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PROCEEDI NGS
DR. YASZEMSKI: Good norni ng, everybody.

May | ask that everybody take their seats, and

we' |l go ahead and get started.
Wl core.
MR. DEM AN. Good norning. | would first

like to wel come you.

We are ready to begin this neeting of the
Ot hopedi ¢ and Rehabilitation Devices Panel.

My name is Hany Denian, and | amthe
Executive Secretary for this panel.

I would Iike to rem nd everyone that you
are requested to sign in on the attendance sheets
whi ch are avail abl e outside the doors. You may
pi ck up an agenda and i nformati on about today's
meeting, including howto find out about future
meeting dates through the Advi sory Panel phone |ine
and how to obtain neeting mnutes and transcripts.

I will nowread two statements that are
required to be read into the record. The first one
is an Appointnment to Tenporary Voting Status
Statenent, and the second one is the Conflict of
I nterest Statenent.

"Appoi ntrent to Tenporary Voting Status.

Pursuant to the authority granted under the Medical
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Devi ce Advisory Conmittee Charter dated Cctober 27
1990 and as anended August 18, 1999, | appoint the
followi ng individuals as voting nenbers of the

Ot hopedi ¢ and Rehabilitation Devices Panel for
this nmeeting on Novenber 21, 2002: Andrew Schmi dt,
John Doul |, and Al bert Aboul afia. For the record,
these individuals are Special Governnent Enpl oyees
and consultants to this panel or other panels under
the Medi cal Device Advisory Committee. They have
undergone the customary conflict of interest review
and have reviewed the material to be considered at
this neeting.”

This is signed by the Director of the
Center for Devices and Radiol ogi cal Health, Dr.
Davi d Fei gal

"Conflict of Interest Statenent, Novenber
21, 2002."

"The follow ng announcenent addresses
conflict of interest issues associated with this
meeting and is nade part of the record to preclude
even the appearance of any inpropriety. To
determine if any conflict existed, the Agency
reviewed the submitted agenda for this neeting and
all financial interests reported by the Commttee's

participants. The conflict of interest statutes
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prohi bit Special Governnent Enployees from
participating in matters that could affect their or
their enployers' financial interest. However, the
Agency has determined that the participation of
certain menbers and consultants, the need for whose
services outweigh the potential conflict of
interest involved, is in the best interest of the
Gover nnent . "

"Therefore, waivers have been granted to
Drs. Al bert Aboul afia, John Kirkpatrick, Kinley
Larntz, and Andrew Schmidt for their interest in
firnms that could potentially be affected by the
panel 's recomendation. The waivers allow themto
participate fully in today's deliberations.”

"Dr. Aboul afia's waiver involves a
consulting arrangenent with a conpeting technol ogy
firm For this unrelated consulting service he
receives |ess than $10,001 a year."

"Dr. Kirkpatrick's waiver involves
st ockhol di ngs val ued between $5,001 and $50, 000 in
conpeting firnms and the parent conpany of severa
conpeting manuf acturers.”

"Dr. Larntz' waiver involves a consulting
agreenent with a conpeting technology firm For

his consulting services, he receives |less than
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$10, 001. "

"Dr. Andrew Schmidt's waiver involves a
consulting arrangenent with a conpeting technol ogy
firm For this consulting service, he receives
| ess than $10,001 a year."

"Copi es of these waivers nay be obtained
fromthe Agency's Freedom of Information Ofice,
Room 12A-15 of the Parkl awn Buil di ng. "

"We would like to note for the record that
the Agency took into consideration other matters
regardi ng Drs. Maureen Finnegan, John Kirkpatrick,
Andrew Schni dt, M chael Yaszenmski, and Ms. Karen
Rue. They reported interest in firns at issue but
in matters not related to today's agenda. The
Agency has determ ned therefore that they may
participate fully in all discussions. 1In the event
that the discussions involve any other products or
firnms not related to today's agenda for which an
FDA participant has a financial interest, the
partici pant shoul d excuse himor herself from such
i nvol venent, and the exclusion will be noted for
the record.”

"Wth respect to all other participants,
we ask in the interest of fairness that all persons

maki ng statenents or presentations disclose any
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current or previous financial involvenment with any
firmwhose product they nmay wi sh to comrent upon."

Before turning this neeting over to Dr.
M chael Yaszemski, | would like to introduce our
di stingui shed panel menbers who have generously
given their tine to help FDA in matters being
di scussed today and other FDA staff seated at the
table, so we'll just go around the room and
i ntroduce ourselves, our affiliation, and our areas
of interest.

M ke?

DR YASZEMSKI: M chael Yaszenski,
Rochester, M nnesota. | am an orthopedi c surgeon,
and on the research side, | ama chem cal engi neer.

DR NAIDU. Sanjiv Naidu, Penn State
Col l ege of Medicine. | aman orthopedic surgeon
and a materials scientist.

DR LARNTZ: Kinley Larntz, Professor
Eneritus, University of M nnesota School of
Statistics. | also work as an independent
statistical consultant, and nmy interest is in
bi ostatistics, clinical design.

DR. SCHM DT: Dr. Andrew Schm dt from
M nneapolis. | amon the faculty of the University

of Mnnesota. | practice primarily in trauna and
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adult reconstructive surgery, and | aminterested
in biologic applications to inmprove the human
factors.

DR ABCOULAFIA: M name is Al bert
Aboul afia. | am an orthopedi c oncol ogi st at Si nai
Hospital in Baltinmore and the University of
Mar yl and.

M5. WTTEN: Celia Wtten. | amwth the
Food and Drug Admnistration. | amthe D vision
Director of the division review ng this product,
DGRND.

MS. MAHER. Sally Maher. | amthe Senior
Director of Regulatory and Clinical, Smith & Nephew
Endoscopy, and | amthe industry rep.

MS. RUE: Karen Rue. | ama registered
nurse at Lafayette General Medical Center and
Acadi an Health Care Alliance, and | amthe consumer
representative.

DR DOULL: John Doull. | ama clinical
toxi col ogi st fromthe University of Kansas Medi cal
Center.

DR, KI RKPATRI CK:  John Kirkpatrick,

Associ ate Professor of Orthopedic Surgery at the
Uni versity of Al abama Birm ngham

DR. FI NNEGAN: Maureen Fi nnegan, at UT

file://IC|/Storage/1121orth.txt (9 of 309) [12/2/02 8:59:10 AM]



file://IC|/Storage/1121orth.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Southwestern in Dallas, with a research interest in
fracture healing.

MR. DEM AN.  Thank you.

At this time, | would like to turn the
meeting over to our chairman, Dr. M chael
Yaszenski .

DR. YASZEMSKI : Thanks, everybody, and
good nor ni ng agai n.

| amDr. Mchael Yaszenski, and | wll be
the chair for this neeting.

Today, we the panel will be making
recomendations to the Food and Drug Adnministration
regarding a Pre-Market Approval application for a
growt h factor soaked in collagen sponge to treat
tibial fractures.

I would like to note for the record that
the voting nenbers present constitute a quorum as
required by 21 CFR Part 14.

We will now proceed with the open public
hearing session of the neeting. | would ask at
this tinme that all persons addressing the panel
conme forward and speak clearly into the m crophone,
as the transcriptionist is dependent on this nmeans
of providing an accurate record of the neeting.

And | will ask as a protocol for
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11
today--and pl ease bear with ne; | know as the
di scussi on goes back and forth, we frequently
forget--but I will apologize in advance for
interrupting you if you don't introduce yourself so
we can have our transcriptionist know who everybody
i s when they talk.

