  Kidney Histology: Response of Interstitial capillary endothelial Cells in the
Phase 3 Placebo-Controlled Study and Phase 3 Extension Study
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PL/FZ (Placebo/Fabrazyme) — patients who received placebo in the Phase 3 Placebo-Controlled Study and who
switched to treatment with Fabrazyme in the Phase 3 Extension Study

FZ/FZ (Fabrazyme/Fabrazyme) — patients who received Fabrazyme in the Phase 3 Placebo-Controlled Study and
who continued receiving Fabrazyme in the Phase 3 Extension Study

Figure 4-10 Heart Histology: Response of Interstitial capillary endothelial Cells in the
Phase 3 Placebo-Controlled Study and through 6 Months of Open-Label Treatment with
Fabrazyme in the Phase 3 Open-Label Extension Study
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PL/FZ (Placebo/Fabrazyme) — patients who received placebo in the Phase 3 Placebo-Controlled Study and who switched to
treatment with Fabrazyme in the Phase 3 Extension Study

FZ/FZ (Fabrazyme/Fabrazyme) — patients who received Fabrazyme in the Phase 3 Placebo-Controlled Study and who continued
receiving Fabrazyme in the Phase 3 Extension Study
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Figure 4-11 Skin Histology: Response of Interstitial capillary endothelial Cells in the
Phase 3 Placebo-Controlled Study and through 18 Months of Open-Label Treatment with
Fabrazyme in the Phase 3 Extension Study
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PL/FZ (Placebo/Fabrazyme) — patients who received placebo in the Phase 3 Placebo-Controlled Study and who switched

to treatment with Fabrazyme in the Phase 3 Extension Study
FZ/FZ (Fabrazyme/Fabrazyme) — patients who received Fabrazyme in the Phase 3 Placebo-Controlled Study and who

continued receiving Fabrazyme in the Phase 3 Extension Study

The mean change in the LM scores for kidney, skin, and heart and the composite LM tissue score
is provided by treatment group from Baseline to Week 20 of the Phase 3 Placebo-Controlled
Study and to 6-months of the Phase 3 Extension Study Figure 4-12.

When patients who received placebo in the Phase 3 Placebo-Controlled Study were switched to
treatment with Fabrazyme in the Phase 3 Extension Study, these patients showed large mean
decreases in tissue scores. These large mean decreases were similar in magnitude to the decreases
observed in patients who had received treatment with Fabrazyme in the Phase 3 Placebo-
Controlled Study, confirming the impact of Fabrazyme on interstitial capillary endothelial cell

GL-3 clearance.
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Figure 4-12 Summary of the Mean Change from Baseline in the Assessments of GL-3
in the Kidney, Skin, and Heart Using LM: As Treated Population
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After 18 months into the Phase 3 Extension Study, 41/46 (89%) patients had a score of zero in
skin interstitial capillary endothelial cells. This result was statistically significant. However, five
patients had non-zero scores for skin capillary endothelium at the 18-month timepoint. Four of
the five patients that had non-zero skin scores underwent subsequent biopsies and now have zero
scores. (Table 4-7) Based on the results of the subsequent skin biopsies there appears to be no
evidence for reoccurrence of substrate deposition. Thus, the non-zero scores at 18 months most
likely represent sampling differences and do not indicate a true reaccumulation of substrate. We
agree with FDA that a “change in score by 1 point does not reliably indicate a true change” (FDA
Advisory Committee Briefing Document, August 26, 2002, Page 26).

Table 4-7 Summary of Skin Biopsy Scores at Each Study Timepoint
(As Treated Population)

Phase 3 Placebo- Phase 3 Extension Study
Controlled Study

Patient | Treatment

D Group | Baseline | Week 6 1 18 30 Remarks
Score 20 Month | Year | Month Month
Score Score | Score Score Score
102 PL/FZ 2 2 0 0 1 0 serum creatinine stable
107 FZ/FZ 2 0 0 0 1 0 serum creatinine stable
201 PL/FZ 3 2 0 0 1 0 serum creatinine stable
705 FZ/FZ 2 0 0 1 2 O** serum creatinine stable;

serum IgE positive -
(successfully received
subsequent infusions)

806 FZ/FZ 2 0 0 0 1 N/AT serum creatinine stable; 10
weeks elapsed between last
infusion and 18-Month
biopsy; skin-test
positive;(successfully
received subsequent
infusions)

PL/FZ (Placebo/Fabrazyme) — patients who received placebo in the Phase 3 Placebo-Controlled Study and who
switched to treatment with Fabrazyme in the Phase 3 Extension Study

FZ/FZ (Fabrazyme/Fabrazyme) — patients who received Fabrazyme in the Phase 3 Placebo-Controlled Study and who
continued receiving Fabrazyme in the Phase 3 Extension Study

**Biopsy done at 2 years post-entry into extension (at time of withdrawal from the study)

tRepeat biopsy not yet available

4.2.1.2 Histologic Assessment of Additional Cell-Types of the Kidney and Skin

In response to questions from FDA to verify that GL-3 clearance in capillary endothelial cells
was not an isolated finding, additional kidney and skin cell-types were identified for analysis of
response to long-term treatment with Fabrazyme. These additional cell-types were retrospectively
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evaluated in the pathology slides obtained at Baseline and Week 20 of the Phase 3 Placebo-
Controlled Study and 6 Months into the Phase 3 Extension Study.

The additional kidney cell-types for analysis included:

¢ Glomerular endothelial cells
* Non-capillary (arteriolar) smooth muscle cells
e Non-capillary (arteriolar) endothelial cells
e Podocytes
* Distal convoluted tubules/collecting ducts
e Mesangial cells
¢ Interstitial Cells
The additional skin cell-types for analysis included:

* Deep vessel endothelial cells
® Deep vessel smooth muscle cells

¢ Cells of the perineurium

At the end of the Phase 3 Placebo-Controlled Study (Week 20), for several additional kidney
cell-types, there was a highly statistically significant difference (p<0.001) between the
Fabrazyme and placebo treatment groups in the number of patients achieving a zero-score. This
occurred in the Fabrazyme group for the following kidney cell-types:

¢ Glomerular endothelial cells

e Mesangial cells

* Non-capillary (arteriolar) endothelial cells

¢ Interstitial cells
Nearly all of the patients with available data who had originally received placebo in the Placebo-

Controlled study showed clearance to near-normal levels of GL-3 accumulation in these
additional kidney cell-types after 6 months of open-label treatment with Fabrazyme.

The results for these kidney cell-types are presented graphically in Figure 4-13.
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Figure 4-13  Effect of Fabrazyme in the Phase 3 Extension Study for Kidney Cell-Types
that Showed Statistically Significant Differences (p < 0.001) in Zero-Scores Between
Placebo and Fabrazyme Treatment Groups in the Phase 3 Placebo-Controlled Study
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PL/FZ (Placebo/Fabrazyme) — patients who received placebo in the Phase 3 Placebo-Controlled Study and who
switched to treatment with Fabrazyme in the Phase 3 Extension Study

FZ/FZ (Fabrazyme/Fabrazyme) — patients who received Fabrazyme in the Phase 3 Placebo-Controlled Study and
who continued receiving Fabrazyme in the Phase 3 Extension Study

For other kidney cell-types, Fabrazyme reduced GL-3 levels, albeit not to zero. The kidney cell-
types included podocytes (Figure 4-14), distal convoluted tubules/collecting ducts, and non-
capillary interstitial smooth muscle cells. (Table 4-8)

GENZYME CORPORATION Page 65



Fabrazyme®(agalsidase beta) BLA STN BL 103979/0

Adyvisory Committee Briefing Document

Table 4-8

Kidney Histology: Response of Podocytes, Distal Convoluted
Tubules/Collecting Ducts, and Non-Capillary Smooth Muscle Cells from Baseline of the
Phase 3 Placebo-Controlled Study through 6 Months of Open-Label Treatment with

Fabrazyme in the Phase 3 Extension Study

Placebo/Fabrazyme Fabrazyme/Fabrazyme

Renal Cell-Type

Patients with GL-3 Scores Reduced Patients with GL-3 Scores Reduced

Baseline to Baseline to Baseline to Baseline to
Week 20 6 Months Week 20 6 Months

Podocytes 0/16 (0%) 5/22 (23%) 1/19 (5%) 3/17 (18%)
Distal Convoluted 1/24 (4%) 18/24 (75%) 6/24 (25%) 12/24 (50%)
Tubules/Collecting
Ducts
Non-Capillary Smooth 2/22 (9%) 19/22 (86%) 18/21 (86%) 17/21 (81%)
Muscle Cells*

* GL-3 scores reduced by 1 or 2 points from Baseline score but did not reach a score of 0.

Figure 4-14 Sample Histology Slide of GL-3 Reduction in Podocytes for One Patient after
12 Months of Treatment with Fabrazyme (Podocytes Circled)

ection of kidney u

sing.light micro;éopy

(Richardson’s stain, 1000x magnification)

At the end of the Phase 3 Placebo-Controlled Study, for the skin deep-vessel capillary endothelial
cells, there was a statistically significant difference (p<0.001) between the Fabrazyme and
placebo treatment groups. When patients who received placebo in the Phase 3 Placebo-
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Controlled Study were switched to treatment with Fabrazyme in the Phase 3 Extension Study,
these patients showed large mean decreases in skin tissue scores for deep-vessel capillary
endothelial cells. The results for these skin cell-types are presented graphically in Figure 4-15.
Figure 4-15 Skin Histology: Effect of Fabrazyme in the Phase 3 Extension Study for
Deep-Vessel Capillary Endothelial Cells Showing Statistically Significant Differences (p <

0.001) in Zero-Scores Between Placebo and Fabrazyme Treatment Groups in the Phase 3
Placebo-Controlled Study
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PL/FZ (Placebo/Fabrazyme) — patients who received placebo in the Phase 3 Placebo-Controlled Study and who
switched to treatment with Fabrazyme in the Phase 3 Extension Study

FZ/FZ (Fabrazyme/Fabrazyme) — patients who received Fabrazyme in the Phase 3 Placebo-Controlled Study and
who continued receiving Fabrazyme in the Phase 3 Extension Study

The deep-vessel smooth muscle cells and cells of the perineurium appear to respond more slowly
than the capillary endothelial cells of the skin. However, conclusions drawn on the observed
results should be made cautiously since these are superficial skin biopsies that do not always
contain sufficient deep cell structures for analysis.

4.2.1.3 Plasma GL-3

The change in median plasma GL-3 levels obtained for patients who originally received placebo
in the Phase 3 Placebo-Controlled Study and who then switched to Fabrazyme treatment in the
Phase 3 Extension Study were similar to those obtained for patients who originally received
Fabrazyme in the Phase 3 Placebo-Controlled Study. (Figure 4-16)
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Figure 4-16 Median Plasma GL-3 Levels in the Phase 3 Placebo-Controlled Study and

Phase 3 Extension Study
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Placebo/Fabrazyme — patients who received placebo in the Phase 3 Placebo-Controlled Study and who switched to

treatment with Fabrazyme in the Phase 3 Extension Study

Fabrazyme/Fabrazyme — patients who received Fabrazyme in the Phase 3 Placebo-Controlied Study and who

continued receiving Fabrazyme in the Phase 3 Extension Study

At the time of entry to the open-label study, the median of plasma GL-3 was below the level of
detection (< 1.2 ng/uL) for patients who received Fabrazyme in the Phase 3 Placebo-Controlled
Study and was 10.4 ng/uL for patients who had received placebo in the Phase 3 Placebo-
Controlled Study. Patients treated with Fabrazyme during both the Placebo-Controlled and

Extension studies maintained their lowered plasma GL-3 levels for an additional 1 year. Patients

treated with placebo prior to open-label treatment with Fabrazyme showed a median decrease of

100.0% during the 1 year of treatment with Fabrazyme.

4.2.1.4 Renal Function

Glomerular filtration rate (GFR) was determined by a measure of inulin clearance. However, the

commercial supplier discontinued the manufacture of inulin during the study. Due to the

unavailability of inulin at some timepoints, not all patients were assessed for GFR as determined

by inulin clearance at timepoints where there was a shortage of inulin. Therefore Table 4-9

summarizes GFR results at Baseline and at the 12-month timepoint. This is the timepoint at
which the maximum number of patients had the inulin assessment performed as compared to
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those at Baseline. As shown, GFR remained stable relative to Baseline in both treatment groups
at the 12-month timepoint of the Phase 3 Extension Study.

Table 4-9 Glomerular Filtration Rate as Determined by Inulin Clearance
(mL/min/1.73m?)
. Treatment Group
Study Visit Statistic
Placebo Fabrazyme
Phase 3 Placebo- Baseli n 28 29
aseline
Controlled Study mean + sd 97.4%34.74 82342223
Phase 3 Extension n 22 28
Stud 12 Months
y mean + sd © 100.7+32.53 79.8+ 2581

During 24 months of follow-up, the mean renal function as assessed by serum creatinine has

remained normal. (Table 4-10)

Table 4-10 Mean (+ SD) Serum Creatinine Levels (mg/dL)
Phase 3 Placebo-Controlled Study Phase 3 Extension Study
Treatment Group Baseline Week 20 6 Months 12 Months 18-Months 24-Months
0.8+0.2 0.8+03 0.8+0.3 0.8+0.3 09+03 0.8+0.4
Placebo/Fabrazyme (n=29) (n=29) (n = 26) (n=28) (n=27) (n=25)
Fabr, e/Fab e 0.8+£0.2 0.9%0.2 09+0.2 09+0.3 09%03 0.9+0.4
> ) (n=29) (n=29) (n=28) (n=28) (n=28) (n =25)

Placebo/Fabrazyme — patients who received placebo in the Phase 3 Placebo-Controlled Study and who
switched to treatment with Fabrazyme in the Phase 3 Extension Study

Fabrazyme/Fabrazyme — patients who received F abrazyme in the Phase 3 Placebo-Controlled Study and who
continued receiving Fabrazyme in the Phase 3 Extension Study

Ten of the 58 patients in the Phase 3 Study had low estimated GFR at start-of-treatment (defined
as < 90 ml/min/1.73 m?). GFR was estimated using an equation from the Modification of Diet in
Renal Disease Study. (Levey, 2000, JASN) Eight of 10 (80%) patients in this subset with low
GFR, but without pronounced glomerulosclerosis and proteinuria at Baseline, exhibited an
improvement or stabilization of GFR at the 24-month timepoint in the Phase 3 extension study.
Since Fabry disease is a progressive disease and most patients develop end-stage renal disease in
the fourth decade of life, the fact that most patients with low estimated GER values have shown"
stabilization is encouraging. The two patients who had worsening of estimated GFR (119 and
804) are discussued in greater detail below.

During active treatment with Fabrazyme, three patients have shown a > 33% increase in serum
creatinine from start of treatment with their last value being above normal (> 1.4 mg/dL). (Table
4-11)
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Table 4-11  Patients with a > 33% Increase in Serum Creatinine Levels (mg/dL)
Phase 3 Placebo-
Controlled Study Phase 3 Extension Study
Patient Treatment Group Baseline Week 20 6 Months 12 Months 18-Months 24-Months
707 Fabrazyme/Fabrazyme 0.7 1.3 13 14 1.6 1.8
804 Fabrazyme/Fabrazyme 1.1 1.2 1.4 1.8 1.9 2.3
119 Placebo/Fabrazyme 1.3 1.6 1.8 2.1 22 2.2

Placebo/Fabrazyme — patients who received placebo in the Phase 3 Placebo-Controlled Study and who
switched to treatment with Fabrazyme in the Phase 3 Extension Study

Fabrazyme/Fabrazyme — patients who received Fabrazyme in the Phase 3 Placebo-Controlled Study and who
continued receiving Fabrazyme in the Phase 3 Extension Study

Given the heterogeneity of Fabry disease, the precise reason for this phenomenon is unclear.
However, common factors among these patients include advanced age, severe Baseline renal
pathology, and severe proteinuria at baseline. While the mean ages of the placebo and Fabrazyme
treatment groups at Baseline was 28.4 years and 32.0 years, respectively, the ages of Patients
119, 707, and 804 were 48, 45, and 42 years, respectively. This is within the age range during
which Fabry patients typically develop renal insufficiency (Branton, 2002, Medicine). These 3
patients were among a small subset of 6 patients who had baseline kidney biopsies demonstrating
prominent glomerular sclerosis (defined as greater than 50% of all observed glomeruli
demonstrating either focal segmental or global glomerulosclerosis) and among a small subset of
10 patients with significant proteinuria at Baseline (defined as a urinary protein (mg/dL):urinary
creatinine (mg/dL) ratio greater than 1.0).. Additionally, these three patients were the only
patients to have a Baseline urinary protein (mg/dL):urinary creatinine (mg/dL) ratio greater than
2. Two of the three patients (119 and 804) also belong to a subset of 10 patients with low
(defined as < 90 ml/min/1.73 m?) estimated GFR at Baseline. Age, baseline urinary protein
excretion, and baseline renal pathology, may have placed patients 119, 707, 804 and others in the
cohort at increased risk for progression of their renal disease, despite treatment with Fabrazyme.
It is well known from other models of renal disease that once a critical number of nephrons are
damaged, progression to end-stage renal disease is inevitable. These data strongly suggest that
treatment before extensive renal damage occurs is critical. Nonetheless, it is also possible that the
rate of progression among these 3 patients was slower than would have occurred without
Fabrazyme therapy. (Section 4.2.1.5)
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4.2.1.5 Progression of Renal Disease in Patients Treated with Fabrazyme Compared
to an Untreated Historical Control Population of Patients with F abry Disease

An analysis was performed to investigate differences in estimated renal events based on serum
creatinine for patients treated with Fabrazyme versus a comparable, untreated historical control
population of patients with Fabry disease. Data on this comparable historical control population
were collected under a prospectively defined protocol. By-patient linear trend regression
modeling was used to the compare estimated renal event rates from the patients participating in
the Phase 3 Placebo Controlled and Extension studies to those from historical control population.
Patients from the historical control population meeting both the inclusion/exclusion criteria of
the Phase 3 study and who had serum creatinine observations for greater then 6 months were
used for the comparison.

This analysis shows encouraging trends in patients receiving Fabrazyme for up to 30 months
indicating a slowing in progression of renal functional decline compared to a matched historical
database of untreated Fabry patients. Specifically, when a renal event is defined as an Increase in
serum creatinine of at least 33% over 2 years, the reduction in risk for patients treated with
Fabrazyme is estimated at 63%. When a renal event is defined as an increase in serum creatinine
of 50% over 3 years, the reduction in risk for patients treated with Fabrazyme is estimated at
50%.

Table 4-12  Two- and Three-Year Event Rate Estimates (33% and 50% Increases,
respectively) of Phase 3 Extension Compared to Historical Control

Estimated Event Rate
Phase 3 Extension Historical Risk
Event Rate Estimate (Fabrazyme) Control P-Value Odds Ratio and CI Reduction
2-year/33% Increase 3.3% 13% 0.369 0
(/57 (17/130) 0.124 (0.104, 1.314) 63%
3-year/50% Increase 7.0% 13% 0.502 o
(4/57) (17/130) 0.234 (0.161, 1.564) 30%

ClI = 95% Confidence Interval
Risk Reduction = (1-Odds Ratio)x100

A beneficial trend is observed in that the point estimate for the odds ratio is approximately 0.50,
corresponding to a Risk Reduction of 50% for patients treated with Fabrazyme relative to
patients in the Historical Control study. It should be noted, however, that although the point
estimates are encouraging, these results are not statistically significant. Therefore, it is expected
that with a longer follow-up period of Fabrazyme treated patients these initial findings will be
confirmed.
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4.2.1.6 Quality of Life as Measured by the SF-36 Health Status Survey

At the 18-month timepoint of the Phase 3 Extension Study, an improvement was observed in
both treatment groups for most SF-36 parameters. At 18 months, there was a statistically -
significant change from Entry for the patients who received placebo in the Phase 3 Placebo-
Controlled Study in the standardized Physical Component Scale (p = 0.045). In addition, the
change from Entry for Physical Functioning approached statistical significance for both treatment

groups.
Figure 4-17  Quality of Life: Mean SF-36 Health Status Survey Score
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PF RP BP GH EF
Placebo/Fabrazyme — patients who received placebo in the Phase 3 Placebo-Controlled Study and who
switched to treatment with Fabrazyme in the Phase 3 Extension Study
Fabrazyme/Fabrazyme — patients who received Fabrazyme in the Phase 3 Placebo-Controlled Study and who
continued receiving Fabrazyme in the Phase 3 Extension Study
SF-36 Standardized Physical Component Scale (PCS) categories are: Physical Functioning (PF), Role
Physical (RP), Body Pain (BP), and General Health (GH).

SF-36 Standardized Mental Component Scale (MCS) categories are: Energy/Fatigue (EF), Social
Functioning (SF), Role Emotional (RE), and Emotional Well-Being (EW).
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4.3 Phase 2 Open-Label Study (Japan)

An open-label, bridging study that adhered to the ICH Harmonized Tripartite Guideline (Feb 5,
1998) was completed in Japan on 13 patients. Entry criteria and endpoints were virtually
identical to the Phase 3 Placebo-Controlled Study described above. Endpoints included GL-3
clearance from kidney and skin vasculature measured by light microscopy (LM) and ELISA, and
Quality of Life improvement. The pathology read for the Japan study was designed as a
completely blinded read of all cell types at once. The read of the renal capillary endothelium, the
primary endpoint of the Phase 3 Placebo-Controlled Study, was not separated from the read of
the additional cell types. Each slide was blinded and evaluated individually.

Patients were 16 — 34 years of age (mean 26.6) and were treated bi-weekly with 1.0 mg/kg of
Fabrazyme for 20 weeks. At Week 20, 12/13 (92%) patients achieved clearance to normal or
near-normal levels of GL-3 accumulation in both kidney interstitial capillary and skin capillary
endothelial cells (p < 0.001). Kidney and plasma GL-3 levels decreased by 51.9% (p = 0.003)
and 100%(p < 0.001), respectively, as measured by ELISA; renal function remained normal
based on serum creatinine levels and creatinine clearance. Fabry pain and quality of life were
measured with the Short Form McGill Pain and SF-36 Health Survey questionnaires,
respectively, and improvement over Baseline was observed in multiple categories.

These findings further confirmed the results of the larger Phase 3 Placebo-Controlled Study.
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44 Discussion of Clinical Relevance and Summary of Results

4.4.1 Discussion of Clinical Relevance of Results

Genzyme has developed Fabrazyme containing the active ingredient recombinant human
o-galactosidase A (r-hoGAL, agalsidase beta) as enzyme replacement therapy for patients with
Fabry disease. We have demonstrated that Fabrazyme is taken up by cells and is transported to
the lysosomes, restores the missing enzyme activity, and leads to the clearance of GL-3 from the
lysosomes of various cells. We have hypothesized that prolonged treatment with Fabrazyme
resulting in removal of GL-3 accumulation will lead to stabilization or possible improvement in
organ function. In fact, long-term treatment with Fabrazyme in the Phase 3 Extension Study
compared to corresponding, untreated historical controls suggests a slowing in the rate of
progression of renal disease.

In response to FDA’s questions regarding the clinical relevance of the mutually agreed upon
surrogate endpoint, Genzyme has provided the following rationale.

Based on the histologic review of all kidney cell types, it was found that the GL-3 content of the
critical cells involved in the pathogenesis of Fabry renal disease was significantly reduced when
patients received Fabrazyme therapy at 1.0 mg/kg. Specifically,

e Fabrazyme cleared GL-3 from the endothelium of all three vessel types evaluated in

the kidney (interstitial capillary endothelial cells, glomerular capillary endothelial
cells and non-capillary (arteriolar) endothelial cells).

® GL-3 clearance was observed from the endothelium of cardiac and skin capillaries.

The role of endothelial and secondary vascular changes in ongoing Fabry pathology is well
documented. “Normalization” resulting from Fabrazyme therapy, is indicative of at least
stabilization of the disease process that would be expected to permit the kidney to retain
functional reserve.

Two other cell types contribute directly to the secondary fibrotic changes that are a hallmark of
severe Fabry pathology: the mesangial cells of the glomerulus (responsible for focal segmental
sclerosis) and the interstitial cells of the intertubular space (a mixed population of fibroblasts and
macrophage-like cells responsible for interstitial fibrosis). Both mesangial cells and interstitial
cells responded to enzyme therapy with clearance of GL-3 substrate to normal or near-normal
levels. This clearance of GL-3 would be expected to result in at least stabilization of the disease,
if not improvement.

The vascular smooth muscle cells of arterioles and small arteries in the kidney (and in the skin —
from the Phase 1/2 Study), showed a moderate but uniform reduction in GL-3 content following
a period of enzyme therapy. These cells, which are critical to the control of local blood flow and
ultimately responsible for maintenance of blood pressure, were heavily laden with GL-3 prior to
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treatment. After approximately 12 months of enzyme therapy (6 months into the Extension study
for the FZ/FZ group), the GL-3 content of vascular smooth muscle cells was considerably
reduced, although not to the degree that could be characterized as “within normal limits.” This
was a further improvement from that observed after 20 weeks of treatment in the Phase 3
Placebo-Controlled Study.

Of all the renal cells examined, only two cell types (podocytes and epithelial cells of the distal
convoluted tubules and collecting ducts) responded with modest or inconsistent changes in GL-3
content. In both cases, despite the high load of GL-3, neither cell appears to be primarily
responsible for the specific pathology that leads to failure of the Fabry kidney.

Podocytes are terminally differentiated cells integral to the glomerular filtration process through
the juxtaposition of the cell’s foot processes with the basal lamina and the endothelium of the
glomerular tuft capillaries. In Fabry disease, these cells, which have a very long life span,
accumulate extremely high levels of GL-3 over the life of the cell starting in utero (Tsutsumi,
1985, Asia Oceania J Obstet Gynaecol) (Malouf, 1976, Sci Proceedings). As a result, minor
impairment of filtration occurs from an early age with some loss of protein in the urine. These
changes are well documented in female heterozygotes as well as “cardiac variants,” who have
proteinuria, but these individuals do not usually develop renal failure (Farge, 1985, Arch Pathol
Lab Med) (Gubler, 1978, Kidney Inf) (Marguery, 1993, Dermatology) (Rodriguez, 1985, Arch
Pathol Lab Med) (Ikari, 1992, Br Heart J) (Junsanto, 2001, Kidney Int) (Elleder, 1990, Virchows
Arch A Pathol Anat). Two case studies which clearly illustrate the fact that the podocyte
involvement is compatible with normal renal function have been reported by Wuthrich, et al
(Wuthrich, et al, Nephrol Dial Transplant 1998) and Grunfeld, et al (Grunfeld, et al, Contrib
Nephrol). Wuthrich et al described an asymptomatic 48 year old female heterozygote with
normal kidney function who had a kidney biopsy performed as part of her evaluation to serve as a
kidney donor. Surprisingly, the pathology revealed podocytes markedly laden with GL-3 but
interstitial capillary endothelial cells that had relatively little GL-3 accumulation. Perhaps even
more striking is a case report by Grunfeld et al in which the kidney from an asymptomatic female
heterozygote was transplanted into a non-Fabry subject. Serial biopsies identified GL-3
inclusions in podocytes but not in other cell types. Podocyte inclusions remained unchanged for
over & years during which time serial biopsies were performed and the transplanted kidney
remained functional for 20 years. These observations indicate that, although the podocytes are
significantly affected by GL-3 accumulation, involvement of these cells alone does not cause
renal failure.

Genzyme concludes from the full histologic review of all relevant kidney cells harboring GL-3
inclusions, that long-term Fabrazyme therapy returned most cell types involved in renal
pathophysiology to normal or near normal appearance.
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In several communications, FDA has commented that the Fabry patients in the Phase 3 Placebo-
Controlled Study did not exhibit clinical renal improvement. Genzyme explained that the patients
had serum creatinine and other functional renal measures within the normal range at Baseline and
hence, one would not expect to observe improvement in renal function. This characterization
needs clarification, particularly in the context of the potential for clinical benefit from enzyme
therapy. Damage by the abnormal GL-3 accumulation leads to a slow but continual loss of
nephrons. It is commonly appreciated that as nephrons are lost, the remaining nephrons are put
under increased stress secondary to hyperfiltration (Hostetter, 1981, Am Physiol Soc). When
some nephrons are damaged, the remaining nephrons compensate by increasing their filtration
rate (single nephron GFR or SNGFR). The net effect then is that the total GFR may remain
unchanged despite substantial renal damage. The adaptive hyperfiltration per nephron reaches a
maximum after about one-quarter to one-third of nephrons have been destroyed. Further loss of
renal tissue is accompanied by a reduction in total GFR (Brenner, 982, N Engl J Med) (Brenner,
1983, Kidney International) (Olson, 1982, Kidney International) (Hostetter, 1981, Am Physiol
Soc).

Although not evident in terms of clinical or laboratory observations, the patients in the Phase 3
Placebo-Controlled Study all had pathologic changes to their kidneys. Benefit to patients in this
situation is conserving the limited, remaining functional reserve for as long as possible. Removal
of GL-3 from the cell types responsible for the relentless pathologic course of Fabry disease
improves cellular function and curtails further deterioration.
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4.4.2 Summary of Efficacy Results

The results of the Phase 3 Placebo-Controlled Study showed that the histologic, primary
endpoint that was prospectively agreed upon between Genzyme and FDA (clearance to normal
or near-normal levels of GL-3 in the interstitial capillary endothelial cells of the kidney) was
reached with a high degree of statistical significance (p<0.001). This improvement was
maintained during treatment with Fabrazyme for up to 12 months (the time of the last biopsy),
and was confirmed in biopsies from patients who crossed-over from placebo to Fabrazyme.

GL-3 was cleared to normal or near normal levels from other critical cell types, such as
mesangial cells, glomerular capillary endothelium, interstitial cells and non-capillary
endothelium, and reduced in cell types with the highest substrate burden (vascular smooth
muscle cells, tubular epithelium and podocytes).

Two of the three secondary endpoints were achieved with statistical significance:

— composite score of GL- 3 inclusions in the capillary endothelium of the kidney, skin, and
heart was significantly reduced with Fabrazyme therapy (p < 0.001). This improvement was
maintained during treatment with Fabrazyme for up to 12 months (the time of the last
biopsy), and was confirmed in biopsies from patients who crossed-over from placebo to
Fabrazyme.

— Improvement was observed in rank sum score of kidney tissue and urinary GL-3 levels, as
measured by ELISA. (p < 0.003)

Clearance of GL-3 to normal or near-normal levels in skin biopsies has been maintained in
41/46 (89%) patients who have received Fabrazyme for 18 — 24 months. Four of the five
patients that had non-zero skin scores underwent subsequent biopsies and now have zero
scores. Using the Short Form McGill Pain Questionnaire, there was no significant difference
between treatment groups in the clinical symptoms of pain in the Phase 3 Placebo-Controlled
Study. However, there were significant improvements in multiple pain parameters within
treatment groups.

Mean serum creatinine and inulin clearance remained stable throughout the 20-week Phase 3
Placebo-Controlled Study and through 24-months of the Phase 3 Extension Study in both
patient groups.

An analysis performed to investigate differences in estimated renal events based on changes in
serum creatinine for patients treated with Fabrazyme in the Phase 3 and Phase 3 Extension
Studies compared to a similar, untreated historical control population showed a beneficial trend
in that the point estimate for the odds ratio is approximately 0.50, corresponding to a Risk
Reduction of 50% for patients treated with Fabrazyme.

Median plasma GL-3 levels, likely a reflection of total body GL-3 accumulation, decreased by
100% in Fabrazyme-treated patients. Plasma GL-3 remains undetectable in most patients,
although it has been seen to rise in patients who have missed infusions. In addition, a strong
association was observed between the median percent decrease in plasma GL-3 levels and the
reduction in kidney interstitial capillary endothelial cell histology scores.

For SF-36 Health Status Survey improvements in both treatment groups were observed for
several parameters across both populations, although none was statistically significant.

Results in the 13 Japanese Fabry patients treated in the Phase 2 Open-Labe! Study confirmed
the histologic, quality of life, and pain results of the Phase 3 Placebo-Controlled Study.
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4.5 Clinical Safety
This section presents information available to date on the safety profile of Fabrazyme.

The most common adverse events (possibly, probably or definitely related per investigator
assessment) are presented first organized by major clinical study as well as a subset of related
events that occurred on the day of infusion (infusion-associated reactions). These data formally
summarize patient exposure ranging from 5 infusions (Phase 1/2 Study) to approximately 52
infusions over approximately 2 years (Phase 3 and Phase 3 Extension Studies).

Additionally, serious adverse events are organized by summary listings of patient deaths, 4 major
clinical studies and all other on-going studies, compassionate use/special access and spontaneous
reports from patients receiving commercial product in the 23 countries in which F abrazyme is
already approved. These data summarize all reported serious adverse events through 01 July
2002 reflecting a maximum possible patient exposure of approximately 3 years of Fabrazyme
treatment.

Full Safety Data - Completed Studies

¢ Phase 1/2 Study
¢ Phase 3 Placebo-Controlled Study
* Phase 2 Open-Label Study (Japan)

Full Safety Data - Ongoing Studies (18 — 24 months Fabrazyme treatment)
* Phase 3 Extension Study

Serious Adverse Events Only - Ongoing Studies/Programs

* Phase 4 Double-Blind, Placebo-Controlled Study
® Phase 1/2 Extension Study

* Phase 2 Extension Study (Japan)

* United States Single Patient Exemption

* Compassionate Use/ Special Access Programs — Canada; Australia; Japan; European
Union; France ATU (Authorization Temporaire d’Utilisation)

* Physician Sponsored Study - Dr. G. Linthorst (The Netherlands) Fabrazyme vs.
Replagal™ 0.2mg/kg

* Post-Approval Spontaneous Reports

In this report, duration of treatment for patients in different studies is summarized for the four
major studies: Phase 1/2 Open-Label, Phase 3 Placebo-Controlled, Phase 3 Extension and Phase
2 Open-Label (Japan). Table 4-13 summarizes patient exposure to Fabrazyme for each study.

GENZYME CORPORATION Page 78



F abrazyme®(agalsidase beta) BLA STN BL 103979/0 Advisory Committee Briefing Document

Table 4-13 Number of Patients and Exposure to Fabrazyme for the Four Major Studies

Exposure to Fabrazyme
TREATMENT/DOSE | 5 5§ % £ =5 £t %
STUDY GROUP Sgggéfgfg‘é
~ = & e -
0.3 mg/kg 13 ' ]
| 1.0 mg/kg 3
Phase 1/2 Study 1.0mg/kg | 3
| 3.0 mg/kg 3
3.0mgkg | 3
Phase 3 Placebo- Placebo 0
Controlled . Fabrazyme 29 _
Phase 3 | Placebo/Fabrazyme 282627 25
Extension*  Fabrazyme/Fabrazyme | 29 29 26 27 23
II)J::se: ?JS;)::) 1.0 mg/kg C B

* Patients from the Phase 3 Placebo-Controlled Study also participate in the Phase 3 Extension
Study. Fluctuations in the patient numbers between different time points are due to missed

infusions at those particular time points. :
*Formal patient exposure information available through 30 months only; longest patient on

therapy ~ 3 years.

We estimate that over 350 patients have received over 4000 tota] infusions of Fabrazyme
(including patient experience with Fabrazyme through compassionate use/special access, other
on-going studies and post-approval) with the longest patient on therapy for over 3 years.

4.5.1 Adverse Events

4.5.1.1 Most Common

Due to the differing study designs, the most common adverse events for the four major studies
are discussed in the context of each individual study. In order to evaluate adverse events that
were most likely related to the administration of F abrazyme, related adverse events that occurred
on the day of infusion were further subsetted and an additional analysis was performed. These
adverse events are referred to as infusion-associated reactions (IAR) (see Section 4.5.1.2)..
Laboratory data from blood samples collected prior to F abrazyme infusions have been analyzed
separately.

Phase 1/2 Study

A Phase 1/2, dose-ranging, open-label study in 15 patients with Fabry disease was conducted to
evaluate the safety and pharmacokinetics of F abrazyme in Fabry patients. The study was also
designed to obtain dose response information and identify an effective dose for future study.
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There were five treatment groups consisting of 3 patients each: 0.3 mg/kg every 14 days; 1.0
mg/kg every 48 hours; 1.0 mg/kg every 14 days; 3.0 mg/kg every 48 hours; and 3.0 mg/kg every
14 days. The overall conclusion was Fabrazyme therapy follows a relative dose response in
clearing glycosphingolipid. No formal-hypothesis testing was performed due to the small sample
size in each treatment group (n=3).

The most common adverse event from patients receiving Fabrazyme (all doses) consisted of mild
to moderate transient elevations in blood pressure, reported for patients in all five dosing groups.
A review of all blood pressure measurements taken at each of the 5 Fabrazyme infusions (for all
15 patients) revealed that the mean of the maximum systolic change from baseline was
approximately 10 mmHg.

Other common adverse events reported by the investigator included “allergic
reaction”(symptoms described as nausea, vomiting, diaphoresis, urticaria, edema, pruritus,
bradycardia, abdominal pain), pain, headache, fever, or abdominal pain. The majority of adverse
events were mild in severity and were attributed as either possibly or probably related to study
drug administration. Two patients experienced serious adverse events (see Section 4.5.2); no
patients discontinued from the study due to an adverse event.

Phase 3 Placebo-Controlled Study

Fifty-eight patients enrolled in the Phase 3 randomized, double blind, placebo-controlled study
. and were randomized to receive active (Fabrazyme) at 1.0 mg/kg every 2 weeks or placebo
treatment. The infusion rate for all patients was 0.25 mg/min which helped to maintain the blind.

Postoperative pain, which captures pain related to a protocol-specified biopsy procedure, was the
most frequently reported adverse experience in both the Fabrazyme (76%) and the placebo (55%) .
treatment groups. (Table 4-14)

A statistically significant difference was observed for three adverse events that were reported
more frequently in patients treated with Fabrazyme compared to placebo patients. These adverse
experiences included rigors (15/29 [52%] vs. 4/29 [14%)), p=0.004), fever (14/29 [48%] vs. 5/29
[17%], p=0.024), and skeletal pain (6/29 [21%] vs. 0/29 [0%], p=0.023) in the Fabrazyme and
placebo treatment groups, respectively. No adverse event occurred significantly more frequently
in the placebo group compared to the Fabrazyme group.

The preferred term "rigors" captured such verbatim terms as chills, shaking chills, and cold
flashes. The majority of these events were associated with Fabrazyme infusions. Six of the

15 patients in the Fabrazyme group who experienced rigors also had a concurrent report of fever
during one or more infusion-associated reactions. For the placebo patients who reported rigors:
one patient experienced rigors on the day of a renal biopsy; one patient experienced chills and
fever as part of a symptom complex suggestive of flu-like Symptoms; one patient experienced
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chills prior to infusion; and one patient experienced chills which occurred six hours after the
infusion was completed.

Each of the 14 individual patient adverse event reports of fever in the Fabrazyme group were
reviewed to determine if they were associated with an infusion of Fabrazyme. Eight of the

14 patients were confirmed to have had an episode of fever reported on a day other than the
scheduled day of infusion. Therefore, these eight reports are not considered to be infusion-related
fevers, and the remaining 6 were considered infusion-associated reactions.

There were no reports of fever that occurred on the day of the infusion among placebo treated
patients.

Skeletal pain also was reported only in the Fabrazyme treatment group and presented single
episodes primarily as neck and shoulder pain/discomfort, which were mild to moderate in
severity but did not occur on the day of infusion. None of these reports was considered related to
treatment.

In summary, two statistically significant terms, rigors and fever, primarily represent infusion-
associated reactions. The initial presentation of these most often coincided with IgG
seroconversion (see Section 4.5.1.2). When rigors and fever occurred, they were generally
successfully managed by a temporary reduction in infusion rate and treatment with
acetaminophen and diphenhydramine.

Many Fabry patients have evidence of musculoskeletal involvement. Skeletal pain reported
during this study represents isolated musculoskeletal events and is most likely not due to the
infusion of Fabrazyme.

Phase 3 Extension Study

Adverse events are reported through Infusion 41, representing approximately 18 — 24 months of
open-label treatment with Fabrazyme. Table 4-15 represents adverse events by decreasing order
of overall frequency and by relationship to treatment with F abrazyme.

The most common adverse events without regard to relationship to treatment include rhinitis,
rigors, fever and headache. The most common related adverse events are rigors, temperature
changed sensation (“feels cold”), fever and headache. Albuminuria represents a laboratory
adverse event that primarily captures an increase in urinary protein. The majority of reports of
albuminuria are not considered related to treatment with Fabrazyme. Most reported adverse
events are mild to moderate in severity.
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Table 4-14 Phase 3 Placebo-Controlled Study: Adverse Events that Occurred in at Least
10% of Patients (in Fabrazyme Treatment Group) by Relatedness
T“Aéﬁfgfegl‘ow Placebo (n = 29) Fabrazyme (n = 29)

NotRelated  Related | Not Related Related
ADVERSE EVENT* n (%) n (%) n (%) n (%)
Postoperative Pain 16 (55) 0 22 (76) 0
Rigors** 4(14) 0 13) 14 (48)
Fever** 4(14) 13) 7(24) 7(24)
Headache 9(31) 2(7) 8(28) 5(17)
Rhinitis 7(24) 0 9(31) 2(7)
Hematuria 7 (24) 0 8(28) 2(7)
Abdominal Pain 8 (28) 1(3) 7 (24) 13)
Anxiety 5(17) 0 8(28) 0
Nausea 4(14) 0 6 (21) 27
Pharyngitis 2(7) 0 8 (28) 0
Anemia 7 (24) 3 (10) 5(17) 2(7)
Coughing 6 (21) 0 7(24) 0
Pain 3(10) 0 6(21) 0
Edema Dependent (in extremities) 1(3) 0 517 1(3)
Skeletal Pain** 0 0 6(21) 0
Fabry Pain 2(7) 1(3) 3(10) 3(10)
Renal Function Abnormal 9331 0 6(21) 0
Chest Pain 3(10) 0 4(14) 13)
Fatigue 2(7) 4(14) 4(14) 1(3)
;I'oelrcr;f. Changed Sensation (feels 1(3) 0 13) 4(14)
Heart Valve Disorders 4(14) 0 517 0
Vomiting 4(14) 0 3(10) 2(7)
Asthenia 3(10) 13) 4(14) 0
Pallor 1(3) 0 2(7) 2(7)
Hypotension 2(7 0 3(10) 1(3)
Dizziness 1(3) 1(3) 3(10) 1(3)
Paraesthesia 2(7) 0 2(7) 2(D
Cardiomegaly 1(3) 0 3(10) 0
Hypertension 0 0 0 3(10)
Dyspepsia 1(3) 0 3(10) 0
Bradycardia 7 (24) 0 3(10) 0
Arthrosis 0 0 2(7) 1(3)
Myalgia 4(14) 0 1(3) 2(7)
Depression 1(3) 0 3(10) 0
Insomnia 2(D 0 3(10) 0
Bronchitis 1(3) 0 3(10) 0
Dyspnea 2(7) 0 2(7) 1(3)
Pruritus 2(7) 1(3) 2(7) 13)
Albuminuria 3(10) 0 3(10) 0
Eye Abnormality 1(3) 0 3(10) 0
Vision Abnormal 1(3) 1(3) 2(7) 1(3)

* WHOART Preferred Term (modified WHOART Dictionary, Q2 1993).
** p<0.05, Fisher's Exact Test
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Table 4-15  Phase 3 Extension Study: Adverse Events in at Least 10% of Patients
(Overall) as of the 18 Month Timepoint of Phase 3 Extension Study
TREATMENT GROUP (as treated) Placebo/Fabrazyme (n = 29) Fabrazyme/Fabrazyme (n=29)
Fabrazyme Exposure ~18 months ~24 months
" Not Related Related Not Related Related
ADVERSE EVENT n (%) n (%) n (%) n (%)
Rhinitis 12 (41) 7 (24) 21 (72) 1(3)
Rigors 2(7) 16 (55) 1(3) 15 (52)
Albuminuria 14 (48) 1(3) 11 (38) 2
Fever 8 (28) 7(24) 5(17) 7 (24)
Headache 4(14) 6(21) 11 (38) 6(21)
Coughing 8 (28) 13) 14 (48) 13)
Renal Function Abnormal 12 41) 2(7) 7(24) 2(7)
Pain 10 (34) 3(10) 6(21) 3(10)
Temp. Changed Sensation (“feels cold™) 2(7) 11 (38) 0 93D
Heart Valve Disorders 7(24) 3(10)° 9(31) 2(7)
Vomiting 4 (14) 3(10) 11 (38) 3(10)
Nausea 2(7) 4(19) 4(14) 93D
Cardiomegaly 6(21) 1(3) 10 (39) 1(3)
Pharyngitis 9331 0 931 0
Upper Respiratory Tract Infection 931 0 9(31) 0
Anemia 5(17) 3(10) 7 (24) 2(7)
Post-Operative Pain 7(24) 1(3) 931 0
Chest Pain 4(14) 7 (24) 3(10) 2(7N
Edema Dependent (in extremities) 6(21) 3(10) 5(17) 2()
Abdominal Pain 5(117) 2(7) 4(14) 4 (14)
Fabry Pain 3(10) 6(21) 4(14) 207
Influenza-Like Symptoms 8(28) 0 6(21) 1(3)
Paraesthesia 4(14) 1(3) 6(21) 3(10)
Back Pain 4(14) 2(7N 6(21) 1(3)
Myalgia 3(10) 3(10) 2(7) 5017)
Fatigue 3Q10) 4(14) 4 (14) 1(3)
Heart Disorder 4(14) 4(14) 2(7N 2(N
Asthenia 3 (10) 2(7) 4(14) 2(7)
Bradycardia 4(14) 2(7) 3(10) 2(7)
Bronchitis 4(14) 0 7 (24) 0
Dyspnea 207 4(14) 2(7) 3(10)
Pruritus 2(7) 4(14) 2(M 3 (10)
Diarrhea 6(21) 0 3(10) 1(3)
Dizziness 4(14) 0 3(10) 3(10)
ECG Abnormal 2(7) 1(3) 5(117) 2(7)
Somnolence * 0 5(17) 2(7) 3(10)
Anxiety 6(21) 0 2(7) 1(3)
Depression 3(10) 0 6 (21) 0
Dyspepsia 5007 1(3) 3(10) 0
Heart Block 4(14) 0 4(14) 1(3)
Bronchospasm 2N 2(N 2(N 2(7)
Flushing 13) 6(21) 0 1(3)
Retinal Disorder 3(10) 1(3) 4(14) 0
Skeletal Pain 3(10) 1(3) 4(19) 0
Vision Abnormal 1(3) 2(7) 3(10) 2(7)
Cardiac Failure 13) 3(10) 1(3) 2(7
Haematuria 3(10) 0 4(14) 0
Hypertension 2(7) 1(3) 1(3) 3(10)
Malaise 3(10) 103) 2(7) 1(3)
Rash 1(3) 13) 4(14) 13)
Acne 2(7) 1(3) 2(7 1(3)
Bundle Branch Block 3(10) 0 2(7) 1(3)
Hearing Decreased 3(10) 0 3(10) 0
Infection 4 (14) 1(3) 1(3) 0
Injury Accident 3(10) 0 3(10) 0
Leg Pain 0 3(10) 103) 2(7)
Palpitation 2(7) 2(7) 1(3) 1(3)
Tremor 1(3) 3310 0 2(7)

* Modified WHOART Dictionary (Q2 1993).
A Somnolence was primarily attributed to pre-infusion treatment with antihistamines,
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Phase 2 Open-Label Study (Japan)

The adverse events considered related to treatment experienced by Japanese patients participating
in the Phase 2 Open-Label Study (Japan) were similar to those reported by the Fabrazyme
treatment groups of the Phase 3 Placebo-Controlled Study and the Phase 3 Extension Study. All
three studies utilized the same dose of 1.0 mg/kg every 2 weeks. The majority of these events
were considered mild in intensity and consisted primarily of rigors, fever, headache, and rhinitis.

4.5.1.2 Infusion-Associated Reactions (IAR)

It is well established that immune Tesponses may occur in patients infused with recombinant
proteins. Related adverse events that occurred on the day of infusion were further subsetted,
analyzed and grouped as infusion-associated reactions (IAR) in order to evaluate adverse events
that were most likely related to the administration of Fabrazyme. The strategy for antibody
testing and management of these types of reactions was outlined in each study protocol.

The influence of IgG-mediated immune responses during or immediately after the reaction may
be the likely cause of a number of the observed symptoms including fevers and chills that were
observed with Fabrazyme infusions.

During the Phase 1/2 Open-Label Study, four patients developed symptoms that were 1nitially
suspected to be immune-mediated during one or more infusions with F abrazyme. Three of these
four patients received 3.0 mg/kg every 14 days (dose Group 3) compared to one patient who
received 1.0 mg/kg every 14 days (dose Group 2) and none who received 0.3 mg/kg every

14 days (dose Group 1). All four patients tested positive for IgG antibodies. Three of 4 patients
continue to receive Fabrazyme (1.0 mg/kg every 2 weeks) in the Phase 1/2 Extension Study. The
fourth patient continues to receive Fabrazyme (1.0 mg/kg every 2 weeks) through Compassionate
Use in Australia.

