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P-ROCGEEDI-NGS

(8:12 a.m)
CHAIl RVAN AKX : Good norni ng. ["m Dr.
Thomas Aoki, and I'm the Acting Chairman of this

Comm tt ee.

| would like to start the activities for
this norning, which is a discussion of the drug
Al durazynme from Bi oMari n Phar maceuti cal |ncor porat ed.

To begin with, | wuld like to ask the
menbers of the Conmttee who are sitting at this table
to introduce thenselves, starting with ny left.

DR ZERBE: I'"'m Bob Zerbe, CEO for QUATRx
Pharmaceuticals, and I'mthe Industry Representative.

DR FOLLMAN: ["'m Dean Fol | man, a
statistician at the National Institutes of Health.

MR SVENSON: |'m Erik Swenson, Professor of
Medi cine at the University of Washi ngton.

DR SCHADE: I'm Dave Schade, an
endocri nol ogi st, University of New Mexico, School of
Medi ci ne.

DR WOCOLF: " m Paul Wol f, endocrinol ogi st

at Crozer Chester Medical Center.
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M5. KNOWMLES: ' m Kat hy Knowl es from Heal th
| nformati on Net wor k in Seattl e, Consuner
Repr esent ati ve.

DR JOAD: |'m Jesse Joad. |'m a Professor
of Pediatric Pulnmonary and Allergy at University of
California at Davis.

CHAl RVAN AKX : I'm Dr. Thomas Aoki,
Prof essor, University of California, Davis.

DR TEMPLETON- SOVERS: Karen Tenpl et on-
Soners, Acting Executive Secretary to the Commttee,
FDA.

DR WATTS: Nel son Watts, endocri nol ogi st,
University of G ncinnati.

DR LEVI TSKY: Lynne Levitsky, pediatric
endocri nol ogy, Massachusetts General Hospital.

DR SAMPSON Al'l an Sanpson, Departnent of
Statistics, University of Pittsburgh.

DR SCHNEI DER: Jerry Schneider, pediatric
geneticist, University of California, San D ego.

DR GRADY: Deborah Grady. |'man internist
and epidemologist at the University of California in

San Franci sco.
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DR | RONY: Ilan lrony, clinical reviewer
for the BLA, CBER

DR WALTON Marc Walton, Food and Drug
Adm ni strati on.

DR \EIl SS: Karen Wiss, Food and Drug
Adm ni strati on.

DR TEMPLETON- SOVERS: The foll ow ng
announcenent addresses the issue of conflict of
interest with regard to this neeting and is nade a
part of the record to preclude even the appearance of
such at this neeting.

Based on the submtted agenda for the
meeting and all financial interests reported by the
Commttee participants, it has been determned that
all interests in firnms regulated by the Centers for
Drug Evaluation and Research and the Center for
Bi ol ogics Evaluation and Research which have been
reported by the participants present no potential for
an appearance of conflict of interest at this neeting
with the foll owi ng exception:

Dr. Lynne Levitsky has been granted a waiver

under 18 USC 208(b)(3). Her spouse is a nenber of
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Bi oMarin Pharmaceutical's Data Safety Monitoring Board
for a product unrelated to Al durazyne. He receives
less than $10,000 a year. Copy of this waiver
statement nmay be obtained by submtting a witten
request to the agency's Freedom of Information Ofice,
Room 12A-30, at the Parklawn Buil di ng.

In addition, we would like to discuss that
Dr. Robert Zerbe is participating in this neeting as
an acting Industry Representative, acting on behalf of
regul ated industry. Dr. Zerbe reports that he owns
stock in Cenzyne Corporation as part of his Sal onon
Sm th Bar ney- managed account.

In the event that the discussions involve
any other products or firnms not already on the agenda
for which an FDA participant has a financial interest,
the participants are aware of the need to exclude
t hensel ves from such invol venent, and exclusion wl|
be noted for the record.

Wth respect to all other participants, we
ask in the interest of fairness that they address any
current or previous financial involvement wth any

firm whose products they may w sh to comment upon.
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Thank you.

CHAI RVAN ACKI @ Thank you

At this tine | wuld like to ask Dr. Blair
Fraser to provide the introduction for CBER

DR FRASER Good nor ni ng. W are here to
di scuss BioMarin's Biologics License Application for
Al durazynme, reconbi nant human al pha-L-iduroni dase, for
the treatnent of mnucopol ysaccharidosis |I.

Filling in for Melanie Hartsough, Chair of
the Conmttee, | am Blair Fraser, biochemst on this
Review Commttee. I wll be presenting a brief
overview of the CMC portion of BioMarin's application.

First, I would like to start ny presentation
by summarizing the review mlestones for this
application. CBER received BioMarin's application on
July 29th, 2002. Since that tine, there have been
extensive interactions, discussions, and requests for
clarification leading to this Advisory Commttee
nmeeting today. The first action due date for this BLA
is January 28th, 2003.

Turning to the drug substance, Al durazyne is

a reconbi nant human al pha-L-iduroni dase produced in a
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conti nuous Chinese hanster ovary or CHO cell |line.
This protein has a nol ecul ar weight of 80 kil odaltons.
The am no acid sequence for the reconbinant protein
is identical to the sequence for a natura
pol ynmor phi sm of the endogenous protein. This protein
has six N-Iinked conpl ex oligosaccharide sites and one
di sul fide bond. Review of the CMC portion of the BLA
provided by BioMarin indicates that this is a well-
characterized protein.

Turning to the drug product, the drug
product is supplied as a sterilized isotonic intended
for intravenous adm nistration. Each singl e-use vial
of dr ug pr oduct cont ai ns 2.9 mlligrans of
al pha-L-i duroni dase, the active ingredient in 5 cc's.

There are no outstanding review issues
concerning the drug product.

Finally, 1 would like to thank the FDA
Review Comm ttee for their thorough revi ews.

CHAI RVAN AOKI: At this tinme | would like to
ask M. Mtt Patterson to oversee the sponsor's
presentation.

MR PATTERSON CGood norning, |ladies and
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gent | enen. M/ nane is Matt Patterson. I"m the Vice
President of Regulatory and Governnent Affairs for
Bi oMarin Pharnmaceutical, and it's ny pleasure to give
you a brief introduction to our presentation this
nor ni ng.

As you know, we're here today to discuss a
product called Al durazynme, which is also known as
| ar oni dase, which has been devel oped for the treatnent
of a disease called nmucopol ysaccharidosis I, or MPS I.
MPS | is an inherited netabolic disease or, nore
specifically, a |ysosomal -storage disorder, which
results from a defi ci ency in t he enzyne
al pha- L-i dur oni dase. The active ingredient in
Al durazyne is alpha-L-iduronidase manufactured by
traditional reconbi nant technol ogy.

The sponsor of the BLA is BioMarin, but I
would Iike to note that Al durazynme has been devel oped
through a joint venture between BioMarin and Genzyne
Cor por at i on.

After ny introductory remarks, | would like
to ask Dr. Joe Mienzer to join us and give us a

description of MPS . Dr. Muenzer IS an
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internationally-recogni zed expert in the MPS diseases
and was a principal investigator in both the Phase 1/2
and Phase 3 clinical studies.

After Dr. Mienzer, Dr. Gerry Cox wll give
us a review of the Al durazyne clinical program Dr.
Cox has over ten years of experience in netabolic
di seases and is a clinical geneticist affiliated wth
both Children's Hospital and Harvard Medical School.
Dr. Cox was the nedical nonitor for the Phase 3
clinical study.

After Dr. Cox's presentation, Dr. Mienzer is
going to join us again to briefly review for you his
perspective on the results from the Al durazyne
clinical studies and, in particular, his perspective
as a physician who sees MPS | patients on a regular
basis and has seen them over the years during the
clinical trials.

Finally, 1'lIl return to give you sone
concluding remarks, including a brief review of our
perspective on the questions you have been asked to
di scuss today as well as sone final thoughts.

| would like to note that we have sone
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addi tional participants joining us here today. They
are listed on this slide. As you can see, they bring
a variety of areas of expertise which are related to
the Al durazynme clinical program They' re here today
to hel p support the discussion as needed.

I would Iike to briefly review the
Al durazyne regqulatory history for you. The program
was designated an orphan drug product back in 1997,
and | would like to note that the preval ence of MPS |
is currently estinmated at approximtely 1,000 patients
in the United States.

An IND filing followed shortly thereafter in
Cct ober of 1997. The product was designated a fast-
track product by FDA in Septenber of 1998. The BLA
was filed in July of last year and was granted a
priority review by the FDA.

Finally, 1 would like to note that the
devel opnent of Al durazyne has involved frequent and
detailed collaboration between the sponsor and the
agency, including all the traditional neetings that
you see listed on the slide here.

Briefly, on the devel opnent history of the
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product, Al durazyne devel opnent began with a series of
pre-clinical phar macol ogy studi es. These were
performed in a naturally-occurring cani ne nodel of MPS
l. The results of these studies denonstrated
significant reduction of stored glycosam nogl ycans, as
nmeasured in both the urine and the tissues.

The very encouraging results of these
studies led to the filing of an |IND and the
commencenent of the Phase 1/2 clinical study. Thi s
was an open-label study in ten patients, and the BLA
contains 152 weeks of efficacy data and 235 weeks of
safety data fromthis study.

The very promsing results from the Phase
1/2 study led to the commencenent of a Phase 3 doubl e-
blind study. This study included 45 patients and was
26 weeks in |ength. It was a random zed, placebo-
controlled, multinational study.

At the conclusion of that study, all 45
patients were offered the opportunity to enroll in

what we've terned an extension study. Al 45 patients

did choose to enroll in that extension study, and that
study was an open-|label study where all patients
S A G CORP.
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received Aldurazyme, and the |Ilicense application
contains 36 weeks of data from the primary efficacy
endpoi nts fromthat extension study.

Finally, 1 would like to note that 16
patients globally are receiving Al durazyne as a part
of a conpassionate use program This is a program
that was initiated at the request of physicians and
patients to treat seriously-ill individuals who are
unable to participate in any ongoing clinical studies.

Al durazynme is admnistrated at a dose of 100
units per Kkilogram of body wei ght once a week as an |1V
i nfusi on.

Finally, 1 would like to end by remnding
you of the proposed indication for the product.
Al durazyne IS i ndi cat ed as | ong-term enzyne
repl acenent therapy in patients with MPS | to treat
the non-central nervous system nmanifestations of the
di sease.

Thank you very much. I would like to ask
Dr. Joe Mienzer to join us to give us a description of
MPS | .

DR MJENZER Thank you, Matt. It's ny

S A G CORP.
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pleasure to be able to present the clinical
description of MS I. As you Kknow, this is a

| ysosonmal storage disorder due to the deficiency

enzynme al pha-L-i duroni dase. Deficiency of enzyne
results in t he progressi ve accumul ati on of
gl ycosam nogl ycans. This disorder is multisystemc,

and it's a very heterogeneous presentation.

Due to this, we see severe norbidity and a
very early nortality. Patients with MPS | can die as
young as two or three years of age.

It's a very rare, aut osonal recessive
di sorder. Its estimated incidence is 1 in 100, 000.
These patients, as |'ll show you, have a significant
unnet medi cal need.

MPS | is a typical netabolic disorder with a
wi de range of clinical involvenent. H storically, we
recogni zed the severe form as Hurler syndronme wth
profound mnental retardation and progressive somatic
di sease, where the patients typically died before ten
years of age and the average age of death was four to
five.

As the biochem stry becane evolved for this
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di sorder, we recognized that a mld form of MS,
initially called MPS V, was recognized to have the
sane enzynme deficiency as the severe form These
patients, even though they're mld and nornal
intellect in terms of OCNS function, «clearly have
signi ficant physical problens also.

The patients in the current trial are in the
internmediate formcalled Hurler-Scheie syndronme. They
have little or no intellectual inpairnent, but they
have progressive somatic disease with death in the
t eenage years to early adul t hood.

Even within the internediate spectrum the
Hurl er-Scheie syndrone, we see a wde variety of
clinical involvenent. The 17-year-old here has severe
joint disease, had a tracheostony at age 12 because of
upper airway obstruction, l|eading to cor pulnonale,
and has noderate |iver enlargenent.

In contrast, here's a 12-year-old who has
al so has severe joint disease but has mninmal airway
i nvol venent at the sane age the previous individual
had a tracheostony, and he has noderate hepatonegaly.

In contrast, an older individual who has
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m | der joint disease than those two, but clearly has
sleep apnea requiring continuous positive airway
pressure at night and has a massive hepat onegal y.

All t hese patients have virtually
undetectable iduronidase activity. This enzyne
cleaves a termnal iduronic acid from dermatan and
heparan sulfate. Mssing this enzyne results in the
sequential breakdown in the sequential netabolism of
gl ycosam nogl ycans.

M ssi ng t he enzyne results in t he
accunmul ation of this storage material, and you can see
here a liver section from an MPS I. W see very
foany, vacuolated liver cells and a very distorted
liver architect due to that progressive accunul ation.

MPS | is a nultisystemc disease with a w de
range of clinical involvenent. Il now want to spend
the last part of ny time talking about the different
clinical manifestations of this disorder.

Pul ronary disease is a nmajor mnanifestation

due to storage in the lung, airway epithelial, and

bone. The outcone is initially decreased pul nonary
functi on. W see restrictive lung disease due to a
S A G CORP.
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very small ribcage and very stiff joints.

Thi s IS exacer bat ed by decr eased
di aphragmatic excursion due to the very nassive
hepat ospl enonegal y. These patients al so have frequent
infections with very thick secretions, and progressive
i nvol venent results in severe respiratory
i nsuf ficiency.

In addition to their pul nonary di sease, they
al so have upper airway obstruction caused by storage
in the tongue. You can see a very prom nent, enlarged
tongue, |ynphoid tissues, abnormal airway epithelii,
and, probably nost inportant, very redundant fl oppy
tissue in their upper airway.

This  upper airway obstruction clearly
results in respiratory insufficiency and causes severe
sl eep apnea which untreated results in cor pul nonal e.

Down below is an exanple of a sleep apnea. Here's
oxygen saturation over the course of the night, and
what you see is dramatic dips. Thirteen percent of
t he ni ght this i ndi vi dual experi ences oxygen
saturations | ess than 90 percent.

As a result of this, these patients clearly
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need assistance in Dbreathing. Conti nuous positive
airway pressure is very beneficial, but many patients
result to go on to having tracheostom es because CPAP
is not effective.

Thi s upper airway obstruction clearly
contributes to the high anesthesia rates in these
patients, and it is not uncommon for these patients to
die in operating roons around the country due to their
high anesthesia risk and secondary to trying to
i nprove sone of their somatic disease with surgery.

W clearly see significant j oi nt and
skel etal involvenent in these patients caused by
progressive storage in their synovium I nstead of
paper-thin synovi um they have synovium that's
cardboard thickness, signi ficant I nvol venent of

tissues around the joint, and clearly significant bone

di sease

Thi s results in j oi nt stiffness,
contractures. They have significant pain in their
hi ps. Their skeletal deformties also contribute to

the significant loss of nobility and the functional

i ndependence that's characterized by this disorder.
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Here's an exanple of sone of the joint
problens we see in the disease. Here's a child in the
typi cal bent hip posture. These patients have to bend
all the tinme because they can't fully extend their
hi ps; the sane way as their knees. Here's a 12-year-
old who's trying to raise her arns above her head, and
clearly cannot do t hat because of shoul der
restriction.

Hepat onegal y, as you saw, clearly occurs in
this disorder due to storage in both the liver and the
spl een. Restricted novenent results from this wth
i npaired breathing. They have difficulty eating, lots
of disconfort, and the hernia you see here is very
difficult to repair because a very protrudi ng abdonen
causes the breakdown to be very common.

Cardi ac di sease also occurs as part of the
mul ti systemc portion. Storage occurs in heart
val ves, coronary arteries, and the aorta. The typical
outcone is a valvular heart disease. Pul nonary

hypertension clearly can exacerbate and pass to right

heart failure that comonly occurs. Most patients,
eventually, with tinme, wll develop congestive heart
SA G CORP.
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failure.

As you can see here, corneal clouding occurs
in a mjor way. But, in addition to that, they have
retinal disease, and glaucoma is very comon in the
young i ndi vi dual . Most patients with MPS | have
decreased visual acuity, and blindness, unfortunately,
IS not an uncommon out cone.

CNS disease is clearly conmmon in the severe
form where we see storage in neurons, nacrophages,
and neni nges. Li ke the synovium the neninges becone
3-, 4-, 5-, and 6-mllineters thick, which clearly
i npacts CSF bl ood fl ow.

In its severe form we see nenta
retardation, but even in the mlder individuals,
quote, "mlder" from neurological disease but still
have severe somati c di sease, t hey devel op
comuni cati ng hydr ocephal us with very common
headaches. Even the ol der i ndi vi dual s have
significant involvenent in spinal cord conpression,
resulting in loss of nobility.

Qur treatnent for nost of these patients is

palliative at best, has limted effectiveness, and
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because of the high anesthesia conplication, it really
[imts surgery.

Bone marrow transplantation was first
reported in this order in 1981. It clearly can
i nprove sonme of the physical features and stabilize
the OCNS disease. Unfortunately, norbidity and
nortality approaches 10 to 20 percent in the best of
cases wth a best donor. Because of this, we
primarily use this bone marrow transplant to treat the
severe MPS | patient, the Hurler syndrone, under two
years of age.

In summary, MPS | is a nultisystemc
di sorder due to |ysosonmal deficiency with progressive
decline, with high norbidity and high nortality, and
t hese patients have significant unnmet nedical needs.

| can now turn the podium over to Dr. GCerry
Cox to present the clinical program

DR COX Thank you, Dr. Mienzer. CGood
nor ni ng, everyone.

You' ve just heard from Dr. Mienzer that MPS

| is a devastating disease of chil dhood. Patients
have significant nedical problens that lead to
S A G CORP.
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disabilities, inpairnents, and reduced quality of
life. Utimately, these patients will die of their
di sease in either childhood to early adulthood.

Wiat | would like to do now is present our
clinical data denonstrating that Al durazyme not only
reverses the underlying pathophysiol ogy of the disease
by cl earing gl ycosam nogl ycans from the body, but that
it provides neaningful clinical benefit to patients

t hrough inproved functioning, and it does so in a safe

manner .

This is an outline of ny presentation this
nor ni ng. "Il start wth an initial review of the
clinical program "1l then present efficacy data

fromthe Phase 1/2 and then the Phase 3 studies. [|'lI
summari ze our safety data, and then 1'Il close wth
concl udi ng remarks.

The clinical program consists of a Phase 1/2

open-| abel study involving ten patients, now entering

its fifth year. The program al so includes a Phase 3
doubl e- bl i nd and extension study i nvolving 45
patients, now entering its third vyear, and a

conpassi onate wuse program involving 16 patients,
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entering its second year. In total, 71 patients are
being treated with Al durazyne.

The Phase 1/2 study was the first study
performed on humans. The objectives of this study
were twofold: first, to denonstrate efficacy by
reducing |ysosonal GAG storage and, second, to
denonstrate safety.

This was an open-1label, ten-patient study in
which patients ranged in age from 5 to 22 years of
age, and eight of these patients had the internedi ate
formof MPS |, Hurler-Scheie syndrone.

Al durazyne was dosed at 100 wunits per
kil ogram intravenously once weekly. This was a dose
regimen that was found to be effective in pre-clinical
st udi es. This study is now ongoing into its fifth
year.

The primary efficacy endpoints were to
denmonstrate a reduction in urinary GAG level and a
reduction of hepatospl enonegaly. These are both non-
i nvasi ve neasures of GAG storage. Urinary GAG |l evels
had been shown in pre-clinical studies to correlate

with tissue |l evels of GAG
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As you can see |here, treatment with
Al durazyne led to an al nost inmediate reduction in the
urinary GAG level in patients, and this reduction has
been mai ntained with [ong-termtreatnent.

At week 52, it was a 63 percent reduction
from baseline in the urinary GAG level, and this
reduction was highly significant. Wth continued
treatnment, the urinary GAG |levels have continued to
decline slowy, such that by week 152 nearly all of
t he excess urinary GAG had been el i m nat ed.

Simlarly, these biochemcal changes were,
in turn, followed by physiologic changes with the
reductions of both liver volune as well as spleen
vol une, such that by week 52 there was a 26 percent
reduction in liver volunme from baseline, which is
highly significant, and a 21 percent reduction from
basel i ne and spl een vol une, whi ch was al so
significant. These reductions have been nmaintained
t hrough a second year of treatnent.

At baseline all of the patients had
abnormal | y-enl arged liver volunes. After 52 weeks of

treatnment, nine of the ten patients had normal I|iver
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volunmes, indicating efficient clearance of GAG I
want to remnd you to renmenber this later in ny talk,
as | discuss the mintenance of the long-term
reductions in both urinary GAG |l evels as well as liver
and spleen in the context of antibody formation.

I n addi tion to t hese phar macodynam c
paraneters, several clinical paranmeters are also
eval uated. The New York Heart Association score is a
functional status neasure in which patients who are in
Cass 1 have no synptons, patients in dass 4 have
severe synptons, even at rest. You can see that at
baseline none of the patients were in dass 1, but
with two years of treatnent six patients had shifted
over to O ass 1.

Shoul der flexion is a measure of joint range
of notion. A normal shoul der flexion value would be
approxi mately 160 degrees. At baseline these patients
were inpaired, but wth treatnent they inproved their
shoul der flexion by approxi mately 28 degrees.

Dr. Mienzer had nentioned that many of the
patients have sleep apnea, and this can be eval uated

through a sleep study Apnea/Hypopnea | ndex. At
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basel i ne the nean value of the AH was tw ce the upper
[imt of normal, but wth 26 weeks of treatnment the
| evel had cone down into the normal range. Three of
the patients who had very significant sleep apnea
basel i ne showed very significant inprovenents.

Finally, in patients who had very severely-
inpaired vision these three patients all showed
i nprovenents with continued treatnent.

Before | present the Phase 3 clinical
results, | would like to take a nonent just to share
with you sone of the thoughts that went into our
choi ce of endpoints. W recognized that MPS | is a
conpl ex disease, and that it would be a challenge,
frankly, to denonstrate efficacy in a clinical study.

MPS | is rare. It affects nmultiple systens,
and it's slowy progressive. It exhibits significant
patient-to-patient heterogeneity, and its synptons
have reversible as well irreversible conponents.

Study duration was also a mmjor factor.
Wen we discussed the study design wth our
investigators, they thought it would be difficult to

recruit patients into a placebo-controlled study for
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| onger than six nonths. You have to understand that
many of these patients are children who are
chronically ill who have to receive infusions on a
weekly basis, not only that, but also have to travel
to receive infusions.

So, wth these limtations in mnd, our
strategy to confirm the efficacy of Al durazyne was to
denonstrate reversal of the underlying pathophysiol ogy
now in a double-blind setting, to denonstrate clinica
i nprovenent in functional neasures that we thought
would show change over a relatively short study
period, and to denonstrate a broad treatnent effect
across multiple organ systens with trends noving in
t he sane direction.

No central nervous study endpoints were
studi ed because of our pre-clinical data indicating
that the enzyne does not efficiently cross the
bl ood/ brain barrier.

The Phase 3 study was designed, in
consultation with the FDA, to be a pivotal study to
confirm the safety and efficacy of Al durazyne. Thi s

was a random zed, double-blind, placebo-controlled
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study involving 45 patients at five sites in four
countries.

Patients were random zed to receive either
Al durazyne or a placebo once weekly for 26 weeks. At
the conpletion of the double-blind phase, all 45
patients chose to enroll into an open-|abel extension
study, now entering its second year.

For entry into the study, patients had to
have MPS | disease with iduronidase deficiency. They
also had to be at least five years of age in order to
performthe functional assessnents.

The two co-primary endpoints of this study
were a change in forced vital capacity and a change in
the six-mnute walk test. Thus, patients were
required to have a force vital capacity less than 80
percent of predicted to maxi mze the chance of seeing
a treatnent effect.

Simlarly, patients needed to be able to
perform a six-mnute walk test by standing for six
m nutes and wal king at least five neters. However, no
upper |imt was placed on the six-mnute walk test

di stance because of the rarity of the disease and the
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fact it would be difficult to find patients who net
eligibility criteria for both of these co-primry
endpoi nt s.

Patients were excluded if they had a
tracheostony or if they had had a prior bone narrow
transpl ant.

The efficacy variables that we chose to
study fell into four broad categories: the first,
| ysosonal storage of GAG as neasured by urinary GAG
| evel and liver volunme. These would now be confirned
in a doubl e-blind, placebo-controlled setting.

As you heard from Dr. Mienzer, respiratory
function is inpaired in many children with MPS I.
Patients develop a progressive restrictive lung
di sease as caused by a nunber of factors, including a
small ribcage, limted diaphragmatic excursion from
hepat onegal y, and spinal deformty.

Force vital capacity was chosen as the nost
rel evant pul nonary function test to assess restrictive
| ung di sease, and this becane our co-primary endpoint.

W chose percent predicted forced vital capacity

because these patients were of markedly different ages

S A G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

32

and sizes, and this was an attenpt to nornalize
changes that we saw.

In addition to lung disease, we also |ooked
at sleep apnea as a secondary endpoi nt, as neasured by
t he Apneal/ Hypopnea | ndex. This is a neasure of
functional airway obstruction during sleep.

W | ooked at functional capacity which is in
patients. Patients have difficulty walking from a
nunber of factors: their nuscul oskel etal disease,
their respiratory di sease, their cardi ac di sease.

The six-mnute walk test is a w dely-used,
submaxi mal exercise tolerance test that relates to
activities of daily living, walking. W chose this as
a co-primary endpoint.

Shoul der flexion was chosen as a way of
assessi ng upper extremty nobility and function.

Fi nal |y, there were several addi ti onal
endpoi nts that were exam ned, including visual acuity
and questionnaires relating to activities of daily

living as well as quality of life

Over the next few slides | would like to
describe our patient population. There were 23
SA G CORP.
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patients who were random zed to receive placebo and 22
who were random zed to receive Al durazyne.

The nean ages of both groups were simlar,
approximately 15 years of age, but you'll note the
wi de age range from six to forty-three years. There
were simlar nunbers of nmales and fenales. Patients
were of simlar sizes, and nore than 80 percent of
patients within each group had Hurl er-Schei e syndrone.

These are the baseline characteristics of
the co-primary endpoints. You can see that nedians
for both co-primary endpoints are simlar between
groups, and the ranges are simlar as well.

As expected, all of the patients had |ess
than 80 percent predicted FVC, as required for
entering into the study. But you can see that, based
on a nedian of approximately 50 percent of predicted,
a large percentage of the patients had very severe to
profound respiratory inpairnment.

Looking at the six-mnute walk test, there's
an enornmous range of heterogeneity in the distance
that patients wal ked. Sonme patients could barely

conplete the six-mnute wal k test, whereas others were
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wal ki ng nor mal di st ances. As a ref erence,
approxi mately 350 neters would be considered the | ower
[imt of normal for adults.

| would like to describe sonme of the other
features relating to the two co-primary endpoints. As
expected for patients with severe respiratory disease,
they experience a nunber of conplications. At
basel i ne t hey reported recurrent respiratory
i nfections over the previous six nonths. Sl eep apnea
was prevalent, reactive airways, and asthna. Two-
thirds of the patients had undergone tonsillectony and
adenoi dectony in an attenpt to relieve upper airway
obstruction, and a mnority of patients were receiving
respiratory support.

In ternms of physical disease, patients
conpl ained of joint stiffness, contractures, pain, and
a nunber had spinal deformty. A significant
percentage of patients received physical therapy on a
regular basis, and 30 percent used a wheelchair.
These patients were not wheel chair-bound necessarily
because they could conplete a six-mnute walk test,

but, typically, with this disease children becone very
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tired after walking a few mnutes and for extended
peri ods of walking they will often use a wheel chair.

| would like to now describe our results on
| ysosonal storage of GAG as neasured by urinary GAG
level and liver volume in this placebo-controlled
study. Just as we saw in the Phase 1/2 study, there
was al nost an inmmedi ate reduction in urinary GAG | evel
followed by a stabilization.

The difference from placebo was highly
significant. In the open-label extension phase,
patients who continued on Al durazynme nmaintained the
reduction in wurinary GAG levels, and the placebo-
crossover patients who transitioned onto Al durazyne
showed a reduction very simlar to what was seen in
t he doubl e-blind phase and achieved levels simlar to
the patients receiving A durazyne.

Simlarly, just as we saw in the Phase 1/2
study, there was a significant reduction of Iiver
vol une. The difference from placebo was 20 percent,
and this was highly significant.

In the open-label extension phase, patients

who continued on Al durazyme naintained their |iver
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reductions, and now the placebo-crossover patients
showed a reduction of liver vol une.

At the start of the study, of the patients
who had abnor nmal l'iver volumes who received
Al durazyne, 72 percent normalized their liver volunes
after six nonths and 80 percent after twelve nonths.
What | have just shown you now, then, is confirmation
that, in fact, Al durazyne does efficiently clear GAGs
fromthe body.

Now | would like to nove on to our clinical
par aneters, | ooking at respiratory function, as
measured by the percent predicted force vital capacity
and the sl eep study Apnea/ Hypopnea | ndex.

Treatnment with Aldurazyne led to an increase
in the percent predicted force vital capacity. The
di fference between groups was 5.6 percentage points
and this was significant to a p-value of .009 in our
main analysis, the WIcoxon Rank Sum Test. In a
second, prospectively-defined analysis, an analysis of
co-variants that takes into account baseline variabl es
bet ween groups, the p-val ue was .007.

Now in the FDA briefing packet they have
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noted that between week 20 and 26 that appeared to be
a large treatnent effect. What | would now like to
show you is additional data we have collected in open-
| abel extension denonstrating that, in fact, this is a
valid value, and we have confirmation of three
additional time points of this increase in percent
predicted FVC In fact, the change from baseline
after 62 weeks of treatnent is highly significant.

Simlarly, in the placebo-crossover patients
we have seen an increase in the percent predicted FVC
albeit it took a little bit |onger. This difference
from initiation of t r eat ment s appr oachi ng
statistical significance.

Vel |, what iIs a clinically-significant
change in FVC? On the last graph | have shown you
changes in the percent predicted FVC of approxi mately
5.6 percentage points. On a baseline of 50 percentage
points, that translates into approximately a 10
percent relative change from baseli ne.

In 1991, the Anerican Thoracic Society

published guidelines for I nterpreting pul nonary
function testing. |In these guidelines they state that
SA G CORP.
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an 11 percent relative inprovenent from baseline in
adults would be considered clinically significant. So
the mean change that we saw in our group approached
the 11 percent.

W can also ask, wthin each of the two
treatment groups, what proportion of patients achieved
a clinically-neaningful increase? In the Al durazyne
group, 41 percent of patients achieved an 11 percent
relative increase in baseline conpared to only 9
percent of the placebo patients. The difference in
proportions was significant.