We are requesting that all persons naking
statements during the open public hearing of the
nmeeting di scl ose whether they have financia
interest in a nedical device conpany. Before
maki ng your presentation to the panel, please state
your nane, your affiliation, and the nature of your
financial interest, if any.

At this time, is there anyone wishing to
address the panel ?

[ No response. ]

DR. YASZEMSKI: There was a person who
asked to be scheduled. M. Christiansen, are you
her e?

[ No response. ]

DR YASZEMSKI: We will now proceed to
consi der the Pre-Market Approval application for
Wet h Pharmaceuticals, Incorporated |InductGs
rhBMP- 2 Absor babl e Col | agen Sponge

I would Iike to rem nd the public
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observers at this neeting that while this portion
of the nmeeting is open to public observation,
public attendees may not participate except at the
speci fic request of the panel

We are now ready to begin with the
sponsor's presentation. We'Ill followthat with the
presentation by FDA. | would like to ask that each
speaker state his/her nane and affiliation with the
firmbefore beginning the presentation

Wet h, please.

Sponsor Presentation

DR FIELDS: Good norning. M nane is
Omven Fields. | amin Regulatory Affairs at Weth

I would l'ike to thank FDA for this
opportunity to present before the panel, and
woul d also like to thank the panel nenbers for
their tine and attention this norning.

[Slide.]

I will begin by describing the product.
The product is a conbination of a biologically
active protein with a matrix that serves to deliver
the protein to its site of action. The protein is
known as recomnbi nant human bone nor phogenetic
protein-2. Understandably, this is often

abbreviated as RHBMP-2 or sinply as BMP-2
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BMP-2 is an osteoinductive protein, that
is, it induces bone formation. And the protein is
produced by what are now fairly standard bi ol ogi ca
production techni ques.

[Slide.]

There is a matrix used to deliver the
protein. The matrix used to deliver the protein is
an absorbabl e col | agen sponge. This product is
manuf actured by Integra Life Sciences. It was
originally approved in 1981 as an inpl antabl e
henostatic agent, and when it is placed to the use
of the henbstatic agent, it is known by the trade
name Heli stat.

[Slide.]

To prepare the BMP-2/ ACS product, the via
of protein is first reconstituted with water for
injection, and this solution is then applied to the
absor babl e col | agen sponge. For the use that we
propose, the conbined product is then surgically
inmplanted at the fracture site in this form

Two strengths of BMP-2,.75 and 1.5 ng/m ,
have been clinically tested, as you have read in
your packages, but only the 1.5 ng dosage formis
proposed for marketing, and this is due to the

clinical results and the differentiati on between
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14
the efficacy of the two doses which you will hear
some detail about in subsequent presentations.

[Slide.]

The BMP-2/ ACS product is what is known as
a "conbi nation product” in that it shares
characteristics with both biologicals and devices.
It is like a device, and then it is surgically
inmplanted. It is generally used only for a single
application, and it acts only at the site of
i npl ant ati on.

However, it is also like a biological or
drug product in that we had to establish the proper
delivery context and the proper dose, and in that
it has pharmacol ogi cal activity.

As a result of this, both drug and device
devel opnment paradigns had to be applied to the
product, and in fact globally, the product is
regul ated as both, specifically. In the US., the
product is regulated as a device, whereas in
Europe, the product is actually regulated as a
drug.

And as you will see, we conducted a
preclinical programinvolving both drug and device
studi es whereas we conducted a clinical program

more simlar to that of the device. And as you
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m ght inmagine, the manufacturing characterization
and work that was done was very typical of a
bi ol ogi cal product and in fact was fully revi ewed
by the Center for Biologics.

[Slide.]

The BMP-2/ ACS product has been
si mul t aneously devel oped in several nedical areas.
Starting on the left, the product has been
devel oped for spine fusion in conbination with a
spi ne fusion cage. Qur comercial partner,
Medt roni ¢ Sophonore Dani k, has carried out this

devel opnment, and the BMP-2/ ACS product when it is

used for this indication is known by the trade nane

I NFUSE.

In addition, the product has been
devel oped by Weth for use in orthopedic traung,
specifically for |ong-bone fractures. The product
when it is placed for this use is known by the
trade name | nduct Cs.

It is inportant to note here that the
rhBMP-2 and the ACS for all of these uses are
bi ochemically identical, and the ratio at which
these two components are conbined are al so
i denti cal

[Slide.]
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Products contai ni ng BMP-2/ ACS have
previously been approved in two different contexts
globally. Specifically, in January 2002, this
panel recomrended approval of the | NFUSE/ LT- CAGE
product, which is a conbination of BMP-2/ACS with
an al ready approved spine fusion cage. This PMA
was sponsored by Medtronic Sophonore Dani k, our
corporate partner.

The spine fusion product was formally
approved by FDA in July of this year, and given
this, in our presentation, we will not focus on the
manuf acturer of BMP-2 and ACS; we will also not
focus on the preclinical safety programin that the
preclinical safety program supports both uses of
the product and was discussed in sonme detail at the
January 2002 panel neeting.

[Slide.]

BMP-2/ ACS, that is, the product w thout
the fusion cage for the use that we propose, has
al so been approved in the European Union for
orthopedic trauma. Specifically InductCs was
approved as a drug in the European Union in
Sept enber of this year. Weth was the sponsor of
the nedicines application that allowed this

appr oval
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As is typical for drug approvals, this
approval included some post-approval comm tnents.
First, we have preclinical post-approva
conmitnents, which are essentially the same as sone
of those that have been made for the | NFUSE product
inthe US., sothe same set of studies that were
subj ect to post-approval conmmitnents for the | NFUSE
product are al so post-approval conmitnents in the
Eur opean approval

[Slide.]

Second, we will also be conducting a tibia
fracture clinical trial to expand experience with
the product when it is used with reamed IMnails

Qovi ously, the approval of InductGs for
the orthopedic trauma indication in the US. is the
focus of the renaminder of our presentation

[Slide.]

The proposed orthopedic trauma indication
is as follows. InductGs is indicated for the
treatment of acute |ong-bone fractures that require
open surgical managenent. | nductOs increases the
probability of fracture healing, accelerates
fracture healing, and decreases the frequency and
i nvasi veness of interventions for delayed union or

nonuni on.
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The mechani stic rationale for this
indication is fairly sinple to understand. W
believe that the data indicate that osteoinduction
at the fracture site inproves the probably and
speed of healing and reduces the need for secondary
i nterventions.

[Slide.]

FDA has pl aced some specific questions
before the panel, and our objective today is to
address these questions. W believe we can address
each and every question that has been raised by
FDA. Toward this end, | will be followed by three
speakers.

First, you will hear a brief review of the
rel evant preclinical data from Dr. Rod Riedel.

Second, Dr. Alex Valentin will reviewthe
clinical data avail able.

Third, Dr. Marc Sw ontkowski will review
the relevance of the clinical data to U 'S
practi ce.

And finally, later today, we will address
any questions that the panel may have.

[Slide.]

In order to hel p address questions from

the panel, we have a wi de range of resources

file://IC|/Storage/1121orth.txt (18 of 309) [12/2/02 8:59:13 AM]



file://IC|/Storage/1121orth.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

available as listed on this slide, and next, you
will hear fromDr. Rod R edel regarding the
rel evant preclinical data.

Thank you.

DR. YASZEMSKI: Thanks very nuch, Dr.

Fi el ds.

Dr. Riedel?

DR. RIEDEL: Good norni ng.

My nane is Rod Riedel, and | ama Weth
enpl oyee. | will review several preclinica

proof - of - concept studi es and preclinical safety
results. These data establish a rationale for
eval uating rhBwMP-2 as a treatnent for |ong-bone
fractures.

[Slide.]