During the Phase 3 Placebo-Controlled Study, 19 out of 29 active treatment patients (66%)
experienced infusion-associated reactions compared to 8/29 placebo patients. Sixteen of these

19 patients that received active treatment were found to have developed IgG antibodies.
Serologic analyses for circulating immune complexes conducted in the Fabrazyme-treated
patients tested negative. (See Section 4.5 .3.3, Immune Complexes) The most commonly reported
symptoms for Fabrazyme-treated patients were chills (rigors) and increased temperature (fever).
Other reported symptoms included, but were not limited to extremity pain, cold feelings,
headaches and vomiting. These reactions were generally transient, mild or moderate in severity,
and were not serious or life threatening.

Patients in the Phase 3 Extension Study have received 18 months (placebo/Fabrazyme group) to
24 months (Fabrazyme/ Fabrazyme group) of Fabrazyme treatment. The analysis of individual
adverse event terms has not revealed any unexpected infusion-associated reactions not previously

GENZYME CORPORATION Page 84



Fabrazyme®(agalsidase beta) BLA STN BL 103979/0 Advisory Committee Briefing Docurnent

1dentified. Rigors, fever, temperature changed sensation, headache and nausea are the most
common related adverse events experienced by patients on the day of infusion who have received
Fabrazyme the longest period of time.

The data demonstrate that the total number of patients experiencing any infusion-associated
reaction has decreased over time when compared to the Phase 3 Placebo-Controlled Study and
across discrete time points during the Phase 3 Extension Study. (Table 4-16) The majority of
patients that have experienced IARs at later time points (6-12 months and 12-18 months in the
Phase 3 Extension Study) are the same patients that have experienced IARSs at the earlier time-
points (Phase 3 Placebo-Controlled Study: Baseline — week 20 and Phase 3 Extension Study:
Entry ~ 6 month). In addition, at both the 6-12 months and 12-18 months time periods in the
Phase 3 Extension Study, there were no more than 2 unique patients from either the
placebo/Fabrazyme or Fabrazyme/Fabrazyme treatment groups who experienced new IARs (ie.,
who did not experience IARs at any of the earlier time points). In addition, the unique patients in
the Phase 3 Extension Study that experienced IARs during the 6-12 months time period did not
experience IARs during the 12-18 months period. The reduction in IARs observed over the 18-24
month treatment period is likely a function of multiple factors, including administration
experience, pre-treatment and rate adjustments based on individual patient responses, and a
reduction in IgG antibody titers. Additionally, improvements in endothelial cell function as a
result of Fabrazyme treatment may lead to reduced inflammatory cytokine release. Collectively,
the data suggest that there is an overall reduction in IARs, and that during long-term treatment
with Fabrazyme one would expect the safety profile to remain favorable without an increase in
the number of adverse events reported over time.

Table 4-16 Number of Patients Experiencing Infusion-Associated Reactions

Phase 3
Placebo
Controlled Phase 3 Extension
o @ P e | @ T e ¥ T e
TREATMENT GROUP e £l18sf g8 gg ¢ 88 g
A 2 izf 2% £32 22 22 £2
= [CT S < [T i =
Exposure to Fabrazyme (months) 0 5 6 12 12 18 | 18 24
Total Patients with Infusion-Associated Reactions 8 19 18 16 12 4 @ 9 6
Rigors 0 14 14 12 2 8 . 4 2
Somnolence 4 2 3 1 5 30001 0
Temperature Change Sensation 0 3 10 8 1 5 001 0
Fever 0 7 5 5 1 30002 0
Rhinitis 0 2 6 1 1 0 1 0
Nausea 0 2 3 4 1 2 0 4
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Figure 4-18 illustrates the association between the percent of patients with related adverse events
and the percent of patients who seroconverted at each infusion in the Placebo/Fabrazyme
treatment group. The majority of patients seroconvert between Infusions 3 and 7 of Fabrazyme
treatment. The frequency of related adverse events on the day of infusion increases in parallel to
the increase in seroconversion and then subsequently decreases over time.
Figure 4-18 Percent of Patients with Related Adverse Events (Excluding Somnolence) on
the Same Day as Infusion and Percent of Patients who Seroconverted at Each Visit
(As Treated Population, Placebo/Fabrazyme Treatment Group, n =27 as of last study visit
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During the Phase 2 Open-Label Study (Japan), 10 of the 13 Japanese patients experienced infusion-
associated reactions (excluding one report of dry skin on the day of infusion) and 8 of the 10 patients
developed IgG antibodies. The most commonly reported symptoms were chills (rigors) and fever.
Other reported symptoms included, but were not limited to, rhinitis, dyspnea, hypertension, and
malaise.

Across the three primary studies using the 1.0 mg/kg every two weeks Fabrazyme dosing regimen,
Phase 3 Placebo-Controlled Study, Phase 3 Extension Study, and Phase 2 Open-Label (Japan), a single
distinct pattern was observed. The majority of initial symptom reports appeared between infusion
numbers 4 — 8 most often initially occurred at the time of seroconversion (see Section 4.5.3), about one
hour into the infusion They were generally mild to moderate in nature, associated with infusions and
usually managed with conservative measures. The initial management of these patients included the
administration of a single dose of an antihistamine and/or an antipyretic (and occasionally oral steroids
and/or inhaled B-agonist) accompanied by a reduction in the infusion rate by 1/4 to 1/2 of the original

GENZYME CORPORATION Page 86



Fabrazyme®(agalsidase beta) BLA STN BL 103979/0 Advisory Committee Briefing Document

rate, until the episode abated. The infusion usually was either completed at a reduced rate or gradually
titrated up to the initial rate. The number of patients who experienced infusion-associated reactions has
decreased over time.

In addition, long-term data has demonstrated patients are able to successfully tolerate an increase in
infusion rate resulting in shortened total infusion time, As of the 18 month timepoint of the Phase 3
Extension Study, 50/58 (86%) patients completed one or more complete infusions of F abrazyme (1.0
mg/kg) with an infusion time of < 2.5 hours. Further, as of the 18 month timepoint of the Phase 3
Extension Study, 35/58 (60%) patients completed one or more complete infusions of Fabrazyme (1.0
mg/kg) with an infusion time of <2.0 hours. (Figure 4-19)

Figure 4-19 Median Duration of Infusion (Hours)
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4.5.2 Serious Adverse Events
4.5.2.1 Deaths

This section lists all patient deaths that occurred in clinical studies that have been completed, as
well as any deaths that have occurred up through 01 July 2002 during ongoing extension,
compassionate use studies, special access programs or spontaneous post-approval reports.

No deaths were reported in the Phase 1/2 Study, Phase 3 Placebo-Controlled Study, and Phase 2
Open-Label (Japan) Study. One death has been reported in the Phase 3 Extension Study. This
patient died of cardiac arrest. The investigator reported the death as “possibly related” to
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Fabrazyme therapy with the rationale that clearance of GL-3 from cardiac tissue may have
contributed to a dysrhythmia.

Eight deaths occurred before 01 July 2002 in other ongoing extension, compassionate use
studies/special access programs, French Authorisation Temporaire d’Utilisation (ATU), Phase 4
Double-Blind, Placebo-Controlled Study or spontaneous post-approval reports. None of these
eight deaths was considered to be related to treatment with study drug as reported by the
investigator. (Table 4-17)

Table 4-17  Summary of All Death Reports through 01 July 2002

Days of
Fabrazyme Relationship
Source/ Patient Age/ treatment to
jiy) Sex  prior to Death Description Fabrazyme Medical History
Phase 3 43/M 400 Cardiac arrest, Possible  Severe heart disease associated with marked acute heart
Extension/0506 Dysrhythmia failure and findings consistent w/ Fabry disease
Phase 4*/18041 51/M 25 (blinded) Cardiac arrest Unlikely Hyperlipidemia, gout, and kidney stones and findings
consistent w/ Fabry disease
Phase 4*/12041 55M 2 (blinded) Stroke Not Related Ischaemic heart disease, decreased left ventricular
function, renal impairment
US Single 59/M 1 Anasarca; Sepsis  Not Related  Severe Fabry disease; ESRD; Restrictive lung disease;
Patient Severe restrictive cardiomyopathy; Chronic atrial
Exemption / fibrillation; Severe ventricular cavity obliteration;
CAC Pericardial effusion; Bilateral pleural effusion; CVA
with mild left hemiparesis,
Europe CU 48/'M S Cardiac Arrest Unlikely Four myocardial infarctions (1986, 1989, 1997, 1998).
(Netherlands)
Japan CU 63/M 263 Ventricular Not Related Extensive cardiac history including sick sinus
Tachycardia syndrome, congestive heart failure, left ventricular
hypertrophy
Europe CU 53/M 42 Ischemic colitis, Unlikely Haemodialysis 3 times a week, long history of
(French ATU) Muiti-organ failure abdominal pain
Post-approval  46/M 306 Cardiac Arrest Not Related  Congenital heart abnomality; COPD; chronic kidney
insufficiency
Post-approval  42/M 424 Brain Stem Infarct  Not Related Kidney Transplant

*Treatment assi gnments have not been unblinded for the Phase 4 Placebo-Controlled Study.

4.5.2.2 Other Serious Adverse Events (SAE)

During the Phase 1/2 Study, two patients experienced serious adverse events. These events
occurred in patients in the 1.0 mg/kg every 14 days and 3.0 mg/kg every 48 hours treatment
groups respectively. Both patients continue to receive Fabrazyme in the Phase 1/2 Extension
Study (1.0 mg/kg every 2 weeks) at a current rate of 250 ml/hr. (Table 4-18)
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Table 4-18 Phase 12 Study Serious Adverse Events

Days of
Fabrazyme Relationship
Age/ Treatment Group/ treatment to
Patient  Sex Dose prior to SAE SAE Description Fabrazyme Medical History
5 36/M Fabrazyme 40 Allergic Reaction Probable Infusion-associated reactions during 2
1.0 mg/kg q14 days previous Fabrazyme infusions.
14 30/M Fabrazyme 12 Pulmonary Emboli Possible History of deep vein thrombosis (OVD
3.0mg/kg q48 hrs maintained with warfarin; warfarin

stopped at study enrollment.

During the Phase 3 Placebo-Controlled Study, 10 patients (five in each treatment group) had
serious adverse event reports (SAE). None of the SAEs that occurred in either treatment group
was considered related to study medication by the reporting physician.

The most significant observation regarding SAEs that occurred during the study is that most of
the SAEs reported in both treatment groups were associated with the protocol-required biopsy
procedures. (Table 4-19) All of the other SAEs in both treatment groups were associated with
documented underlying disease or accidents. (Table 4-20)

Table 4-19  Phase 3 Placebo-Controlled Study:
Serious Adverse Events in Order of Frequency

Placebo Fabrazyme
Total number of patients 29 29
Number of Patients with SAEs 5 5
Total Number of SAEs 14 5
Event
Hemopericardium 1
Angina pectoris 1
Cellulitis 0
Chest pain 0
Convulsions 1
Depression 0
Hematoma 1
Hematuria 1
1
1
0
1
1
1
1
1
1
1

Hemorrhage intracranial
Hemorrhage NOS
Hypotension

Injury accident
Paraesthesia

Pericardial effusion
Post-Operative pain
Speech disorder
Syncope

1
0
1
1
0
1
0
0
0
0
1
0
0
0
0
0
0
Thrombosis coronary 0
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Table 4-20  Phase 3 Placebo-Controlled Study: Summary of Serious Adverse Events
Days of study
drug Relationship
Age/  Treatment treatment to Study
Patient  Sex Group prior to SAE SAE Description Medication Medical History
15  21/M  Fabrazyme 157 Decreased Blood Pressure  Not Related Cardiac biopsy
305 37/M  Fabrazyme 30 Cellulitis Not Related Chronic osteomyelitis
602 44/F  Fabrazyme 151 Chest Pain Not Related Cardiac biopsy
605 19/F  Fabrazyme 157 Depression Worsened Not Related History of depression
801 33/M  Fabrazyme 143 Cardiac Perforation Not Related Cardiac biopsy
11 40/M Placebo 152 Vaso-Vagal Response Not Related Renal biopsy
303 34/M Placebo 117 Cortical Contusion Not Related Fall; head trauma
117 Slurred Speech Not Related
118 Seizures Not Related
502 61I/M Placebo 93 Worsening of Angina Not Related Angina/coronary artery disease,
93 Coronary Artery Occlusion  Not Related Coronary artery bypass graft surgery
94 Surgical Bleed Not Related
105 Pericardial Effusion Not Related
703 27/M Placebo 141 Paraesthesia Not Related Fabry disease
141 Abdominal Pain Not Related Kidney biopsy
803  28/M Placebo =78 Cardiac Perforation Not Related Baseline cardiac biopsy
54 Hematuria Not Related Bascline kidney biopsy
54 Retroperitoneal Hematoma Not Related
15 Subdural Hematoma Unlikely Excessive alcohol consumption, Fall

A —* indicates the SAE occurred before the first infusion

As of the 18 month timepoint of the Phase 3 Extension Study, 20 patients had serious adverse

event reports (SAE). Table 4

reported relatedness to Fabrazyme.

-21 summarizes the serious adverse events in order of frequency and
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Table 4-21  Phase 3 Extension Study: Summary of Serious Adverse Events in Order of
Frequency and Stratified by Relatedness as of the 18 Month Timepoint

Total Number of Patients 58
Number of Patients with SAEs 20/58 (34%)
Total Number of SAEs 43
Not Related Related

Event n (%) n (%)
Chest pain 3(5) 1(2)
Injury accident 203) 0
Tachycardia 0 203)
Angina pectoris 1(2) 0
Aphasia 0 1(2)
Arrhythmia 0 1(2)
Basal cell carcinoma 12) 0
Bone disorder 1(2) 0
Bradycardia 0 12)
Bronchitis 1(2) 0
Cardiac arrest 0 1(2)
Cardiac failure 0 1(2)
Carpal tunnel syndrome 1(2) 0
Cellulitis 1(2) 0
Cerebrovascular disorder 0 1(2)
Fever 0 1(2)
Hematuria 1(2) 0
Hemorrhage NOS 1(2) 0
Hearing decreased 1(2) 0
Heart murmur 1(2) 0
Herpes simplex 1(2) 0
Hypertension 0 1(2)
Hypotension 1(2) 0
Macular edema 1(2) 0
Nephrosis* 0 1(2)
Paralysis 0 1(2)
Pericardial effusion 1(2) 0
Pericarditis 1(2) 0
Peripheral ischaemia 1(2) 0

* The relationship of Fabrazyme for the report of nephrosis was

changed bz the investigator to unlikely related upon follow-up.

When expanded beyond the Phase 3 Extension Study formal listings (as of the 18 month
timepoint), 3 additional patients have experienced SAEs through 01 July 2002. Table 4-22
summarizes all serious adverse events through 01 July 2002.
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Table 4-22  Phase 3 Extension Study: Serious Adverse Events through 01 July 2002

Days of
Fabrazyme
Age/ Treatment treatment Relationship
Patient Sex Group®  prior to SAE SAE Description to Fabrazyme Medical History
108 51/M  FZ/FZ 981 Viral Pericarditis Not Related No related medical history
109 37M FZ/FZ 392 Haematuria Not Related Related to kidney biopsy.
690 Hand Injury Not Related No related medical history
770 Stroke Not Related No related medical history
112 25M  FZ/FZ 870 Stroke Not Related No related medical history
IS  2IM  FZFZ 240 Attempted Suicide Unlikely No related medical history
23/M 846 Drug Overdose (cocaine) Unlikely 2 previous suicide attempts _
116 26/  PL/FZ 908 Head injury, Hand injury Not Related No related medical history
201  21/M  PLFFZ 32 Tachycardia, Definite Infusion-associated reaction
33 Hypertension
202 47M  FZFZ 371 Decreased Blood Pressure Not Related Related to kidney biopsy.
371 Hemorrhage Not Related Related to kidney biopsy.
304 23M  PL/FZ 98 Pruritic Urticaria Definite Infusion-associated reaction -
306 200M  PLFZ 55 Tightness In Chest and Throat Definite Infusion-associated reaction
307 31/M  FZFZ 604 Bronchitis Not Related Asthma, tobacco use
501 42/M  FZFZ 611 Stroke Possible Multiple strokes, residual dysphasia,
weakness
502 62M PLFFZ 53 Worsening Angina Not Related Angina, dyspnea, atrial fibrillation, &
systolic heart murmur.
506 43M PL/FZ 242 Bradycardia, Decreased Cardiac Possible Severe heart disease associated with
Output marked acute heart failure and findings
400 Cardiac Arrest , Dysthythmia Possible consistent with history of Fabry disease
(Section, 4.5.2.1 Deaths)
603  200M PLFZ 35 Chest Pain Not Related No known cardiac history
605 20/F FZFZ 414 Pericardial Chest Pain Not Related Related to cardiac biopsy.
414 Pericardial Effusion Not Related
414 Pericardial Rub Not Related
414 Pericarditis Not Related
703  27/M  PL/FZ 72 Vertigo Not Related Vestibulocochlear disorders, tinnitus,
bilateral hearing loss, vertigo
79 Hypoacousia Not Related
231 Vertigo Not Related
705 23M  FZFZ 622 Carpal Tunnel Syndrome Not Related Infusion-associated reaction
24/M 881 Swelling Right Ear® Definite
881 Erythema Right Ear® Definite
881 Warmth Sensation in Face® Definite
706 43/M  FZ/FZ 584 Herpes Labialis Not Related No relevant medical history
584 Erysipelas right leg Not Related
708 41/M  PLFZ 9 Thoracic Pain with Oppression  Not Related Related to cardiac biopsy.
-12 Pericardial Effusion Not Related
175 Transitory Ischemia (Hand) Not Related
803 31/M  PL/FZ 695 Suicide Attempt Not Related No relevant medical history
730 Chest Pain Not Related
804 43M FZ/FZ 254 Basal Cell Carcinoma (cheek)  Not Related No relevant medical history
44/M 625 Nephrotic Syndrome Unlikely History of Fabry-related proteinuria.
923 Nephrotic Syndrome Worsened Unlikely Extensive baseline glomenuli scarring
805 18M PLFZ 66 Loss Of Visual Acuity Unlikely History of inflammatory syndrome
66 Macular Oedema Unlikely
66 Retinal White Dots Syndrome Unlikely
128 Fever, Very Intense Shivering, Probable Infusion-associated reaction
Tachycardia
806 30/M FZFz 539 First Metatarsal Osteitis Not Related History cutaneous wound ulcer
582 Abdominal Pain, Cutaneous Definite Likely infusion-associated reaction

Rash, Skin Redness, Vomiting,
Pruritus, Nausea, Shiverin
*-PL/FZ= Placebo/Fabrazyme treatment group ; FZ/FZ = Fabrazyme/Fabrazyme treatment group
A - These events were reported as non-serious, but were considered as important medical events
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Serious adverse events considered related to treatment with F abrazyme consisted of infusion-
associated symptoms such as tachycardia, fever, hypertension or cardiac events. There was one
report of CVA in a patient with a history of multiple strokes and one patient with a history of
myocardial infarction who died from cardiac failure. Other serious events include nephrosis and
paralysis.

During the Phase 2 Open-Label Study, two patients experienced SAEs, which have not raised
any new safety concerns. (Table 4-23)

Table 4-23  Serious Adverse Experiences from Phase 2 Open-Label Study (Japan)

Days of Relationship
Age/ Fabrazyme to
Patient Sex prior to SAE SAE Description Fabrazyme Medical History
101 31/M 112 Fever, Limb pain, Malaxse, Nasal Probable Infusion-associated reactions
Congestion

201 16/M 69 Infectious elr?tegoga_sn-itis, Severe Not Related  Increased rate of hospital-acquired viral infection

1D pain during this period (pt in hospital since 29 March
70 CRP positive (9.5) Not Related 2000 for school attendance refusal)
4.5.2.3 Serious Adverse Events — Other Studies/Programs

Serious adverse events reported to Genzyme through 01 July 2002 in other ongoing studies with
Fabrazyme, compassionate use/special access and spontaneous post-approval. Table 4-24, Table
4-25, Table 4-26, Table 4-27, and Table 4-28 summarize all serious adverse events reported to
Genzyme through 01 July 2002 from Phase 1/2 Extension Study, Phase 2 Extension Study
(Japan), Phase 4 Placebo-Controlled Study, through Compassionate Use/ Special Access
Programs / Other studies, and Post-Approval Spontaneous reports, respectively.

Nine patients have experienced SAEs considered related to treatment with F abrazyme based on
reports received by Genzyme. No new safety concerns have been identified.
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Table 4-24  Phase 1/2 Extension Study: Summary of Serious Adverse Events
through 01 July 2002

Days of
Fabrazyme Relationship
Patien Age/ treatment to
t Sex prior to SAE* SAE Description Fabrazyme Medical History

102 47M 8 Vomiting Not Related Hypertension, Anemia, Irritable bowel

48/M 305 Gallstones Not Related

381 Abdominal Pain, Nausea, Vomiting Not Related

103 47/M 76 Atrial fibrillation Unlikely Junctional thythm; Supraventricular tachycardia
104 30/M 92 Uvula Oedema Not Related Similar condition in family members
108 40M 1242 Perforated Diverticulitis, Peritonitis Not Related Cramping/diarrhea triggered by fatty foods
110 39/M 32 Chest pain, Fatigue, Dyspnoea Possible Cardiac disease & pacemaker

* Patients from the Phase 1/2 Study may not have had continuous treatment between the end of that study and enrollment in the Phase 1/2
Extension Study.

Table 4-25  Phase 2 Extension Study (Japan): Summary of Serious Adverse Events
through 1 July 2002

Days of
Fabrazyme Relationship
Age/  treatment to
Patient Sex prior to SAE SAE Description Fabrazyme Medical History
106 24/M 503 Nausea Not Related Holistic treatment for Fabry disease (inflammatory
rabbit skin extract) given 4 days prior to SAE
110 32/M 562 Creatinine Increased  Not Related No relevant medical history
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Table 4-26  Phase 4 Placebo-Controlled Study: Serious Adverse Events
through 1 July 2002

Days of
study drug Relationship
Age/  Treatment treatment to Study
Patient  Sex Group*  prior to SAE SAE Description Medication Medical History
06043  52/M  Blinded 94 Acute Meniere’s attack Unlikely Stroke, Angina, CVA (1976).
337 2 Degree Heart Block, Syncope Unlikely
14041  65/M  Blinded 54 Hypotension Definite Hypertension
18041 51/M  Blinded 28 Cardiac arrest Unlikely  Hyperlipidemia, gout, kidney stones,
(Section, 4.5.2.1 Deaths) findings consistent w/ Fabry disease
20041  36/M  Blinded 40 Chest pain Unlikely History of cardiac disease
20046  39/M Blinded 44 Syncope Unlikely Asthma
20047 52/M  Blinded 68 Atrial fibrillation Unlikely Pacemaker
24041  54/M  Blinded 105 Chest pain Unlikely History of cardiac disease
24810 20/M Screen 0 Acute drug intoxication Not Related  Narcotic & benzodiazepine use for
failure pain/anxiety.
24811 45/F Screen 0 Acute drug intoxication Not Related  Prior drug overdose & car accident
failure
25041  52/M  Blinded 43 Angioedema, Flushing, Wheezing, Possible Infusion-associated reaction
Cough, Urticaria
27041 59/M  Blinded 42 Stroke Unlikely History of cardiac disease
30042 33M  Blinded 81 Mood disorder Unlikely Post-traumatic stress disorder and
34M 180 Medication adjustment Unlikely depression
34042 54/M  Blinded 43 Auricular Disease Unlikely  Cardiovascular: hypertension, left AV
bundle-branch block
06047  56/F Blinded 15 Fever Not Related Similar febrile reactions
(not during past year)
12041  55/M Blinded 2 Stroke Not Related Ischaemic heart disease, decreased left
ventricular function, renal impairment
45041 26/M  Blinded 84 Fabry Pain Crisis Not Related Fabry pain & opiate addiction
06042  45/M Blinded 210 Arthropathy (Swollen knee) Not Related Work-related injury
Arthralgia (Painful knee) Not Related
12043  43/M  Blinded 102 Dehydration, Constipation, Vomiting Not Related No relevant medical history

A Treatment assiggments have not been unblinded for the Phase 4 Placebo-Controlled Study.
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Table 4-27  Serious Adverse Events from Special Access, Compassionate Use, and Other
Studies (through 1 July 2002)

Source®/ Age/ Days of SAE Description Relationship )
Pagent Sex I-;:::nzz::e Fabrlzoz'_\mc Medical History
prior to SAE
CurC101 63/M 135 Ventricular wchycardia Not Related History of extensive cardiac discase
(Section, 4.5.2.1 Deaths)
CUC202 46M 86 Ancmia Unlikely ESRD, Cerebrovascular, cardiovascular discase
276 CRP clevared Not Related
299 Nleus Not Related
276 Chest Pain Not Relared
295 Swelling (forearms, legs) Nor Relsted
13 Anemia Not Related
47M 425 Dehydration Not Related
‘A.TU."'._._' 33M 42 Isch:m.ic colitis, Muld organ Unlikely Hacmodialysis 3timesa week; abdormmmal pain
failurs (Section, 4.5.2.1 Deaths)
ATU/ — 36M  Unknown Myocardial infarction Possible Mild éi\est pain for 3 yrs
MC-IJ/—;“ -63,F 170 Retrosternal chest pain Possible Cérdiomyopalhy,v s:ro}'c peripheral vascular discase
CU:— . &M 6 Auwxia, Urosepsis Probuble - " Cerebellar stroke
cUT— 36m 16 Musculo-skelets! pain Unlikely T ene |
E_UT_—-— 59'M 1 Anasarca, Sepsis Not Related  Severe Fabry dise;mé: ESRD; Resmictive lung disease;
(Section, 4.3.2.1 Dcaths) Severe restrictive cardiomyopathy; Chronic amial

fibrillation; Severc ventricular cavity obliteration;
penceardial effusion: bilateral pleural cffusion; CVA with
mild left hemiparess.

CU/ ™ M 19 Rhabdomyolysis Unlikely  Utine discolcfmion (red) 26-28 January 2002 thought to
be related to rifampicin therapy for infected leg ulcers
264 Stroke Not Rejated Three strokes (left hemisphere)
51 Chest Pain Unlikely Hypentension, Chronic renz! failure, Vaivular heart
disease
58 Cellulitis, Gangrene, Pleural Unlikely Severe Fabry Disease: Depression, Chronic Uleers;
Effusion, Bronchitis CVA'y; Osteoporosis; Rhabdomyolysis (February 2002)
138 Urinary Tract Infection Unlikely
139 Pulmonary Embolism, Bactenial Unlikely
Infection

*MD = Physician-sponsored IND (Dr. Linthorst, The Netherlands- Fabrazyme vs. Replagal™ dose = 0.2ma/kg)
CU = Compassionate Use
ATU = France ATU (Authorization Temporzire d"Utilisation)
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Table 4-28  Serious Adverse Events - Post-Approval Spontaneous Reports
through 1 July 2002
Days of
Fabrazyme
Agef treatment Relationship
Patient Sex  priortw SAE SAE Description to Fabrazyme Medical History
—_— 4M 121 Infection o= Unlikely No related medical hiswory
— 47iM 7 Umbilical hemia Not Related History of peritoneal dialysis
- 48/M 20 Cardiac Arrest Unlikely History of 4 myocardial infarctions in 1986, 1989,
(Section, 4.5.2.1 Deaths) 1997, 1598)
o 14/M 43 Reduced blood pressure, sweating Probable Intusion-associated reaction
increased, bronchospasm,
somnolence
o 36M 155 Flushing, ocdema, pruritus, syncope  Probable Infusion-associated reaction
— 46M 06 Cardisc arrest, Not Related Congznital heart sbnormality; COPD; chronic
(Section, 4.5.2.1 Deaths) kidney insefficiency
— 42 424 Brain Stem Infarct Not Related Kidney Trensplant
(Section, 4.5.2.1 Dcaths)
- Sa'M 270 Vascular Encephalopathy Unlikeiy Coronary heart disease; Renal insufficiency with
proteinunia; Hypermrophic obstructive
cardiomyoparthy
— 41/ 322 Facial Oederna , Pruritus, Eye Probable Infusion-associated reaction

Qedema

* Fabrazyme dose of all spontaneausly reported SAEs was 1.0 mgke g4 days

45.2.4

Study Discontinnations

No patients in Phase 1/2 Study, Phase 3 Placebo-Controlled Smdy, or Phase 2 Open-Label Study
(Japan) discontinued from stdy participation due to an adverse event. In the Phase 3 Extension
Study (in which patients have received Fabrazyme infusions for 24-30 months), two patients
have withdrawn from the study to receive commercial product in the Netherlands and France.
Four additional patients have withdrawn as follows (Table 4-29):

Table 4-29  Study Discontinuations

Phase 3 Placebo-
Controlied Study Last Infusion Reason for
Patient ID  Treatment Assignment Received Withdrawal
0104 Fabrazyme 25 Voluntary withdrawal
0304 Placebo 8 Protocol-specified”
0306 Placebo 29 Death
0806 Fabrazyme 36 Protocol-specified*

*Positive skin test
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4.5.3 Immunogenicity

4.5.3.1 Seroconversion Rates

It is well known that an immune Teésponse may occur following treatment with exogenous human
proteins. In the Fabrazyme clinical studies, the majority of patients had low levels of both
endogenous plasma aGAL activity and leukocyte aGAL activity at baseline. Possible
correlations between endogenous enzyme status and the development of an antibody response
(seroconversion) are poorly understood. The development of antibody response is a complex
process and needs to be further understood in these patients with genetic deficiencies.

All patients participating in Genzyme-sponsored studies were evaluated for the development of
antibodies specific to F abrazyme(seroconversion).

A very sensitive ELISA was used to quantify the presence of specific antibodies. The assay can
detect 0.24 pg/mL of specific antibody. Given a normal IgG concentration in adult serum of
11.58 mg/mL, this sensitivity limit reflects 0.002% of total IgG in serum. (Lawlor and Fi ischer,
eds., 1988, Manual of Allergy and Immunology)

Table 4-30 summarizes the seroconversion rates in the four major studies with Fabrazyme.

Table 4-30  Seroconversion Rates in the Four Major Studies

Number of patients Number of patients who
Study treated with seroconverted; (IgG + at
Fabrazyme anytime)
Phase 1/2 Study 15 8
Phase 3 Placebo- 29 24
Controlled Study
Phase 3 Extension 58* 52
Study
Phase 2 Open-Label 13 11
Study (Japan)

*Includes the 29 patients in the Phase 3 Placebo-Controlled Study

During Phase 1/2 Study, a total 8 of 15 patients seroconverted. Three patients in the 1.0 mg/kg
and three patients in the 3.0 mg/kg every 14-day treatment cohorts seroconverted; one of three
patients in the both 1.0 mg/kg and 3.0 mg/kg every 48-hour treatment cohorts seroconverted.
Immunological response was detected starting at the second or third infusion (14 to 28 days) for
patients receiving treatment every 14 days. Seroconversion was detected at the fifth infusion for
two patients in the every 48 hour treatment cohorts.

During the Phase 3 Placebo-Controlled Study, there were 24 (83%) patients in the F abrazyme
treatment group and 1 (3%) patient (Patient 116) in the placebo group that IgG seroconverted
during the study. Seroconversion was detected at up to Week 20 with the first occurrence of
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seroconversion seen at Visit 3. The mean time to seroconversion was observed at the time of the
5™ infusion.

During the Phase 3 Extension Study, all patients participating were evaluated for the
development of antibodies specific to Fabrazyme. Fifty-two of 58 (90%) patients with up to

24 months exposure had developed IgG antibodies (i.e., any observation of IgG positive results
during Phase 3 Placebo-Controlled Study or Phase 3 Extension Study).

During the Phase 2 Open-Label Study, 11 patients (85%) IgG seroconverted. Seroconversion was
found at up to Visit 10 with the first seroconversion observed at Visit 3; two patients did not
seroconvert. The mean time to seroconversion was observed at the 4™ infusion.

4.5.3.2 No Impact of Seroconversion on Efficacy

As of the Phase 3 Extension Study 18-month assessments, 52 of 58 patients (90%) IgG have
seroconverted. Of these 52 patients, 44 (85%) seroconverted within 3 months of treatment with
Fabrazyme. Despite this high rate of early IgG seroconversion, there was no evidence that the
immune response inhibited or neutralized activity of the delivered enzyme from the histologic
efficacy parameters (endothelial endpoints in the kidney heart and skin). Specifically, for the
28 patients receiving F abrazyme in the Phase 3 Placebo-Controlled Study, mean scores for the
endothelium of the interstitial capillaries of the kidney, heart and skin showed significant
declines in their GL-3 scores at Week 20 (Table 4-31)

Table 4-31 Relationship between IgG Seroconversion and Kidney Efficacy Results at
Week 20 of the Phase 3 Placebo Controlled Study

Zero-Scores
Parameter (GL-3 Clearance) Non-Zero Scores Total I P-value
Seronegative 4 (80%) 1(20%) 5 1.000
Seropositive 16 (67%) 8 (33%) 24 ’

P-value based on Fisher’s Exact Test

Additionally, the number of patients achieving zero-scores increased following a further

6 months of treatment in the Phase 3 Extension Study. These findings indicate that the enzyme
continued to be effective in the face of persistent IgG titers. Similarly, additional cell types,
which included the same three time points, showed the same stepwise reduction in tissue GL-3
between the 6-month and 12-month time points indicating continued efficacy. Furthermore,
plasma GL-3 (likely a reflection of tota] body GL-3 stores) was reduced to undetectable levels,
which were generally sustained at all subsequent time points.
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4.5.3.3 Immune Complexes

In order to investigate the possible presence of circulating immune complexes (CIC) the
QUIDEL CIC-Raji Cell Replacement Enzyme Immunoassay was used.

All 29 patients treated with Fabrazyme during the Phase 3 Placebo-Controlled Study were
evaluated for the presence of CIC at baseline, middle and end (Week 20) of study.

Twenty-eight out of 29 patients demonstrated no detectable CIC, with one patient (Patient 115)
testing positive for circulating immune complexes as of Week 10. This patient’s safety data was
reviewed and with the exception of some RBC found in urine (a common finding in F abry
patients), no signs or Symptoms were found which suggest the occurrence of immune complex
disease.

In addition, kidney biopsy samples from 13 patients obtained at Week 20 of the Phase 3 Placebo-
Controlled Study were evaluated and interpreted for the presence of immune complexes by

Dr. R. Colvin (Professor of Pathology at Harvard Medical School, and Chairman, Department of
Pathology, Massachusetts General Hospital). Only kidney biopsy samples containing glomeruli
were included from three groups of patients: a) patients in the Fabrazyme treated group with the
highest IgG antibody titers with frozen tissue available (n=5); b) patients in the Fabrazyme
treated group with no IgG antibody titers for whom frozen tissue was available (n=3); and

¢) patients in the placebo group with no IgG antibody titers for whom frozen tissue was available
(n=5). All patient specimens were negative for IgG in the glomeruli, and the corresponding
complement (C3) levels were recorded as either negative or trace by immunofluorescence,
including the samples from five patients treated with placebo. These results suggest that there is
no significant immune complex deposition present in the renal glomeruli of these patients.
Serologic analyses for circulating immune complexes conducted in the Fabrazyme-treated
patients tested negative.

4.5.3.4 Change in Antibody Titers Over Time

Changes in patient antibody titers have been followed over time for patients participating in
Phase 3 Extension Study and Phase 2 Extension Study (Japan).

It is important to clarify terminology in the discussion of serology. If a patient did not
seroconvert throughout the entire study period, then the patient is defined as having no immune
response (seronegative). If a patient S€roconverts at any time during the study period and later
stops producing IgG antibodies as determined by an ELISA within normal range and two
consecutive negative confirmatory RIP assays, then the patient is defined as having tolerized.

If a patient seroconverted at anytime during the entire study period and the highest titer value is less
than or equal to 800, then the patient is defined as a low titer immune responder (“low responders”™).
Excluding the low responders, a > four-fold decrease in titer from the peak measurement to the last
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measurement is considered a downward trend. Patients whose highest titer to date was achieved at
the last visit are included in a S€parate category. Patients who were not defined in any of the above
categories are defined as patients whose titers have plateaued. (Table 4-32)

Table 4-32 Summary of IgG Titer Categorization for Phase 2 Extension Study (Japan)
(through February 2002) and Phase 3 Extension Study (as of the 24 Month Timepoint)

x S =3
22 5 £ -
= = = ) 54
2 = 3 s-g 2 = 2
< Y =% 2 = S S E
=% 2 3 s £ = 3 S S
— ) = 2= = @ S
2 A ) 2 =
= o jony
Phase 3 Extension (24 months) 57 6 2 25 15 2 7
Phase 2 Extension (Japan) 13 1 4 4 4 0 0
* Number reflects total number of patient titers available at analysis/categorization.

Phase 3 Extension Study

One patient (Patient 304) was not included in this longitudinal analysis because he withdrew
from the Phase 3 Extension Study after 14 weeks of participation and comparative antibody titers
are only available for a short duration of time. The serology status of the remaining 57 patients
who have received treatment with Fabrazyme for 24-30 months indicates that approximately 10%
of patients continue to be IgG seronegative.

Two (2) of the 51 patients who seroconverted (IgG positive) are considered low responders (IgG
titers not exceeding 800). Two patients’ highest titer to date was at the last visit. A review of
these patients’ adverse event profiles continues to primarily consist of mild febrile reactions
(e.g., fever, chills) in addition to reports of mild temperature change sensation and shortness of
breath. Despite the increase in antibody titers, there has been no demonstrable decline in efficacy.
These patients’ renal function as evidenced by serum creatinine has remained stable. Among the
remaining IgG positive patients, 25/40 (63%) have demonstrated a downward trend in antibody
titer based on a > four-fold reduction in titer from the peak measurement to the last measurement.
The remaining 15/40 (3 8%) patients demonstrated a plateau in their antibody titers.

As of the 24-month timepoint, seven of the 52 seroconverted patients (13.5%) have two negative
confirmatory RIP and are considered to have “tolerized” (stopped producing IgG antibody).

GENZYME CORPORATION Page 101



Fabrazyme®(agalsidase beta) BLA STN BL 103979/0 Advisory Committee Briefing Document

Phase 2 Open-Label Study (Japan)

The serology status of the 13 Japanese patients who participated in the Phase 2 Open-Label Study
(Japan) (including data available in the extension study) indicates one patient continues to be
seronegative.

Four of the remaining12 patients who seroconverted are considered low responders (IgG titers
not exceeding 800; one patient seroconverted during the extension study). Four patients have
demonstrated a downward trend in antibody titer based on a > four-fold reduction in titer from
the peak measurement to the last measurement. The remaining four patients demonstrate a
plateau in their antibody titers.

4.5.3.5 IgE and Experience with Fabrazyme Rechallenge

The number of patients who have actually tested positive for IgE using an enzyme-linked
immunosorbent assay 1s very small. To date, two patients have been withdrawn from Genzyme-
sponsored clinical studies (per protocol requirements) due to the detection of IgE antibodies in
serum and three patients have been withdrawn as a result of positive skin testing. There are no
reports of anaphylaxis.

Classical Fabry is a progressive disease that often culminates in renal failure, cardiac failure
and/or stroke resulting in increased morbidity and mortality. The benefits of a potentially disease-
altering therapy may be thought to outweigh the possible risks in these IgE positive and skin test
positive patients when these risks are minimized by careful administration of F abrazyme in this
sensitized population.

This concept is being studied using a Genzyme-sponsored cautious rechallenge protocol. The
general strategy is to administer low doses of Fabrazyme with incremental progression at regular
Intervals until a full therapeutic dose is achieved. To date, two (2) skin test positive and one (1)
serum IgE positive patient have been rechallenged under this protocol and one is pending
treatment.

* One positive skin test patient and one serum IgE positive patient have successfully
repeatedly received Fabrazyme without incident following the dose and mfusion rate
schedule outlined in the protocol.

® One positive skin test patient experienced symptoms during the first rechallenge
infusion consistent with previous reactions and the infusion was stopped. The patient
Wwas not considered to have experienced anaphylaxis. Blood samples collected prior
to, at multiple time points during and twice after the infusion all tested within normal
range for serum tryptase providing evidence that the patient's symptoms were not
mediated by IgE antibodies. The patient is scheduled to resume the cautious

rechallenge shortly.

In addition, one study patient whose sera tested IgE positive during Phase 3 Extension Study (and
was subsequently withdrawn per protocol), has successfully been rechallenged repeatedly using
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commercially available Fabrazyme, with a oral pre-treatment regimen consisting of prednisone,
hydroxyzine and paracetamol.
4.5.4 Laboratory And Other Test Abnormalities

Laboratory parameters including ophthalmologic, ECG and echocardiogram findings were
measured and analyzed for each study. While various specific tests were outside of the normal
ranges in some studies and were captured as adverse events, no sustained and/or clinically
relevant changes were observed for any of these parameters over time. No pattern has been
demonstrated that indicates treatment with Fabrazyme has a toxic effect.

4.5.5 Summary of Safety

e Full safety data derived from the treatment of 71 patients in three major studies
(Phase 3 Placebo-Controlled Study, Phase 3 Extension Study, and Phase 2 Open-
Label Study (Japan)) demonstrate that patients tolerate the long-term use of
Fabrazyme.

* The majority of patients develop IgG antibodies during treatment. Among IgG
positive patients in Phase 3 Placebo-Controlled Study whose antibody data have been
followed for approximately 24-30 months in Phase 3 Extension Study, over half have
experienced a four-fold reduction in titer with continued treatment. Similar findings
have been observed in patients enrolled in the Phase 2 Open-Label Study (J apan).
Immune tolerance has been achieved in seven patients.

® The proportion of patients who IgG seroconverted is almost identical in the
Fabrazyme patients in the Phase 3 Placebo-Controlled Study (83%) and Phase 2
Open-Label Study (J apan) (85%). IgG seroconversion does not impact efficacy as
assessed by 1) sustained clearance of tissue GL-3 as measured by light microscopy; i)
sustained clearance of plasma GL-3; and iii) stable renal function.

* There are no reports of anaphylaxis. Two patients tested serum IgE positive and three
patients tested skin test positive representing < 1.4% (5 of >350) of all treated
patients. One patient has been successfully rechallenged repeatedly with commercial
product, three patients have been treated under Genzyme’s cautious graded
rechallenge protocol and the fifth patient is pending rechallenge.

* Long-term treatment has demonstrated a progressive decrease in the number of
patients with infusion-associated reactions. In addition, long-term data have
demonstrated patients are able to successfully tolerate increases in infusion rate
resulting in shortening in the total infusion time.

* Results from laboratory tests are similar across all studies and indicate that treatment
with Fabrazyme appears to have no toxic effect. Chronic therapy is generally well
tolerated.
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4.5.6 Safety Conclusion

It is estimated that over 350 patients have received over 4000 total infusions of Fabrazyme
(including patient experience with Fabrazyme through compassionate use/special access, other
on-going studies and post-approval) with the longest patient on therapy for over 3 years.
Continued treatment with Fabrazyme has not been precluded by IgG antibody development and
no demonstrable effect on efficacy has been observed.

Long-term safety data representing 18-24 months of treatment with Fabrazyme in addition to
Fabrazyme experience through other on-going studies, compassionate use/special access and
Spontaneous post-approval continue to demonstrate Fabrazyme infusions are generally well-

tolerated.
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5. RISK/BENEFIT
5.1 Fabry Disease and Current Medical Care

In classically affected individuals, the phenotypic expression of F abry disease is manifested as
decreased or absent activity of o —galactosidase A, resulting in the pathological accumulation of
o -galactosyl-terminated neutral glycosphingolipids, predominantly globotriaosylceramide (GL-
3) in cellular lysosomes. Accumulation occurs in virtually all tissues of the body, but particularly
in the endothelial cells leading to end-organ damage of the kidney, heart, and brain.

Currently no specific treatment or cure exists for Fabry disease; therefore, therapy is aimed at
sign and symptom palliation. However, the course of disease progression (renal, cardiac and
cerebrovascular) is largely unaffected by current medical interventions. Pain management
continues to be a large part of the medical therapy of Fabry disease. Opiates, diphenylhydantion,
carbamazepine and gabapentin have all been used with varying degrees of success (Lockman,
1973, Neurology) (Lenoir, 1977, Arch Franc Ped) (Filling-Katz, 1989, Neurology) (Inagaki,
1992, Brain Dev) (Desnick, 1 995, in The Metabolic Basis of Inherited Disease) (Peters, 1997,
Postgrad Med). Oral anticoagulants and/or antiplatelet therapy are recommended for stroke-
prone patients. Dialysis and/or renal transplantation are the two currently available therapeutic
options for end-stage renal disease.

5.2 Fabrazyme Benefits

Fabrazyme contains the active ingredient recombinant human o-galactosidase (agalsidase beta).
It was developed to restore the endogenous enzyme activity lacking in patients with Fabry
disease (enzyme replacement therapy).

Enzyme replacement therapy with Fabrazyme has been demonstrated to clear pathologic GL-3
accumulations to normal or near-normal levels in multiple cell-types. Specifically GL-3 has been
cleared to normal or near-normal levels in the critical cell types of the kidney that are involved in
the renal pathophysiology of the disease. We have hypothesized that prolonged treatment with
Fabrazyme resulting in removal of GL-3 accumulation will lead to stabilization or possible
improvement in organ function.

Currently, 148 patients are participating in ongoing clinical studies that will provide additional
long-term clinical outcome data to support the histologic findings and confirm the hypothesis that
treatment with Fabrazyme leads to stabilization or improvement in renal function and other
clinical manifestations of the disease.

5.3 Risks Associated with F abrazyme Therapy

In the setting of an endogenous enzyme deficiency, infusion of an €xogenous recombinant
replacement enzyme may be expected to cause immune reactivity to the enzyme.
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Full safety data derived from the treatment of 71 patients in three studies demonstrate that
patients are able to tolerate the long-term use of F abrazyme. Although the majority of patients
develop antibodies to Fabrazyme, this does not preclude continued treatment.

Approximately 90% of patients receiving Fabrazyme 1.0 mg/kg every 2 weeks IgG seroconverted;
however, continued treatment with F abrazyme has not been precluded by IgG antibody
development and there is no observable impact on efficacy. Among IgG positive patients in Phase
3 Placebo-Controlled Study whose antibody data have been followed through 24 months in the
Phase 3 Extension Study, almost half have experienced a four-fold reduction in titer with
continued treatment. Immune tolerance has been achieved in seven patients. The proportion of
patients who IgG seroconverted is almost identical in the Fabrazyme patients in the Phase 3
Placebo-Controlled Study (83%) and Phase 2 Open-Label Study (Japan) (85%).

There have been no reports of anaphylaxis. Two patients tested serum IgE positive, and three
patients tested skin test positive representing < 1.4% of all treated patients. One patient has been
repeatedly rechallenged successfully with commercial product, three have been treated in
Genzyme’s cautious graded rechallenge protocol, and one is pending rechallenge.

Results from laboratory tests are similar across all studies and indicate that treatment with
Fabrazyme appears to have no toxic effect. Ophthalmic, ECG, and echocardiogram findings
further support this observation.

Long-term treatment has demonstrated a progressive decrease in the number of patients with
infusion-associated reactions. In addition, long-term data have demonstrated patients are able to
successfully tolerate increases in infusion rate resulting in shortening in the total infusion time.

5.4 Conclusions

Currently, no treatment is able to prevent or impede the progressive vascular damage and
resultant end organ destruction of Fabry disease. Consideration must be given to the serious and
often lethal manifestations of Fabry disease, the minor risks associated with Fabrazyme
treatment, the effect on clearance of GL-3 to normal or near-normal levels in critical cells
involved in the pathophysiology of the disease, and the potential for long-term clinical benefit.
The data demonstrate robust efficacy and an acceptable safety profile for Fabrazyme therapy;
therefore, accelerated approval 1s justified.

The Phase 4 study has been a focus of the FDA questions for F abrazyme, relating to such issues
as the appropriate control and the feasibility of conducting a long-term study in a post-marketing
setting. In the following sections, we describe the ongoing Phase 4 study as well as important
modifications to the Phase 4 Program that we have proposed to FDA and with which we would
like to proceed.
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6. PHASE 4 POST-APPROVAL CLINICAL PROGRAM TO VERIFY
CLINICAL BENEFIT

Genzyme has requested an accelerated approval pursuant to 21 CFR Part 601, Subpart E:

These regulations provide a mechanism by which products that offer meaningful therapeutic
benefits over existing treatments for serious, life-threatening illnesses are made available
(marketing approval granted) as soon as possible based on demonstrated effects on surrogate
endpoints (reasonable likely to predict clinical benefit) while confirmatory clinical studies are
conducted to verify and describe the clinical benefits.

Approval under this regulation is subject to the requirement that the applicant study the
biological product further to verify and describe the clinical benefit where there is uncertainty as
to the relation of the surrogate endpoint to the clinical benefit. These confrimatory clincial
studies must be adequate and well-controlled and would usually be underway at the time of
approval of the BLA. For biological products approved under these regulations FDA may
withdraw approval if the sponsor fails to conduct the post-marketing clinical study(ies) or if the
study(ies) fails to verify clinical benefit.

Genzyme has conducted, completed and reported the results of the Phase 3 Placebo-controlled,
adequate and well-controlled clinical study and established that F abrazyme has an effect on a
surrogate endpoint that is reasonable likely, on the basis of pathophysiologic evidence, to predict
a clinical benefit. It could be argued that the submitted evidence goes beyond a surrogate
endpoint and is tantamount to clinical evidence. The histologic evidence presented in the BLA is
unequivocal and evidence of a dramatic effect on the underlying pathology of the disease. There
are other examples of the value of histology in objectively assessing disease progression and
Iesponse—myocardial biopsies in myocarditis and renal biopsies in renal transplantation to
assess organ rejection.