Now | would like to nove on to our results
and the effects of Al durazynme on sl eep apnea. Wen we
| ooked at all the patients in both groups, we did see
a trend towards inprovenent in patients receiving
Al durazynme, but it wasn't significant. W di scussed
the results with our blinded sleep study expert, Dr.
Rapoport, who is with us today, and he noted that at
baseline approximately half the patients had nornal
values. If you have a normal value, it's difficult to
make it nore normal, and we felt that this would be

diluting out the treatnent effect.
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So, based on sone guidelines published from
recent papers, we chose thresholds of Apneal/ Hypopnea
| ndex of greater than 10 in children and greater than
15 in adults as reflective of sleep apnea. Wien we
| ooked at the subgroup of patients above these
thresholds, we saw a treatnent effect that was
significant. Patients receiving A durazyne showed a
decrease of six events per hour conpared to little
change in the placebo group, and this result was
significant. In the open-label extension phase,
conti nued treatnent with Aldurazyne |ed to a
mai ntenance of this reduction in AH, and now the
pl acebo-crossover patients who received Al durazyne
showed a reduction.

| would now like to nove on to functional
capacity, as neasured by the six-mnute walk test and
shoul der flexion. Treatnent with Al durazyne led to an
inprovenent in the six-mnute walk test, and relative
to placebo, there was a 38-neter difference by 26
weeks. This val ue approached statistical significance
with p-value of .066 in the min analysis, the

W coxon Rank Sum Test.
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However, in a second prospectively-defined
anal ysis, an analysis of co-variants which takes into
account baseline variables known to affect a six-
mnute walk test, we did achieve statistical
significance with a p-value of .039.

In the open-label extension study these
results were confirned. Patients who continued on
Al durazynme showed an inprovenent of simlar magnitude
as that experienced during the double-blind phase, and
t he change from baseline was significant.

Simlarly, the placebo-crossover patients
al so showed an inprovenent simlar to what was seen in
Al durazyne-treated patients in the doubl e-blind phase,
and this was a significant change from baseli ne.

| just want to point out that at week four
there was a dip that occurred in both patient groups.

W attribute this decrease to a loss of a training
effect. At baseline patients were required to undergo
three successive, six-mnute walk tests on successive
days, but at subsequent tinme points they underwent one
test, and we believe that the decrease seen here at

four weeks is related to that loss of training effect
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i n both groups.

Just as we asked for FVC, what's a
clinically-significant change in a six-mnute walk
test? Well, in a study published in 1997 in adults
with chronic obstructive lung disease, a b54-neter
difference was considered a mninal clinically-
inportant difference in this group.

So we |ooked at our patient population and
asked, what proportion of patients within each group
achieved a 54-neter increase? W found that 41
percent of the Al durazyne-treated patients showed a
clinically-nmeaningful increase in the six-mnute walk
test, conpared to only 13 percent of placebo-treated
patients, and this difference was significant.

W also |ooked at shoulder flexion in all
patients. When all patients were considered, we saw
no significant difference between Al durazyne and
pl acebo. However, there was trenendous heterogeneity
in the degree of shoulder restriction anong patients.

So we looked at the patients who had the nost severe
shoul der restriction at baseline, and this is the

group below the nedian of 90 degrees, whi ch
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approxi mates the horizontal.

Wthin this nore severely-affected subgroup
we saw that Al durazyne led to an inprovenent of nearly
10 degrees in shoulder flexion conpared to a loss of 5
degrees in placebo-treated patients. Wen the
patients went into the open-I|abel extension study, the
i nprovenents in shoulder flexion were maintained in
the Al durazynme group, and they inproved in those who
crossed over from placebo to Al durazyne.

| would now like to discuss the renaining
efficacy vari abl es: vi sual acuity and t he
guesti onnai res, t he Child Heal t h Assessnent
Questionnaire, and the adult version, the Health
Assessnent Questionnaire, which | ooks at activities of
daily [living, and the SF-36 and Child Health
Questionnaire which | ooks at quality of life.

At baseline nost patients had normal to
near-normal corrected visual acuity. However, there
were a few patients within each group who had severe
visual inpairment even wth glasses. Anong these
patients, five of the six who received Al durazyne

showed a significant two-line inprovenent on a visua
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acuity chart conpared to none of the placebo patients.

We | ooked at disability and quality of life
in these patients through questionnaires. After 24 to
26 weeks of treatnent, either in the Al durazyne
patients in the double-blind phase or the placebo-
crossover patients in the open-|abel extension, we saw
no significant changes.

However , with continued treatnent wth
Al dur azyne, after 50 weeks in the open-|abel
extension, we began to see clinically-meaningfu
i nprovenents in both instrunents. W saw a decline in
the CHAQHAQ D sability Index score and we saw
i nprovenents in the SF-36 and CHQ sunmmary and subscal e
scores.

Many of the inprovenents that we saw rel ated
to physical functioning, and this would go along wth
the inprovenents that we saw in the six-mnute walk
test and shoul der fl exion.

| should also just point out that these are
guestionnaires filled out by patients or their
famlies, so the patients are telling us they're

getting better through these questionnaires.
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Now we didn't see changes over the first six
nont hs of t r eat ment with ei t her of t hese
gquestionnaires, and we believe it's because these
guestionnaires are generic instrunents that apply to
many different diseases, but they're just not
sensitive or specific enough to show change in a short
time period in the MPS | popul ation. In response to
this, we're working wth experts now to devel op our
own di sease-specific instrunents specifically for MS
l.

What | have just shown you are nean changes
across groups in individual endpoints, but there are
two key features of MPS | disease that are not really
addressed through these types of analyses. The first
is the patient-to-patient heterogeneity.

Because patients are so heterogeneous,
there's a potential for both ceiling and floor effects
when we | ook at nean group changes. Second, MPS | is
a nultisystem disorder, and if you |ook at individua
endpoints, it's very difficult to know how a patient
is really doing across their entire body.

In response to this, after conpleting of the
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doubl e-blind phase, we perfornmed a post-hoc analysis
through the developnent of a conposite endpoint
appr oach. This allowed us to assess change in
i ndi vidual patients across multiple organ systens.
Thi s type of anal ysi s accommodat es pati ent
het er ogenei ty.

W chose several domains and established
thresholds of the clinically-significant change. |
there was a clinically-significant inprovenent, we
assigned a score of plus one. If there was a
clinically-significant decline, we assigned a score of
m nus one. And if there was no change or snall
changes in either direction, we assigned a score of
zero.

The two endpoints of this type of analysis
are responders who refer to the proportion of patients
with overall net inprovenent -- so a patient who has
nmore inprovenent than decline -- and the nean net
change for the group, which would be the nunber of
i nprovenents mnus the nunber of declines per patient
for the group.

These are the different domains that went
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into the conposite endpoint, and you wll recognize
many of them fromthe Phase 3 study. The FVC and si x-
mnute walk test were our co-primary endpoints. AHI
and shoulder flexion were secondary endpoints, and
visual acuity was a tertiary endpoint.

The clinically-significant thresholds |isted
on the right were taken either fromthe literature or
in discussion wth experts. This is a table that
shows the Aldurazyne and the placebo-treated patients
according to the conposite endpoint.

Patients are listed in rows. The different
domains of the conposite endpoint are listed in the
col ums. Cinically-significant inprovenents are
highlighted in red; clinically-significant declines in
yel l ow, and no change in gray.

| think you can appreciate that in the
Al durazyne-treated group there's nmuch nore red than in
t he pl acebo-controlled group. In fact, 82 percent of
the patients in the A durazyne-treated group showed
i nprovenent in at |east one domain, and 41 percent of
patients showed inprovenent in at |east two donmains.

There is much nore inprovenent than decline over here.
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An opposite pattern is seen in the placebo-
control group where there is relative nore declines
than inprovenents, and when inprovenents do occur,
they occur generally in a single patient in no
particul ar pattern.

To calculate a conposite score, say, for
exanple, Patient 30, we take the nunber of domains
with inprovenent and subtract the nunber of domains
with decline. So this Patient No. 30 would have a
score of plus two.

On the next slide is a histogram show ng the
net change on a per-patient basis for both groups, and
| think it's, again, easy to appreciate that there has
been a shift to the right in patients treated wth
Al dur azyne, I ndi cating overal | net i npr ovenent
relative to placebo.

If you look at patients who showed net
inprovenent in at |east one domain or higher, 59
percent of patients treated with Al durazyne showed
overall net inprovenment conpared to 22 percent of the
pl acebo patients, and this difference in proportions

was statistically-significant.

S A G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

48

The nean net change also differed between
groups. Patients receiving A durazyne show on average
an inprovenent of one domain per patient, and in the
pl acebo patients there was a decline of .4 domains per
patient.

Now | would like to take a nonent just to
synt hesi ze and sunmari ze the efficacy data | have just
presented. Qur Phase 3 clinical study has shown that
Al durazynme inproves respiratory function. W net our
co-primary endpoi nt of change in percent predicted FVC
with a statistically-significant difference between
gr oups t hat was al so a clinical |l y-meani ngf ul
difference when |ooked at a mnean change. Wen we
| ooked within the group, a nuch higher proportion of
patients receiving Al durazyne showed clinically-
meani ngf ul i nprovenents conpared to pl acebo.

As a supporting neasure, we saw i nprovenents
in sleep apnea in patients who had synptons at
baseline, and the difference between the Al durazyne
and the placebo-treated patients in this subgroup was
statistically-significant. These results wer e

confirmed and mai ntained in the extension study.
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Al dur azyne al so I mproves functiona
capacity. The six-mnute wal k test was our second co-
primary endpoi nt, and we showed a clinically-

meani ngful 38-neter difference between groups that

approached statistical significance. Wen we took
into account baseline variables in a second
prospecti vel y-defi ned anal ysi s, we achi eved

statistical significance of analysis of co-variants.
W also saw a nmuch higher proportion of patients
receiving Aldurazyne who showed a clinically-
significant inprovenent of 54 neters than in the
pl acebo group.

As a supporting neasure, we saw i nprovenents
in shoulder flexion in the patients that were nost
severely inpaired at baseline. Going back to the
Phase 1/2 study, this correlates with changes that we
saw in the New York Heart Association score shift to
C ass Zero. Again, these results that we saw in
functional capacity have been confirmed and mai ntai ned
i n an open-| abel extension study.

In t he addi ti onal neasur es, we saw

i nprovenents in visual acuity in the patients who were
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nost inpaired at baseline. Fromthese questionnaires,
the patients are telling us that they have seen
clinically-neaningful inprovenents and are reporting
them in these questionnaires after 50 weeks, albeit
this is an open-|abel setting.

W have also denonstrated in a placebo-
controlled setting reduction of |ysosomal storage, as
measured by wurinary GAG excretion and reduction of
hepat onegal y. These pharnmacodynam c results have been
confirmed, as well as maintained, in the extension
st udy.

As an alternative analysis, we devel oped a
conposite endpoint approach to look at change in
i ndi vi dual patients, and what we saw is that
Al durazyne led to a broad treatnent effect. The
majority  of patients receiving Al durazyne were
responders, and there was overall net inprovenent in
patients receiving A durazyne conpared to pl acebo.

Now | would like to nove on to the safety
and imunogenicity portion of ny presentation. Thi s
slide summarizes our major findings. The overal

adverse event profile of A durazyne was found to be
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simlar to placebo. Most of the adverse events that
occurred were mld or noderate and were not related to
treat ment.

Simlarly, I nf usi on- associ at ed reactions
that occurred in Al durazyne-treated patients were
simlar to those receiving placebo. Most were mild
and no intervention was required.

The majority of serious adverse events that
occurred during the study were considered unrel ated by
the investigators, and they occurred in a total of 14
patients. A single patient had two related serious
adverse events, and I'll just take a nonment regarding
this patient. This was a very conplicated patient who
had severe respiratory inpairnment, and both of these
serious adverse events involved respiratory distress,
t he second event requiring a tracheostony.

Many of the patients in our study have
profound respiratory inpairnment, as evidenced by the
baseline percent predicted FVC Many of these
patients, including this one, who experienced these
SAEs, have derived clinical benefit from Al durazyne.

The other point | want to make is that these
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two serious adverse events related to two infusions
out of 2,600, and, inportantly, there have been no
treatnent-rel ated deat hs associated with Al durazyne.

Finally, nost patients receiving A durazyne
did develop low 1gG antibody titers, but they had no
apparent effect on either safety or efficacy.

This is the overall adverse event profile,
t he Phase 3 double-blind study. As would be expected
for a disease like MPS 1, which is very chronic in
nature, nearly every patient in the study experienced
at least one adverse event, but, inportantly, the
types of adverse events and the nunbers between groups
were very simlar between placebo and Al durazynme-
treated patients. Many of these adverse events are
very common synptons that are related to either
i nfection or underlying disease.

Wen we |look at the infusion-associated
reactions, we see a simlar pattern. Patients
receiving Al durazyne, 32 percent experience an
i nfusi on-associ ated reaction, but, again, inportantly,
48 percent of the placebo patients also experience

i nfusi on-associ ated reacti ons.
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In the open-label extension study, simlar
proportions, 30 to 36 percent in each group,
experi enced infusion-associated reactions. The nost
common ones were flushing, fever, headache, and rash
and they were simlar between groups.

N nety-one percent of patients who received
Al durazyne devel oped antibodies, but generally these
were of low titer. The nmediumtine to seroconversion
was 50 days. Three patients underwent testing for |gE
because of noderate infusion-associated reactions, and
all were negative. One additional patient net the
criteria for IgE testing, but was not tested, as per
t he investigator.

In the open-I abel extension phase, 89
percent of the patients had seroconverted by week 24
and, inportantly, two patients who had been naintained
on Al durazynme throughout had tolerized, as evidenced
by two negative antibody titers, confirmed by
r adi oi nmunopr eci pitation.

Two patients underwent testing for IgE and
the results were generally inconsistent with both skin

testing and serumtryptase results.
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Vll, we're interested in studying the
effects of ant i body formati on on saf ety,
phar macoki neti cs, pharmacodynam cs, and efficacy. In

general, we found no clinically-meaningful inpact.
Nearly all patients who received Al durazyne had
seroconverted, and yet the incidence of infusion-
associ ated reactions was simlar to that of placebo.

Looki ng at the pharmacokinetics, we did see
a decrease in the volunme of distribution over tine,
but there was no inpact on the clearance of Al durazyne
from the plasnma. I mportantly, we've seen sustained
reductions in both liver volune and GAG levels in the
setting of antibodies.

Finally, in ternms of efficacy, patients
receiving Al durazynme have nmaintained inprovenents in
both FVC and the six-mnute walk test well after they
seroconvert ed.

In conclusion, MPS | is a rare, progressive,
life-threatening disorder that represents an unnet
medi cal need. In an adequate and well-controlled
clinical study, Al durazynme has been denonstrated to

rapi dly decrease |ysosonal storage of GAG and this is
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translated into neaningful <clinical inprovenents in
terme of both respiratory function and functional
capacity.

Al durazyne is well-tolerated with a safety
profile conparable to placebo. The conpliance of this
study was amazingly high. Geater than 97 percent of
infusions were received by patients in each group
during the double-blind phase, and | just want to
commend the patients for their participation in the
st udy.

Finally, we believe that the totality of the
data indicates that A durazyne has a favorable
ri sk/benefit profile. Thank you very much.

| would like to now turn the podium back to
Dr. Mienzer, who will share his clinical perspectives
on the neaning of his clinical study results.

DR MJENZER In the next few mnutes | want
to share ny personal perspective on the clinical
benefit of A durazyne treatnment in MS |I. I"'m a
pedi atric bi ochem cal geneticist wth over 20 years of
patient care experience. | have seen over 200 MPS

patients, 50 which have MPS |
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As you consider the fate of Al durazyne
treatnent, consider the following points since they
have inpact on the trial design and the interpretation
of data:

MPS | is a rare disorder. The typica
pediatrician in the US. nmay see one to tw MS
patients in a lifetime of practice, nmay never see a
patient with MPS |.

In the Phase 3 trial you just saw the data
presented, the 24 patients studied in North Anerica
with Hurler-Scheie syndrone and MPS | represent 10 to

15 percent of the eligible patients for that trial.

MPS | is a progressive disorder wth
mul tisystemc invol venent. The continued |ysosonal
storage results in cell dysfunction, <cell death,
ti ssue damage, and fibrosis in many tissues. Wth

time, these changes becone irreversible.

Wth that perspective, any reversible of
clinical disease | believe is highly significant, and
"Il be nore than happy to accept stabilization or
| ack of progression as a very successful outcone. The

mul ti systemc nature of disease also clearly inpacts
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many aspects of the disease.

As an exanple, as you saw, patients with MPS
| have upper airway obstruction superinposed on severe
restrictive lung disease in many patients. The
del eterious effect of upper airway obstruction that's
well-known is clearly exacerbated by the decreased
airflow that occurs due to the restrictive |ung
di sease.

There is no treatnent for these disorders
that is safe. Bone marrow transplantation has been
used, but has significant nortality.

On a regular basis, when | see ny patients

in the clinic, I can offer them nothing but
synptomatic care. | talked in the past that enzyne
repl acenent clearly could have inpact and | clearly

believe the future is close.

Next slide. The inprovenents | have seen in
the six-mnute walk | believe reflect the functional
i nprovenent that | have observed in the patients, and
that the patients and their parents report to ne.
These patients have increased nobility and endurance.

Treatnment has resulted in |ess wheelchair
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usage. They have increased endurance to carry out the
normal activities of childhood. As an exanple, many
of these patients after enzyne can now wal k the | ength
of the mall. You may say, "Wat does that nean?"
VWl |, before they could never do that because of their
disability. Either they used a wheelchair or they
never did it at all because of the difficulty of doing
t hat .

One of ny patients, a 13-year-old, reported
to nme that he can now go to a friend' s house on his
own W thout assistance four or five blocks away, where
before treatnment he could never make it there because
of joint stiffness and pain.

In addition to that, we've seen functional
i ndependence that's significantly inproved. They have
significant less need in terns of self-care. They
don't need as much help. They don't need help to put
on their clothes anynore, sone of these patients.
They don't need help for personal hygiene.

On Friday | saw one of ny patients in clinic
involved in the trial, and the nother reports to ne,

remnded nme that, as a young child, prior to
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ki ndergarten she learned to tie her shoes I|ike nost
kids, but two or three years after that point she |ost
that ability due to her joints getting progressively
stiff. Wth enzynme replacenent, the nother reported

she can tie her shoes once again. She's a 13-year-old

t eenager.

In ny experience MS | is always a
progressive disorder. |'ve never seen inprovenents
unless intervention has occurred. The sust ai ned
i nprovenents that ['ve seen in this clinical tria

have not before been experienced in this disorder.

More inportantly for nme and remnmarkable,
t hese changes have occurred in as little as six nonths
for sone of these patients. The first patient
involved in the MPS trial is a patient of mne |'ve
known for 16 years. After six nonths of treatnent, it
appears that his clock was turned back, that his
di sease was turned back two to three years as a result
of treatnent.

One of the real benefits | believe of this
drug will be we wll no longer have to care for

patients with the degree of physical disabilities that
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you've seen as part of this trial. But what | really
hope to be able to do is to prevent the progression of
di sease, to prevent the somatic disease, inprove
quality of life, and prevent the premature deaths that
occur in this popul ation.

In summary, physicians who care for patients
with MPS | need to have Al durazyne available to them
as a treatnent option. As a panel, | urge each of
you, strongly urge each of you, to reconmend approval.

Thank you.

| will turn the mcrophone to Matt Patterson
for concl udi ng remarks.

MR PATTERSON: Thank you, Dr. Mienzer. I
woul d like to just conclude our presentation by giving
you our perspective on the questions you have been
asked to discuss at today's panel neeting.

The first question you' ve been asked rel ates
to the inpact of Al durazynme on pul nonary function and
your interpretation of that information; specifically,
the value of the treatnment effect denonstrated on
percent predicted force vital capacity.

The Al dur azyne clinical dat a have
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denonstrated a statistically-significant inprovenent
in percent predicted force vital capacity. The
primary  endpoi nt was met and denonstrated a
statistically-significant difference between groups in
favor of Al durazyne.

A statistically-significant treatnent effect
was also seen after controlling for basel i ne
vari abl es. This is the analysis of co-variants. I
would like to highlight this because you may have
noticed that in the question you were asked today the
agency has highlighted a difference at baseline
between the two groups and suggests that the treatnent
effect observed may have been caused by this
di fference between the groups at baseline. The ANCOVA
result helps mtigate this concern.

The Al durazyne cl i ni cal dat a have
denonstrated a clinically-significant inprovenent in
force vital capacity. As Dr. Cox noted earlier, 41
percent of patients treated wth A durazyne had a
clinically-neaningful 11 percent relative increase in
FVC versus just 9 percent of patients treated wth

pl acebo. Again, | would like to point out that this
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is an anal ysis denonstrating inprovenent in individual
patients as opposed to group changes, and, thus, it
also helps mtigate any concern that a difference at
baseline was responsible for the observed treatnent
effect.

Finally, there's also additional support for
the force vital capacity results. W have shown that
the extension data are positive. Patients treated
with Al durazynme during the double-blind portion of the
trial maintain their inprovenents. Patients treated
with placebo during the double-blind portion of the
trial inmproved after 36 weeks of the extension study.

It denonstrated an inprovenent in sleep
apnea in patients wth disease at baseline. Final ly,
it's inportant to remenber the context of patient
heterogeneity when interpreting these results. When
we consider that, and you consider all the results as
a whole, they becone all the nore inpressive. Taken
as a whole, the results related to function are both
robust and neani ngf ul .

I'm going to actually skip to the third

guestion you' ve been asked because it's basically the
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same question as force vital capacity | just covered,
but this tinme for functional capacity and for six-
m nute wal k, again, asking for your interpretation of
t hese results.

The Al dur azyne clinical dat a have
denonstrated strong statistical support for an
i nprovenent in the six-mnute wal k test. The primry
endpoi nt appr oached a statistically-significant
di fference between groups in favor of Al durazyne. A
statistically-significant di fference, t r eat nment
effect, after controlling for baseline variables was
obser ved.

This is the analysis of co-variants. Again,
simlar to the FVC question, in this question to you
they've asked, they've highlighted a difference of
basel i ne between the groups and have suggested that
this mght be responsible for the observed treatnent
effect. The analysis of co-variants helps mtigate
thi s concern.

The Al dur azyne clinical dat a have
denonstrated a clinically-significant inprovenent in

six-mnute wal k tests. Again, as Dr. Cox noted, 41
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percent of A durazyne patients had a clinically-
meani ngful 54-neter increase in their six-mnute walk
test versus just 13 percent of placebo patients.
Again, this is an analysis in individual patients
showi ng i nprovenent as opposed to group changes, and,
therefore, again, helps mtigate <concern that a
difference at baseline is solely responsible for the
observed treatnent effect.

Finally, there's additional support for the
results on the six-mnute walk test. The extension
study data are positive. Patients treated wth
Al durazyne during the double-blind portion of the
study maintained and continued to inprove in the
extension study, and patients treated with placebo in
the double-blind portion of the study inproved after
rolling over to Aldurazyne treatnent in a fashion very
consistent with what we saw in Al durazyne-treated
patients fromthe begi nning of the doubl e-blind study.

It denonstrated an inprovenent in shoul der
flexion in patients wth restriction at baseline and
an inprovenent in New York Heart Association scores in

the Phase 1/2 study. Both of those help speak to an
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i nprovenent in overall functional capacity in these
patients.

Finally, again, | ask you to consider that
these patients are extrenely het er ogeneous at
basel i ne. So when you interpret these data, they
becone nore inpressive when you consider the nature of
the disease at Dbaseline. Taken as a whole, the
results related to functional capacity are both robust
and neani ngf ul .

| would like to actually now return back to
Questions 2 and 4, which are both basically the sane
guestions, except one is related to force vita
capacity and one to the six-mnute wal k test, and they
ask you about subset anal yses.

Specifically, the agency has taken the Phase
3 double-blind data and has perforned subset anal yses
according to traditional denographic subgroups I|ike
age and gender, and devel oped conclusions that there
were differences in the treatnent effect observed
bet ween these subgroups. W' ve done the sane anal ysis
and |ooked at the sane data and have cone to a

different conclusion, and these points basically
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sunmari ze our perspective on this approach.

W believe that patient heterogeneity at
baseline seriously limts the wusefulness of these
subset analyses, unless they're based on clinical
mani festations of the disease at baseline. However ,
when you do these anal yses, you actually see that the
p-values for treatnment effect are maintained for
nearly all analyses after co-variant adjustnent.

Nonet hel ess, the agency's conclusions have
no effect in these denographic subsets that are based
on small nunbers, which they actually note in the
question, and are not supported by inprovenents that
we see in individual patients. Finally, it's
inportant to note that from our perspective we see no
bi ol ogi cal plausibility for differences based on these
denogr aphi ¢ subsets.

The next question you have is Question 5
that asks for your interpretation of the effect of
anti bodies to A durazyne on the long-term efficacy of
the treatnent. It's inportant to point out the
foll owi ng couple of points:

As we've shown you, there's no data to
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suggest any effect of antibodies on efficacy outcones,
and this conclusion is driven by one-year data from
the force vital capacity and six-mnute walk test
results of the Phase 3 study and three-year data from
the sensitive neasures of urinary GAG levels and |iver
vol une in the Phase 1 study.

But we would, of course, like to note that
this is an inportant subject and we recogni ze that.
So, therefore, we would like to note that we are, of
course, open to working with the agency to determne
the nost appropriate neans  of continued data
collection on this subject post-approval.

Looking at the next question, it is asking
for your interpretation of the effect of antibodies to
Al durazyne, possibly cross-reacting w th endogenous
i duroni dase, and thereby worsening the clinical course
of these patients. There's really three basic points
| would like to nake on this subject.

The first is that endogenous iduronidase is
intracellular in the |lysosone and, therefore, is not
accessible to circulating antibodies. There's over

ten years of experience in treating Gaucher's disease
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with enzyne-repl acenent therapy, and these data
indicate no inpact of antibodies to the drug product

on the endogenous levels of the enzyne in those

patients.

Finally, the nost inportant point probably
to renmenber, that all patients in the Al durazyne
clinical trials do have resi dual | evel s of

i duroni dase, and they've all devel oped antibodies, as
you' ve seen, but yet we've also shown you that the
data show that their efficacy inprovenents are
mai nt ai ned over tine.

Finally, you have been asked to interpret
the use of Adurazyne in patients wth profound
respiratory inpairnment at baseline. As you can see in
the question, this basically stens, in particular,
from one particular result in a patient who received
Al durazyne during the extension study. This was a
serious adverse event that Dr. Cox noted earlier

But it is inportant to renenber the context
that Dr. Cox nentioned in his talk, which is that
there are many patients' exanples who have had a

simlar degree of respiratory inpairnment at baseline
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who have not had serious adverse events after
treatnment with Al durazyne. So it is inportant to
remenber that in context when considering that issue.

Nonet hel ess, we recognize it is an inportant
qguesti on. So, clearly from our perspective, we
believe patients with profound respiratory inpairnent
can be treated wth Aldurazyne as long as they're
careful ly managed by their treating physician.

You will also note that in your question
today it was asked of you, "Should this be a specific
warning in the labeling for Al durazynme?" W don't
think that's necessary, but we do fully support the
t hought, the idea that this beconme a precaution in the
| abeling to nmake sure that physicians have all the
information they need related to treatnent.

| would like to just conclude with a few big
pi cture thoughts for you. You' ve heard today from Dr.
Muenzer that MPS | is a heterogeneous, progressive,
and clearly serious and life-threatening di sease. The
rationale for enzyme replacenent therapy is very well-
est abl i shed.

The pre-clinical studies of A durazyne were
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predictive of a successful outcone in patients, and
the Al durazyme clinical studies have denonstrated
clinical benefit. Enzynme r epl acenent t her apy
performed as expected. Lysosomal storage was cl eared,
and this translated into clinical benefit that was
bot h nmeani ngful and consistent with the nature of the
di sease in these patients at baseli ne.

W have denonstrated a good safety profile
for the product and that infusion reactions, when they
occur, are manageable. Al this translates, from our
per specti ve, into Aldurazyne having a favorable
ri sk/ benefit ratio.

| hope this presentation has been hel pful to
you. W're certainly very excited and pleased wth
the results of these clinical studies, and we hope
they help convince you to support the approval of
Al durazyne for the treatnent of MPS | and, thus, the
opportunity to make it available to patients with MPS
l.

That concl udes our presentation. | would
like to say that | was actually going to propose that

| could stay at the podium to help nanage any
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guestions you mght have. W have a variety of people
who are here and are willing and able to hel p answer
guesti ons. I'"'m happy to field those, point them to
the right person, to ensure you get any answers that
you mght need to questions. So if that works, 1'Il
stay up here.

Thank you very nuch.

CHAI RVAN ACKI : The sponsor is now open to
guestions fromthe Commttee. Dr. Sanpson?

DR SAMPSON I had a nunber of questions
that relate to the questions that the agency has asked
us. A lot of them are statistical, sone of which you
have touched upon. | would try to go through them
qui ckly.

My first question is, why were both FVC and
six-mnute wal k distance chosen as co-primary, given
the difficulty in denonstrating significance in two
co-primary variabl es? Could you briefly say the
rationale for that?

MR PATTERSON. Sure. | can ask Dr. Cox to
help us with the rationale for the choice of both

endpoi nts, if that works.
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DR COX Initially, we had actually
proposed having the six-mnute walk test as a
secondary endpoint, specifically because of the
reasons of trying to enroll patients who would be at a
given level of norbidity for both endpoints. However,
there was sone concern on the agency's part about FVC
perhaps being a surrogate endpoint for inproved
respiratory function. It was really on their
i nsistence that both co-primary endpoints were chosen.

The agency did recommend limting the distance wal ked
as an entry criteria, but we felt that, because of the
rarity of the disease, we really could not enrol
enough patients.

DR SAMPSON. Thank you. The next question
| had was, there's a brief note in the agency's review
about the sizing, sanple size. | understand the
difficulties in patient population, but could you say
just a little bit, please, about the power on the
sanple sizing for FVC in the design of the trial?

MR PATTERSON: Yes, we would be happy to.
Can | ask Karen Wl ton-Bowen, the statistician for the

study, to help us answer that question?
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DR WALTON- BOVEN: Yes. The sanple size
considerations for this trial were driven by both the
force vital capacity and the six-mnute walk test in
terme of change from baseline to week 26 in the
percent of predicted normal and the six-mnute walk
for the treatnent group versus pl acebo.

The power is actually 80 percent, and the
significance level for testing was 5 percent. Thi s
led to 21 evaluable patients in the treatnent group,
and there were 45 patients random zed into the study.

DR, SAMPSON: I"m sorry, perhaps |'m just
not catching this quick enough, but are you saying
that you powered this for -- each group changed in FVC
from baseline and then you powered it for a difference
i n changes of 15 percent?

DR VWALTON-BOVYEN:  Yes. That was based upon
sone advice that we had at the tine, and perhaps Cerry
would |ike to talk about the clinical inpact of those
changes.

DR COX There were discussions held wth
experts regarding what mght be an attainable change

in percent predicted FVC, and 15 percentage points was
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consi dered probably the nost reasonable upper limt of
change.

DR SAMPSON: This is change from basel i ne?

DR COX No, this is percent predicted
change, absol ute change in percent predicted.

DR SAMPSON But within treatnment group
from baseline, are we |looking at the difference across
changes? |1I'mstill not clear on that statenent.