This slide shows the signature biologica

activity of rhBMP-2, its ability to induce bone
formation de novo. |In this classic rat ectopic
i mpl ant assay, BMP-2 is inplanted at a non-bony
site. The photograph on the left of the slide
shows a bone ossicle induced by BWP-2 14 days
follow ng inplantation.

Hi st ol ogi cal analysis of this new bony
ti ssue, as shown in the photograph on the right,

shows extensive formati on of trabecul ar bone,
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corresponding to the dark pink regions in the
phot ograph on the right, as well as a conplete
conpl enent of nornal, bone-associated cells such as
ost eobl asts, osteoclasts, stronmal cells, and all
ot her bone marrow el enents. ment s.

Thi s bone-inducing activity has been
| abel ed "osteoi nduction.” It is unique to BMP-2

and several other menbers of the BMP protein

famly.

[Slide.]

rhBMP-2 can al so stimnul ate bone formation
at an orthotopic site, as illustrated by this

radi ograph of a rabbit ulnar osteotony treated with
r hBMP- 2.

The followi ng slide provides additiona
hi st ol ogi cal information about the effect of BMP-2
at an orthotopic site.

[Slide.]

As shown at the yellow arrows in the
slide, BMP-2 treatnent yields increased bone
formati on and an accel eration of that bone's
mat ur ati on.

[Slide.]

BMP-2's ability to induce bone de novo and

to stinulate bone formation at an orthotopic site
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provides rationales for two different types of
clinical applications. BMP-2 could first be used
to replace a conponent of standard orthopedic
treatnment such as autogenous bone graft. Last
January, this panel reviewed this specific use of
rhBMP-2/ ACS in spine surgery and recommended its
appr oval

Al ternatively, BMP-2 could be used to
augnment standard therapy in an effort to inprove
its outcone. For exanple, rhBMP-2/ACS coul d be
used as an adjunct to standard fracture fixation in
certain fractures. W decided to explore this
potential application in a series of preclinica
st udi es.

[Slide.]

We established a rabbit nodel to study the
effect of BMP-2 as an adjunct treatnent. The node
uses surgically-generated, md-diafaceal ulnar
osteotom es to assess bone repair. The osteotonies
do not require instrumented fixation and typically
heal within 6 to 8 weeks. It is feasible to
performbilateral osteotonies, allow ng the use of
within animal controls which greatly decreases
study variability.

The nodel allows the use of plain view
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radi ographs, bionmechani cal anal yses, and bone
hi stol ogy as well as the nmeasurenment of the |oca
phar macoki neti cs of BMP-2.

Thi s nmodel does not stimnulate the bone and
soft tissue danage that occurs in fractures but
rat her serves as a proof-of-concept systemfor
eval uati ng bony healing under controlled
condi tions.

[Slide.]

We used this nodel to determn ne whether
BMP-2 coul d accel erate the process of normal bony
healing. In the experinent shown in this slide,
normal animals received bilateral ul nar osteotones
and were treated with either BMP-2/ACS, depicted in
the yell ow bars, or ACS al one, depicted in the
orange bars. Each aninal received standard
surgical treatnent on the contral ateral ul na,
depicted by the gray bars.

Nor mal ul nar bi onechani cal strength was
determ ned by testing age-nmatched, unoperated
|i nbs, depicted by the blue bar on the right.

The slide shows the results of torsiona
bi omechani cal testing to failure at various tine
points followi ng surgery. BMP-2 treatnent

accelerated the return to nornal strength in this
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nmodel , yielding significant differences from
controls at several tine points. Inportantly,
rhBMP-2 treatnment reduced the tine to return to
fully normal strength by one-third, in this nodel,
from6 weeks to 4 weeks.

The results of this study have been
publ i shed and form part of the rationale for
testing whet her BMP-2 coul d accel erate nor nal
fracture healing in patients.

[Slide.]

W al so studi ed whether BMP-2 treatnent
could provide a beneficial effect under conditions
of inpaired bone healing. To address this
question, we nodified the rabbit ul na osteotony
nodel . We admi ni stered system c prednisolone to
all animals at doses of this glucocorticosteroid
that were sufficient to inmpair bone healing.

This slide shows the result fromthis

study in which the effect of rhBMP-2/ACS treat nent

can be clearly observed in a plain view radi ograph.

The results of this study have al so been
publi shed and form part of our rationale for
testing BMP-2 in patients with difficult-to-hea
fractures

[Slide.]
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We have conducted a conprehensive
noncl i nical safety evaluation of rhBMP-2 and
rhBMP-2/ ACS as listed on this slide. Al these
studi es were reviewed by the panel |ast January and
est abli shed the nonclinical safety profile for
BMP- 2.

In these evaluations, no dose-liniting
toxicity was detected in any study at exposure
| evel s that greatly exceed anticipated patient
exposure. Furthernore, no system c effect of BMP-2
was observed in any study. W attribute this
finding to the extrenely rapid cl earance of BMP-2
fromthe systenic circulation, resulting in very
low, if any, systenic exposure.

In summary, we have established a
preclinical rationale for evaluating rhBMP-2 as a
treatment for |ong-bone fractures. Qur studies
showed that BMP-2 can accel erate bony heal i ng under
normal conditions and can additionally increase the
probability of bony healing in inpaired healing
condi tions.

These effects were consistently observed,
radi ogr aphi cal Iy, biomechanically, and
hi stologically. The bone formed by BMP-2 contai ned

all the conponents of normal bone and nodel ed and
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remodel ed in a manner sinilar to that of host bone.
Additionally, the nonclinical safety profile of
r hBMP- 2/ ACS has been establ i shed.

In concl usion, our preclinical data
support the clinical use of InductGs in fracture
patients.

I now turn the presentation over to Dr.
Alex Valentin, who will review the results of the
I nduct Gs pivotal clinical study in open tibia
fracture patients.

DR. YASZEMSKI: Thanks very nuch, Dr.

Ri edel

Dr. Valentin?

DR. VALENTIN: Good nmorning. My name is
Alex Valentin. | aman enpl oyee of Weth Research,

and | have been directing BMP-2 clinical research
since 1993.

[Slide.]

I am here today to present the results of
our clinical study in patients presenting with open
tibia shaft fractures, because the study nmet its
four stated objectives.

The pivotal study has shown that |nduct Qs
reduced the rate of reintervention for del ayed

uni on, accelerated clinical fracture healing,
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denonstrated an appropriate safety profile, and
these results were al so corroborated by the
i ndependent radi ol ogy panel

[Slide.]

Bef ore presenting the results of this
pivotal study, | would like to say a word here

about our clinical program because this pivotal

study actually concludes 10 years of our clinical

r esear ch.

During these years, Weth sponsored a

nunber of clinical trials, and many were desi ghed

and conducted in collaboration with | ead orthopedic

surgeons in the United States and abroad. Not
including all the studies conducted by our
commerci al partner, Medtronic Sophonore Danik
Weth has enrolled over 1,000 patients, of whom
more than 675 were treated with BMP-2.

These studi es hel ped us gain inportant

i nsights into the nechani smof action of BMP-2 in

patients and also in its safe use. This
information is summari zed in the package that we
have shared with the panel

[Slide.]

O these studies, the three studies listed

here at the bottom of the slide stand out, because
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they hel ped us under the U S. standard clinica
practice in patients with open tibia shaft
fractures

[Slide.]