In addition, Genzyme has designed, submitted and fully enrolled an adequate, well-controlled
clinical trial (multicenter, randomized, double-blind, placebo-controlled) to verify and describe
the clinical benefit. This placebo controlled study design was proposed in August 2000 because
no alternatives existed at that time for meeting FDA’s requirement that the study would be well-
controlled. In the following sections Genzyme describes this trial (referred to as Phase 4 Clinical
Study), the concerns raised by CBER regarding this trial, and alternative proposals that address
these concerns.

Genzyme wants to stress that these F DA concems that are currently preventing the approval of
Fabrazyme are addressable in various ways and, more importantly, are the types of issues that can
and should be addressed in a post approval setting as intended by the cited regulations. Genzyme
asks the Committee to recommend approval of the Fabrazyme application on the basis of the
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submitted evidence and direct the FDA and sponsor to resolve the 1ssues regarding the method of
control and the analysis of the Phase 4 trial in a post-approval setting while granting access to
this important therapy for the very small but seriously ill patient population with no other
alternative treatment options.

6.1 Current Phase 4 Study (Genzyme Study AGAL-008-00)
The key design elements of the ongoing Phase 4 Study are as follows:

* Study Design: Multi-center, randomized, double-blind, placebo-controlled study

® Primary Endpoint: Time to progression of renal disease, cardiac disease,
cerebrovascular disease, and/or death. If a patient in either arm experiences a
clinically significant event that the Principal Investigator feels meets the criteria of a
primary endpoint, a blinded Independent Adjudication Board wil] review the event.

* Number of Patients and Study Centers: The protocol design was based on an
enrollment of 70 patients (76 patients have been randomized) to one of two treatments
at approximately 30 study centers.

® Treatment Regimen and Treatment Assignment: Patients will receive 1.0 mg/kg of
Fabrazyme or placebo every 2 weeks, based on a 2:1 (Fabrazyme:placebo)
randomization scheme. Patients assigned to either treatment group will continue to
receive standard care and are monitored closely for progression of disease.

¢ Study Duration: Approximately 35 months (based on the second interim analysis)
or until the required number of clinical events (renal events) is achieved to reach
statistical significance. The clinical portion of the study will be concluded in early
2004 based on the current estimate.

* Critical Inclusion Criteria and Rationale: Baseline serum creatinine in the range of
1.2 to 3.0 mg/dL or creatinine clearance < 80 mL/min if serum creatinine < 1.2
mg/dL. Based upon review of the limited available historical data, it was clear that In
order to demonstrate within a reasonable timeframe the potential clinical benefit of
Fabrazyme with respect to preservation of renal function versus an untreated control
group, it was necessary to study patients who had already begun to manifest renal
insufficiency.

This study is event driven where an event is defined by the first occurrence of any one of the
predefined clinically significant renal, cardiac, cerebral vascular events and/or death. For
example, the definition of a renal event is a 33% increase in serum creatinine values over
baseline or progression to dialysis or renal transplantation. A successful study outcome is a
statistically significant decrease in the event rate for patients on F abrazyme compared to placebo.
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Because of the limited historical data available at the time the study was initiated in the first
Quarter of 2001, the study includes blinded interim analyses to allow for the adjustment of the
sample size and/or study duration depending on the observed event rate. One additional point
deserves mention. The original goal of this study was to verify the clinical benefit of Fabrazyme
with respect to decreasing the rate of progression of Fabry renal disease. However, because
investigators were concerned about the potential of maintaining patients on placebo in the face of
cardiac and/or cerebrovascular disease progression (though renal disease might not have
progressed significantly), the primary endpoint was modified. To accommodate this concern of
the investigators, the composite endpoint described above was developed. The composite
endpoint is considered somewhat problematic in that non-renal events (cardiac and stroke)
occurring early in the study, are counted toward the event rate, though it is certainly unreasonable
to expect that Fabrazyme would have a positive treatment effect in such a short timeframe.

6.1.1 Status of Current Study

Extensive resources have been devoted to this Phase 4 study and much progress has been made.
The study is currently fully enrolled, with the first patient having received treatment for
approximately 21 months. Over 235 patients have been consented and screened at 34 different
sites worldwide. Seventy-six patients have met enrollment criteria and have been randomized and
infused. (See Table 6-1)

Table 6-1 Summary of Phase 4 Study Progress in Site and Patient Enrollment

Study Sites Approached to Participate 60
Study Sites that Chose Not to Participate 26%
34

Study Sites that are Screeni Patients
y s ré Screening (US, Canada, Australia, Czech Republic, Hungary, Poland,

Uruguay, United Kingdom,

Patients Consented and Screened for Enrollment ' 2358

Patients who Failed Screening 154

(primarily due to out-of-range serum creatinine levels)

Patients Currently Enrolled 76

A Reasons for not participating included: a placebo-controlled study was perceived to be unethical; the site did not have any
patients; and positive opinion and approval to market was granted in Europe.
B _Some patients have not completed their Screening assessments.

6.1.2 Current Study Design Issues

In several discussions between Genzyme, FDA, investigators, and other e€xperts, concerns have
been raised about several aspects of the current, placebo-controlled, Phase 4 study. These
concemns primarily involve the ethics and feasibility of completing a long-term placebo-
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controlled study in a post-marketing setting with an endpoint of irreversible organ damage; and
that the post-marketing study might yield inconclusive results creating uncertainty as to the
clinical benefit and possible withdrawal of the product that might, in fact be beneficial.

With respect to patient retention in the placebo-controlled Phase 4 study once marketing approval
is granted, Genzyme has received explicit commitments from the site investigators regarding
their intention to complete the study post-approval. Genzyme has also changed the Informed
Consent Form so that patients are aware and acknowledge the expected study length of up to 35
months or until a significant medical event. However, there is no way of guaranteeing that patient
retention will not be a problem in the post-approval setting. In addition, 21 CFR 50.25(a)(8)
requires that patients be informed that they can withdraw from the study at any time. This is
further magnified by the fact that end organ damage that does occur while a patient may be on
placebo is likely to be irreversible, thus possibly raising ethical concerns.

As an alternative to the placebo-controlled study, Genzyme has gone to great lengths to collect
and organize a substantial natural history database (See Section 6.3) and proposed to CBER the
conversion of the study to a single-arm historically-controlled study (see Section 6.2). In
addition the new Phase 4 program allows Genzyme to study a much broader Cross population of
Fabry patients than the current study which, in order to complete within a reasonable time frame
of 2-3 years, currently only studies a very small subset of Fabry patients with mild to moderate
renal insufficiency.

6.2 Proposal for New Phase 4 Clinical Program

Because of the issues noted in Section 6.1.2 above and taking into account the inevitable
problems related to the demonstration of a long term benefit in this rare and slowly progressive
disease, Genzyme is proposing a modified and expanded Phase 4 program. This modified Phase
4 program would include extensive study of the impact of Fabrazyme on a broader cross-section
of the Fabry population than is currently being studied in the placebo-controlled Phase 4 study
(e.g. patients with serum creatinine levels of 1.2 to 3.0). This new four-pronged program, which
is described below addresses each of the concerns listed above and therefore accelerated approval
based on this proposed Phase 4 program, which is currently fully enrolled and underway, can be
granted.

1. Develop a prospectively defined, comprehensive natural history database.

® The collection of these data under a prospectively defined protocol is complete. The
final study report was submitted to the BLA on October 18, 2002. The natural history
database consists of 447 unique patients from 27 sites in 5 countries. The data from
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the Historical Study are recent, with 75% of the serum creatinine measurements in the
“qualified patients” occurring after April 1996. The contemporaneous nature of the
historical data suggests that statistica] models can be utilized that would provide a
robust assessment of the data. (See Section 6.4.1 for further details and results).

2. Utilize an appropriate subset of patients from the natural history database as a control
group to convert the current Phase 4 Placebo-Controlled study into a single-arm,
historical-controlled study by comparing the renal disease event rates in this relatively
advanced disease population.

* The proposed protocol (Genzyme Study AGAL-008-00) for the conversion of the
study was submitted to FDA in April 2002. The protocol synopsis is included in
Appendix 8.1.

® Whereas the placebo-controlled study focused on a composite endpoint consisting of
renal, cardiac, cerebrovascular, and death components, the focus of the active
treatment protocol will be improvement in renal outcomes.

* Converting the placebo-control design to a single-arm, active treatment design
obviates any concerns about the feasibility or ethics of maintaining Fabry patients on
placebo in a post-marketing setting and allows the study to focus on progression of
renal disease, the most common devastating manifestation of Fabry disease.

® Appropriate statistical methodology can be utilized to analyze the outcomes in the
Fabrazyme treated and historical control Fabry patients. (See Sections 6.4.1 and 6.4.2
for further details.)

3. Utilize an appropriate subset of patients from the natural history database to compare
the event rate of renal disease in the 58 Fabry patients enrolled in the Phase 3 Extension
study (Genzyme Study AGAL-005-99).

* The patients in the Phase 3 Extension study represent patients with much less
advanced renal disease.

® The patients in the the Phase 3 Extension Study will be followed for at least 5 years
from the date of enrollment in the Phase 3 Placebo-Controlled Study.

* An interim analysis of the Phage 3 Extension Study patients after 24-30 months on
Fabrazyme therapy was completed in November, 2002. The interim analysis shows
encouraging trends with respect to slowing the progression of renal functional decline
in patients receiving Fabrazyme for up to 30 months, (See Section 4.2.1.5)
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4. Commit to an extensive Fabry Registry program (already in place worldwide)

* The Fabry Registry will be open to any Fabry patient regardless of treatment and is
intended to collect long-term data with the express purpose of expanding the
knowledge of Fabry disease and treatment with Fabrazyme.

This multi-faceted approach provides additional confidence and obviates concerns regarding
inconclusive results from any one element.

6.2.1 Rationale for Historical Control Phase 4 Study

The purpose of conducting clinical investigations of a drug is to distinguish the effects of the
drug from other influences such as spontaneous change in the course of the disease, placebo
effect or biased observation. An adequate and well-controlled clinical study has several
characteristics, one of which is that the design used must permit a valid comparison with a
control group in order to provide an adequate assessment of drug effect. FDA and ICH guidelines
recognize historical controlled studies in the hierarchy of clinical study designs that are
considered adequate and well-controlled. There have been cautions raised about the use of
historical controlled efficacy studies with regard to such points as whether disease progression
can be characterized sufficiently, whether there are differences in diagnoses, follow-up,
frequencies of measurements, concomitant medications or treatment paradigms. However,
historical controlled studies have been used successfully in settings in which the disease is rare,
there is a high likelihood of a particular outcome in the absence of therapy and the new
intervention can produce dramatic results.

Furthermore, in the matter at hand, Genzyme is not proposing the single-arm, historical-
controlled trial in a vacuum to demonstrate safety and effectiveness of F abrazyme for the
prevention of progression of renal impairment in Fabry patients. Genzyme has conducted and
reported the unequivocal results of the pivotal Phase 3 placebo-contolled clinical trial
demonstrating the safety and effectiveness of Fabrazyme as determined on a histologically
assessed and related renal vascular endpoint. The proposed single-arm, historical-controlled trial
is a confirmatory study to verify and describe the clinical benefit that will likely be derived on the
basis of the effect of enzyme replacement on the histopathology of the disease. When one
considers the extremely rare nature of the disease, the existing clinical and preclincal data
attesting to the effect of enzyme replacement on the underlying histopathology and the inherent
complexities of conducting long-term (35 months) placebo-controlled trials in this severely ill
patient population, one must approach the issue with flexibility and reason.
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* ICH Guidelines (E-10, Choice of Control Group and Related Issues in Clinical Trials) also
describe the circumstances under which Historical Control Trials can be used in
demonstrating the efficacy of a treatment:

“Externally (Historical) controlled trials are most likely to be persuasive when the study
endpoint is objective, when the outcome on treatment is markedly different from that of
the historical control and a high level of statistical significance for the treatment-control
comparison is attained, when the covariates influencing outcome of the disease are well
characterized, and when the control closely resembles the study group in all known
relevant baseline, treatment (other than study drug), and observational variables.”

The proposed active treatment historical control study meets the requirements as described in the
ICH Guidelines (E-10, Choice of Control Group and Related Issues in Clinical Trials). For example,
the primary endpoint is an objective parameter (renal event rates); two groups would be matched
based on inclusion/exclusion criteria; the medical history background for the historical control group
i1s reasonably well defined and the treatment effect size is reasonably large (Table 6-3).

Genzyme believes that the historical-control design can establish the clinical benefit of treatment
with Fabrazyme and believes that the current data from the Natural History Study supports the
proposal to convert the Phase 4 study to an active treatment, historical control design.

6.3 Epidemiological Study of the Natural History of Fabry Disease

In order to develop an extensive, unbiased assessment of the natural history of Fabry disease,
Genzyme Corporation sponsored a prospectively defined, epidemiological study of the natural
history of Fabry disease (Genzyme Study AGAL-014-01). A final study report was submitted to
FDA in October 2002 (Appendix 8.3). An outline of the study methodology and data collected
1s provided below. In Section 6.4, two alternative statistical methods of analysis are discussed
for use in comparing the event rate for patients in this natural history database with Fabrazyme
treated patients from the Phase 3 Extension and Phase 4 clinical studies.

6.3.1 Study Methodology

This was an international, multicenter study of an historical cohort of patients with Fabry disease.
The objective of the study was to develop a data base from Fabry patient medical record data
which could be used to (i) allow more accurate determinations of event rate and sample size
estimates for the Phase 4 study, and (ii) to create historical control groups of patients with Fabry
disease who fit the inclusion and exclusion criteria of ongoing and future Genzyme studies with
Fabrazyme. Medical records were reviewed from as many patients with Fabry disease as
possible.
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Three key steps have been taken in order to minimize bias in the collection of data from patients’
medical records.

 First, data were abstracted under the supervision of an independent contract research
organization (Abt Associates Clinical Trials (AACT), 55 Wheeler Street, Cambridge,
MA 02138). This organization was identified as an expert in methodologies of
collecting epidemiologic and survey data.

® Second, 51 domestic and international investigator sites had been given an
opportunity to participate in the study; 27 elected to participate and provided data.

e Third, clinically relevant information on Fabry patients was collected with
prospectively defined data points.

Additionally, the quality of data was ensured by quality control measures on the part of the
clinical research associates (CRAs) who abstracted the patients’ records. The first two records
from each CRA were re-abstracted by an experienced supervisor. Any discrepancies noted by the
supervisor were made apparent to the CRA, and were recorded and initialed on the original
abstraction. Subsequently, approximately 10% of each CRA’s abstractions were randomly
chosen and re-abstracted by supervisors. Further, if patient data were available at more than one
site, the data were collected, duplicates were identified, and the patients’ records were merged.

6.3.2 Data Collected

Medical records were abstracted for a total of 447 unique Fabry patients from a total of 27
participating sites in 5 countries. Of the 447 unique patients in the historical database, relatively
large subsets were identified that could be used as historical control populations to compare renal
event rates for patients treated with Fabrazyme as part of the Phase 3 Extension Study and the
Phase 4 study. The precise size of the historical control groups depends upon the statistical
methods utilized. For example, 104 patients have data available that met the inclusion/exclusion
criteria of the Phase 4 Study and 190 patients had data available that met the inclusion/exclusion
criteria of the Phase 3 Placebo-Controlled/Extension Studies. In addition the data collected was
contemporaneous in nature, for example of the 104 Phase 4 “qualified patients”, 75% of the
serum creatinine measurements occurred after April 1996.

6.4 Creation of Fabry Patient Historical Control Groups (from Natural History
Database) for Comparison to Patients in the Phase 3 and Phase 4 studies

Distinct statistical methodologies exist which may be employed to (1) derive appropriate
historical control groups from the 447 Fabry Natural History Database, and (2) compare the
historical control group to the active treatment group with respect to renal event rates. The first
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method presented (Section 1.4.1) is the Linear Random Effects Model that was initially
submitted to FDA in June 2002 (final report October 2002; Appendix 8.3). FDA raised a
number of questions and concerns regarding the application of this methodology to the natural
history data. During discussions in September 2002, (after the cancellation of the Advisory
Committee planned for September 26™) Genzyme was encouraged by the FDA to pursue the
assessment and discussion of alternative methods of analysis with the hope that an agreement
could be reached between Genzyme and FDA, on the plan for moving forward. Therefore,
Genzyme, in collaboration with Dr. Donald B. Rubin, John L. Loeb Professor of Statistics,
Chairman Department of Statistics, Harvard University, has continued to explore alternative
approaches for the statistical analysis of the natural history data with the Phase 4 and Phase 3
Extension study patients. As a result, a second statistical method is presented (Section 6.4.2)
which employs matching the historical control study group to the clinical study patient group
using propensity scoring algorithms.

6.4.1 Linear Random Effects Models

In the Fabry Disease Natural History final study report submitted to FDA in October 2002, renal
event rates are estimated using linear random effects models based on the underlying patient-
specific trend in serum creatinine over the full duration of follow-up. The empirical estimate
based on tabulating the proportion of patients who were observed to have had a 33% increase in

' serum creatinine, or who required dialysis (length > 40 days), or kidney transplantation within
the first 2 years from the Qualification Start Date was biased as some patients had less than 2
years follow-up. This was because patients who had been followed for fewer than 2 years had a
lower probability of an event, and inclusion of these patients in the empirical estimation would
underestimate the event rate. In order to have more precise and robust estimates of the event rate,
a linear random effects model was employed.

The model demonstrated that log-serum creatinine depended on the value at entry (intercept) and
time since entry. The linear rate of change in log-serum creatinine over time (slope) depended on
the patient. The model was fit by the method of restricted maximum likelihood, and the
underlying patient-specific trend is determined from the empirical Bayes estimates of the random
intercept and slope. On the log scale, the expected percent change in serum creatinine is directly
related to the individual patient slope.

A linear random effects model was fit to the data of the AGAL-008-00 (Phase 4) Qualifiers,
using the method of restricted maximum likelihood estimation. Individual patient slopes were
estimated using empirical Bayes estimation (Laird and Ware 1982, Biometrics). The 80%, 84%,
90%, and 95% confidence intervals on the event rate were estimated.
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The primary model to determine the estimated renal event rate was a linear trend random effects
model for log serum creatinine. Two criteria for determining a renal event were examined, a
patient having an estimated 33% increase from baseline in serum creatinine within 2-years, and a
patient having an estimated 50% increase within 3-years.

The key results from the analyses on the 104 patients who met the entry criteria of the Phase 4
Study (“Qualified Patients”) were that 32% of patients with a serum creatinine level of 1.2 — 3.0
mg/dL have an estimated 50% increase in serum creatinine from baseline within 3 years. In
addition, 30% of these patients have an estimated 33% increase in serum creatinine from baseline
within 2-years. (Table 6-2)

Table 6-2 Estimated Event Rate for Renal Events Based on n = 104
and the Random Effects Model

Serum Creatinine Estimated Event
Increase Rate
33% Increase Over 30%
2 Years
50% Increase Over 32%
3 Years

It is proposed that the estimated 3-year renal event rate from the natural history study and
corresponding confidence interval be used as a comparison to the Phase 4 study. The renal event
rate of the single arm Phase 4 Fabrazyme® study will be determined to be different from the
natural history study if their corresponding 84% confidence intervals are non-overlapping. It
should be noted that non-overlapping 84% Confidence Intervals for the individual renal event
rate proportions are approximately equivalent to the corresponding 95% Confidence Interval for
the difference of the parameters not including zero.

For the Phase 4 study, Fabrazyme treated patients, exact 80%, 84%, 90%, and 95% confidence
intervals were calculated for various projected event rates (Table 6-3). The calculations were
based on a historical control population of n=104 and on the projected enrollment of n=70 for the
Phase 4 study. '
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Table 6-3: A Comparison of the Estimated Three-Year Event Rates from Historical
Control Population versus the Projected Three-Year Event Rates from r-haGAL (AGAL-

008-00) Treated Patients

Confidence Interval

Estimated 3-yr Event Projected 3-yr Event Rate (50% increase in serum
Rate (50% increase creatinine) in Phase 4 Study Patients (N=final projected
in serum creatinine) enrollment of 70)*

in Historical
Database AGAL-008-
00 Qualifiers (N=104)

32% 10% 15% 20%
80% 25,36 6, 16 10, 23 14,27
84% 25, 36 5,17 10, 23 13,28
90% 24,36 5,18 9,25 13,29
95% 24,40 4,20 8,26 11, 31

The confidence interval for the historical control event rate is based on the confidence interval for the slope
parameter in the linear random effects model. The confidence interval for the projected event rate is based on a
two-tailed Fisher-Exact test.

* 76 actually enrolled

The following supplementary analyses were also performed to assess the robustness of the renal

event rate:

Re-analyzing the data by omitting patients with limited observations (patients with >
2 observations, patients with > 3 observations)

Adjusting for covariates (age, gender, weight, blood type, and plasma o-GAL level)
Empirical estimates of renal event rate

Inclusion of a quadratic term in the statistical models

Investigation of 1/serum creatinine transformation

By-subject linear regression

Analysis of estimated GFR
Justification of the natural logarithm transformation for serum creatinine.

Justification of 84% confidence intervals for the event rates.
A likelihood based approach to the renal event estimate.

Exclusionary subset analyses.
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e Impact of ACE Inhibitors/Angiotensin Receptor Blocking agents on change in serum

creatinine over time.

The modeling scenarios conducted by Genzyme, including those conducted to address FDA
questions, are remarkably consistent when comparing the Qualified Population (patients who
have qualified for Genzyme Phase 4 Study) and the subsets of that population (see Figure 6-1 and
Appendix 8.3). Therefore, Genzyme proposes that this database could serve as a valid
comparator to the Phase 4 study where a comparison could be made between the historical renal
event rate and the Phase 4 renal event rate to demonstrate the efficacy of Fabrazyme. The results
of the analyses are included in the Final Report of the Epidemiologic Study of the Natural
History of Fabry Disease dated October 10, 2002, submitted to the BLA on October 18, 2002.

Figure 6-1 Comparison of Estimated 3-Year Renal Event Rate Demonstrating
Consistency Using Different Statistical Modeling Scenarios
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6.4.2 Assessing the Efficacy of Fabrazyme in a Single Arm Phase 4 study by using

a Matching historical Control Study Group using Propensity Scoring Algorithms

Genzyme, in collaboration with Dr. Donald B. Rubin, John L. Loeb Professor of Statistics,
Chairman Department of Statistics, Harvard University, has explored alternative approaches for
assessing the clinical benefit of Fabrazyme employing the natural history data base as a
comparator to the Fabrazyme treated patients in the Phase 4 study using a “matching historical
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control study group”. An important value of this approach is that it addresses the issue raised by
FDA conceming representativeness and missing/nonuniformly distributed serum creatinine
values of the historical database for use as a control for the Phase 4 study. The full statistical
analysis plan was submitted to the BLA on November 20, 2002 (see Appendix 8.4). This
approach is described in the following section as it applies to the patients with relatively
advanced renal disease in the Phase 4 study. An analogous approach is also planned to be
applied to the patients with less advanced renal disease currently being treated with Fabrazyme in
the Phase 3 Extension Study.

The objective of this analysis will be to compare the renal event rate in a Fabrazyme® treated
population to a matched control group. For this analysis a renal event involves the assessment of
the increase from baseline in serum creatinine within three years. Specifically, the objective will
be to compare the 76 patients in the phase 4 randomized double-blind AGAL-008-00 study to an
appropriately matched control group from the AGAL-014-01 historical control study. Two
comparisons are implied by this plan. First, the comparison of the renal event rate of the
randomized treated patients to the matched historical controls. Second, the comparison of the
randomized treated patients to the randomized control as if they had remained on placebo.

6.4.2.1 Analysis Methodololgy Summary

Datametrics Research (Professor Donald B. Rubin) will perform the analysis of the data.
Genzyme will be responsible for providing the necessary analysis data sets to Datametrics
Research. The analysis will be done in three stages.

First, the historical patients will be matched to the patients in the randomized study. The
matching will be performed by Datametrics Research without any information corresponding to
patient’ outcome data in either the historical data set or the randomized experiment. Datametrics
Research will initially receive only the baseline characteristics of the patients; when the matching
is complete, the outcome data for the historical controls that were chosen to be matched will be
provided for the second stage.

The second stage will multiply impute the missing data, both background and outcome, in the -
historical control data set for the set of units chosen to be matched to the 76 patients in the Phase
4 Study. In this stage, no data from those randomized to Fabrazyme® will be available to
Datametrics Research. Because the outcome data in the historical controls are relatively sparse,
Datametrics Research will use models of the outcome data for the placebo controls to help create
the imputations in the historical controls. Also, the historical controls will be used to help
impute the post-open-label data for the placebo controls as if they were still on placebo.

Only after the first two stages are fully complete will the third stage begin: the analysis and
comparison of outcome data from the matched historical controls and the randomized
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experiment. This stage will be the first time any outcome data from the patients randomized to
Fabrazyme® will be available to Datametrics Research.

Stage 1: Matching Algorithm

The objective of matching the patients in the historical study to patients in the randomized study
is to minimize the bias between the groups by ensuring balance between the randomized patients
and the corresponding control group relative to a set of observed covariates.

Propensity scoring algorithms following the method described in Rubin (Rubin, 2001, Health
Serv & Outcomes Res Meth) will be utilized to match the historical patients to the randomized
patients. The end results will be a subset of historical patients, which are as comparable as
possible to the set of randomized patients. Table 6-4 lists the covariates considered in the
generation of propensity scores. The matching algorithm is such that greater emphasis is given to
matching on the gender, age, and baseline serum creatinine covariates.

Table 6-4 List of Observed Covariates Used in the Matching Algorithm

Baseline Serum Creatinine Baseline GFR

Age Estimated Creatinine Clearance
Gender Race

Blood Grou‘p. Plasma a-GAL

{A+,A-,0+,0-}, {B+, B-, AB+, AB-}

Height Weight

Subclassification of the matched patients will be used to create sub-groups of matched patients
based on the propensity scores (Rubin, 2001, Health Serv & Outcomes Res Meth,).
Subclassification provides further balance between the two patient groups with respect to the
observed covariates, and is especially important when the control group is not many times larger
than the treated group.

Stage 2: Multiple Imputation

At this point, there will exist two control groups for those randomized to Fabrazyme®: the
placebo controls and the historical controls. Each has a missing data problem. After open-label,
the placebo controls are missing their outcomes under continued placebo. The historical controls
are missing many of the measurements taken in the randomized groups. Both sets of missing data
will be multiply imputed following the broad guidelines in Rubin (Rubin, 1987, in Multiple
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Imputation for Non-response in Survey). At no point in this imputation will the outcome data
from the randomized treated group be available to Datametrics Research.

The imputation of missing data for the two control groups will be done by utilizing data from
each other. The placebo controls providing detailed measurements of serum creatinine
progression in the absence of treatment in the short term, and the historical controls providing
measurements of the longer term progression in a larger group.

Stage 3: Analysis of Randomized Patients to Matched Historical Patients

At the end of the second stage, there will be a Fabrazyme® treated group of approximately 50, a
chosen historical control group of approximately 85, and a placebo control group of
approximately 25. Each set of multiple imputations will create one "complete" data set, with
serum creatinine levels for patients treated with Fabrazyme® and the corresponding imputed and
actual serum creatinine levels for the controls. Each such data set will be analyzed as specified,
and the results combined using the standard multiple imputation combining rules to generate one
inference for each analysis.

For example, in each of the multiply imputed data sets, the predicted number of events in the
treated group will be calculated as if they were untreated and thereby determine a distribution of
the number of events that reflects sampling variability. This determination may be used to
perform a number of analyses such as: an interval estimate or hypothesis test; calculation of the
time that each patient is predicted to be event-free when untreated; Kaplan-Meier analysis.
Genzyme and FDA will agree on the finalization of this stage before outcome data from the
treated patients are seen.

6.5 Phase 4 Summary

In accordance with the Accelerated Approval regulations, Genzyme has initiated an adequate and
well-controlled post-marketing study designed to verify and describe the clinical benefit inferred
from the very robust results obtained employing a mutually agreed upon surrogate endpoint in the
Phase 3 study. Indeed the Phase 4 study has been ongoing for almost 2 years and is fully
enrolled. Additionally, an extensive 447 Fabry patient historical database has been developed
using a prospectively defined protocol. This database allows for more accurate determinations
of event rate and sample size estimates for the Phase 4 study, and provides an opportunity to
create historical control groups of patients with Fabry disease that fit the inclusion and exclusion
criteria of ongoing and future Genzyme studies with Fabrazyme. In order to address concerns
regarding the ethics and feasibility of conducting a placebo-controlled study in a post-marketing
setting in which the endpoint will likely result in irreversible end organ damage, Genzyme has
proposed converting the placebo-controlled Phase 4 study to a carefully controlled historical
control study. In addition, the Phase 4 program would be expanded to include comparing the
patients in the Phase 3 Extension study, who have less advanced renal disease than the patients in
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the Phase 4 study, with an appropriate historical control group. Several distinct and credible
statistical methodologies exist which may be employed to (1) derive appropriate historical
control groups from the 447 Fabry Natural History Database, and (2) compare the historical
control group to the active treatment group with respect to renal event rates.

Each of the Phase 4 trial designs presented have advantages and disadvantages. The placebo-
controlled trial design limits the population of Fabry patients that can be studied in a reasonable
timeframe to those with some degree of renal insufficiency at baseline and raises ethical and
feasibility concerns in a post-marketing setting. The historical control designs allow for a
broader cross section of Fabry patients to be studied and obviate the ethical and feasibility
concerns. However, the historical control designs raise questions regarding comparability of the
groups. The statistical methodology proposed here addresses this important issue. Therefore,
Genzyme believes that when one carefully balances the advantages and disadvantages of each
approach, employing an historical control design is most appropriate. Most importantly, the vast
amount of data that has already been generated in this ultra orphan disease allows these several
different, and not mutually exclusive, options to be considered and pursued in the post-approval
setting to demonstrate the long-term clinical benefit of Fabrazyme. Thus, the requirements under
accelerated approval for adequate and well-controlled post-marketing studies to be underway at
the time of approval of the BLA have been met. Indeed, the final details around the method of
analysis to be employed for assessing the long-term clinical benefit of Fabrazyme compared to a
natural history control group can be established in the post-approval setting so that patients can
be allowed access to a therapy for their Fabry disease.
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7. CONCLUSION

Currently, no treatment 1s available for the prevention or stabilization of the progressive vascular
damage and resultant end organ destruction of Fabry disease. The GL3 accumulation in multiple
cell types, but particularly the endothelial cells, leads to the high morbidity and mortality rates
due to renal failure, stroke, and cardiovascular disease.

Fabrazyme therapy has been shown to clear GL-3 to normal or near-normal levels in critical cells
involved in the pathophysiology of the disease, including the capillary endothelium, and thus has
the potential for long-term clinical benefit. This is further supported by trends in patients
receiving Fabrazyme for up to 30 months where data indicate a slowing in progression of renal
functional decline compared to a matched historical database of untreated Fabry patients. The
data demonstrate that Fabrazyme is well-tolerated and has a robust efficacy profile.

The ongoing Phase 4 study (fully enrolled, with the first patient having received treatment for
approximately 21 months) can now be converted to an historical control study based on the
significant historical data that have been collected. This, along with the additional aspects of the
proposed expanded Phase 4 program, ensure that data will be collected in the post-marketing
setting to demonstrate the long-term clinical benefit of Fabrazyme. Thus the requirements under
accelerated approval for adequate and well-controlled post-marketing studies to be underway at
the time of approval of the BLA have been met. At this time, the data available indicate that
Fabrazyme is effective treatment for patients with Fabry disease. Therefore, patients should not
be denied the opportunity of this therapy, and approval is warranted at this time.
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Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use.

I have read and agree to abide by the requirements of this protocol.
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TITLE

Multi-center Active Treatment Study of the Safety and Efficacy of Recombinant Human c-Galactosidase A
(r-haGAL) on Progression of Renal Disease in Patients with Fabry Disease Compared to an Historical Cohort
of Untreated Patients with Fabry Disease

PROTOCOL NO.
AGAL-008-00

INVESTIGATOR/ STUDY CENTERS
Approximately 30 study centers worldwide will participate in this clinical trial.

OBJECTIVES

The primary objective of this study is to assess the effectiveness of r-haGAL by showing a statistically
significant decrease in the proportion of patients who have a renal event defined by a 50% increase in serum
creatinine levels or progression to end stage renal disease (need for chronic dialysis and/or kidney
transplantation), as compared to the estimated population proportion from a well-characterized historical
cohort of patients with advanced Fabry disease who have not received treatment with enzyme replacement
therapy.

METHODOLOGY
This will be a multicenter, multinational, historical control trial to assess the safety and effectiveness of r-
haGAL in patients with advanced Fabry disease receiving r-haGAL therapy as treatment for Fabry disease
compared to a well-characterized historical cohort of patients with Fabry disease who have not received
treatment with enzyme replacement therapy.

All patients enrolled in this study will receive treatment with r-haGAL.

This study was originally placebo-controlled. Upon approval of Amendment 5 and the resulting conversion to
active treatment, the blind was broken and all patients were converted to active treatment with r-haGAL.

Approximately 70 patients will be enrolled in the active treatment arm at approximately 30 study centers.
Patients will receive approximately 1 mg/kg (0.9 to 1.1 mg/kg) of r-haGAL every 2 weeks for at least 36
months. The study will conclude 36 months after the last patient begins active treatment with r-haGAL.

NUMBER OF SUBJECTS
Approximately 70 patients will be enrolled.

DIAGNOSIS/INCLUSION CRITERIA

The patient must provide written informed consent prior to any study-related procedures being performed, be
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> 16 years old, have a current diagnosis of Fabry disease; patients may not have received enzyme replacement
therapy as treatment for Fabry disease; patients must have documented plasma o-galactosidase A (¢GAL)
activity of < 1.5 nmoV/hr/mL or a documented leukocyte GAL activity of < 4 nmol/hr/mg. Patients must
have a clinical presentation consistent with Fabry disease (e.g., angiokeratoma, Fabry pain, decreased
sweating, corneal opacities, etc.). Patients must have one or more of the following: a serum creatinine
measurement of 1.2 to 3 mg/dL (106.1 to 265.2 umol/L) OR estimated creatinine clearance < 80 mL/min
only if the patient’s serum creatinine measurement < 1.2 mg/dL.

Female patients of childbearing potential must have a negative pregnancy test (urine 3-hCG) prior to each
dosing; in addition, all female patients of childbearing potential must use a medically accepted method of
contraception throughout the study. Patients must have the ability to comply with the clinical protocol.

A patient will not be eligible for the study if: Patient has undergone or is currently scheduled for kidney
transplantation or is currently on dialysis; has acute renal failure; has received prior enzyme replacement
therapy as treatment for Fabry disease; has participated in a study employing an investigational drug within
30 days of the start of their participation in this trial; has diabetes mellitus or presence of confounding renal
disease; has history of TIA or ischemic stroke within 3 months of study entry documented by mild-to-
moderate neurological deficit; has current critical coronary artery disease (as documented by a presently
unstable angina and/or documented myocardial infarction within 3 months); has congestive heart failure
(contributed by Fabry disease) as defined by Class III or Class IV cardiac status as evaluated under the New
York Heart Association classification; has severe residual neurological deficit that will confound the
detection of new events as determined by an attending neurologist and/or Principal Investigator; has a
clinically significant organic disease or an unstable condition that, in the opinion of the Investigator, would
preclude participation in the trial; is pregnant or lactating; is unwilling to comply with the requirements of the -
protocol; or has a medical condition, serious intercurrent illness, or extenuating circumstance that would
significantly decrease study compliance, including prescribed follow-up.

DOSE/ROUTE/REGIMEN

Patients will receive approximately 1 mg/kg (0.9 to 1.1 mg/kg) r-haGAL intravenously every 2 weeks for
approximately 36 months. The study will conclude 36 months after the last patient begins active treatment
with r-haGAL. The infusion will be administered via IV pump at a rate of no more than 0.25 mg/min (15
mg/hr) over approximately 4 — 6 hours for the first 8 infusions. After the eighth infusion, the infusion rate
may be increased, as tolerated; however, the total infusion period may not be less than 2 hours. Those patients
previously randomized to the placebo arm of the study will receive their first 8 infusions of active treatment at
a rate of no more than 0.25 mg/min (15 mg/hr) over approximately 4 — 6 hours. After the eighth infusion, the
infusion rate may be increased, as tolerated; however, the total infusion period may not be less than 2 hours.

REFERENCE TREATMENT

There will be no reference treatment.

STUDY DURATION
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begins active treatment with r-haGAL.

The study duration is approximately 36 months. The study will conclude 36 months after the last patient

CRITERIA FOR EVALUATION

Efficacy: Effectiveness will be evaluated by showing a statistically significant decrease in the proportion of
patients who have a renal event defined by a 50% increase in serum creatinine levels or progression to end
stage renal disease (need for chronic dialysis and/or kidney transplantation), as compared to the estimated
population proportion from a well-characterized historical cohort of patients with advanced Fabry disease
who have not received treatment with enzyme replacement therapy. Where available, the pre-treatment
1/serum creatinine slopes will be compared to the post-treatment 1/serum creatinine slopes of each treated
patient in order to assess within-group differences.

Safety: Safety will be measured in terms of adverse experiences, vital sign parameters, electrocardiogram
(ECG) parameters, echocardiograms, physical examinations, and laboratory safety parameters.

STATISTICAL METHODS

patients.

Efficacy analyses will be performed on all enrolled patients (Intent-to-treat population) as well as a per
protocol population. Protocol violations will be prospectively defined in the statistical analysis plan. Any
patient missing 20% or more of the infusions will be excluded from the per protocol population.

For the primary endpoint, an estimate of the proportion of renal events occurring within three years for treated
patients will be calculated using a Kaplan-Meier estimate. Then a one sample, two-tailed binomial confidence
interval will be derived to estimate with 95% confidence, the boundaries in which the population parameter
exists for treated patients (actual proportion of treated patients with renal events) lies, given the population
parameter for the untreated patients is fixed at the proportion of renal events defined from the historical

For the secondary endpoints, Predicted GFR will be calculated for each serum creatinine value collected from
infusion 1 onward for treated patients and start date onward for historical patients to final study visit or event
visit (if applicable). Progression of renal disease will be measured by the siope of the reciprocal of the serum
creatinine concentration (i.e., 1/serum creatinine)Errer Bookmark not defined. £,; 0th patient groups. The slope will
be estimated from infusion 1 onward for the treated patients and start date onward for the historical patients.
For both predicted GFR and 1/serum creatinine, the distribution of the slopes will be compared between the
two patient groups using a Wilcoxon Rank-Sum Test.

Predicted glomerular filtration rate (GFR) using the Modification of Diet in Renal Disease (MDRD) Study
Group equaﬁon:I'Irror! Bookmark not defined.
Predicted GFR (mL/min/1.73 m%) =
186 x (PCr)™'** x (age in years) 0203 ¢ (0.742, if patient is female) x (1.212, if patient is black)
where PCr is serum creatinine measured in mg/dL.

Predicted GFR and 1/serum creatinine will also be categorized as tertiary endpoints, but only for the treated
patients. Historical serum creatinine values were collected for treated patients prior to the administration of
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drug. Predicted GFR and 1/serum creatinine will be calculated for all historical and post-treatment serum
creatinine values. A slope of these historical values will be derived and a slope of the post treatment values
will be derived for each patient. The distribution of these slopes will be compared to zero using a Wilcoxon
signed-rank test. Plasma GL-3, proteinuria defined by the ratio of urinary protein to urinary creatinine, and
proteinuria defined by the ratio of urinary micro-albumin to urinary creatinine are also tertiary endpoints. The
change from pre-treatment to post-treatment will be calculated for each and then the distribution of change
will be analyzed using a Wilcoxon signed rank test. The proportion of patients that have Cerebral Vascular
disease events, cardiac events and death will be summarized for the treated patients and the historical
patients. No formal statistical comparisons will be conducted on these parameters as there are limitations to
the collection of these events for the historical patients. The continuous parameters collected from the
echocardiogram will be analyzed for the treated patients using a Wilcoxon signed-rank test. For discrete
parameters for the echocardiogram, a one sample binomial test will be used for treated patients only.

Safety analyses will be performed on the Intent-To-Treat (ITT) population. Vital signs, 12-lead ECGs,
echocardiograms, antibodies, physical exams and laboratory evaluations will be summarized for treated
patients. Laboratory evaluations, physical exams and medical history will be summarized for the historical
patients. Summary statistics will be computed for the safety variables at each visit that they are collected at as
well as the changes from Visit 1 (Day 0) to final study visit or event. Adverse experiences will be coded using
the WHO ART dictionary. A detailed listing of patients who experience adverse events and serious adverse
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A Phase 1/2 Clinical Trial of Enzyme Replacement in Fabry Disease:
~harmacokinetic, Substrate Clearance, and Safety Studies

Christine M. Eng Maryam Banikazemi,' Ronald E. Gordon Martin Goldman,’

Robert Phelps Leona Kim,*> Alan Gass,’ Jonathan Winston,? Steven Dikman,” john T. Fallon,*
Scott Brodie,® Charles B. Stacy,® Davendra Mehta,’ Rosaleen Parsons,” Karen Norton,’
Michael O’Callaghan,® and Robert j. Desnick’

Departments of "Human Genetics, 2Pathology, *Medicine, *“Dermatology, *Ophthalmology. *Neurology, and "Radiology, Mount Sinai School of
Medicine, New York, and *Genzyme Corporation, Cambridge, MA

Fabry disease results from deficient «-galactosidase A {a-Gal A) activity and the pathologic accumulation of the
globotriaosylceramide (GL-3) and related glycosphingolipids, primarily in vascular endothelial lysosomes. Treatment
is currently palliative, and affected patients generally die in their 40s or 50s. Preclinical studies of recombinant
human «-Gal A (r-haGalA) infusions in knockout mice demonstrated reduction of GL-3 in tissues and plasma,
providing rationale for a phase 1/2 clinical trial. Here, we report a single-center, open-label, dose-ranging study of
r-haGalA treatment in 15 patients, each of whom received five infusions at one of five dose regimens. Intravenously
administered r-haGalA was cleared from the circulation in a dose-dependent manner, via both saturable and non-
saturable pathways. Rapid and marked reductions in plasma and tissue GL-3 were observed biochemically, his-
tologically, and/or ultrastructurally. Clearance of plasma GL-3 was dose-dependent. In patients with pre- and
posttreatment biopsies, mean GL-3 content decreased 84% in liver (n = 13), was markedly reduced in kidney in
four of five patients, and after five doses was modestly lowered in the endomyocardium of four of seven patients.
GL-3 deposits were cleared to near normal or were markedly reduced in the vascular endothelium of liver, skin,
heart, and kidney, on the basis of light- and electron-microscopic evaluation. In addition, patients reported less
pain, increased ability to sweat, and improved quality-of-life measures. Infusions were well tolerated; four patients
xperienced mild-to-moderate reactions, suggestive of hypersensitivity, that were managed conservatively. Of 15
patients, 8 {53%) developed IgG antibodies to r-haGalA; however, the antibodies were not neutralizing, as indicated
by unchanged pharmacokinetic values for infusions 1 and 5. This study provides the basis for a phase 3 tral of
enzyme-replacement therapy for Fabry disease.

Introduction

Fabry disease (MIM 301500} is an X-linked inborn error
of glycosphingolipid catabolism resulting from the de-
ficient activity of the lysosomal exoglycohydrolase, o-
galactosidase A (a-Gal A) (Desnick et al. 1995, 2001).
In patients with the classical disease phenotype, the pro-
gressive accumulation of globotriaosylceramide (GL-3)
and related glycosphingolipids, particularly in vascular
endothelial lysosomes in the heart, liver, kidney, skin,
and brain, leads to the major disease manifestations.
Clinical onset occurs in childhood or adolescence and is
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2001; electronically published February 1, 2001.
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characterized by severe acroparesthesias, angiokera-
toma, corneal and lenticular opacities, and hypohidrosis.
With advancing age, renal failure and vascular disease
of the heart and brain lead to early demise, the average
age at death being 41 years in one series (Colombi et
al. 1967). To date, there is no specific therapy for Fabry
disease, and treatment is supportive, limited to symp-
tomatic management of the acroparesthesias and epi-
sodes of excruciating pain and of complications of renal
failure, cardiac, or cerebrovascular disease.

It is of relevance that patients with residual o-Gal A
activity (~1% to ~10% of normal) are essentially
asymptomatic or have a mild form of the disease limited
to cardiac involvement (von Scheidt et al. 1991; Desnick
et al. 2001). These “cardiac variangs” typically present
in late adulthood (>40 years) with left ventricular hy-
pectrophy, cardiomyopathy, and/or mild proteinuria.
They lack the classic disease manifestations, which in-
clude angiokeratoma, acroparesthesias, hypohidrosis,
corneal/lenticular dystrophy, and renal failure. A con-
sistent feature of the cardiac variant is the absence of
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lysosomal glycosphingolipid accumulation in the vas-
cular endothelium (Elleder et al. 1990; von Scheidt et

1. 1991), the pathogenic hallmark of classically affected
patients {Desnick et al. 2001). The cardiac variants dem-
onstrate that even low levels of a-Gal A activity can
markedly alter the classic disease phenotype, particu-
larly the morbidity associated with the progressive vas-
cular endothelial glycosphingolipid deposition.

Early pilot trials of enzyme replacement in classically
affected males involved the intravenous administration
of either a single dose of fresh normal plasma containing
active a-Gal A (Mapes et al. 1970) or a single dose of
the partially purified placental enzyme (Brady et al.
1973). These studies demonstrated that intravenously
infused enzyme from plasma or placenta could decrease
the level of accumulated plasma GL-3. In a subsequent
study, two affected brothers each received six doses of
«-Gal A purified from splenic tissue or plasma over a
3-mo period (Desnick et al. 1979). The splenic-derived
enzyme was cleared rapidly from the circulation (¢,
~10 min), transiently decreasing the circulating GL-3
concentration, whereas the more highly sialylated
plasma-derived enzyme had a slower clearance (t,,, ~70
min) and effected a longer depletion of circulating GL-
3. Notably, two doses of the plasma-derived enzyme,
administered on days 1 and 3, reduced the plasma sub-
strate level into the normal range (Desnick et al. 1980).
These studies demonstrated the feasibility of enzyme-
replacement therapy for Fabry disease; however, the dif-
ficulty of producing enough purified enzyme for clinical
trials was a major obstacle.

This obstacle was overcome following the isolation
of the human a-Gal A cDNA (Bishop et al. 1986) and
demonstration of its high-level expression in Chinese
hamster ovary (CHO) cells (Ioannou et al. 1992),
thereby providing a source of both lysosomal (oligo-
saccharide processed) and secreted (highly-sialylated)
glycoforms of the enzyme (Matsuura et al. 1998). In
addition, the generation of knockout “Fabry mice” with
«-Gal A deficiency (Wang et al. 1996) permitted deter-
minartion, by preclinical studies, of the pharmacokinet-
ics and biodistributions of various recombinant human
a-Gal A (r-haGalA) glycoforms (loannou et al. 2001).
When a highly sialylated glycoform (AGA-1) was used,
these animal-model studies demonstrated a dose-depen-
dent clearance of accumulated GL-3 from the circula-
tion and from the pathologic sites of substrate deposi-
tion in the liver, heart, kidney, and skin (loannou et al.
2001), thereby establishing “proof of concept” for clin-
ical trials of r-haGalA replacement in patients with Fa-
bry disease. In addition, in a recent phase 1 study, single
doses of recombinant enzyme reduced GL-3 levels in
liver and urinary sediment (Schiffmann et al. 2000).

Here, we report the results of a phase 1/2 trial of five
dose regimens of r-haGal A in 15 classically affected
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males with Fabry disease. This open-label dose-escala-
tion study was conducted to evaluate the safety and
pharmacokinetics of r-haGalA infusions and to provide
preliminary efficacy data for enzyme-replacement ther-
apy in this lysosomal-storage disease.

Material and Methods

Study Design

Fifteen classically affected male patients with Fabry
disease were recruited for this multidose, open-label, sin-
gle-center, dose-escalation study of r-haGalA (Fabra-
zyme [agalsidase beta]; Genzyme). Participants were
aged =16 years and had a-Gal A activity in plasma <1.5
nmol/h/m!, GL-3 concentrations in plasma =5.0 ng/ul,
serum creatinine <2.5 mg/dl, and no history of renal
dialysis or transplantation. Patients were sequentially en-
rolled into one of five r-haGalA dosing regimens with
three patients per group. The characteristics of the five
groups are shown in table 1. Patients in each group
received five doses of enzyme as follows: Group A, 0.3
mg/kg of r-haGalA every 14 d (biweekly); Group B, 1.0
mg/kg biweekly; Group C, 3.0 mg/kg biweekly; Group
D, 1.0 mg/kg every 48 h; and Group E, 3.0 mg/kg every
48 h. R-haGalA was synthesized in CHO cells, and the
secreted homodimeric enzyme was purified from the
growth medium. Each enzyme subunit contained three
glycosylation sites, with the predominant oligosacchar-
ides being bi- and monophosphorylated oligomannose
structures and sialylated complex structures. Enzyme
was diluted to 100 ml with saline, and infusions were
given intravenously at a rate of 0.83 ml/min. The insti-
tutional review board of the Mount Sinai School of Med-
icine approved the study, and all patients gave written
informed consent to participate in the study.