DR WALTON-BOMEN:  Yes, that's correct, Dr.
Sanpson.

DR SAMPSON: Wiich is correct? |'msorry?

DR WALTON-BOMEN  Yes, it's the difference
between the treatnment and the placebo group.

DR SAMPSON: In their changes?

DR WALTON- BONEN: In their changes from
baseline to week 26.

DR, SAMPSON: Ckay. The next question was,
the WIcoxon was designated as the primary anal ysis of
the co-primary variables, is that correct?

DR WALTON-BONEN: That's correct.

DR SAMPSON:  Just two final questions: One

was in terns of the analysis of co-variants --
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DR VWALTON- BOAEN:  Yes.

DR SAWMPSON. -- which has been raised as an
issue by the analyses certainly that's been done by
the agency. Could you say a little bit -- there was a
statistical analysis plan finalized before the blind
was broken.

DR VWALTON- BOAEN:  Yes.

DR SAMPSON: How did you handle the co-
variants? And then |I'm going to ask you specifically,
did you |l ook at the co-variants of gender and baseline
severity individually w thout being put in a group?
And when you examned those, did you |ook at the
interaction of baseline severity with treatnent and
the interaction of gender with treatnent?

DR VALTON BOVEN: Ckay, could I have slide
14, please? This is giving details about the analysis
of co-variants with the six-mnute walk test. The
week 26 six-mnute wal k was the dependent termin the

nodel with main effect terns for treatnent, center,

gender, height, Iliver volune, and baseline walKk.

These were put into the nodel as a group. They

weren't put in separately. Because of the snall
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nunbers of patients, we kept it to main effects and we
didn't have interactions in the nodel.

After controlling for these co-variants, we
saw a significant treatnent effect at p equals 0.039

As the previous speakers have alluded to, we believe
this is a nore appropriate analysis to adjust to the
basel i ne variabl es because, six-mnute walk, the main
analysis was on the raw neter change. It's not
normal i zed for factors which are known to affect the
six-mnute wal k test.

DR. SAMPSON: But , specifically, you
woul dn't have an analysis with just the change in FVC
treatnment and gender, and the interaction of those
two, that mght help sone of wus that are nore
analytically-inclined to answer sone of the questions
rai sed by the Food and Drug Adm ni stration?

DR VWALTON- BOAEN: W did not do that.

DR SAMPSON Ckay. Finally, do you have
confidence intervals, 95 percent confidence intervals,
on the treatnent effects for FVC and the six-mnute
wal k that we could see exactly the variability in the

treatnent effects for both of those?
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DR VALTON- BOAEN: | don't have those right
at this mnute. It may be sonmething we can get for
you this afternoon. W did do that in response to one
of the European agency questions, and we used Hodges-
Lehmann estinmates to put those confidence intervals
also on the treatnent effects.

DR SAMPSON: It seens that woul d be hel pful
to allow sonme of the people here to assess the upper
magni t ude of the possible effect.

DR WALTON- BOAEN:  Un-hum  Ckay, we'll work

on providing that for you for this afternoon's

sessi on.

DR, SAMPSON: And do you have any graphs of
the --

DR GRADY: Can | ask sonet hi ng?

DR SAMPSON:.  Sure.

DR GRADY: Can you tell us how you chose
those co-variants? I mean Yyou have infinite

possibilities.
DR WALTON- BOVEN: Yes. Those were pre-
specified in the statistical analysis plan after

discussions with the nedical nonitor as to which
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baseline variables may influence the outconmes of the
six-mnute wal k test.

DR GRADY: So these weren't chosen based on
differences -- you know, there were quite a few kind
of surprising differences in the groups at baseline
for a random zed trial, even though it was small. So
it wasn't chosen based on differences between the
gr oups?

DR VALTON- BONEN: No, it was chosen based
upon what was nedically thought to influence the
outconme of that test.

DR, SAMPSON: And do you have any graphs of
the change within patients of FVC versus change in
liver size?

DR WALTON-BOWNEN: | do, and, Dr. Cox, would
you |like to speak to that?

(Pause.)

DR GRADY: Could we just ask one nore
guesti on? |"m sorry. The outcone of the previous
analysis was still percent change from baseline,
right? So, essentially, it was also adjusted for the

basel i ne val ue? No?
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DR VWALTON-BOVYEN: For the FVC it was change
in the percent predicted. It was an absol ute change
in the percent predicted FVC, and for the six-mnute
wal k it was an absol ute change.

DR GRADY: No, no. So you're saying it was
-- so, essentially, it was unadjusted for the baseline
FVC?

DR WALTON- BOAEN.  The -- yes. Yes.

DR GRADY: So it was absolute difference
fromthe end of the study, from baseline to the end of
the study, in predicted FVC?

DR WALTON BOVEN: In percent of predicted
FVC, vyes.

DR GRADY: So it really isn't adjusted for
that baseline difference in FVC between the two
treat nent groups?

DR WALTON- BO/EN: The baseline difference
is put into the nodel. W also did a stratified
W1 coxon that just had the co-variant of the baseline
difference as well.

DR GRADY: Vell, you didn't have baseline

value listed as a co-variant in the nodel? They did?
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DR VWALTON- BOVNEN: | put up the six-mnute
wal k. We can go to the slide for FVC, which has the
baseline in the nodel.

DR GRADY: Ckay. And for the six-mnute

wal k?

DR WALTON-BONEN:  The baseline was also in
t he nodel .

CHAI RVAN ACKI :  Dr. Joad?

DR JQOAD: | just wanted to have been here
while we're tal king about the actual data. s your

data all done for FVC percent predicted based on the
original height or based on the current hei ght?
DR WALTON-BOMEN. W did it both ways.

DR JQAD: And all the data that we just

saw - -
DR WALTON- BOAEN: |'s basel i ne height.
DR JOAD: Baseline height?
DR WALTON- BONEN:  Yes.
CHAI RVAN ACKI @ Dr. Fol | man?
DR FOLLMAN: | had a few questions as well.
First of all, you showed dramatic decrease in urinary

GAG in both your Phase 1 and Phase 3 studies. Do you
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know what the normal value is for urinary GAG?

MR PATTERSON: | would like to ask Dr.
Kakkis to hel p us address that question, please.

DR. KAKKI S: Urinary GAG excretion
approached near normal in the studies. In the Phase
1/2 study, nornalization was achieved by the three-
year point for excess urinary GAG excretion based on
adj ust ed-for-age ranges because i ndi vi dual s at
different ages have different urinary GAG excretion.
If you look at three years of treatnent in the Phase
1/2 study, it showed 98.6 percent of the excess above
the 95th percentile for age in urinary GAG excretion.

In the Phase 3 studies the wurinary GAG
excretion was near normal, but still was above the
normal range. But because it is age-adjusted, because
it's different for different ages, it's difficult to
do the calculation wthout having nade that
adj ust nent .

DR FOLLMAN: | also have sone questions,
building on what Dr. Sanpson nentioned earlier. I
think it was in the FDA s docunent they also did an

anal ysis of co-variants on six-mnute wal k distance,
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but in that analysis they only had one co-variable
which was the baseline value in six-mnute walk
distance. As | recall, it had a pretty small p-val ue,
smal | er than what you' ve presented here.

| was wondering, you know, that nmade ne
wonder, and | was wondering if you had plotted the
change in six-mnute walk distance for your Phase 3
studi es baseline to end of study.

MR PATTERSON: | would like to ask Dr. Cox
or Karen \Wal ton-Bowen to address that one, please.

DR WALTON- BONEN: Can | have slide 17,
pl ease? This is the change from baseline to week 26
in the six-mnute walk. This is the change. On this
axis is the baseline six-mnute walKk. The open
circles represent the A durazynme group, and the filled
circles represent the placebo treatnent group

You can see that across a wide variety of
the baseline six-mnute walks we have a different
magni tude of changes across. W're not seeing the
typical regression to the nean pattern that you would
expect if the baseline differences were having an

effect.
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DR FOLLMAN: Rel atedly, do you have wal k
di stance as a function of age, both for baseline and
for the change, if you have a plot |ike that?

DR WALTON-BONEN: No, we didn't do that.

CHAI RVAN ACKI : Dr. Joad?

DR JOAD: Yes, | have a couple of questions
with regard to FVC. One is to have you explain again
why you think you should use baseline height rather
than current height, as is the typical.

MR PATTERSON. | would like to ask Dr. Cox
to address that question, please.

DR COX So in the clinical study we used
the percent predicted FVC to normalize FVC vol unes
across patients of very different ages and sizes, and
the percent predicted formulas that we wused are
dependent wupon height. In fact, the one that we used
for the majority of the patients from age ei ght onward
was the Hankenson fornula, which has hei ght squared as
part of the nodel.

Wen patients were receiving Al durazyne,
investigators told us that they noticed that patients

were standing taller; their joints were rel easing, and
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that they were increasing in height, not due to
necessarily Jlinear growh, but just through the
strai ghtening of their posture.

The ef f ect of this was really to
systematically increase the predicted FVC and thereby
decrease the percent predicted FVC of the |ung vol une
changes that we were seeing in patients treated
specifically with A durazyne.

Next slide. W have plotted out and
calculated the percent predicted FVC wusing both
current height as well as baseline height. You can
see in the placebo group they show sonewhat of a
decline in percent predicted FVC using current height.

The Al durazynme group shows a nodest increase, and the
difference was 4.3 percentage points, which was
significant.

Usi ng the baseline height, which was in our
presentation, you now see that the percentage
predicted FVC is closer to zero change in the placebo
group and a nuch hi gher change, 4.9 percentage points,
in the A durazyne-treated patients, such that the

di fference between groups is 5.6 percentage points.
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This was also statistically-significant in the
W1 coxon Rank Sum

W also plotted out the changes in raw FVC
volunmes seen in this patient population, and in the
pl acebo patients it actually declined by 17 cc's. The
Al durazyne-treated patients increased by 103, and the
difference between groups was 120 «cc's, agai n,
statistically-significant.

This 120 cc's is on a baseline nean |ung
volume of approximately 1 liter. So it represents
about 10 to 12 percent inprovenent from baseline.

And just to show you that, in fact, this was
the explanation for the changes, if you look at the
prepubertal patients in each group, the nean rate of
hei ght increase was 4.7 centineters during the six-
nmonth time period, which is double the normal growth
rate, and in the placebo-control patients it was 2.7
centimeters in six nonths. If you look at all the
patients, you can see that the Al durazyme-treated
patients did go up in height nore than the placebo-
treated patients.

DR JQAD: Dd you do anything to try to
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show that -- | nean, it doesn't seem to ne you did
show anything wth contractures in the knees or
anything that would go along wth your hypothesis
about that the increase in lung function was not
related to -- that you didn't have to correct for
growh as part of the increase in lung function.

DR COX: Rght. W found it very difficult
to tease out what was true growth because the patients
were also gaining weight. So we suspect there was
sone grow h. But we also heard from investigators
that just the patients were standing taller

W did neasure other joint range of notions.

W |ooked at not only shoulder flexion, but also
shoul der extension, knee extension, and this is a

summary of sone of that data here.

You can see that, wth treatnent -- let's
see, | think you were asking specifically about the
knee. This is right knee extension, left knee

extension, right knee flexion and |eft knee flexion
You can see that there's variable increases in
Al durazyne-treated patients relative to placebo. Then

in the open-label extension, the majority of these
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joints are inproving by several degrees in both the
pl acebo-crossover patients as well as patients treated
with Al durazynme for 50 weeks.

DR JQAD: | am assumng you would be
tal ki ng about |eft knee extension and hip extension to
get taller, right?

DR COX Yes. W didn't neasure hip
extension or flexion specifically.

DR JQAD: So left knee extension was not
very much? Am1 right?

DR COX The difference in the left knee
was not very nuch. The right knee was 5 degrees. I n
fact, in the patients who crossed over from placebo,
after Si X nont hs of t r eat ment t hey showed
approximately a 4- to 5-degree inprovenent, and those
who continued on Al durazynme for 50 weeks had nearly
doubl ed that to an 11- to 13-degree inprovenent.

DR JQAD: Then ny last question has to do
with your data about proportion of patients who had an
11 percent inprovenent in FVC. Was that an 11 percent
i nprovenent in the actual nunber of FVC or was it

percent predicted? If it was percent predicted, was
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DR COX: No, it was in the --

DR JOAD: -- or on the current?

DR COX: It was the raw |l ung vol une.
DR JOAD: So it was not corrected --
DR COX: It was based on cc's.

DR JOAD: -- for growh at all?

DR COX: No.

=

88

JOAD: Dd you look at it? Dd you do

your proportions based on percent predicted based on

current height, which would be corrected for growth

and corrected for size of a patient?

DR COX The 11 percent i nprovenent

was

based on the raw lung volunmes, not on percent

predicted. |If you |look at the change that we saw,

t he

5.6 percentage point difference, using the baseline

height relative to the baseline of approximtely 50

percent predicted, on average that was consistent with

what we saw in the raw |lung volunes, about a 10 to 12

percent i nprovenent.

But the nunbers | was showi ng you regarding

t he proportion of patients with 11 per cent
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i nprovenent, those proportions were based on raw | ung

vol une.

DR JOAD: Over a six-nonth period?

DR COX:  Yes.

DR JOAD: Yes.

DR COX: Thank you.

CHAI RVAN ACKI:  Any further questions? Dr.
Wool f ?

DR WOOLF: Can you tell us sonething about
the growh of the children who were prepubertal in the
treated group? Did they grow better or not grow
better? D d the pattern of bone abnormalities inprove
or not? And, lastly, | realize it is not in the
application, but wth spleens this big, were there
signs of hypersplenismand did that inprove?

VR, PATTERSON: There's a couple of
guestions there. I would like to ask Dr. Kakkis to

hel p out wth those, if possible.

DR KAKKI S: Wien looking in the Phase 3

trial in terns of height growh or weight

grow h

velocity, there wasn't sufficient height growh data

pre-treatnment to be able to conmpare the growth
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in these patients. It was |ooked at, but there was
not sufficient data to do that.

There were relatively few patients in the
Phase 3 that were prepubertal. | can show you sone
data from the Phase 1/2 trial, if you would like to
see that, on height growth velocity.

Can | have slide 113? In the Phase 1/2
study, we studied six patients of the group who were
prepubertal based on Tanner scoring, and we | ooked at
both height and weight grow h. Al patients were
growt h-deficient; many of them were less than 50
percentil e.

| f you conpare, then, pre-study heights and
wei ghts, we |ooked at data fromtwo years. These are
data comng from their pediatricians for which the
met hodol ogy was not wel | -established. However, during
the study we neasured heights using a stationeter and
an appropriate nean of three independent neasurenents,
as perforned in our CRC

The mean growth rates for these patients was
2.8 centineters per year at pre-treat nment and

increased to 5.32 centineters per year at week 52. It
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was a nmean nearly 100 percent increase in growth, and
in weight we saw a simlar increase, in fact, 135
percent increase in weight growh velocity concomtant
with that hei ght grow h.

The next slide just shows a visual |ook at
patients in the study. The dark line is their
baseline growh rate based on pre-treatnent values
obtained fromtheir pediatricians, and then the hashed
is the first year and the other bar is the second
year. You can see a fairly consistent increase in
height growh velocity 1in these patients after
treat nent.

On the next slide it shows the weight growh
velocity, also showng fairly consistent inprovenent
in patients in weight growh after treatnment. | think
the data show that there is sone inprovenent in growth
height and weight in these patients after treatnent,
and in the Phase 3 trial there may be sone inprovenent
in height, but there's also clearly sone inprovenent
in joint function. So it's difficult to separate
those two elenents in that study, which is why we

ended up using the baseline height.
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DR WOOLF: And hyper spl eni sn®?

MR PATTERSON: Dr. Kakkis can al so answer
the second question. Maybe could you repeat the
guestion just briefly for us? Thank you.

DR WOOLF: Al right. Wth spleens as
large as in these children, certainly speaking as an
i nternist, I woul d have expect ed to find
hypersplenism that 1is, decreased platelet counts,
perhaps red cell turnover, increased red cell turnover
as wel | .

DR KAKKI S: There S signi ficant
spl enonegaly in these patients, but it's several-fold
nor mal . It's not the type of hypersplenism that you
see in Gaucher's disease, where the spleen is naybe a
hundred times normal. So those spleens that are
enlarged, they're not having as great a henologic
inpact as you mght expect, for exanple, from
Gaucher's di sease or Nei mann-Pi ck di sease.

In the Phase 3 trial, when you |ooked at
pl atel et counts, they weren't abnormal at baseline,
but, clearly, after treatnent there was a difference

in the treated group of about 50,000 platelets
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conpared to the wuntreated group. So that there
clearly was sone inpact of splenonegaly on platelet
counts in these patients and that those inproved wth
treat ment.

CHAI RVAN ACKI @ Dr. Levitsky?

DR LEVI TSKY: Dr. Sanpson had asked a
guestion a nonent ago about the correlation between
the change in liver volune and the FVC, and the slide
got flashed up and then it got |ost. So | would be
interested to see that, if you coul d.

MR PATTERSON: Sure. Dr. Cox, can you help
us with that one, please?

DR COX This is a scatterplot of the two
pati ent gr oups, placebo in black circles, t he
Al durazyne in open circles. This is the percent
change in liver volume on the X axis, percent change
in predicted FVC on the Y axis. As expected, wth
treatnment, patients receiving A durazynme show a shift
to the left, indicating reduction in |iver vol une.

You can see that many of them have also
shown inprovenents in the percent predicted FVC, but

for a given level of reduction of liver volune there's
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a wde range of changes in percent predicted FVC

What this indicates to us is that liver may be
contributing somewhat to the inprovenent in the |ung
vol une, but there are clearly other factors that are
playing a role.

CHAI RVAN ACKI @ Dr. Schneider? Dr. Schade?

DR SCHADE: Yes, |'m having sone difficulty
under st andi ng the nechani sm between the treatnent and
the effect. In other words, | wunderstand you have
nmeasured reduction in liver volune, but what | don't
see, the outcones you're neasuring could be due to
many changes in ribcage, liver volune, et cetera.

| understand you've neasured a decrease in
urine abnormal products, but what | don't see any, |
haven't seen any histological data at all show ng any
tissue change in the abnormal Iipids that accumnul ate
or anything to indicate that your enzyne treatnment is
doi ng anything to the underlying pat hophysi ol ogy.

MR PATTERSON: Dr. Kakkis, can you help us

answer that question,
DR KAKKI S:

you sone data about

202/797-2525

pl ease?
If you would like, | can show

urinary GAG excretion in the
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cani ne nodel which relate to histopathol ogy which --

DR SCHADE: No, |I'm not interested in the
urinary data. I'minterested in the tissue data.

DR KAKKI S: Ri ght. Wat |'m saying is |
coul d show you sone data on urinary GAG and relate it
to tissue GAG levels in the dog. W did not do
biopsies in our trials with the children. There's
certainly a nunber of anesthetic risks in doing that,
and we opted not to do tissue biopsies.

Wth regard to liver --

DR SCHADE: Vel |, do these lipids
accunulate in the skin or any other tissue that's
easily accessible that would show that, in fact, your
treatnment is actually doing anything to the underlying
pat hol ogy?

DR KAKKI S: Wll, we feel that |ooking at

liver volunme is one way to |ook at storage, and the

reason is that it is well-established that [iver
storage and the volunme of liver is related to the
storage of vacuoles within the liver. Now you coul d

| ook at how many |ysosones are in livers or you can

just weigh the whole liver and see how big it is. The
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reality is that it's a better quantitative neasure of
liver storage just to look at the liver volune rather
than to do a |iver biopsy.

Secondly, doing a liver biopsy would be not
a very rigorous test of whether an enzynme is treating
t hese patients because there are so many other tissues
that contribute to the disease that know ng that
woul dn't hel p us.

SSmlarly, with a skin biopsy, we did skin
bi opsies but for other reasons, but these were not
done -- only pre-treatnent and not post-treatnent.
But if we showed inprovenent in the skin, I'mnot sure
how that would relate to the treatnent of other
aspects of the disease.

So, unlike sonme of these -- and | know
you' ve heard two days of Fabry's disease and |iver and
renal disease. There's not any single tissue that we
coul d access readily that would denonstrate to us that
the di sease woul d change. So we felt that clinical
nmeasures would be nore to the point in denonstrating
benefit in these patients.

DR SCHADE: So are you saying that this
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ti ssue doesn't accumulate in the skin or any other
easily-accessible tissues, just in tissues that you
can't reach?

DR KAKKIS: No. Wat I'msaying is there's
storage throughout the body in these patients, but the
sites of storage that are critical to the clinical
di sease course and the <clinical benefit in these
disease are not as readily-accessible, things Ilike
synovium for the joint storage or, for exanple, other
connective tissues or per haps lung would be
i nvol ved --

DR SCHADE: Vell, we heard about the
breathing difficulties and the fact that there were
redundant tissues in the breathing passages and the
tongue was large, and so forth. It seens to ne there
are nmany tissues that are accessible. | just want any
indication that you're actually decreasing the
under | yi ng pat hophysi ol ogy. Al 1 was really seeing
is indirect evidence of liver size or something |ike
that, and what you are neasuring is conplex clinica
out cones.

|'m actually very surprised that in the
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short period of tine you are seeing such a ngjor
clinical benefit because, as you were here the |ast
two days, they had difficulty seeing clinical benefit.

Yet, they were able to denonstrate an inprovenent in
t he under | yi ng pat hophysi ol ogy in t he tissue
accunul ati on of the abnormal conpounds.

Here we are seeing just the opposite. W're
seeing a nunber of clinical benefits wthout any
evidence that the underlying pathophysiology is being
corrected. Now liver volume is a very indirect
measure. |'mvery pleased the |iver volune decreases,
but there are things |ike glycogen, and so forth, that
change liver volume that have nothing to do with this
under | yi ng di sease.

So what | am saying is |I'm very surprised
that we're not seeing any nechanistic |ook/see at
accessi bl e ti ssues because al | t hese ti ssues
accumul ate sonet hi ng. W don't even know, for
exanple, in your walk test whether it's inprovenent in
joint nobility, lung function, et cetera, that lets
these patients walk farther, because it's such a

conpl ex actual ly endpoint that you're neasuring.
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| just wanted to see sone human tissue
that's inproving at any level to indicate that
systemcally you're having a beneficial effect.

DR KAKKI S: Let nme address that by talking
about the neasures we did use and explain a little
better why we used them

CHAl RVAN ACKI : Let me stop you there. | f
you don't have the tissues that Dr. Schade is
referring to, then | don't think you need to proceed

any further.

| would like to go on to the final -- Dr.
VWAt t s?

DR WATTS: l"m still trying to understand
the six-mnute walk test. | realize that vyour

subjects were recruited based on reduced |ung vol unes
and the ability to walk for six mnutes, stand for six
m nutes, but there was no upper |imt. Therefore, you
had a lot of subjects or a nunber of subjects who
seened to be wal ki ng reasonabl e di st ances.

Wile there's a wde range of normal, and
it's possible to go from normal to better, | really

couldn't see the graph that was up there that | ooked
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at the baseline versus the change. | was curious how
much of a change you saw in the subjects who were nost
severely limted in their six-mnute wal k at baseli ne.

MR PATTERSON: | could ask Dr. Cox to help
us answer that question.

(Pause.)

DR FOLLMAN Wuld you just like to see
that slide we saw earlier again?

DR WATTS: | would need at least a two-line
i nprovenent in ny visual acuity to be able to see that
sl i de.

(Laughter.)

DR COX: W did |look at changes in the six-
mnute wal k test distance according to severity. Ve
performed a nedian analysis and |ooked at patients
above and below the nedian. Wiat we did see was
relatively simlar difference between groups in the
six-mnute wal k test distance, 35 to 42 neters.

DR WATTS: Wiat was the nedi an?

DR COX The nedian was 38 neters. h,
sorry, the nedian six-mnute walk test distance, the

medi an was approxi mately 350. It varied a little bit
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between groups. So that represents about a 10 percent
i nprovenent .

CHAl RVAN ACKI : At this tine we'll take a
very punctual 10-m nute break because we wll start in
10 m nut es.

(Laughter.)

(Whereupon, the foregoing matter went off
the record at 9:58 a.m and went back on the record at
10: 09 a. m)

CHAI RVAN ACXI Advi sory Conm ttee nenbers,
pl ease take your seats.

(Pause.)

Ckay, the Advisory Commttee nenbers are now

present .

Dr. lrony is doing the FDA presentation.
Dr. Irony?

DR | RONY: Menbers of the Commttee, good
nor ni ng. M/ nane is Ilan Irony, and I'm a nedi cal
of ficer at CBER "1l be presenting today our review

of the data obtained in clinical trials for the use of
| aronidase in the treatnent of nucopol ysaccharidosis

Type | or MPS I|.
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Bi oMarin proposes the use of |aronidase for
the treatnent of patients with MS |. The proposed
dose is 0.58 mlligrans per kilo or 100 units per

kilo, given intravenously once a week.

MPS | is one of a group of |ysosonmal storage
diseases. It's due to a deficiency of iduronidase or
| DU. Heparan sulfate and dernmatan sulfate are
| ysosonmal degradation products. IDU cleaves to

termnal iduronic acid residues of these conpounds.
Deficiency of the enzyne leads to progressive
accumul ati on of glycosam nogl ycans. For the purpose
of this presentati on, I wi | abbreviate the
gl ycosam nogl ycans as GAG

MPS | norbidity and nortality are related to
conplications of airway disease and pneunoni as,
car di onyopat hy, and heart val ve  disorders, and
progression of hydrocephal us and neurol ogi c decli ne.
Hurler, Hurler-Scheie, and Scheie syndrones are three
clinical categories of MPS |, defined on the basis of
their overall severity, but these are arbitrary
definitions in a continuum spectrum

The diagnosis of MPS | is made by the assay
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of the deficient or dysfunctional enzynme |DU. The
assay is carried out in serum |eukocytes, or skin
fibrobl asts obtained from punch biopsi es.

The only treatnent available is supportive
care, primarily to nmanage conplications of MS I.
Al'l ogenei ¢ bone marrow transplantation has been tried
as a neans of replacing the enzynme, but this treatnent
is restricted to the nost severe patients with Hurler

It can be effective, but usually only to patients
younger than two years of age. There is significant
morbidity and nortality associated with bone marrow
transplantation, and it has not been shown to prevent
or treat a neurologic decline that acconpanies MPS |.

This table shows an overview of the clinical
studi es conduct ed. There is only one controlled
study, which is Study 003, which we'll present in nore
detail later.

Certain subjects did not neet the entry
criteria and are participating in an expanded access
study, shown in the last row Al studies use a
simlar |aroni dase dose of 0.58 mlligrans per kilo or

100 units per kilo, given intravenously once a week.
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In the next five slides I wll discuss the
Phase 1 study, Bl Or7500. This Phase 1 study was
designed as a single-arm open-label study, initially
to last 26 weeks. That study has been subsequently
expanded. Ten subjects older than five years in both
genders enrol | ed.

To neet the eligibility requirenents, they
had decreased IDU activity and hepatospl enonegaly as
well as increased urinary GAG excretion. The dose was
selected frompre-clinical studies in the cani ne node
of MPS I. The weekly dosing reginen is based on in
vitro data in fibroblasts derived from patients wth
MPS | .

The study investigated effects of |aronidase
in many tissues and organs during this study in an
attenpt to cover the spectrum of disease activity
The nost notable are listed in this slide: [liver and
spl een volune assessed by M throughout the study;
urinary GAG excretion as expressed per mlligrans of
creatinine; joint range of notion, particularly knees,
el bows, and shoul ders; cardiac assessnents, including

el ectrocar di ogram echocar di ogram and functional
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ough the New York Heart Association

including sleep studies

upper airways quantified as an index of

upper airway obstruction; assessnents of the centra
nervous system such as brain and cervical cord MR .
This slide summarizes the results of study
Bl O7500. Al subjects had reductions in |iver volune
of at least 20 percent by one year of treatnent. Al
subjects also showed reductions of urinary GAG
excretion of at least 50 percent as early as week six

of the study.
range of

and sl eep apnea.

noti on,

Most subjects had i nprovenents of joint

New York Heart Association scores

However, in sone objective assessnents, such
as echocardi ogram paraneters, visual acuity, centra
nervous system and anatom c abnornalities, and bone
eval uati ons, no changes were seen. The non-
controll ed, open-label nature of this study precludes
any concl usi on about clinical efficacy.

This slide presents a sumary of the safety
data in BI Or500. Eight of the ten subjects had
serious adverse events. Except for allergic
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reactions, the serious adverse events were related to
t he background MPS | di sorder

Two of these serious adverse events were
deat hs. Subject 008 died at the end of her second
year into the study of respiratory distress and
arrest. The relevant pathologic findings were a vira
| ynmphocytic nyocarditis and bronchiolitis. Thi s
patient had high titers of anti-laronidase igG
t hroughout the study and also conplenent activation
early on, between weeks six and twelve. Subj ect 002
died after week 137 from conplications of a surgica
pr ocedur e.

All subj ects devel oped anti -1 aroni dase
anti bodi es, as neasured by an ELISA nethod. O these,
four remained positive using a nore specific, Wstern
Blot assay for antibody detection. The titers
general |y peaked at eight to twenty weeks of the study
and decl i ned over tine.

In conclusion, weekly Iaronidase infusions
have denonstrated bioactivity in areas of |arge
accunul ation of glycosam noglycans, particularly Iiver

and spleen, and on the excretion of wurinary GAG
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There was no apparent correlation between anti-
| aronidase 1gG titers or duration of seropositivity
and the reductions observed in liver or spleen sizes
or in urinary GAG

Study BIOr500 has a non-controlled design
with open-label wuse of |aronidase which precludes
denonstration of efficacy in the clinical endpoints
pr oposed.

| will present now the design and the result
of Study 003. Study 003 was the only double-blind
pl acebo-control |l ed, random zed study reported in this
BLA subm ssi on. It was a 26-week, multi-center and
mul tinational study. It enrolled subjects in both

genders ol der than five years with DU enzyne activity

less than 10 percent of the lower limt of normal,
synptons and signs of MS |, and the baseline of
percent predicted FVC less than 80 percent. The

| aroni dase dose used, as with other studies, was 0.58
mlligranms per kilo IV given once a week.

The nost notable evaluations, perforned
every four weeks during the study, are listed in this

sl i de: pul monary function tests, six-mnute walk
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di stance, sleep study, liver volunme, urinary GAG
joint range of notion, and electrocardiogram and
echocar di ogram

The study had two co-prinmary endpoints. The
first is the nmean change from baseline to week 26 in
the percent of predicted force vital capacity. Thi s
endpoi nt was chosen because of the permanent role of
ai rway and pul nonary involvenent in the norbidity and
nortality of MPS I|.

Subjects with MPS | were expected to have
great variability in lung volunes. The percent of
predicted force vital capacity is thought to reduce
the variability due to the extra-pul nonary factors and
enabling adequate exam nation of the pul nonary
function.

Height is one of the variables, using the
calculation of the percent FVC, and the protocol
called for the calculation of the percent predicted
FVC based on the height of the subject at each visit.

For this presentation we will designate this as the
percent FVC based on current height.