These studi es yielded four inportant
conclusions. First, we |learned that about 40
percent of the open tibia shaft fractures surveyed
in the United States required sonme form of
reintervention to pronote fracture healing; second,
t hat surgeons make decisions to reintervene before
they can di agnose fracture healing; third, with
respect to the definition of study endpoints, we
| earned that the diagnosis of delayed union was
multifactorial. Surgeons made their decision
wei ghi ng the progression of clinical synptons and
signs of radiographic fracture healing. And
finally, we concluded that given the high frequency
of interventions to pronote fracture healing, their
avoi dance was a relevant endpoint for the US
orthopedi c trauma patients.

Today this panel will discuss the
rel evance of our study primary endpoint, and
therefore | would like to enphasize that this
endpoi nt was sel ected on the basis of this

prelimnary worKk.
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[Slide.]

I will now review our pivotal study
starting with the study rationale and study design
I plan to describe patients' baseline
characteristics, the treatnment they received. |
will then review the key efficacy and safety
results and our concl usions supporting the efficacy
and safety of InductOs in this patient popul ation

Thr oughout this presentation, | also plan
to address two questions raised by the FDA: Did
the protocol design allow the nmeasurenent of an
obj ective treatnment effect, and are these effects
clinically relevant?

[Slide.]

We have chosen open tibia fractures
knowi ng well that we would be facing a chall engi ng
i ndi cation. Unlike preclinical experinental nodels
in rabbits, tibia fractures are associated with
cont am nat ed wounds and poor vascul ar supply.

Al so, the condition requires urgent care adjusted
to patients' needs, not |eaving surgeons much room
to conduct clinical trials.

We chose this study nonet hel ess because
open fractures affect the tibia nore often than any

ot her bone and represent a very serious condition
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For exanple, despite all the progress nmade in the
treatment of open tibia fractures, 62 percent of
ul na unions reported in the United States affect
the tibia shaft region

We confirmed our prelimnary studies that
not only do these patients have a great reduction
in functional ability, but they suffer also a
dramatic and sustained reduction in their quality
of life.

[Slide.]

So we decided to test if BMP-2 could
i mprove the success of standard treatnent in these
fractures, and as illustrated by the preclinica
results presented earlier, BMP-2 has been shown to
i nduce bone in a variety of preclinical nodels.

We hypot hesi zed, therefore, that BMP-2 nay
i mprove fracture healing by stinulating bone
formation at the site of a recent fracture,
therefore reduci ng the nunber of reinterventions
required.

Let me now describe the study design

[Slide.]

The foll owi ng objectives were sel ected.
The primary efficacy objective was to denpbnstrate

by the end of the study an increased probability of
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fracture healing reintervention for delayed uni on
We acknow edge the chall enges raised by this
choice. The primary objective depends on

i nvestigator's decision, and investigators could be
bi ased by their treatment of treatment allocation.

I would Iike to stress here that by
choosing to evaluate reinterventions, we selected
al so an endpoint that required to take the patient
back to the OR  And no surgeon or patient nakes
this decision lightly. W felt, therefore, that
the consequences of this decision was a warranty of
very careful consideration.

In addition, the study had two secondary
ef fi cacy objectives. They evaluate what is
commonly called clinical fracture healing and
radi ographic fracture healing. For the purpose of
this study and to avoid any confusion, we cal
radi ographic fracture healing fracture union.

These two endpoi nts were eval uated
separately. dinical fracture healing was
eval uat ed by surgeons, whereas radi ographic
fracture uni on was eval uated by an independent
radi ol ogi ¢ panel blinded to treatnent allocation

Finally, the study al so addressed the

safety of BMP-2 use in these patients.
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[Slide.]

The study was a prospective, random zed,
controll ed evaluation of BMP-2 in patients
presenting open tibia shaft fractures. Patient
random zation was stratified based on the Gustilo
severity to assure a bal anced distribution of this
i mportant factor anmpbng treatnent groups.

[Slide.]

The study was single blind. Patients were
not aware of the treatment allocation. And in
addition, a panel of three radiol ogists reviewed
radi ographs to assess fracture union.

For the purpose of the panel eval uation,
uni on was prospectively defined as being at |east
three or four cortices being breached on orthogona
vi ewed.

We val idated the methods of radiographic
review and trained the radiologists prior to the
study initiation.

X-rays were reviewed by the radiol ogists
of the Csteoporosis and Arthritis Research G oup at
UCSF under the direction of Professor Harry Genent.

To clarify a question raised by the FDA,
no x-ray was wthheld fromthe panel interpretation

on grounds that the patient was deened a treatnent
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failure.

The panel and the surgeons have revi ewed
the sane patients and the sane x-rays.

To facilitate outcome eval uation, no nore
than one linb could be treated per patient, no nore
than one BMP-2/ACS coul d be used, and repeat
treatnents were not allowed. Patients were
followed for a total of 12 nmonths postoperatively,
at seven preschedul ed visits.

[Slide.]

In the interest of time, | will not review
here all the patient inclusion and excl usion
criteria. They are detailed in the panel's
briefing package. | wll focus, however, on our
exclusion criteria which are relevant to the FDA
comment on prophylactic use of bone graft.

Such prophylactic treatnent was indeed
excluded fromthis study. This exclusion criterion
is justified by our prior findings as well as
current experience that prophylactic bone grafting
is very rarely prescribed in patients with open
tibia shaft fractures treated with an I M nail

Accordingly, should this product be
approved, patients requiring prophylactic bone

grafting should be excluded by the | abel
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[Slide.]

Havi ng addressed the exclusion criteria,
woul d |ike now to review the actual standard of
care adnministered in this study. This is an
i mportant point since the panel will reviewits

adequacy and its relevance to the U S. practice.

Wound irrigation and debridenent had to be

pronptly perforned and repeated as many times as
required. The initial fracture reduction and
stabilization were to be conducted within 24 hours.
Definitive wound closure and fixation of the
fracture was conducted no later than 14 days after
the injury, and definitive fracture stabilization
required the use of an IM nail

Refl ecting the absence of national or
i nternational consensus on the type of nail to use
in open tibia shaft fractures, investigators were
aut horized to use either reamed or unreaned nails
of a brand fanmiliar to them

[Slide.]

Let ne now review the definition of the
treatnment groups. Patients were randonmly allocated
to three treatnment groups. And please note that in
this study, BMP-2 was not tested as a repl acenent

of bone graft but as an adjuvant to the standard
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treat nent.

The study was designed to denmpnstrate
superiority of at |least one of the two BMP-2
concentrations tested as conpared with contro
patients. So patients randonized to the contro
group received only standard care, while patients
randoni zed to BMP-2/ ACS received the standard care
and the test article.

Two concentrations were tested, either .75
mg/m or 1.5 ng/m.

[Slide.]

BMP-2 was inplanted at the tine of
definitive closure of the fracture-rel ated wound,
and like in this diagrammtic exanple, the product
was positioned so that it breached the region of
commi nution, making good contact with the mgjor
proxi mal and distal tibial fragnents.

[Slide.]

I will conclude the review of the study
design with comrents on the standardi zati on of
i nvestigator assessnents, which was one of FDA' s
concerns.

We believe the study has been as
standardi zed as possi bl e considering the context of

this orthopedic traunma condition
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Investigators were trained with the sane
protocol and the same study guidelines. The
protocol included a comobn definition of fracture
healing. There is no commonl y-accepted definition
of delayed fracture union, but to the extent a
definition was avail able, that definition was
provided. And the protocol also had a definition
of non-uni on.

Now, nore inportantly, investigators were
prospectively required to report at each foll ow up
visit the presence or absence of fracture
t ender ness upon pal pati on, wei ght-bearing status,
and fracture union. These are the cardinal signs
used everywhere to diagnose fracture healing, and
as with other clinical conditions, there is no set
of signs or synptons that is always present in each
and every patient defining delayed union or
healing. The intent of prospectively collecting
this information was not to force what we
considered an artificial definition of fracture
heal i ng or del ayed union, but to use a comopn set
of synptons and document the soundness of the
i nvestigator's decision.