Clinical Assessments

Medical and safety evaluations—including medical
history, physical examinations, vital signs, routine serum
and urine chemistries, hematology indices, and
EKGs—were performed at baseline, prior to each in-
fusion, and after_infusion 5. In addition, echocardi-

Table 1
Summary of Patient Demographics
MEAN

MEAN AGE WEIGHT R
DOSE (RANGE) (RANGE) ACE {n)
REGIMEN (years} tkg) White Hispanic
0.3 mp/kg/14d  41.0 (35-44) 64.7 (57-71) 3 0
1.0 mg/kg/14d  33.7(27-38) 73.6 (57-88) 1 2
3.0 mgkg/14 d 347 (32-37) 69.1(56-82) 2 1
1.0 mg/kg/48 b 27.0 (18-37) 69.8 {65-73) 2 1
3.0mgkg/48h 357 (30-45) 78.0 (67-93) 3 0
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ograms and renal magnetic resonance imaging (MRI)
were evaluated at baseline and after infusion 5. Patients
:ompleted the Short Form McGill Pain Survey (Melzack
1987) and the Short Form-36 (SF-36) Health Survey
(Ware et al. 1997) to assess quality-of-life measures at
baseline and after infusion 5. Patients continued their
usual prophylactic and analgesic pain medications. Ad-
verse events were coded using the World Health Organ-
ization Adverse Reactions Thesaurus (WHOART). At
baseline, prior to each infusion, and after infusion 5, an
enzyme-linked immunosorbent assay (ELISA), specific
for r-haGalA, and a confirmatory radioimmunoprecip-
itation technique were used to assess antibody response
to r-haGalA.

Molecular and Biochemical Studies

Specific mutations in the a-Gal A gene in each patient
were previously determined (e.g., Eng et al. 1993).
Plasma and tissue a-Gal A activities were measured using
2.5 mM 4-methyumbelliferyl-a-D-galactoside as sub-
strate {Desnick et al. 1973). Plasma and tissue GL-3
concentrations were measured using a verotoxin-based
ELISA specific for GL-3 (Zeidner et al. 1999). Plasma
GL-3 levels were measured at baseline, before each in-
fusion, and either 14 d (for the every-48-h groups) or
21-28 d (for the biweekly groups) after infusion 5.

Collection of Tissue Samples

Percutaneous needle biopsies of liver and 3-mm punch
biopsies of skin from the lower back (avoiding angio-
keratomas) were collected from all patients at baseline
and 2-3 d after infusions 1 and 5. Pre- and posttreatment
right-ventricular endomyocardial and kidney biopsies
were optional procedures for a subsert of participants in
groups C, D, and E only. Tissue samples were divided
and then prepared for light and electron microscopy or
frozen at —80°C for biochemical analyses.

Pharmacokinetic Analyses

For infusions 1 and §, r-haGalA activity was deter-
mined from blood samples collected at 30, 60, and 90
min during the infusions and at multiple time points
0—480 min after these infusions. These data were eval-
vated using standard noncompartmental analysis. In ad-
dition, concentration-time data were subjected to model-
independent pharmacokinetic analysis. The following
pharmacokinetic values were determined: (1) area under
the curve (AUC,.), as computed by the linear trape-
zoidal rule; (2) area under the moment (AUMC,_); (3)
peak a-Gal A concentration (C,.,); (4) time to peak
activity (T,..); (5) the terminal elimination half-life
‘t.2); {6) volume of distribution at steady state (VSS);
(7) clearance; (8) mean residence time extrapolated to
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infinity (MRT,); and (9) the elimination-rate constant
Az ).

Histological Evaluations

For light microscopy, tissue was embedded in paraffin
(liver, kidney, and skin), glycomethacrylate (kidney), or
Epon (skin and heart). Sections were stained with he-
matoxylin and eosin (liver, kidney), periodic acid-Schiff
(liver, skin, and kidney), methylene blue/azure II {skin,
heart, kidney), and/or oil red O (skin). For electron mi-
croscopy, gluteraldehyde-fixed tissue was posttreated
with OsO,, was epoxy-embedded, was sectioned {4-5
um), and was viewed under a JOEL transmission elec-
tron microscope. Representative tissue specimens were
photographed. Scoring of tissue response to treatment
was performed with coded instruments designed by
expert pathologists for light- and electron-microscopic
assessment of the tissue and cell types with significant
GL-3 accumulation. Quantitation of GL-3 content for
both light and electron microscopy was based on a 4-
point scoring system to evaluate the degree and extent
of glycosphingolipid inclusions (ranging from 0, normal
or near normal, to 3, severe involvement). This system
was applied to several structures in each tissue. Excep-
tions to this format were an extended coding range for
the vascular endothelium of the skin (0-5) to account
for any accidental inclusion of angiokeratomatous ves-
sels in the biopsy, and a histomorphometric method ap-
plied to the tightly grouped inclusions in cardiomyocytes
with scores expressed as the volume of inclusions relative
to the rotal volume of tissue evaluated.

Statistical Analyses

Statistical analyses were performed using the Statis-
tical Software System (SAS Institute). The SF-36 ques-
tionnaire was analyzed using the SF-36 health scoring
system (Ware et al. 1997). A Wilcoxan signed rank test
was used to calculate change from baseline for quality
of life and pain (Short Form McGill Pain Questionnaire)
values {Melzack 1987}.

Results

Pharmacokinetics

Concentration-time data for r-haGalA infusions dem-
onstrated a dose-dependent (nonlinear) profile consistent
with enzyme clearance from the circulation via both sat-
urable and nonsaturable (concentration-independent)
pathways. Semilog plots of mean concentration-time
data for the first 2 h of infusion of r-haGalA at doses
of 0.3, 1.0, or 3.0 mg/kg biweekly (groups A-C) are
shown in figure 1. Mean plasma concentrations reached
80% of peak values 60 min into the infusion for the 0.3
mg/kg dose (group A) and 90 min into the infusion for
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Figure 1 Pharmacokinetics of -haGalA infusions. Semilog plots

of mean concentration-time data for r-haGalA infusions at doses of
0.3 (#), 1.0 (®), or 3.0 (A) mg/kg (groups A-C), demonstrating the
dose-dependent {nonlinear}) profile consistent with enzyme cleared
from the circulation via both saturable and nonsaturable {(concentra-
tion independent) pathways. R-haGalA was infused over 120 min. Sce
text for detsils.

the 1.0 and 3.0 mg/kg doses (groups B and C). When
infusions were completed, mean concentrations dropped
to half-peak values within 15, 20, and 45 min for the
0.3-, 1.0-, and 3.0-mg/kg dose groups, respectively.
Clearance appeared to be biphasic for all biweekly dose
groups, with the more rapid elimination phase lasting
1-2 h after infusion. AUC values were increased dis-
proportionately with dose, from ~80 to ~500 to ~4000
pg/min/ml. The mean VSS had a range of 80-330 mV
kg (1-4 tumes blood volume). Clearance decreased from
4 ml/min/kg to ~1 ml/min/kg with increasing dose. Of
note, the terminal elimination half-life was not affected
by dose, which is consistent with elimination being gov-
erned, in part, by a first-order, concentration-indepen-
dent mechanism.

Plasma GL-3 Clearance was Dose-Dependent

Plasma GL-3 concentrations were reduced in a dose-
dependent manner for all infusion groups (fig. 2). Prior
1o treatment, all patients had elevated plasma GL-3 lev-
els, with a range of 2.0-53.9 ng/pl (mean 17.1 x 12.8
ng/pl; the normal, undetectable level is <1.2 ng/ul).
Plasma GL-3 levels in patients receiving r-haGalA at 0.3
mg/kg biweekly tended to decrease with each dose,
reaching their lowest values only at infusion 5. In con-
trast, plasma GL-3 levels in all three patients receiving
r-haGalA at doses of 3.0 mg/kg biweekly totally cleared
after the first infusion and remained undetectable
throughout the clinical trial. Two of three patients re-
ceiving r-haGalA at 1.0 mg/kg biweekly demonstrated
plasma GL-3 clearance after the first infusion, whereas
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the third patient’s plasma GL-3 level was reduced but
never reached undetectable levels. In patients recetving
1.0 or 3.0 mg/kg every other day {groups D and E), the
plasma GL-3 levels were lowest at infusion 4; however,
the decreases were less than those observed in patients
with biweekly dosing schedules {data not shown).

Tissue GL-3 Clearance Was Dose- and Organ-
Dependent

Liver.—Hepatic GL-3 concentrations, measured by
ELISA, were reduced by an average of 84% in the 13
patients who had pre- and posttreatment liver biopsies.
As shown in table 2, GL-3 clearance was particularly
consistent and profound (mean clearance 92%) in group
C patients, who received 3.0 mg/kg biweekly. However,
marked GL-3 reductions were observed in all dose co-
horts. Histologic scores from electron-microscopic eval-
uations based on the 0-3 scale confirmed the positive
response to r-haGalA treatment, with reductions in
mean sinusoid endothelial GL-3 accumulation scores
from 2.40 = 0.74 (n = 15) at baseline to 0.5 = 0.52
(n = 14) after infusion 5. Mean Kupffer cell scores de-
creased from 2.80 = 0.56 (n = 15) to 1.07 * 0.27

A 600 4
400 <
200 -

B 600 1
400
200 -

Plasma GL-3 (ng/25 )

1 2 3 4 5

Ei

Infusion

Figure 2 Effect of r-haGalA dose on plasma GL-3 clearance
Individual patient plasma GL-3 concentrations determined just pric
ro infusions 1-5 for the 0.3 (A), 1.0 (B), and 3.0 {O) mg/kg biweekl
dosing groups.
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Table 2
GL-3 Clearance in Liver, Heart and Kidney
TISSUE,
Dose GL-3 CONCENTRATION
REGIMEN,
AND AGE a-Gal A at Baseline 2-5 d after REDUCTION
PATIENT (years) MUTATION (ng/mg tissue) Infusion S (%)
Liver:
Group A:
2 44 C56G 870 74 91
3 44 N263S 1,130 48 96
Group B:
4 27 W287C 832 185 78
5 36 C172Y 176 134 24
6 38 C172Y 2410 45 98
Group C
7 32 W226R 371 26 93
8 37 G138E 1,780 153 91
9 35 L8%R 352 29 92
Group D
10 37 G138E 12,650 5,940 53
11 26 R227Q 1,280 38 97
12 18 A AN 1,640 77 95
Group E:
13 45 1118 insT 1,690 204 88
15 32 26delA 140 0 100
Heart:
Group C:
7 32 W226R 17,600 15,700 11
8 37 G138E 38,100 40,900 -7
9 35 L8SR 17,500 12,900 26
Group D:
10 37 G138E 32,500 29,800 8
11 26 R227Q 17,800 14,800 17
12 18 W9sS 8,320 10,700 -29
Group E:
13 45 1118 insT 25,000 48,100 -93
Kidney:
Group C:
8 37 G138E 12,930 384 97
9 35 L89R 6,910 512 93
Group D:
10 37 G138E 1,060 . 448 58
11 26 R227Q 10,100 1,980 80
Group E:
- 13 45 1118 insT 1,860 5,630 ~-203

{n = 14). A dose effect was observed for endothelial GL-
3 clearance in dosing cohorts treated biweekly: from
baseline, mean scores decreased ~1.67 % 0.58 points for
the 0.3-mg/kg group A, —2.00 = 1.00 points for the 1.0
mg/kg group B, and, —2.33 = 1.15 points for the 3.0-
mg/kg group C. Notably, one patient in Group E had
increased sinusoid and Kupffer cell scores and was not
included in the histologic analysis.

Skin.—Low and variable GL-3 levels were detected by
ELISA in pretreatment skin biopsies {mean 350 + 168
ng/mg of tissue; range 128-803 ng/mg tissue). Following
‘nfusion 5, the mean GL-3 concentration decreased

715

~40%, to 191 = 160 ng/mg of tissue. Of the 14 patients
with paired samples, 11 had reductions, and 3 (1 from
group A and 2 from group D), had increases from
baseline.

Pre- and posttreatment skin biopsies were obtained,
free of angiokeratomas, for all patients. Histological
evaluation resulted in scores of <3 on the expanded 0-5
scale, except in one patient, who had a baseline capillary
endothelial score of 4 (fig. 3A). In histologic sections
stained with periodic acid-Schiff, markedly reduced
mean GL-3 scores were observed in the endothelium of
superficial capillaries (from 2.6 = 0.79 at baseline to
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Figure 3 Light-microscopic assessment of the vascular endothe-

lial GL-3 deposits in skin {A), heart (B), and kidney (C), before and
after r-haGalA treatment by expert pathologists blinded to time of
biopsy and patient. A, Pre- and posttreatment GL-3 scores (ranging
from 0, normal or near normal, to 4, severe) of skin capillary endo-
thelium for 14 paticnts. Note that the seven with paired pre- and
posttreatment biopsies all cleared their capillary endothelial GL-3 de-
posits (“0” scores). B, Pre- and posttreatment endomyocardial vascular
endothelium GL-3 scores (ranging from 0, normal or near normal, to
3, severe) for seven patients: three in group C, three in group D, and
one in group E. Note that the seven patients with paired pre- and
posttreatment biopsies all had reduced GL-3 scores and four had
cleared their capillary endothelium (“0™ scores). C, Pre- and post-
treatment GL-3 scores (ranging from 0, normal or near normal, to 3,
severe) for kidney vascular endothelium for seven patients: three in
group C, two in group D, and two in group E. Note that the rwo with
paired pre- and posttreatment biopsies had cleared their capillary en-
dothelial GL-3 deposits (“0™ scores). Sce text for details.

0.11 + 0.33 after infusion 5), with the greatest improve-
ment in patients in the biweekly dose cohorts. Clearance
was observed with all dose regimens, best demonstrated
werall by immunohistochemistry (figs. 4A and 4B). For
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the perineurium, five of eight patients with paired bi-
opsies showed decreases of 1 or 2 points from baseline.
In the deeper arterioles, endothelial scores varied, with
three of six patients declining by 1 or 2 points and the
others remaining unchanged. Electron-microscopic eval-
uations provided similar results, with mean scores for
GL-3 deposits in endothelial cells of superficial capil-
laries decreasing from 2.80 + 0.41 at baseline to
0.50 *+ 0.65 after infusion 5. Of 12 parients in treatment
groups B-E, 8 essentially cleared all the accumulated
GL-3 from the endothelium, achieving scores of 0 after
the last infusion (e.g., figs. 4C and 4D). Similarly, mean
GL-3 scores in the endothelium of deeper arterioles
showed consistent decreases (3.00 = 0.0 at baseline to
1.50 + 1.00; » = 14). In contrast, GL-3 deposits in per-
icytes, perineurium, and the muscular layer of arterioles,
as well as the histiocytes and fibrocytes, showed little or
no change.

Heart.—Endomyocardial biopsies were obtained pre-
and posttreatment in seven patients from groups C, D,
and E. As shown in table 2, baseline tissue GL-3 levels,
determined by ELISA, were high, with a range of
8,320-38,100 ng/mg tissue (mean 21,400 x 7,420 ng/
mg tissue). Following infusion $, the mean GL-3 con-
centration decreased only slightly (15.6%) to
18,300 + 7,780 ng/mg tissue in four patients with de-
creases. Histologic scores for the capillary endothelium,
assessed by light microscopy (fig. 3B), decreased in all
seven patients with pre- and posttreatment biopsies;
mean scores decreased from 1.75 + 0.89 at baseline to
0.57 = 0.79 after treatment. By electron-microscopic
examination (e.g., figs. SA and SB), six of seven paired
biopsies had decreased scores for vascular endothelial
GL-3, whereas one patient’s scores remained unchanged
(mean scores of 2.14 and 0.71, pre- and posttreatment,
respectively). After five infusions, GL-3 storage remained
unchanged in the cardiomyocytes, pericytes, and vas-
cular smooth muscle.

Kidney. —Paired pre- and postireatment kidney bi-
opsies were obtained from five patients: two each in
groups C and D, and one in group E. Pretreatment kid-
ney GL-3 concentrations, determined by ELISA, varied
considerably (table 2), with a range of 1,060-12,900 ng/
mg tissue (mean 5,530 + 4,580 ng/mg; n = 5). Follow-
ing infusion 3, the mean GL-3 level was decreased by
67.6% to 1,790 + 2,250 ng/mg in the five patients with
paired samples. Four patients decreased their levels by
a mean of 84% (mean 830 + 770 ng/mg), whereas the
fifth patient’s level almost doubled. Sampling variability
may account for part of this discrepancy. Histologic eval-
uations focused on four functional areas known to har-
bor prominent GL-3 inclusions: glomeruli, tubules, in-
tertubular interstitium, and larger multilayered vessels.
There was a consistent pattern of reduction of GL-3
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Figure 4

A and B, Immunohistochemistry for GL-3 in skin with verotoxin subunit B. Comparison of pretreatment (A) and posttreatment

{B} photomicrographs shows that r-haGalA treatment resulted in marked clearance of GL-3 inclusions, particularly from the superficial vas-
culature of the papillary dermis. C and D, Electron micrographs of single superficial capillaries of the skin. Before treatment (C), the capillary
endothelium was heavily laden with lamellar glycosphingolipid inclusions {arrows). After treatment {D), the endothelium of superficial capillaries

was cleared of GL-3 inclusions (arrow). See text for details.

inclusions in the three vascular beds. As shown in figure
3C, GL-3 accumulation in the endothelium of interstitial
capillaries declined in four of five patients (e.g., fig.
6A—6D) but increased in one. In two patients with paired
glomerular capillary scores, endothelial GL-3 scores de-
clined from 2 to 0 and from 1 to 0, respectively. For the
arterioles, four paired samples showed declines in en-
dothelial GL-3 content of =1 point (mean scores of 2.25
at baseline to 1.00 after treatment).

Response in other tissue types varied considerably.

Prominent reductions occurred following treatment in
glomerular mesangial cells (from 2.00 at baseline to0 0.00
in group C; n = 2) and in cortical interstitial cells (2.60
at baseline to 1.00 in groups C, D, and E; n = 5). The
distal convoluted tubules and collecting ducts that, along
with the glomerular podocytes, had the most prominent
GL-3 storage in the kidney at baseline were difficult to
evaluate burt appeared to trend to reduced scores. The
glycosphingolipid deposits in the glomerular podocytes
appeared unresponsive to treatment. Electron-micro-
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Figure 5

Photomicrographs of interstitial capillaries of the myocardium before (A} and after (B) treatment (methylene blue/azure Il stain).

Pretreatment (A), small-to-medium-—sized glycosphingolipid inclusions were seen in the endothelium of small interstitial capillaries (arrows; score
2). After weatment (B), glycosphingolipid inclusions were cleared from the endothelium of small capillaries {arrows). The GL-3 inclusions in
the cardiomyocytes (arrowheads) were less responsive to treatment. Sce text for details.

scopic evaluations, performed on a small number of sam-
ples, supported the findings from light microscopy.

Clinical Findings

Pre- and posttreatment EKGs, echocardiograms, and
renal MRIs were unchanged. Patients anecdotally re-
ported an increased ability to sweat and less fatigue. Pain
was assessed by the Short Form McGill Pain Question-
naire. Compared to the pretreatment baseline results, the
“overall pain” and “present pain intensity” scores were
significantly improved after five infusions at all doses
(P = .03 and P = .004, respectively). In addition, the
SF-36 quality-of-life questionnaire indicated improve-
ment posttreatment for three indices: bodily pain, gen-
eral health, and vitality.

Safety Evaluation

Of the 15 patients, 13 completed all five r-haGalA
infusions, which were generally well tolerated. The most
common adverse event was a transient mildly-to-mod-
erately increased blood pressure during infusions, which
did not require treatment and returned to normal during
or immediately after infusion. There were no significant
changes in blood indices or blood and urine chemistries.
Patient 14 (group E), who had discontinued a 7-mo an-
ticoagulant treatment for a deep vein thrombosis of a

lower extremity prior to joining the study, complained
of mild chest pain the day after he received his last r-
haGalA infusion. He was diagnosed with a pulmonary
embolus, was retreated with anticoagulant therapy, and
recovered without complication.

Of 15 patients, 8 developed IgG antibodies specific to
r-haGalA. Of these, the four who experienced symptoms
compatible with hypersensitivity-type reactions had
seroconverted. Two of these patients (patient 5, group
B, and patient 7, group C), had symptoms suggestive of
allergic reactions during infusion 4 and did not tolerate
reinfusion, whereas the other two patients were suc-
cessfully retreated. Importantly, despite this antibody re-
sponse, mean pharmacokinetic values did not change
berween the first and fifth infusions for all patients stud-
ied (fig- 7).

Discussion

The primary finding of this phase 1/2 trial was that in-
fused r-haGalA safely and effectively cleared the accu-
mulated GL-3 from endothelium of the liver, skin, heart,
and kidney—major sites of pathology in classical Fabry
disease. The demonstration that lysosomal glycosphin-
golipid accumulation in the microvasculature and other
cell types was reversible provided “proof of principle”
for enzyme-replacement therapy in this disease. Since
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Figure 6 Light and electron micrographs of kidney pre- and posttreatment (methylene blue/azure 1 stain). A and B, Light microscopy of
capillaries in the intertubular interstitiom. Before treatment {A), the capillary endothelium (arrows) is heavily faden with glycosphingolipid
inclusions, some impinging on the lumen (score 3). After treatment (B), most of the capillaries {arrows) have been cleared of glycosphingolipid
inclusions (score 0). C and D, Electron micrographs of kidney cortex with examples of an intertubular capillary (arrow) and ncighboring distal
convoluted tubule {arrowhead). Before treatment (C), numerous electron-dense glycosphingolipid inclusions are seen in the capillary endothelium
(small arrow). In the adjacent distal convoluted tubule, the epithelium is heavily packed with numerous electron-dense lamellar lysosomal
inclusions (small arrowhead). After treatment (D), the endothelium of a small capillary (arrow) has no evidence of glycosphingolipid inclusions.
In the adjacent distal convoluted tubule (arrowhead), the number and distribution of lysosomal inclusions appear similar; however, the lamellar
architecture of the individual lysosomes appears less tightly organized (small arrowhead), suggesting enzymatic hydrolysis of the accumulated
GL-3.
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Figure 7 Comparison of the pharmacokinetics of r-haGalA for

infusions 1 and S. Comparison of mean concentration-time data for
groups A and B. R-haGalA was infused over 120 min. Infusion 1:
group A (@), group B (A); infusion 5: group A (@), group B(x). See
text for details.

«cardiac variants” with Fabry disease lack microvas-
cular glycosphingolipid accamulation and the major
clinical manifestations of classically affected patients (El-
leder et al. 1990; von Scheidt et al. 1991; Desnick et al.
2001), it is anticipated that the clearance of GL-3 from
the microvasculature and other tissue sites of pathology
hould lead to significant physiologic and clinical
improvement.

Beyond the microvascular GL-3 clearance, the gly-
cosphingolipid tissue load and response to r-haGalA
treatment varied. Presumably, the different cellular gly-
cosphingolipid levels reflected endogenous glycosphin-
golipid synthesis and cell turnover rates, whereas the
differential clearance was a function of cellular and ly-
sosomal enzyme uptake and stability. In the liver, which
had the highest uptake of enzyme on the basis of the
preclinical studies in “Fabry mice” (loannou et al.
2001), all dose regimens markedly reduced GL-3 levels;
there was an 84% mean clearance of hepatic GL-3 by
ELISA in patients with pre- and posttreatment biopsies
(table 2). Morphologic examination revealed that the
rwo principal hepatic reservoirs of glycosphingolip-
id—the endothelial cells of the sinusoids and the Kupffer
cells—were almost totally cleared of glycosphingolipid
inclusions. In comparison to other tissues studied, base-
line endomyocardial GL-3 levels were the highest of
those in all tissues studied, an order of magnitude
greater than those in kidney (table 2). Histologic anal-
ysis revealed that the majority of GL-3 accumulation
was in the cardiomyocytes and that the storage was not
remarkably changed after five doses of r-haGalA at 1
or 3 mg/kg. Similar results were documented by the
ELISA determinations (table 2). Longer-term enzyme
replacement presumably is required to reduce the sub-
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stantial GL-3 accumulation in cardiomyocytes. Of note,
preclinical studies in the “Fabry mouse” indicated that
r-haGalA activity was detectable in the heart when 3.0
mg/kg was infused (loannou et al. 2001).

Although the number of paired pre- and posttreat-
ment renal biopsies for histologic analysis was limited,
all three vascular beds showed the same response to
treatment, a prominent reduction in GL-3 content from
the endothelium. Total renal GL-3 levels, determined by
ELISA, in four of the five patients with pre- and post-
biopsy data also revealed a mean 82% reduction after
treatment. Because the total vascular GL-3 content isa
relatively small component of the total renal GL-3 ac-
cumulation, and because the podocyte inclusions were
unchanged, most of the GL-3 reduction must have been
from the tubules, the only other major storage site.
Taken together with the reduction in vascular endothe-
lial GL-3 levels, these results suggest potential benefit
for kidney function.

In general, the biochemical and histologic assessments
indicated that GL-3 clearance was dose and tissue-de-
pendent, analogous to the findings of r-haGalA replace-
ment in “Fabry mice” (loannou et al. 2001). The bi-
weekly dose regimens proved to be more effective than
the every 48 h regimens, the latter included to assess
the effects of a rapid, high-dose schedule {i.e., a “loading
dose”™), similar to that used in the preclinical studies
(loannou et al. 2001). It was reasoned that administra-
tion every 48 h would achieve the highest enzyme con-
centration in lysosomes and the greatest plasma and
tissue GL-3 clearance, particularly since the tissue half-
life of the enzyme in the “Fabry mouse” was 2-4 d.
However, the biweekly regimens unexpectedly cleared
more substrate, the 1- and 3-mg/kg doses being more
effective than the 0.3-mg/kg dose. Although assessment
of GL-3 clearance in heart and kidney was limited, be-
cause of the small number of optional paired biopsies
from patients in groups C-E, the greatest clearance was
observed in patients in group C, who received 3 mg/kg
biweekly. In addition, there was a direct effect of dose
on plasma GL-3 levels. For example, plasma GL-3 was
cleared from the circulation after the first infusion in
patients in the 1.0- and 3.0-mg/kg biweekly dosing
groups (fig. 2), whereas plasma GL-3 levels in the 0.3-
mg/kg dosing group decreased with each infusion,
reaching their lowest levels at infusion 4 or S. Of in-
terest, GL-3 reaccumulation in the plasma and tissues
of “Fabry mice” following a single r-haGalA dose (3
mg/kg) suggest that the plasma GL-3 level might reflect
the total body load of substrate (Ioannou et al. 2001).
Analogously, the plasma GL-3 concentration may pro-
vide a noninvasive indicator of tissue GL-3 clearance in
patients with Fabry disease.

Clinically, the patients reported decreased pain and
an increased ability to sweat, both findings consistent
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with GL-3 clearance from microvascular endothelial
cells. Improvements in several quality-of-life measures
ilso were noted. However, assessments of pain and
quality of life require more rigorous evaluation in a
larger, double-blind study, to minimize possible placebo
effects.

This phase 1/2 clinical trial also evaluated the safety
of r-haGalA infusions. Although the enzyme infusions
were generally well tolerated, it was expected that most
patients would raise antibodies to r-haGalA, since clas-
sically affected males with Fabry disease are cross-re-
active immunological material-negative for the o-Gal
A protein (Desnick et al. 2001). In fact, four patients
had mild-to-moderate hypersensitivity-type reactions:
two with transient fever and chills, one with hives, and
one with tachycardia. Although they responded to
symptomatic treatment, two of these four patients were
unable to complete their fifth infusions. Immunologic
studies revealed that six (67%) of the nine patients on
the biweekly dosing schedule seroconverted after the
second or third infusion, whereas two (33%) of six
patients on the every-48-h regimens seroconverted after
the fifth infusion {day 9). In all cases, seroconversion
was an IgG response, and almost identical pharmaco-
kinetic profiles at the first and last infusions for both
biweekly (fig. 7) and every-48-h (data not shown) in-
fusion schedules indicated that antibodies were not neu-
tralizing. Also, urine chemistry, blood cytology, and tis-
sue-histology results were not altered in response to
adverse reactions associated with enzyme infusions. On
the basis of these findings and of previous experience
with management of enzyme infusions for Gaucher dis-
ease (Grabowski et al. 1998; Mistry 1999), pretreat-
ment with antipyretics and antihistamines, as well as
decreasing the rate of infusion, are recommended for
subsequent studies.

The most common adverse event associated with en-
zyme administration was a mild, transient increase in
blood pressure, which did not require medical inter-
vention or prevent patients who entered the trial with
hypertension from safely completing their infusions.
Only two serious adverse events occurred, and of these
only one, an allergic reaction, was attributable to
r-haGalA administration. The other serious adverse
event was a pulmonary embolism in a patient who re-
cently discontinued anticoagulation treatment for a pre-
vious deep vein thrombosis. Of the other recorded ad-
verse events, none was attributed to enzyme
administration; however, several were associated with
biopsy procedures.

In summary, the phase 1/2 clinical trial of r-haGalA
replacement in classically affected patients with Fabry
disease demonstrated that the infused enzyme generally
was well tolerated and that the expected infusion re-
actions following seroconversion were mild and con-
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servatively managed. This trial provided the “proof of
principle” that enzyme replacement could reverse the
GL-3 accumulation in key sites of pathology. These re-
sults also indicated that the clearance of GL-3 from
tissue lysosomes was dose-dependent and that enzyme
could reach and hydrolyze the accumulated GL-3 in
lysosomes. Finally, these studies provide the basis for a
phase 3 pivotal trial with a greater number of patients
to further evaluate the safety and efficacy of r-haGalA
replacement in Fabry disease.
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ABSTRACT

Background Fabry's disease, lysosomal a-galac-
tosidase A deficiency, resuits from the progressive
accumulation of globotriaosylceramide and reiated
glycosphingolipids. Affected patients have microvas-
cular disease of the kidneys, heart, and brain.

Methods We evaluated the safety and effectiveness
of recombinant «-galactosidase A in a muiticenter,
randomized, placebo-controlled, double-blind study
of 58 patients who were treated every 2 weeks for 20
weeks. Thereafter, all patients received recombinant
«-galactosidase A in an open-label extension study.
The primary efficacy end point was the percentage of
patients in whom renal microvascular endothelial de-
posits of globotriaosylceramide were cleared (reduced
to normal or near-normal levels). We also evaluated
the histologic clearance of microvascular endothelial
deposits of globotriaosylceramide in the endomyocar-
dium and skin, as well as changes in the level of pain
and the quality of life.

Results In the double-blind study, 20 of the 29 pa-
tients in the recombinant a-galactosidase A group (69
percent) had no microvascular endothelial deposits of
globotriaosylceramide after 20 weeks, as compared
with none of the 29 patients in the placebo group
(P<0.001). Patients in the recombinant «-galactosi-
dase A group also had decreased microvascular en-
dothelial deposits of globotriaosylceramide in the skin
{P<0.001) and heart {(P<0.001). Plasma levels of glo-
botriaosylceramide were directly correlated with clear-
ance of the microvascular deposits. After six months
of open-label therapy, all patients in the former pla-
cebo group and 98 percent of patients in the former
recombinant a-galactosidase A group who had biop-
sies had clearance of microvascular endothelial de-
posits of globotriaosylceramide. Mild-to-moderate in-
fusion reactions (i.e., rigors and fever) were more
common in the recombinant a-galactosidase A group
than in the placebo group.

Conclusions Recombinant a-galactosidase A re-
placement therapy cleared microvascular endothelial
deposits of globotriaosylceramide from the kidneys,
heart, and skin in patients with Fabry’s disease, revers-
ing the pathogenesis of the chief clinical manifesta-
tions of this disease. (N Engl J Med 2001;345:9-16.)
Copyright © 2001 Massachusetts Medical Society.
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ABRY’S disease is an X-linked inborn error of

glycosphingolipid catabolism due to deficient

lysosomal a-galactosidase A activity.! In pa-

tients with the classic form of the disease, pro-
gressive accumulation of globotriaosylceramide and
related glycosphingolipids in vascular endothelial ly-
sosomes of the kidneys, heart, skin, and brain leads to
the main disease manifestations. The clinical onset is in
childhood and is characterized by severe acroparesthe-
sias, angiokeratoma, corneal and lenticular opacities,
and hypohidrosis. Over time, microvascular disease of
the kidneys, heart, and brain progresses, leading to ear-
ly death.! Treatment is limited to symptomatic man-
agement of pain and the end-stage complications of
renal failure, cardiac disease, and strokes.

Early trials demonstrated the feasibility of enzyme
replacement to correct the metabolic defect in Fabry’s
disease.2* A phase 1 trial demonstrated reductions of
globotriaosylceramide in the liver and in urinary sed-
iment with a single dose of recombinant a-galactosi-
dase A5 A phase 1 and 2 open-label dose-escalation
study of replacement therapy with recombinant
a-galactosidase A in 15 male patients with classic Fa-
bry’s disease demonstrated that repeated administra-
tion (a total of five infusions) was safe and effective in
clearing plasma globotriaosylceramide and microvas-
cular endothelial deposits of globotriaosylceramide
from target tissues.5 Plasma and tissue clearance of glo-
botriaosylceramide was observed for all dose regimens,
and the effect was most pronounced at higher doses.
Therefore, we evaluated the safety and efficacy of re-
combinant a-galactosidase A replacement therapy in
Fabry’s disease in a multicenter, randomized, double-
blind, placebo-controlled trial and subsequent open-
label study.

METHODS

Patients

Eligible patients had an enzymatically confirmed diagnosis of clas-
sic Fabry’s disease, had a level of activity of a-galactosidase A of less

From the Mount Sinai School of Medicine, New York (C.M.E., R.J.D.);
Hépital Edouard Herriot, Lyons, France (N.G.); Cedars—Sinai Burns and
Allen Research Insttute, UCLA School of Medicine, Los Angeles (WR.W.);
Hépital Européen Georges Pompidou, Paris (D.P.G.); University College
London Hospitals, London (P.L.); Hope Hospital, Salford, Manchester,
United Kingdom (SW.); Beth Israel Deaconess Medical Center, Boston
(L.C.); and Academisch Medisch Centrum, Amsterdam (G.E.L.). Address
reprint requests to Dr. Desnick at the Department of Human Genetics, Box
1498, Mount Sinai Schoo! of Medicine, Fifth Ave. at 100th St., New York,
NY 10029, or at rid.fabry@mssm.edu.
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than 1.5 nmol per hour per milliliter in plasma or less than 4 nmol
per hour per milligram in leukocytes,” and were at least 16 years old.
Patients were excluded if their serum creatinine concentration ex-
ceeded 2.2 mg per deciliter (194.5 umol per liter), if they were un-
dergoing dialysis, or if they had undergone kidney transplantation.

Clinical and Biochemical Assessments

Evaluations including a medical history taking, routine chemi-
cal analyses, and hematologic indexes were obtained and 2 physical
examnination was performed at base line and before each infusion.
Echocardiograms were obtained and plasma and 24-hour urinary
sediments were collected at base line, after week 20 of the double-
blind study, and after six months of open-label treatment. Glomer-
ular filtration rates were measured in terms of inulin clearance at base
line and after six months of the extension study. Concentrations of
globotriaosylceramide in plasma, tissue, and urinary sediment® were
determined by a quantirative enzyme-linked immunosorbent assay
(ELISA).? Before each infusion, the presence or absence of antibody
against recombinant a-galactosidase A was assessed by ELISA, and
the results were confirmed by a radicimmunoprecipitation assay.!?

Study Protocol

Enrollment in the double-blind study began on March 22,1999,
and ended on December 3, 1999. The open-label study began on
October 26, 1999. Patients were randomly assigned to receive re-
combinant a-galactosidase A (agalsidase beta; Fabrazyme, Genzyme,
Cambridge, Mass.) at a dose of 1 mg per kilogram of body weight
or placebo (phosphate-buffered mannitol). Both agents were admin-
istered intravenously at a rate of 0.25 mg per minure every other
week for 20 weeks (for a total of 11 infusions). Before each infusion
patients were pretreated with 1000 mg of acetaminophen and 25
to 50 mg of hydroxyzine. Ibuprofen, prednisone, or both were also
used in a few patients for infusion-related reactions. After the dou-
ble-blind trial, all patients received recombinant a-galactosidase A
in an open-label fashion at a dose of 1 mg per kilogram every other,
week, but the infusion rates were increased as tolerated, reducing the
length of the infusion. The institutional review boards at all sites
approved the double-blind and open-label protocols, and all patients
gave written informed consent.

Tissue Assessments

Kidney specimens were obtained by ultrasound-guided biopsy,
heart specimens were obtained through an endomyocardial catheter
with the use of a bioptome, and 3-mm skin specimens were ob-
tained by punch biopsy at base line, after infusion 11 (week 20),
and after six months of the open-label study. Tissue sections (1 um)
were stained with methylene blue—azure II. Each of the three types
of biopsy specimen was assessed for microvascular endothelial de-
posits of globotrizosylceramide by a different group of three pathol-
ogists. None of the nine pathologists were aware of the patients’
treatment assignments or the times at which the specimens were
obtained.

Specimens with no microvascular endothelial deposits of giobo-
triaosylceramide or only trace amounts (normal or nearly normal)
were given a score of 0; specimens in which the majority of vessels
had evidence of a single endothelial inclusion were given a score
of 1; specimens that contained multiple vessels with multiple sites
of single or multiple inclusions were given a score of 2; and spec-
imens that had large accumulations of inclusions with some clusters
at the juxtanuclear region and around cytoplasmic borders and bulg-
ing of the vessel lumens were given a score of 3. Renal-biopsy spec-
imens that were initially given a score of 0 or 1 were reevaluated by
the three renal pathologists with the use of a slightly modified scor-
ing system. In this system, specimens with no inclusions were given
a score of 0; those with one small granule (approximately 0.2 pm)
were designated as having trace evidence; those with multiple dis-
crete granules were given a score of 1; those with single or multiple
aggregates of granules were given a score of 2; and those with ag-
gregates of granules within the endothelium thar caused the distor-
tion of the luminal endothelial cell surface were given a score of 3.

10 - N Engl ] Med, Vol. 345, No. 1 - July 5, 2001

Evaluation of Efficacy

An average of 233 capillaries in each renal-biopsy specimen were
assessed by each renal pathologist. The primary efficacy end point
of the double-blind study required more than 50 percent of the
renal interstitial capillaries in each specimen to have a score of 0, less
than 5 percent to have a score of 1 or greater, and the remainder to
be designated as having trace evidence of microvascular endothelial
deposits of globotriaosylceramide after week 20. For cach biopsy
specimen, a majority score was determined from the three pathol-
ogists’ scores.

Secondary end points were also assessed at base line and after the
week-20 infusion and consisted of the composite score for microvas-
cular endothelial deposits of globotriaosylceramide in the heart,
kidney, and skin specimens (scores were calculated per organ and
summed for all organs) and the change from base line in the con-
centrations of globotriaosylceramide in urinary sediment and kid-
ney specimens and the level of pain, as assessed by the short form of
the McGill Pain Questionnaire.!* Scores on this questionnaire can
range from 0 to 45, with higher scores indicating severe pain in-
rensity.

Statistical Analysis

We used chi-square tests to analyze the proportion of patients in
the recombinant a-galactosidase A group and the placebo group
with a renal-biopsy score of 0 after week 20 of the double-blind
study and after six months of the open-label study. We used two-
sample, two-tailed tests for all analyses. A P value of 0.05 or less was
considered to indicare statistical significance. Changes in the concen-
trations of globotriaosylceramide in urinary sediment and kidney
specimens on ELISA were ranked individually, and the rank-sum
score for each patient was obtained. We used a two-sample Wilcox-
on rank-sum test to assess the change from base line to the end
of the double-blind study (after week 20). We used t-tests to com-
pare the mean change in the level of pain from base line to the end
of the double-blind study (after week 20) for each treatment group.
The Genzyme Biostatistics group held the data and analyzed the
data, with the help of consulting academic biostatisticians.

We used the 36-item Medical Outcomes Study Short-Form Gen-
eral Health Survey (SF-36)2 to evaluate the patients’ quality of life.
This multi-item scale measures eight heaith-relared aspects: phys-
ical function, social function, physical role, emotional role, mental
health, energy, pain, and general health perception. Scores on each
aspect can range from 0 (worst) to 100 (best). The results were eval-
uated according to established guidelines,1? and we used a Wilcoxon
signed-rank test to compare the mean change in scores from base
line in each group. We used an analysis of variance to compare the
differences between groups in the changes in the mean glomerular
filtration rate from base line to six months of the open-label study.

RESULTS
Characteristics of the Patients

The base-line characteristics of the 58 patients as-
signed to the two treatment groups were similar (Ta-
ble 1).

Double-Blind Study

Renal Capillary Endothelial Clearance
of Globotriaosylceramide

The primary efficacy end point was the percentage
of patients in each group who were free of microvas-
cular endothelial deposits of globotriaosylceramide in
renal-biopsy specimens (i.c., who had a score of 0) af-
ter 20 weeks of treatment (11 infusions) in the dou-
ble-blind study. The end point was reached by 20 of
the 29 patients in the recombinant a-galactosidase A

- www.nejm.org
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TABLE 1. BASE-LINE CHARACTERISTICS OF THE PATIENTS.*

RECOMBINANT
a-GALACTOSIDASE A PraceBo Group
CHARACTERISTIC GRoup (N=29) (N=29}
Age (yr)

Mean 32.0x94 284*114
Range 16-48 17-61
Weight (kg) 67.3x99 69.6*x13.4
Height (cm) 175.7+8.3 175.6+8.3

Sex (no.)
Male 27 29
Female 2 0
Race (no.)
White 27 26
Nonwhite 2 3
Plasma globotriaosylceramide 14.5x10.5 14.6x9.6
(ng/ml)
Glomerular filtration rate 83.0x22.0 96.6+35.3
(ml/min)
Serum creatinine (mg/dl)t 0.8+0.2 0.8+0.2

*Plus-minus values are means +SD.

$To convert the values for creatinine to micromoles per liter, multiply
by 88.4.

group (69 percent), as compared with none of the
29 patients in the placebo group (P<0.001; odds ra-
tio, 0.0). Eight of the remaining nine patients in the
recombinant a-galactosidase A group had a score of
1 (the scores of six of these patients had improved,
and the scores of two had not changed). The ninth pa-
dent had a missing biopsy specimen and so was as-
signed a score of 3. An analysis of sensitivity, in which
a maximum of 1 percent of the capillaries could be
given a score of 1 or greater, as opposed to the orig-
inal requirement of less than or equal to 5 percent,
did not change the outcome (P<<0.005). These results
for the three renal pathologists were uniform.

Secondary End Points

The individual scores for the kidney-, heart-, and
skin-biopsy specimens as well as the composite scores
for all three types of specimens were compared at base
line and after the week-20 infusion (Table 2). Al-
though both groups had similar base-line scores for
each type of specimen (P=0.53), the patients in the
recombinant a-galactosidase A group had significant-
ly lower scores for each type of specimen after the
week-20 infusion than did the patients in the placebo
group (P<0.001 for all three comparisons). In addi-
tion, the median percent changes in the kidney and
urinary concentrations of globotriaosylceramide dif-
fered between the patients in the recombinant a-galac-
tosidase A group and the patients in the placebo group
(23.3 percent decrease vs. 42.8 percent increase and
34.1 percent decrease vs. 6.2 percent decrease, respec-
tively). The rank-sum scores for kidney and urinary-
sediment concentrations of globotriaosylceramide had

N Engl J Med, Vol. 345, No. 1 - July 5, 2001

decreased significantly in the recombinant a-galactosi-
dase A group, but not in the placebo group (median
change, 32.5 percent decrease vs. 48.0 percent de-
crease; P=0.003).

Although both groups had low scores on all five
scales of the short form of the McGill Pain Question-
naire at base line, statistically significant decreases in
the scores were observed at week 20 in both treatment
groups (Fig. 1). There was no significant difference
between groups after week 20 in any pain assessment
(P>0.05 for all comparisons), possibly because of a
placebo effect.

Clearance of Globotriaosylceramide in Plasma

Figure 2 shows clearance of globotriaosylceramide
from plasma by week 14 of treatment with recombi-
nant a-galactosidase A; in contrast, the plasma con-
centrations in the placebo group did not change sig-
nificantly during the double-blind study (P<<0.001 for
the comparison between the groups). Plasma concen-
trations of globotriaosylceramide were undetectable
(<1.2 ng per microliter) after week 20 in all 20 pa-
tients who had no microvascular endothelial deposits
of globotriaosylceramide in renal-biopsy specimens af-
ter week 20 of treatment. Five of eight patients in the
recombinant a-galactosidase A group who had a renal
score of 1 after week 20 had undetectable plasma con-
centrations of globotriaosylceramide after week 20,
and three had concentrations ranging from 12 to 94
percent (mean, 35.3 percent) of their base line values.
The patient who had been assigned a score of 3 be-
cause of a missing biopsy specimen at week 20 had a
plasma globotriaosylceramide concentration of 3.9 ng
per microliter.

Quality of Life

Padents in the recombinant a-galactosidase A group
had significant improvements in two components of
the SF-36 (physical role and emotional role), whereas
patients in the placebo group had significant improve-
ments in the physical role and body-pain components
of the SF-36.

Open-Label Extension Study

All 58 patients enrolled in the open-label study. Af-
ter six months of treatment with recombinant a-galac-
tosidase A, 98 percent of patients in whom a biopsy
was performed at this time (42 of 43) had a score of
0 on histologic analysis of microvascular endothelial
deposits of globotriaosylceramide in kidney specimens,
96 percent (45 of 47) had such results for skin spec-
imens, and 75 percent (24 of 32) had such results for
heart specimens (Table 3). The results were similar
when the analysis included only the patients who
crossed over from placebo to recombinant a-galac-
tosidase A: 100 percent, 96 percent, and 67 percent,
respectively. In 95 percent of the patients who had had
a biopsy during the open-label study and who received

- www.nejmorg - 11
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Score

Affective (P=0

TABLE 2. MEAN CHANGES IN INDIVIDUAL AND COMPOSITE SCORES FOR MICROVASCULAR
ENDOTHELIAL DEPOSITS OF GLOBOTRIAOSYLCERAMIDE IN KIDNEY-, HEART-,
AND SKIN-BIOPSY SPECIMENS FROM BASE LINE TO AFTER THE WEEK-20 INFUSION.*

SPECIMEN

Kidney

Recombinant a-galactosidase A
Placebo

Heart

Recombinant a-galactosidase A
Placebo

Skin

Recombinant a-galactosidase A
Placebo

Composite

Recombinant a-galactosidase A
Placebo

No. oF
PATIENTS

29
29

29
29

29
29

29
29

Base LiNg

19208
2207

0904
09=05

21207
2.3x08

49x15
5414

Week 20

score

04x0.7
2.1x0.8

0.3>x0.5
1.2x0.6

0.0x0.0
2.2*0.7

0708
55%1.6

MeaN CHANGE P VaLuet

<0.001
-16*12
=0.1=*1.1
<0.001
~0.6x0.7
0.2+0.8
<0.001
-2.1%+0.7
-0.1*1.0
<0.001
-42*1.8
0.1+2.0

*Plus—minus values are means £SD.

1P values are for the mean changes and were calculated with use of a t-test.

7 Total pain (P=0.02)

Sensory (P=0.04)

T VAS (P=0.006)

Recombinant a-Galactosidase A Group

1
Base line

T
Week 20

Placebo Group

7 Total pain (P=0.001)

5 Sensory (P=0.002)

Affective (P=0.001)
7 vaAs (P=0.001)

7} PPI(P=0.04)

T T
Base line Week 20

Figure 1. Change in Levels of Pain from Base Line to Week 20 of the Double-Blind Study in the Recombinant a-Galactosidase A

Group (Panel A) and the Placebo Group (Panel B).

The short form of the McGill Pain Questionnaire was used to assess the level of sensory pain, affective pain, pain as measured on
a visual analogue scale (VAS), and the present pain intensity (PP1). On this scale, higher scores indicate greater pain. The total pain
score is the sum of the sensory and affective pain scores. There were significant reductions in all the mean pain measures within
each treatment group, but no significant differences between the two groups.

recombinant a-galactosidase A during the double-
blind study, the renal scores were maintained or fur-
ther decreased after six months of open-label treat-
ment. In addition, renal function, as measured by the
glomerular filtration rate, did not change substantial-
ly from base line in either group after week 20 of the

12 - N Engl J Med, Vol. 345, No. 1 -

double-blind study (P=0.19) or after six months of
open-label treatment (P=0.81).

Safety

No significant changes from base line in the echo-
cardiograms, electrocardiograms, or other safety as-

July 5,2001 - www.nejm.org
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Figure 2. Median Plasma Concentrations of Globotriaosylceramide in the Recombinant a-Galactosidase A Group and the Placebo

Group in the Double-Blind Study and the Open-Label Study.

Plasma levels of globotriaosyliceramide were determined by a quantitative enzyme-linked immunosorbent assay at base line and
week 20 of the double-blind study and after six months of open-label treatment. Plasma globotriaosylceramide values that were
below the limit of detection (<1.2 ng per microliter) were recorded as 0. All patients who had been in the placebo group during the
double-blind study received recombinant a-galactosidase A during the open-label study.

sessments in either group were observed after week
20 of the double-blind study or after six months of the
open-label study. The infusions were generally well
tolerated. Rigors and fever were the only treatment-
related adverse events that occurred significantly more
frequently in the recombinant a-galactosidase A group
than in the placebo group during the double-blind
study (P=0.004) (Table 4). Although not considered
to be related to recombinant a-galactosidase A ther-
apy, skeletal pain was the only other adverse event that
occurred more frequently among enzyme-treated pa-
tients during the double-blind study (P=0.02). Tran-
sient mild-to-moderate infusion-associated reactions
occurred in 59 percent of patients (34 of 58) during
double-blind or open-label treatment. Reducing the
infusion rate, administering preventive medicatons, or
both measures controlled these reactions. A single pa-
tient had a positive skin test to recombinant a-galac-
tosidase A after his eighth infusion during the open-
label study, and treatment was discontinued.