The second endpoint is the mean absolute
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change from baseline to week 26 in the distance wal ked
in six mnutes. This test has been validated for
assessnment of certain conditions in a 30-neter
platform that subjects being examned are required to
wal k. This endpoint can be relevant in MPS |, as it
may reflect joint, cardiac, and pul nonary invol venent,
all affected by MPS | in a greater or snaller degree.

The six-mnute walk test is also a neasure
of the inportant daily function. However, it has not
been validated in MS |I. Furthernore, because of
technical difficulties in certain sites, the test was
performed for all subjects in a 15-neter platform

The data extracted fromthis study cannot be
conpared to normative data external to the study or to
observations nmade in other clinical entities.
However, the data is valid for conparisons within the
studi es proposed, because all sites conducted the test
inasimlar walking platform

The statistical analysis of these endpoints
was perfornmed with the WIcoxon Rank Sum Test in the
intend-to-treat popul ation. The endpoints would be

declared statistically-significant only if both had a

S A G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

110

p-val ue of |ess than 0. O05.

The study had four secondary endpoints
listed in this slide: the Apnea/ Hypopnea Index, |iver
vol unme, shoulder flexion, and the disability index
fromthe Child Health Assessment Questionnaire or the
Health Assessnent Questionnaire. The study also
explored multiple tertiary endpoints.

Forty-five subjects were random zed.
Twenty-two subjects received |aronidase at the 0.58
mlligrams per kilo IV weekly dose, and 23 received IV
pl acebo adm ni strati ons. The study was conducted in
five centers in four countries.

This table shows the denographic and
basel ine characteristics of the 45 subjects that took
part in Study 003. There is an equal distribution
across genders between the treatnment groups. Most
subj ects were younger than 12 in both groups, and nost
fell in the clinical syndrone designation of Hurler-
Schei e.

This slide continues to describe the
baseline characteristics of the study participants

Both treatnment groups were simlar regarding the tine
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from onset of synptons and the tinme from di agnosis.
IDU enzyne activity was also simlar between the
groups and well below the 10 percent lower |imt of
normal required for eligibility. The subjects in both
groups had simlar weights and hei ghts at baseline.

The percent predicted FVC and the distance
walked in the six-mnute test were the primary
endpoints for the study. The | aroni dase group had
| oner values for both of these at baseline as conpared
to pl acebo. The baseline percent FVC and the six-
mnute walk distance wll be presented with the
results of the primary endpoints of Study 003.

This table shows the results of the percent
FVC in Study 003. You can see that the |[|aronidase
group had a l|lower nean percent FVC at baseline, 48
percent in the |aronidase group and 54 percent in the
pl acebo group. After 26 weeks of the study, both were
simlar.

The statistical analysis was a conpari son of
the change from baseline to week 26 between the
treatnment groups by WIcoxon Rank Sum resulting in a

p-value of 0.03. The difference between the groups is
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4.5 percent.

The cal cul ation of the percent FVC was based
on the current height of each subject at the tinme of
the study visits. After unblinding the study results,
BioMarin proposed to analyze the percent FVC data
using the baseline height rather than the height
nmeasured at each visit.

If true changes in joint stiffness and
posture were to occur, there wll be a change in
percent FVC even w thout any changes in respiratory
functi on. If this were a systematic change in
post ur e, such as t he | esseni ng of post ure
abnormalities in the laronidase group, there will be a
systematic effect to decrease the percent FVC

Conversely, it was seen that the placebo-
treated subjects had an apparent 3 percent decrease in
the percent predicted FVC w thout any actual change in
lung vol unes. The actual change in respiratory
function, which is a nmean of zero, is better reflected
in the percent FVC as calculated using baseline
hei ght .

If we conpute the percent FVC cal cul ated
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based on baseline height, the nean percent FVC for the
| aronidase group increased 5 percent and showed
virtually no change for the placebo group during the
26 weeks of Study 003. The difference between the
changes in each group from baseline to week 26 would
be 5.9 percent with a p-value of 0.02. For the
presentation of the pulnonary results in Study 003,
only the percent predicted FVC outcones cal culated on
basel i ne height will be reported.

This figure shows the nean percent FVC in
both treatnment groups throughout the 26 weeks of Study
003. Placebo 1is represented in nmagenta, and
| aronidase is represented in green. The sane plot in
the briefing docunent was based on the percent FVC
calculated on the basis of the current height but
shows very simlar trends.

As you can see, there is a small drop in the
percent FVC from baseline to week four in the placebo
group, occurring with a small rise in the |aronidase
gr oup. After week four, the lines remain relatively
stable, and a sharp rise in the percent FVC is seen

bet ween week 20 and week 26 in the |aronidase group.
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There was no clear explanation for the abruptness of
this rise, but it accounts for nmuch of the treatnent
effect seen in the percent predicted force vital
capacity.

This slide shows the changes from baseline
to week 26 in the nean absolute force vital capacity
in the treatnent groups. The | aroni dase group has a
mean increase of 110 mlliliters while the placebo
group has a 20-mlliliter decrease. The difference
between the groups is statistically-significant.

This slide shows the changes in the percent
predicted FVC observed in each treatnent group by
gender throughout the visits of Study 003. Femal es
are represented by circles, and the nmales by
triangl es. As you can see, the drop in the percent
FVC in the placebo group between baseline and week
four occurs alnost exclusively in the male placebo
subset .

On the other hand, both males and fenmales in
the |aronidase group contributed to the increase in
percent FVC from week 20 to week 26. Fenales treated

with laronidase had nost of the effect, with a 7
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percent increase conpared to a 3 percent increase in
males treated with | aronidase. Mal e subjects on the
placebo had a 4.6 percent decline in their mean
percent FVC while female placebo subjects showed no
change.

This figure presents the effects of
| aroni dase in placebo on nmean percent FVC at week zero
and at week 26 in the different age categories. Each
set of two colums represents nean week zero and nean
week 26 percent FVC values. The two sets represented
on the left side of this slide are the 7-to-12-years-
of -age category. The mddle two sets are the 13-to-
18-years of age category, and the two sets of colums
on the right are the 19-to-64-years category.

It is worth renenbering that nearly half of
the subjects are younger than 12. While there appears

to be a larger increase in the younger subjects

treated wth [|aronidase, no clear pattern of
differential in the between-group differences was
appar ent .

This figure shows the changes in percent FVC

observed during Study 003 by levels of inpairnment in
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pul ronary volunme at baseline. Despite the high
variation within the small subsets, a pattern of nore
change in the percent FVC in the |east-inpaired
| ar oni dase subj ects energes.

The distribution of subjects between the
treatnment groups resulted in an inbalance when we
consi dered gender and degree of pul nonary i npairnment
at baseli ne. Most | aronidase males were in the two
nmost inpaired categories of the percent FVC range at
baseline, and nost fenmales treated with |[|aronidase
were in the two | east inpaired percent FVC categories.

This pattern of distribution suggests that the
effects of gender cannot be distinguished from the
effects of i nmpai r ment of pul nronary volunes at
basel i ne.

In the next few slides | wll show the
results obtained in the six-mnute wal k distance, the
co-primary endpoint. This figure denonstrates the
mean baseline in week 26 distances wal ked in the six-
mnute walk test for both treatnent groups. The nean
di stance change in the | aronidase group was a 20-neter

i ncrease while the placebo group had a decrease of 18
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nmeters in their mean di stance.

Please keep in mnd that these changes
occurred in subjects whose group baseline average
di stance wal ked was between 300 and 400 neters. The
conpari son of changes between the groups did not reach
statistical significance.

This figure shows the changes in the six-
m nute wal k di stance over the 26 weeks of Study 003.
Both groups had an initial reduction in distance
wal ked between baseline and week four. In order to
determne the baseline distance, subjects had to
perform this test three tinmes within a period of a
week. The third distance neasure was picked as the
baseline value. The initial drop seen nay possibly be
attributed to a training effect of subjects during the
basel i ne assessnent that was lost after the interva
of four weeks.

Wil e placebo subjects renained constant,
there is a slight and gradual increase in the nean
di stances wal ked by the |aronidase subjects which did
not reach statistical significance.

The figure on the left part of the slide
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shows the nean distances wal ked during the Study 003
by male and female subjects of both treatnent groups
during the study visits. Mal es are again represented
by triangles, and fenmales by circles.

Femal e subjects treated with |aronidase had
a gradual increase in distance over the 26 weeks of
the study, with a gain from baseline to week 26 of 68
nmeters, as shown in the table on the right. In
contrast, laronidase-treated males had a decline
simlar to the placebo subsets.

This figure shows the changes that occurred
in distance wal ked in both groups during Study 003 now
divided by quartiles of inpairnent at baseline. The
subsets least inpaired at baseline had their nean
di stance change shown on the left and the degree of
inpairment in distance walked increases toward the
right. No pattern can be distinguished between the
treatnment groups across the quartiles of nobility
i npai rment at basel i ne.

This slide shows the nean distances wal ked
at baseline at week 26 by subjects in both treatnent

groups now divided in age categories. The table on
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the right side of the slide shows the differences
between the changes in distance wal ked anong the age
category subsets. The difference in distance wal ked
decreases as the age increases, so that nost of the
| aronidase treatnent is carried by the younger
| ar oni dase subj ects.

Now we wll present results of relevant
secondary and tertiary endpoints of Study 003. Thi s
table shows the results of |aronidase treatnment during
Study 003 in the Apneal/ Hypopnea | ndex. An apnea
epi sode is defined as cessation of airflow for 10 or
nmore seconds, and hypopnea is defined as a 50 percent
decrease in airflow per breath acconpani ed by arousal
or desaturation.

The AHI, or Apneal/ Hypopnea |Index, is defined
as the nunber of apnea and hypopnea events divided by
the hours of sleep, reported as events per hour.
Therefore, a decrease in the index is a favorable
event .

The first data row shows the AH results in
the overall treatnment groups with a slight decrease in

t he nmean nunber of apnea and hypopnea events per hour
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in the |aronidase group. After unblinding of the
results, t he i nvesti gat or responsi bl e for
interpretation of the data recommended to perform an
exploratory analysis conparing the pediatric subjects
with baseline AH greater than 10 and adult subjects
with AH greater than 15 with those cutoffs for sleep
apnea sel ected based on recent guidelines.

The exploratory analysis is seen in the
second and third row of this slide. A nean decrease
of six events per hour is seen in the nost severely-
affected |aronidase subjects with no change seen in
those with lower indices of apnea and hypopnea and
basel i ne.

Liver volune was reduced by a nean 19
percent in the |aronidase group while placebo subjects
had no change in the 26 weeks of Study 003.

The ot her secondary endpoi nt s, t he
disability index fromthe Children's Health Assessnent
Questionnaire, or Health Assessnment Questionnaire in
the adult patients, in shoulder flexion did not show a
difference between groups with treatnment during the

st udy.
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Simlar to the Phase 1 data, a substantial
decrease in urinary GAG was associated with | aronidase
treatnent that started very early during the study
period. Laroni dase subjects had a nmean decline of 108
m crograns per gramof creatinine in their urinary GAG
excretion with a concomtant increase in urinary GAG
in the placebo group.

The other tertiary endpoints were not
supportive of |aronidase effects on these endpoints.

BioMarin also becanme interested in a
conposite endpoint of five conponents to denonstrate
the efficacy of | ar oni dase. This exploratory
anal ysis, however, was done post-hoc after unblinding
of the data. No conclusions related to |aronidase
ef fi cacy can be forned based on this data.

Phar macoki neti ¢ studies were perforned on 12
subjects treated with laronidase in tw study sites.
These studies were done at infusions 1, 12, and 26. A
sl i ght I ncrease in t he maxi mum | ar oni dase
concentration, or Crax, was observed from week 1 to
week 26. The volunme of |laronidase distribution

decreased in half between the initial infusion and
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week 12, from0.6 to 0.3 liters per kilo, and renai ned
the sane until week 26.

The decrease in the volune of distribution
can be affected by antibody formation. There was an
inverse correlation between antibody titers and the
volunme of distribution observed. It isn't known if

the distribution of antibody-bound |aronidase is

different than that of the unbound enzyne. It is also
unknown i f ant i body formati on results in a
differential | ysosonal uptake anong organs and
tissues.

This slide summarizes the safety data from
St udy 003. Most reported adverse events were rel ated
to the assigned study agent, with a simlar preval ence
in the placebo and |aronidase groups. Appr oxi mat el y
half of the placebo and one-third of |[|aronidase
subjects had infusion-associated reactions such as
flushing, fever, headache, and rash. These reactions
decreased with the wuse of pre-nedications, nostly
anti-inflammatory and antihi stam nes, and with slow ng
of the infusion rates.

The severe adverse events were nost |ikely
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related to the underlying condition of MS I. The
severe adverse events described in this slide were
related to MPS I: abdom nal pain from constipation
resulting in hospital adm ssion; worsening of cardiac
val ve di sease that required surgery -- the surgery was
conplicated by cardiac arrest, sepsis, and rena
failure -- and the partial obstruction of ventricular
shunt .

This slide indicates the data on the
i rmunogeni city of |aronidase. Anti -l aroni dase 1gG
acid by radioi munoprecipitation was detected from
week 4 or week 8 to week 26 in 20 subjects random zed
to | aronidase. One subject treated with placebo had
transiently-positive anti-laronidase 1gG in only one
visit. A protocol -mandated collection of serum for
| gE and conpl enent activation during fusion-associated
reactions was perforned three tines, and they were all
negative for |IgE and conpl enment activation.

The next t wo sl i des sunmari ze t he
concl usions of Study 003, first, on the effects on the
primary endpoints. Laroni dase had a statistically-

significant but small «clinical effect size on the

S A G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

124

percent FVC with an increase of 5 percent or 110 nL's
of force vital capacity from baseline. The tine
course for observance of this effect was not uniform
wi th an unexpl ained, abrupt increase in the percent
FVC in the laronidase group at the last visit in the
st udy.

Part of the difference between groups also
cane from an unexplained decline in the percent FVC
from baseline to week four in the placebo group. In
addition, the effect was not wuniform across the
subsets anal yzed. Femal es and subjects with noderate
inpairment of pulnonary restriction had shown the
| arger treatnent effect.

The six-mnute wal k distance revealed a 38-
meter nmean absolute difference in the change from
baseline to week 26 between |aronidase and placebo
which did not reach statistical significance with a
p-value of 0.07. The effect was also not wuniform
across subsets, with larger effects seen in younger
and femal e subj ects.

The sleep studies in MPS | subjects treated

with | aronidase suggest the benefit in those subjects
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nor e severel y-affected at basel i ne. The
phar macodynam c effect of l|iver volume and urinary GAG
reduction were noted in all subjects randomzed to
| ar oni dase.

Frequent i nfusion-associated reactions were
seen in both treatnent groups, but these were
generally mld to noderate and could be aneliorated
with pre-nmedication and slowing the rate of the
i nfusi on.

Al nost al | subj ect s’ anti -1 aroni dase
anti bodies was positive. Over tine there was a
decrease in the volune of distribution wth an
I ncrease in Cmax. It's uncl ear | f t hese
phar macoki netic changes are related to formation of
anti bodies or what the |ong-term consequences are for
| aroni dase safety and efficacy.

W wll now turn to Study 006. This is an
open-1| abel, non-controlled extension to Study 003.
All 45 subjects that conpleted Study 003 were
enrol | ed. The study is presently ongoing. Data from
the first 24  weeks were revealed for this

presentati on. BioMarin has submtted an update wth
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an additional 12 weeks of study, but these data have
not been thoroughly reviewed and summari zed.

As in previous studies, |aronidase was
infused at 0.58 mlligrans per kilo every week. The
i nfusions were conducted at the five original sites,
but also at any of the thirteen regional subsites
cl oser to the subjects' hones.

Most evaluations were perforned at study
entry, which was the last tinme point in Study 003 or
week 26 in that study, and every 12 weeks thereafter.
These eval uations were the sane as those conducted in
St udy 003.

In the next nine slides | wll show the
results of Study 006 and conpare them as appropriate
with the results of Study 003. This figure shows the
changes in the percent FVC during Study 003 and Study
006. The percent FVC in Study 003 is shown on the
left part of the graph, corresponding to the first 26
weeks of the study. As we nove to the non-controlled
part of the figure, no additional increase in nmean
percent FVC was seen in the |aronidase group, which

continued to receive |aronidase for an additional 24
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weeks. The placebo group has shown no change in the
mean percent FVC over these first 24 weeks of
| aroni dase treatnment, as shown.

These percent FVC changes were further
anal yzed by gender. The percent FVC changes shown on
this slide were calculated with the current height of
the subjects, as opposed to the baseline height that
you have seen in the other slides. Again, this nethod
of calculation of the percent FVC did not change the
calculations on the data presented in this slide.

If you will recall from Study 003, fenales
treated wth |aronidase had driven the treatnent
effect for the group with a 3 percent increase over 26
weeks. A conparable group would be of those fenale
subj ects random zed to placebo during Study 003 which
now received |aronidase for 24 weeks in this open-
| abel extension. These fenale subjects exhibited a
smal | er nean inprovenent in the percent FVC. The nale
subjects in both groups did not show any changes in
t he percent FVC either during Study 006.

Thi s tabl e conpar es t he effects of

| aroni dase on the percent FVC changes cal cul ated using
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baseline height in the 26 weeks of Study 003 and
during the first 24 weeks of Study 006 according to
the age categories of the subjects at baseline. No
changes can be seen in either group. If you'll recall
from Study 003, the younger group had the highest
increase in the percent FVC When the conparable
group, placebo subjects younger than 12 years of age,
are treated wth laronidase for alnost the sanme
duration, no change is seen.

The nmean absolute lung volunmes were m ni nal
and simlar in both treatnent groups. Unli ke Study
003 data showing greater effect in |ess-inpaired
| aroni dase subjects, no pattern can be seen during the
24 weeks of Study 006 between groups across the
quartiles of baseline FVC inpairnment. This finding is
not unexpected due to the absence of overall treatnent
effect.

W will now show the data on the six-mnute
wal k distance during Study 006, also conparing as
appropriate to the findings of Study 003. These
figures show changes in the distance wal ked during

both Study 003, on the left side of the graph, and
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Study 006, on the right side.

During Study 003 a 20-neter increase was
seen in the |aroni dase group. The sanme group had an
addi tional 23-neter increase in distance wal ked during
the first 24 weeks of Study 006. This increase was
observed nostly between week 12 and week 24 of the
extension study, shown here as week 38 to week 50 of
the two studi es conbi ned.

Subj ects random zed to placebo had a nean
18-nmeter decrease during Study 003. These sane
subjects had increased their nean distance by 24
meters conpared to the end of Study 003, and nost of
this increase occurred in the first 12 weeks in the
extension study, shown here as between week 26 and
week 38.

Anal ysis of the six-mnute wal k distance by
subset did not show differences across genders or
across the three age categories or by the nagnitude of
mobi lity inpairment at baseline. These findings are
substantially different than the six-mnute walk
di stance in the double-blind study, where fenmales and

younger subjects drove the treatnent effect for the
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| ar oni dase group

This slide shows the secondary endpoints of
the sleep study data in Study 003 and Study 006.
Concentrating on the left side of the table, we wll
see that, after a snmall decline of the Apneal/ Hypopnea
Index in the laronidase group during Study 003, no
further inprovenent was seen during Study 006, and
even possibly loss of half of the gain in Study 003.

Now on the right side of the table we see
that subjects treated with placebo had shown no change
during Study 003, but after they received | aronidase
in Study 006, they had a nean drop of 3.5 events per
hour of sleep in the sane magnitude as the |aronidase
group denonstrated in Study 003.

These slides present data in other secondary
and tertiary endpoints of Study 006. The pl acebo
| aroni dase group has a nean decrease in liver volune
of 12.6 percent, conparable to the 19 percent nean
decrease in the laronidase group during Study 003.
The |laronidase group had an additional 4 percent
reduction in liver volune during Study 006.

Both treatnment groups had a nean 6-degree
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i nprovenent in shoulder flexion during the first 24
weeks of Study 006. The disability index was
unchanged in both groups during Study 006.

Finally, the urinary GAG excretion decreased
by a nean of 69 percent in the placebo/laronidase
group. Not shown in this slide, the |aronidase group,
which had a 54 percent reduction in wurinary GAG
excretion during Study 003, had an additional 20
percent mean reduction during Study 006.

This slide shows the safety data summari zed
for Study 006. The adverse events reported were
simlar to those seen in Study 003 and simlar between
the treatnment groups during Study 006. One death was
reported as a conplication of an upper respiratory
infection and bronchitis.

One not abl e serious adverse event has been a
life-threatening anaphylactic infusion reaction that
requi red an energency tracheostony. This subject had
previously had a positive anti-laronidase IgE and
conpl ement activation and has had progressive worse
epi sodes of wurticaria and hypoxema, controlled wth

the use of steroids.
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Thi s slide summari zes dat a on t he
i rmunogeni city of laronidase in Study 006. Forty of
the 45 subjects in this study developed anti-
| ar oni dase 1 gG as nmeasur ed by t he
radi oi nmunopr eci pitation assay. O the 23 subjects
treated with placebo in Study 003, 21 devel oped
anti bodi es after being exposed to |aronidase in Study
006, a proportion simlar to those subjects random zed
to laronidase in Study 003. O the 22 subjects on the
| aronidase in Study 003, 20 were seropositive upon
entry into Study 006. Anot her subj ect devel oped
detectable anti-laronidase antibodies during Study
006.

On the other hand, two subjects that were
seropositive during Study 003 becane seronegative
during the course of Study 006. No correlation could
be established between the appearance or t he
persistence of these antibodies wth the frequency of
magni t ude of adverse events during the study.

This slide wll show the conclusions drawn
from Study 006. No changes in the percent FVC were

observed in either treatnent group or in the subsets
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of gender, age, and degree of inpairnment at baseline.

For the six-mnute wal k di stance, a nean 20-
meter increase was observed in Study 006 for both
gr oups. For the placebo subjects, this increnent
reverses the decline seen in the double-blind study,
and for the laronidase group this increase doubles
what was seen in the double-blind Study 003.

For the six-mnute walk test, exploratory
analysis also did not show any differences anong
subsets of gender, age categories, and degree of
nmobi lity inpairnent.

Li ver vol une and urinary GAG were
substantially reduced in both treatnent groups.

O her secondary and tertiary endpoints did
not |lend support to the denonstration of efficacy of
| aroni dase in the treatnent of MPS I

Now the last two slides wll present the
overall conclusions derived from the clinical studies
submtted in this application. First, we will discuss
the findings to support efficacy of |aronidase in the
treatnment of subjects with MPS 1. W will start wth

the primary endpoints, which were the same for both
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controll ed Study 003 and the non-controlled Study 006.

There was a small clinical effect on the
percent FVC in six-mnute walk distance reaching
statisti cal significance only for the percent
predicted force vital capacity. The effect observed
was not consistent across subsets, wusually higher in
females and in |ess severely-affected subjects, and
was not consistent over the tinme course of Study 003
for the percent predicted force vital capacity.

For the subjects randomzed to placebo
during the double-blind controlled study, 24 weeks of
| aroni dase treatnent were unable to change the percent
FVC and resulted in mnor gains in distance wal ked
during the six-mnute wal k test.

Now for the secondary endpoints, t he
Apnea/ Hypopnea Index declined in the nbst severely-
affected subjects wunder |aronidase treatnent. The
phar macodynam c effect of liver volune in urinary GAG
reductions indicate bioactivity of Jlaronidase in
tissues that accunul ate large quantities of GAG

The other secondary or tertiary endpoints

were not supportive of a treatnent effect.
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This slide summarizes the safety of
| aronidase in this application. Frequent i nfusion-
associ ated reactions were observed, but they could be
managed wi thout difficulty with rare exceptions. Most
serious adverse events were likely related to the
di sease background. Alnost all subjects devel oped
anti -l aroni dase antibodies that persisted during the
study period. No correlation was detected between
formation of anti-laronidase antibodies and the
frequency of adverse events or serious adverse events.

This concludes ny presentation, and | thank
you for your attention.

CHAI RVAN ACKI @ Thank you. At this tinme we
will take questions from the Conmttee for the CBER
presentation. Dr. Foll man?

DR FOLLMAN | would like to expand on a
coupl e of questions that Dr. Sanpson asked the sponsor
a while ago. Il would like to hear the FDA's
perspective on why you had two primary endpoints for
this study and why you required both to be less than p
. 052 to achi eve significance.

DR WALTON: In discussing this with the
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conpany and what one mght expect, | think actually
t he conpany gave a good sense of how those discussions
went : that they were interested in examning the
effect on FVC but, based upon our experience in a
variety of other conditions, we had concerns about the
ability to interpret a statistical change, a solely
statistical change, in FVC and what would be the
meani ng for the patients.

So we asked them to exam ne endpoints that
mght be able to explain to us whether or not they
were having any functional changes in their abilities.

So they proposed, from within our discussions, they
proposed the six-mnute wal king test as an eval uation
of a functional capacity, and we've had certainly
experience with this kind of test in other conditions
and that that can be a very wuseful, informative
endpoi nt about the functional capacity of patients.
So that was how we canme up with that.

And in the last part of your question,
because we felt that the six-mnute wal king test was
going to be so very inportant in supporting an effect

on FVC as to its clinical neaningful ness of the effect
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seen by, the effect conveyed by the enzyne, that it
wound up being as co-primary endpoints.

DR FOLLMAN: Was this an attenpt in a way
to do two studies sinmultaneously, to have both
p-val ues less than .05 to be significant?

DR WALTON:  No, | think we |ooked at it as
a single study. There's only a single set of patients
random zed, but it is very true that these are two
separate neasures. | think that the information
conveyed to you in our briefing docunent, as well as
showmmn to you earlier, is that we're not convinced
that, for instance, the effect on wal king distance is
solely an inpact of FVC So that there is an
i ndependence between the two neasures, and to a
reasonabl e degree they may be neasuring very different
effects.

So | f your question IS about t he
i ndependence of, sort of the separateness of the
benefits that mght be examned, yes, we think that

there is a degree of separateness.

DR FOLLMAN Vell, it wasn't so nuch the
separ at eness, | guess. Usual ly, you design a tria
SA G CORP.
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where you have one prinmary endpoint. It's p .05, and
then you're significant. Here you've got a nuch
harsher threshold for the conpany to neet, which is
you've got two endpoints; both have to be at .O05. I
was trying to understand why that was.

So the independence, or |ack thereof, of the
two endpoints doesn't really get to that, you know,
get to why you have relatively -- why they have to
show i nprovenent on two endpoints for this study. Wy
was the bar set so high here?

DR VALTON It's also part of the -- the
intention is that this single study was going to serve
as the basis for mnaking an approval decision. As
you're well aware, the normal circunstance is to have
two separate studies that both provide independent
evi dence, substantiation of the evidence in one case.

As has been explained in the prior days, the
orphan drug status does not change how we exam ne
evi dence. So in light of that, there was a concern
that we have anple evidence froma single study to be
able to really evaluate a basis for approval.

DR FOLLMVAN: M/ next question has to do

S A G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

139

with subgroups, which was a man thene in the
gquestions that you have posed to us. Let ne just say
now | am wondering whether you did tests of
interaction for, say, the two primary endpoints and
sonme of the subgroups that you are interested in:
gender, age, and baseline severity. O were these
observations of a differential treatnment effect nade
nmore by looking at the nunerical nmeans and noticing
that they were different or going in a particular
pattern? So, shortly, briefly, did you do tests of
i nteractions to suppl ement or buttress your
observati on about potential differential of a subgroup
effect?

DR WALTON | would say that there were
sort of two things that were playing into this. One
is that it is standard practice within FDA reviews to
examne subsets that mght be informative about
portions of the patient population that are gaining
nore or |less benefit or safety froma product. So it
is standard practice to exam ne subsets.

In addition, the information submtted to us

from BioMarin, as | recall, did include their ANCOVA
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anal yses, and the co-variants were inportant in their
anal yses. So we didn't perform them independently.

They provided that to us, and their anal yses
hi ghlighted those as well. So we went on to further

expl ore that.

DR FOLLMAN: | wasn't really talking about
the analysis co-variants actually. I was wondering
whether the treatnent effect, if you did a test of
whether the treatnment effect in nen, say, was

statistically different from the treatnent effect in
wonen, a test interaction like that.

DR WALTON. Oh, no. Ch, I'msorry. No, we
did not perform that statistical test. | guess we
were, given the sanple size available, really not
confident that that would really informus.

DR VWEISS: Can | just expand on your first
guestion, Dr. Follman, too? There's always a great
deal of discussion in terns of formulating a primry
endpoint, particularly when there is a new disease,
for one where we don't have a lot of experience and
don't have tried-and-true, tested outcone that we're

very confortable wth.
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| think Dr. Wilton gave you a lot of
di scussions about our thinking into it. It is true
this is a little bit different. There are tinmes when
there's two that are very inportant, one is considered
or made the primary and one is considered |ike the key
secondary endpoint. There are tines when we try to
put these together into a conposite. Those have their
[imtations as well.

| think the fact, though, that we are here
today discussing an application, when one test
certainly was below .05 and one was above the .05,
just shows that when we are talking about rare
di seases, when we're talking about trying to | ook at
just the totality of effects, we're not going to just
| ook at whether or not sonething is just above or just
below an 0.5 instead of, you know, you failed to make
it; go back to the draw ng board.

So there's a lot of thought, and it is not
an easy -- you know, there were lots of intense
di scussions with the agency and with the conpanies,
and sonetinmes with outside experts, to try to figure

out what's the best outcone to really show a treat nent
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effect.

CHAI RVAN ACKI @ Dr. Levitsky?

DR LEVI TSKY: I was convinced by the
conpany, as they presented their data and | ooked at
the patients nore in terns of functional divisions
rather than classical divisions |ike age and gender,
and | was also convinced that, when you have two
dat asets, one of which looks a little bit unbal anced
by happenstance, that it is nore reasonable to | ook at
co-variants than at standard ANOVA, as you seem to
have done.

Wuld you convince ne that | shouldn't do
that? Tell me why I'"'m wong to be convinced by the
conpany's presentation?

DR | RONY: No, | think it mnakes sense to
| ook at both types of analysis, the conpany's anal ysis
of their subsets as well as the analysis, the classic
anal ysis, as we divide by gender and age and severity
of di sease at baseline or degree of inpairnent.

You have to realize that this is not a
5, 000-subject trial. This is a 45-subject trial

because it is a rare disease. Any conclusions that we
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have in small subsets, in conparing small subsets,
even if it's an informal conparison, not a fornal
testing of those, it's limted. It just shows sone
trends in one gender versus another and trends in
di fferent age groups as opposed to the totality of the
| aroni dase-treated popul ati on.

CHAl RVAN AXKI :  Dr. Schade?

DR SCHADE: Yes, | would like to ask the
FDA, are you satisfied that the dose of the drug that
is being used is appropriate? | ask that question
because | can't find -- the only information | can

find in the booklet here is it states that the dose

was chosen from subclinical, from pre-clinical
st udi es.