[Slide.]

A word about patient enrollnment. The
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study was to our know edge the largest clinica
study in this patient population. 1t involved 49
centers in 11 countries.

[Slide.]

Enrolling 450 patients achi eved the study
obj ective, and as pointed out on this slide, we
noted that during the study conduct, three patients
died, one in each treatment group, and seven others
withdrew at their request or that of the
i nvestigators.

O the 440 remaining patients, 93 to 97
percent were actually evaluated at the | ast
followup visit at 12 nmonths. Furthernore, nore
than 90 percent of all patients were eval uated at
all visits, and this nunmber includes the evaluation
of all protocol-required efficacy and safety
outconmes and in our opinion is a strong indication
of good conpliance with the clinical protocol

[Slide.]

Let me now describe the main baseline
conditions and the standard care. W have in tota
assessed seven denographi c variabl es and 29 ot her
covari abl es such as baseline conorbidities,
fracture and injury characteristics, treatnent

adm ni stered before and after definitive wound
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closure, rehabilitation prescribed for the region
under st udy.

Thi s conprehensive review was conducted to
ensure that study results were sufficiently
comparabl e anong all sites to justify pooling them
t oget her and conpare outcomes across treatment
groups.

I will now sunmmarize sone of the findings
in my next slides.

[Slide.]

Overall, patient denographics were very
conpar abl e across treatnent groups. The snmall
difference in nedian age is not clinically
meani ngful .  And in all respects, study subjects
reflected well the general patient population with
open tibia fractures--nostly young nal es who
suffered a high-energy trauma such as notor vehicle
acci dent .

Smoki ng, which is a non-risk for del ayed
uni on, was noted equally in all treatnment groups.

[Slide.]

The distribution of the fracture
characteristics was al so very conparabl e anong
treatnment groups. Although the majority of

fractures were isolated to the tibia under study, a
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substantial proportion of patients in all three
treatment groups presented nultiple fractures.
This is typical of the presentation of patients
with open tibia fractures.

And fracture severity categorized
according to the AOclassification, which is very
conparable to the OTA classification, was
compar abl e anong treatnent groups. So was wound
severity according to the Qustil o- Anderson
classification. For exanple, CGustilo IlIB
fractures, which have a very poor fracture
prognosis, were observed in 11 to 18 percent of the
cases invol ved.

[Slide.]

Wth respect to the node of fracture
reduction and fixation, we noted that all but one
percent of the patients enrolled were actually
treated using IMnail, and nost patients received
statically locked nails. 1In agreenent with the
protocol design, a few patients equally distributed
across treatnment groups received dynamically | ocked
nails or unlocked nails. About two-thirds of the
patients received unreaned nails, while the rest of
the patients received reaned nails.

We found an inbal ance in the distribution
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of reaned and unreaned nails whi ch approached
statistical significance. W have investigated the
cause of this inbalance, and our analysis, which
was included in the panel's briefing package, shows
this inbal ance was a consequence of a centralized
random zati on procedure.

So, to sunmarize, with two exceptions,
demogr aphic characteristics, risk factors, fracture
presentation, and fracture managenent were found
sufficiently simlar across all centers to justify
the pooling of the data and anong treatnent groups
to justify the treatnent effect analysis.

[Slide.]

Let me now review the study results.

The primary efficacy objective of this
study was to denpnstrate an increased probability
of fracture healing. At study conpletion,
treatnent success was based on the nunber of
fractures being healed by the investigator in the
absence of other intervention to pronote fracture
heal i ng.

Secondary procedures to pronote fracture
heal i ng and al so reported screw breakage | eading to
fracture sel f-dynam zati on were deened indicative

of treatnment failure.
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[Slide.]

The primary efficacy objective of this
study was net. BMP-2 increased treatnent success,
and in patients receiving BMWP-2/ ACS 1.5, the
success rate was increased by one-third.
Conversely, there was a 41 percent decrease in
failure rate. This is a clinically substanti al
i mprovenent, and the overall difference anong
treatnment groups was highly significant.

Furt hernmore, BMP-2 was dose-dependent, and
we believe that the dose-dependency of the
treatnment effect further supports our concl usion
that this effect was unbi ased.

[Slide.]

As | pointed out on the study endpoints,
treatnment failures account for two categories of
event - -secondary interventions and
sel f-dynam zations. Wth respect to secondary
interventions and in the spirit of an
intent-to-treat analysis, all procedures, whether
prescribed or preforned, were counted. In
addition, in sonme cases, the inadvertent breakage
of locking screwled to fracture sel f-dynam zation
These occurrences were counted as treatnment

failures because sel f-dynam zation affects fracture
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heal i ng.

It is noteworthy that self-dynam zation
appeared to be treated nore frequently in contro
patients and in BMP-2 treated patients. This
di fference approached significance.

These hardware failures are observed in
the presence of delayed union. Self-dynam zations
are not subject to investigative bias because they
occur without intervention fromthe investigator
In this case, the difference observed in
sel f-dynam zati ons i ndependentl|y suggests that
patients treated with BWP-2 heal ed faster and
reduced their exposure to this risk

[Slide.]

W have al so assessed the nunber of
interventions to identify interventions that may
have been done in the same patients either
concurrently or sequentially. This analysis
conpl enents the previous one, which counted the
nunber of patients with secondary intervention
The nunber of procedures was counted only in
patients who actually received the treatnment they
wer e random zed to and had eval uabl e outcones. W
call these patients the eval uabl e popul ation

Supporting the results observed in the
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primary efficacy endpoint, in this patient
popul ati on, the nunmber of interventions was found
significantly decreased in the 1.5 ng/n treatnent
group as conpared to the control group

[Slide.]

Accounting for the nunber of
interventions also allows us to characterize and
eval uate their invasiveness.

Noni nvasi ve procedures represent
ultrasound, electrical stimulation, or nmagnetic
field stimulation. Less invasive procedures
represent nail dynam zation or addition of a
functional brace.

[Slide.]

And finally, the npbst invasive procedures
represent procedures such as bone graft, exchange
nail, tibial osteotony or bone transport.

Hal f of the procedures conducted in
control patients were categorized as nost invasive,
wher eas invasi ve procedures represented only 37
percent of the procedures undertaken in patients
treated with BMP-2 1.5.

Consequently, in these eval uable patients
receiving InductGs, the nunber of the nobst invasive

i nterventions was found significantly decreased as
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conpared to control patients.

[Slide.]

A secondary efficacy objective of this
study was to denonstrate an accel erated fracture
healing. This endpoint was the nunber of fractures
clinically heal ed without a secondary intervention
as determned by the investigator 26 weeks
post-i njury.

As | nentioned earlier, to determne
fracture healing, investigators assessed clinica
paraneters such as tenderness upon fracture
pal pation, patient's weight-bearing status, and
revi ewed the orthogonal radi ographic views of the
fracture.

The 6-nonth tine point for this evaluation
was suggested to us during the 1996 revi ew of the
protocol by FDA. W have adopted it for this
study, and in addition, fracture healing was al so
reported at all other preceding and follow ng
visits.

[Slide.]

As illustrated on this slide, the
curmul ative rate of fracture healing indicates that
the secondary efficacy objective was al so net.

Twent y-si x weeks post-injury, InductGs increased
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the nunber of patients heal ed without secondary
intervention by 53 percent as conpared to contro
patients, thus suggesting an accelerated fracture
healing. This increase was highly statistically
significant.

Simlarly, the nunber of patients heal ed
after treatment with InductGCs was significantly
increased at every other visit starting at the Wek
14 followup and lasting until the end of the
st udy.