IgG seroconversion occurred in 51 of the 58 pa-
tients who received recombinant a-galactosidase A (88
percent) during the study. Seroconversion did not af-
fect the primary or secondary efficacy end points. For
example, the distribution of the scores for renal spec-
imens (0 vs. not 0) did not differ significantly between
patients who did seroconvert and those who did not.
In addition, 8 of 29 patients in the original recombi-
nant a-galactosidase A group who had renal scores of

N Engl ] Med, Vol. 345, No. 1 - July 5, 2001

TABLE 3. NUMBER OF PATIENTS WITH A SCORE OF 0
ON HISTOLOGIC ANALYSIS OF MICROVASCULAR CAPILLARY
ENDOTHELIAL DEPOSITS OF GLOBOTRIAOSYLCERAMIDE IN BIorsy
SPECIMENS AFTER 20 WEEKS OF DOUBLE-BLIND TREATMENT
AND 6 MONTHS OF OPEN-LABEL TREATMENT
WITH RECOMBINANT a-GALACTOSIDASE A.

MONTHS OF
No. No. wirs RECOMBINANT

SPECIMEN AND PREVIOUS EVALUATED SCORES OF a-GALACTOSIDASE A

DouBLE-BLIND TREATMENT AT12Mo 0 (%) TREATMENT
Kidney
Placebo 22 22 (100) 6
Recombinant a-galactosidase A 21 20 (95) 12
Total 43 42 (98) —
Heart
Placebo 15 10 (67) 6
Recombinant a-galactosidase A 17 14 (82) 12
Total 32 24 (75) —
Skin
Placebo 23 22 (96) 6
Recombinant a-galactosidase A 24 23 (96) 12
Total 47 45 (96) —
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TABLE 4. ADVERSE EVENTS THAT OCCURRED IN AT LEAST
10 PERCENT OF PATIENTS IN THE RECOMBINANT
a-GALACTOSIDASE A GROUP DURING
THE DOUBLE-BLIND STUDY.

RECOMBINANT
a-GALACTOSIDASE A Praceso Group
ADVERSE EVENT Group (N=29} {N=29)
no. (%}

Rigors 14 (48)* 0

Fever 7 (24)t 1(3)
Headache 5(17) 2(7)
Chills 4 (14) ]

Pain related to Fabry’s disease 3(10) 1(3)
Hypertension 3 (10) 0

*P=0.004 by Fisher’s exact test.
1P =0.024 by Fisher’s exact test.

1 after week 20 had a reduction in their scores to
0 during the open-label study. IgG titers had de-
creased in 15 of 26 patents in the recombinant
a-galactosidase A group (58 percent) who serocon-
verted during the double-blind study when the titers
were assessed after 12 months of treatment. In addi-
tion, one IgG-positive patient with a low titer became
seronegative during this period. These observations
- serve to reduce concern about potential reactions as-
sociated with seroconversion.

DISCUSSION

During the past decade the safety and effectiveness
of enzyme-replacement therapy have been demonstrat-
ed in patients with type 1 Gaucher’s disease.}*1# In
patients with this lysosomal storage disease, the infu-
sion of human placental or recombinant acid 8-glu-
cosidase metabolized the accumulated substrate, re-
versed the disease-related abnormalities, and markedly
improved the quality of life.13¢ We report the results
of a randomized, double-blind, placebo-controlled tri-
al and the first six months of an open-label extension
study that demonstrate the safety and effectiveness of
enzyme replacement in a second lysosomal disorder,
Fabry’s disease.

In patients with classic Fabry’s disease, the chief
debilitating manifestations result primarily from the
progressive accumulation of microvascular endothelial
deposits of globotriaosylceramide, leading to ischemia
and infarction, particularly in the kidneys, heart, and
brain.! In contrast, patients with the cardiac variant
of the disease have residual a-galactosidase A activity
(<10 percent of normal levels) and do not have vascu-
lar endothelial accumulation of glycosphingolipid.115.16
In these patients, left ventricular hypertrophy and mild
proteinuria typically develop late in life, the life span
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is normal, and the classic manifestations of the disease,
including angiokeratoma, acroparesthesias, hypohidro-
sis, and renal failure, are absent.! Thus, the reversal of
the underlying vascular endothelial abnormalities in
patients with classic Fabry’s disease should be thera-
peutic.

We found that 11 infusions of recombinant
a-galactosidase A at a dose of 1 mg per kilogram over
a 20-week period safely and effectively cleared the ab-
normalities in the capillary endothelium of the kidneys,
heart, and skin of patients with classic Fabry’s disease.
The primary efficacy end point of our study directly
addressed a fundamental cause of the most common
and devastating feature of classic Fabry’s disease: renal
failure. After 20 weeks of treatment, complete or al-
most complete clearance of the accumulated renal mi-
crovascular endothelial deposits of globotriaosylcer-
amide was achieved in 69 percent of the patients in the
recombinant a-galactosidase A group, as compared
with none of the patients in the placebo group (P<
0.001). In addition, the concentration of globotria-
osylceramide was significantly reduced in the urinary
sediment of patients in the recombinant a-galactosi-
dase A group, providing indirect evidence of the clear-
ance of glycosphingolipids in renal tubules. Similar re-
sults were achieved with respect to the clearance of
microvascular endothelial deposits of globotriaosylcer-
amide from the heart (P<0.001) and skin (P<<0.001).

The open-label extension study confirmed the re-
sults of the double-blind study and demonstrated that
clearance was maintained or that microvascular endo-
thelial deposits of globotriaosylceramide were further
reduced in all three types of specimens assessed in pa-
tients who were treated with recombinant «-galac-
tosidase A for about one year. Notably, the percentage
of patients with clearance of the microvascular endo-
thelial deposits of globotriaosylceramide in the en-
domyocardium increased from 67 percent after 20
weeks to 82 percent after 6 months of open-label
treatment, indicating that the clearance of globotria-
osylceramide may be tissue specific, depending on the
dose and duration of treatment, the level of enzyme
uptake, and the degree of substrate accumulation. Tak-
en together, the results of the double-blind and open-
label studies confirm that recombinant a-galactosidase
A replacement therapy cleared the accumulated mi-
crovascular endothelial deposits of globotriaosylcer-
amide and reversed the chief underlying abnormality
in Fabry’s disease. On the basis of the results of the
preclinical,’” phase 1 and 2 dose-escalation,® and dou-
ble-blind studies, the plasma globotriaosylceramide
level may be correlated with the accumulation of this
glycosphingolipid in tissue and may provide a nonin-
vasive indicator of systemic substrate clearance, analo-
gous to serum glucose levels in patients with diabetes.

Most patients with the classic form of the disease
have episodic acroparesthesias that are debilitating and
markedly impair their quality of life. Patients in a phase

© WWWw.nejm.org
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1 and 2 open-label study reported decreased severity
of pain related to Fabry’s disease.¢ In our double-
blind study, the severity of pain and the quality of
life, as assessed by standardized instruments, were
significantly improved in both groups, making it im-
possible to differentiate treatment-related effects from
a placebo effect. For ethical reasons, patients who had
been dependent on prophylactic drugs, analgesics, or
both for years continued to take such medications dur-
ing the study, a factor that may have minimized base-
line scores and subsequent differences between groups.
Studies are needed to determine the long-term effects
of treatment with recombinant a-galactosidase A, per-
haps with the use of instruments specifically designed
to assess pain related to Fabry’s disease and quality-of-
life issues. :

In general, the infusions were well tolerated, and all
58 patients completed the double-blind trial and en-
tered the open-label study. The possibility of infusion-
related reactions was anticipated, since patients with
classic Fabry’s disease have no detectable a-galactosi-
dase A activity, protein, or both.! Therefore, we pur-
posely kept the infusion rates slow to maintain blind-
ing, and we administered prophylactic medications to
all patients to minimize any infusion-related reactions.
During the open-label study, we increased the infu-
sion rates, and in the case of many patients, the infu-
sion lasted two hours. In 88 percent of patients, IgG
antibodies against recombinant a-galactosidase A de-
veloped; however, seroconversion did not affect pri-
mary or secondary efficacy results, nor did the anti-
bodies have a neutralizing effect, as occurs in patients
with hemophilia A in whom inhibitors develop.%1° Af-
ter approximately one year of treatment with recom-
binant a-galactosidase A, IgG titers had decreased in
58 percent of patients with seroconversion and be-
came undetectable in one patient. On the basis of pre-
vious experience with long-term enzyme-replacement
therapy,102® such findings suggest that immunologic
tolerance may develop in these patients.

In conclusion, we found that a dose of 1 mg of re-
combinant a-galactosidase A per kilogram every oth-
er week for about six months to one year safely and
effectively reversed the accumulation of microvascular
endothelial deposits of globotriaosylceramide in the
kidneys, heart, and skin. Continued treatment may
be required to reduce the deposition of glycosphing-
olipids in other types of cells, to which less enzyme
is delivered,” particularly renal tubular epithelial cells,
podocytes, and cardiomyocytes. Further experience
will determine effective regimens for initial reversal and
subsequent control of the accumulated glycosphing-
olipids in the capillary endothelium and other types
of cells.
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Piek, L.J.J.M. Prick, and J.H.S. Smitt (Amsterdam); Study coordinators
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Globotriaosylceramide accumulation in the Fabry kidney is
deared from multiple cell types after enzyme replacement therapy.
Background. Fabry disease, alysosomal storage disease caused
by deficient lysosomal a-galactosidase A activity, is character-
ized by globotriaosylceramide (GL-3) accumulation in multiple
cell types, particularly the vasculature, leading to end organ
failure. Accumulation in the kidney is responsible for progres-
sive decline in renal function in male patients with the classical
phenotype, resulting in renal failure in their third to fifth de-
cades of life. With the advent of recombinant protein synthesis
technology, enzyme replacement therapy has become a viable
alternative to dialysis or renal transplantation, previously the
only available treatment options for end-stage renal disease.
Methods. The pre- and post-treatment renal biopsies were
analyzed from fifty-eight Fabry patients enrolled in a Phase 3
double-blind, randomized, placebo-controlled trial followed by
a six-month open label extension study of the recombinant hu-
man enzyme, a-galactosidase A (r-haGalA), administered IV
at 1 mg/kg biweekly. The purpose of this investigation was to
detail the pathologic changes in glycosphingolipid distribution
and the pattern of post-treatment clearance in the kidney.
Results. Baseline evaluations revealed GL-3 accumulations
in nearly all renal cell types including vascular endothelial cells,
vascular smooth muscle cells, mesangial cells and interstitial
cells, with particularly dense accumulations in podocytes and
distal tubular epithelial cells. After 11 months of r-haGalA treat-
ment there was complete clearance of glycolipid from the endo-
thelium of all vasculature as well as from the mesangial cells of
the glomerulus and interstitial cells of the cortex. Moderate
clearance was noted from the smooth muscle cells of arterioles
and small arteries. Podocytes and distal tubular epithelium also
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study.
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demonstrated evidence for decreased GL-3, although this clear-
ance was more limited than that observed in other cell types.
No evidence of immune complex disease was found by immuno-
fluorescence despite circulating anti-r-haGalA IgG antibodies.

Conclusions. These findings indicate a striking reversal of
renal glycosphingolipid accumulation in the vasculature and in
other renal cell types, and suggest that long-term treatment
with r-haGalA may halt the progression of pathology and
prevent renal failure in patients with Fabry disease.

Fabry disease is an X-linked recessive disorder in which
affected males are deficient in the lysosomal enzyme
a-galactosidase A. This deficiency leads to accumulation
of neutral glycosphingolipids, mainly globotriaosylcera-
mide (GL-3, also referred to as Gb3, ceramide trihexo-
side, CTH), in tissues throughout the body. Progressive
glycosphingolipid accumulation results in clinical dis-
ease, primarily in affected males, but some female het-
erozygotes may be symptomatic depending on the pat-
tern of Lyonization [1-3]. In affected males with the
classical phenotype who have absent or very low levels
of a-galactosidase A activity, angiokeratomas, hypohi-
drosis, acroparesthesias, transient ischemic attacks and
stroke, congestive heart failure, cardiac conduction ab-
normalities, myocardial infarction, and progressive renal
failure are the major clinical manifestations of the dis-
ease [4]. Atypical variants with residual «-galactosidase
A have a milder phenotype with manifestations limited
to the heart (that is, the cardiac variant [5, 6]). Of note,
most cardiac variants do not have endothelial glyco-
sphingolipid deposition, do not develop renal failure and
live a normal lifespan, but usually die of the late cardiac
manifestations of the disease. In contrast, progressive
renal failure in affected males with the “classic” form of
Fabry disease limits their average lifespan to the early
forties, in the absence of dialysis or renal transplantation
[7, 8]. Until the recent advent of recombinant enzyme
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replacement therapy [9], little could be done to combat
the underlying pathology of Fabry disease, particularly
the progressive renal disease and vascular pathology re-
sponsible for the early demise of most patients. Recently,
a Phase 1/2 trial [9] and a Phase 3 trial with an open la-
bel extension [10] were conducted to evaluate the safety
and efficacy of recombinant human o-galactosidase A
(r-haGalA) replacement therapy. These trials demon-
strated that r-haGalA replacement completely cleared
GL-3 inclusions from the renal peritubular (interstitial)
capillary endothelium (the primary endpoint of the Phase
3 trial) and effected equally remarkable clearance from
the capillary endothelium of other key tissues (heart,
skin and liver). Clearance of GL-3 from the plasma, uri-
nary sediment and homogenized kidney tissue also was
demonstrated. The identity of GL-3 and its clearance
from these samples were demonstrated by light micro-
scopic, immunohistochemical and biochemical analyses
[9, 10]. The endothelial end points for these Fabry trials
were chosen based on evidence implicating underlying
vascular injury as the primary cause of the secondary
kidney pathology such as global glomerulosclerosis and
interstitial fibrosis [11, 12].

Vascular injury has been implicated in organ damage
to the skin, heart, liver and CNS [4, 13]. The vascular
endothelium plays an important normal physiologic role
in glomerular perfusion, filtration, and maintenance of
a continuous anti-coagulant vascular lining. Injury to
endothelial cells in other disease settings leads to vaso-
constriction within the glomerulus, and intravascular in-
flammation and thrombosis of vessels in the renal cortex
and medulla, causing renal injury and failure [14-17] as
well as complications such as accelerated atherosclerosis
and thromboembolism [18]. More recently, investigators
have surveyed Fabry patients and confirmed the eleva-
tion of markers of endothelial cell injury and activation
[intracellular adhesion molecule-1 (ICAM-1), vascular
cell adhesion molecule-1 (VCAM-1), P-selectin], leuko-
cyte activation (CD11b) and coagulation [tissue plas-
minogen activator (tPA), von Willebrand factor (vWF),
plasminogen activator inhibitor (PAI)] [11, 13]. These
abnormalities suggest that the vascular endothelial cells
of Fabry patients are in a chronic pro-inflammatory and
pro-thrombotic state [11, 13]. Loss of nephrons from vas-
cular injury leads to increased pressures on remaining
nephrons, leading to further accelerated nephron injury.
Clearance of GL-3 from the endothelium by r-haGalA,
therefore, is expected to alleviate ongoing vascular dam-
age and prevent progressive perfusion deficits that would
otherwise contribute to renal failure in these patients.

The primary emphasis of the Phase 3 clinical trial was
on establishing the significance of the vascular endothe-
lial endpoints and monitoring numerous clinical and safety
parameters [10]. A substantial effort also focused on char-
acterizing the pathologic patterns of GL-3 accumulation

Thurberg et al: Fabry renal pathology after enzyme replacement

in the kidneys of these Fabry patients and document-
ing the response of the various cell and tissue types to
r-haGalA treatment. Although a number of case reports
have described the main morphologic characteristics of
renal pathology and glycolipid accumulation in renal tis-
sue from Fabry patients [2, 19], little information is avail-
able on the patterns of pathology among a larger group
of patients and the response of the cell types containing
GL-3 to recombinant enzyme therapy. Here, based on
a comprehensive analysis of the relevant renal cell types,
we report on the clearance characteristics of each cell
type in response to r-haGalA (1 mg/kg biweekly). The
pattern of response in the different renal cell types pro-
vides insight into treatment strategies that are likely to
succeed in improving the overall health of the kidney.
The findings are encouraging for the long-term benefits
of r-haGalA replacement therapy in patients with Fabry
disease.

METHODS
Patients and study design

The study population comprised 58 Fabry patients (56
males, 2 females) enrolled in a five-month Phase 3, dou-
ble-blind, randomized, placebo-controlled trial (29 pa-
tients in the treatment and placebo arms, mean age *
SD, 28.4 = 11.4 and 32.0 = 9.4 years, respectively). This
was followed by an additional six-month open label ex-
tension study, in which all 58 patients received enzyme
replacement therapy. Entry criteria required that patients
be 16 years of age or greater, with native plasma a-galac-
tosidase A levels less than 1.5 ng/mL, and baseline serum
creatinine levels less than or equal t0 2.2 mg/dL. Recom-
binant a-galactosidase A (r-haGalA; agalsidase beta; Fa-
brazyme; Genzyme, Cambridge, MA, USA) at a dose of
1 mg per kilogram of body weight or placebo (phosphate-
buffered mannitol) was administered intravenously at a
rate of 0.25 mg per minute, every two weeks. Complete
sets of three diagnostic quality renal biopsies taken per
protocol at baseline, five months and 11 months, were
available for 48 of the 58 patients. The remaining ten
patient sample sets were available but were limited to
one or two of the three time points.

Light microscopy

Preliminary studies revealed that the lipid was best
demonstrated for light microscopy in one-micron, epon
embedded sections. Therefore, renal biopsies were fixed
in 3% glutaraldehyde in 0.2 mol/L sodium cacodylate
buffer, pH 7.3, followed by post-fixation in 1% osmium
tetroxide in 0.2 mol/L sodium cacodylate (Electron Mi-
croscopy Sciences, Fort Washington, PA, USA). The tis-
sue was infiltrated overnight, and then embedded in a
1:1 mixture of Epon 811 A and B (Electron Microscopy
Sciences), plus DMP-30/Propylene Oxide (Electron Mi-
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croscopy Sciences). One micron sections were stained
with a 1:1 mixture of Methylene Blue in 1% sodium bor-
ate and 1% Azure II (Fisher Scientific, Fairlawn, NJ, USA).

Scoring of light microscopy

Each renal biopsy was reviewed under light micros-
copy by three independent renal pathologists who were
blinded to treatment status of the patient at the time of
biopsy. All pathologists participated in preliminary ses-
sions to establish the criteria for the grading scale used
to evaluate baseline GL-3 content and subsequent clear-
ance from affected tissues. Cell types evaluated included:
peritubular (interstitial) capillary endothelial cells (the
primary endpoint of the Phase 3 trial), glomerular endo-
thelial cells, mesangial cells, arterial/arteriolar endo-
thelial cells, vascular smooth muscle cells, interstitial cells
(a mixed cell population of fibroblasts and phagocytic
cells), podocytes, and the epithelium of distal convoluted
tubules and collecting ducts. The mesangial cell matrix
of individual glomeruli was also evaluated for pathologic
change. Scoring of these elements was conducted accord-
ing to the design shown in Table 1. For each cell type
listed, a majority score (the score common to at least 2
of the 3 evaluating pathologists) was derived from the
individual scores of the three pathologists. When there
was no common score for the primary endpoint (peritu-
bular endothelial cells), the pathologists were recon-
vened for an adjudication. They reviewed the slide to-
gether at a multi-headed scope to reach a consensus
score. For other cell types, the median score was selected.
The distribution of these scores is summarized in Fig-
ure 1 and Table 2. Figure 1 shows the distribution of
the means of all scores available at each time point. Ta-
ble 2 shows the distribution of the score shifts from base-
line. The differences in the “N” values between these
two images are due to different presentation of the data.
In some instances, certain cell types were absent from
individual biopsy samples, and could not be evaluated
at all time points. To allow for the variation occurring
among glomeruli, the mesangial cell matrix for each indi-
vidual glomerulus in the biopsy samples (to a maximum
of 8) received a score ranging from 0 to 2. Individual
glomerular scores were then averaged for each pathol-
ogist. The mean for the three pathologists’ scores was
then calculated.

Electron microscopy

Thin sections were cut from the tissue blocks prepared
above and stained with 5% uranyl acetate (in a 1:1 mix-
ture, methanol:water) and a modified Reynold’s Lead
Citrate. Photographs were taken at X3300 and x10,000
magnification using a JEM 100CX electron microscope
(JEOL, Ltd, Tokyo, Japan).

1935

Table 1. Scoring system for GL-3 accumulation/clearance
in different renal cell types

Cell/tissue Score

Glomerular endothelial cells None or trace accumulation

0=
Peritubular capillary endothelial 1 = Mild accumulation
cells 2 = Moderate accumulation
Arterial/arteriolar endothelial 3 = Severe accumulation
cells
Vascular smooth muscle cells
Podocytes®

DCT/collecting ducts®

Mesangial cells: GL-3 0
accumulation 1
Interstitial cells 2

No lipid granules
Minimal lipid granules
Numerous lipid granules

o

0 = Normal mesangium
1 = Mild expansion
2 = Moderate expansion

Mesangial matrix

*For the podocytes and distal convoluted tubules (DCT)/collecting ducts, an
increase (+), a decrease (—) or no change (0) response was coliected for all
post-baseline scores by comparing the baseline biopsy to a 5 or 11 month biopsy.
Therefore, there are no absolute baseline values for these cell types, only relative
values at 5 months and 11 months that reflect a comparison to the baseline.

Immunofluorescence

Immunofluorescence studies also were performed to
determine whether IgG antibodies against r-haGalA,
which developed in most patients receiving the enzyme,
had resulted in immune complex deposition in the kidney.
Frozen tissue samples from five r-haGalA-treated patients
who developed IgG antibodies by the five month biopsy
(IgG+ Group), three r-haGalA-treated patients who did
not develop IgG antibodies at five months (IgG— Group),
and five untreated placebo patients (Control Group) were
analyzed. Pre-treatment, baseline samples were available
from two of these patients (one IgG+ and one IgG—).
Four-micron sections from fresh frozen blocks of renal
biopsies were stained with IgG fractions of fluorescein-
conjugated monospecific antisera to human IgG, IgA,
IgM, C3, Clgq, fibrin/fibrinogen, and albumin (Dako
Corp., Carpinteria, CA, USA) by standard clinical tech-
niques [20]. Frozen sections were cut in a cryostat at
—20°C and placed on Fisher Superfrost Plus slides (Fisher
Scientific) and then air-dried. Using a Tissue-Tek II slide
staining unit, slides were placed on a clinical rotator
and pre-washed for five minutes in 0.01 mol/L sodium-
phosphate-buffered saline (PBS), 0.15 mol/L NaCl, pH
7.3. One drop (50 to 100 p.L) of diluted fluorescein conju-
gate was applied to the tissue section. The optimal con-
centration for each conjugate was determined by titering
on known positive and negative control tissues. Slides
were then incubated in a moist, level, covered chamber
for 30 minutes at room temperature. After incubation,
the slides were washed in PBS for five minutes X 4. The
excess PBS was blotted from around the specimen, and
the moistened tissue was coverslipped with Aquamount
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Table 2A. Percentage of patients achieving zero scores*
(percentages of patients with a 1-3 point score reduction, including ail zero scores, are shown in parentheses)

Score shift from baseline to 5 months Score shift from baseline to 11 months

Renal cells evaluated TX group Baseline 5 months N Baseline 11 months® N
Peritubular capillary endothelial cells Placebo 0% 0% (38%) 29 0% 100% (100%) 24
A-gal 3% 69% (86%) 29 0% 92% (96%) 25
Glomerular capillary endothelial cells Placebo 0% 0% (31%) 16 0% 100% (100%) 21
A-gal 0% 100% (100%) 19 0% 100% (100%) 17
Mesangial cells Placebo 0% 0% (19%) 16 0% 90% (100%) 21
A-gal 0% 100% (100%) 19 0% 100% (100%) 17
Interstitial cells Placebo 0% 0% (0%) 24 0% 78% (91%) 24
A-gal 4% 71% (100%) 24 4% 100% (100%) 24
Arterial/arteriolar endothelial cells Placebo 0% 0% (19%) 22 0% 87% (100%) 22
A-gal 10% 86% (100%) 21 9% 96% (100%) 22
Vascular smooth muscle cells Placebo 0% 0% (10%) 22 0% 0% (86%) 22
A-gal 0% 10% (86%) 21 0% 0% (81%) 21

*The clearance of GL-3 from multiple renal cell types was determined before and after enzyme replacement therapy. There were two groups of patients: (1) the
placebo group received placebo for the first 5 months and then a-galactosidase A for the remaining 6 months and (2) the A-gal group which received a-galactosidase A
for the entire 11 months. The percentage of patients who attained a zero score at each biopsy time point is displayed and the percentage of all patients who
demonstrated a reduction in score, including all zeros, is in parentheses. Values are presented for both the placebo and treatment groups. For statistical purposes,
it was necessary for each patient to have both a baseline score and a shift score (5 months or 11 months) for each cell type, in order to be included in this data set.
Two baseline columns are presented; the “N” designates the number of paired scores available for each cell type (paired scores meaning baseline and 5 months, or
baseline and 11 months). This permitted calculation of the statistical significance of the change in score from either baseline to 5 months, or from baseline to 11
months, when comparing the placebo and treated groups. This distinction was necessary because (I ) some patients had a poorly preserved or missed biopsy at one
of the time points, and (2) some biopsy specimens did not contain glomeruli and therefore those cells could not be evaluated at all time points.

Table 2B. Percentage of patients achieving a reduction in GL-3 relative to baseline*

5 months 11 months*
TX group % N % N
Tubular epithelium Placebo 4% 24 78% 24
A-gal 25% 24 50% 24
Podocytes Placebo 0% 16 ) 23% 22
A-gal 5% 19 18% 17

*Tubular epithelium and podocyte clearance were expressed as the percentage of patients attaining a relative reduction in the 5 month and 11 month biopsy. An
increase (+), a decrease (—) or no change (0) response was collected for all post baseline scores by comparing the baseline biopsy to a 5 or 11 month biopsy. Therefore,
there are no absolute baseline values for these cell types, only relative values at 5 months and 11 months that reflect a comparison to the baseline. A-gal represents

patients treated with the recombinant human enzyme, a-galactosidase A.
“Placebo group has crossed over to treatment at this time point

and glycerol (Lerner Labs, Pittsburgh, PA, USA). Coded
slides were scored blinded, without knowledge of treat-
ment groups or antibody status, using an epi-illumination
fluorescence microscope. The intensity and distribution
of glomerular staining was scored from 0 to 4 for each
of the antibodies.

RESULTS
Baseline biopsies

At baseline, GL-3 accumulation in the kidney tissues
was extensive, but varied considerably in quantity and
morphology among the different cell types (Fig. 2). Po-
docytes and distal tubular epithelial cells contained the
highest concentrations of GL-3 inclusions, whereas prox-
imal tubular epithelial cells were relatively unaffected.
The appearance of the lipid inclusions also varied, appear-
ing in some cell types as small, dark, dense beaded gran-
ules, and in others as larger, complex, laminated bodies
(myelin figures).

Globotriaosylceramide accumulation in vascular en-
dothelial cells appeared as small, dense, beaded, peri-

nuclear cytoplasmic inclusions. GL-3 also accumulated
in severely affected cells as larger grouped inclusions in
the peripheral cytoplasm. The larger cytoplasmic inclu-
sions often clustered and protruded into the lumens of
small capillaries (Figs. 3A and 4A). On electron micros-
copy many of these granules were dense and amorphous
(Fig. 3C). Vascular smooth muscle cells also accumulated
moderate amounts of granular, cytoplasmic GL-3 (Fig.
5A). GL-3 in mesangial cells appeared as dense granules
clustered around the nucleus in the cytoplasm (Fig. 6A).
Interstitial fibroblasts and phagocytic cells (“interstitial
cells”) of the renal cortex also shared a similar appear-
ance (Fig. 7A).

Lipid accumulation in podocytes and the epithelial cells
of distal convoluted tubules and collecting ducts was
much more concentrated and extensive than the accumu-
lation present in endothelial cells, smooth muscle cells,
mesangial cells or interstitial cells. Podocyte nuclei were
often eccentrically positioned, pushed aside by the mass
of accumulated GL-3 inclusions in the form of multiple
scroll-like myelin figures filling the entire cytoplasm (Fig.
8A). The laminated appearance was particularly promi-
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Fig. 2. GL-3 accumulates as dark blue gran-
ules and scroll-like whorls in multiple cell types
of the renal glomerulus. Red arrows indicate
endothelial accumulation; yeliow arrows indi-
cate mesangial cell accumulation; green “P”
indicates podocyte accumulation (Magnifica-
tion, X40 objective).

Fig. 3. GL-3is cleared from endothelial cells of the peritubular (inter-
stitial) capillaries. (A) Baseline biopsy, pre-treatment. GL-3 is present
near endothelial nuclei and around the perimeter of the capillaries. (B)
Post-treatment biopsy. Capillaries are clear of GL-3 (magnification of
A and B, X100 objective). (C) Electron microscopic image of capillary
endothelial cell GL-3 accumulations (arrows) protruding into the lumen,
at baseline (Magnification, X3300).
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Fig. 4. GL-3 is cleared from endothelial cells
of the glomerular capillaries. (A) Baseline bi-
opsy, pre-treatment. Note how large clusters
of GL-3 granules protrude into the vascular
lumens of the glomerular capillaries. (B) Post-
treatment biopsy. Protruding GL-3 clusters have
been completely removed from the glomeru-
lar capillary lumens (magnification, X100 ob-
jective).

Fig. 5. GL-3 is cleared from endothelial cells
(black arrows) and smooth muscle cells (red
arrows) of renal arterioles. (A) Baseline bi-
opsy, pre-treatment. Note how GL-3 accumu-
lates in very large clusters in endothelial cells
of these larger vessels. (B) Post-treatment bi-
opsy. Both endothelial cells and smooth mus-
cle cells of this vessel have achieved significant
clearance of GL-3 (magnification, X100 ob-
jective).

Fig. 6. GL-3 is cleared from mesangial cells.
(A) Baseline biopsy, pre-treatment. Dense
GL-3 granules accumulate around the nuclei
of mesangial cells. (B) Post-treatment. Mesan-
gial cells are completely cleared of GL-3 (mag-
nification, X100 objective).

Fig. 7. GL-3 is cleared from interstitial cells.
(A) Baseline biopsy, pre-treatment. GL-3 fills
most of the cytoplasm of these interstitial cells.
(B) Post-treatment. The interstitial cell cyto-
plasm has been cleared of GL-3 (magnifica-
tion, X100 objective).

Page 156



1940 Thurberg et al: Fabry renal pathology after enzyme replacement

"y B Y Y

Fig. 8. GL-3 is cleared from podocytes. (A) Baseline biopsy, pre-treatment. GL-3 appears as multiple, tight scroll-like figures that fill the cytoplasm
of each podocyte. (B) Post-treatment. The scroll-like GL-3 forms are looser and less numerous after treatment. Podocytes are outlined pre- and
post-treatment for emphasis (magnification of A and B, X100 objective). (C) Electron microscopic image demonstrating the lamellar ultrastructure
of the GL-3 accumulation in podocyte cytoplasm at baseline (magnification, X10,000).
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nent by electron microscopy (Fig. 8C). GL-3 accumula-
tions in the epithelium of distal convoluted tubules and
collecting ducts were similar in concentration and ap-
pearance to those in the podocytes (Fig. 9A).

Post-treatment biopsies

Vascular endothelium. Treatment with r-haGalA re-
sulted in statistically significant clearance of lipid from
endothelial cells of all vessel types examined: peritubular
capillaries, glomerular capillaries and arterial/arteriolar
vessels.

In the patient group receiving r-haGalA from baseline
to five months, 86% demonstrated a reduction (or main-
tained a zero score) in GL-3 from peritubular capillary
endothelial cells (Fig. 3B); 69% of patients achieved an
endothelial score of zero (baseline mean = 1.9; five-
month post-treatment mean = 0.3; Fig. 1A). After an ad-
ditional six months of treatment, 96% of patients in
this treatment group demonstrated a reduction in score
(relative to baseline), with 92% achieving a score of
zero (complete clearance), as demonstrated by biopsy at
month 11. In the placebo group, 38% of patients demon-
strated a reduction in GL-3 from baseline to five months;
however, none (0%) achieved a score of zero (baseline
mean = 2.2; five-month post-placebo mean = 2.1; Fig.
1A). There was a statistically significant difference be-
tween r-haGalA and placebo-treated patients in the pla-
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Fig. 9. GL-3is dleared from tubular epithelium.
(A) Baseline biopsy, pre-treatment. GL-3 ap-
pears as multiple small and large dense granules,
some with a scroli-like architecture, within the
epithelial cell cytoplasm of distal convoluted
tubules and collecting ducts. (B) Post-treat-
ment. The granules are fewer in number after
treatment (magnification, X100 objective).

cebo-controlled (5 month) study (P < 0.001; based on
a x* test). After crossover to treatment for an additional
six months, 100% (Table 2A) of the former placebo
patients achieved an endothelial score of zero at month
11, demonstrating complete clearance (P < 0.001).

For glomerular capillary endothelial cells, patients re-
ceiving r-haGalA from baseline to five months demon-
strated 100% clearance of GL-3 (Fig. 4B), all attaining
endothelial scores of zero (baseline mean = 2.5; five-
month post-treatment mean = 0.0; Fig. 1B). All patients
in this treatment group maintained a score of zero (com-
plete clearance) after an additional six months of treat-
ment. In the placebo group, 0% of patients attained zero
endothelial scores from baseline to five months (baseline
mean = 2.6; five-month post-placebo mean = 2.4; Fig.
1B). There was a statistically significant difference be-
tween the r-haGalA and placebo treated patients in the
placebo-controlled (5 month) study (P < 0.001). After
crossover to treatment for an additional six months, how-
ever, 100% of the former placebo patients achieved en-
dothelial scores of zero at month 11, demonstrating com-
plete clearance (P < 0.001).

Examination of the arterial/arteriolar endothelial cells
demonstrated that 100% of the rh-aGalA-treated pa-
tients had reduced GL-3 levels (Fig. 5B), with 86 % achiev-
ing a score of zero from baseline to five months (baseline
mean = 2.5; five-month post-treatment mean = 0.1; Fig.
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1C). After an additional six months of treatment, these
patients continued to improve, with 96% achieving a score
of zero for complete clearance. In the placebo group, 19%
of patients demonstrated a reduction in GL-3 score, how-
ever, none received a score of zero from baseline to five
months (baseline mean = 3.0; five-month post-placebo
mean = 2.8; Fig. 1C). There was a statistically significant
difference in the percentage of zero scores between
treated and placebo groups in the placebo-controlled
study (P < 0.001). After the crossover to enzyme therapy
for six months, 100% of the former placebo patients dem-
onstrated a reduction in GL-3 score with 87% achieving
zero scores (P < 0.001; Table 2A).

Vascular smooth muscle cells. Enzyme therapy re-
moved GL-3 from vascular smooth muscle cells (Fig.
5B), although the clearance was less complete than that
observed in other cell types. In the patient group treated
with r-haGalA from baseline to five months, 86% dem-
onstrated a reduction in GL-3 score; however, only 10%
received zero scores (baseline mean = 2.7; five-month
post-treatment mean = 1.6; Fig. 1D). After an additional
six months of treatment these values were relatively un-
changed, as 81 % demonstrated a reduction in GL-3 score
and 0% had a score of zero. At this time point, reversal
of zero scores occurred in two patients: one received a
score of 1 and the other received a score of 2. In the
placebo group, 10% of patients demonstrated a reduc-
tion in GL-3 score, however, none achieved a score of zero
(baseline mean = 3.0; five-month post-placebo mean =
2.9; Fig. 1D). After crossover to treatment with r-haGalA
for an additional six months, 86% (Table 2A) demon-
strated a reduction in GL-3 score and the mean score
declined to 1.8 (Fig. 1D).

Mesangial cells. The lipid inclusions in mesangial cells
of the renal glomeruli were cleared after five months of
enzyme treatment (Fig. 6B). Scored on a scale from 0
to 2, the mesangial cells of all patients (100%) treated
with rh-aGalA from baseline to five months demon-
strated complete clearance (zero scores) of GL-3, and
maintained their zero scores after an additional six months
of r-haGalA (baseline mean = 1.8; 5 and 11 month post-
treatment means = 0.0; Fig. 1E). In the placebo group,
19% of patients showed a reduction in GL-3 scores,
however, none achieved a score of zero from baseline
to five months (baseline mean = 2.0; five month post-
placebo mean = 1.8; Fig. 1E). There was a statistically
significant difference in the percentage of zero scores
between treated and placebo patients during the pla-
cebo-controlled study (P < 0.001). After crossover to
treatment for an additional six months, 100% of the
former placebo patients achieved a reduction in GL-3,
with 90% (Table 2A) receiving a zero score indicating
complete clearance of glycosphingolipid from the mesan-
gial cells (P < 0.001).

Mesangial cell matrix. At baseline, both treatment groups

Thurberg et al: Fabry renal pathology after enzyme replacement

had moderate mesangial matrix widening (r-haGalA-
treated group, mean score = 0.8; placebo group, mean
score = 0.9). There was no statistically significant differ-
ence between the mean scores from baseline to five months
for the amount of matrix in either treatment group (P =
0.284). Change from baseline to 11 months showed a
mean score decrease of only 0.1 for patients treated with
the enzyme for the entire 11 months.

Interstitial cells. The lipid in interstitial cells was
cleared after five months of treatment in the majority of
patients (Fig. 7B). In the r-haGalA cohort from baseline
to five months, 100% demonstrated a reduction (or main-
tained zero scores) in GL-3 score, with 71% achieving
complete clearance of interstitial cell GL-3 (baseline
mean = 1.8; five-month post-treatment mean = 0.3; Fig.
1F). After an additional six months of treatment, 100%
of the treatment group had achieved zero scores. In the
placebo group, 0% achieved zero scores from baseline
to five months (baseline mean = 1.9; five month post-
placebo mean = 2.0; Fig. 1F). There was a statistically
significant difference in the percentage of zero scores
between treated and placebo patients in the placebo-
controlled study (P < 0.001). After crossover to treat-
ment for six months, 91% of the former placebo group
demonstrated a reduction in GL-3 score, with 78% (Ta-
ble 2A) achieving a score of zero (P < 0.001).

Epithelial cells: Podocytes and tubular epithelium. Po-
docytes responded to r-haGalA enzyme therapy with
a modest reduction in the numbers of lamellar GL-3
inclusions (Table 2B), and in many cases a more varied
cytoplasmic GL-3 morphology, with some myelin figures
being reduced to loose scroll-shaped bodies floating in
the cell cytoplasm (Fig. 8B). In the r-haGalA treated
group, 5% showed a reduction in podocyte GL-3 after
five months. This increased to 18% after an additional
six months of treatment, demonstrating continued im-
provement of GL-3 clearance. In the placebo group, 0%
of patients showed a reduction in GL-3 accumulation
from baseline to five months. After crossover to treatment
for an additional six months, 23% of patients began to
show a relative reduction in podocyte GL-3 (Table 2B).

For the tubular epithelium, 25% of the samples in the
r-haGalA-treated group from baseline to five months
demonstrated a relative reduction in GL-3 accumulation.
After an additional six months of treatment in the exten-
sion study, 50% of these patients demonstrated a reduc-
tion in GL-3 (Fig. 9B). In the placebo group, only 4%
demonstrated a reduction in GL-3 from baseline to five
months; however, after crossover to r-haGalA treatment
for an additional six months, 78% of patients in this
group demonstrated a relative reduction in tubular epi-
thelium GL-3 (Table 2B).

Immunofluorescence for immune complex deposition.
None of the patient samples tested (5 anti-r-haGalA IgG
positive, 3 anti-r-haGalA IgG negative, 5 placebo, and
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Table 3. Immunofluorescence result on glomerular deposits

16G IeG IgA IgM C3 Cliq Fibrin/fibrogen
Biopsy # anti-ThaGAL GBM Mes GBM Mes GBM Mes GBM Mes GBM Mes GBM Mes
Treated, with IgG titers titer
349 25600 0 0 0 0 0 0.5 0 0.5 0 0 0 0
359 25600 0.5 0 05 0.5 2 0.5 3 1 0 0.5 2 0
463 12800 0 0 0 0 0 0.5 0 0.5 0 0 0 0
73 12800 0 0 0 0 0 0.5 0 0.5 0 0 0 0
207 1280025600 0 0 2 1 2 0.5 0 0.5 0 0 0 05
207 Pre pre-treatment 0 0 0.5 1 2 1 0 0.5 0 0 0 0.5
Placebo with no IgG titers
323 0 0 0.5 0.5 0 0.5 0 0.5 0 0 2 0.5
118 0 0 0 0 0 0.5 0 05 0 0 0.5 0.5
127 0 0 0.5 0.5 0 0.5 0 0.5 0 0 0.5 0.5
103 0 0 0 0 3 0.5 0 0.5 0 0 0.5 0.5
289 0 0 0 0 2 1 0 0.5 0 0 0 0.5
Treated, no 1gG titers
232 0 0 0 0 05 0.5 05 0.5 0 0 0 0
52 0 0 0 0 0.5 1 0 0.5 0 0 0.5 0.5
23 0 0 2 2 0.5 0 0.5 0.5 0 0 2 0.5
23 Pre pre-treatment 0 0 1 2 2 1 0 0 0 0 0 0.5

Summary table of immunofiuorescence results on immune complex deposition in the glomeruli of Fabry patients on Fabrazyme. Abbreviations are: GBM,
glomerular basement membrane; Mes, mesangium. The intensity and distribution of glomerular staining were scored from 0 to 4 for each of the parameters listed.
Note that IgG staining was negligible in all specimens examined for immune complex disease.

2 pre-treatment samples) had more than trace deposits of
IgG in their glomeruli detected by immunofluorescence
(Table 3). Two patients had IgA deposition, suggestive
of IgA nephropathy (one in the IgG positive group and
one in the IgG negative group). Pre-treatment samples
were available for each of these patients and showed
pre-existing IgA deposits. Three others had segmental
IgM deposits typical of focal sclerosis (one IgG positive
and two IgG negative patients). These findings indicate
that despite five months of r-haGalA treatment, patients
with plasma IgG antibodies against the enzyme had no
evidence of immune complex deposition in their kidneys.

DISCUSSION

The quantity of GL-3 that accumulates in different
cell types in Fabry disease varies considerably. Some
cells such as keratinocytes, proximal tubular epithelium
and liver parenchyma are relatively devoid of lysosomal
inclusions, whereas cardiomyocytes, podocytes and distal
tubular epithelial cells are heavily laden. This cell-to-cell
variation also is reflected in the total glycolipid content
of different organs, in which certain cell types dominate.
In the Phase I/II trial, mean whole tissue concentrations
of GL-3 were 21,400 ng/mg in the heart, 5530 ng/mg in
the kidney, 350 ng/mg in the skin and 1948 ng/mg in the
liver [9]. The extremely high level in the heart reflects
the predominance of the heavily laden cardiomyocytes
in heart tissue, whereas the relatively low level in the
liver reflects the dominance of parenchymal cells that
were relatively free of GL-3. The kidney falls in the
intermediate range since heavily laden cells such as po-
docytes and distal tubular epithelium are mixed with

cell types, such as endothelial cells, containing smaller
glycolipid inclusions.

Variation in the amount of accumulated GL-3 among
cells deficient in r-haGalA is presumably determined by
the amount of substrate generated by the cell type in
question and the rate of cell turnover. The rate at which
substrate is cleared will be determined by these same
factors, plus the degree of exposure of the cell to the
administered replacement enzyme. The ability of the en-
zyme to pass through various cellular and acellular barri-
ers, such as the glomerular filtration apparatus, will de-
termine its effectiveness at clearing substrate in different
cell types. Fabrazyme (r-haGalA) is a 110 kD dimeric
glycoprotein containing mannose-6-phosphate terminated
carbohydrates. It has been designed to target the cation-
independent mannose-6-phosphate receptor (CIMPR),
a receptor present on all normal mammalian cells. The
CIMPR cycles continuously from the cell surface where
it binds and endocytoses mannose-6-phosphate-con-
taining ligands (such as newly synthesized lysosomal en-
zymes that have escaped sorting in the Golgi) to the
lysosome, where these ligands are released [21, 22].

Of the renal cell types examined in this study, endothe-
lial cells turn over the most frequently [23, 24] and, as
demonstrated for the three vessel types examined (peri-
tubular capillaries, glomerular capiliaries, and arterioles
and small arteries), were cleared of GL-3 within five
months of initiating enzyme replacement treatment. Fur-
thermore, as a consequence of intravenous delivery, the
mannose-6-phosphate receptors on the surface of endo-
thelial cells are likely to be exposed to the highest con-
centration of delivered enzyme. Thus, during the limited
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50 to 100 day lifespan of endothelial cells [23], only a
modest amount of GL-3 accumulates before the cell is
replaced. The combination of rapid cell turnover and
maximum exposure to r-haGalA most likely explains
the high degree of success in removing GL-3 from this
key tissue within the first five months of treatment.

Mesangial cells also have a relatively rapid turnover
rate [23] and demonstrated near complete GL-3 clear-
ance within five months of initiating enzyme replacement
therapy. The path of exposure of mesangial cells to
r-haGalA is unclear since the glomerular filtration bar-
rier normally traps molecules greater that 69 kD. How-
ever, since the mesangial cells are in the immediate
plasma filtration pathway of injured glomerular endothe-
lium, which may allow passage of protein, mesangial cells
are likely to have relatively high exposure to the enzyme.
Immunohistochemical detection of the CIMPR on Fabry
renal tissue has demonstrated that mesangial cells, as
well as other affected renal cells, are rich in the receptor
(Genzyme; unpublished observations). The interstitial
cells accumulated small, dense GL-3 granules similar to
those seen in endothelial and mesangial cells, and re-
sponded to enzyme replacement therapy to a similar
degree. The interstitial cell population is comprised of
fibroblast-like and phagocytic cells dispersed through-
out the extra-glomerular interstitium. While there is lit-
tle information on the turnover rate of this cell popula-
tion, the rapid clearance of GL-3 observed suggests that
regular cell turnover may play a role in the response of
these cells.

The parietal epithelial cells (Bowman’s capsule), fol-
lowed by the visceral epithelial cells (podocytes) have
the slowest turnover rate of the renal cell populations
[23-25]. The tubular epithelium, however, is regularly
shed in the urine and replaced, and has been shown to
have a relatively high proliferation index [24]. This may
account for the faster rate of GL-3 clearance following
initiation of enzyme replacement therapy compared to
that of podocytes. However, despite its high proliferation
index, the tubular epithelium is more heavily laden with
GL-3 than one might at first expect for a cell population
that is regularly shed. Reports on the re-accumulation of
GL-3 in normal kidneys transplanted into Fabry patients
provide some insight into this apparent contradiction.
One autopsy case reports the recurrence of Fabry disease
in a transplanted kidney 11 years after transplant. Exami-
nation of the renal allograft revealed isolated accumula-
tion of GL-3 in the endothelial cells of the capillaries [26].
It was suggested that high circulating levels of plasma
GL-3 may overwhelm the enzymatic capacity of endothe-
lial cells, which may accumulate GL-3 from the plasma by
passive or endocytotic mechanisms. More importantly, a
second autopsy case reported accumulation of GL-3 in
both capillary endothelial cells and tubular epithelial cells
in a renal allograft 14 years after transplant [27). Urine is
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concentrated along the distal convoluted tubules and
collecting ducts. Therefore, it is probable that the epithe-
lia of the distal convoluted tubules and collecting ducts
are exposed to high concentrations of GL-3, leading to
active or passive uptake. This may explain the marked
accumulation of GL-3 observed in both this transplanted
kidney and in the kidneys of all Fabry patients.

The similarities in the pattern and appearance of GL-3
accumulation in glomerular and tubular epithelia, de-
spite their widely differing functions, are most likely a
refiection of their common embryonic origin. The large
quantity and organized ultrastructure of GL-3 in highly
laminated myelin bodies in podocytes also is consistent
with a lifetime of GL-3 accumulation due to untreated
disease. Indeed, GL-3 accumulation has been observed in
the renal epithelial cells of second trimester, hemizygous
fetuses [28, 29}, indicating early and active accumulation
in these cells. Similar high concentrations of large, highly
structured lysosomal inclusions are seen in cardiomyo-
cytes, cells that are terminally differentiated with no
regenerative capacity [30]. Given the large quantity of
GL-3 in the renal epithelial cells, it is likely that imple-
mentation of enzyme replacement therapy over an ex-
tended period will be required to effect complete clear-
ance. Since these cells are further down the filtration
pathway they may suffer from less exposure to intrave-
nously delivered enzyme. Nonetheless, there was good
evidence from histologic examination of the podocytes
and distal tubular epithelial cells that r-haGalA had re-
duced the high baseline levels of GL-3 in these cells.