The reason | ask this is | don't see any
endpoi nt being normalized. | worry about, even though

the urinary GAG has decreased, to ne that is not
necessarily the optiml |evel. In other words, it's
certainly possible that sone individual who has an
above-normal urinary GAG has just a nore slowy-
progressive disease. Certainly the reduction in |iver

vol une, which is only 20 percent, could be explained
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by an increase in fibrosis; it could be explained by a
decrease in glycogen

So I'm sonewhat worried, in light of the
di scussions we have had in the last two days, about
t he dose. I am very worried that this is an
i nadequat e dose because | see no indication, there's
no data that the human tissue is decreasing its
accumul ation of [|ipid. There is no normalization of
the urinary excretion, and the fact is the liver size
only decreased by a fifth, which, if your liver is
huge, may or may not make a clinical difference.

DR WALTON: | think you're quite right
about the question about, do we have an optinmal dose?

| don't think there is any data to truly address that

guestion, whether we have an optinal dose.

Unfortunately, what we have are data on this
single dose, and we're going to, | think, be deciding
whet her or not we have an adequate dose in the sense
of are the evidence on this dose adequate, but | don't
think that we or the conpany can really have any data
t hat can address the question of optinmal.

DR SCHADE: Vell, doesn't the FDA ever
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request any type of dose response, even |ooking at

just urinary excretion in a short-term one-nonth

trial? It

seens to ne that would be a rational thing

to do, is to get a short-dose response curve in humans

and then nake sone decision that it's rational.

DR VWALTON: Yes, the FDA does frequently

request those kinds of studies, and we don't --

case?

dat a.

normal i zed

DR SCHADE: But we don't have it in this

DR WALTON: In this case we don't have that

DR. GRADY: But liver vol unes wer e

in a lot of the patients treated? | nean,

even though there's a 20 percent decrease, they were

normal i zed

long tine.

in the majority of patients treated for a

That actually brought up the sane question

to ne. I wondered if there's sonme reason why there's
a bigger, nore dramatic effect in the liver perhaps
than in other tissues. Is the drug concentrated in

the liver?

202/797-2525

|s there sone reason to think that --

DR SCHADE: Well, excuse ne. "Nornalized,"
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do you nean that they only started 20 percent bigger
than normal or -- I'ma little --

DR GRADY: Well, no, | think that --

DR SCHADE: Wen we saw the pictures of
gross hepatospl enonegaly or just hepatonegaly, a 20
percent decrease in that individual would not result
in correction of the physical inpairnent. | didn't

see any data that the liver is --

DR GRADY: Vell, in the Phase 1/2 it was
only 10 patients, but after treatnent for -- it was up
to a couple of years -- nine of the ten participates

had nornal -sized liver. That's data fromthe conpany.

DR VWALTON:  Well, it depends how big their
[iver was to start wth.

DR I RONY: Yes, the nean increase -- or the
mean decrease in liver volunme, it's only a nmean group
for the Phase 3 study or the Study 003. But Dr. G ady
is right to point out that in the Phase 1 study, in
whi ch  hepat ospl enonegaly was a requirenent for
eligibility, there has been sone gradual reduction in
liver vol une. In nost cases the liver volune

normal i zed.
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Sone of them required longer tines than
others, and up to tw years of followp during
treatnment, but there was a gradual decline in liver
volume, a normalization in nost of them which
indicates that probably fibrosis or any reversible
changes in liver structure were not playing a ngjor
role in this.

DR GRADY: But is there any concentration
of the drug in the liver that mght actually indicate
that the dose for other tissues could be too | ow?

MR, PATTERSON W're happy to help answer
that question, if you would like, M. Chairmn. I
would like to ask Dr. Kakkis to help us wth that,
pl ease, both the l|iver question and further to the
dose, if you w sh.

DR KAKKIS: In the studies we have done in
t he cani ne nodel, we've shown that the |iver does take
up nore enzynme than other tissues, which may enhance
its ability to be corrected. But we've also shown
that other tissues do take up substantial and
corrective anounts of enzyne, and that wurinary GAG

excretion reflects, for exanple, kidney storage, and
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that reduction in kidney storage results in decreases
inurinary GAG

W do have data we could show you relating
urinary GAG excretion to other tissue GAG reductions.

But in the aninmal nodels we show that there is 60,
70, up to 80 percent reduction in tissue, in many
different tissues, in those pre-clinical studies at
the dose that we're currently using.

W have also shown that this dose at the
enzyne |levels you achieve are many-fold saturating for
what would be the receptor uptake; affinity constant
is present, indicating that we are maxi mally uptaking,
providing enzyne for wuptake at the dose that we
currently use.

CHAI RVAN ACKI @ Dr. Schnei der?

DR SCHNEI DER Yes, | wonder why decrease
in liver size wasn't taken as the primary endpoint.
If nmy long-term nenory isn't too bad, it seens to ne
that in bone nmarrow studies done, bone marrow
transplant work done nmany years ago, when people
t hought they were seeing an effect, it was because of

a decrease in liver size. It seens to ne, it appears
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to ne that, because the Phase 1/Phase 2 showed this
very dramatic decrease in liver size, you sort of took
that as a given and |looked for a nore difficult
endpoi nt .

CHAl RVAN ACKI @ Dr. Walton?

DR VWALTON: The answer to this is exactly
the point that Dr. Schade was bringing up, that the
question is, how large is the liver to begin with? In
many of these patients it was not so enlarged as to be
a clear inpairment in and of itself. So that a
decrease in liver size, and even to a nornalization,
we felt would have an uncertain clinical inpact on the
patient.

CHAl RVAN ACKI @ Dr. Zerbe?

DR ZERBE: Yes. Could you provide sone
clarification? There is in the FDA presentation an
anaphyl actic reaction described, but | didn't actually
see that presented in the sponsor's presentation.
Could you clarify that case?

DR | RONY: Yes. This was associated with
an infusion in a patient that was initially assigned

to placebo, and subsequently was treated during the
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extension study wth |[|aronidase. That patient had
urticaria and episodes of hypoxema during previous
infusions of laronidase. Initially, they were treated
with a higher dose of antihistamnes and inflanmatory
medi cations, including steroids. |IgE was positive, as
wel | as there was sone evidence of conplenent
activation in that particular subject.

But then in a subsequent infusion there was
a devel opnent of severe hypoxema that could not be
controlled by intravenous steroids or antihistam nes,
and the patient had to be taken for an energency
tracheostony, which was successful in establishing
ai rway.

DR ZERBE: And that's conpatible with the
assessnent of the conpany? Ckay. | just didn't see
it in the conpany presentation.

CHAI RVAN ACKI: Dr. Watts?

DR WATTS: | had questions about the dose
in sort of two directions, and | don't think there's

data to answer them but | want to raise them

One is the frequency. Is it necessary to
dose this once a week? For a drug that wll be
S A G CORP.
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started in childhood and continued |ifelong, every 10
days, every two weeks, if reasonably effective, would
be a huge difference.

And the other question on the other end:
Are there patients whose urinary GAG | evels don't cone
to normal ? Wuld it be possible to |lower them by
increasing the dose? Is this a one-dose-fits-all
scenari 0?

| don't think the data answers either of
t hose questions. There nmay be sone data on the
frequency that the conpany testified.

DR WALTON | would say, we, the FDA, has
no data on alternative frequencies, and I would refer
you to the conpany for any further insights they can
offer to that.

As to whether or not this necessarily
normal i zes any particular paraneter |ike urinary GAGs
in all patients, I'"'m reluctant to offer that
expect ati on.

CHAl RVAN ACKI @ Very briefly.

MR PATTERSON: Ckay. I would like to ask

Dr. Kakkis to briefly speak to both the once-a-week
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infusion as well as any dose information that would be
hel pful to answer that question.

DR KAKKI S: The original frequency was
based on our studies in vitro looking at Hurler cells
in culture, which denonstrated a half-life for the
enzyne of about five days. So the choice of frequency
was intended to provide a snmall anmount of accunul ation
of enzyne, and given the five-day half-life, a two-
week interval would potentially result in less
i ncrease, accunulation over tinme, which we felt was
inportant in achieving optimal corrective enzyne
concentrati ons.

The dose that we provide does saturate the
receptors for uptake of this enzynme in the tissues.
The serum levels in the patients in the Phase 3 tria
were 20- to 30-fold tines the uptake affinity half-
maxi mal constant for uptake, which indicates that we
are achieving a nmaxi mal uptake and reducti on.

If you look at higher doses in the canine
nmodel , for exanple, a fourfold higher weekly dose, we
can show that we do not get an increase in tissue GAG

reduction by a fourfold higher dose.
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W believe that the dose we are using and
the reginen we are using is achieving the naxinal
reduction in tissue GAG that's achievable with this
therapy on a weekly basis. That's not to say that
ot her reginmens mght not be possible, but we believe
this was the nost reasonable reginen, based on the
data we had in ani mal nodels.

CHAl RVAN ACKI @ Thank you. Dr. Wol f?

DR WOOLF: Getting back to Dr. Schade's
guestion about hepatonegaly, on page 63 of the
sponsor's briefing book, on the bottom there's a
statement that 12 out of 15 patients, or 80 percent,
were eval uable who had abnormal liver function at the
baseline, had normalization at the end of 24 weeks.
But in the group that was treated in the subsequent
crossover, or the non-blinded portion, in the folks
who were treated with placebo first, five out of ten
who had abnormal liver size to begin with nornmalized.

CHAl RVAN AXKI :  Dr. Sanpson?

DR SAMPSON: | just had actually a concern.

The issue was raised by the FDA about interpreting

the 003 FVC data over the 26 weeks. The question, |
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think, was the rise in these 20 to 24 and the decline
in Oto 4 in the baseline differences.

| am sure you're aware that the test was
done on a non-paranetric basis |ooking at nedians. |If
one |looks at the nedians at baseline, they' re not
guadrants; there's a small difference.

| am wondering if you have the data over
time that you presented not wth neans, but wth
medi ans by week, that mght kind of aneliorate a
little bit of the differences that you showed.

Also, | wanted to just neake sure that |
under st ood. The baseline height was used for all
those weekly observations or were those the heights
for each week? | was hoping they were the baseline
hei ghts and you could do the nedians and have a graph
of that.

DR WALTON: Ckay. Wat was in the
presentation | believe is on the baseline height. I
think what is in the briefing docunent is the current
hei ght .

DR SAMPSON: Ckay, that's ny confusion, and

t hen the nedi ans --
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DR WALTON: So there was a small difference
in that.

As to the question on a plot of the nedians,
no, we don't have that.

DR SAMPSON: Because it looks like this
data, it's small anmounts of data, and there nmay be
sone aberrant values that have an effect on the nean
that you mght not have on a nedian. It would be
hel pful, if that issue is a real concern about the FVC
over the 24 weeks, to look at that nore carefully in
terns of a nore robust estimate of effect.

DR WALTON Yes, that's a very good
suggestion. Thank you.

DR SAMPSON:  And | had just one other small
kind of problem with ny own curiosity, but | noticed
that the FDA put a .016 p-value for the FVC WI coxon
and the conpany has a .009 p-val ue. | was wonderi ng,
was there a mstake by the conpany in doing theirs or
was that because one used an exact calculation; one
used a nornmal approxi mation?

DR WALTON | believe ours was just a

sinple Wl coxon. Perhaps theirs was stratified.

S A G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

156

MR PATTERSON: | think the answer is that
the .009 is using the baseline values, and the .016
value is using --

DR WALTON-BOWMEN.  No, | think --

MR PATTERSON: |'msorry.

DR VWALTON-BOMAEN:. | can explain this.

MR PATTERSON. | would like to defer to the
statistician to help with that. I'msorry

(Laughter.)

DR WALTON- BONEN: Actually, we did get
consistent results, but there was an FDA audit at one
of the sites that highlighted that a few values from a
pedi atric-versus-an-adult |ab had been recorded in the
case report fornms, and we went back to mnake that
correction, whereas | don't believe the FDA has done
t hat yet.

DR WALTON. Yes, we've not gotten those --
it's only five values, and we have not gotten those
values, and that's only a recent finding.

DR SAWMPSON You have reflected the
corrected val ues?

DR WALTON- BONEN:  Yes, correct.
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DR SAMPSON: Thank you.

DR WALTON- BONEN:  Yes.

CHAl RVAN AXKI :  Dr. Schade?

DR SCHADE: | have a question about the
i nfusion reactions. | may have msinterpreted this,
but I'mreading here also in the handout. There were
a large nunber of not serious but infusion reactions,
but the conpany states that the sane nunber were, or a
simlar nunber were, experienced in the placebo group.

But | don't understand why the placebo group should
have a high nunber of infusion reactions at all,
unl ess there's sonething in the infusate that we don't
know about and, therefore, maybe -- doesn't the FDA
worry about the high level of infusion reactions in a
pl acebo i nfusion?

DR VALTON Yes, | think we found that
very, very unusual and very concerning to us as to
what that neans, but | don't think we have any
expl anation for that.

DR SCHADE: Well, is there sonmething in the
pl acebo -- | don't know off the top of ny head what's

being infused in the placebo. Are they just getting
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saline or they getting the whole vehicle, or is there
sonething in the vehicle that's causing infusion
reacti ons?

Because from a clinical point of view, from
a physician's point of view, when sonebody gets an
infusion reaction, it nobilizes a lot of resources,
including you start worrying about anaphylaxis that,
to ne, if it's in the vehicle that you' re infusing
shoul d be corrected early on during this phase of the
devel opnent.

DR WALTON: The placebo had all of the
excipients in it except for the enzyne. That was the
only difference. So all of the other conponents were
present. It does suggest that sonme of the other
conponents are contributing potentially, but | think
that's not sonething that we can be certain about.

CHAl RVAN ACKI @ Dr. Joad?

DR JOAD: | noticed that in the protocol
that for the infusions from the beginning in advance
they were doing a lot of +things worrying about
infusion reactions, |like they gave antihistam nes and

often gave steroids. So that this was sort of under
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optimal conditions to prevent any sort of |gE-nediated
response.

I'm curious, was there consideration of
| ooking at IgE response to -- the one who had the
anaphyl axis apparently did have positive IgE to the
drug, but nobody else was |ooked at. Yet, it was a
real prospectively-treated worry.

DR T RONY: Wll, the protocol nandated that
for infusion-associated reactions there will be an IgE
and conpl enent activation, a collection of blood for
t hat purpose. It was not prospectively done for all
patients in infusions, but in three circunstances in
which there were sone infusion-associated reactions
that triggered that protocol-nmandated collection, the
| gE was negative as well as conpl enent activation.

DR JOAD: So does that nean only three
patients out of the treated group had infusion-rel ated
-- | don't think that's correct fromyour other data.

DR IRONY: No, that's a good observation
| think the protocol nmandated -- and | don't renenber
exactly; maybe the conpany can clarify this, but the

criteria for the <collection of IgE was I|ike the
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intensity of the reaction that would trigger that
col |l ection.

CHAl RVAN ACKI @ Very briefly.

MR, PATTERSON: W're happy to help to add
clarity. I would like to ask Dr. Kingma to help us,
pl ease.

DR KI NGVA: Yes. I would like to just
point out that the infusion reactions, just to put it
into perspective, we have had about 2,300 infusions,
and the infusion reaction frequency is about 4.5
per cent. All the other infusions have been well-
tol erat ed.

The majority of the infusion reactions were
actually three-quarters flushing in the treatnent
group and about half flushing in the placebo group,
and they were related to one site-specific event that
actually turned out to be equally distributed between
pl acebo and treat nent.

In addition, we have brought -- if you | ook
at the other events, they are nostly fever, chills,
and headache, which are nore likely equally again

distributed between placebo and treatnent, and very
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much correlating to the underlying disease.

Wth regards to the IgE nmatter, we have a
very scrupul ous, conservative neasure that we put in
pl ace where every single infusion-associated reaction

is defined as anything happening on the day of

i nfusion. So it could have happened eight hours
later, not per se with the tine of infusion. Any
noder at e event, whet her or not t hat was

hypersensitivity-related, was mandated to be |IgE
t est ed.

We had three of those tested in the double-
blind trial. Again, all of those were negative.

| also would like to clarify that, wth
regards to the Phase 3 trial, none of the patients
actually were on corticosteroids, and only the one
patient that was nentioned in the briefing docunent
that the FDA turned up had a steroid treatnent, the
reaction type, before the event actually happened.

So we have actually nmanagenent proposals
with regards to how to manage these patients. W also
have a consultant allergist here who hel ped us through

the trial to discuss |IgE
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CHAl RVAN ACKI @ Dr. Swenson?

MR SWENSON: Yes. To the FDA, we're seeing
sone new data here in a followon of the open-Iabel
Is this newto you as wel | ?

DR WALTON That data was only very
recently submtted to us.

MR SVENSON Gven the small nunber of
subj ects, obviously, given this disease, it would be

expected that there mght be considerable variability

for duration of onset of inprovenents. In |ooking at
those new data, it appears that a concern that | had
initially, looking at just the open-label results,

that is, that there appeared to be no gain in vital
capacity and about equivalent gain in the six-mnute
wal k test.

The next three nonths inclusion of data
suggests that naybe those are real differences now
devel oping, and in 45 subjects | could live with them
failing to see sonething at, say, six nonths and then
beginning to see it at nine. | just want your
assessnment at this point as to those data now

appearing to be nore concordant with the doubl e-blind
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DR WALTON. As | said, we've only received

that relatively recently and really have not had the

chance to do the normal thorough

revi ew. A very

prelimnary review of it, we have not seen anything

anomal ous in that data. So we have no basis for any

particul ar concerns or doubts
just haven't had the chance

reviewit yet.

about

t hat data. Ve

to really thoroughly

MR SWENSON:  And night |

ask a question of

the company then? Wth pulnonary function testing,

clearly, when patients are ill

to any degree, they'll

probably not be able to give maxi nal

efforts. Despite

even their best efforts, they may just sinply not be

able to do it.

Was there any effort

to assess whether any

of these children or young adults had recently had

viral infections before those nunbers were obtai ned?

Were they three to four weeks post

i nfection?

any type of viral

DR COX: Well, ny first point would be that

these children are chronically
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quite a nunber of infections during the study. In
particular, in the mddle of the double-blind phase
there was a dip that occurred in both groups, nore so
in the Aldurazyne group than the placebo group. Ve
did look to see if there were any particular events
that mght explain that variability.

There were a couple of patients who did have
recent infections, and there was another patient who
had just gotten over an asthma attack. That, in part,
contributed to that variability.

CHAl RVAN ACKI: Last question is Dr. G ady.

DR CRADY: Yes, | had sort of the sane
guestion, and that is that, you know, | think what we
have here is a really nicely-done study w th however
small inprovenent in benefit, a small benefit on FVC
and six-mnute wal k, both of which are effort-rel ated
tests. So it would really be nice to see that those
i nprovenents increase over tinme in the followup
st udy.

The graphs shown us by the conpany and the
FDA | ook quite different in that regard, and | think

it's mainly because the conpany was showing us an
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extra 12 weeks or so of followp, at which tine we
began to see quite a bit nore inprovenent than the FDA
graphs with the six nonths of followp.

So | think it would be very inportant for
the FDA to | ook carefully at those data before naking
a final decision. That would be reassuring.

CHAI RVAN ACKI : Ckay, at this tinme | would
like to go to the open public hearing. The first
speaker is Abbey Meyers. Please keep your coments to
three m nutes.

M5. MEYERS: Yes, | am Abbey Myers,
President of the National Oganization for Rare
Di sorders. | have been here for all three days, and |
want to say that | admre you all for all the very,
very hard work that you have been doi ng.

We're | ooking today at another of the enzyne
repl acenent therapi es. As tinme goes on, we're going
to see nore and nore and nore of these, because of the
Human Genone Project and because of the discovery of
these genes and what types of enzynmes and proteins
they' re not making or they're making themincorrectly.

So it just occurs to ne, after listening to
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all of this, that the FDA is having sone problens in
trying to catch up with the science of this whole
t hi ng. Back in the 1980s we had Ceridase, which |
think was reviewed on evidence from about 15 people.

There was very little evidence of safety or efficacy.
Al'l of the research, just about, was done by NIH and

they let it on the narket.

It was a fatal disease, untreatable. It was
okay. It reduced the size of the spleen and the
liver, and nobody sat around saying, "Vell, we really

wonder whether that's going to have an effect on the
di sease.” As you know, it saved many, many |ives.

Then Prolastin for alpha-1 antitrypsin
deficiency, and the evidence was so little on that,
the effect of that product, that the FDA, in a way to
solve this, required the conpany to set up a patient
registry which they had to keep running to nonitor
these patients for five or six years, just to prove
that the drug was effective. Because when you
approved it, there really wasn't the substantia
evi dence of efficacy.

And then we had PEG ADA for severe conbi ned
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i mrune defi ci ency. | think that was probably around

10 patients, sonething like that, when they revi ewed

that. The only evidence at that point was this is an

enzyne deficiency. W're going to replace the enzyne.
It probably works, and they approved it.

But today and the |ast couple of days, it
just seens like nobody is willing to understand that,
when you have an enzyne deficiency and replace the
enzyne, it's probably effective, and that all you need
is mnimal evidence that it's hel ped in sone way.

Wien you | ook at these endpoints -- | know
the conpany sat down with the FDA, and you negotiate
t hese endpoints. It boggles ny mnd to understand how
anybody coul d have picked an endpoint involving a six-
mnute walk for Ki ds who have these joint
contractures. You don't have to be a brain surgeon to
understand that probably you give the kids the enzyne
for six nmonths or eight nonths or a year, and their
joints are not going to clear up overnight. So it is
going to be pretty hard to see any kind of inprovenent
in an endpoint |ike that.

| agree with what sonebody asked before:
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Wiy didn't you just say that reduction in the size of
the liver, which you could see on an MR, should have
been enough?

The reason | am saying all of this is that
this is anmong the first few enzyne replacenent
t her api es. You're going to have a lot of these
enzynes on your desk in the next few years, and you
have to adjust the way you look at them and the
measures that you' re using for success.

W have patients here. W have parents who
will be talking to you about how their children have
taken the drug. To them there's only one neasure of
success: Their children are better. Thank you.

CHAI RVAN ACKI :  Thank you

The next speaker is Melissa Bryant.

V5. BRYANT: Good norni ng. M/ nanme is
Melissa Bryant, and it's a real honor and a privilege
to be here with you today.

My son, Bryant G aeber, was diagnosed wth
MPS | at age six by our pediatric ophthal nol ogi st. I
would Iike to share wth you what has happened in the

years following that diagnosis and his great success

S A G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

169

with enzyme repl acenent therapy.

| had no idea the inpact of the words |

heard from our ophthal nol ogi st. He said, "I believe
Bryant has an enzyne deficiency.” | had no idea what
t hat neant.

But Bryant had all the synptons of MPS. As
he got older, life becane nore difficult, and his
liver and spleen enlarged; his joints grew stiffer,
and he had chronic respiratory issues. Bryant has had
multiple surgeries which include carpal tunnel, six
hernia repairs, eight sets of ear tubes, and three
spi nal fusions.

Bryant's eyes were incredibly sensitive. He
constantly conplained of floaters and always wore a
hat . Anything bright was a distraction. He didn't
like to wear a shirt with stripes, and an eye exam was
a chal | enge.

Fati gue was an ongoi ng problem H s energy
| evel s got lower and | ower. W live less than two
bl ocks from our church. To walk there, he had to stop
at least twice to rest, and ascending the stairs in

our two-stair honme was a naj or ordeal.
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Pneunoni a, bronchitis, and other respiratory
probl ens were an al nost nonthly occurrence 12 nonths a
year. It was never confined to winter nonths. He had
begun the slippery sl ope.

Al nost five years ago we were privileged to
be a part of the clinical trial for enzyne repl acenent
t her apy. Wat a difference treatnent has nmade in
Bryant's life. | am very commtted to doi ng whatever
| can to see that other MPS children have the sane
good fortune.

Today Bryant wears a hat, but only because
it is cool.

(Laughter.)

He never conplains of light sensitivity.
H s opht hal nol ogist is anmazed at how easy his yearly
exans have becone, and he wears stripes and patterns.

We can hardly keep up with him walking to
church. No grass grows under his feet. In fact, the
last three summers Bryant has had a job at the
Christian Life Center at church. He wal ked both ways
and helped with prograns they offered as well as with

t he mai nt enance and upkeep of the gym
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Incredibly, he is rarely sick. Bryant will
get a cold from tinme to time, but the duration is
short and doctor visits are al nost never needed.

| consider ny son a healthy young man whose
life has changed in a positive way. W | ook forward
to continued years of good fortune in other MS
children

Finally, | have no financial interest or
connection to Genzyne or BioMarin, and | thank you so
much for your tinmne.

CHAI RVAN ACKI :  Thank you

The next speaker is Stephen Holl and.

MR HOLLAND: Good norning. | want to take
this opportunity to sincerely thank all the panel
menbers for the tine spent here today discussing this
very inportant topic.

M/ nane is Steve Holland, and | stand here
today in ny role as President of the National MPS
Society, but, equally inportant, | stand here in ny
role as a father of three children with MPS |, here
today with ny wife Any and our children, Spencer, 13;

Madi son, 11, and Laynie, 9.

S A G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

172

The National MPS Society is a support group
representing approxi matel y 700 menber famlies
afflicted wth mucopol ysacchari dosis. As far as
financial disclosures, the Society receives operating
and conference support of the sponsors of |ess than
$100,000 a year. | personally do not have any current
or past financial interest in the conpanies, and our
famly's travel here was paid by the NORD s Patient
Assi st ance Program

The Society appreciates the safety objective
of the FDA and how it helps protect children fromthe
uni nt ended negative side effects of therapy. W also
appreciate the efficacy objective and the protection
it provides to society's nost vulnerable famlies from
those who mght want to fraudulently profit from our
famly's dire circunstances.

MPS is a particularly cruel disease, whereby
a seemngly healthy child grows and gains skills, only

to have those reversed and | ose skills and health over

time. It is degenerative. Therefore, tine is the

eneny for many MPS chil dren. Wthout intervention,

they will get sicker with each passing day. It is a
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| aw of Nature.

However, enzyne therapy provides hope to our
MPS | nenbers and future sufferers of MPS | where none
exists currently. It offers stabilization of nany
aspects of the disease and inprovenent in stil
others. It provides a reprieve from a death sentence
that these children were handed on diagnosis. There
are currently no safe alternative therapies to enzyne
t her apy.

My famly has had the opportunity to
experience enzyme therapy firsthand. W' ve al so had
t he uni que experience of seeing the difference between
treated and untreated children just by |ooking at our
own three children

M son was in the first trial, and ny
daughters were not. This approximately three-year
period provided mnmany opportunities to see the
stabilization and inprovenment in ny son's condition
whi | e ny daught ers worsened.

My daughters were then accepted into the
second trial wth the placebo-controlled group

During the first six nonths of the study, | noticed
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stabilization and inprovenent in one of ny daughters
while the other one worsened. Once the trial was
unblinded, ny observations were confirnmed when |
| earned that ny daughter that worsened was part of the
pl acebo group.

For the past 18 nonths she has joined her
brother and sister on enzyne therapy. During this
period | have seen many of the sane results with her
that we saw with the other two children. At each step
during this five-year period it was obvious to ne as a
parent who was receiving the drug and who was not.

Sonme inprovenents are easy to describe and
explain, and sone are not. The easy ones include
actually making a basket when shooting at the goal
reaching the mlk bottle from the top of the
refrigerator; not taking an extended nap every day
after school; wal king around the block four tines; not
using a stroller for long wal ks, and staying awake
until 10:00 p.m on non-school nights.

(Laughter.)

Those less easy to describe and explain

include feeling well enough to go to school nbst every
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day; increased shine in hair; increased zest for life,
and just feeling |like a normal, healthy kid.

Their inprovenents are directly related to
this therapy. There is no other explanation for them

But not only is the therapy validated by the
i nprovenents we have seen, an even larger validation
is the lack of progression of certain aspects of their
di sease. This is where the true strength of the
treat nent shows brightest.

In closing, | appreciate the need for the
FDA and the fine work it does. At this point |
believe the drug has been proven safe and effective.
This proof did not cone from |looking at sanples in a
lab, in data in graphs on paper. | cannot adequately
debate surrogate versus clinical endpoints or why a
particular trial design was chosen. " m not educated
in such matters.

My proof cones fromliving with three MPS |
children 24/7 for the past 13 years, one nearly five
years on therapy, and Kkeeping tabs on the other
famlies on therapy. | understand that the therapy is

not a cure, but it helps, and it helps a lot.
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| have seen that the benefits outweigh the
ri sks firsthand. There is no alternative. MPS ki ds
needs Al durazyne until science progresses to the point
that an ultimate cure is avail abl e.

Now is the tinme to allow therapy to be given
to those who have been waiting so desperately for the
opportunity to get better. Al of us in this room owe
them that opportunity. Thank you.

CHAI RVAN ACKI @ Thank you.

The next speaker is Linda Day.

VB, DAY: My nanme is Linda Day. My sons
Scott and Geg were diagnosed with MPS |, Hurler-
Scheie syndronme, at the ages of 3 and 4. W were
suddenly faced with the reality that our two precious
sons may not live past their teens but, defying their
prognosis, they're here with us today. ["m proud to
introduce you to ny son Scott, 28; ny son Geg, 27,
and their ol der sister Danette.

By 1998, we had endured years of countless

surgeries and illness due to the ravages of this

di sease. W increasingly felt I|ike our boys were

l[iving on borrowed tine. Then | received a life-
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changi ng phone call from Any Holland, a fell ow MPS nom
whose son Spencer was accepted into a clinical study
usi ng enzyne replacenent therapy. Al of a sudden, we
were all oned hope agai n.

For many years the only nedical treatnent
avai l able was bone marrow transpl ant. The procedure
was very risky, and there was significant chance that
conplications mght prove fatal. Those were not good
enough odds on the lives of our sons. So we deci ded
to wait and pray for a time when a |lower-risk
treat nent was devel oped.

Any's call was the answer to our prayers.
The results of enzynme replacenent therapy on canines
was very promsing. Geg was accepted into the first
clinical study, and we were privileged to have the
opportunity to work with Dr. Eml Kakkis and his
dedi cated staff.

Besides this, our options were running out.
Geg was in desperate condition. He was in his
fourth year of college and his health had plunmeted.
He no |l onger had the energy to wal k across canpus, and

his grades suffered. Hs heart was arrhythmc and
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beginning to fail. Hs liver was grossly enlarged,
and his liver enzynes were abnornmally high, but ny
determ ned son was still unwlling to give up.

Because only one sibling per famly could be
accepted into the study, Scott chose not to apply. He
relinqui shed his opportunity because it was apparent
that Greg probably would not |ive |long enough for FDA
approval of the enzyne.

In our wldest imagination we never would

have thought that enzyne would still be unavail able
for Scott after five years. Yes, five years have
passed since Geg began weekly infusions. He has

flourished on enzyne. He graduated from col |l ege summa
cum | aude and has a great job in our County.

But while we've watched Geg thrive on
enzynme, we have watched a dramatic deterioration in
Scott's health. Wen we thought approval was
immnent, we learned that a nore extensive double-
blind study was necessary. Scott was standing in line
to be the first to sign up for this study. Even if he
was on placebo for six nonths, it nmeant that he would

be on enzyne at the end of that six nonths.