[Slide.]

Thi s accel erated healing was confirned by
thi s Kapl an- Meyer eval uation of probability of
healing as a function of time. According to this
eval uation, patients treated with I nduct G heal ed
significantly faster than control patients. The
median time to healing for InductGs patients was 39
days shorter than for control patients, a
clinically and statistically significant
di fference.

[Slide.]

Anot her secondary efficacy objective of
this study was to denonstrate accelerated fracture
union. W are referring to this outcone as

"fracture union" rather than "fracture healing"
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because the endpoint was based solely on
radi ogr aphs.

For this objective, the endpoint was the
number of fractures w th radi ographic healing
assessed 6 nonths after the fracture, and the
result was also reported at all the other visits.

For the purpose of this endpoint, patients
united after a second intervention were counted as
treatnment failures

This time, the endpoint was neasured
i ndependently by three trained radiol ogists from
UCSF who were blinded to patients' treatnent
al l ocation and patients' clinical presentation
And as | mentioned already, the radiographic
assessnents used the sane x-rays that were used by
the investigators, and all radi ographs from al
patients that were reviewed by the surgeons were
al so reviewed by the panel

[Slide.]

As indicated on this chart, this efficacy
obj ective was also net. The radiol ogy pane
blinded to treatnment allocation and patient
synmpt ons i ndependently confirmed that BMP-2
treatnent effect. At 26 weeks after the fracture

in the InductGs group, the nunber of patients with
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fractures united was 65 percent higher than in the
control group. This clinically significant
increase was al so statistically significant.

The difference in union rate between
I nduct s and control patients was still significant
at the 50-week visits, when 34 percent nore
patients had their fractures united in the InductGCs
group as conpared to the standard care.

[Slide.]

As poi nted out by FDA, the Kapl an- Meyer
eval uati on of radiographic union failed to identify
the di fference between treatnment groups. W
believe in this case that radi ographic fracture
union is best evaluated using the cunul ative rate
of union by visit rather than the Kapl an- Meyer

display. And in ny next slides, | will attenpt to

expl ai n why.
[Slide.]
As illustrated on ny previous slides, the

radi ol ogy panel diagnhosis of fracture union
occurred at a later tine point than investigators
assessnent of clinical fracture healing. This |ag
time i s not unusual

In the absence of gui dance provi ded by

patients' clinical science, it reflects the
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difficulties of transform ng the progressive
callous mneralization into a di chotonous deci sion
of success and failure.

We verified this explanation in a separate
study where a group of orthopedi c surgeons were
requested to determ ne fracture uni on without
clinical information. Furthernore, simlar
observations were made and published by nany other
aut hors.

[Slide.]

So, as an exanple of lag time observed
soneti mes between investigators and radi ol ogi sts,
this slide illustrates the case of a 29-year-old
mal e who suffered a Gustilo I1IB left tibia
fracture following a notorcycle accident. His
fracture was treated with an unreamed nail and
BMP- 2/ ACS 1. 5.

As illustrated on these AP views, the
fracture progressed toward healing, and at 20 weeks
post-injury, the patient had no tenderness upon
pal pation, was full-wei ght-bearing, and was deened
heal ed by the investigator. 1In this case, the
di agnosi s of fracture union was confirned at the
following visit by the independent radiol ogy panel,

but the delay varied frompatient and patient.
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[Slide.]
Overall, the delay observed between
investigators and radiologists is illustrated on

this slide which shows side-by-side the two

eval uations for the sane patients. For the purpose
of this exanple, only the control patients were

sel ect ed.

The study was designed to maxim ze
clinical evaluation in the first 6 nmonths of
patient followup. The delay between clinicians
and radi ol ogists resulted in pushing the eval uation
of radiographic union to the second half of the
study, in the last 6 nonths, where only two
followup visits were pl anned.

[Slide.]

So it is inportant to understand that for
nmost patients, clinical fracture healing was
established by the investigators in the first 6
mont hs of the study. |In contract, the independent
panel observed radi ographi c uni on about 3 nonths
|later, in the second half of the study.

As a result, clinical fracture healing
coul d be assessed by the investigators at one of
four followup visits planned in the first 6

months, and in contrast, the second half of the
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study, radiographic union could be assessed by the
panel only at two followup visits.

The paucity of tine points available in
the second half of the study has hindered the
Kapl an- Meyer eval uation of fracture union, and it
resulted in what can be called an "interva
censoring" of data.

It is for this reason that we prefer
instead to express the radi ographic union results
as a cumul ative proportion of patients united by
visit.

[Slide.]

W believe that the independent of
fracture union by the radi ol ogy panel is nost
appropriate to corroborate the investigators
findings in a different nmanner. In cooperation
with the FDA, we constructed a conposite index
cal l ed Conbined dinical and Radi ographi ¢ Endpoint,
or CCRE.

As shown on this slide, this conposite
i ndex assigns patients to four groups reflecting
the clinical assessnment of heal ed/not heal ed, and
the radi ographi c assessnment of united or not
united. It can be viewed as a way of separating

true positive results, shown here on the first
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line, fromfalse positive, false negative, and true
negative results shown here on the follow ng three
l'i nes.

If you would allow me to draw your
attention to the second |line, show ng patients
heal ed but not united, | would like to make the
followi ng observation. |If the study results were
af fected by investigator bias, one would expect to
see the nunber of patients heal ed without
radi ographi ¢ substantiation of union being
different anong treatment groups; but that is not
what the data show.

In the control group, there were 16 such
patient, in the BMP groups, there were 21 and 19
This small nuneric excess is not only statistically
insignificant, but also very snmall conpared to the
size of the treatnent effect.

So one nust concluded that the heal ed but
not united patients are best explained by a lag in
the radi ographi c findings happening equally in al
three treatnent groups and not due to investigator
bi as.

[Slide.]

By using this conposite index, we further

anal yzed BWMP-2 treatnment effects. This slide
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presents the results of this analysis.
Conservatively, we scored as treatment successes
only patients clinically heal ed and

radi ographically united. Even by using this
conservative assessnent, we still found that 36
percent nore patients in the InductOs group were
heal ed and united as conpared to the control group
This difference remains clinically and
statistically significant.

[Slide.]

In their review, the FDA has expressed the
concern about the heterogeneity of the study
popul ati on whi ch may have founded study results.
As | have pointed out in nmy presentation, the
revi ew of seven denographic criteria and 29
covariables led us to conclude that the
random zati on process was generally successful in
generating conparabl e treatnent groups.

To further address the question, we
conduct ed additional anal ysis using prospectively
defined patient categories. These categories
reflect fracture severity such as isolated versus
fractures are multiple skeletal |ocations, Gustilo
classification, risk factors such as snoki ng,

patient enrollnment at different research centers or
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countries, and the type of nail used.

Qur conclusion has been that no specific
patient category as defined above influenced the
overal |l efficacy results. These findings further
justify the data-pooling.

[Slide.]

Anot her question in front of the pane
today concerns the potential investigator bias nade
possi bl e by the know edge of treatnment allocation
To address this issue, we conducted severa
post-hoc evaluations to determ ne the consi stency
of treatment failure or success assessnents across
centers and treatnent groups. W concluded that
success and failure criteria were applied
consi stently.

For exanple, investigator prescription of
secondary intervention with a diagnosis of fracture
heal i ng were concordant with patients' clinica
stat us.

Additionally, reintervention decisions
were nmade at conparable tine points across
treatnment groups. That neans that no patient was
given extra tine to achi eve healing before a
reintervention was decided. The tinme frominjury

to prescription of reintervention was consi stent
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with patients' condition and, nmost inportantly,
compar abl e across all three treatnent groups.