Numerous case reports suggest that while damage to
podocytes, which play a role in the filtration of plasma
proteins, may explain the presence of proteinuria in both
hemizygotes and heterozygotes, this aspect alone cannot
account for the precipitous renal failure in hemizygous
male patients. Although the accumulation of GL-3 in
podocytes of Fabry patients is dramatic, the renal pathol-
ogy of some asymptomatic heterozygous females is often
limited to significant accumulations of GL-3 in the podo-
cytes with little alteration in renal function [1-3, 31].
One case report describes the inadvertent use of a het-
erozygous Fabry donor for transplantation to a geneti-
cally normal recipient. The graft was later found to con-
tain numerous epithelial cell inclusions, but continued
to function normally for 20 years [32, 33]. There is also
a report of a 28-year-old male hemizygote with a sub-
clinical variant of Fabry disease whose only renal pathol-
ogy was podocyte accumulation of GL-3 [34]. This pa-
tient had a partial deficiency of a-galactosidase A. This
finding suggests that while his enzyme level was not suf-
ficient to prevent podocyte accumulation, it was enough
to prevent clinical disease as seen in female heterozy-
gotes. These cases and others [19, 35-39] suggest that re-
sidual enzyme activity, while perhaps not eliminating
all signs of clinical or histologic disease, is still able to
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significantly extend the patient’s lifespan by obviating
renal failure.

Most of the patients in the Genzyme-sponsored Phase
III tnial developed circulating IgG antibodies to r-haGalA
by the 3“to 7" dose of enzyme [10]. However, the efficacy
of r-haGalA was not impaired by antibody development.
This determination is based on the continued reduction
in histologic scores for cellular clearance of GL-3 through
the Extension study, even in patients who developed tran-
siently higher titers [10]. As a safety measure, we also
sought evidence of immune complex deposition in the
kidney by immunofluorescence. Despite antibody titers
of 212,800 units in the five r-haGalA-treated patients
tested, no IgG deposits were found in their glomeruli.
Segmental IgM was occasionally present, as expected in
lesions with segmental scars, and was not correlated with
anti-r-haGalA antibodies. IgA deposition was detected
in two treated patients (one with anti-r-haGalA antibod-
les and one without). Similar IgA deposits were present
in the pre-treatment biopsies of each patient, indicating
that the process pre-dated r-haGalA exposure.

Recent evidence that the endothelium of Fabry patients
is in a pro-inflammatory and pro-thrombotic state [11, 13]
supports the predominant role of vascular pathology in
the pathogenesis of Fabry disease, including kidney fail-
ure [18]. Further evidence for the primary importance
of the endothelial cells in the pathophysiology of Fabry
disease comes from a comparison of the cardiac variant
of Fabry disease with the classical form. Cardiac variant
patients have marked GL-3 accumulation in cardiomyo-
cytes, renal tubular epithelium and podocytes, as is seen
also in classical Fabry patients, yet cardiac variants dem-
onstrate little to no endothelial accumulation of GL-3.
This difference suggests that the extended lifespan en-
joyed by cardiac variant patients (relative to the short-
ened lifespan of classical Fabry patients) may be due to
their lack of endothelial GL-3 accumulation. Male car-
diac variants have residual enzyme activity, and this may
be sufficient to keep endothelial cells clear of GL-3,
thereby delaying the renal disease usually responsible
for the death of the classical Fabry patient. The extended
lifespan of the cardiac variant patient provides time for
the GL-3 accumulation in the heart muscle to manifest
itself clinically, as these patients often die later in life
of cardiac disease [40]. Published case reports illustrate
these points. The autopsy of a 63-year-old cardiac variant
who died of conduction system abnormalities caused by
glycosphingolipid accumulation, also was found to have
GL-3 restricted to renal epithelial cells [41). Clinically,
the patient’s renal decline was likely delayed by the resid-
ual enzyme activity. The absence of vascular endothelial
cell involvement has been observed in other cardiac vari-
ants as well [42]. These cases suggest that it is not neces-
sary to eliminate all signs of histologic disease to achieve
significant clinical benefit by enzyme replacement ther-
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apy. As mentioned earlier, complete clearance of a life-
time accumulation of GL-3 from some cell populations,
such as cardiomyocytes and podocytes, is likely to require
an extended treatment period. The most benefit would
be afforded to those who begin treatment early in life,
with the aim of arresting GL-3 cellular accumulation at
sub-clinical levels. Residual enzyme activity in the cases
described appears to maintain clearance of GL-3 from
vascular endothelial cells and prevents the thrombosis-
related injuries contributing to early morbidity and pre-
mature mortality in classical Fabry patients.

Clearance of GL-3 accumulation from cell types other
than the vascular endothelium is likely to have consider-
able benefit for the overall health of the kidney by com-
plementing the anti-inflammatory and anti-thrombotic
benefits of vascular endothelial clearance. The mesan-
gium, composed of cells and matrix, provides support to
the glomerular capillary tuft. Mesangial cells have con-
tractile properties that mediate filtration, and phagocytic
properties that clean debris from the mesangium. Injury
to mesangial cells primarily from intracellular GL-3 accu-
mulation, and secondarily from capillary tuft vascular
impairment, leads to the proliferation of cells and matrix,
which in turn contributes to glomerulosclerosis [11]. Dur-
ing this study, we observed complete removal of GL-3
from mesangial cells and no change in mesangial cell
matrix deposition. This observation may indicate either
that treated mesangial cells cease or stabilize in their
secretion of matrix, or that the deposition of matrix in
Fabry disease is too slow to observe appreciable changes
during an 11-month period.

The long-term treatment goal for Fabry patients is
ultimately to prevent significant kidney pathology from
developing by providing enzyme replacement therapy
early in life. For older patients, the goal is to halt the
progression of existing kidney pathology before the
threshold of renal reserve is reached and life-threatening
renal failure ensues. Given the effectiveness of r-haGalA
in clearing GL-3 from all of the relevant cell types of
the kidney, even if slowly in podocytes and distal tubular
epithelial cells, slowing the progression of disease in pa-
tients with early signs of renal failure also may be realis-
tic. This pathology study has demonstrated that enzyme
therapy with r-haGalA resulted in significant clearance
of the accumulated substrate from not only the critical
endothelial compartment, but from all of the cell types
involved in the renal pathology of Fabry disease, thereby
providing a realistic means of stabilizing the disease and
avoiding progression to clinical failure.
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and/or death in a population of Fabry patients who have not received enzyme replacement
therapy

to provide a historical control for Genzyme r-haGAL clinical trials
to characterize the hospitalization of patients with Fabry disease

e to provide support for sample size calculations and conversion from placebo to historical control
in Genzyme Study Number AGAL 008-00: Multi-center, Randomized, Double-Blind, Placebo-
Controlled Study of the Safety and Efficacy of Recombinant Human o-Galactosidase A (r-
haGAL) on Progression of Renal Disease and Significant Clinical Events in Patients with Fabry
Disease.

METHODOLOGY:

The basic study approach can be summarized as follows:

1. Use of a historical cohort design that included 27 participating sites with patients who have a
current diagnosis of Fabry disease or who had a diagnosis of Fabry disease at the time of death.

2. The sites obtained patients’ informed consent and permission to release medical records.

3. Data were abstracted under the supervision of an independent contract research organization (Abt
Associates Clinical Trials (AACT), 55 Wheeler Street, Cambridge, MA 02138) identified as an
expert in methodologies of collecting epidemiologic and survey data.

All statistical analyses involving comparisons of the historical control study data to data from a
prospective clinical trial will be specified in the study documentation of that prospective clinical trial.

NUMBER OF PATIENTS (PLANNED AND ANALYZED):
400 (planned); 447 analyzed (104 Qualified Patients — AGAL-008-00 inclusion/exclusion criteria)

DIAGNOSIS AND MAIN CRITERIA FOR INCLUSION/EXCLUSION:

INCLUSION:

Patients must meet each of the following criteria to be enrolled in this study:
1. Current diagnosis of Fabry disease, or diagnosis of Fabry disease at time of death
2. Patient, guardian, or next of kin must consent to release medical records

EXCLUSION:

Patients will be excluded from this study if they meet any of the following criteria:
1. Patient had obvious and confounding renal disease (i.e., diabetic nephropathy, systemic lupus
erythematosus, or other well-established disorder) at time of Fabry disease diagnosis
2. Patient had other major disease (i.e., cancer, HIV/AIDS) at time of F abry disease diagnosis

THE AGAL-008-00 QUALIFIED POPULATION (N=104) WAS BASED ON THE
INCLUSION/EXCLUSION CRITERIA OF THE AGAL-008-00 TRIAL (DESCRIBED BELOW):

INCLUSION:

Patients who met all of the following inclusion criteria were eligible for inclusion as AGAL-008-00
Qualified Patients:

1. The patient must provide written informed consent prior to any study-related procedures being
performed.
2. Patients must be > 16 years old.
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3. Patients must have a current diagnosis of Fabry disease.
4. Patients may not have received enzyme replacement therapy as treatment for Fabry disease.
5. Patients must have documented plasma aGAL activity of < 1.5 nmol/hr/mL or a documented
leukocyte aGAL activity of < 4 nmol/hr/mg.
6. Patients must have one or more of the following: :
a. serum creatinine measurement > 1.2 and < 3 mg/dL (106.1 and 265.2 umol/L)
b. estimated creatinine clearance < 80 mL/min (using the Cockroft-Gault formula (Aronoff,
1995) if the patient’s serum creatinine measurements < 1.2 mg/dL

EXCLUSION:
Patients who met any of the following exclusion criteria were not eligible for participation as AGAL-
008-00 Qualified Patients:

1. Patient has undergone or is currently scheduled for kidney transplantation or is currently on
dialysis.

2. Patient has acute renal failure.
3. Patient has unconfirmed Fabry disease.
4. Patient has normal aGAL activity.
5. Patient has the following:
a. serum creatinine measurement of < 1.2 mg/dL (<106.1umol/L) (based on Screening period
measurements) unless estimated serum creatinine clearance < 80 mL/min, OR
b. history of transient ischemic attack (TIA) or ischemic stroke within 3 months of study entry.
6. Patient has received enzyme replacement therapy as treatment for Fabry disease.
7. Patient has diabetes mellitus or presence of confounding renal disease.

8. Patient has current critical coronary artery disease (as documented by a presently unstable angina
and/or documented myocardial infarction within 3 months).

9. Patient has congestive heart failure (contributed by Fabry disease) as defined by Class III or
Class 1V cardiac status as evaluated under the New York Heart Association classification.

TEST PRODUCT, DOSE, AND MODE OF ADMINISTRATION; BATCH NUMBER:

Not Applicable

DURATION OF TREATMENT:
Not Applicable

REFERENCE THERAPY, DOSE AND MODE OF ADMINISTRATION; BATCH NUMBER:
Not Applicable

CRITERIA FOR EVALUATION:
SAFETY:
Not Applicable

EFFICACY:

Primary study measurements were progression of renal disease. Progression of cardiac disease, cerebral
vascular disease, and/or death was also evaluated.

The evaluation for progression of renal disease was based upon those patients that met the
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inclusion/exclusion criteria for the Phase 4 trial (AGAL-008-00). This population was referred to as the
AGAL-008-00 Qualified patient population and comprised 104 patients. For other study measurements,
the AGAL-008-00 Qualified patient population and overall population were evaluated.

RENAL DISEASE
Progression of chronic renal disease may be met by a 33% increase in serum creatinine levels from the

date of the first available creatinine value greater than or equal to 1.2 mg/dL. In addition a 50%
increase in serum creatinine was also evaluated.

Progression to end stage renal disease as defined the need for chronic dialysis or transplantation.

CARDIAC DISEASE

Progression of cardiac disease may be met in one or more of the following ways:

* Myocardial infarction, as determined by the World Health Organization (WHO) standards
specified in the Multinational Monitoring of Trends and Determinants in Cardio Vascular
Disease (MONICA) manual

¢ Significant change in cardiac status which requires new surgical/medical intervention
Arrhythmia requiring pacemaker, DC-cardioversion, implantation of a defibrillator, or drug
intervention

¢  Unstable angina

* Worsening heart failure requiring hospitalization and intravenous medication to control
symptoms

CEREBRAL VASCULAR DISEASE

Progression of cerebral vascular disease may be met by direct observation of physical
manifestations/clinical evidence of a new CVA or TIA.

DEATH

Death due to any cause

STATISTICAL METHODS:

SAFETY:
Not Applicable

EFFICACY:

There are two components to the analyses: (1) analyses to provide a general characterization of the
natural history of Fabry disease from disease onset or diagnosis until death and (2) analyses to provide a
historical control for clinical trials of r-haGAL.

It should be noted that one of the key objectives for the analysis presented in this report is to serve as a
historical control for the Phase 4 AGAL-008-00 study.

Data were presented through data listings or summary tables. For tables, continuous outcomes were
summarized with n’s, means, standard deviations, medians, minimums, and maximums. Categorical
variables were summarized with frequency counts and percentages. Graphical displays were presented as
appropriate.
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For estimating the renal event rate the simplest method was employed, specifically empirical estimate
based on tabulating the proportion of patients who were observed to have the event within a certain time
period. The slope (rate of change) for serum creatinine will be estimated using regression methods.

For comparison to the AGAL-008-00 trial, more precise and robust estimates of the renal event
incidence rate were obtained by modeling the underlying patient-specific trends in serum creatinine over
the full duration of follow-up. The incidence rates, 80%, 84%, 90%, and 95% confidence intervals were
computed for occurrence of renal disease using a linear random effects model based on serum creatinine
values and estimated GFR over time. In addition, the results with covariates (age, gender, weight, blood
type, and a-GAL levels) in the model were summarized.

Individual serum creatinine measurements were plotted over time along with the usage of ACE
Inhibitors /ARBs-ACE Receptor Blockers and blood pressure measurements.

Time to occurrence was estimated for death using the Kaplan Meier methods. The estimated mortality
rate was graphically displayed.

SUMMARY — CONCLUSIONS

SAFETY RESULTS:
Not Applicable

EFFICACY RESULTS:

RENAL

A total of 26/104 (25%) patients experienced renal events based on both the 33% and 50% increase in
serum creatinine from Qualification Start Date and/or dialysis/transplant as defined in the study protocol.

Statistical modeling was performed to determine the event rates for the Qualified population based on
AGAL-008-00 inclusion/exclusion criteria. These event rates would be used as a comparator to the
predicted event rates from the patients enrolled in the AGAL-008-00 study to determine if treatment
with r-haGAL is effective in halting progression of renal disease in Fabry patients. For the Qualified
Population (N=104), the estimated 2 and 3-year renal event rates based on a 33% and 50% increase,
respectively, in serum creatinine values are presented in the Table 1.

Table 1

Serum Creatinine Estimated Event
Increase Rate

33% Increase
Over 2 Years
50% Increase
Over 3 Years

Reference: Table 14.8-3

30%

32%

CARDIAC

A total of 49/104 (47%) patients in the AGAL-008-00 Qualified population experienced a cardiac event
as defined in the study protocol.
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CEREBROVASCULAR

A total of 10/104 (10%) patients in the AGAL-008-00 Qualified population experienced a
cerebrovascular event as defined in the study protocol.
DEATH

Seven of 104 (7%) patients meeting the AGAL-008-00 inclusion/exclusion criteria died during the time
of their Qualification window. A total of 22/447 (5%) of patients in the overall study population died.

CONCLUSION:

It is proposed that the estimated 3-year renal event rate from the natural history study and corresponding
confidence interval be used as a comparison to the Phase 4 study. The renal event rate of the single arm
Phase 4 Fabrazyme® study will be determined to be different from the natural history study if their
corresponding 84% confidence intervals are non-overlapping (Table 2).

Table 2

Estimated 3-yr Event Rate (50% increase
in serum creatinine) in Historical
Database AGAL-008-00 Qualifiers

Projected 3-yr Event Rate (50% increase in serum
creatinine) in AGAL-008-00 Patients (N=70; final
projected enrollment)

(N=104)
Event Rate 32% 10% 15% 20%
84% 25,36 5,17 10,23 13,28
Confidence
Interval

The confidence interval for the historical control event rate is based on the confidence interval for the
slope parameter in the linear random effects model. The confidence interval for the projected event
rate 1s based on a two-tailed Fisher-Exact test.

Reference: Table 14.8-6
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S. ETHICS

5.1 Independent Ethics Committee (IEC) or Institutional Review Board (IRB)

This protocol, and the patient informed consent form were reviewed-and approved by an
Institutional Review Board (IRB) or Independent Ethics Committee (IEC) complying with the
requirements of 21 CFR 50 and 56 and the International Conference on Harmonisation before
enrollment of patients. The IEC at two international sites waived the need for review and
approval because this was an epidemiological study. Genzyme Corporation received a copy of
the letter of approval or waiver from the IRB or IEC and the approved consent form.

5.2 Ethical Conduct of the Study

This protocol was designed and conducted, recorded, and is reported in compliance with the
principles of Good Clinical Practice (GCP) regulations established by the basic principles
defined in the U.S. 21 CFR Part 312. These requirements are stated in “Guidance for Good
Clinical Practice,” International Conference on Harmonisation (ICH) of Technical Requirements
for Registration of Pharmaceuticals for Human Use.

53 Patient Information and Consent

Unless waived by the IEC, patients were required to read and sign an informed consent form
summarizing the purpose of the study, the procedures to be carried out, and the potential hazards
in non-technical terms. Patients were free to withdraw at any time for any reason or could have
been withdrawn, if necessary, to protect their health or the integrity of the study. For deceased
patients their next of kin were required to read and sign an informed consent form unless this
was waived by the local IRB. A sample consent form can be found in Appendix 16.1.3.
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6. INVESTIGATORS AND STUDY ADMINISTRATION STRUCTURE

Curriculum vitae for study personnel are included in Appendix 16.1.4.
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7. INTRODUCTION

Fabry disease is an X-linked recessive inborn error of metabolism characterized by a deficiency in
the lysosomal hydrolase, a-galactosidase A and occurs predominantly in males (Desnick, 2001,
McGraw-Hill). The global incidence in males is approximately 1:40,000. However, heterozygote
females may also develop pathology and symptoms due to unbalanced expression secondary to the
random inactivation of the normal a-galactosidase gene (lyonization) (Lyon, 1961, Nature). In
classically affected individuals, the phenotypic expression of Fabry disease is manifested as
subnormal or absent activity of a-galactosidase A, resulting in the pathological accumulation of -
galactyl-terminated neutral glycosphingolipids, predominantly globotriaosylceramide (GL-3) in
cellular lysosomes. Accumulation occurs in virtually all tissues of the body, but particularly in the
endothelial, perithelial, and smooth-muscle cells of blood vessels, the ganglion cells of the
autonomic nervous system, the glomeruli and tubules of the kidney, and the cardiomyocytes of the
heart. Although patients may not exhibit symptoms that would indicate involvement of these organ
systems early in life, it has been established that the progressive accumulation of these substrates
leads to dysfunction in these organ systems over time.

The natural history of the progression of renal function of Fabry patients has not been well-
characterized. In addition, other relevant variables such as deterioration of cardiac function over
time, occurrence of cerebrovascular events, and death rate due to Fabry disease progression has not
been well characterized.

In April 2001, Genzyme reported on an historical database that permitted an estimate of the
clinical progression of renal insufficiency in patients with Fabry disease. The limited data available
in that historical database and the limited analyses and conclusions that could be drawn from the
data highlighted the need for a rigorously compiled, broader historical database that could be used
to model and predict the course of Fabry disease. In order to develop a more extensive, unbiased
assessment of the natural history of Fabry disease, Genzyme Corporation has undertaken the
conduct of a prospectively defined, epidemiologic study of the natural history of Fabry disease.

This report summarizes the extent of historical data collected in Study Number AGAL-014-01
(Appendix 16.1.1) and updates the data submitted in the two prior interim reports (data collected as
of 31 January 2002 and 5 June 2002). Data from all patients that has been collected are included in
this report, which provides a comprehensive review on progression of renal disease prior to
enzyme replacement therapy (ERT) in this patient population. In addition, this report also
addresses progression of cardiovascular disease, cerebrovascular disease, and death rates in this
patient population prior to ERT. The information provided in this report encompasses the
abstracted medical records from 447 unique patients from 27 sites in five countries (United States,
Canada, The Netherlands, Czech Republic, and Denmark). This number meets the goal set by
Genzyme to abstract the medical records of 400 patients from all participating sites by June 2002.
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8. STUDY OBJECTIVES
The objectives of the study were to:

1. characterize the natural history of Fabry disease

2. estimate the rates of occurrence of renal disease in a population of Fabry patients who
have not received enzyme replacement therapy. Progression of cardiac disease,
cerebrovascular disease, and/or death was also evaluated

3. provide a historical control for Genzyme r-haGAL clinical trials

4. characterize the hospitalization of patients with Fabry disease

5. provide support for sample size calculations and conversion from placebo to
historical control in Genzyme Study Number AGAL 008-00: Multi-center,
Randomized, Double-Blind, Placebo-Controlled Study of the Safety and Efficacy of
Recombinant Human a-Galactosidase A (r-haGAL) on Progression of Renal Disease
and Significant Clinical Events in Patients with Fabry Disease.

NOTE: The analyses performed in the efficacy section of this report are based on the
AGAL-008-00 Qualified Population to support the conversion of that trial from a double-blind,
placebo controlled study, to an open-label, historically controlled study.
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9. INVESTIGATIONAL PLAN
9.1 Overall Study Design and Plan

The basic study approach can be summarized as follows:

1. Use of a historical cohort design that included 27 participating sites with patients who
have a current diagnosis of Fabry disease or who had a diagnosis of Fabry disease at
the time of death.

Sites obtained patients’ informed consent and permission to release medical records.
Obtaining or accessing patient medical records.

Abstraction of medical record information from records into database.

voa e

Use of standard statistical methods to summarize collected data, estimate incidence
rates of events, and estimate survival function.

9.2 Discussion of Study Design, Choice of Control Groups

This was an international, multicenter study of a historical cohort of patients with Fabry disease.
Medical record data from this study were used for multiple purposes. For instance, historical
control groups were created from the data of patients with Fabry disease who fit the inclusion
and exclusion criteria of AGAL-008-00 as well as for other Genzyme studies with r-haGAL.

Medical records were reviewed from as many patients with Fabry disease as possible from
participating study sites. All available, prospectively defined information for these patients was
collected.

Four key steps were taken in order to minimize bias in the collection of data from patients’
medical records.

e Data were abstracted under the supervision of an independent contract research
organization (Abt Associates Clinical Trials (AACT), 55 Wheeler Street, Cambridge,
MA 02138) identified as an expert in methodologies of collecting epidemiologic and
survey data.

e 51 domestic and international investigator sites were given an opportunity to
participate in the study; 27 elected to participate and provided data.

e Records from all eligible patients at participating sites were abstracted.
¢ Clinically relevant information on Fabry patients was collected with prospectively

defined data points.

Additionally, the quality of data was ensured by quality control measures on the part of the
Clinical Research Associates (CRA) who abstracted the patients’ records. The first two records
from each CRA were re-abstracted by an experienced supervisor. Any discrepancies noted by the
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supervisor were made apparent to the CRA, and were recorded and initialed on the original
abstraction. Subsequently, approximately 10% of each CRA’s abstractions were randomly
chosen and re-abstracted by supervisors. Further, if patient data were available at more than one
site, the data were collected, duplicates were identified, and the patients’ records were merged.

The duration of this study was approximately 15 months. There was no restriction on the year of
diagnosis of Fabry disease as long as the patient’s medical record was available for abstraction.
All available, pertinent information for these patients was collected.

9.3 Selection of Study Population

Two steps involved in the selection of the patient population were the selection of eligible sites
and the identification and selection of eligible patients within each site. Because patient records
may have been transferred between sites, steps were taken by Abt (Associates Clinical Trials) to
minimize the chance of duplicating patient data. Abt was required to inform abstractors and
supervisors of patient records that have been transferred between sites. The only criterion for the
selection of sites was that the site must have reasonable means to facilitate the identification of
Fabry patient records.

' The goal of the study was to enroll as many patients as possible. The desired minimum
enrollment was 400 patients. Overall patient enrollment included hemizygous males (typical),
atypical hemizygous males, and heterozygous females, although this information was not

- distinguished in the database. Medical records from patients with Fabry disease up to the time of

enzyme replacement therapy (ERT) were eligible for inclusion.

9.3.1 Inclusion Criteria;: AGAL-014-01

For AGAL-014-01, patients were required to meet each of the following criteria to be enrolled in »
this study:

1. Current diagnosis of Fabry disease, or diagnosis of Fabry disease at time of death.
2. Patient, guardian, or next of kin must provide informed consent, including consent to
release medical records

9.3.2 Exclusion Criteria: AGAL-014-01
For AGAL-014-01, patients were excluded from this study if they meet any of the following

criteria:
1. Patient had obvious and confounding renal disease (i.e., diabetic nephropathy, SLE,
or other well established disorder) at Fabry disease diagnosis.

2. Patient had other major disease (e.g., cancer, HIV/AIDS, significant organic disease)
at Fabry disease diagnosis.
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Since AGAL-008-00 Qualifiers are identified based on the Phase 4 study (AGAL-008-00)
entrance criteria, these criteria have been incorporated into the definition of AGAL-008-00
Qualifiers in this study. A complete list of inclusion/exclusion criteria from the AGAL-008-00
study can be found in the study protocol (Appendix 16.1.1).

9.3.3 Inclusion Criteria: AGAL-008-00 Qualified Population

Patients fulfilling the following criteria taken from the AGAL-008-00 Phase 4 study were
eligible for inclusion as part of the AGAL-008-00 Qualified Population to be used as a historical
control for the AGAL-008-00 Phase 4 study:

1. The patient must provide written informed consent prior to any study-related
procedures being performed.
2. Patients must be > 16 years old.

had

Patients must have a current diagnosis of Fabry disease.

4. Patients may not have received enzyme replacement therapy as treatment for Fabry
disease.

5. Patients must have documented plasma aGAL activity of < 1.5 nmol/hr/mL or a
documented leukocyte GAL activity of <4 nmol/hr/mg.

6. Patients must have one or more of the following:

a. serum creatinine measurement > 1.2 and < 3 mg/dL (106.1 and 265.2 umol/L)

b. estimated creatinine clearance < 80 mL/min (using the Cockroft-Gault formula
(Aronoff, 1995) if the patient’s serum creatinine measurements < 1.2 mg/dL.

934 Exclusion Criteria: AGAL-008-00 Qualified Population

Patients that met the inclusion criteria based on the AGAL-008-00 Phase 4 trial but who fulfilled
any of the following exclusion criteria based on AGAL-008-00 were excluded from the
AGAL-008-00 Qualified population and from their data being used in the historical control
cohort:

1. Patient has undergone or is currently scheduled for kidney transplantation or is
currently on dialysis.

Patient has acute renal failure.

Patient has unconfirmed Fabry disease.

Patient has normal aGAL activity.

bl

Patient has the following:
a. serum creatinine measurement of < 1.2 mg/dL (<106.1pmol/L) (based on
Screening period measurements) unless estimated serum creatinine clearance < 80

mL/min, OR
b. history of transient ischemic attack (TIA) or ischemic stroke within 3 months of
study entry.
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6. Patient has received enzyme replacement therapy as treatment for Fabry disease.

7. Patient has diabetes mellitus or presence of confounding renal disease.

8. Patient has current critical coronary artery disease (as documented by a presently
unstable angina and/or documented myocardial infarction within 3 months).

9. Patient has congestive heart failure as defined by Class III or Class IV cardiac status
as evaluated under the New York Heart Association classification (Vandenbelt, 1996,
In: Classical Teachings in Clinical Cardiology).

All renal disease data were collected by each CRA and subsequently assessed by a site
investigator who confirmed whether the renal disease was confounding renal disease. This was
done since Fabry disease can lead to renal failure and other renal disease manifestations. It was
necessary to differentiate between renal disease as a result of Fabry disease and other
confounding renal disease from other causes. All data on or after the date of investigator-
confirmed confounding renal disease were then excluded.

If HIV diagnosis was on or before the date of Fabry disease diagnosis, then the only data
abstracted for that patient were the inclusion and exclusion criteria, medical history,
demographics, Fabry disease history, and study site collection.

If a patient had cancer, then the patient’s data were still abstracted. All data on or after the
diagnosis of cancer were excluded for AGAL-008-00 Qualified patients. If cancer was diagnosed
on or before the Qualification Start Date (Section 10.1.1), then the patient did not become an
AGAL-008-00 Qualifier.

Likewise, if a patient was diagnosed with diabetes, their data abstracted on or after the date of
diagnosis were excluded for AGAL-008-00 Qualified patients. If diabetes was diagnosed on or
before the Qualification Start Date, then the patient did not qualify.

9.3.5 Removal of Patients from Therapy or Assessment

Patients’ medical record data were not further abstracted once they received any enzyme
replacement therapy (ERT). Data collected up to the date of ERT administration were collected
and analyzed.

9.3.6 Patient Screening Log

Each site was instructed to maintain a log of each patient’s record considered for the study,
whether entered into the study or not. All patients identified at the study center were recorded on
the screening log by recording the patient’s initials and contact dates. If a patient was not
consented, the reason was recorded on the screening log. Date of birth was added to the
screening log after consent was given so that duplicate patients could be identified.
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To date, a total of 742 patients have been recorded on screening logs, though a small number of
screening logs are still outstanding and have not been forwarded by the sites. Table 9-1
summarizes the screening logs received to date and categorizes the reason a patient was not
included in the historical database. Of the 447 patients that agreed to participate in the study, a
total of 431/447 (96%) of the patients noted on the screening logs have been received by
Genzyme from the sites. Of the 742 patients noted on the screening logs received, 311 (42%) did
not participate in the study. Among these patients “no response” was the most common reason
for non-participation (Table 9-1).

Table 9-1:  Summary of Screening Logs

Reason not Included in the Study Frequency (%)
No Response 264 (36%)
No / Not Interested 24 (3%)
No / Patient Deceased 8 (1%)
No / Wrong Address 12 (2%)
No / Negative for Fabry 1 (0%)
No / Participating in another Study 2 (0%)
Yes* 431 (58%)

* The total number of subjects in the AGAL-014-01 database is 447, at present all of the
screening logs have not been received.

94 Treatments
Not Applicable

94.1 Treatments Administered
Not Applicable

9.4.2 Identity of Investigational Product
Not Applicable

9.4.3 Method of Assigning Patients to Treatment Groups
Not Applicable

9.4.4 Selection of Doses in the Study
Not Applicable

9.4.5 Selection and Timing of Dose for Each Patient
Not Applicable
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9.4.6 Blinding
Not Applicable

9.4.7 Prior and Concomitant Therapy

Information on patients treated concomitantly with ACE inhibitors/Angiotensin Converting
Enzyme Receptor Blockers (ARBs) was collected (see Section 11.4.3 and Section 14.4).

9.4.8 Treatment Compliance
Not Applicable
9.5 Efficacy and Safety Variables

Prospectively defined study measurements included progression of renal disease, cardiac disease,
cerebrovascular disease, and/or death. Note that summary tables and listings of renal, cardiac,
cerebrovascular, and death data are presented in Appendix 16.2.9 for review.

When compiling historical data, it is important to understand that certain types of data may be
more accurately obtained than others. For example, when assessing renal function and changes in
renal function over time, one can generally rely on measurements of serum creatinine and/or
estimated GFR. This is a well-accepted and standardized test available in clinical laboratories
throughout the world. Conversely, accurately assessing the incidence of cardiac events (such as
myocardial infarctions, worsening angina, worsening congestive heart failure, and clinically
important arrhythmias) and cerebrovascular events (such as strokes and transient ischemic
attacks) is much more subjective.

These latter types of assessments rely heavily on a physician's clinical assessment of a variety of
different types of data including medical history, physical examination, various types of
laboratory data including several different types of enzyme assays and electrocardiograms, and
several types of radiologic assessments. Such clinical assessments always have a significant
subjective component and are certainly not nearly as objective as the measurement of a standard
lab test such as a serum creatinine, which is more likely to appear in a standard lab report. The
criteria for evaluation of cardiac and cerebrovascular events are detailed and very stringent; often
these details are not found in a patient’s medical record. Hence, the historical assessment of
cardiac and cerebrovascular event rates is likely to be underestimated. In addition, non-study
physicians may have seen patients. While attempts were made to obtain a patient’s medical
records from all physicians seen by the patient, this was not always possible. Fabry disease
impacts many different body systems, and often patients are seen by many different physicians in
different specialties, some of whom were not study physicians. Therefore, patient’s medical
records may not have been updated completely with their entire medical history if more than one
physician compiled them. For all of these reasons, while we have analyzed the incidence of
cardiac and cerebrovascular events occurring in the Fabry historical data base, we are relying on
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the much more accurate historical assessments of renal function in providing the historical
control for AGAL-008-00.

9.5.1 Renal Disease

Progression of chronic and/or end stage renal disease was met based on one of the following

conditions:

1. Progression of chronic renal disease was met by an increase of at least 33% in serum
creatinine levels (from first measurement). Progression of chronic renal disease based
on an increase of 50% in serum creatinine levels (from first measurement) was also
reported.

2. Progression to end stage renal disease (not acute renal failure) as defined by a
requirement for intervention therapy such as the need for chronic dialysis continuing
for > 40 days or renal transplantation.

95.2 Cardiac Disease

Progression of cardiac disease met by Myocardial Infarction (MI), Change in Cardiac Status,
Arrhythmia, Angina, or Cardiac Failure is presented.

Myocardial Infarction:

Definite ECG change, Probable ECG change with symptoms and abnormal enzymes and Death
by ML

Other sub-events mentioned below are presented directly from entries on CRFs.

e Change in Cardiac Status: PTCA, IABP, CABG, Valve replacement (Ischemic),
Cardiac hospitalization

e Arrhythmia: Symptoms of arrhythmia, Anti-arrhythmic medication, DC-
cardioversion, Pacemaker, Defibrillator

e Angina: Rest angina, Increasing angina, Change in resting EKG with angina pain,
New onset angina

o (Cardiac Failure: Physical findings on exam, Exercise intolerance, Cardiac imaging,

IV medications given
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95.3 Cerebrovascular Disease

Cerebrovascular disease defined by stroke and TIA are presented.
Types of events listed below are presented directly from entries on CRFs.

e TIA: R Carotid hemispheric, L Carotid hemispheric, R Amaurosis fugax, L
Amaurosis fugax, Vertebrobasilar, Uncertain

¢ Stroke: Hemorrhage, Type: Subarachnoid, Labar, Non Labar (Basal Ganglia, Brain
Stem-diencephalon, Cerebellum, Other), Infarct, Type: Embolic, Thrombotic,
Uncertain, Vessel size: Small (lacunar), Large, Side: Right or Left, Location: Anterior
Cerebrum, Middle Cerebrum, Posterior Cerebrum, Vertebrobasilar

954 Death

Death due to any cause.

9.5.5 Efficacy and Safety Measurements Assessed and Flow Chart
Not Applicable

9.5.6 Appropriateness of Measurements

Not Applicable

9.5.7 Primary Efficacy Variable(s)

Not Applicable

9.5.8 Drug Concentration Measurements

Not Applicable

9.6 Data Quality Assurance

The medical records were to be abstracted and CRFs were to be reviewed and then returned to
Genzyme for data management and analysis. Investigators were required to complete and sign
the CRF that determined if renal disease was a result of Fabry disease or other confounding renal
disease. If necessary, the study site was to be contacted for corrections and/or clarifications. All
data was to be entered into a study database for analysis and reporting. Validation programs were
to be run on the data for purposes of quality assurance (QA). Upon completion of data entry, the
database was to receive a QA check to ensure acceptable accuracy and completeness.

9.7 Statistical Methods Planned in the Protocol and Determination
of Sample Size

All data maintained by Genzyme BioMedical Operations will be entered and managed in an
Oracle database using Domain Solutions/Clintrial on a VAX/VMS computer. Statistical analyses
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were performed using the SAS Software package in a validated environment. For statistical
modeling, the S-PLUS and SAS software packages were employed.

9.7.1 Statistical and Analytical Plans

Data are presented through data listings or tables. For tables, continuous outcomes are
summarized with n’s, means, standard deviations, medians, minimums, and maximums.
Categorical variables are summarized with frequency counts and percentages. Graphical displays
are presented as appropriate.

For estimating the renal event rate the simplest method was employed, specifically empirical
estimate based on tabulating the proportion of patients who were observed to have the event
within a certain time period.

For comparison to the AGAL-008-00 trial, more precise and robust estimates of the incidence
rate were obtained by modeling the underlying patient-specific trends in serum creatinine over
the full duration of follow-up.

Time to occurrence was estimated for death using the Kaplan Meier methods. The survival
function was graphically displayed.

9.7.2 Efficacy Endpoint Data

Each type of event (Renal, Cardiac, CVD, Death, Any Event) described in Section 9.5 was
-tabulated along with sub-events or type of event.

9.7.2.1 Renal Endpoint Data

9.7.2.1.1 Progression of Renal Disease: Dialysis and Transplantation

Acute Dialysis (Iength < 40 days), Chronic Dialysis (length > 40 days), length of dialysis, and
Transplantation are presented.

9.7.2.1.2 Progression of Renal Disease for the AGAL-008-00 Qualified Population:
Serum Creatinine

Renal event rates are estimated using linear random effects models based on the underlying
patient-specific trend in serum creatinine over the full duration of follow-up. The empirical
estimate based on tabulating the proportion of patients who were observed to have had a 33%
increase in serum creatinine, or who required dialysis (length > 40 days), or kidney
transplantation within the first 2 years from the Qualification Start Date (Section 10.1.1) was
biased as some patients had less than 2 years follow-up. This was because patients who had been
followed for fewer than 2 years had a lower probability of event, and inclusion of these patients
in the empirical estimation of event rate was biased (under-estimated). In order to have more
precise and robust estimates of the event rate, the linear random effects model was employed.
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The model demonstrated that log-serum creatinine depended on the value at entry (intercept) and
time since entry. The linear rate of change in log-serum creatinine over time (slope) depended on
the patient. The model was fit by the method of restricted maximum likelihood, and the
underlying patient-specific trend is determined from the empirical Bayes estimates of the random
intercept and slope. On the log scale, the individual slope is directly related to the expected
percent change in serum creatinine.

A linear random effects model was fit to the data of the AGAL-008-00 Qualifiers, using the
method of restricted maximum likelihood estimation. Individual patient slopes are estimated
using empirical Bayes estimation (Laird and Ware 1982). The 80%, 84%, 90%, and 95%
confidence intervals on the event rate were estimated.

The primary model to assess the estimated renal event rate was a linear trend random effects
model (see SAP) for serum creatinine, with a 33% 2-year criteria and a 50% 3-year criteria. The
following supplementary analyses were also performed to assess the robustness of the renal
event rate:

e Analyzing the data and omitting patients with limited observations (patients with > 2
observations, patients with > 3 observations)

e Adjusting for covariates (age, gender, weight, blood type, and plasma a-GAL level)
e Empirical estimates of renal event rate

¢ Inclusion of a quadratic term

e Investigation of 1/serum creatinine transformation

e By-subject linear regression

e Analysis of estimated GFR.

In addition, individual serum creatinine measurements were plotted over time along with usage
of ACE Inhibitors/ARBs and blood pressure measurements. Also, serum creatinine
measurements at Qualification Start Date were presented descriptively for AGAL-008-00
Qualifiers.

9.7.2.1.3 Estimated Glomerular Filtration Rate (GFR) using the MDRD Equation for
the AGAL-008-00 Qualified Population

The estimated Glomerular Filtration Rate (GFR) is based on the MDRD formula that takes the

patient’s serum creatinine values, age, gender, and race into consideration (see Appendix 16.1.9).

The estimated GFR was presented at 2 years, 3 years, 4 years, and 5 years from Qualification

Start Date. For each time period, the last GFR estimated from each patient was summarized.
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Using the same linear random effects modeling methods, renal event rates were estimated by
using a patient’s log transformed GFR values as opposed to log transformed serum creatinine
values. This analysis was performed with the following exceptions:

e Log-transformed GFR was the response variable as opposed to log transformed serum

creatinine

e Increases in serum creatinine rates of 50% over 3-years and 33% over 2-years were
used to define slope cut-points of 0.135 and 0.143 respectively for the mixed model
analysis of log-serum creatinine. Corresponding slope cut-points for estimated GFR
based on the 50% increase over 3-years and 33% over 2-years criteria using the
MDRD estimated GFR formula were calculated. The patients slope cut-points for the
estimated GFR were - 0.161 (corresponding to the 50% 3-year criteria) and - 0.170
(corresponding to 33% 2-year criteria). For the mixed model analysis of the natural
log of estimated GFR, patients with an estimated slope equal to or less than these cut-
points were defined as having had estimated renal event.

e For the supplemental analyses incorporating covariates into the model: age, gender,
weight, blood type, and plasma a-GAL level were used.

9.7.2.2 Cardiac Endpoint Data

Cardiac events described in Section 9.5.2 were tabulated along with sub-events or type of event.

9.7.2.3 Cerebrovascular Endpoint Data

Cardiac events described in Section 9.5.3 were tabulated along with sub-events or type of event.

9.7.2.4 Death Endpoint: Kaplan-Meier Estimate of Mortality Rate

A figure presenting the Kaplan-Meier estimates of mortality starting from date of birth was
produced for all patients. If patients did not have a record of death, the most current date in a
patient’s entire records collected in this study was used as a censoring point (See

Appendix 16.1.9).
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9.7.2.5 Time to Events

For AGAL-008 Qualifiers, the following time will be presented descriptively; Years from
Qualified Start Date to:

e Renal Event [33% criteria): earliest date of either a 33% increase in serum creatinine,
chronic dialysis (length > 40 days), or kidney transplantation

e Renal Event [50% criteria): earliest date of either a 50% increase in serum creatinine,
chronic dialysis (length > 40 days), or kidney transplantation

e (Cardiac Event

e Cerebrovascular Event

e Death

9.7.3 Determination of Sample Size

Not applicable for AGAL-014-01 study. Refer to Section 11.5.9 for Sample Size Justification for
Study Number AGAL-008-00.

9.7.4 . Missing or Invalid Data

Since this is a retrospective study and time (date) is a very sensitive factor for the analyses,
stringent rules were set and applied to these historical data in order to utilize them with most
meaningful way (see Appendix 16.1.9).

9.8 Changes in the Conduct of the Study or Planned Analyses

Based upon communications with the FDA, the following additional analyses were conducted to
support the methodology and results of the renal event rate estimation analyses:

e Justification of the natural logarithm transformation for serum creatinine

e A review of the distribution of the subject slopes and intercepts

e An analysis of renal event rates based upon applying empirical estimation methods
e Additional covariate analyses

e Justification of 84% confidence intervals for the event rates.
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10. STUDY PATIENTS

10.1 Disposition of Patients

10.1.1 Establishing the “Qualified” Population

The database created by AGAL-014-01 was based on collection of data from all types of patients
with Fabry disease. As other studies on Fabry disease are conducted, patient records in the
AGAL-014-01 historical database will be matched to the other studies’ inclusion and exclusion
criteria to establish a subset of records to serve as a reasonable comparator.

The medical records of patients from AGAL-014-01 were abstracted to document several
relevant facts of the patients’ medical histories. Once a database of medical record abstractions
was established, patients from this database were compared to AGAL-008-00
inclusion/exclusion criteria to establish a “Qualified” population of patients. The process for
identifying each qualified patient was to:

1. Identify each patient who met the inclusion criteria of AGAL-008-00.

2. Establish a patient-specific date (“Qualification Start Date”) against which the date of
any disqualifying event for that patient would be measured. The Qualification Start
Date was determined as the earliest date on which the patient satisfied all inclusion
criteria of Study No. AGAL-008-00.

Exclude any patient who had an exclusion event (defined by AGAL-008-00) prior to
or on the Qualification Start Date (see Table 10-2).

(8]

This process was followed because of the differences between a traditional, prospective clinical
study and a study involving the historical review of medical records. In a traditional, prospective
clinical study, patients would be physically screened in order to determine eligibility for
enrollment. In that situation, a specific time period is created based on the screening process
(e.g., standard lab draws, inclusion criteria), and potential exclusion events discovered in the
screening process that would pre-empt the patient from study enrollment. In the case of an
historical review of patients’ medical records, n which a patient is not physically screened, a
screening period must be determined in order to establish a date against which to measure the
dates of exclusion events. For example, the preliminary review of a patient’s medical history
may indicate serum creatinine levels that would permit study enroliment. However, if upon
further review of the medical history, an exclusion event was found, that may lead to the
patient’s exclusion from the study. However, it is important to note that the relationship of the
dates of the serum creatinine levels and the exclusion event must be known before the patient can
be excluded. Therefore, a patient-specific “Qualification Start Date” was established, and this
date was used as the point in time against which exclusion events would be measured. Just as in
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a traditional, prospective clinical study, if an exclusion event occurred prior to or on the
Qualification Start Date, the patient would be excluded.

From this process, two populations were identified in the study: a “Qualified” population of 104
patients that met all inclusion and had no exclusion criteria of AGAL-008-00, and the total
population of 447 patients that represented the abstracted medical records of patients with Fabry
disease from all of the participating sites. (Table 10-2)

Table 10-1: Summary of Inclusion/Exclusion of Patients

Patients n (%)
Total Number of Unique Patients 447
Patients Meeting All Inclusion Criteria 116 (26)
Patients Who Met All Inclusion Criteria and Had Exclusion Events 12(3)
Patients Meeting All Inclusion Criteria and Having No Exclusion Events 104 (23)
Reference: Table 14.1-1

10.1.2 Detailed Patient Dispesition

Table 10-2 summarizes patient disposition based on AGAL-008-00 inclusion/exclusion criteria.
For the Qualified population, the range of each patient’s data available for evaluation was based
on each patient’s Qualification Start Date (refer to Section 10.1.1) and the “Stop Date” if
available. The Stop Date was defined for some patients as the date on which a patient began
receiving enzyme replacement therapy for Fabry disease or developed confounding renal disease.
For apparent reasons, it would not be appropriate to evaluate data collected past the date of either
ERT or development of confounding renal disease. A Stop Date was defined for all patients
whether or not they qualified, and data on or after this date were excluded. For example, some
exclusion events had a 3-month window (e.g. MI and TIA) such that if one of these events
occurred within 3 months of the Qualification Start Date, then the patient would not qualify. In
this situation a later Qualification Start Date was determined such that an exclusion event would
no longer apply (i.e., there was a greater than 3 month time span from the time of the event to the
new Qualification Start Date).

Table 10-3 provides a summary of the duration that AGAL-008-00 Qualified patients were
included in the study. This was based on the amount of time elapsed between their Qualification
Start Date and Stop Date, and is the time window in which data was analyzed for the purpose of
serving as a historical control for the AGAL-008-00 study. The mean time of study duration for
the AGAL-008-00 Qualified patients was 3.6 years (SD=4.4 years). For 39/104 (37%) of the
AGAL-008-00 Qualified patients, study duration was < 1 year. Thirty-five of 104 (34%)
AGAL-008-00 Qualified patients had study durations of 1 to < 5 years, and 30/104 (29%)
patients had study durations of > 5 years.
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Table 10-2: Summary of Patient Disposition Based on AGAL-008-00 Inclusion/Exclusion

Criteria
Criteria n (%)*
Total number of patients 447 (100)
Inclusion Criteria that Define Qualification Start Date
Age of 16 Years or Older at Lab Draw Date 387 (87)
Serum Creatinine > 1.2 and < 3 mg/dL 141 (32)
Serum Creatinine < 1.2 and Estimated Creatinine Clearance < 80 mL/min 65 (15)
Other Inclusion Criteria
Plasma aGAL Activity < 1.5 nmol/hr/mL 120 (27)
Leukocyte aGAL Activity < 4 nmol/hr/mg 126 (28)
Exclusion Events
Transplant At or Before Qualification Start Date 20 (4)
Diabetes At or Before Qualification Start Date 2 (0)**
Dialysis At Start of Qualification Start Date 0
Malignant Cancer At or Before Qualification Start Date 5(1)
TIA Within 3 Months of Qualification Start Date 1 (0)**
MI Within 3 Months of Qualification Start Date 0
Type 11 Or IV Cardiac Failure At or Before Qualification Start Date 4D
Defines Qualification Step Date
On Enzyme Replacement Therapy 119 27)
Confounding Renal Disease 7(2)
Reference: Table 14.1-1
* Rows are not mutually exclusive; patients may have experienced more than one exclusion
criteria. **Because of rounding 2 or fewer patients are represented as 0% of the population
(actual = 0.4% or less).
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Table 10-3:  Overall Study Duration and Study Duration by Time Groups for

10.2

AGAL-008-00 Qualified Patients
Study Duration (yrs.)

Mean = SD 36+44
Median 2.1
Min., Max. 0,27
Total Patients 104
Duration by Time Groups
n (%)
0-<1yr 39/104 (37)
1-<2 yrs 11/104 (11)
2-<3 yrs 12/104 (11)
3-<4 yrs 8/104 (8)
4-<5Syrs 4/104 (4)
>S5 yrs 30/104 (29)

Reference: Table 14.1-9

Note: Study duration is calculated from the Qualification Start Date until the Stop
Date or the last date in the patient's entire record of data collected in this study.
The Stop Date is the earliest date on which a patient began receiving enzyme
replacement therapy (ERT) for Fabry disease or developed confounding renal
disease confirmed by the investigator; if a patient did not have ERT or
confounding renal disease, no Stop Date will exist.

Protocol Deviations

- There were no deviations from the protocol.