S A G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

179

But fate would intervene when he had a
serious conplication during a cornea transplant. He
was flown on |ife support to the University of U ah,
where he received a tracheostony. H's cornea
transplant failed. He got acute glauconma in his other
eye. They didn't know how much injury had been done
to his vocal cords from the trauna. He devel oped
cubi dal t unnel syndrone from having his hands
restrained. At one tine we didn't know if he would
have normal brain function again. At another tine we
didn'"t know if he would be able to see, speak, or
wite again.

But what we did know was that this ended his
chances of being in the double-blind study because the
protocol involved pulnonary function tests, and they
weren't accepting participants with traechs.

Last year Scott's doctor was so worried for
his life that he applied for a conpassionate use, but
Scott was deni ed conpassionate use. Scott's probably
not going to be able to have his traech renoved until
he's been on enzyne for a period of tine.

He gets infections regularly and he deals
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with the terrible pain of crushed disks. Hs liver
enzynes are high, and we're continually worried about
his eyes. He is plagued by chronic headaches and
fatigue. The challenges of living continue to grow,
but Scott never stops denonstrating his strength of
character and hi s i ndependence.

W've endured a quarter of a century of
virtual hopel essness and then alnost five years of
hol ding our breaths for this chance. It feels like
we're wal king on eggshells waiting for the process of
approval .

W have wtnessed the mracle of enzyne
repl acenent therapy that has given Geg his |life back.

It's obvious to us that enzyne has helped him
greatly. Anyone who knows G eg knows that he would
not go to the hospital once a week for an infusion if
he didn't have to.

The option of enzyne repl acenent therapy has
been the proverbial carrot on a stick for Scott.
Approval is ever closer, but it continues to be out of
reach.

Scott's life is conpletely dependent on you
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and your recommendati on. Pl ease look at ny famly as
| plead for you to recommend FDA approval for
Al dur azyne. Life and quality of life is being |ost
every day that this treatnent is not avail abl e.

| am confident that you wll reconmend
appr oval iIf you look at the evidence and ask
yoursel ves: Do the benefits exceed the risks? And |
know that if you ask that question of the famlies,
the answer will be, "Ch, yes, they do."

Geg is here with us today because he had
the opportunity to be on enzyne. ["m here today to
ask you to give Scott that opportunity.

| thank you very much for hearing us, and we
wel conme any questions that you m ght ask.

If you wondered who was in the back going
like this all norning long (indicating), it was me.

CHAI RVAN ACKI @ Thank you.

The next speaker is Mark Dant.

MR DANT: We have a few Power Point pictures
that we'll show during our brief discussion.

M/ name is Mark Dant. This is ny wfe

Jeanne and ny son Ryan. Ryan is 14-and-a-half years
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old, and he's also an MPS | Hurl er-Scheie patient.

M/ wife and | do own stock in BioMarin. The
fair market value is less than $2200, and our trip
here was sponsored by NORD s travel.

Al t hough we see our son Ryan as normal, we
realize he is not. He has MPS |, Hurler Scheie
syndrone. At the age of three, Ryan's love for sports
and team play had already began to shape his spirit,
drive, and persona. At age three-and-a-half, Jeanne
and | were told that Ryan's life would be shortened to
young adulthood and as years passed his health would
slowy deteriorate to a point where wheelchairs and
the daily pain would be nore part of his life than
would balls, gloves, or the friends that could be
found when one's accepted by the majority in our
soci ety as normal .

| have heard the passionate pleas from
fellow MPS famlies and concur with how they have
described the positive health experiences their
children have gained since their lives were altered by
t he weekly infusions of Al durazyne.

Ryan began his infusions on February 13th,
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1998, eight weeks before his tenth birthday. I want
to speak to you briefly about how Ryan's life has
changed since Al durazyne cane into it, and not just
his physical life, but, just as inportant, | want to
try to relay to you how Al durazynme has affected Ryan
psychol ogi cal | y.

Seeing the reans of paper and the stacks of
data-filled binders which have been gathered on our
son as he noved through the Phase 2 trial, | know you
have each reviewed the extrenely accurate and
objective data on Patient RCD 003. | wonder, though
how does one objectively neasure quality of life, both
physi cal and psychol ogi cal ? | also wonder where in
the data does it say sinply, "Patient RCD 003 feels
better not only physically, but he feels better about
life and how others will accept him"

It wasn't until Ryan was about eight that he
began to realize that he was not able to run with the
sane bal ance, speed, or stamna as the other boys on
his soccer team By eight-and-a-half Ryan began
showi ng signs of what we in the world of MPS call "toe

wal ki ng," because his left heel would oftentines not
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touch the ground as he wal ked because his hips, knees,
and ankl es were beginning to stiffen.

Ryan's last soccer season was that year
because he could not keep up and he knew it. The
wheel chair was noving closer to the Dant hone.

Ryan's last year in city | eague basebal|l was
al so that year. Physically, his shoul ders, el bows,
wists, and hands had stiffened to the point that
grasping a bat or throwing a ball was not the sane for
him as it was when he was three-and-a-half, and
because he |ooked different when he was doing it, it
was obvious to him he could not do it w thout | ooking
like the other boys anynore, and that bothered him
i nmmensely. He began to realize he was not going to be
the mmjor |eague baseball player we all thought we
wer e.

I n Decenber of 1997, Ryan played on a church
| eague basketball team Ryan's ability to stay on the
court was severely limted conpared to his peers
because he was w nded and needed to cone out just
after one trip down the court. He noticed this, too,

but he also noticed the other boys staring at him as
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he puffed and puffed, trying to catch his breath,
which by that tinme was inpossible because his |iver
and spleen had grown so large there was little space
for his lungs to expand.

Ryan also noticed the boys staring at his
funny tummy. By that tine, he decided sports would
not be in his future.

Ryan was also getting tired of his horrible
headaches which would conme w thout notice and cause
himto mss gane after gane. Wiile the normal boys
were playing, Ryan would be honme vomting or trying to
sl eep off the pain. Many tines our trips to or from
the athletic fields would be interrupted by a stop on
the side of the road for our son to vomt because of
t he onset of yet another headache.

By the age of nine, Ryan had decided that he
was not |ike the other children. He also stopped
tal king about what he wanted to be when he grew up.
Wien he was five or six, he would ask, he would often
talk about growng up and going to high school and
col l ege, but by nine he began asking what it would be

like in heaven. "Wat will it be |like when | die?"
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He knew that there was no future in his
wor | d. He had learned this not from nom and dad
saying this, because we would not. He had | earned
this from watching his own body and by watching the
others stare at him

Four years, eleven nonths, and two days ago,
Ryan began changing both physically and nentally. He
has now grown over eight inches and put on over 50
pounds since his first infusion of Al durazyne. The
phot os here you have just seen show a young man trying
to pull off a squeeze bunt and beat the throw down to

first base. That was | ast sumrer.

I t also shows a little boy ©playing
basket bal | . This game was |ast Sunday. Wth the
basketball photos, you'll also see a little conputer

nerd who just really likes to work on the conputer.

(Laughter.)

The basketball photos are fromlast Sunday's
ganme where Ryan was the point guard for his eighth
grade B team The Mustangs took it on the chin, but
Ryan conpet ed. He shot the ball; he dribbled; he

passed, and at the end of the gane he posed for a
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post-gane team picture with his fell ow teanmat es.

If you ask Ryan today, in closing, after
nearly five years of changes brought about by
Al durazyne what he wants to be when he grows up, he
once again wll have an answer. The three of us know
that Al durazynme has not nmade Ryan's health perfect.
W realize that there is no cure for MPS, but we also
realize that Ryan has inproved dramatically because of
Al dur azyne.

W have been privy to watching the boys and
girls in his classes and teans accept him as what he
is today, and have continued to watch his outl ook on
i fe change because of that.

The pictures before you perhaps show things
that cannot be neasured by an MR or a sleep study.
They depict a happy young man getting to be what he
wants to be nost right now -- normal.

Thank you for your decision. It wll change
our worl d.

CHAI RVAN ACKI :  Thank you

The next speaker is J. E Waith.

DR WRAI TH: |l would like to thank the
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Commttee for giving me the opportunity to speak with
you this norning. M/ nane is Ed Waith. I'"'m a
pediatrician fromthe United Kingdom |'m D rector of
the WIIlink Biochemcal Genetics Unit, and |I'm here to
represent the UK, famlies who have MPS di sease.

As the principal i nvesti gat or on the
Al durazynme 003 trial and extension study, ny travel
was paid for by the conpany to allow nme to present ny
experience wth this product in ny patients.

It's been said many times this norning, and
per haps nost eloquently by the parents, but | want to
say it again: that it's inportant to renenber that
we're dealing with a progressive disease here. These
chil dren and young adults don't have tine.

They have been robbed of normal chil dhood
and normal adult life, and as each nonth goes by these
children are deteriorating. W have in our hands the
ability to alter this, and it's ny view that we have
to take that opportunity. W just don't have tine not
to.

M/ experience with Al durazyne involves these

patients here. You can see there's a very m xed bunch
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of children and young adults in ny center. | have a
|arge experience in dealing wth patients wth MS
di sease. In ny clinic in Manchester over the last 10
or 15 years we have seen over 500 patients wth
various MPS disorders, including over a hundred
children with MS Type |I. So we have a lot of
experience in this disorder, and we know very clearly
what this condition can do to you

| want to use this just to illustrate sone
of the difficulties that the conpany has had in
designing a trial to show efficacy. I think the
hurdle at the conmpany was set very high, and | don't
care how you really address it in figures, | think
they' ve cleared that hurdle.

Li ke many of the parents who have expressed
their opinion this norning, if you had ny parents here
today, they would have said exactly the sane. Wthin
a very short period into this study, they knew whet her
their child was on placebo or drug. It was obvious to
t hem because they could see the changes, irrespective
of what the nunbers or figures were show ng.

| want to concentrate on a couple of
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patients on this slide, in particular, this young |ady

here who is 20. I'"ve looked after this woman since
she was about five at diagnosis. Li ke many of the
parents have expressed this norning, | have watched

her struggle through a normal childhood, becone
depressed during adol escence, and then develop into a
severel y-di sabl ed adult patient.

W need the conputer person to cone up
again.

You know, this young |lady has struggled with
her disability, and it's inportant to renenber that
all of the patients that you are seeing here today
don't have significant learning difficulties. Thi s
young lady's acutely aware of her disease and her
disability.

It was ironic that just before the trial
started she becane very unwell, and | was slightly
anxious that she wouldn't be able to neet the
inclusion criteria for standing and walking.
Fortunately, she had a recovery. She was included in
the study, and, by chance, she was in the treatnent

arm of the study.
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This picture was taken at week 26, so this
is after the double-blind period. You can see we had
alittle party to celebrate the effect. Here you see,
although at the start of the trial she was virtually
unable to wal k, here she is at the party in her high-
heel, fashionable shoes and dancing with the other
peopl e who are at the party.

What's difficult for me to accept is this
little girl here, who's nine, actually, she had very
| ow expectations of the drug; she just wanted to be
able to wear trousers that could fasten with a button
properly at her waist rather than wearing el asticated
trousers, so not a really high ideal

But what was terrible for nme was to realize
that, actually, when | |ook back at pictures of this
worman at nine, she |ooked very simlar to this girl
and | didn't want to spend the next ten years watching
the girl turn into this woman. Believe ne, | think we
have the ability and nmeans to prevent that.

There's one other patient | want to talk
about on this slide, this man here. He's 22 and had

becone reclusive because of his illness. Again, he is
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a very intelligent young man; again, |ike many of
these patients, highly conputer-literate, certainly
far better with conputers than | am

He becane socially isolated because of |oss
of self-care skills. He couldn't go to the toilet on
his own, for instance. To pass urine, he had to have
soneone with him At the end of the 26-week period,
he had regained those skills, and that was a
t renmendous i nprovenent for him

| think we have the abilities now to alter
the outcone for all of these patients. W just have
to accept it and realize that we have this ability.

Al durazynme has nmade a trenendous difference
to these patients. You' ve seen exanples already from
the parents and the children who have been up today
and presented this far nore eloquently than | have.

| realize the Commttee wll listen to all
of the discussions and think very carefully about all
of the presentations before they decide, but what I
would urge you to do is to listen to the parents,
listen to their desperation. See the children. These

peopl e have the sane w shes and aspirations as all of
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us, and they deserve a chance. Pl ease nmake it
possi ble for them Thank you.

CHAI RVAN ACKI @ Thank you.

The next speaker is Deni se Dengel .

M5,  DENGEL: H . I want to thank you for
being so generous wth your time and your energy,
sitting here all day today listening to all of us.

| have no financial connection to Genzynme or

Bi oMari n.

My nane is Denise Dengel, and |I'm 38 years
old and I have MPS |, Scheie syndrone.

| have not been a part of any of the ERT
clinical trials. The last one | was not eligible

because ny pulnonary functioning was too good, which
isn"t a bad thing.

As you can tell by looking at ne, | have a
different stance than a lot of the people that you
have seen pictures of and have seen. I'"m skeletally
pretty mld and, you know, just don't really have a
basic | ook of an MPS person, but | am however, quite
severe in ny synptons now, and that's what | want to

share with you.
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| was diagnosed wth Scheie syndrone when |
was 10 years old. It was 1975. At that tine the only
synptons that | had was stiff joints. | had adenoid
problens, tonsil problens, and an unbilical hernia,
had surgery for the adenoids and the tonsils and the
unbilical hernia, and ny stiff joints, and I went on
ny way.

| was unable to do sonme things as far as
physi cal education went, but | just found other ways
to be active and just kind of carried on in ny life.
| was considered a mld case.

Wen | was 25, | had carpal tunnel release.

Four years later | had carpal tunnel release on the
other hand, and | had the unbilical hernia renoved yet
again.

In 1988, | graduated from coll ege and began
my career as a social worker, working wth honel ess
and street-involved youth in Seattle, and continued
with ny high activity |evel. Wen | say, "high
activity level,” | nman | was kind of one of those
obnoxi ous people that got up at 6:00 and went to the

gym so | could go to work, so | could cone hone and
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go biking or do sonething like that. |'m not talking
a little bit. | was a little bit nutty about it and
|l oved to go backpacking with ny tent and hike, and it
was a big part of ny life. | had, of course, sone
things | couldn't do, but | definitely nmanaged.

My neurol ogi cal problens, beyond m graines,
which | began to have when |I was 11, began in 1995.
started to have synptons of spinal cord conpression
As it turned out, | did have spinal cord conpression.
At ny G1/C2, brain stemarea | had an MPS nass t hat
conpl etely surrounded ny spinal cord and was squi shing
it. | went from being a person who was turbo active
to being a person who could barely wal k a bl ock

W then did surgery. They did a 12-hour
surgery with three surgeons. It took them like I
said, 12 hours. They did an odontoi dectony, and they
fused ny CG1 and C 2 toget her

| was not wheel chair-bound, but | was weak
and | continue to work to keep what strength | have.
They didn't get the whole mass, so | also continue to
have spinal cord conpression, although it's nmuch nore

mld than what it used to be.
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After that surgery, | thought | would get to
feeling better, and | waited and | never did. (%%
weakness, like |I said, | got sone strength back, but,
all of a sudden, | was just sick. | was fatigued and
| had headaches. If I got too tired, then ny bowels
got all whacked out. Nothing was well on ne.

| ended up leaving ny job and going on | ong-

termdisability in 1998.

to have nore neuro

t hey' re not

really w th what

Since then, | have continued

logical difficulties, although

has to do with what's in

ny brain; it has nore to do wth what's on the outside
of ny brain, like with the nass. So it kind of
affects how ny brain works or how ny body kind of

wor ks and connects with ny brain. I

feel like I
isn"t plugged al
So, all

speech won't work or |

conpl etely shuts down,

have a shortcircuit,

of a sudden,

say it's like |

kind of |ike the plug

the way in sonetines.

a leg won't work or ny
don't work. Tines when ny body

| becone so fatigued that | am

unable to function. | can't

wal k. It takes al

sonmebody to cone to ny house in case |

S A G CORP.
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t he hospital

The first tinme it happened we thought | was
having a stroke and went to the hospital, was
nmonitored. The best guess that they have is that nore
than likely |1 have, anongst other things, limted
blood flow to ny brain caused by the MS kind of
surrounding the arteries and the veins going into ny
br ai n. So at tines, if those things get constricted
or whatnot, then it wll shut off the blood going to
nmy brain. | have TIAs.

| have been checked for seizures also. I
al so suffer from hydrocephal us-type synptons and began
taking nedication for that just this last vyear
Again, it got so bad that nearly every day it was |ike
a knife was being stuck in ny head and | couldn't
functi on. So those are a few of the problens that |
have.

So really in the last six years | went from
bei ng a hi gh-functioning, very active woman with stiff

joints and some mld MPS problens to being sonebody

who, if I'mlucky, | have a couple of hours a day that
| function. | never feel good. | nean that's done.
S A G CORP.
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Sone of the things | deal wth daily,
sonetinmes all at once; sonetines they kind of
al ternate. Sonetinmes they alternate through the day
or within the mnute, so you never really know what is
going to conme up: headaches, extrene fatigue, nausea,
di arr hea, linbs falling asleep or going nunb,
di zziness, nenory loss, pain and stiff joints, and
that's to nane a few Anything else I've nentioned as
far as li ke spinal cord conpression or hydrocephal us,
TIAs, you know, all of that is still there, too.

| have had two open heart surgeries. | had

my aortic valve fixed three years ago, put a tissue

valve in. | had it fixed again just this |ast August.
Il went in in April, had ny yearly echogram It was
fine. My aortic valve was fine; neasurenent, the

exact sane.

Suddenly, in July | started having severe
synptons of cardiac problens, went in. It had cl ogged
back up to the point that it was at when | had had
surgery three years before, and this was with close
nmoni toring. Wwy? W don't know.

My surgeon who had done ny sanme surgery the
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time before said that the MS deposits were on the

inside; they're on the outside. He's like, "I'm
surprised the thing was working. It was like it
attacked it."

So, anyway, enzyme replacenent therapy, it's

an option for ne. I don't know whether it wll
rever se. | don't know what it wll fix. | want to
try it. | hear from people that it helps wth the
fatigue; it helps with the headaches. | see the data.

I"'mlike, sign ne; let nme try that.

Right now | know what ny path is. | know
what's happened in the last year. |  know what's
happened in the last five years of ny life. | was a
very, very active worman, and now, like |I said, I'ma

woman who is going towards needing sonebody to do
everything for ne. Right now | have people do ny
grocery shopping and a lot for ne. That's a really
short amount of tine.

So |l wuld really like to try it. So thank
you very much.

CHAI RVAN ACKI @ Thank you.

The next speaker is Eric Merrell.
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MR MERRELL: Good afternoon. | would like
to thank the nmenbers of the panel for allowing us this
time to talk to about our special children.

As was stated, ny nane is Eric Merrell.
This lovely woman right here is ny beautiful wfe
Vicki, and these are our two sons, Sean and Cody. W
believe that we have a uni que perspective to give you

on this drug since Sean is in the trial and Cody is

not .

Wien Vicki and | were first married and we
di scussed having children, | always wanted to have two
boys. Since | grew up without a brother, | had al ways

felt like | had m ssed out on sonet hi ng.

Al though they do sonetinmes fight like cats
and dogs, they're as close as | always dreaned that
they would be. Hugs and kisses follow the punches and
pushes just as nuch.

These children have been the best thing
that's ever happened to Vicki and I. W feel like
they're truly a gift from God. They and their little
sister Anber have taught us nore about unconditiona

| ove than we ever thought i maginabl e.
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Unfortunately, however, Sean and Cody were
diagnosed with MPS | in July of 2000, just a week
before Sean's eighth birthday. W were devastated,
but we were told that there was an experinental drug
that coul d possibly help.

So, in January of 2001, we flew to New York
University to try to enter our children in the Phase 3
clinical trial for A durazyme. W were thrilled that
Sean was accepted into the trial, but our joy quickly
turned to despair when we l|earned that Cody was not
accepted into the trial. It had never crossed our
m nd that they both would not be accept ed.

Before receiving the enzyne, Sean's abdonen
was enlarged due to the deposits being fornmed in his
spleen and liver. H's range of notion was di m ni shing
at an alarmng rate. He was beginning to have sone
corneal clouding and deposits on his mtral valve.

But since Sean has been on the ERT his
condition has stabilized. Al nmost imedi ately after
beginning the ERT, his liver and spleen reduced to
normal size. There has been no increase in the size

of deposits on Sean's cornea and mtral valves. Ve
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are thrilled and very grateful for these changes in
Sean. W now believe that his dreans and aspirations
inlife may conme to be.

However, every day that we awaken and watch
Sean inprove is another day that we watch Cody
decl i ne. Every day we watch this |oving boy struggle
nmore and nore to conplete sinple tasks such as
grooming hinself, pulling on his favorite dragon
T-shirt over his head, and bending over to tie the
shoel aces on hi s sneakers.

Every day we watch as he squints his eyes to
see the screen as he plays his PlayStation Il that
Santa brought for him Every day that goes by we see
hi m have | ess and | ess energy to chase his brother and
sister around the back vyard. Every day his abdonen
grows nore, as well as our fears for his future. It
is very difficult to juggle the enotions of having one
child in the trial and one who is not and watching him
suffer nore and nore every day.

Every Monday we go to Children's Hospital in
St. Louis and watch the enzyne as it goes into Sean's

body, wishing we could just take and put a little bit
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in a hidden bottle and take it hone to Cody. That is
why today is a very inportant day for our famly. It
didn't matter to us that we had to travel many mles
or spend thousands of hours at the hospital to receive
this drug.

If this drug is approved, Cody nmay have a
chance to be a dragonslayer, a police officer, a
conedian -- and if you know Cody, he is a conedian --
or whatever else he may wish to becone, and so that
other children afflicted wth this horrible disease
may have a chance to becone whatever they w sh to be,
maybe even a doctor who one day works wth MS
children or possibly even for the FDA

(Laughter.)

Thank you for allowing us this tine to talk

about our children.

CHAIl RVAN AKX : The next speaker is Steve
Smi t h.

MR SM TH: I"'m Steve Smth from Chicago
Thank you for letting ne speak. I'"'m speaking to you

as a father today of a boy w th nucopol ysacchari dosis

Type VA, which is called Mrquio syndrone.
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| want to also disclose that, starting a
coupl e of years ago, | did get a consulting assignment
from BioMarin; actually, two consulting assignnents,
and | haven't worked for them in quite a while, but

t hose assignnents were related to two things.

| was hired because | was a genera
managenent -t ype consul t ant and had conput er
backgr ound. I"'m not a scientist, and | didn't know
much about clinical trials at the tine, but | was

paying close attention because of ny son. That's how
we got into discussion.

The first project | did was to interview the
patients in the trial and then wite recomendati ons,
much as any general consultant would do, on what would
be the nost conpassionate way to distribute this kind
of substance and work with patients on an ongoing
basis, so that we can nake |ife easy for them if
enzyne repl acenment therapy becones a reality.

So ny real background for doing that project
was ny status as a parent, | think. The privilege I
got was to neet many of the patients who are in the

trial, not really the patients, but the whole famly,
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sitting in their living roons, seeing how they live
and tal king about their |ives.

The second project for BioMarin, by the way,
was to use ny conputer background. I work for |BM
now, by the way, so |I'mout of the consulting business
for the nost part, IBMLife Sciences.

It was about putting t oget her an
epidem ol ogical strategy for how would you collect
patient data from around the world so that you could
have a critical mass and begin to design better trials
and prove things to the FDA In ny talks with a few
menbers of the FDA and the NIH they said there is no
such nethod right now which is really adequate for
rare diseases, especially ultra-rare diseases |Ilike
t hese.

So what | want to say to you, now that |'ve
di scl osed, you should know | have not worked for
BioMarin in any way in the past, | think it's been, a
year-and-a-half or two now There's nothing in the
future, and they have not paid for ne to cone here.

| came because of ny son; also because many

of the people in the MPS | comunity have becone
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really heroes to ne as they have fought the way for ny
son and nmany others wth rmnucopol ysaccharidosis
di seases, the other diseases in the nucopol ysacchari de
famly to get what they're | ooking for.

Oh ny own | have gone to MPS conferences in
different parts of the world. Li ke many of wus, |
| aunched out as soon as ny son was diagnosed in 1990.
So | have seen MPS | kids over a 10-year period and
how they progress, and |'ve seen nmany other kids wth
| ysosonal storage disorders because I go to
conf erences.

My son, many of you, sone of you nay have
seen. He was the star of a major notion picture
called "Sinon Birch" that canme out. Di sney's
Hol | ywood Pictures put it out in 1998, and he played
the title role of Sinon Birch.

So if you saw that or if you rented it at
Bl ockbuster now, you would see that he's very short.
People with Mrquio syndrone have dwarfism and very
severe joint problens, and progressive problens also
related to their respiratory systens and health ri sks.

If you knew him you would know he's also
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academcally a very advanced student in high school
He's socially very well-integrated, and in eighth
grade he passed the college entrance examto get into
any of the top universities in this country. So he's
actually way above normal in his capabilities, but |I'm
very, very concerned about future potential.

Wen | went to speak at conferences in
Europe, because the German MPS Society and the
Austrian Society invited nme on separate occasions to
cone speak, parents from all over the world are at
t hose conferences. They cone to where the conferences
are fromother countries to ask, what's happening with
clinical trials in the United States? \Were is the
enzyne replacenent therapy?

This is a very short list of their concerns,
and then I'Il conclude. They' re concerned that this
decision today or here wth the MPS | trial inpacts
them regardless of what their MPS disease is or their
| ysosomal storage disorder.

They' re concerned that they're waiting for
this approval to go well, so not just the scientific

community goes on, but the investnment community that

S A G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

208

puts the noney behind all this. They're watching not
just the science and the nedicine. They are watching
that, but they' re watching the process very carefully,
and they're concerned that tine and noney and their
children's chance is going to run out.

They know that they cannot provide a |arge
nunber of patients. They can't prove things the way a
cancer or an Al zheinmer's group or an AIDS group woul d
do because they just don't have those kind of
statistics to conpile, and you know it can't be done.

They hope the decisionnmakers can al so wei gh
in this case, because of that, the suffering that's
going on and the |lost opportunity they see going away
fromthemright in their very living roons. They are
hopi ng that those who have the decision in their hands
will not only inprove the science that we have going
on today and inprove the nedicine, but also inprove
the process and | ook at what's happened in this tria
and make a decision to release this substance. Then
let's nove on to the other diseases. Thank you.

CHAI RVAN ACKI :  Thank you

This concludes this portion of the program
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the Advisory

to return by

the foregoing matter went off

the record for lunch at 12:22 p.m and went back on

the record at
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AFT-EERNOON SESSI-ON
(1:03 p.m)

CHAIl RVAN AKX : Could the nenbers please
take their seats?

Dr. Sanpson, you had a request of the
conpany about the confidence intervals, and since all
of our nenbers aren't here, | thought we would just
ask that now. The inportant people are here, the
statisticians.

(Laughter.)

DR SAMPSON: Tom |I'm glad you finally
recogni zed that.

(Laughter.)

CHAI RVAN ACKI: It took a long tine.
DR VWALTON BOVEN: I don't actually have a
slide of this, and we did just pull it fromone of the

responses to the European questi ons.

In terns of the percent predicted FVC, and
you'l |l renenber that the nmean difference from placebo
was 5.9, if we put a confidence interval on the
medi an, which was what the test was on, using a

Hodges- Lehmann estimator, the confidence interval, the
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95 percent confidence interval for the percent
predicted FVC is plus one to plus nine.

In ternms of the six-mnute wal k, we also did
the sanme thing. You'll renenber that the nean
difference from placebo was 38.1 neters. If we put a
95 percent interval on the nedian difference, also
using the Hodges-Lehmann estimator, the confidence
interval is mnus two to plus seventy-nine, which is
to be expected because our p-val ue was . 066.

DR SAMPSON Say the upper one again,
pl ease, .797

DR WALTON- BOVEN: Yes, plus seventy-nine
neters.

DR SAMPSON:. So that's one to nine for the
FVC - -

DR WALTON- BONEN:  Yes.

DR SAMPSON: -- on the Hodges-Lehnmann and
mnus two to seventy-nine --

DR WALTON-BOVYEN: That's correct.

DR SAMPSON: -- on the six-mnute walk.
Thank you.
DR VALTON BONEN: Yes. | just want to
SA G CORP.
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poi nt out one nore thing. The one for the percent
predicted FVC work is before the audit of findings
because we ran this a while ago. You'll remenber that
our results were slightly different in terns of the
p- val ue.

DR SAMPSON: Thank you.

DR WALTON BOAEN:  Ckay.

CHAI RVAN ACKI: I n response to requests from
the Advisory Commttee nenbers to speed up the
process, | have asked a nunber of nenbers of the
Advi sory Conmttee to specifically direct the focused

di scussi on on specific questions.

The first question will be discussed by Dr.
Joad.

DR JQOAD: Yes, | was asked to speak about
t he FVC

CHAI RVAN ACKI: Wiy don't you read the whol e
t hi ng?

DR JOAD: Oh, read the whol e thing?
CHAI RVAN ACKI :  Yes.
DR JQAD: Ckay. "Study 003 was a six-

mont h, random zed controlled study in 45 subjects.
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FVC was one of the two co-primary endpoints. The
overall treatnent-associated difference in percent
predicted FVC was a nmean of 6 percentage points, from
a baseline of approximtely 50 percent predicted. The
p-value was .02 for this difference. The groups were
different in FVC at baseline, 48 versus 54 percent."
That's treated versus control. "This baseline
difference was simlar in magnitude to the treatnent-
associ ated outcone difference. Exam nation of the
time course of FVC during the study indicates that
much of this treatnment difference was due to an
i medi ate FVC decline only in the placebo group that
did not progress during subsequent nonths, and a |ast
eval uation i nprovenent in the [laronidase-treated
gr oup.

"Pl ease discuss the totality of the evidence
regardi ng pul nonary function. Do the data support a
meani ngful | aroni dase-treatnent effect in FVC?"

Well, the answer to this or ny opinion on
this would be, is that that's not an easy question to
answer . Sonme points | would like to make about the

data is that | would have to say that | do think it's
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overstepping it a bit to have expressed the FVC based
on previous baseline height rather than current
hei ght, because we don't really know why those
patients are getting taller, whether it has to do with
joint contractures or if they're just getting taller
and if they are, their lungs should increase -- the
FVC should go along with their height. O herw se
that represents a decrenent in lung function

But, as it turns out, the statistics go from
.02 to .03. So it's still statistically-significant,
even if you use the current high

The other place where that | think cones in
is when the conpany was presenting the percent of
patients who had an 11 percent inprovenent in FVC. |If
that inprovenent in FVC was largely contributed by
their increase in height, then it could just be a
fancy way of neasuring increased height.

So | think |ooking at the absolute increase
in FVC from the percent of people who had that 11
percent increase in their absolute FVC over the six-
month period is probably not useful.

So we have a statistically-significant
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difference in the percent inprovenent between the
pl acebo and the treated over the six-nonth trial.
Then the question becones, is it clinically-inportant?

If you do it the way | think it should be done, which
is with the current height, the difference is not 6;
it's 4.5 percent difference.