Al so, the clinical status of patients
di agnosed as heal ed did not deteriorate.

These findi ngs made us concl ude that no
evi dence of investigator bias could be detected and
that the study was conducted with appropriate
standardi zation to earn the review of its results.

[Slide.]

Let ne now revi ew the BMP-2/ ACS safety.
Thi s objective was based on clinical, radiographic,
hi stol ogic, and | ab eval uati ons and on the
detection of antibody titers to BMP-2, bovine, and
Human Type 1 col | agen

As a background to this safety review, |et
me rem nd you that we have generated a dat abase
i ncluding over 1,000 patients fromall Weth BMWP-2
studies. These results were summarized in our
i nvestigator brochure which was included in the
panel 's briefing package.

The safety data collected in this pivota
study support our general conclusion that BMP-2/ACS
can be safely used in patients. W found that nost
adverse events were consistent with the trauma

setting. Generally, the treatnent groups have the
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same frequency and the sane severity of adverse
events.

[Slide.]

Let ne now revi ew sone of these
paraneters, in particular those of interest to
orthopedic surgeons. | will start with the
i nci dence of infection

The introduction of a foreign body in this
potentially contam nated wound al ways poses the
question of an increased infectious risk, so we
moni tored very carefully the occurrence of
infections in this pivotal study, and we have
conservatively recorded all declared infections,
whet her superficial or deep, whether confirmed or
not by bacteriologic analysis. And this reporting
rule explains a relatively high incidence of
i nfectious events reported here. However, the
i nci dence of infections was found conparabl e anong
all three treatmnment groups.

And, as expected, nost infections occurred
in patients who suffered the nost severe fractures,
the CGustilo 1A and I111B, and furthernore, to
track the nost severe infections, we identified al
the cases of deep-bone infection requiring the

surgical procedure. And this is the infectious
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event typically reported in orthopedic research
publi cati ons.

Agai n, the incidence of deep-bone
i nfections was conparable with data previously
published in the U S. and is strictly conparabl e
across treatnment groups, suggesting that BWP-2 did
not increase patients' exposure to infection

[Slide.]

Anot her safety variable inportant to
orthopedi c surgeons is the occurrence of hardware
failure. In this study, hardware failure includes
nost broken or bent |ocking screws and in two
cases, a broken nail.

Hardware failures occur wth decreasing
frequency across the three treatnent groups--21
percent, 17 percent, and 11 percent. These
decreased incidences of hardware failure in
BMP-2-treated patients was observed whet her
patients were treated with a reanmed or an unreaned
nail .

[Slide.]

Because of the osteoi nductive properties
of BMP-2, we have nonitored all signs of
exaggerated or abnormal bone formation. Such

events include calcification of renpte sites, which
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we called ectopic, and calcification in the
fracture vicinity, which we have called
het er ot opi c.

Conservatively, heterotopic callouses in
tibial/fibula synostosis were added to the
het erotopi ¢ cal cifications.

No ectopic calcification due to BWP-2 was
reported, and overall, heterotopic calcification,
hypertrophic call ouses, and tibia/fibula synostosis
i ncluded, were rarely observed in this study.

VWhile not statistically significant, treated
patients with BVMP-2 had an increase in the nunber
of such reports conpared to contro
patients--respectively, eight, four, and four.

[Slide.]

Patients enrolled in this pivotal study
were al so nonitored for the devel opment of
anti bodies to BMP-2 and to Type | coll agen, and
serum sanpl es were collected at baseline 6 and 20
weeks post-treatnent.

W have detected anti-BMP-2 antibodies in
a smal|l nunber of patients. This human response
was al ways nmarked by a low and transient titer.

Anti -bovine Type | collagen anti bodies

were al so detected in nine of the control patients
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and in 22 and 29 BMP-2/ ACS patients. There was no
cross-reactivity, and none of these patients
presented an i mune reaction to Human Type
col I agen.

The presence of antibodies to BMP-2 or to
bovi ne col |l agen was not associated with | ower
treatnent efficacy or associated with any
acconpanyi ng synptons of imune reaction or
al | ergy.

[Slide.]

The ot her safety evaluations are
summari zed on this slide

[Slide.]

So, to summarize ny presentation, we found
that InductGCs may offer new therapeutic options in
the treatnment of open tibia fractures which are
serious orthopedic trauma conditions.

In this study, the product has
consistently denonstrated safety and efficacy
irrespective of fracture severity, docunented risk
factors, type of nail used, investigational center,
or country where patients were treated

[Slide.]

BMP-2 effective and safety sue was

supported by results observed in regard to all four
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study objecti ves.

First, BMP-2/ACS reduced the rate of
reintervention for delayed union; in addition,
BMP-2 accelerated clinical fracture healing; the
evi dence of efficacy was corroborated by the
i ndependent panel eval uating radi ographic fracture
union; and finally, InductGCs safety profile was
deemed appropri ate.

I thank you for your attention and w sh
not to turn the presentation Professor Marc
Swi ont kowski, who will discuss the rel evance of
these results to the U S. trauma popul ati on.

DR. YASZEMSKI: Thanks very nuch, Dr.
Val enti n.

Dr. Sw ont kowski, wel come.

DR. SW ONTKOMSKI :  Good norning. M nane
is Marc Swi ontkowski, and I amfromthe University
of M nnesota Departnent of O thopedic Surgery,
where | have been privileged to serve as chairman
of that departnent since 1997.

| practice in two Level | traunma centers
inthe Twin Cities. | also co-direct the dinical
Qut comes Research Center for the University of
M nnesota School of Medi cine.

Prior to nmy arrival in Mnneapolis, | was
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the Chief of Othopedic Surgery at Harbor View
Medi cal Center in Seattle, Washington, also a Leve
| trauma center.

I have spent ny entire 17 years of
clinical practice in the managenment of severely
injured patients, and based on ny research
interests have a particular interest in inproving
the know edge base on which we have managed t hese
patients.

| have been involved with the rhBMP-2
series of studies since 1991. | have participated
inthe initial discussions regarding the selection
of the clinical indication to study through the
conduct of the 12-patient safety study in the
United States, the 60-patient trial in the United
States, and as an advisor to the pivotal trial
whi ch we are discussing today.

| have no financial interest or ethica
conflicts regarding the study we are discussing
today, although I am an active paid consultant with

Wet h, who has paid ny way here today.

[Slide.]
This nmorning, | will address some of the
questions that FDA has raised to the panel. | wll

review the rel evance of the study data to clinica
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practice both in the United States and
internationally. I will comrent on the sel ection of
the clinical indication and the primary efficacy
endpoi nt secondary intervention to pronote fracture
heal i ng.

I will also comment on the study design
and conduct and how the study findings are rel evant
for patients with tibial fractures in the United
States. | will conpare the data collected fromthe
pivotal study with that of an identically-designed
FDA- approved trial of 60 patients conducted in the
United States.

Finally, I will address how the pivota
study findings are of utility to surgeons managi ng
patients with | ong-bone fractures.

[Slide.]

Open tibia shaft fractures were sel ected
as the clinical indication because of the high
medi cal need for inproving outcones. These
fractures have a high rate of del ayed union and,
anong comon fractures, the highest rate of
non-union. As a stringent nodel, results from
these fractures can be readily applied to other
| ess severe | ong-bone fractures with nore

biologically friendly tissue conditions.
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In other words, if the protein works in
this setting of severe nuscle danage from
hi gh-energy blunt injury, it will work anywhere.