10.2.1

Deviations from Planned Analyses

Based on conversations with FDA surrounding the estimation of the renal event rate for the
AGAL-008-00 Qualified Population, the following supplementary analyses were performed:

Renal event rates were estimated based on the random effects model being fit to
qualifying patients who had > 2 observations and to qualifying patients who had > 3
observations.

The distribution of the estimated patient slopes and intercepts from the random effects
model were reviewed.

The distribution of the estimated patient slopes was reviewed by means of stratifying
the estimated slopes based on subject covariates.

Renal event rates were estimated based upon applying empirical methods.

Renal event rates were estimated based on the random effects model with covariate
terms included in the model.

Renal event rates were estimated based on analysis of the data by means of individual
patient regressions.

A likelihood based approach to the renal event estimate.

Exclusionary subset analyses.

Analysis of 1/serum creatinine.
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11. EFFICACY EVALUATION

11.1 Data Sets Analyzed

11.2 Demographic and Other Baseline Characteristics

Table 11-1 summarizes demographic data of the entire historical population as of the time of the
patient’s diagnosis with Fabry disease, including weight, height, gender, and ethnicity.

Table 11-1: Summary of Demographics of the Historical Patient Population at Fabry
Disease Diagnosis

All Patients
n =447
. At Fabry Diagnosis
Parameter Statistic
n 404
Mean 26.0
Age (yr) Median 25.0
Std. Dev. 15.31
Min., Max. 0,76
n 143
Mean 65.3
Weight (kg) Median 68.9
Std. Dev. 19.97
Min., Max. 4,131
n 124
Mean 165.3
Height (cm) Median 169.0
Std. Dev. 19.66
Min., Max. 46,189
Gender
Male n (%) 279 (62)
Female n (%) ’ 168 (38)
Ethnicity
Caucasian n (%) 382 (85)
Black n (%) 8(2)
Hispanic n (%) 25 (6)
Asian n (%) 1(0)
Other n (%) 26 (6)
Reference: Table 14.1-3
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Table 11-2 summarizes the available demographic data of the Historical patient population at the
Qualifying Start Date compared to the Phase 4 Study (AGAL-008-00) study population at
Baseline.

For patients in the AGAL-008-00 Qualified historical population (n = 104), the mean age at the
Qualification Start Date was 37.7 years (SD = 10.27), and the median age among these same
patients was 37.2 years. The mean serum creatinine level at the Qualification Start Date was

1.5 mg/dL. For patients randomized in the Phase 4 study (AGAL-008-00) (n = 61), the mean age
at Baseline was 45.8 years (SD = 9.86), and the median age among these same patients was 44.8
years. The mean serum creatinine level at Baseline of the Phase 4 study (AGAL-008-00) was

1.7 mg/dL.
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Table 11-2: Summary of Demographics of the Qualified Historical Patient Population at
Qualification Start Date Compared to the Phase 4 Study (AGAL-008-00) Population at
Baseline

Historical Patients Who Are | Patients Randomized in
AGAL-008-00 Qualifiers AGAL-008-00
n=104 n=61*
Parameter Statistic
At Qualification Start Date At Baseline
n 104 61
Mean + SD 37.7+£10.27 45.8+9.86
Age (yr) Median 37.2 44.8
Min., Max, 16, 68 20.8,68.3
n 104 61
Mean £ SD 1.49 = 0.466 1.7+0.54
Serum Creatinine (mg/dL) Median 1.3 1.5
Min., Max. 0.80,2.90 09,29
n 104 61
Mean = SD 61.85+18.67 524+17.09
GFR (mL/min/1.73m?) Median 63.75 52.8
Min., Max. 25.12,127.67 25.0,97.3
n 67 60
Mean + SD 70.3+12.42 71.2+11.85
Weight (kg) Median 70.5 70.2
Min., Max. 32,98 50.0, 1034
n 57 59
Mean + SD 174.1 £10.26 1719+ 16.12
Height (cm) Median 1753 172.7
Min., Max. 124,191 68, 195
Gender
Male n (%) 98 (94) 54 (89)
Female n (%) 6 (6) 7(11)
Ethnicity
Caucasian n (%) 88 (83) 55 (90)
Black n (%) 3(3) 12)
Hispanic n (%) 8(8) 3(5)
Asian n (%) 1(1) 1(2)
Other n (%) 303 1(2)
Reference: Table 14.1-3 (AGAL-014-01), Table 14.1-3 (AGAL-008-00), Table 14.2.1-3 (AGAL-008-00),
and Table 14.8-1 (AGAL-014-01) *These descriptive statistics are based on the preliminary data as the
AGAL-008-00 study is still ongoing.
Note: GFR estimated using the MDRD equation.
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Table 11-3 summarizes additional Fabry disease history data of the AGAL-008-00 Qualified
population and the total population, presented side-by-side for comparison.

The remaining demographic data presented in Table 11-3 include blood type, family members
diagnosed with Fabry disease, plasma aGAL activity (nmol/hr/mL), and leukocyte aGAL

activity (nmol/hr/mg).
Table 11-3: Interim Review: Summary of Fabry Disease History
' Historical Patients Who | All Patients
Parameter Statistic Are n =447
AGAL-008-00 Qualifiers
n=104
Blood Type
{A+, A-, O+, 0-} n (%) 56 (54) 225 (50)
{B+, B-, AB+, AB-} n (%) 11(11) 24 (5)
Unknown n (%) 37 (36) 198 (44)
Family Members Diagnosed with Fabry
Yes n (%) 84 (81) 388 (87)
Males n 67 343
Females n 73 327
No n (%) 13(13) 36 (8)
Unknown n (%) 7(7) 23 (5)
n 56 184
Mean 0.71 2.85
Plasma aGAL Activity (nmol/hr/mL) Median 0.40 1.49
Std. Dev. 0.604 4.612
Min., Max. 0.00, 1.49 0.00, 40.30
n 48 203
Mean 1.29 12.68
Leukocyte aGAL Activity (nmol/hr/mg) Median 0.95 2.00
Std. Dev. 1.198 22.766
Min., Max. 0.00, 3.90 0.00, 135.60
Reference: Table 14.1-4
Note: Because of rounding, all percentages in a category may not equal 100.

Table 11-4 summarizes general medical history data for the AGAL-008-00 Qualified population
and the total population, presented side-by-side for comparison. It is important to note that the

data in Table 11-4 was taken directly from the case report forms and does not take into account

the Qualification Start Date.
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Table 11-4: Summary of Medical History
Parameter Response Statistic | AGAL-008-00 Qualifiers All Patients
n=104 n =447
Diagnosis of Cancer Yes n (%) 6 (6) 23(5)
No n (%) 97 (93) 423 (95)
HIV Positive Yes n (%) 0 0
No n (%) 104 (100) 446 (100)
Diabetic Yes n (%) 1(1) 13(3)
No n (%) 103 (99) 434 (97)
Renal Disease’ Yes n (%) 48 (46) 134 (30)
No n (%) 56 (54) 313 (70)
Clinical Trial of Enzyme Yes n (%) 67 (64) 119 (27)
Replacement Therapy No n (%) 37 (36) 327 (73)
Cirrhosis Yes n (%) 1(1) 1(0)
No n (%) 101 (97) 440 (98)
Chronic Hepatitis Yes n (%) 0 0
Type B No n (%) 0 0
Chronic Hepatitis Yes n (%) 1(D) 3(H
Type C No n (%) 0 0
Hypertension with Meds Yes n (%) 33(32) 118 (26)
No n (%) 69 (66) 324 (72)
Intracardiac/Arteriovenous Yes n (%) 5(5) 30(7)
Shunt/Fistula No n (%) 96 (92) 407 (91)
Hyperthyroidism Yes n (%) 33) 92
No n (%) 99 (95) 431 (96)
Hypercholesterolemia Yes n (%) 18(17) 61 (14)
No n (%) 83 (80) 377 (84)
Reference: Table 14.1-5
1 Renal disease included chronic renal insufficiency, chronic renal failure, and proteinuria, as documented in
the patient’s medical record.
Note: The data presented in this table is from the CRF (not manipulated) and does not take into account the date
of AGAL- 008- 00 qualification.
Note: Because of rounding, all percentages in a category may not equal 100.
Note: Values for n may change based on the availability of the data.

Renal disease was recorded by the abstractor if the patient’s medical record stated that the patient
had any renal disease (due to Fabry disease or other cause). If a patient had a diagnosis of “renal
disease,” then the investigator was asked to fill out a form that requested clarification on whether

this was a “confounding renal disease.” If the patient had a confounding, renal disease then the

data were analyzed only until the date of the diagnosis of the confounding renal disease.
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For patients in the Qualified population (n = 104), 48/104 (46%) patients were reported as having
renal disease (e.g., chronic renal insufficiency, chronic renal failure, proteinuria) and

56/104 (54%) patients were reported as not having renal disease. One patient from the qualified
population was reported to have confounding renal disease. Treatment of hypertension with
medication was reported for 33/104 (32%) patients.

For patients in the total population (n = 447), 134/447 (30%) patients were reported as having
renal disease (e.g., chronic renal insufficiency, chronic renal failure, proteinuria), and

313/447 (70%) patients were reported as not having renal disease. Thirteen of 447 (3%) patients
were reported as being diabetic. Treatment of hypertension with medication was reported for
118/447 (26%) patients who had such available data.

The remaining medical history data presented in Table 11-4 include diagnosis of cancer,
diagnosis of diabetes, HIV status, enzyme replacement status, presence of cirrhosis, status and
strain of hepatitis infection, presence of intracardiac/arteriovenous shunt/fistula, status of
hyperthyroidism, and status of hypercholesterolemia.

11.3 Measurements of Treatment Compliance

Not Applicable

114 Efficacy Results and Tabulations of Individual Patient Data
11.4.1 Summary of Events

Table 11-5 is a summary of all renal, cardiac, cerebrovascular events and death, representing
progression of Fabry disease in the AGAL-008-00 Qualified patient population from the
historical database. The overall number of cardiac, cerebrovascular, and renal events are
summarized as well as major sub-categories from each of these overall categories from the time
of the patient’s Qualification Start date to time-points ranging from 2 to 5 years. The total
number of events throughout the qualification period (all available years) is also presented.

As shown in Table 11-5, the number majority of the events that are indicators of Fabry disease
progression in each overall category occurred within 2 to 4 years after the patient’s qualification
start date with the exception of death. The overall number of events increased progressively over
the time periods evaluated.
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Table 11-5: Summary of All Events
Event 2 years | 3years | 4years | 5years | All Available
Years
lified Patients = 104

Qualified Patients Number of Patients at Each Time Point

Cardiac 29 36 39 43 49
MI 0 0 0 2
Change in Cardiac Status 3 6
Arrhythmia 24 29 32 36 42
Angina 4 10 10 14
Cardiac Failure 2 2 4

Cerebrovascular 3 5 6 6 10
TIA 1 1 1 2
Stroke 2 4 5 5

Renal (33% criteria) 13 16 17 19 26
33% Increase Serum Creatinine 12 15 16 18 25
Chronic Dialysis (> 40 days) 3 3 6 6 7
Transplantation 0 1 1 1 1

Renal (50% criteria) 11 13 16 17 26
50% Increase Serum Creatinine 10 12 15 16 25
Chronic Dialysis (> 40 days) 3 6 6 7
Transplantation 0 1 1 1 1

Death 0 0 2 2 7

Any Event 41 48 52 55 61

Reference: Table 14.7-1

11.4.2 Hospitalization of Patients in the Historical Database

Information on hospitalizations from patients in the historical database is included in

Appendix 16.2.9. The hospitalization data is compiled for both AGAL-008-00 Qualified patients
as well as the total group of patients (N=447) and includes dates of admission, primary
diagnoses, and both primary and secondary diagnoses at the time of discharge. A total of 96/104
(92%) of AGAL-008-00 Qualified patients were hospitalized at least once. A total of 363/447

(81%) of the entire patient population were hospitalized at least once.
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11.4.3 Cardiac Events

Because of the difficulties inherent in collecting historical data based on subjective parameters
(see Section 9.5) it was not possible to perform formal statistical modeling to predict event rates
for cardiac disease progression. Because of subjectivity in collecting cardiac data, the number of
actual events reported is low and not robust enough to allow for the type of modeling that was
performed for estimation of renal event rates.

A total of 49/104 (47%) patients in the AGAL-008-00 Qualified population experienced a
cardiac event as defined in Section 9.5.2. Table 11-6 presents both the mean time (in years) from
the patient’s Qualification Start date to the time of occurrence of a cardiac event and the patient’s
age at the time of occurrence of the event. A detailed listing of the types of cardiac events that
occurred is presented in Table 14.5.

Table 11-6: Mean Time (in Years) to Cardiac Event Occurrence in AGAL-008-00
Qualified Patients

# Years from AGAL-

008-00 Qualification Age at Event

Start to Event
# Patients 49 49
Mean = SD (yrs) 24+2.66 42.7+8.29
Median (yrs) 14 42.1
Min., Max. (yrs) 0.0,9.3 21.1,63.7

Reference: Table 14.7-2; Table 14.7-3

Additional data collected for the AGAL-008-00 Qualified population included the number of
patients that were treated for hypertension with ACE inhibitors and/or ARBs (ACE Receptor
Blockers) medications (see Table 14.10). A total of 33/104 (32%) of patients were treated with
ACE inhibitors and 5/104 (5%) were treated with ARBs. Individual serum creatinine
measurements were plotted over time along with usage of ACE Inhibitors/ARBs-ACE Receptor
Blockers and blood pressure measurements (see Section 14.4).

11.4.4 Cerebrovascular Events

Because of the subjective nature of collecting historical data for cerebrovascular events, it was
not possible to perform formal statistical modeling to predict event rates for cerebrovascular
disease progression (see Sections 9.5 and 11.4.2).

A total of 10/104 (10%) patients in the AGAL-008-00 Qualified population experienced a
cerebrovascular event as defined in Section 9.5.3. Table 11-7 presents both the mean time (in
years) from the patient’s Qualification Start date to the time of occurrence of a cerebrovascular
event and the patient’s age at the time of occurrence of the event. A detailed listing of the types
of cerebrovascular events that occurred is presented in Table 14.6.
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Table 11-7: Mean Time (in Years) to Cerebrovascular Event Occurrence in
AGAL-008-00 Qualified Patients

# Years from

g‘l,l:[:ltﬁcatlon Start to Age at Event
# Patients 10 10
Mean =+ SD (yrs) 59+792 484 +£8.53
Median (yrs) 3.0 473
Min., Max. (yrs) 0.0,26.8 36.7,61.0
Reference: Table 14.7-2; Table 14.7-3

11.4.5 Death

Seven of 104 (7%) patients meeting the AGAL-008-00 inclusion/exclusion criteria died. The
mean time (in years) from the patient’s Qualification Start date to the time of death and the
patient’s age at the time death are presented in Table 11-8. Two of the AGAL-008-00 qualified
patients died as a result of end stage renal disease related to Fabry disease and one patient died as
a result of acute leukemia. The cause of death was unknown for three of seven patients and not
recorded for one patient.

Table 11-8: Mean Time (in Years) To Death in AGAL-008-00 Qualified Patients

# Yezfrs fr?m Age at Time of
Qualification Death
Start to Death
# Patients 7 7
Mean + SD (yrs) 7.2+3.00 52.1+6.86
Median (yrs) 6.8 504
Min., Max. (yrs) 36,121 42.4,59.4
Reference: Table 14.7-2; Table 14.7-3

A total of 22/447 (5%) died in the study population as a whole. Figure 11-1 presents the
estimated mortality rate as determined by Kaplan-Meier life table analysis. This analysis is based
on the total number of patients (N=447) collected in the database, not Just AGAL-008-00
qualifiers, and includes the patient’s entire medical history that was available for abstraction. As
shown in Figure 11-1, based on the medical records collected, the estimated mortality rate at 60
years of age is approximately 25%. However, only a limited number of sites obtained
authorization from next of kin for medical records of patients that had died, therefore this is
likely an underestimation of the mortality rate. In addition, patients that did not participate in the
study due to “no response” on the Screening Logs may be deceased and also contribute to an
underestimation of mortality.
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Figure 11-1: Kaplan-Meier Estimated Mortality Rate for Entire Study Population
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11.4.6 Renal Events

Table 11-9 is a summary of the number of patients that experienced actual renal events that
occurred in the AGAL-008-00 Qualified population based on both the 33% and 50% criteria
described in Section 9.5.1. A total of 26/104 (25%) patients experienced renal events based on
both the 33% and 50% criteria (Table 11-9). Two patients required acute dialysis (defined as <
40 days) for a mean of 1.5 days. Seven patients underwent chronic dialysis (defined as > 40
days), for a mean of 1055 days (median=597 days; SD=1067 days). One patient on chronic
dialysis subsequently underwent a renal transplantation. A detailed analysis of renal event rate
estimates based on serum creatinine and GFR is presented in Section 11.5.
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Table 11-9: Mean Time (in Years) From Both Date of Birth and Qualification Start Date

To Renal Event Occurrence in AGAL-008-00 Qualified Patients

# Years from # Years from
Qualification Age at Event Qualification Age at Event
Start to Event (33% Criteria) | Start to Event (50% Criteria)
(33% Criteria) (50% Criteria)
# Patients 26 26 26 26
Mean + SD (yrs) 3.6+3.58 43.6 £10.95 4.4+ 368 44.3 +£10.63
Median (yrs) 22 45.1 3.0 454
Min., Max. (yrs) 0.1,13.8 18.1,62.9 0.1,13.8 19.9, 63.4
Reference: Table 14.7-2; Table 14.7-3
Note: Event corresponds to increase in serum creatinine, dialysis, or transplantation.

Estimation of Renal Event Rates Based on Serum Creatinine and GFR
Modeling in the AGAL-008-00 Qualified Population

The overall objective of the analysis presented here is to apply statistical modeling to accurately
estimate the rate of progression of renal disease in the AGAL-008-00 qualified population. The

11.5

estimated rate in this historical population would then serve as a comparator for the active
treatment group in the ongoing AGAL-008-00 clinical study and allow the conversion of
AGAL-008-00 from a placebo controlled trial to a historically controlled, open label trial. This
would allow all patients enrolled in the AGAL-008-00 trial to be converted to active treatment,
thereby eliminating the concerns regarding feasibility of patient retention in a post-marketing
setting and obviating the ethical concerns regarding a placebo-controlled post-marketing study in
which the endpoint will likely result in irreversible end organ damage.

11.5.1

Summary tables and listings of renal, cardiac, cerebrovascular, and death data are presented in

Renal Event Modeling

Appendix 16.2.9 for review.

11.5.2 Review of Renal Data

The historical control event rate was estimated by fitting statistical models to the set of patients
who were in the AGAL-008-00 Qualified population. Certain entry criteria were made more
stringent in these analyses in order to generate more meaningful estimates. Patients were
required to have at least one serum creatinine value for the statistical modeling. In addition, the
data after kidney transplantation and/or chronic dialysis (> 40 days), confounding renal disease,
or enzyme replacement therapy were excluded. Two patients had extreme serum creatinine
values of 12.0 or greater. For these two patients, observations collected after the first extreme
measurement were outliers and excluded from the analysis.
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The simplest method considered for estimating the renal event rate was the empirical estimate,
based on tabulating the proportion of patients who were observed to have had a 33% increase in
serum creatinine or otherwise who required intervention therapy (e.g., chronic dialysis and/or
kidney transplantation) within the first 2 years of follow-up. However, this method failed to
utilize all data. The data collected beyond the first 2 years of follow-up was not included in the
empirical estimation of the event rate. Patients who had been followed for fewer than 2 years had
a lower probability of event, and inclusion of these patients in the empirical estimation of event
rate was biased (under-estimated). More precise and robust estimates of the event rate are
obtained by modeling the underlying patient-specific trend in serum creatinine over the full
duration of follow-up. Therefore, statistical models were used to estimate the event rate, and the
logarithm of serum creatinine was modeled as a linear random effects model (Laird and Ware,
1982, Biometrics).

The model demonstrated that log-serum creatinine depended on the value at entry (intercept) and
time since entry. The linear rate of change in log-serum creatinine over time (slope) depended on
the patient. The model was fit by the method of restricted maximum likelihood, and the
underlying patient-specific trend was determined from the empirical Bayes estimates of the
random intercept and slope. On the log scale, the individual slope is directly related to the
expected percent change in serum creatinine. The estimated historical control event rate was
based on the random effects model fit to the Qualified population (n = 104). A slope 0f 0.143
translated to an expected 33% increase in serum creatinine within 2 years. The two-year event
rate was estimated as the proportion of patients who had an estimated slope > 0.143. A slope of
0.135 translated to an expected 50% increase in serum creatinine within 3 years. The three-year
event rate was estimated as the proportion of patients who had an estimated slope > 0.135.

The confidence interval for the historical control renal event rate point estimate is based on the
confidence interval for the population mean slope, obtained from the fit of the random effects
model. The confidence interval for the population mean slope is based on linear combinations of
the restricted maximum likelihood estimates of the covariance parameters, and referenced to the
approximate T-distribution. For the three-year event rate confidence interval the lower limit is
the proportion of patients who had an estimated slope > 0.135 + W where “W” is the half-width
of the confidence interval for the overall population mean slope. The upper limit is the
proportion of patients who had an estimated slope > 0.135 — W. The confidence interval for the
two-year event rate is derived in a similar way.
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To assess the robustness of the renal event rate estimates based upon the analysis of serum
creatinine, the following supplementary analyses were performed:

* Dependence of the renal event rate on the entry criteria was investigated by fitting the
random effects model to the larger patient populations defined by less rigorous entry
criteria.

* Renal event rates were estimated based on the random effects model being fit to
qualifying patients who had > 2 observations and to qualifying patients who had > 3
observations.

* The distribution of the estimated patient slopes and intercepts from the random effects
model were reviewed.

* The distribution of the estimated patient slopes was reviewed by means of stratifying
the estimated slopes based on subject covariates.

* Renal event rates were estimated based upon applying empirical methods.

* Renal event rates were estimated based on the random effects model with covariate
terms included in the model.

* Renal event rates were estimated based on analysis of the data by means of individual
patient regressions.

» A likelihood based approach to the renal event estimate.
e Exclusionary subset analyses.

e Analysis of 1/serum creatinine.

A detailed description of the linear random effects model and the method for estimating the
event rate is presented in the statistical analysis plan (Appendix 16.1 9).

11.5.3 Historical Serum Creatinine Data

Serum creatinine levels are an important indicator of renal insufficiency in the Fabry population
given that progressive GL-3 accumulation leads to loss of nephrons. Therefore, all available
historical serum creatinine levels were collected. Table 11-10 summarizes the availability of
serum creatinine records for AGAL-008-00 Qualified patients and the Total population.
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Table 11-10: Serum Creatinine Records

Serum Creatinine AGAL 008-00 Creatinine 1.2 - 3.0 (mg/dL) All Patients
Records Available Qualified n (%) n (%)
Patients
n (%)
Total Patients 104/447 (23) 129/447 (29) 395*/447 (88)
1 record 19 (18) 24(19) 107 27)
2 records 2120) 21(16) 83 (21)
3 - 5records 26 (25) 27(21) 96 (24)
> 5 records 38(37) 57 (44) 109 (28)
* Patients with evaluable serum creatinine values. (Refer to Section 11.5.2)
Reference: Table 14.8-2

Certain additional populations were identified for analysis and event rate estimation based on the
availability of their serum creatinine measurements (Table 11-11). Among AGAL-008-00
Qualified patients (N=104), 85/104 (82%) patients had > 2 serial serum creatinine measurements,
and 64/104 (62%) patients had > 3 serial serum creatinine measurement. Based on these data,
statistical models were generated that permitted event rate prediction for patients with any
number of serum creatinine measurements.

Table 11-11: Populations Analyzed in Event Rate Estimation

Patient Groups n (%)
Qualified Patients (i.e., met Inclusion/Exclusion Criteria of AGAL- 104 (100)
008-00)
with > 2 Serial Serum Creatinine Measurements 85 (82)
with > 3 Serial Serum Creatinine Measurements 64 (62)

Reference: Table 14.8-2

The reciprocal of serum creatinine is shown in Figure 11-2 for all AGAL-008-00 Qualified
patients (linearized by taking the reciprocal of serum creatinine, i.e., 1/1.2 mg/dL = 0.83). For
clarity, the patients are grouped according to slope/trend as determined by the random effects
model (see Section 11.5.4). Figure 11-2 indicates that the majority of AGAL-008-00 Qualified
patients show maintenance of current renal function (N=40) or worsening of renal insufficiency
(N=33) based on their slope/trend. The results observed in the populations identified in Figure
11-2 become more robust by applying the requirement of three or more historical serum
creatinine values Figure 11-3 (N=64). Again, the majority of patients show either maintenance of
renal function (N=24) or a worsening of renal insufficiency (N =20). All graphs of serum
creatinine comparisons are presented in Section 14.4.
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Collection of historical serum creatinine yielded robust data in line with a study conducted by Branton,
(Branton, 2002, Medicine) that showed that after reaching a serum creatinine level of 1.5 mg/dL,
Fabry patients’ renal insufficiency rapidly worsened. From that study (Figure 11-4), 1/creatinine plots
showed progression from earliest detected renal insufficiency to end-stage renal disease (ESRD).
Three patients had hypertension prior to ESRD, 2 marginal or well-controlled (*), 1 poorly controlled
(**). Despite the use of angiotensin-converting enzyme (ACE) inhibitors in three patients, all patients
demonstrated progression of renal disease (i.e., a negative slope of 1/serum creatinine). Mean time
from onset of chronic renal insufficiency to ESRD was 4.8 years. Mean rate of loss of GFR was 14
mL/min/year. Mean slope shown excludes outlier patient (**).

Figure 11-4: Longitudinal Data on Progression of Renal Insufficiency in Nine Patients
with Fabry Disease (Branton, 2002, Medicine)

Progression of CR}

V/creatinine

Timo, yoars *
(Branton, 2002, Medicine)

11.54 Renal Event Rate Modeling and Estimation

11.5.4.1 Event Rate Modeling and Estimation for the Qualified Population

Three hundred and ninety-five patients had at least one recorded measurement of serum
creatinine in the database. One hundred and twenty-nine of these patients had at least one serum
creatinine measurement in the range 1.2 — 3.0 mg/dL. One hundred and four patients fulfilled the
entry criteria for the Phase 4 study (AGAL-008-00). The historical control renal event rate is
based on fitting statistical models to the data of these 104 qualifying patients. The time of entry
to the study is taken as the date upon which all entry criteria were first satisfied.

A linear random effects model was fit to the data of the 104 qualifying patients, using the method
of restricted maximum likelihood estimation. Individual patient slopes were estimated using
empirical Bayes estimation (Laird and Ware, 1982). The cumulative distribution of the estimated
random slopes is displayed in Figure 11-5.

GENZYME CORPORATION FINAL: 10 OCTOBER 2002

Page 217



Fabrazyme®/ r-haGAL
Final Report Study Number AGAL-014-01 Page 55 of 3805

The mean and median one-year changes in log serum creatinine are 0.10 and 0.08 respectively.
The patients who are expected to have a 33% increase in serum creatinine level within 2 years
are the patients whose estimated slope is 0.143 or greater. Thirty-one patients have an estimated
slope of 0.143 or greater. Seven of these patients required intervention therapy (i.e. chronic
dialysis and/or transplantation) and their estimated slope exceeded 0.143. The estimated
historical control event rate is 31/104 (30%) over two years. The patients who are expected to
have a 50% increase in serum creatinine level within 3 years are the patients whose estimated
slope is 0.135 or greater. Thirty-three patients have an estimated slope of 0.135 or greater. Seven
of these patients required intervention therapy and their estimated slope exceeded 0.135. The
estimated historical control event rate is 33/104 (32%) over three years (Figure 11-5).

Figure 11-5: Distribution for the Slope of Log Creatinine for Qualified Patients (n = 104)
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11.5.4.2 Two- and Three-Year Event Rate Modeling and Estimation for the Qualified

Population Stratified by Serum Creatinine Observations

The amount of data collected on a patient could possibly be related to disease progression. In
order to examine the sensitivity of the estimated historical control event rate, linear random
effects models were fit to the subsets of patients having two or more measurements of serum
creatinine (n = 85) and the subset of patients having three or more measurements of serum
creatinine (n = 64). (Figure 11-6 and Figure 11-7) The two- and three-year event rates derived
from these models fall in the range 28 — 31% and the results are summarized in Table 11-12. The
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estimated historical control two- and three-year event rates are not sensitive to the amount of

data collected on each patient.

Table 11-12: Estimated Event Rate for AGAL-008-00 Qualified Population

Two Year Event Rate " Three Year Event Rate
Number of | Number With Event Rate % | Number With Event Rate %
Patients Slope > 0.143 Slope > 0.135
All Qualified 104 31 30 (31/104) 33 32 (33/104)
> 2 observations 85 24 28 (24/85) 25 29 (25/85)
2 3 observations 64 19 30 (19/64) 20 31 (20/64)
Reference: Table 14.8-3

The two- and three-year event rates for both subsets of patients were similar to the two- and
three-year event rates calculated for the Qualified population (n = 104). These results
demonstrate that the model is robust. (Figure 11-6 and F igure 11-7)

Figure 11-6: Distribution for the Slope of Log Creatinine for AGAL 008-00 Qualified
Patients with Two or More Serum Creatinine Observations (n =85)
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Figure 11-7: Distribution for the Slope of Log Creatinine for AGAL-008-00 Qualified
Patients with Three or More Serum Creatinine Observations (n=64)
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The model was fit to a population with serum creatinine levels > 1.2 mg/dL and < 3.0 mg/dL and

the corresponding estimate of event rate was somewhat higher. (Figure 11-8)

Figure 11-8: Distribution for the Slope of Log Creatinine for Patients with At Least One
Serum Creatinine Measurement Between 1.2 — 3.0 mg/dL (n = 129)
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The estimated two-year event rate for the 129 patients who had at least one serum creatinine
measurement in the range 1.2 — 3.0 was 38%.

All graphs of event rate modeling are presented in Section 14.4.

Table 11-13 summarizes the two- and three-year event rates displayed in the figures according to
serum creatinine level increases of 33% and 50%.

Table 11-13: Estimated Event Rate for Renal Events Based on AGAL-008-00 Qualified
Population (n = 104) and the Random Effects Model

Serum Creatinine Estimated Event
Increase Rate
33% Increase Over 30%
2 Years
50% Increase Over 32%
3 Years
Reference: Table 14.8-3

It should be noted that compared to the first interim report, the estimated 2 year and 3 year renal
event rates have declined. From the time of the first interim report there has been an increase of
61 patients included in the AGAL-008-00 Qualified population (n=43 vs. n=104 respectively).
The median age of the AGAL-008-00 Qualified patients has decreased from the time of the first
interim report from a median age of 39.8 to 37.2 in this report and median serum creatinine
values have changed from 1.4 to 1.3 mg/dL.

11.54.3 Empirical Estimation of Renal Event Rates

To explore whether the estimated renal event rates depend on the random-effects model
assumptions, a comparison was run against an alternate estimation of event rate which is free of
the assumptions of the random effects model: the empirical estimation method.

The empirical 2-Year event rate is based on determining the number of patients who have a
serum creatinine measurement observed 2 years after the initial (qualifying) measurement, and
computing the proportion of such patients whose 2-Year measurement is at least 33% greater
than the measurement made at the initial visit. The empirical 3-Year event rate is determined in
the same way, based on a 50% increase in serum creatinine levels at 3 years after the initial
(qualifying) measurement.

For the historical database there is irregularity in the timing of serum creatinine measurements
and variation in the duration of follow-up among patients. Few patients have measurements at
precisely 2 years following the initial measurement and the empirical estimate of renal event rate
1s unable to make use of all data. In order that the empirical estimates are based on sufficiently
large denominators, a one-year window was used. The empirical 2-Year event rate is based on
determining the group of patients who have a serum creatinine measurement observed between 2
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and 3 years following the initial measurement. The empirical 2-Year event rate based on an
interval centered at 2 years: 1.5 to 2.5 year window was also evaluated.

Table 11-14 provides the empirical estimates of renal event rate for patients having at least one
measurement available in the time intervals: 1 -2 years, 2 - 3 years, and 3 - 4 years. Table 11-15
provides the empirical estimates of renal event rate for patients having at least one measurement
available in the time intervals: 0.5 - 1.5 years, 1.5 - 2.5 years, and 2.5 - 3.5 years.

The estimated 2-Year empirical event rates (Table 11-14 and Table 1 1-15) are 31% and 25% and
are similar to the estimated 2-Year rate based on the random-effects model (30%, see Table 11-
13). The estimated 3-Year empirical event rates (Table 11-14 and Table 11-15) are 41%. These
estimated 3-Year rates are slightly larger than the estimated 3-Year rate based on the random-
effects model (32%, Table 11-13), however, the empirical estimates at 3-Years are highly
variable since they are based on data from only a limited number of patients (17 patients).

Table 11-14: Estimates of Renal Event Rate Based on the Empirical Method

1-2Years 2 -3 Years 3-4Years
Number of Patients 35 26 17
33% Serum Creatinine 8 (23%) 8 (31%) 7 (41%)
Increase
50% Serum Creatinine 7 (20%) 6 (23%) 7 (41%)
Increase
Reference: Table 14.8-8

Table 11-15: Estimates of Renal Event Rate Based on the Empirical Method (Centered

Intervals)

0.5 -1.5 Years 1.5-2.5Years 2.5-3.5Years
Number of Patients 44 32 17
33% Serum Creatinine 8 (18%) 8 (25%) 7 (41%)
Increase
50% Serum Creatinine 5 (11%) 6 (19%) 7 (41%)
Increase
Reference: Table 14.8-8

The random-effects model allows for estimation of renal event rates using all the available data;
therefore this method provides a better estimate of the true event rate. It should be noted that the
empirical estimates of renal event rate are comparable to the estimates of renal event rate based
on the random-effects model, thereby supporting the use of the random-effects model.
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11.5.4.4 Justification of the Logarithmic Transformation

Trends in the logarithm of serum creatinine are assumed linear in observation time. Two key

assumptions of the random-effects model enable use of all data for estimating the renal event
rate.

e Linear trend in the population mean log serum creatinine over time.

e Normal distribution for the random error.

Figure 11-9 displays a scatter-plot of serum creatinine measurement and the time of

measurement post initial visit. The distribution of serum creatinine is highly skewed with many
extreme-high values.

Figure 11-9: Distribution of Serum Creatinine for Qualified Patients over Time
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Figure 11-10 presents the scatter-plot based on the natural logarithmic transformation (log) of
serum creatinine. The data appear close to symmetric and there are no gross outlying
observations. The trend in log serum creatinine is not clear from the scatter-plot. Figure 11-11
presents the scatter-plot of log serum creatinine for the first five years of observations. A lowess
curve (robust locally weighted regression and smoothing scatterplots) (Cleveland, 1979) has
been fit through the data. The lowess curve is a moving average estimate of the mean, where
observations closest to the center of the moving window are weighted more heavily than
observations lying further from the center of the moving window. The graph is restricted to the
first 5 years of observation time, since few patients have data after 5 years and these patients
could unduly influence the lowess estimate of means at early time points. Renal events are
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defined based on 2 or 3 years of observation, and measurements past 5 years are less relevant.

The lowess curve is reasonably linear, supporting a linear relationship between time of
observation and log serum creatinine.

There appear to be no large deviations from the underlying assumptions of the random-effects
model. Therefore, it is expected that the Empirical Bayes estimates of individual patient trends fit
closely to the observed patient data, and the calculated estimate of renal event rates based on the
Empirical Bayes fits should be valid. Individual plots of observed patient data and corresponding
Empirical Bayes estimates are provided in Section 14.4. The Empirical Bayes estimates fit
closely to the data of most patients.

Figure 11-10: Distribution of the Log Serum Creatinine for Qualified Patients over Time
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Figure 11-11: Distribution of the Log of Serum Creatinine for Qualified Patients over First
S Years of Observation Time
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A log scale was chosen for modeling serum creatinine since the Empirical Bayes estimates from
the linear trend random-effects model fit closely to the observed patient data. A close fit is
possible as the distribution of the log serum creatinine measurements do not depart far from the
Normal distribution and the trend of mean log serum creatinine does not depart far from linear.

The scatter-plots of log serum creatinine and lowess curves (Figure 11-9, Figure 11-10, and
Figure 11-11) suggest that the linear trend random effects model will fit closely to log serum
creatinine. The individual data and Empirical Bayes fits (Section 14.4) confirm that the model
fits well. The data of a few patients suggest possible quadratic trends. As a sensitivity analysis,
alternative random effects models are fit to the data.

Table 11-16 presents the estimated fixed-effects for 3 random effects models fit to the log of
serum creatinine:

Linear (a+a)+ (bT+bT)

Quadratic ~ (a+a;)+ (bT+bT) + (cT?+¢T?)

Cubic (a+a)+ (bT+bT) + (cT2+¢T?)+ dT
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Table 11-16: Linear, Quadratic, and Cubic Trend Random-Effects Model Fits

Estimate SE DF t-value p-value

Linear Trend

Intercept 0.3060 0.0310 103 9.88 <0.001

Time 0.0998 0.0219 84 455 <0.001
Quadratic Trend

Intercept 0.3386 0.0292 103 11.58 <0.001

Time 0.0291 0.0215 84 1.36 0.179

Time’ 0.0189 0.0043 64 4.34 <0.0001
Cubic Trend

Intercept 0.3400 0.0292 103 11.64 <0.001

Time 0.0231 0.0228 84 1.01 0314

Time’ 0.0207 0.0049 64 4.27 <0.001

Time® -0.0001 0.0001 360 -0.94 0.346
Reference: Table 14.8-10

The cubic trend model does not include a cubic random-effect. The cubic fixed-effect term is not
significant and a cubic trend model with cubic random-effect was not explored. The quadratic trend
model has a significant quadratic fixed-effect. However, due to the high degree of correlation

among the polynomial trend estimates, misinterpretation of individual trend estimates is possible.

Table 11-17 presents the estimated renal event rates based on the linear trend and quadratic trend
random-effects models. The first row of the table gives the event rate based on fitting the model to
all data. Subsequent rows are based on fitting the models to smaller observation time windows.

Table 11-17: Estimated Renal Event Rates Based on the Linear and Quadratic Trend
Random-effects Models with Time-Subsets of Data

Linear Trend Quadratic Trend
Time of 2 Year 3 Year 2 Year 3 Year
Observation Event Rate (%) Event Rate (%) Event Rate (%) Event Rate (%)

All Data 29.8 31.7 25.0 28.8
<15 Years 29.8 31.7 25.0 28.8
<13 Years 29.8 30.8 25.0 28.8
<11 Years 30.8 30.8 25.0 28.8
<10 Years 30.8 30.8 25.0 28.8
<9 Years 28.8 29.8 25.0 29.8
<8 Years 30.8 30.8 26.9 30.8
<7 Years 30.8 30.8 26.9 29.8
<6 Years 30.8 30.8 26.9 30.8
<5 Years 30.8 31.7 26.0 29.8
<4 Years 29.8 30.8 26.0 31.7
<3 Years 28.8 28.8 250 38.5
<2 Years 26.9 29.8 327 61.5

Reference: Table 14.8-11
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The estimated 3-Year renal event rates for the linear and quadratic trend models are similar. The
3-Year rates for the linear trend model range from 28.8% to 31.7% and the 3-Year rates for the
quadratic trend model range from 28.8% to 61.5%. The 3-Year renal event rate for the quadratic
trend model, based on observations collected within the first 2 years is 61.5%. This extremely
high rate suggests that the quadratic trend model does not extrapolate well.

The estimated 2-Year event rates based on the quadratic trend model range from 25.0 to 32.7%
and are somewhat lower than the 2-Year event rates based on the linear trend model (26.9-
30.8%).

The quadratic term in the quadratic trend model is statistically significant, and so the quadratic
trend model has a better fit to the data than the linear trend model. The two models yield similar
estimated renal event rates. The linear trend model was favored since it is simpler, biologically
feasible (exponential growth) and easier to explain. The quadratic trend model means become
unreasonable at large observation times.

The estimate of the renal event rate is based on two steps. First a random-effects model is fit to
the serum creatinine data in order to obtain Empirical Bayes estimates of trend in serum
creatinine for each individual patient. The renal event rate is then calculated as the proportion of
patients who have an estimated 33% (50%) increase in serum creatinine over 2 years (3 years).
The random-effects model-based estimate of renal event rate uses all patient data and the validity
of the estimate depends on the Empirical Bayes estimates fitting closely to the individual patient
data.

The distribution for serum creatinine is skewed towards extreme high values and violates the
Normal distribution assumption of the random-effects model. The distribution of log serum
creatinine does not depart far from the Normal distribution and the relationship between
observation time and log serum creatinine does not depart far from the linear relationship
assumed by the random-effects model. The assumptions of the linear trend random-effects model
for log serum creatinine are not violated and the Empirical Bayes estimates fit closely to the
individual patient data.

The quadratic trend random-effects model for log serum creatinine also fits well to the data. The
3-Year renal event rate estimates based on the linear and quadratic trend random-effects models
are similar. The 2-Year renal event rate estimate based on the quadratic trend random-effects
models is slightly lower than the estimate based on the linear trend random-effects model.

The linear random effects model was chosen as the primary model for estimate of the renal event
rate. This is based on the model fitting the data, it is relatively simple, biologically feasible
(exponential growth), and easy to explain. The slope parameter of the linear trend model of log
serum creatinine is directly related to percent change in serum creatinine.
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11.5.4.5 Distribution of the Estimates Slopes and Intercepts

To assess if the normal distributional assumptions hold and whether there may be two distinct
patient populations in the AGAL-014-01 Historical study population, scatter-plots of the patient
random intercepts and slopes are presented in Figure 11-12, Figure 11-13, and Figure 11-14. The
figures are based on the random effects model fitted to: all AGAL-008-00 Qualifier patients,
AGAL-008-00 Qualifier patients who have >2 observations, AGAL-008-00 Qualifier patients
who have >3 observations.
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Figure 11-12: Scatter-Plot of the Estimated Subject Intercepts and Slopes Based on Serum
Creatinine Random Effects Analysis for Qualified Patients
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Figure 11-13: Scatter-Plot of the Estimated Subject Intercepts and Slopes Based on Serum
Creatinine Random Effects Analysis for Qualified Patients with Two or More Serum
Creatinine Records

07
] [ ]
0.6 [ ]
051
047 .
»
§. ] « . . ¢ . e ®
2 037 o . .
5 .
E 024 [ . By
1 »
& ° r .
» a8
017 o« % o %
ae " »
'- [ O.....
[1KeRat ] ? 'Y | %r. . L]
«0.1
|
02 T T T T T T T T T T T T
0.1 1] [i3] 02 03 04 (IR 0.6 07 (3] 09 10 1.1 12
Random Intercept
GENZYME CORPORATION FINAL: 10 OCTOBER 2002

Page 229



Fabrazyme®/ r-haGAL
Final Report Study Number AGAL-014-01 Page 67 of 3805

Figure 11-14: Scatter-Plot of the Estimated Subject Intercepts and Slopes Based on Serum
Creatinine Random Effects Analysis for Qualified Patients with Three or More Serum
Creatinine Records

0.7]
06 Py
05
0.4
L}
El 4 [ L] »
»
< L [}
w 037 [ * .
£ .
= 024 .y
& . . o,
» - ®
0.4 « ® 9 -
1 »
1 .li . ..‘.".
00]e & ’
° sely, ,* °
[ ] [
0.1
‘02 13 T T L} T T T 14 T + T T L
0.4 0.0 01 82 03 04 05 06 07 08 08 10 1.t 12
Random Intercept

The scatter-plots seem consistent with a sample from a bivariate normal distribution (single
population). The cloud of points is roughly elliptical in shape. There is a positive correlation
between intercept and slope, indicating that patients with high initial serum creatinine values
tend to have a larger slope of log serum creatinine than patients with low initial serum creatinine
values. There is skewness in the distribution of random intercepts and slopes with heavier mass
toward low values for intercepts and slopes.

11.5.4.6 Adjustments for Covariates

To assess the robustness of the model and analysis results, selected covariates were individually
added as fixed effects to the random effects model. Table 11-18 summarizes the results of these
supplementary analyses. The covariate parameter estimate, p-value, and the estimate of the renal
event rate are presented.
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Table 11-18: Parameter Estimates for Selected Covariates and Adjusted Renal Event Rate

Covariate Covariate Parameter | p-value | Adjusted 33% Adjusted 50%
Included Description Estimate Renal Event Renal Event
Rate” Rate’
Age Age at Qualification Date 0.0028 0.336 27.88 (29/104) 30.77 (32/104)
Gender Dichotomous: Male/Female 0.1598 0.215 29.81 (31/104) 31.73 (33/104)
Weight Weight at Qualification Date 0.0069 0.008 32.18 (28/87) 32.18 (28/87)
Blood Type Dichotomous: {A+, A-, O+, O-} -0.1229 0.190 26.87 (18/67) 26.87 (18/67)
or {B+, B-, AB+, AB-}
Plasma a-GAL Plasma a-GAL level -0.0548 0.426 26.79 (15/56) 28.57 (16/56)
ACE Inhibitor | - Prior to Qualification Start Date 0.0918 0.289 27.88 (29/104) 30.77 (32/104)
Use - On or After Qual. Start Date -0.1027 0.158
- No ACE Inhibitor Data
Recorded

Note: Renal event rate = (# estimated renal events/#

(corresponding to a slope cut-

to a slope cut- off of 0.143).
Note: ACE Inhibitor use incorporates ACE Inhibitors and ARBs (ACE Receptor Blockers).
Reference: Table 14.8-5

patients) based on a 50% increase serum creatinine over 3- years

off 0f 0.135) and based on a 33% increase serum creatinine over 2- years (corresponding

The results of the covariate analyses support the estimated renal event rate as determined by the
random effects model. The inclusion of these covariates into the model did not appreciably
affect the estimated renal event rate. To further assess the results of the random effects model,
the distribution of the estimated subject slopes were examined by stratifying the values based on
- selected covariates. For continuous covariates, quartile stratification will be used (Q1: 25
percentile, Q2: 50" percentile, Q3: 75™ percentile). The covariates are:

Age: stratified by quartiles

Gender: stratified by male/female

Weight: stratified by quartiles

Blood Type: stratified by {B-, B+, AB-, AB+}, {A-, A+, O-, 0+}

Plasma aGAL: stratified by quartiles

Baseline (i.e., Qualification Start Date) Serum Creatinine: stratified by quartiles

ACE Inhibitor Use: Stratified by “Prior to Qualification Start Date” (Patients started on
ACE inhibitors prior to Qualification Start Date), “On or After Qualification Start Date”,
and “No ACE Inhibitor Data Recorded”

For each covariate stratification analysis, the number of subject slopes, median, mean, and

standard deviation are presented (See Section 14.4). In addition, a box and whiskers plot is

produced for each of the covariate groups (Figure 1 1-15, Figure 11-16, Figure 11-17, Figure
11-18, Figure 11-19, Figure 11-20, and Figure 11-21).
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Figure 11-15: Distribution of Patient Slopes from Random Effects Model of Serum
Creatinine Stratified by Plasma a-GAL
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Figure 11-16: Distribution of Patient Slopes from Random Effects Model of Serum .
Creatinine Stratified by Age at Qualification Quartiles
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Figure 11-17: Distribution of Patient Slopes from Random Effects Model of Serum
Creatinine Stratified by Serum Creatinine at Qualification Quartiles
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Figure 11-18: Distribution of Patient Slopes from Random Effects Model of Serum
Creatinine Stratified by Weight at Qualification Quartiles
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Figure 11-19: Distribution of Patient Slopes from Random Effects Model of Serum
Creatinine Stratified by Blood Type
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Figure 11-20: Distribution of Patient Slopes from Random Effects Model of Serum
Creatinine Stratified by Gender
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Figure 11-21: Distribution of Patient Slopes from Random Effects Model of Serum
Creatinine Stratified by ACE Inhibitor Use
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The results of the stratification of the subject slopes by selected covariates do not indicate any
fundamental inadequacies in the random effects model. The covariate stratification of: age,
gender, weight, and plasma aGAL do not indicate a trend in the subject slopes. There is a small
difference in subject slopes relative to blood types, but it was seen in the covariate analysis that
this difference was not statistically significant and did not affect the results of the estimated renal
event rate. A positive correlation between baseline (i.e., Qualification Start Date) serum
creatinine value and subject slopes is exhibited in the data. This positive correlation between the
baseline serum creatinine value and the slope is incorporated into the parameterization of the
random effects model.

The results of these analyses support that the random effects model is appropriate for the
estimation of renal event rates and demonstrate the robustness of the results.
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11.54.7 By Subject Linear Regression

To further assess the results from the random effects model, three individual regression models
were fit to each subject’s log serum creatinine data. These models were:

* Anintercept only regression model (based on patients with n > | observations)

* A linear regression model (with a linear and intercept term, based on patients with n
22 observations)

* A quadratic regression model (with a quadratic, linear, and intercept term, based on

patients with n 2 3 observations).

For each subject, the sum of squared residuals (SSR) from each of the three regression models
and the random effects model are provided in electronic data format. With respect to the sum of
squared residuals adding terms to a regression model can only decrease the SSR, so for each
subject SSRintercept = SSRinear = SSRquadratic- In addition, for the by-subject regressions, the
analyses are based on the criteria of minimizing the SSRs. In the random effects model, a
subject’s predicted value incorporates not only that subject’s values, but is also influenced by the
overall population data pattern, thereby attenuating extreme results. In addition to the 4 sets of
by-subject SSRs, a subject’s estimated intercept and slope as determined by the linear regression
models method and the estimated intercept and slope as determined by the random effects model
are provided in the electronic data set.