Usual | vy, I  would consider that really
marginal, a very marginal inprovenent, and not very
clinically-significant or not at all, but | think in
this context of a disease that's progressive over
years and years and years and woul d be expected to get
worse over tine, that within a six-nonth period to be
able to show a difference of 4.5 percent probably is
clinically-inportant.

It's very difficult to say. Wat we really
needed was a |longer study to see what would happen in
the next six nonths at least to be able to say that,
but if | had to say, do I think 4.5 percent difference
in six nmonths' time is clinically-inportant, | would
have to say very marginally so, but perhaps, yes.

CHAI RVAN  AXI : Ckay, discussion? Dr.

Wi ss?
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DR WEISS: Could | just ask also, Dr. Joad,
do you have any comments regarding the particular tine
course? W pointed out that there was this certain
maybe anomal ous pattern in the very last set of tine
points with respect to the FVC, particularly in the
after-treated group. I was wondering if you had any
comrent s.

DR JQAD: Ri ght. There's a |ot, when you
go back and look at all those data, the tine course is
very peculiar. The things that were pointed out in
the paragraph are extrenely peculiar, but, as the
conpany pointed out, that last little surge didn't go
away when they extended it for the six nonths.

So | can't say it didn't really happen.
It's just wunusual that it |ooked that way, and ny
overall opinion would be that, although these are all
peculiar things when you look at them they are not
enough to say don't pay attention to the group data,
because they can't really explain what happened.

What happened the first tinme to the FVC, the
things that seened to be inportant in what happened

with the FVC in the double-blind, placebo-controlled
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Study 003, when you went to the group that was
originally treated with placebo and then treated wth
drug during the next study, you didn't see those sane
factors, particularly going into it.

So | just feel like it's trying to nake too
much out of sone very interesting things that would be
great to go back over with a bigger study and a | onger
time period. But, given the information we have, |
think it's just people change, seasons change. As we
say, the data are the data.

CHAI RVAN ACKI :  Dr. Schnei der?

DR. SCHNEI DER: Vel |, I woul d argue
differently about which height to use. First of all,
measuring height in children is extrenely difficult,
and nost people don't appreciate this, but we all find
who do research that, if you don't measure height in a
clinical research center, you'll won't get close to
it, and even then, if you measure the child when they
first wake up versus a couple of hours later, you get
a vastly different neasurenent.

And then on top of it, you have these

children who are so difficult to get them to stand
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straight the sane twce in a row, let alone over a
period of tine, if there's any change in their joints.

| would think it's a much nore accurate
thing to take any one height and the sane height all
the way through, so that that's constant. Here the
thing that you' re using the height for, the FVC, which
| know nothing about except that it's dependent on
many factors, and | would sinply say height is another
factor. If this gets a little better because of
increased height, that's just one of the factors
that's gotten better, because actually you want to
increase growh in these children

So if I was asked a year ago what to base it
on, | would have based it on one height and used the
sane height all the way through

DR JOAD: And just ny response to the |ast
comment you nmade would be FVC represents nany things
in this. It's kind of nmore than lung function, and
it's the size of the diaphragm and the way the bones
are put together in the skeleton, as well as intrinsic
properties of the |ung. If you want that to also

i ncl ude height, then you can put height in there. But
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it just seens to ne that's one of the things you would
at least like it not to include if you' re using FVC as
a surrogate for lung function, respiratory problens.

CHAI RVAN ACKI : Dr. Swenson?

MR SVEENSON Yes, | agree wth those
conment s. | think you can look at it as a plus in
either direction. Either they've really grown nore

than the other group, which anybody woul d probably put
as a positive, or, in fact, they have just better |ung
vol unes; they sonehow have recruited a bit nore
al veol ar space. | look at either interpretation as
positive.

I think the difference is significant
enough. This is a difficult variable with lots of
changes, and we're looking at it over a very short
period of time. Probably a longer look, if this were
ever possible in an ideal world, would probably
sati sfy everyone.

CHAI RVAN ACKI :  Dr. Fol I man?

DR FOLLMAN: Il would like to conmment
briefly about the tinme course of the effects of FVC in

the two groups. Wen you do the primary analysis of a
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significant effect, to try and cast dispersions on it
you have to say there's perhaps an anomal ous drop in
the placebo group that happens quickly, and then
per haps an anomalous increase in the treatnent group
whi ch happens near the end of the study. So it seens
like it is making a ot of assunptions to try and cast
di spersions on the primary results.

| am al so encouraged by the fact that, when
you do other analyses, including analysis of co-
variants, this finding appears robust. So because we
are looking at nmeans in those trajectories and this is
somewhat variable, the fact that there's naybe sone
glitches here and there is not enough to really
overturn what | think is a significant effect here.

| am al so encouraged by what was poi nted out
earlier. If you look at the open-label phase of the
study, you see trends that are indicative of an
i nprovenent in FVC follow ng open-|abel treatnent with
the compound. So | amnot troubled by the tine course
of the disease, and I'm also not really so troubled
about the inbalance in FVC at baseline, in particular,

because we're | ooking at both changes and then in one
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of the anal yses we used analysis of co-variants, which
in all cases we end up still being significant. So |
am not that troubled, either, by the inbalance of FVC
at basel i ne.

CHAl RVAN  AXXI : Are you going to add
sonet hi ng new?

DR GRADY: No.

(Laughter.)

CHAI RVAN  AXXKI : This is the Boston-Yale-
Harvard-California attitude.

(Laughter.)

| think at this point, then, we have been
asked to vote on this issue. The issue is: "Do the
data support a neani ngful | aroni dase-treatnent effect
on FVC?"

So, starting on ny left, Dr. Foll man?

DR FOLLMAN Yes, | believe they show a
meani ngful clinical benefit in FVC

CHAl RVAN ACKI @ Dr. Swenson?

MR SVENSON: | believe so.

CHAl RVAN ACKI @ Dr. Schade?

DR SCHADE: Yes.
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CHAI RVAN ACKI @ Dr. Wol f?

DR WOOLF:  Yes.

M5. KNOALES: Yes.

DR JOAD: Yes.

CHAl RVAN ACKI @ Yes.

DR WATTS: Yes.

DR LEVI TSKY: Yes.

DR SAMPSON:  Yes.

DR SCHNEI DER  Yes.

DR CGRADY: Yes.

CHAIl RVAN ACKI:  Are you guys sick?

(Laughter.)

Cinicians and statisticians don't agree.

(Laughter.)

DR SAMPSON. When statisticians show truth,
t he deci si ons show j udgnent.

(Laughter.)

CHAl RVAN ACKI:  It's 12-0.

Ckay, Dr. Sanpson is the discusser of
Question 2. Wuld you like it read or would you like
us to read it quietly?

DR WEISS: Wuld it be too much trouble for
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you to read it in, please?

DR SAMPSON: That's fi ne.

DR VWEI SS: Thank you

DR SAMPSON: "Subset analyses of the FVC
data suggest that, while a treatnent-associated
difference was observed for both nale and fenale
patients, the effect was different for each gender.
Laroni dase-treated fermales had inprovenents in FVC
pl acebo-treated fermal es had a stable FVC. Laroni dase-
treated nmales had a stable FVC, placebo-treated males
showed a decline in FVC

"Subset analyses also suggest that the
treatnment-associated outconme difference was nore
pronounced in patients who had the |east anount of
pul nonary i npai r ment at basel i ne, with little
difference between groups 1in the nore advanced
patients.

"However, in addition to these post-hoc
subsets being quite small (4-7 patients), there is
also an inbalanced distribution of gender and
severity. In the laronidase group nore female

subjects are in the two lesser-inpaired quartiles than
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in the two nore-inpaired quartiles (7-to-4 ratio),
while the reverse occurs for nale |aronidase subjects;
fewer with less baseline inpairnment than with greater
inmpairnment” in a 3-to-8 ratio. "This limts the
ability to separate gender from inpairnent as
potential treatnent effect interaction factors.

"a. In light of the caveats regarding the
ability to draw neani ngful conclusions from post-hoc
anal yses of subgr oups, particularly in smal |
dat abases, please discuss the exploratory anal yses of
FVC, and your interpretation of the data. |If you have
concluded (in #1) that |aronidase has denonstrated a
benefit on FVC, can one conclude that the benefit is
applicable to all subgroups?”

The b question is, "Please comment on
whether there is a biological plausibility to these
di sparate findings. Do these exploratory analyses
rai se enough concern to necessitate further
i nvestigation of subset-related interaction wth
treatment effect?"

And c, "If so, nmust this issue be clarified

pre- mar keti ng approval, or woul d' post-marketing (sic)

S A G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

225

"exploration of the issue be suitable?"

| think that the question in sone way
answers itself in that the subsets in which the
interesting effects are explored are snall. It's a
smal | dataset to begin wth.

| think in regard to gender, and it would be
very nice to have had nore focused analysis of
variants results on the specific co-variants of
interest here with treatnment interaction; it would
have provided at least a small guideline to interpret
this a little bit better, but it looks to me |ike
there is a gender effect in kind of the change in the
FVC over six nonths, but that's it not treatnent-
related, and that the treatnment effect is roughly the
sane in the 003 for nmales and fenal es.

The point that is mde in the third
par agraph that says that there's conpoundi ng of gender
with the inpairment quartiles makes it very difficult
to interpret kind of the perceived differences that

we're saying in the inpairnment quartiles in the

treatnment responses. Are those due to gender
i mbal ances or is that really due to baseline
S A G CORP.
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i mpai rrent di fferences?

Since | was one of the people that concl uded
in one that |aronidase has denonstrated a benefit, the
next statenent is, can one conclude that the benefit
is applicable to all subgroups? "Al subgroups" is a
strong statenent.

| think, however, that the flip side to that
is that one is not able to not conclude that the
benefit is applicable to all subgroups, as there's
been no strong evidence presented that there is a
differential benefit to different subgroups. Unti |

that sonehow is nore conclusively, if it were true

more conclusively established, | think one has to
believe the benefit is applicable to all t he
subgr oups.

Wth regard to biological plausibility, | am
going to pass on that. There's only so much physician
I"'mwilling to play.

(Laughter.)

It would be nice to see -- | think |
expressed it this norning -- it would be nice to see a

l[ittle bit nore analyses in terns of interaction of
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sone of these noted co-variates wth treatnent, very
focused anal yses on those. G ven the sparseness of
the data, | don't know what they would specifically
show, but it would certainly be nice to | ook at those.

Wether it has to be pre-approval or post-
approval I'm not sure. I"'m not sure if this is
sonething that wouldn't be nore appropriate maybe in a
| abeling discussion, if that were the case, as to
guidelines that you mght want to put in. But it
doesn't seem to ne to be critical in the approval
process.

DR WALTON: Just to clarify that portion of
the item that is really a question of whether or not
we shoul d be obtaining new clinical data, not attenpts
to re-analyze the existing clinical data, but whether
or not you will be recommending that we try to explore
this in new studies.

DR SAMPSON: It doesn't seemto ne to be a
strong enough effect that it leads to necessitate new
st udi es pre-approval .

CHAI RVAN ACKI @ Dr. G ady?

DR GRADY: Vell, | just want to point out
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that this is a small, random zed trial. It was done
in a group of patients wth a very heterogeneous
disease, and their severity of disease was very
different, very wde range at baseline. [ think in
that situation really you have to |look at the overall
findings of the trial.

Wiile | think FDA has done just a great job
today, and in the past couple of days, in making sure
that the data are valid and in clarifying for us, |
just think it's really fraught with danger in that
kind of situation to begin going to |ook at patterns
in the repeated neasures or a subgroup analysis. I
just think it is inappropriate.

CHAl RVAN AKX : kay, is there any further
di scussion on this question? Dr. Levitsky?

DR LEVI TSKY: Just a brief address to the
biologic plausibility question: It seens to ne that
if it takes you a long tine to get there, it's going
to take you longer to get out of there. The peopl e
with the nore severe synptomatol ogy who didn't respond
as nmuch, it may well be a tine issue.

If you're looking at FVC and the conponent
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is not on the cage surrounding the lungs but the |ungs
as well, and whether the liver is enlarged or not, and
you have soneone who is so severely affected that
their bones and joints or nuscles are affected, in
contrast to sonmeone who may have decreased conpliance
because of lung function and because of a |arge liver,
it is easy to see why there would be a biologic reason
why the nore severely-affected people would show | ess
change in this short period of tine.

CHAI RVAN ACKI @ Dr. Schnei der?

DR, SCHNEI DER | agree, and it suggests to
me that perhaps this neans that treatnent should be
started at a younger age then.

CHAl RVAN ACKI @ Thank you. Dr. Wi ss?

DR\l SS. There were a lot of questions
and discussion this norning regarding dose and
optimzing dose. I was wondering whether or not
anybody on the Commttee feels it mght be helpful,
even potentially in a post-marketing setting, to try
to evaluate doses, particularly wth people wth
per haps nore severe degrees of inpairnent.

CHAI RVAN ACKI:  I'll bet you that Dr. Schade
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woul d i ke to answer that one.

DR SCHADE: Well, of course, you could do
t hat . I think the company nmade actually a fairly
valid response in receptor uptake and the fact that
maybe, no matter how high you push the dose, the
receptor does limt uptake. | think I would have to
| ook at those studies much nore carefully, but they
may have a very valid point, that they' re way above
the critical receptor uptake |evel.

The fact s they suggested 10 tines,
what ever . Before one automatically junps in, |Ilike
maybe | did this norning, to suggest higher dosages, |
think there are sone valid biochemcal neasures that
one woul d ook at to nmake sure it's rational.

Wthout seeing that data or studying that
data, | would be hesitant to recommend automatically.

I think the FDA should ook at the question and
di scuss the question with the conpany, but | ook at the
in vitro data about receptor uptake. If you have
totally saturated the receptor tines ten, we'll see.

So I think the conpany really did nake a

very valid response to at |east ny question
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CHAl RVAN ACKI: Okay, then let's nove on to
Question No. 3. Dr. Levitsky?

DR LEVI TSKY: Vell, | think that the FDA's
point is that, using standard statistical approaches,
we start off with two groups that are --

CHAI RVAN ACKI:  Could you read? Do you want
her to read the question?

DR LEVITSKY: Oh, I'msorry, should | read?

"The distance walked in six mnutes was the
other co-primary endpoint. There was a 39-neter
di fference between groups in the distance wal ked over
the six-mnute period, from a baseline of nore than
300 neters in each group. The p-value for this
difference was 0.07. The differences in six-mnute
wal k between groups at baseline was 319 versus 267
nmeters in treatnment and placebo groups, respectively.

This baseline difference was nore than the treatnent-
associ ated outcone difference. The net result was
that by end of the random zed controlled portion of
the study, the difference between groups present at
basel i ne was | argel y absent.

"Please discuss the evidence regarding
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wal ki ng di stance. Do the data indicate that a
meani ngful treatment benefit has been denonstrated
with |aronidase treatnment in wal ki ng capacity?”

And ny response to this is that, using
standard statistical techniques wth this very
het erogeneous group, as the FDA points out, the
p-value for this difference is not significant. Par t
of that reason is because this was a heterogenous
group in which the treatnment group started out wth
| ower walk capacity, apparently, than the non-
treatment group and then sonehow caught up.

Oh the other hand, | think the conpany
presented sone very conpelling reasons why, because
this group is so heterogenous, even though this was a
random distribution, that use of an analysis of co-
variants technique which took into account this Iack
of heterogeneity is a very inportant way to |ook at
the data. Wen they do this, they did show
significance, and that significance seens to stand up
over the longer period of tine when both groups are
being treated wth enzyne.

M/ response would be, when the agency
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finishes reviewwng the new data submtted out until
week 62, if they feel that those data are reasonabl e,
then | think we have very good data to support the
fact that this primary endpoint was positive and there
was a difference and that the drug nade a difference
in this popul ation.

CHAl RVAN AKX : W are being asked to vote
on this question as well. D scussion?

DR SAMPSON | just want to add one snal
comment. Fixating on a .066 p-value and noving, as |
think the analysis co-variance was .04, if | recall
sonething like that, the confidence intervals that
were presented give you sone idea of the nmagnitude in
the wal king difference. 1t is somewhere between m nus
two neters, which barely enconpasses zero, and that's
why you're getting the .066, and as nuch as 79 neters
difference. This is the change from baseline and then
the difference between two treatnent groups at the end
of the six nonths.

So | think that alone gives you a lot of
confidence in just the anmount of nagnitude that you're

| ooki ng at. | think to focus on p-values is to get
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trapped in a little bit of kind of regulatory concern
which is the FDA's best interpretative |evel of
confi dence.

(Laughter.)

DR WALTON: May | comment? | think that we
understand one has to interpret the data. If the
p-val ue al one gave the answer, then we would not even
bring the question to you.

So | sinmply want you to not m sunderstand
the manner in which we bring it. Ve feel it's
inportant to bring you all of the facts. The fact
that we are bringing this to you is an illustration of
we are uncertain of how to interpret this and | ooking
for your assistance.

W certainly agree that the interpretation
of this information has to be based not on any single
fact, but rather on the totality of all t he
information about this and the circunstance in which
this study data is derived. That is why it is
inportant for us to have this discussion and to
understand how you are evaluating this, but it is

certainly not a case where we feel the p-value tells
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CHAl RVAN ACKI @  Ckay. Dr. Swenson?

MR SVEENSON: | just wanted to nake one

comment on the six-mnute walk test, to try to put it

into sonme perspective. This has

devel oped nore for adult popul ations

been largely

with essential

ei ther single or conbined cardiopul nonary di sease, but

oftentines just in a honobgeneous group |like patients

with COPD, adult patients wth COPD.

The magnitude of effect | think that's being

shown here is equivalent to what has been published in

the respiratory literature for COPD.

That is, now

these are adults as opposed to young adults and

children in this study, but the 38 neters or so

difference is a difference in which

adult patients

routinely perceive that as an inprovenent in their

lifestyle. So this is bordering on not only an

obj ective inprovenent, but in another
at |east sonething that suggests qual
al so enhanced.

CHAl RVAN ACKI : Thank you.

ot her coment s?
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Then at this tinme we are asked to vote on

the question: "Do the data indicate that a neani ngful

t r eat nent benefit has been denonstrated
| aroni dase treatnment in wal ki ng capacity?"

Starting with Dr. G ady.

DR GRADY: Yes.

DR SCHNEI DER:  Yes.

DR SAMPSON.  Yes.

DR LEVI TSKY: Yes.

DR WATTS. Yes.

CHAl RVAN ACKI @ Yes.

DR JOAD: Yes.

M5. KNOALES: Yes.

DR WOOLF:  Yes.
DR SCHADE: Yes.
MR

SVENSON: Yes.

=

FOLLMAN:  Yes.

CHAl RMAN AKXl : Twel ve-zero.

W th

The next question will be discussed by Dr.

Fol | man.

DR FOLLMAN: "1l start by reading
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guesti on.

"Expl oratory anal yses of t he wal ki ng
distance data showed that the treatnent-associated
difference was entirely restricted to the female
patients...Baseline severity analyses did not suggest
an interaction of severity wth treatnent, but
anal yses by age suggested that the overall treatnent-
associated difference was largely restricted to
younger patients. In this overall small study, the
age distribution is such that the older age tertiles
are particularly small (3-8 patients).

"a. In light of the caveats regarding the
ability to draw neani ngful conclusions from post-hoc
anal yses of subgr oups, particularly in smal |
dat abases, please discuss the exploratory anal yses of
wal ki ng di stance, and your interpretation of the data.

If you have concluded (in #3) that |aronidase has
denonstrated a benefit on walking capacity, please
di scuss whether all subgroups are likely to benefit.

"b. Are there biologically-plausible

reasons why the results mght be discrepant? Do these

expl oratory anal yses rai se enough concern to
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necessitate further investigation of subset-related
interactions with treatnent effect.”

And, finally, "c. If so, nust this issue be
clarified pre-marketing approval, or would post-
approval exploration of the issue be suitable?"

Well, before I answer that, | would like to
sort of give the perspective | have on subgroups in
general in clinical trials, and particularly | think
they are inportant in these small studies.

Usually, you do a clinical trial in a
popul ati on where you think the treatnent is likely to
be fairly honbgeneous, and so you don't go |ooking for
differential effects. You check them to nake sure
that your assunption was basically correct, but you
need very strong evidence to go away from the
supposition that you bring to the trial, which is that
the overall treatnment effect estimate is probably the

best neasure to guide therapy in all the subgroups.

Now having said that, it certainly does
happen that occasionally there will be sone subgroups
for which the treatnent may not work as well. In

fact, that's probably what you expect, that the
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treatnent effect is not unifornmly constant anong every
way you can classify the patients. That's to be
expected, and | don't think that's very troubling.
The overall treatnent effect should be a good guide to
t her apy.

What you're concerned about really | think,
when you do | ook at subgroups, is whether there is a
subgroup that's harnmed by the treatnent. That's a
serious issue, and that deserves special scrutiny. I
haven't seen any evidence of that whatsoever in any of
t he subgroup analyses that we have done today. So
that very scary spectre is not present, | think, in
this study at all.

But to proceed to nake sonmething out of a
subgr oup, you have to have strong statistical
evidence, | think, and you also need a strong
bi ol ogi cal rationale, both of which | think are absent
in these studies. | don't see evidence of a
qualitative interaction where it would be harnful in
any group. So as a blanket statenent, | am not
concer ned about subgroups in this trial.

Now to get to your specific question about
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wal ki ng di stance, you do see a nunerical difference in
t he nmeans between nen and wonen at 26 weeks, where the
delta in nmen is zero at 26 weeks. But if you | ook at
24 weeks, a little earlier, there is a delta in nen, a
nunerical benefit of the treatnent. Furthernore, if
you look farther out wth the open-|abel experience,
you don't see evidence of a difference in effect by
gender. So, for those reasons, | am not really
concer ned about that.

So there's sone weak evidence -- it's very
weak in ny mnd. We know these neasures are fairly
variable, and so to look at nunerical differences in
means wthout adjusting them for the uncertainty
associated with them | think is problematic really.
So I am not worried about a difference in treatnent
effect by gender, and simlarly for age, 1'm not
worried about a treatnent effect by age.

We see nunerical differences in the neans,
but they don't seem consistent. There's no evidence

of a qualitative interaction where it shows that it

woul d be harnful for certain age groups. |f you |ook
at t he open- | abel dat a, t he concer ns about
S A G CORP.
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differential effect by age is not as narked. So I'm
not worried about it.

Part b, "Are there biologically-plausible

reasons why the results mght be discrepant?" | can't
really address that. | just think that what we see is
consistent entirely wth chance. So | don't think

there needs to be post-marketing investigation of this
I ssue.

| f you're going to do post-marketing
studies, | think it mght be useful to consider what
age you start this in, what dosing you use. You know,
with long-term therapy, do you need to increase the
dose? Does the product |ose efficacy over tine?
These are inportant things that | think should
properly be | ooked at in a post-nmarketing environnent.

| don't think they should be | ooked at now, because I

think this conpound seens to work to ne.

CHAl RVAN ACKI : Any coments? Cee, it is
the first time |I've | ooked around.

(Laughter.)

Ckay, we're now on Question 5. Dr. WAtts?

DR WATTS: Question 5 has three parts.
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"Anti body formation was observed in nearly
all laronidase-treated subjects. This occurred early
in the treatnment course, usually wthin two nonths.
Thus, six-nonth findings on FVC and six-mnute walk
were observed in the face of at |east four nonths of
anti body presence.

"Pl ease discuss your degree of concern wth
the potential for antibodies against |aronidase to
dimnish or elimnate | onger-termefficacy.

"Considering that this is a lifelong di sease
requiring lifelong treatnent, please address to what
extent data should be obtained on durability of
effect.

"Specifically, if additional clinical study
data nust be provided, please discuss the requisite
nature of these data, such as the duration of
observation and the necessity for use of a concurrent
control popul ati on not exposed to | aroni dase.”

VWl l, antibodies formin al nbost everyone who
receives this substance. The effect, the beneficial
effect, seens to be denonstrated despite the presence

of these antibodies, and the biochemcal effect of
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enzyne treatnent persists despite the presence of
these antibodies, at I|east over the course of the
observati on.

| think there is a theoretical concern that
there mght be a subset of patients who would have
dimnished activity of treatnent as a result of
antibody formation, and we touched yesterday and
Monday on |ooking at the biochemcal indicators of
enzyne therapy. M/ guess is, since there's been no
treatnent for this disease, that nobody nonitors
urinary GAG levels, but ny belief is, now that there
is an effective treatnment and the duration of that
beneficial effect is unknown, that periodic nonitoring
of urinary GAG levels would be appropriate to assure
that treatnment effect is continuing.

I don't believe you need a control
popul ation untreated because | think that gives you
adequate assurance, if the urinary GAG |l evels are | ow
and stay down, that the enzyne is still effective.

CHAI RVAN ACKI @ Are there any comment s?

(No response.)

Hearing none, then -- oh, Dr. Schade?
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DR SCHADE: Yes, | guess I'ma little nore
cautious. Al these studies are short-term and we're
talking about Ilong-term therapy. Just from ny
experience, you're going to have patients who appear
not to respond to therapy after five years, ten years,
et cetera.

Wien that occurs, I think it's very
inportant to have data to address there are non-
responders, and we don't know what the percent of non-
responders is going to be. | can just tell you there
are going to be non-responders.

One  of the possibilities is antibody
formation. So | would really encourage in post-
marketing studies to at |east once a year, or at sone
frequency which is agreed upon, to sinply bank bl ood
or bank serum in which you can neasure antibodies and
anyt hi ng el se.

Because when we get this group of non-
responders, they're going to say, "I need help," and I
think we should be as smart as we can. W are going
to need banked serum to do that. So | would really

encourage the FDA in a post-marketing type of thing to
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encourage the conpany to store serum for not only
anti bodies, but other factors that we're not snart
enough today to know about.

CHAl RVAN ACKI : Thank you. | think we'll
junp to Question 7 and then cone back to 6.

MR SVEENSON: Question 7 reads, "The
avai l able clinical data suggest that the major safety
concerns for laronidase relate to infusion reactions.

In general, the incidence of infusion reactions
during the controlled study appeared simlar between
the two study groups. However, one placebo-treated
patient in the controlled study subsequently received
| aronidase in the extension study and experienced a
life-threatening infusion reaction that required
ener gency tracheostony. This patient had substanti al
respiratory inpairnent at Dbaseline. The serious
adverse experience was tenporally related to the
| aroni dase infusion and was cited as “definitely'
related to | aronidase by the site investigator."

The first question: "Pl ease discuss the
inplications of this case in light of the potential

use of laronidase anong subjects wth profound
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respiratory inpairnment, including those wth such
profound inpairnment that they would not have qualified
for enrollment into sponsor's major clinical studies.

"b. If licensed, should the |abel provide
speci fic warnings about use in patients with profound
respiratory inpairnent?

"c. Should additional studies be conducted
in patients with substantial respiratory inpairnent?"

Clearly, it's always tough to deal with one
single adverse reaction in a group of patients that
are quite sick, particularly when it's one in sone
several thousand infusions, | think the conmpany told
us. However, it's still quite frightening that
sonething like this should happen.

| think that in response to Question a, what
are the inplications for patients wth profound
respiratory inpairnent who would presunably begin this
treatnent once it's approved, what should be done, |
think in part this is answered in b, is that this
warning has to be provided in detail to practitioners
that woul d be using this.

| think that Phase 4 or post-nmarketing
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follomp wll be critical to establish what the
i ncidence, the true incidence, of this problem would
be.

| don't know that there should be additiona
studies conducted in patients wth substantial
respiratory inpairnent because this was a one-tine
seri ous-enough reaction to warrant just this question.

| don't know that it would cone up frequently enough.

It mght be a very difficult study to ask ahead of
time, but | think clearly the followp on this
gquestion is going to be key, and that details about
drug infusion mght have to be altered on the basis of
experi ence.

CHAl RVAN AXKI :  Dr. Wol f?

DR WOOLF: | think I would take a different
tact on c. As a post-marketing study, | would
definitely study patients wth severe respiratory
conprom se before, during, and following of infusion
to see whether there's sone comon denom nator, and
that this one individual was sinply the tip of an
i ceberg that was otherw se there. Wt hout doing any

study, we'll never know whether this was idiosyncratic
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or just a bad experience in people who have |ess bad
experiences. So | would definitely do a study.

CHAI RVAN ACKI @ Thank you. Dr. Joad?

DR JOAD: And | would like, as part of that
study, to look at IgE to the drug. W know it nakes
lgG How do we know it doesn't nmake IgE? | was very
inpressed with the nunber of infusion-related events
t hat happened.

I think the other thing that's very
inportant is to go back and | ook at why were there so
many in that placebo group. |Is there sonething in the
drug preparation that needs to be | ooked at?

| feel like this is a big concern, and I'm
not sure it has anything to do with this underlying
respiratory problem because anaphylaxis is usually an
upper airway event, and he required a tracheostony.
W don't know why, but if it's because he couldn't
move air through his vocal <cords, it didn't nuch
matter what was happening with his | ower airways. It
was really up here that the problem was, and that can
be anybody.

So | concur that they have -- and then one
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nore point is that they used antihistamnes for every
i nfusion. So they were already treating for
anaphylaxis sort of in anticipation of it. So it
strikes ne as the biggest worry about this drug, and
one that has not been put to rest at all, especially
with what happened to this patient. | was worried
al ready before | read about this patient.

CHAI RVAN AXKI :  Dr. Schade?

DR SCHADE: | have a very quick comment. |
woul d suggest to the FDA that, when they |ook at
i nfusion reactions, they have nore than one definition
of an infusion reaction, because |'m concerned that
the definition was so broad by the conpany that you
ended up wth a Ilot of, guot e, "non-i nf usi on
reactions" being |abeled as such in the placebo group.

That could mask serious infusion reactions that
occurred in a very tinmely fashion with the infusion of
this nmaterial.

In other words, we got so nmany in both that
it obscured sone real serious ones in the nmaterial
i nfusion. So | would certainly look at a nore

restricted definition, ask the conpany to say, if we
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restrict the definition, let's say, to the first five
hours, and that we have to have hives or rash, or
sonething, then are there differences between the
pl acebo, et cetera?

So | think just having a huge, broad

definition of infusion reaction, although |I understand

it, iIs not sufficient to judge infusion reaction
nunbers.

CHAIl RVAN  AKI : She can't ask. No, go
ahead.

(Laughter.)

DR KINGVA: | would like to ask our expert,
Dr. Gllian Shepherd. She actually has been part of
the allergy nonitoring board and has know edge of the
case that you have in your briefing docunent. She
al so has vast experience of 1gG nediated conplications
wi th reconbi nant therapies. So if | may ask her to
come up?

DR SHEPHERD: Thank you

This reaction has been referred to as
anaphyl axis, but in actual fact we really don't have

much going for that. In the Phase 3 extension tria

S A G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

251

this was the only patient who had a positive serum
| gE, but subsequent to that being docunented he
recei ved another 10 infusions relatively uneventfully.

Wth the infusion in question, it was three-
and-a-half hours into the infusion. The patient was
well enough to actually be asking for ice cream
al t hough prior to that had a little drop in his oxygen
saturation, but this is a patient who on sleep apnea
studi es, before any drug was infused, would drop his
oxygen down to 60 percent and had significant upper
airway inpairnent with flow volunes of 15 percent of
pr edi ct ed. So he was definitely on the nore serious
end.