To further assess the results of the random effects model analysis, the renal event rate was
estimated from the by-subject regression analysis. Following the same criterion as used for the
random effects model, a subject was determined to have a renal event rate if the subject’s slope
from the by-subject linear regression was 0.143 or greater or 0.135 or greater corresponding to a
serum creatinine increase of or 33% in 2-years or 50% in 3-years respectively.

Table 11-19 presents the estimated renal event rates based on the by-subject linear regression and
the random effects model analyses.

Table 11-19: Estimated Renal Events Rates Based on By-Subject Regressions

33% Increase Over 50% Increase Over
2-Year Criteria 3-Year Criteria
Linear Regression Renal Event Rate 32% (27/85) 32% (27/85)
(# events / # subjects)
Quadratic Regression Renal Event Rate 25% (16/64) 40.6 (26/64)
(# events / # subjects)

Note: a 33% Increase Over 2-Year Criteria corresponds to a subjects slope > 0.143, a 50% Increase
Over 3-Year Criteria corresponds to a subjects slope > 0.135
Reference: Table 14.8-9 and Table 14.8-15
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As can be seen from Table 11-19, the renal event rates as estimated from the by-subject linear
regression and the random effects model are similar. The comparability of these results lends
support to the use of the random effects model in the estimation of renal event rates. In
comparing the two methods, the random effects model has the advantage that it incorporates all
of the available data. In addition, in the random effects model, the estimation of a patient’s slope
and intercept incorporates not only that patient’s values, but is also influenced by the overall
population data pattern, thereby decreasing the magnitude of extreme slope and intercept
estimates.

11.54.8 Likelihood Analysis

The robustness of the renal event rate is investigated by estimating the mean likelihood that a
patient will progress to a renal event in 3-years. The method for estimating renal event rates is to
determine a dichotomous outcome (renal event, no renal event) for each patient based upon the
estimated percent change in serum creatinine at 3-years as determined by the linear random
effects model. This process is modified such that, as opposed to a dichotomous outcome, a
continuous estimate of the patient’s likelihood of progressing to a renal event is estimated.

For the 3-year 50% increase from baseline (i.e., Qualification Start Date) renal event rate criteria,
the likelihood is calculated by estimating the subject’s 3-year percent change from baseline,
subtracting the 50% cut-point criteria in log-scale, and dividing by the corresponding standard
error. Hence, if a patient’s estimated 3-year percent change from baseline in serum creatinine is
high, the likelihood of the patient progressing to a 50% increase within 3-years will be closer to 1
than a patient with a relatively low estimated percent change. The equation is as follows:

Likelihood = @{(3xSip - log(1.5)) / (3 xStdErr(Slp))}
where: Slp is the subject’s estimated slope
log(1.5) is the 50% criteria in log-scale
StdErr(Slp) is the standard error of the subject’s random slope effect.
@ is the standard normal distribution.
The method is similar for the 2-year 33% change from baseline criteria.

The mean of the patient’s likelihoods (which can be interpreted as an estimate of the renal event
rate) is 34.9% based on the 50% criteria and is 33.6% based on the 33% criteria. This can be
interpreted as an estimate of the renal event rate.

11.5.4.9 Subset Analyses

To assess the robustness of the renal event rate, subset analyses excluding patient’s observations
from the analyses were requested by the FDA. The exclusion criteria are as follows.
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Exclusion Criteria 1

If a patient has a post-baseline (i.c., Qualification Start Date) serum creatinine value greater than
2.0 times the baseline value, exclude that observation and all subsequent observations for that
subject.

Exclusion Criteria 2

If a patient has a serum creatinine value such that the value is an increase from the previous
serum creatinine value of greater than 50% and the time that has elapsed between these 2
observations is greater than 1 year, exclude that observation and all subsequent observations.

Exclusion Criteria 3
Combine Criteria 1 and Criteria 2.

In addition to the method of excluding observations based upon the three criteria, supplemental
analyses were performed where the criteria were applied but observations meeting the criteria
were replaced with an upper limit value as opposed to excluding the observation. The rationale
for the replacement methodology is that replacing as opposed to excluding the values provides a
more accurate representation of the underlying population while still addressing restrictions
imposed by the criteria. The details of the replacement criteria are as follows:

Replacement Criteria 1

'If a subject has a post-baseline serum creatinine value greater than 2.0 times the baseline value,
replace that observation with 2.0 times the subject’s baseline serum creatinine value.

Replacement Criteria 2

If a subject has a serum creatinine value such that the value i$ an increase from the previous
serum creatinine value of greater than 50% and the time that has elapsed between these 2
observations is greater than 1 year, replace that observation with 1.5 times the subject’s previous
observation.

Replacement Criteria 3

This method uses the minimum serum creatinine value from the Criteria 1 and Criteria 2
replacement methodologies.

There are concerns with these methods, the estimated renal event rates obtained by the random-
effects model and the exclusion criteria are likely biased, since elimination of observations 1s
based on the outcome. This is a non-ignorable pattern for missing data and the random-effects
model is biased when missing data is non-ignorable.
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The replacement methods adjust large measurements downward. These methods operate on
outcome and are likely biased; however this bias should be less than the methods based on
eliminating the measurement.

Table 11-20 and Table 11-21 list the estimated renal event rates based upon the random effects
model with the subset exclusion and replacement observations.
Table 11-20: Estimated Renal Event Rate (50% Ceriteria) Based on the Linear Random
Effects Model with Exclusion and Replacement Criteria
Estimated Renal Event Rates: 50% Increase Over 3-Years
Estimated Renal Event Rate” (# of events / # of patients)

Exclusion of Observations Replacement of Observations
Criteria 1 22(23/104) 24 (25/104)
Criteria 2 26 (27/104) 31 (32/104)
Criteria 3 20 (21/104) 23 (24/ 104)

*The 50% increase over 3-years corresponds to a slope cut-point of 0.135
Reference: Table 14.8-13

Table 11-21: Estimated Renal Event Rate (33% Criteria) Based on the Linear Random

Effects Model with Exclusion and Replacement Criteria

Estimated Renal Event Rates: 33% Increase Over 2-Years

Estimated Renal Event Rate” (# of events / # of patients)

Exclusion of Observations Replacement of Observations
Criteria 1 20 (21/104) 24 (25/104)
Criteria 2 23 (24/104) 28 (29/ 104)
Criteria 3 18 (19/104) 23 (24/104)

*The 33% increase over 2-years corresponds to a slope cut-point of 0.143
Reference: Table 14.8-13

There is a decrease in the estimated renal event rate based on the subset exclusion criteria
populations. This is not surprising as elimination of observations is based on a patient having an
increase in serum creatinine. When using the replacement'methodology, the estimates of event
rate also decrease, but by a smaller amount. The replacement methods adjust large
measurements downward. These methods operate on outcome and are likely biased; however
this bias should be less than the methods based on eliminating the measurement.

11.54.10 Analysis of 1/ Serum Creatinine

The reciprocal of serum creatinine (1/serum creatinine) was modeled as opposed to log (serum
creatinine) as a method of assessing the robustness of the estimated renal event rate. The random
effects model structure is analogous to the primary model, a linear fixed and random effects model
with the dependent variable being the reciprocal of serum creatinine as opposed to log (serum

>
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creatinine). The criteria for a renal event are still an estimated 50% increase from baseline in serum
creatinine within 3-years and a 33% increase from baseline in serum creatinine within 2-years.

Figure 11-22 presents the standardized residuals from the model versus quantiles of the standard
normal distribution for both the logarithmic and reciprocal transformations. The figure
illustrates that both transformations yield slightly more mass at zero than the standard normal
distribution, but both transformations are reasonable.

Figure 11-22: Plot of Standardized Residuals for the 1/Creatinine Model versus Quantiles
of Log Transformation and Reciprocal Transformation
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Table 11-22 compares the estimated renal event rates using the logarithmic versus reciprocal
transformations under various subsets of the data,
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Table 11-22: Estimated Renal Event Rates Using Logarithmic versus Reciprocal

Transformations

Comparison Estimated Renal Event Rates: 50% Increase Over 3-Years

Log Transformation Reciprocal Transformation
Time of Observation 3 Year Event Rate (%) 3 Year Event Rate (%)
All Data 35 23
>2 Obs 32 24
>3 Obs 31 27
<5 Years 32 26.0
Reference: Table 14.8-11; Table 14.8-12; Table 14.8-14: Table 14.8-18

In summary, both the reciprocal and log transformations appear to satisfy the assumptions of the
random-effects model. The renal event estimate based on the reciprocal transformation is

somewhat lower than the estimated rate based on the log transformation. We chose to use the
log transformation since it calibrates the data to percent change in serum creatinine.

11.5.4.11

Historical Predicted Glomerular F iltration Rate

The MDRD equation was used to estimate a patient’s Glomerular Filtration Rate (GFR) (see
Section 9.7.2.1.3). Gender, race, serum creatinine value, and age at the serum creatinine value
are taken into account in this equation (5 patients with missing ethnicity were categorized as

non-black).

To further support the renal event rate as determined by the analysis of serum creatinine, GFR
values were also modeled to estimate the renal event rate. The same random effects modeling
methods used for the serum creatinine analyses were applied to the GFR values.

The patients’ slope cuf—points for the estimated GFR are —0.161 (corresponding to the 50% 3-

year serum creatinine criterion) and — 0.170 (corresponding to the 33% 2-years serum creatinine
criterion) were used. Patients with an estimated slope equal to or less than these cut-points were
defined as having had an estimated renal event. Table | 1-23 summarizes the availability of GFR
records for AGAL-008-00 Qualified patients population and the Total population. The
populations for the GFR analyses are identical to the corresponding serum creatinine analysis
populations (see Table 11-10 and Table 11-24).
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Table 11-23: Glomerular Filtration Rate (GFR) Records

GFR Qualified Patients All Patients
Records Available n (%) n (%)

Total Patients 104/447 (23) 395/447 (88)

1 record 19 (18) 107 (27)

2 records 21(20) 83 (21)

3 — S5records 26 (25) 96 (24)

> 5 records 38(37) 109 (28)

Reference: Table 14.9-2

Table 11-24: Populations Analyzed in Event Rate Estimation

Patient Groups n (%)
Qualified Patients (i.e., met Inclusion/Exclusion Criteria of AGAL- 104 (100)
008-00)
with > 2 Serial GFR Measurements 85 (82)
with > 3 Serial GFR Measurements 64 (62)
Reference: Table 14.9-2, 14.9-3

The results for the estimated event rate based on GFR are summarized in Table 11-25. The two-
and three-year renal event rates derived from these models based on the estimated GFR values

fall in the range of 28 — 34 %.

effects model based on serum creatinine measurements.

Table 11-25: Estimated Event Rate for Qualified Population

These results are similar to those derived from the linear random

Two Year Event Rate

Three Year Event Rate

Number of Number With Event Rate %
Patients | g ore < 0.170

Number With Event Rate %
Slope < 0.161

All Qualified 104 32 31(32/104) 35 34 (35/104)
2 2 observations 85 24 28 (24/85) 26 31 (26/85)
2 3 observations 64 19 30 (19/64) 21 33 (21/64)

Reference: Table 14.9-3

Similar to the analysis of serum creatinine, covariate analysis was performed using the estimated
GFR measurements. Table 11-26 summarizes the result of these analyses. The covariate
parameter estimate, p-value, and the estimate of the renal event rate are presented.
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Table 11-26: Parameter Estimates for Selected Covariates and Adjusted Renal Event Rate

Covariate Covariate Parameter | p-value Adjusted 33% Adjusted 50%
Included Description Estimate Renal Event Renal Event
Rate Rate
Age Age at Qualification Date -0.0092 0.005 28.85 (30/104) 30.77 (32/104)
Gender Dichotomous: Male/Female 0.1076 0.477 29.81 (31/104) 32.69 (34/104)
Weight Weight at Qualification Date -0.0080 0.008 33.33 (29/87) 35.63 (31/87)
Blood Type | Dichotomous: {A+, A-, O+, 0-} 0.1107 0.317 31.34 (21/67) 32.84 (22/67)
or {B+, B-, AB+, AB-}
Plasma Plasma a-GAL level 0.0448 0.579 28.57 (16/56) 30.36 (17/56)
a-GAL
ACE - Prior to Qualification Start Date | _g 1033 0.306 31.73 (33/104) 32.69 (34/104)
Inhibitor Use | - On or After Qual. Start Date 0.1368 0.105
- No ACE Inhibitor Data
Recorded

Renal event rate = (# estimated renal events/# patients) based on slope cut-point of -0.161 corresponding to a 50%
increase in serum creatinine over a 3-year period and slope cut-point of -0.170 corresponding to a 33% increase in
serum creatinine over a 2-year period.

Reference: Table 14.9-5

The estimated renal event rate analyses based on patients’ GFR values were comparable to those
based on serum creatinine. These results support the use of the random effects model as applied
to the serum creatinine data.

11.5.4.12 Handling of Dropouts or Missing Data
Not Applicable
11.5.4.13 Interim Analyses and Data Monitoring

Two interim reports were submitted to FDA in April 2002 and July 2002.

11.5.4.14 Multicenter Studies

Not Applicable

11.5.4.15 Multiple Comparison/Multiplicity
Not Applicable

11.54.16 Use of an “Efficacy Subset” of Patients
Not Applicable

11.54.17
Not Applicable

Active-Control Studies Intended to Show Equivalence
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11.5.4.18 Examination of Subgroups

Refer to Section 10.1.1 for definitions of subgroups analyzed.

11.55 Tabulation of Individual Response Data

Not Applicable

11.5.6 Drug Dose, Drug Concentration, and Relationships to Response

Not Applicable

11.5.7 Drug-Drug and Drug-Disease Interactions

Not Applicable

11.5.8 By-Patient Displays

Not Applicable

11.5.9 Application of Natural History Data to Phase 4 Data and Justification of the

Sample Size for the Phase 4 Study (AGAL-008-00)

It 1s proposed that the estimated 3-year renal event rate from the natural history study and
corresponding confidence interval be used as a comparison to the Phase 4 study. The renal event
rate of the single arm Phase 4 F abrazyme® study will be determined to be different from the
natural history study if their corresponding 84% confidence intervals are non-ovérlapping.

For the historical control event rate, 80%, 84%, 90%, and 95% confidence intervals are presented
based upon the confidence interval for the slope parameter in the linear random effects model. It
should be noted that non-overlapping 84% Confidence Intervals for the individual renal event
rate proportions are approximately equivalent to the corresponding 95% Confidence Interval for
the difference of the parameters not including 0 (see Appendix 16.1 9).

For AGAL-008-00 treated patients, exact 80%, 84%, 90%, and 95% confidence intervals were
calculated for various projected event rates (Table 11-27). The calculations were based on a
historical control population of n=104 and on the projected enrollment of n=70 for the AGAL-
008-00 study. Justification of sample size and power calculations for the Phase 4 study are
provided in Appendix 16.1.9.
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Table 11-27: A Comparison of the Estimated Three-Year Event Rates from Historical
Control Population versus the Projected Three-Year Event Rates from r-haGAL (AGAL-
008-00) Treated Patients

Estimated 3-yr Event Rate (50% increase in Projected 3-yr Event Rate (50% increase in serum
serum creatinine) in Historical Database creatinine) in AGAL-008-00 Patients (N=70; final
AGAL-008-00 Qualifiers (N=104) projected enrollment)

Event Rate 32% 10% 15% 20%
80% 25,36 6,16 10, 23 14, 27
Confidence Interval
84% 25,36 5,17 10, 23 13,28
Confidence Interval
90% 24,36 5,18 9,25 13,29
Confidence Interval
95% 24,40 4,20 8,26 11, 31
Confidence Interval
The confidence interval for the historical control event rate 1s based on the confidence interval for the slope
parameter in the linear random effects model. The confidence interval for the projected event rate is based on a
two-tailed Fisher-Exact test.
Reference: Table 14.8-6

In addition to providing information on the power of the AGAL-008-00 Phase 4 study as a single
arm historical control study, the natural history study provides information as to the accuracy of
the renal event rate estimates used in the AGAL-008-00 double-blind placebo controlled power
and sample size calculations. The estimated renal event rate from the historical study is 32%.

~Adjusting the 32% renal event rate for the disparity between the age of the historical study
patients and the Phase 4 study patients (37.7 versus 45.8 respectively) yields an event rate of
approximately 37% which is close to the 40% placebo renal event rate used in the AGAL-008-00
placebo controlled double-blind power calculations. Therefore, this analysis result lends support
to the initial power calculations, that a sample size of approximately 70 patients with total study
duration of 35 months is adequate for the double-blind trial (AGAL-008-00).

11.5.10 Efficacy Conclusions

The results from the historical database are reasonably robust to use the estimated 3 year renal
event rate (as determined by a 50% increase in serum creatinine) as a basis for comparison to an
amended version of the ongoing AGAL-008-00 trial for establishing the efficacy of Fabrazyme®.
In addition, the analyses performed on the data in the historical database to support conversion of
the AGAL-008-00 trial to a historical control show that these analysis methods can also support
the use of this data as a comparator for other ongoing and future clinical trials.

GENZYME CORPORATION FINAL: 10 OCTOBER 2002

Page 245



Fabrazyme®/ r-ha GAL
Final Report Study Number AGAL-014-01 Page 83 of 3805

12. SAFETY EVALUATION

This section not applicable for this report.
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13. DISCUSSION AND OVERALL CON CLUSIONS

Based on the data derived from the AGAL-014-01 historical database and presented in this
report, Genzyme proposes conversion of the current placebo-controlled Phase 4 study (AGAL-
008-00) to an active treatment, historical control study design. In addition, based on the analysis
of renal event rates using a linear trend random effects model, Genzyme would use the renal
endpoint corresponding to a 3-year 50% increase from initial serum creatinine levels.

The natural logarithm of serum creatinine was modeled using a linear trend random effects. The
criteria used to determine a renal event were an increase from Qualification Start Date in serum
creatinine level of 33% within 2-years and 50% within 3-years. A subject was determined to
have had a renal event if their estimated percent change from baseline (i.e., Qualification Start
Date) in serum creatinine was above the 33% or 50% criteria.

Based on the linear trend random effects model, the estimated renal event rate is 30% for the
2-year 33% criteria and 32% for the 3-year 50% criteria for AGAL 008-00 Qualified patients.
The estimation of the renal event rates based on the linear trend random effects model were
shown to be robust by the following supplementary analyses: empirical estimation methods,
exclusion of patients with limited number of observations, inclusion of covariates in the
modeling, analysis of estimated GFR, and inclusion of quadratic trends in the model.

It is proposed that the estimated 3-year renal event rate from the natural history study and
corresponding confidence interval be used as a comparison to the Phase 4 study. The renal event
rate of the single arm Phase 4 Fabrazyme® study will be determined to be different from the
natural history study if their corresponding 84% confidence intervals are non-overlapping.

Genzyme believes that the new proposed design can establish the clinical benefit of treatment
with r-haGAL and believes that the data from AGAL-014-01 is reasonably robust to support the
proposal to convert the study to a single arm, active treatment, historical control design. Using
this historical database as a comparator to the population treated with r-haGAL in AGAL-008-
00 would meet the definition of “an adequate, well-controlled study” pursuant 21 CFR 314.125.
Further the justification for the proposed active treatment, historical control design is based on
the ethical issue of maintaining a placebo-control arm as a study comparator while a suitable
comparator population is available in the historical database.

GENZYME CORPORATION FINAL: 10 OCTOBER 2002

Page 247



APPENDIX 6.4



DRAFT
Statistical Analysis Plan

Assessing the Efficacy of Fabrazyme® in
a Phase 4 Study

Prepared by: Donald B. Rubin, Ph.D.
John L. Loeb Professor of Statistics
Chairman, Dept. of Statistics

Harvard University

Cambridge, MA -~ 02138

With the assistance of Elizabeth A. Stuart, A.M., and Samantha R.
Cook, A.M., Department of Statistics, Harvard University

Page 248



TABLE OF CONTENTS

1. OBJECTIVE 2

2. STUDY SUMMARIES 2
21" RANDOMIZED DOUBLEBLIND STUDY ...t 2
2.2 HISTORICAL CONTROLSTUDY

3 ANALYSIS METHODOLOLGY SUMMARY 3
3 ST AGE L e 4

3.1.1 OVERVIEW OF PROPENSITY SCORE MATCHING...................
3.1.2 SELECTING BASELINE FOR HISTORICAL CONTROLS oo
3.1.3 STEP 1--ESTIMATE PROPENSITY SCORES FOR HISTORICAL CONTROLS VERSUS RANDOMIZED...6
3.1.4 STEP 2--SELECT VERSION OF EACH HISTORICAL CONTROL ...
3.1.5 STEP 3--DISCARD THE IMPLAUSIBLE HISTORICAL CONTROLS
3.1.6 STEP 4--RE-ESTIMATE PROPENSITY SCORES IN RANDOMIZED VERSUS PLAUSIBLE HISTORICAL
SONTROLS AND DISCARD .1ttt ssseseeeeooeo oo 8
3.1.7 STEP 5--RE-ESTIMATE PROPENSITY SCORES IN RANDOMIZED AND CHOSEN HISTORICAL
CONTROLS, AND SUBCLASIFY
3.2 STAGEZ eoooovemeeoeceieeeeeeeoeeeeeeooooo
3.2.1 STEP 6--PATTERN OF HISTORICAL CONTROLS MISS
3.2.2 PLACEBO CONTROLS' MISSING OUTCOMES

3.2.3 STEP 7--BREAKING THE BLIND...oc..orooo oo

3.2.4 STEP 8--REFINED PROPENSITY SCORE CLASSIFICATION

3.2.5 STEP 9--BUILD PREDICTION MODELS FOR DISEASE PROGRESSION WHEN UNTREATED............. 10
3-2:6 THE IMPUTATION MODEL ..ot 10

3.2.7 STEP 10~-MULTIPLY-IMPUTE ALL SUBJECTS AS IF TREATED
3.3 STAGE3

INTREATED oottt oo 11
3.3.2 STEP 12--COMPARE PREDICTIONS AS IF UNTREATED WITH ACTUAL OUTCOMES FOR THE
TREATED. ettt 11
4. REFERENCES 12
APPENDIX 14

November 18, 2002 Page 1

Page 249



1. OBJECTIVE

The objective of this analysis will be to compare the renal event rate in a Fabrazyme®
treated population to appropriate control groups. For this analysis a renal event involves
the assessment of the increase from baseline In serum creatinine within three years. A
renal event is defined as an increase of 50% in serum creatinine from baseline.
Specifically, the objective will be to compare the treated patients in the phase 4
randomized double-blind AGAL-008-00 study to appropriate untreated controls. There
are two sets of these controls. The first set is composed of the placebo controls from
AGAL-008-00. The second set is an approprately matched control group from the
AGAL-014-01 historical control study.

2. STUDY SUMMARIES

The information in this section was provided to Datametrics Research Inc. by Genzyme,
as were other details of the studies and measurements.

2.1 Randomized Double-Blind Study

AGAL-008-00 is an ongoing randomized double-blind placebo controlled study to assess
the safety and efficacy of F abrazyme®. As of November 18, 2002, 75 patients have been
randomized using a 2:1 ratio of Fabrazyme® to placebo. The enrollment criteria for the
study included that the patient must be at least 16 years old and have a serum creatinine
level of 1.2 to 3.0 mg/dL or 2 serum creatinine value less than 1.2 mg/dL and an
estimated creatinine clearance less than 80 mL/min. Women over 60 (n=3), although
randomized, are excluded from all analyses because matching controls are not available.
The primary efficacy objective of this study is to demonstrate the reduction in time toa
clinical event in untreated patients as compared to Fabrazyme® patients. Whereas the
placebo-controlled study focuses on a composite outcome of significant cardiac, renal,
cerebral vascular events and/or death, the focus of the single-arm historical-control will
be on renal events. After AGAL-008 becomes open label, it is desirable to modify how it
1s viewed because all patients will be on Fabrazyme®, although those originally assigned
to the treated group will have been exposed to treatment for a longer period of time than
those originally assigned to placebo. One branch of the analysis will assess the efficacy
of Fabrazyme® by comparing the renal event rate in the AGAL-008-00 originally treated
group to the event rate in the placebo controls as if they had remained on placebo after the
trial becomes open-label. Another analysis will involve comparing those initially
assigned Fabrazyme® with an appropriate subset of the AGAL-014-01 historical study
population. Thus, the control group for those randomized to Fabrazyme® will have two
parts: those originally randomized to placebo plus the matched historical controls. A
secondary analysis is within those initially assigned placebo, where the comparison is
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between their actual outcomes post open-label and their projected outcomes as if they had
remained on placebo. More detail on these analyses follow in Section 3.

2.2 Historical Control Study

AGAL-014-01 was an international, multicenter study of a historical cohort of patients

with Fabry disease. The study had 27 participating sites collecting data on 447 patients

with a current diagnosis of Fabry disease or who had a diagnosis of Fabry disease at the
time of death. For AGAL-014-01, patients were required to meet each of the following
criteria to be enrolled in this study:

1. current diagnosis of Fabry disease, or diagnosis of F abry disease at time of death

2. patient, guardian, or next of kin must provide informed consent, including consent to
release medical records.

Furthermore, the pool of possible patients was restricted to those who essentially met the
randomized study criteria (age 16 or older, serum creatinine in a range approximately
corresponding to the randomized trial range); there were 117 patients remaining in this pool.

3. ANALYSIS METHODOLOLGY SUMMARY

Datametrics Research will perform the analysis of the data. Genzyme will be responsible
for providing the necessary analysis data sets to Datametrics Research. The analysis will
be done in three stages.

First, the historical control patients will be matched to the patients in the randomized
study. The objective is to select a subset of the historical controls whose background
characteristics plausibly could allow them to be in the randomized trial. The matching
will be performed by Datametrics Research without any information corresponding to any
patients’ outcome data in either the historical data set or the randomized experiment. All
implausible historical controls will be discarded. For this step, Datametrics Research will
initially receive only the baseline characteristics of the patients. Five distinct steps are
described in Section 3.1 for this stage.

The second stage will multipli-impute the missing data, both background and outcome, in
the randomized experiment and in the plausible historical control data set in AGAL-008-
00 as if no one had ever been treated with Fabrazyme®. At this stage, no data from those
randomized to Fabrazyme® will be available to Datametrics Research. Five distinct steps
are described in Section 3.2 for this stage.

Only after the first two stages are fully complete will the third stage begin: the analysis
and comparison of outcome data from those randomized to Fabrazyme® with the outcome
data predicted for them as if they had not been treated, based on the data from the
plausible historical controls and those randomized to placebo. This stage will be the first
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time any outcome data from the patients randomized to Fabrazyme® will be available to
Datametrics Research.

3.1 Stagel

3.1.1 Overview of Propensity Score Matching

The objective of matching the patients in the historical study to patients in the
randomized study is to discard all historical controls who are not plausible points of
comparison for the randomized group, selecting subjects based on covariates. This stage
involves design and parallels the design of a randomized experiment. No outcome data
are allowed at this stage; the only criteria involves balancing covariates. Thus, there is no
opportunity to choose samples to obtain some result with respect to outcomes.

Propensity scoring algorithms (Rosenbaum and Rubin, 1983) following the method
described in Rubin (2001) were utilized to select the historical patients who plausibly
would have been in the randomized group. The end result is a subset of historical
patients who resemble the randomized patients with respect to covariates. Table 3.1 lists
the covariates considered in the generation of propensity scores. A combination of pair
matching and sub classification was used (more details, below).

Table 3.1 List of Observed Covariates Used in the Matching Algorithm

¢ Baseline Serum Creatinine e Baseline GFR!
e Age * Estimated Creatinine Clearance?
¢  Gender ® Race
* Blood Group * Plasma a-GAL
{A+,A-,0+,0-}, {B+, B-,AB+, AB-}
e Height o  Weight

' GFR (mV/min/1.73m’ ) is estimated using the Modification of Diet in Renal Disease Study Group
(MDRD) equation, which estimates GFR as a function of serum creatinine, age, gender, and race.

GFR = 186x(Serum Creatinine in mg/dL)™* x Age®™ x (0.742, if patient is female) x (1.212, if patient
1s black)

Levey AS, Greene T, Kusek JW, Beck GJ, MDRD Study Group. A simplified equation to predict
glomerular filtration rate from serum creatinine. Abstract. ] Am Soc Nephrol. 11:2000.

* Creatinine clearance is estimated using the Cockroft & Gault F ormula

Creatinine clearance = (0.85, if patient is female) x [(140 - Age) x Weight in kg] / (72 x Serum
Creatinine in mg/dL)

Cockroft DW, Gault MH. Prediction of creatinine clearance from serum creatinine. Nephron
1976;16:31-41
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For some of these covariates, there are patients with missing values. The method
described in D’ Agostino and Rubin (2000) was used to estimate the propensity score,
allowing for different patterns of missingness in the covariates. Based on a consideration
of the likely reasons for missing data, it appears that it is reasonable to assume an
ignorable missing data mechanism (i.e., missing at random, Rubin, 1976; Little and
Rubin, 2002).

The general class of methods used to adjust for the covariates has appeared in a variety of
publications, both theoretical (e.g., Rosenbaum and Rubin, 1983; Rubin and Thomas,
2000) and applied (e.g., Connors et al. 1996; Rubin, 1997). The specific approach used
here combines aspects of matching and sub classification utilizing the propensity score.

To summarize briefly, the propensity score is defined by Rosenbaum and Rubin (1983) as
the conditional probability of receiving a treatment given pre-treatment characteristics:

p(Xy) =Prob.{W;=1| X3}

where X; is a vector of observed covariates, i indicates patients, and #; is an indicator for
received treatment. In a randomized trial, the propensity scores are known, whereas in an
observational study, they must be estimated from the data on W; and X;. Of critical
importance, no outcome data are required or desired to estimate, or to assess the success
of the estimation of, the propensity score.

A principal theorem of propensity scores is that if a group of treated and control patients
are matched relative to their propensity scores, differences between the two groups cannot
be due to the observed covariates X;. Hence, propensity scores are used to match groups
of patients to reduce or eliminate biases in the data. Asshown ina variety of places (e.g.,
Rosenbaum and Rubin, 1985; Rubin, 1979; Rubin and Thomas, 2000), Mahalanobis
metric matching within propensity score calipers can be a beneficial refinement in many
situations, and was partially used to obtain close matches on key covariates, as now
discussed.

3.1.2  Selecting Baseline for Historical Controls

When designing an observational study such as this, which involves historical controls, it
is important to try to replicate a randomized study design as closely as possible. Since the
date that a historical control patient would have been entered into the study is not known,
the baseline for a potential control patient is defined by the date that gives the closest
covariate match to a randomized patient. Specifically, the set of potential matching
patient observations was defined as any version of a historical control patient that met the
eligibility criteria defined in Section 2.2 and that had at least one observation following it.
This second criteria is parallel to the requirement in a randomized study that each patient
agrees to at least one follow-up visit. There were 100 historical control patients that had
at least one version eligible for matching, and a total of 395 possible versions for
matching.
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3.1.3 Step 1—Estimate Propensity Scores for Historical Controls vs. Randomized

The propensity score was estimated on this sample of 395 historical control observations
and the 69 randomized patients whose covariate data were available at the time of this
document. Due to the presence of missing covariates, the method described in
D’Agostino and Rubin (2000) was utilized, as stated in Section 3.1.1. The specification
included all variables listed in Table 3.1. Just the main effects were used in this step
because the objective was to discard those historical controls clearly unlike the
randomized group. The logistic transformation of the propensity score was used for the
matching. The top sets of points in Figure 3.1 display the distribution of these propensity
scores in these two groups. Table 3.2, Column 2, summarizes the balance of the
covariates in the original sample of randomized patients and all versions of the historical
controls.

3.1.4 Step 2—Select Version of Each Historical Control

For each historical control, select the same gender treated patient who is closest on
covariates in the following sense: use Mahalanobis metric matching on age and baseline
serum creatinine level within propensity score calipers.

1. For each version of a historical control patient, select all same gender
randomized patients with a propensity score within 0.25 standard
deviations of the historical control’s propensity score.

2. Within this pool of close propensity score matches, select as a potential
match the randomized patient with values of age and baseline serum
creatinine closest to those of the historical control patient version
(closest defined by the Mahalanobis distance).

3. Do step 2 for all versions of the historical control, and select the
version with the smallest Mabhalanobis distance to a randomized
patient.

4. Define the chosen historical control’s version as that historical

patient’s baseline, and eliminate all of that patient’s other versions
from the collection of potential historical matches.

5. Repeat steps 1-4 for each historical patient.
3.1.5 Step 3—Discard the Implausible Historical Controls

If there were no same gender randomized patients within the propensity score caliper for
any version of a historical control, that historical control patient was considered
implausible for the randomized experiment and so discarded. There were 10 historical
control patients discarded by this process. There are 90 plausible historical controls. The
third and fourth sets of points in Figure 3.2 show the propensity scores for the plausible
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Table 3.2: Balance of Covariates in Matched Samples’

Standardized Standardized
Randomized Standardized Bias® -- Bias® --
Group Mean Bias® -- all Selected Standardized  Standardized Chosen
versions of all  Versions of Bias® -- Bias® - Controls
(Standard Historical Historical Plausible Chosen (Subclass
Deviation) Controls Controls Controls Controls Estimates)
N 69 395 100 90 85 85
Sex 1.07 (0.26) 0.15 0.09 0.19 0.19 0.10
Ethnicity 1.91 (0.28) 0.11 0.19 0.16 0.07 -0.09
Blood 1.12 (0.33) 0.04 -0.08 -0.03 0.04 0.52
Group
Age 45.1 (8.89) 0.56 0.89 0.75 0.72 -0.11
Weight 70.25 (12.44) -0.27 -0.19 -0.13 -0.06 -0.21
Height 172.06 (15.35) -0.20 -0.11 -0.07 -0.07 -0.03
Serum
creatinine 1.66 (0.52) 0.13 0.51 0.45 0.42 -0.06
mg/dL
Bstimated ) 70 (18.02) -0.30 -0.73 -0.64 -0.61 0.04
GFR . . . . . . .
Estimated
creatinine  59.41 (17.51) -0.67 -1.08 -0.88 -0.77 -0.09
clearance
Plasma a-
GAL 1.21 (1.02) 0.40 042 0.37 0.35 0.46
Linear
Propensity 0 0.67 0.85 1.07 0.97 0.04
Score®

' Calculated using available case means, which can be especially deceptive in small samples.

? Standardized bias is defined the difference in means divided by the standard deviation in the randomized

group.

3 Propensity score defined with regard to the column.
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historical controls as well as the ten implausible historical controls (using their largest
propensity score). The third column of Table 3.2 displays the balance between the
randomized group and all single version historical controls. The data for the discarded
historical controls are displayed in Appendix Table A-1.

3.1.6 Step 4—Re-estimate Propensity Scores in Randomized versus Plausible
Historical Controls and Discard

Each plausible historical control has one version, and so we can re-estimate the
propensity score for the 69 randomized patients versus these 90 plausible historica]
controls. The results are displayed in Figure 3.2 and column 4 of Table 3.2. Notice the
left tail of the distribution of historical control propensity scores, with values quite
dissimilar from any randomized patient. The five historical controls with propensity
scores clearly lower than the minimum propensity score for a randomized patient are
discarded, leaving 85 chosen historical controls within the range of the randomized

group. The data for the five discarded historical controls are displayed in Appendix Table
A-2.

3.1.7 Step 5—Re-estimate Propensity Scores in Randomized and Chosen Historical
Controls, and Subclassify

Using the 85 chosen historical controls and the 69 randomized patients, re-estimate the
propensity score. Based on these re-estimated propensity scores, form subclasses of
approximately equal size in the randomized group. Because of the dearth of historical
controls with large propensity scores, the top subclass had to be nearly twice the size of
the other subclasses: the sizes are 12,11, 12, 11, 23 randomized patients and 39, 27, 8, 7,
4 historical control patients. Results are displayed in Figure 3.3 and in Columns 5 and 6
of Table 3.2, Column 5 without sub classification, Column 6 using sub classification.

We do not expect to be using exactly these subclasses for our final analysis, but rather the
subclasses created in Step 8.

3.2  Stage?2

The second stage in the data analysis plan to be conducted by Datametrics Research, Inc.
1s the imputation of missing outcome data (e.g., serum creatinine levels) for all patients in
the study as if they had not been treated with Fabrazyme®. This imputation will be done
multipli to allow all relevant sources of uncertainty to be reflected in all subsequent data
analyses (Rubin, 1987; 1996).

In the randomized group, after baseline, laboratory measurements were taken every
month within a window of plus or minus three days for three years. In the historical
controls, these measurements were not taken with the same regularity, and the monthly
lab measurement values are therefore often "missing". In the placebo controls, the
missing outcomes.are the values of serum creatinine when on placebo after the
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randomized trial becomes open label, which has not occurred yet. At no point in Stage 2
will any outcome data from those treated with Fabrazyme® be available to Datametrics.

3.2.1 Step 6 — Pattern of Historical Controls’ Missing Outcomes

Figures 3.4 and 3.5 display the pattern of missing outcome data for the 85 historical
controls chosen according to the analysis in Section 3.1. The horizontal axes are time, the
85 horizontal lines represent the 85 chosen historical controls, and the points represent

the times of their observed data values. The time axis in Figure 3.3 is from minus two
years from baseline to plus five years from baseline. In Figure 3.4, the time axis is from
baseline to three years from baseline, and the vertical bands are every month, and are plus
or minus three days, thereby representing the measurement time in the randomized group.
Evidently, there are many historical controls with very little data, some with a lot of data,
including extending beyond three years past baseline. It is important to emphasize, that at
this point, Datametrics has intentionally not had access to any outcome data for either the
randomized group or the historical controls. The pattern of missing outcome data shown
in Figures 3.4 and 3.5 (and Table A-3 in the Appendix) reveal the difficulty of imputing
the missing data, unless there is strong scientific knowledge about the progression of
serum creatinine levels in untreated patients. For this reason, our plan is to utilize the
data from the placebo controls when on placebo to inform this modeling and imputation.
The long term data from the historical controls are informative about the progression of
serum creatinine levels under no treatment for the time period after the randomized trial
becomes open label.

3.2.2 Placebo Controls’ Missing Outcomes

The missing outcomes for the placebo controls are their serum creatinine levels if they
had remained on placebo through the end of the trial, rather than switching to
Fabrazyme® when the trial becomes open label. If we were to rely only on the data in the
placebo group to conduct this imputation, it would be relatively speculative for two
reasons. First, because of the randomization scheme, we expect to see only about 25
placebo controls once the blind is broken, a relatively limited sample. Second, since
essentially all the missing data will occur after the trial is open-label, the Imputation
could involve almost entirely extrapolation, for example from trends seen in the first two
years of data for the placebo controls when on placebo, to the third year when they are no
longer on placebo. But this extrapolation of serum creatinine levels when untreated can
be informed by the extended measurements of the historical controls, as displayed in
Figures 3.4 and 3.5. Thus, the imputation of each of the control groups is greatly helped
by the existence of outcome data in the other control group: the placebo controls provide
detailed measurements of serum creatinine progression in the absence of treatment in the
short term, whereas the historical controls provide measurements of the longer term
progression in a larger group.
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323 Step7- Breaking the Blind

In order to proceed, either with the refined propensity score sub classification described n
Step 8 below, or doing the modeling of the outcomes in the placebo group implied in
Section 3.2.2, we need to break the blind and know who is a randomized treated and who
is a randomized placebo control. We still do not want to see any outcome data at this
point. We now assume the blind is broken, at least to Datametrics Research, Inc., or to a
third party.

3.2.4 Step 8 — Refined Propensity Score Classification

The propensity score between the treated group and the 85 chosen historical controls, and
the propensity score between the placebo controls and the historical controls, are only
randomly different from each other because the treated and placebo controls are a random
split with respect to background covariates. This should be checked and verified.
Datametrics Research, Inc., plans to do the relevant diagnostic analysis of the distribution
of the propensity scores in these three Separate groups: treated, placebo control, historical
control. This will reveal the overlap in distribution between treated and control (placebo
or historical). Using a possibly reestimated propensity score, Datametrics Research, Inc.,
plans to form new subclasses, where the hope is to have roughly equal-sized subclasses in
the treated group (e.g., 5 subclasses of 10 each).

3.2.5 Step 9 — Build Prediction Models for Disease Progression when Untreated

In order to do the modeling of post-randomization disease progression when not treated,
we need access to the outcome data for the chosen historical controls and for the placebo
controls. But there shall be no access to the outcome data from the treated group. In fact,
there should be no access to the outcome data from either control group until the specific
forms of these prediction models are agreed upon. The outcomes for those randomized to
treatment should not be used at any time in this stage.

Datametrics need not perform the analyses of the historical control data and the placebo
control data, but the analyses must follow the guidelines in Rubin (1987) and Little and
Rubin (2002) for proper multiple imputation. A third party could possibly do this once a
model has been settled upon. Once selected, the model should be fit to the partially
observed outcome data for the placebo controls and the chosen historical controls. .

3.2.6 The imputation model

The choice of a scientifically defensible model to be used for the imputation of the
missing outcomes for the historical controls and for the placebo controls is very
important. Before the blind is broken, an acceptable model should be defined. It should
be scientifically defensible and allow for all anticipated trends in serum creatinine levels,
and should allow these trends to depend on important covariates, such as age, sex,
baseline serum Creatinine, etc., and propensity subclass. Datametrics does not have any
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particular scientific expertise on the class of such pharmacological time serjes models,
but can offer guidance on the aspects of the chosen model that make it most appropriate
for objective multiple imputation. It is imperative for the objectivity of this endeavor,
however, that FDA and Genzyme agree on a model before any outcome data from the
randomized trial are made available,

3.2.7 Step10- Multiply-Impute All Subjects as if Untreated

Using the model chosen in Section 3.2.6 and estimated from the placebo and historical
control outcome data, multiply impute missing outcome data, as if untreated, for all
subjects. Notice, that this requires the covariates, including subclass, for the patients,
including the treated, but still no outcome data for the treated.

3.3 Stage3

At the end of the second stage, we will have a F abrazyme® treated group of
approximately 50, a chosen historical control group of approximately 85, and a placebo
control group of approximately 25. Each set of multiple imputations will create one
"complete” data set, with serum creatinine levels under Fabrazyme® for the treated and
corresponding imputed and actual serum creatinine levels for the controls. Each such
data set will be analyzed as specified, and the results combined using the standard
multiple imputation combining rules to generate one inference for each analysis.

3.3.1 Step 11 — Calculate the Primary Outcome Measure for Each Treated Patient
as if Untreated

For example, in each of the multiply imputed data sets, calculate the predicted number of
events in the treated group if they were untreated, and thereby find a distribution of that
number of events that reflects sampling variability — use this to form an interval estimate
or hypothesis test. Or calculate the time that each patient is predicted to be event-free
when untreated, or the number of events a patient is predicted to have when untreated, or
K-M type statistic, etc. Again, it is critical that Genzyme and FDA agree on this before
this step; ideally before step 9. Still no outcome data from the treated are being seen.

3.3.2 Step 12 -~ Compare Predictions as if Untreated with Actual Outcomes for the
Treated

Finally, examine the outcome data from the treated. Compare the actual outcome data
from the treated to the prediction intervals in step 11. If the real data fall below the
predicted 95% interval, e.g., for number of events, the treatment works significantly
better than no treatment.
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APPENDIX

Table A-1: Historical Controls with no Plausible Versions

Patient Serum Est, cref;:;ine Plasma Blood
ID Sex Age Creatinine GFR clearance a-GAL Weight Height Ethnic' Group’
6016 M 16 1.21 84.2 NA NA NA NA 2 1
9024 F 17 0.89 88.4 78.5 NA 483 NA 1 NA
9024 F 21 0.87 87.2 75.8 NA 47.0 NA 1 NA
9024 F 33 0.92 74.9 68.7 NA 50.0 155 1 NA
16001 M 21 1.30 74.2 92.7 0.10 72.8 NA 2 2
20006 M 19 1.20 82.9 106.8 0.10 76.3 180.3 2 2
20006 M 19 1.10 91.7 116.5 0.10 76.3 180.3 2 2
20037 M 27 1.30 70.5 100.3 0.50 83.0 189.1 2 1
20037 M ‘27 1.20 77.3 108.7 0.50 83.0 189.1 2 1
20037 M 28 1.20 76.4 114.8 0.50 88.9 188.4 2 1
20037 M 32 1.10 823 126.9 0.50 933 185.0 2 1
20100 M 35 1.20 734 102.8 0.18 84.4 NA 2 NA
20100 M 35 1.10 81.0 112.0 0.18 84.4 NA 2 NA
20100 M 35 1.10 80.8 111.5 0.18 84.4 NA 2 NA
20100 M 35 1.10 80.8 1114 0.18 844 1727 2 NA
32045 F 34 1.10 60.6 128.5 1.49 112.5 NA 2 NA
47003 M 16 1.20 854 107.9 0.14 75.4 NA 2 NA
57081 M 3 1.20 74.9 99.6 NA 79.2 NA 1 1
57081 M 32 1.20 74.5 121.0 NA 97.0 NA 1 1
59007 F 32 0.88 78.8 68.7 NA 47.7 NA 2 1
! Blood Group 1 = “A+, A-, O+, 0-“, Blood Group 2 = “B+ B-, AB+, AB-“
2 Ethnicity 1 = “Caucasian”, Ethnicity 2 = “Non-Caucasian”
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Table A-2: Historical Controls Out of Randomized Range

Est.
Serum creatinin  Plasma
Patien Ag Creatinin  Est, e o~ Weigh  Heigh Blood
tID  Sex e e GFR clearance GAL t t Ethnic' Group®
6022 M 34 1.14 77.9 117.3 NA 91.0 NA 2 2
9001 M 30 1.29 69.4 95.1 NA 80.5 NA 1 1
20008 M 37 1.30 65.9 81.1 0.00 73.8 NA 1 2
27003 M 35 1.10 81.2 123.6 1.49 92.8 NA 2 1
32029 M 34 1.20 73.8 92.7 0.00 75.3 NA 1 1
' Blood Group 1 = “A+, A-, O+, 0-“, Blood Group 2 = “B+, B-, AB+, AB-“
2 Ethnicity 1 = “Caucasian”, Ethnicity 2 = “Non-Caucasian”
Table A-3: Observations available for chosen historical controls
Number of Number of Number of
observations observations observations
Number of within 3 years within 3 day within unique 3
Patient ID observations after baseline windows day windows
6001 6 4 1 1
6006 9 7 2 2
6013 2 I 1 1
9003 3 1 1 1
9006 9 5 1 1
9007 4 3 3 3
9010 10 2 2 2
9021 3 3 1 1
13001 8 2 1 1
13003 13 4 2 2
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Number of Number of Number of

observations observations observations
Number of within 3 years within 3 day within unique 3
Patient ID observations after baseline windows day windows
20004 4 2 2 2
20011 6 3 1 1
20014 2 2 1 1
20017 2 2 2 1
20019 3 2 2 1
20029 5 3 2 2
20035 5 2 1 1
20036 2 2 2 2
20041 2 2 1 1
20048 2 2 2 2
20075 4 3 1 1
20087 28 9 3 3
20094 2 2 1 1
20102 10 7 1 1
20112 2 2 2 2
20122 18 1 1 1
20124 2 2 1 1
21001 18 9 3 3
21004 5 5 2 2
25001 10 1 1 1
25005 8 6 4 4
27002 15 2 1 1
27004 15 10 3 3
27008 5 2 1 1
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Number of Number of Number of

observations observations observations
Number of within 3 years within 3 day within unique 3
Patient ID observations after baseline windows day windows
27012 3 2 1 1
27013 19 6 4 1
27021 3 2 1 1
30001 2 2 1 1
30002 15 1 1 1
30003 2 2 1 1
32001 4 3 2 1
32002 11 2 1 1
32003 7 3 1 1
32030 3 2 1 1
32034 10 5 1 1
32039 12 2 2 2
32044 8 2 1 1
32047 13 3 1 1
34001 6 5 1 1
34003 5 1 1 1
34005 7 6 1 1
34006 8 2 1 1
35001 6 6 3 3
41002 2 1 1 1
48007 13 4 2 2
48012 2 2 1 1
57001 85 31 7 6
57002 4 2 1 1
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Number of Number of Number of

observations observations observations
Number of within 3 years within 3 day within unique 3
Patient ID observations after baseline windows day windows
57003 9 3 3 3
57006 9 2 2 2
57009 2 2 1 1
57019 27 23 7 7
57024 15 ~ 4 1 1
57027 17 7 3 3
57037 13 9 1 1
57041 9 4 1 1
57046 34 10 3 2
57047 8 4 1 1
57050 7 6 1 1
57052 21 2 1 1
57053 8 S 4 3
57065 8 4 1 1
57070 8 2 1 1
57073 22 6 | 1 1
57074 26 16 , 4 3
57075 2 ' 1 1 1
57077 6 4 1 1
57078 5 4 2 1
57080 8 1 1 1
57082 13 3 1 1
57084 4 2 2 2
57085 6 5 2 2
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Number of

Number of Number of
observations observations observations
Number of within 3 years within 3 day within unique 3
Patient ID observations after baseline windows day windows
57087 6 2 2 1
57091 9 2 2 1
57144 5 2 1
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Figure 8.1: Propensity scores i randO{nized
and multi version historical controls
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Figure 3. :Prog nsity scores %nd subclassification
In randomized and chosen historical controls
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