At the three-and-a-half hour mark he was
speaki ng, asking for the ice cream and then abruptly
coul d not speak. So, obviously, had imedi ate airway
obstruction, which in his case his airway was really
like a straw, which either it just could have bent; it
could have been a ball-valve obstruction, or it mght
have been 1gG inducing |aryngeal edema and it was just
so narrow that it reached a critical point. After

that, he had apnea, and they were unable to intubate
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himand had to do finally a tracheostony.

However, coincident with this -- if it's
IgE, normally, you put drug into a system IgE is
sitting there. It reacts instantly. Ei ghty-five
percent of [life-threatening anaphylactic reactions

happen in an hour, alnost all within two hours. This
was three-and-a-half hours. It goes against |IgE
i mmunol ogy to have a large anount of IgE |look at the
drug for that period of tinme and not react.

Secondly, it is often associated with other
findings. He did have hives by the tine that he went
down to the enmergency room on his trunk, but he also
had conplenent activation, evidence of conplenent
activation, which mght suggest, too, that his 1gG
anti body was playing a role.

So we really don't have an answer, but
previously with his positive serum IgE he also had
negative tryptase determ nations, which tells us that
any other reaction that he has had wasn't consistent
with release, IgE-nediated release of histamne from
mast cells because that's a definite marker for that.

So | think it is very wunclear that |gE
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anti body was specifically involved in this patient.
We don't know the mechanism but | don't think that it
necessarily -- we really are carrying it as nore
idiosyncratic to this patient and don't think that we
have evidence that |IgE antibody per se was a
signi ficant problem

CHAI RVAN ACKI @ Thank you.

W'll now turn to Question No. 6. Dr.
G ady?

DR GRADY: "Anti body formation was near
universal in the subjects. Only a very few of the
subjects in these studies approached the limt of

eligibility, 10 percent of the lower [imt of normal.
Mre than half of the patients had |evels below the
limt of detection. Fol Il ow ng marketing, |aronidase
may be nore wi dely used anong patients with the higher
amounts of residual, intrinsic iduronidase enzyne
activity.

"a. Pl ease discuss any concerns you may
have regarding the potential for antibody formation to
worsen the clinical course in patients with residual,

intrinsic iduronidase activity.
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"b. Should the conmpany be asked to
specifically study such patients?

"C. If licensed, should labeling indicate
that benefit has only been denonstrated in patients
with low levels of intrinsic iduronidase activity and
caution regarding use in those with higher anounts of
residual activity?"

Wll, | think in general we have been
di scussing this antibody response to the product,
which is very conmon. I think we agree that post-
mar keting studies of this are in order. I think I
woul d be inclined to | eave exactly how those are done
to a discussion between the agency and the conpany.

| think, however, these potential reactions
need to clearly be described on the | abel. | think
the conpany needs to think about, with the agency,
whether or not pre-treatnent is required for al
i nfusions and what exactly that should consist of and,
in addition, what sorts of facilities are required for
the infusions, the facilities in which the infusions
occur.

The case that we're nost worried about, of
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course, is this one patient who had a very serious
reaction, required tracheostony. That, of course,
could have been deadly if it hadn't occurred in a
setting wth the ability to fairly inmediate
tracheostony, and so on.

So | think with regard to a, | personally
don't have any concerns that high antibody |evels
m ght worsen the course of the disease. M/ concern
really is related only to side effects related to high
anti body | evel s.

Part b of the question is, "Should the
conpany be asked to specifically study such patients?”

| think the answer to that is yes. Again, | think we
should leave it to the conpany and the agency to
deci de exactly how that shoul d be done.

The final question is, if licensed, should
| abeling indicate that benefi t has only Dbeen
denmonstrated in patients with low levels of intrinsic
enzyne activity? Again, while | think that's true and
could be noted in labeling, I don't really see any
reason at this point in time to caution use anong

those with higher |evels of residual activity.
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DR WALTON:  Dr. Aoki, | would just like to
clarify the question to nake sure that the Commttee
understands. This question was not solely related to
the idea of adverse reactions, you know, acute
reactions from the antibodies, but also the
theoretical possibility that in patients who have sone
degree of intrinsic activity, the inducenent of
anti bodi es against the exogenous enzyne, they m ght
al so cross-react with the endogenous enzyne and the
potential for an induced worsened deficiency, and
whether or not that is felt to be of a concern.

DR GRADY: Could the conpany tell wus, do
you know what the range of intrinsic enzynme activity
was in the participants?

DR KAKKIS: This is Dr. Kakkis.

In MS I, if you wuse properly high-
sensitivity assays, Scheie patients, even who have the
hi ghest levels, are still less than 1 percent of
nor mal . Traditional |aboratory assays are not all
that sensitive. There isn't much iduronidase even in
normal people. So the less than 10 percent is really

a matter of sensitivity of the assays.
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But even in the Phase 1/2 study, the Scheie
patient there and all Scheie patients that have been
studied with the proper sensitive assays had | ess than
1 percent of normal. So those tiny anounts of enzynes
are sufficient to aneliorate the di sease.

But the enzyne itself is lysosomal and it's
trafficked intercellularly. It is not really exposed
to the antibodies. It doesn't go out of the cell in
order to go to its proper |ocation.

CHAl RVAN AXKI :  Dr. Wol f?

DR WOOLF: It seens to ne that the only way
these patients are going to be picked up is
synptomatically. No one is going to be doing the
screening test for the lack of the enzyne. So if the
patient is synptomatic enough to cone to the attention
of a physician because of the disease, they're
synptomati c enough to be treated, and that would not
be a concern of m ne.

CHAI RVAN ACKI: Dr. Walton, do you have any
guesti ons?

DR WALTON: | was just going to clarify the

basis of the question is that the eligibility

S A G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

258

criteria, as Dr. Kakkis said, had been for |ess than
10 percent of the lower limt of normal. As he said,
nost of the patients were considerably | ess than that.
There were only very few that were at the higher end,
but the eligibility had been for going up to 10
percent. So it's the potential for those patients who
you really haven't studied in the future to Dbe
consi dered for treatnent.

CHAl RVAN ACKI @ Dr. Levitsky?

DR LEVI TSKY: Dr. Walton, just as the
conpany representative just clarified, this is an
enzyne which spends its life in the |ysosone. Coul d
you give nme the biologic reason why a circulating
antibody would interfere with its action, why you

woul d worry about interfering wth endogenous enzyne

activity? | don't know how that would happen,
actual ly.

DR WALTON: I"mcertainly not an expert in
the disease, and | think we recognize this well, that

it's an intracellular enzynme; however, felt the need
to bring the question to the Commttee for a

di scussion of whether or not there was anything that
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they could bring that would pose a cause for concern.

CHAl RVAN AKX : Are there any other
questions for this question?

(No response.)

Dr. Walton?

DR WALTON: | take it, then, that the
Commttee has concluded discussing this question.
Then, since this was the l|ast question that we had
listed, and we have been able to get through this
before running out of tinme today, | would like to ask
the Commttee to give us sone further advice on
anot her questi on.

(Laughter.)

CHAl RVAN  AKI : l"m sorry, but we're
adj our ni ng.

(Laughter.)

But you're right, it's better than com ng up
again.

DR WALTON: This may be a nore difficult
guestion because it involves envisioning how the
course of events in the future will be, and it ties

into a couple of the comments that we have heard about
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the areas of use that we don't have know edge about
and questions like, you know, when m ght be the proper
time or optinmal tine to begin treatnent, things |ike
t hat .

But the question I would like to ask and
hear comments and advice on what to do in the future
and how much we should try to be concerned about is:
By and large, the patients we have studied have been
those of the Hurler-Scheie form although it's a broad
conti nuum general in that class, patients who have
been fairly markedly affected at a fairly young age.

But | think that we have concerns that, as a
treatnent is available, | think we have seen in many
cases as a treatnent becones avail abl e, and physici ans
are nore aware, that we find out there are nore people
with the disorder than had been recognized before,
when there was no treatnent. That has occurred in
many di seases.

| think that, given that we may have a

treatnent available, that the patients who have the

nore promnent manifestations will conme to diagnosis.
That will lead to the evaluation of the remainder of
S A G CORP.
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the famly, and | think that we are very liable to
find patients for whom on a genetic and biochem cal
basis, there would be great concern that they wl]l
devel op synptons in the future.

But, as we have heard, based on enzyne
activity level alone, one really can't predict, at a
very early age on enzyne activity alone, one can't
pr edi ct. The Scheie form of patients can have very
low |l evels as wel|.

So physicians will be faced wth people who
are in a famly where there is an affected nenber, and
they have a person who, on a genetic and bi ochem cal
basis, is suggestive that they may devel op synptons in
the future, but at the present tine do not have. How
should the agency go about thinking about this
ci rcunst ance? How can we recommend in determ ning who
shoul d be an appropriate candidate for this therapy?

CHAl RVAN AXKI :  Dr. Schade?

DR SCHADE: It sort of gets back to ny
comments this norning, that | think it's very
inmportant, if in fact these whole series of diseases

is due to abnormal accunmulation in tissues, | think
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it's very inportant to have sone sense of what tissues
accunul ate and whether, quote, "a relatively non-
i nvasive biopsy" of the skin or something wll give
really information as to when the disease wll
progr ess.

For exanple, in the types of patients that
you suggest in which they don't have synptons yet but
they're worried about getting the disease, if they had
a negative skin biopsy once a year, once every five
years, and if we were pretty sure that real synptons
and signs do not develop wi thout sone infiltration of
tissue, of abnor mal l'ipids, or whatever we're
measuring, | think that's what we really need.

That's why | said this norning that | really
think the histology of a non-invasive biopsy could be
very inportant for determning who gets treated when

Because the fact is, if you have a negative biopsy,
then | think you really have to |ook elsewhere for
ot her diseases such as lupus or anything else that
cause synptons that are very general in nature. In
other words, just because you have a generic narker

does not nean that you cannot have a different
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di sease

So | really think the agency should in sone
way insist post-marketing or other applications, or
whatever, that in these kind of unifocal diseases in
whi ch you have a one-enzyne hit and the |ack of the
enzyne does cause accumul ation of abnormal |ipids, or

what ever, that that ought to be part of the

devel opnent al process, which | didn't see this
nmorning, because | think it is wultimtely very
i nportant for addressing your question: Wio do you

treat who doesn't yet have any synptons that are
obviously related to the di sease?

CHAI RVAN ACKI: Dr. Wol f?

DR WOOLF: It seens to ne that we have an
aut osomal recessive disease which sounds I|ike very
hi gh penetrance. So the parents are obligative

carriers. W have at |east 60 famlies whose children
have participated in this study. W ought to be able
to ask the parents if they wish to participate in a
very sinple study, and | would propose |ooking at
urinary GAG levels perhaps as a way to start, to see

what they're like, and also find out whether they
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suffer any of the synptons suggested of the disease.

Now I'Il grant you that the phenotype nay
not represent the genotype, but at |east we have a
cadre of people who I would think would be interested
in providing that kind of information. A urinary GAG
would be sonmething very easy to do and use that
information to decide how to proceed.

CHAl RVAN  ACKI : Wo was first? There's
three of you. Dr. Levitsky?

DR LEVI TSKY: Many years ago Dr. Schade
tried to teach ne what he knew about Scheie disease
and | think that that's changed a bit since he tried
to teach nme and | didn't learn too well. | think that
nost of the people at this table are very educated and
intelligent amateurs when it comes to this disorder.
There are few who are not.

At least | think I'mthe wong person to be
asked this question. | think that there are very
conpetent biochem cal geneticists who have devoted
their life to this disorder who could be sat down
with, and famlies who could be sat down w th, and who

could give you the information about what GAG
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excretion looks Ilike in heterozygotes, what famly
menbers | ook |ike, what the degree of penetrance is in
famlies, et cetera, et cetera.

| think that is probably nore known than
nost of us at this table know and perhaps should not
be asked that question sonehow. I think you need

ot her peopl e who have the data.

DR WALTON: |I'mnot thinking of only the --
really | wasn't even thinking primarily of the
het er ozygot es. I was thinking of the honozygote

patient who perhaps at age 13 or 15 is found to be
honozygote, to have the biochem cal nmarkers but not to
have the synptons, but that may in the future becone a
m | d case, perhaps when they are 30.

DR LEVITSKY: Are the natural history data
known, so that that question could be answered? |If
every 15-year-old who has the biochem cal disorder is
going to have problens at 40 that could be prevented,
then you have to decide how to set up a study to see
how early they need to be treated to be prevented and
what the earliest signs of the disorder are.

I'm once again, not the one to know the
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nk there are a couple

of peopl e here who do know the answer to that.

CHAI RVAN ACKI : Hol d

it. Does the conpany

have sonme wonderful informati on about this issue?

(Laughter.)

DR CLARKE: \Vell, we

definitely would Iike

to respond to this. I'mLorne arke. I1'ma clinica

geneticist from Vancouver. | look after MPS patients

and al so do research in MPS |

To address your guest

lon of the conplexity

of the patients and how many pre-synptonmatic patients

are out there, | think that is a very hypothetical and

t heoretical question.

| would basically answer that -- let ne be a

physi ci an. VW | ook after these patients. W have

taken a vow to do no harm Qur intent here is to

inprove the life of these patients. | don't think you

can dictate a cautionary use of

a product based on a

hypot hetical patient that nmay be out there that may

have a | esser di sease. Let us be clinicians and treat

our patients appropriately.

CHAI RVAN ACKI :  Ckay.
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DR MUENZER: Can | respond to the
bi ochem stry? This disorder is due to the mssing
enzyne iduronidase. Parents with this disorder, to ny
know edge, have never reported any convincing synptons
related to the disease, and they do not have abnor nal
gl ycosam nogl ycans in their urine.

In general, people who get diagnosed wth
this disorder present because of synptons, whether
it's relatively mld joint stiffness or whether it's
overt airway or other problens. So, in general, I'm
not concerned at all about treating patients who have
no di sease.

This is a slowy progressive disorder where
there is no treatnent. Current status, we have
probably not mssed very nany patients. | say that
only because in the pediatric range the conbi nation of
this neurological problem and the severe physical
di sease bring these patients to attention, sonetines
| ater than they should, but they conme to attention.

The very mld adult who nmay have Scheie
syndrome who has virtually no synptons, that patient

may or may not benefit fromtreatnment. But given sone
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of the things you have heard and the things |
observed, these patients feel better. | don't know
what that's due to, but there's sonmething about this
di sease that affects the whole body. Cearly, until
we try this in patients who do have mld disease, we
won't know.

In the current study we excluded all those
patients, for obvious reasons. Those patients clearly
are virtually normal and to see reversal of disease is
i npossi bl e. So, therefore, | think we need to treat
patients before we can nmake any decision on how
effective or not effective it is.

CHAI RVAN ACKI : Dr. Fol I man?

DR FOLLMAN: I just wanted to think about
this a Ilittle nore generically and anplify the
comments yesterday by Dr. Flemng. You know, as a
generic issue, it seens like in this area of
correction of netabolic disorders, there wll Dbe
conpounds nmade that will affect and inprove the lives

of the sickest patients initially, and then there
could be a spectrum of a disability associated wth

t he di sease.
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You're going to have the issue of nmaybe
witing the |labeling for the product rather narrowy,
so that it is focused on the sickest patients, and
when it's out there, presunably, it's going to be used
nore w dely.

So you really like to have sone information
to guide you in whether it is appropriate for |ess
sick patients, but | think the way to approach that
may be to, once sonething is licensed and its use is
bei ng expanded, find a group that's probably the | east
di seased or the |least severely restricted, and do a
random zed study on those people, where you woul d have
equi poi se, that there would be legitimte question as
to whether 40-50 years of therapy, or 30, would be
really worth initiating in a young child.

So you're going to be approving these
conpounds. They will be used in a group. It wil
expand, and then | think the way to study this would
be in the | east severely restricted.

CHAI RVAN ACKI:  Dr. G ady?

DR GRADY: Well, | guess | amless worried

about this issue in this situation than in many
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ot hers. | nean, in sone ways the diagnosis of this
di sease is way nore straightforward than the di agnosis
of coronary heart disease, for exanple.

| think that it is currently treated by a
smal | nunber of experts who are expert. So | think,
particularly if there are sonme restrictions on the
facilities that have to be available in order to give
it, I mean | guess | kind of agree; | think right now
we need to rely on the expertise of the small nunber
of physicians who treat people with this illness.
Maybe at some point in time -- | just sonehow find it
hard to imagine that a weekly infusion of a therapy is
going to becone w despread in the general population

(Laughter.)

CHAl RVAN AXKI :  Dr. Swenson?

MR SWENSON: | just want to ask sonewhat of
a phil osophi cal questi on. Does the FDA wi sh to begin
to -- | don't want to use the word "dictate" because
that sounds too harsh, but strongly advise treatnents
under certain conditions? That may be the purview of
subspecialty groups to cone together within that field

to begin to provide consensus statenments as to its

S A G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

271

appropri ate use out si de t he initial testing,
particularly for mnimally-synptomatic or totally-
asynptomati ¢ persons.

DR WALTON: Actually, it is wthin the
requirenents of the FDA that, in witing the |abeling,
that we do our best to assure that the |abeling
provi des adequate directions for use. It's not
uncommon to provide guidance in the |abeling about the
patient populations in which it has been studied and
in which it has not been studied, to provide guidance
about patient populations in which there may well be
doubt about the wutility of the product. So it is
actually common practice to provide this Kkind of
gui dance.

It is also inportant for us to understand
this. Dr. Follman's advice was to have sonmewhat
narrowed | abeling and to seek to have this done, this
guestion evaluated as a post-nmarketing study. That
kind of advice is very valuable to us in determning
whet her or not we should be pursing that.

MR SVENSON: Well, | agree with everything

that you have said, but what | heard, or thought I
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heard, was that you mght be noving to say that
asynptomatic people would not be suitable for
treat ment. | just want to get a sense for how firm
you wi sh to be or what type of guidance you woul d want
fromus on those very fine points.

DR WALTON I think we are asking for
gui dance on how firm you feel perhaps we shoul d be.
Qoviously, there is a concern that in the patients
we've studied, as | can't renenber who but one of the
other people on the Conmttee has expressed, that we
study the patients who were at |east noderately
affected. Cdearly, if we can take these patients that
have been studied and turn them into mldly-affected
patients, then we'll have done a grand thing. There's
no doubts about that.

But it is a separate question that, having
done that, can we be sure that this sane treatnent,
dose reginen of this product, can take a patient who
is mld and turn them into and alleviate their mld
synptons? And how concerned should we be about that
and, as a consequence, how should the agency pursue

that concern, is the kind of advice that we are asking
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for.

CHAI RVAN ACKI :  Dr. Schnei der?

DR SCHNEIDER  Yes, ny advice to you would
be to list on the label things that it has been
approved for and not to go into other things. | agree
with Dr. Swenson that | think this is sonething that
shoul d be addressed. In this case it would be one of
those genetic groups of people who are really expert
in the field. | am sure that they will ook on this
as a very inportant problem that the people really
involved in this wll come up wth a consensus
statenment that will be wi dely circul at ed.

| think that nakes nore sense. | think the
FDA has enough to do without getting involved in this
type of the fine points. | agree with the physician
from Canada who said let the physicians decide. No
physician is going to becone rich treating too many
patients. As Dr. Gady said, not many patients are
going to cone fighting for this weekly injection.

| think you are getting too involved in it.

I think just approve it for this disease for patients

who have now been studied, and just not get into the
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guestion of what other patients. These are very
inportant, difficult questions that wll be thought
about and di scussed and wor ked out over many years.

DR WALTON: I'msorry, Dr. Schneider, | ask
you to clarify, approved for the patients who have
been studied or just for the disease in general?

DR SCHNEI DER: Just for patients wth
Hurler and Hurler-Scheie disease. In other words, for
patients who are synptomatic with deficiency of this
enzyne.

DR VWALTON Ckay, that's very inportant.
That is very clear advice, and that is what we are
| ooki ng to hear.

CHAI RVAN ACKI @ Ms. Knowl es?

M5. KNOALES: It is really inportant for FDA
toreally, | think, get our opinions on this issue for
third-party reinbursenent issues because that's going
to be really needed to take care of the patients.

CHAl RVAN ACKI : Al though | suspect that just
an FDA-approved treatnment ensures probably they wll
have to fall in Iine.

DR WOOLF: "MId" is a very subjective
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term What is mld to one person may be devastating
to another. | would never use that in any |abeling at
all.

Then, if you are going to (get into
paraneters where you can only use the drug if this,
that, or the other thing, it will be a norass. So |
woul d stay away from any of those qualitative synptons
at all. If you' ve got the enzyne deficiency and you

have sone synptons, to ne that's indication for

treat ment.

| f you put any caveats on there, our third-
party payers will find all sorts of ways not to pay
for it. So | would be very, very clear, an enzyne

| evel below a certain anmount, and leave it up to the
docs.

CHAl RVAN AKX : Here's your chance. Dr.
Wal ton, do you have any ot her questions?

DR JOAD | just have one nobre conmment,
which is that I so nuch would have liked this to have

been a one-year study. You know, the fact that we all

voted 12-0 for both of the primary endpoints, | think
we were -- hopefully, if anybody was going on ny
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advice, | was really putting a whole bunch of things
together to be able to say | thought it was
clinically, t he FVC, clinically-inportant and
statistically-significant - - wel |, clinically-
i nportant.

So we have a chronic disease that very
slowy deteriorates. I just think six nonths was way
too short, and that as advisors to you and as people
who have to nmake the decision yourselves, making the
deci sion on inadequate information -- you know, this
is barely adequate information -- it's a m stake.

One year would have given so much better

information. They collected the data anyway. | just
wish that it had all been double-blind, placebo-
control | ed.

DR VEI SS: Thank you for the coments
Certainly, wth chronic diseases there is always a
guestion about how long a duration, particularly of a
control period, is inportant because you're going to
extrapolate from that information to a |onger
dur ati on.

W have had experience with a nunber of
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chronic diseases where sone of the treatnents go on
for two or three years, multiple sclerosis being one
exanpl e. But, of course, this is even a nuch rarer
di sease.

And there are issues we discuss with all
conpani es, concerns about duration of a placebo-
controlled period, that conme up every tinme in these
types of discussions, and concerns particularly when
you're tal king about children and putting children on
trials, and keeping a placebo control wth IV
infusions, in particular.

Those are the kinds of things, | nean we
westle and try to balance the need for know ng and
getting enough proof, and in a chronic disease how
long is it going to take before you're going to
potentially see sonething that is convincing versus
sone of the other difficulties in terns of conducting
trials.

DR WALTON: Could | ask that -- 1 think
that your comments are very, very valuable, very
inportant, and we feel nuch the sane way about the

one-year duration as opposed to the six nonths. I
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think it would be helpful to the agency, in thinking
about the other disorders that are going to be com ng
before the agency, if we could hear sone other
comrent s.

Specifically, do you believe that a one-
year, random zed study woul d be feasible and should be
the preferred devel opnent program for these sorts of
st udi es?

CHAl RVAN ACKI :  Dr. Watts?

DR WATTS: [I'mglad you raised the question
because I'm nore inclined to go the other way. That
is, if you can show in six nonths that there is sone
benefit, clinical benefit, having seen shrinkage of
liver size and sonething tangible, I would be inclined
in simlar diseases to accept the surrogate for a
clinical endpoint. That is, if you can shrink Iiver
size, you don't need to do a long-term random zed,
pl acebo-controlled trial wth a clinical endpoint.

CHAl RVAN ACKI @ Dr. Schade?

DR SCHADE: | woul d agree. If you do the
calculation, if you go an extra six nonths and there

are a thousand patients in the United States, you are
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talking about 500 nman-years or ©patient-years of
continuing wth this disease wthout adequat e
treat ment.

| think that if you reach an endpoint that
the Commttee can accept as either a surrogate or as
an endpoint, then that is what post-nmarketing studies
do. | agree a hundred percent that we need to get
these drugs out to the people that need them and not
del ay anot her 500 man-years before we do that.

So | strongly would support not -- or |
woul d strongly oppose instituting any rule that said,
well, we need a one-year, double-blind, random zed
trial. Even though | totally appreciate the
statistical aspect of it and | would like that data,
think there is a patient care issue here that is so
overwhel mng that we need to really be very careful
about mandating any strict guidelines relative to
duration of studies.

CHAl RVAN AXKI :  Dr. Wol f?

DR WOOLF:  Wwell, | would like to follow up
on a comment nmade by the first speaker this norning

from the audi ence about the need for the FDA to really

S A G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

280

seriously think about procedures for orphan drugs that
are going to be comng down the pike, just like the
two we have heard this week. The problem is only
going get nore severe, and it is going to be nore
difficult.

A lot of us are voting on sone data and a
| ot of hope. | would like to see the effort put in
very early on what is the appropriate surrogate. I
woul d spend the extra time getting the surrogate that
both the agency and the sponsor feel, and perhaps even
with input fromthe groups who are affected, that what
is likely to be a beneficial effect that can be
observed relatively easily, reproducibly, and quickly.

Shrinkage of liver for MPS | is an obvious
one. The ones from earlier in the week are |ess
obvi ous. But someone who knows the disease, what is
likely to respond quickly and be used as a surrogate,
and then do a very, very careful post-approval or
post - mar keti ng survey.

So | agree with ny esteened coll eague to the
left.

(Laughter.)
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CHAI RVAN ACKI @ Dr. Fol | man?

DR FOLLMAN. | don't think one-year studies
are what we should nmandate. You know, it is going to
depend, obviously, on the disease and how quickly you
expect the treatnment to manifest a benefit, et cetera,
et cetera. So one-size-fits-all | don't think is
appropri ate.

In this particular case, you know, would I
like to have a year of data? Well, | suppose that
woul d have been better, but | think we all felt pretty
confortabl e maki ng a deci sion on six nonths of data.

The objective of a trial is to not use up
too many resources or take too nmuch tine or too nmany
patients, and also not to do too few patients or
follow them for too short a period of tine. So |
think in this case, you know, maybe we woul d have felt
a little nore confortable if we had a little nore
data, but I think we nade a decision we can all live
with. So | think this is probably properly calibrated
internms of length of followp.

CHAl RVAN ACKI @ Ms. Knowl es?

M5. KNOMAES: Vell, | think the really
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inportant factor here is a well-designed study, and I
think another really inportant variable is the nedical
condition of the patient population. I think we
really have to take that into consideration in terns
of how life-threatening that condition m ght be.

And then the last point I wll nake is |
think we have seen a real wide variation in the |ast
three days of study design. | think that is sonething
for sponsors to think about and for maybe the upfront
di scussi ons between FDA and the sponsors to really get
together with to nmake sure that they make use of their
resources and are doing a good study to benefit the
patient.

CHAl RVAN ACKI @ Dr. Joad?

DR JOAD: | don't want to repeat nyself too
much, but 4.5 percent difference in FVC is not
clinically inportant. |If that's all that there's ever
going to be, then it is a disservice for us to say
that that was an inportant change in FVC It is
really in the context that | thought it was.

Once sonething is post-nmarketed, you want

everybody to get it. You' re never ever going to get a
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pl acebo control again. So it has to be done right the
first time in a way that you feel confident that you
are, indeed, hel ping soneone, when there are going to
be side effects and expense and trouble to the people
to get the treatnent.

CHAIRVAN ACKI:  Dr. G ady?

DR GRADY: You know, this is a hard
problem and | think you can't answer it wth one-
size-fits-all. But | guess the other thing I would

like to recommend that you think about is sonetines I
think what we do is we pick out outcones that can be
measured precisely, but often don't have as nuch
clinical meaning. W do that because we are aimng at
this .05 which is sone sort of, you know, "the holy
grail of statistics.”

So, for example, we are sitting here tal king
about whether the walk tine was statistically
different in the groups because seven out of a hundred
times it maght have occurred by chance conpared to
five out of a hundred tinmes that it mght have
occurred by chance.

So in sone ways | think the agency m ght
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al so consider negotiating with sponsors to perhaps use
a nore clinically-nmeaningful outcone at a | ower al pha,
with a |ower p-value. To nme, that would be nore
per suasi ve perhaps oftentines.

Certainly you don't want to do that for al
studies. Cenerally, you want to have a very low -- we
want to have a very high confidence that we haven't
made a type 1 error.

But in this kind of situation where the real
[imtation for an orphan drug is the nunber of
patients you can get into a study, then using a nore
i beral p-value seens to ne to be only reasonabl e.

DR WEI SS: W would totally agree wth
t hat . | think there has been a fair anount of
flexibility in certain types of settings where it is
just very difficult.

| don't think anybody here -- | think you've
heard several people from the FDA say several tines
today that .05 is just what it is, and it's nothing --
you don't hang your hat on that. Not everything is
based on that, but it is a target that people shoot

for in ternms of designing the trials, in terns of
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sanpl e size, but of course you |ook at everything.
You | ook at consistencies. You don't |ook at just
val ue.

DR GRADY: On the other hand, | think it
does really strongly drive the choice of outcone, and
often drives that outcone to sonething that is |ess
clinically neaningful because there is a continuous
vari able neasurenent or it IS a nore precise
nmeasur enment .

CHAI RVAN ACKI @ Dr. Levitsky?

DR LEVITSKY: One of the things that | have
noticed, as | have |ooked at the three studies that we
have watched, is that | haven't always been sure that
there was a clear understanding of the disorder, that
it takes a long tinme to cause problens. It is also
going to have a long tine before you can show effect.

So that using a marker which is obviously
not clinically-significant but may point to the |onger

problem |ike using henoglobin ALC in diabetes, for

instance, may be very necessary in all sorts of
di sorders.
For instance, | was very happy wth the
SA G CORP.
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shrinking of the liver in this disorder and didn't
really need to see the rest. | was happy with that as
a surrogate narker.

If you have a child with a urea-cycle defect
and you have the cure for it, you may need a six-week
study to prove that the urea-cycle defect nedication
IS appropriate.

Wth sonmething that is going to manifest
itself in full blossom when soneone is 20, | think it
is hard to expect that a six-nonth trial |ooking for a
real clinical endpoint is necessarily going to show up
wi th sonet hi ng.

So it seens to ne that one has to go
prospectively into these studies with a very good
surrogate marker in these disorders which have
outcomes which take a long tinme to manifest
t hensel ves. W don't always guess right. I think
maybe there were sonme guesses that were a little bit
off in the past three days, and that is very inportant
to think about, to make sure that guess is
appropri ate.

CHAI RVAN ACKI :  Dr. Zerbe?
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DR ZERBE: Yes, | think it is fair to
actually commend all three conpanies in the three days
for taking on a real difficult clinical problem I
think that, though you can always nmake the system work
better, in reality, as you look at it and you step
away from it, the system has actually worked pretty
well to deliver these really lifesaving nedications
for patients, done in a balanced way, so that the
ri sks are thoroughly eval uated and presented.

| think that the debate and the argunent
shouldn't be msinterpreted as a system broken. I
think it is really a system that is working pretty
wel | .

CHAl RVAN ACKI:  Hearing nothing further, the
nmeeting i s adjourned.

(Whereupon, the Commttee was adjourned at

2:35 p.m)
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