As part of the panel discussion today, you
have been asked to evaluate the definition of
standard care described by the sponsor for this
pati ent popul ation. The question is what role bone
grafting plays in the nanagenent of these
fractures

As a practicing orthopedic traumatol ogi st,
I will reiterate the sponsor's previous statements
that prophylactic bone grafting is not standard
care, either inthe U S or internationally, for
the managenent of the fracture type studied in this
trial.

[Slide.]

| base ny statenents about the standard of
care not only on ny experience in clinical practice
but also frominvestigation of worl dw de standards,
i ncluding data collected by Weth and i nformation
inthe literature.

Wet h conducted two separate U. S. -based
investigations of patients with tibial shaft
fractures. These include a retrospective chart

review of 484 patients conducted in 1993 and a
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prospective natural history study of 86 patients
conducted in 1994. Both studies denonstrated a | ow
i nci dence of bone grafting, revealing that early
prophyl actic bone grafting is not conmonly
practiced in the managenent of these fractures.

Regarding the literature, when early
prophyl actic bone grafting has been advocated, its
use has been strictly linmted to those fractures
with substantial bone loss. Patients with
substantial bone |oss are a different type of
pati ent popul ati on and were excluded fromthis
pi vot al study.

In general, surgeons seek to avoid bone
grafting whenever possible, because thereis a 9 to
10 percent incidence of major conplications and 20
to 30 percent incidence of persistent pain and
disability.

[Slide.]

This pivotal trial was designed in
consultation with over 20 of ny peers who staff
Level | trauma centers around the United States and
Canada, in four separate neetings. During these
meetings, we discussed the merits of individua
skeletal injuries and debated the aspects of the

study design anbngst ourselves and with Weth.
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Utimtely, we recommended the open tibial fracture
nmodel .

In addition to nedical need, its merits
include that the ACS could be inplanted at the tine
of wound cl osure, which allowed adequate tine for
patient and family consent. This is a key
consideration in the trauma popul ati on

We felt that these fractures were
consi stently managed with staged wound cl osure. W
argued the pros and cons of a blinded trial and
ultimtely deci ded upon an open-1label trial design
as the mpjority of practicing participating
surgeons stated with confidence that they could not
ethically place a plain collagen sponge in an open
fracture wound, as it would have little potential
benefit to the patient and coul d expose the patient
to the risk of infection in a potentially
cont am nat ed wound environnent.

Further, they believed that their ethics
committees woul d not approve such a trial-blinding
strat egy.

[Slide.]

After reaching agreenment on the open
tibial fracture nodel and open | abel study design,

this group of orthopedic traunmatol ogi sts
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ext ensi vely debated the pros and cons of the
primary efficacy endpoint.

We felt that revision surgery--secondary
i ntervention--was a neasurabl e endpoint that held
the nmost rel evance froma clinical perspective
Failure was defined as the need for any secondary
intervention with a stinulatory effect on healing.
This is a highly conservative definition which
i ncludes not only surgery but also other |ess
i nvasi ve interventions.

The endpoint used in this trial is
consistent with other control trials, both past and
present, conducted within the orthopedic trauma
comruni ty.

[Slide.]

The panel has been asked to evaluate the
clinical relevance of the primary efficacy endpoint
used in this trial. |In making the pivotal trial as
directly applicable to clinical practice as
possible, the clinician's assessment of fracture
heal i ng, based on a conbi ned assessnent of clinica
and radi ographic findings, was favored over a
purel y radiographi c assessnment of efficacy.

This is consistent with clinical practice

where treatnent decisions are routinely nmade based
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on the conbined clinical presentation of the
pati ent and radi ographi c appearance of the
fracture.

As the sponsor has previously described,
the key variables in the assessnment of fracture
healing are lack of fracture site tenderness upon
manual pal pation, ability to be
full -wei ght-bearing, and radi ographic fracture
uni on.

[Slide projector mal function.]

DR SW ONTKOABKI; |'m not sure we need
the slides.

DR. YASZEMSKI: That will be up to you,

Dr. Swi ontkowski, if you want to proceed.

DR SWONTKOABKI: Yes; | don't mnd. |I'm

really not sure you need them anyway.

This trial was hypot hesis-driven
Specifically, an expected rate of secondary
i ntervention was established fromthe prospective
natural history study conducted by Weth, and these
data were used to support the hypothesis and sanpl e
size for this pivotal study.

Because of the practical nature of
conducting a trial within busy trauna centers, the

study was designed to minimze the disruption of
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care and to be conpatible with day-to-day clinica
practice. The design was acceptable to the
clinical investigators in the United States, and
then, as the sponsoring agency went international,
the trial design, which had been piloted in the
United States, was acceptable to investigators in
numer ous countries.

Thi s study designed passed all human

subj ects commttee reviews, which spoke to our

consi deration of patients and their fanilies in the

trial design.

[Slide.]

What we have here in this three-arm
450- pati ent, random zed control trial of patients
with open tibial fractures is the |argest
orthopedic trauma clinical trial that | am aware
of. It was conducted at high-quality centers and,
as a part of ny advising role to Weth, | hel ped

identify these centers. As a part of ny academc

career, | have traveled to many centers in the UK
South Africa, and Germany. | have visited the
majority of these sites. | knewthat the quality

of care in the operating roomand postoperatively,
as well as the inplants avail able and the surgeon

training, was basically equivalent to United
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States' standards. Many of these surgeons had in
fact trained at our center in Seattle or in other
U S. or Canadian centers with which we are all
fam liar.

Over 90 percent of the centers involved in
this trial have published their clinical outcones
for treatnment of |ong-bone injuries in the
peer-reviewed literature. This further confirns
their commtnent to delivering a high standard of
care.

The fact that we chose the right centers
is revealed in the fact that we had over 90 percent
patient followup at one year across all centers
and countries. The quality of this study has been
certified by high-profile podium presentations at
the Orthopedi ¢ Trauna Associ ati on, CCOT, and the
Anmeri can Acadeny of Orthopedic Surgeons. It has
al so been accepted for publication by the Journa
of Bone and Joint Surgery, which is wdely
considered to be the prem er peer-revi ewed
publication in the field of orthopedic surgery.

[Slide.]

As the sponsor has previously described,
definitions for key study outcones were provided to

i nvestigators participating in this trial. These
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i nclude definitions for del ayed uni on, non-union,
and secondary intervention for delayed union or
non-uni on. Recogni zing the need to define these
key vari abl es, the sponsor provided radi ographic
and clinical definition that not only conformed to
the assessnment nethods commonly described in the
orthopedic literature, but also to governnental
gui del i nes incl udi ng HCFA and FDA.

The definitions provided are appropriate
in that they are consistent with clinical practice.

[Slide.]

To address the rel evance of the pivotal
study data to the U. S. population, | will review a
nunber of variables collected as part of the
FDA- approved 60-patient U S. study in patients with
open tibia fracture, conpare it to that of the
pi vot al study.

It is inportant to note that the U S
study was a randonized controlled trial that used
the sane endpoints, decisions for healing, and
radi ographi ¢ assessnent as the internationa
pi votal study.

Among these two studies, the U S. and the
pivotal trial, the population of patients included

is conparable overall. As you can see, the

file://IC|/Storage/1121orth.txt (68 of 309) [12/2/02 8:59:18 AM]



file://IC|/Storage/1121orth.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

denogr aphi ¢ and baseline profile of the patients in
both trials in terns of age, gender, snoking
history, and extent of injury are very simlar,
with no significant differences.

Simlarly, there were no differences in
the distribution of fracture patterns by AQ OTA
classification, Custilo wound type, or mechani sm of
injury. Over 90 percent of patients in both the
U.S. and international cohort were injured by a
bl unt nechani sm

[Slide.]

Agai n, the relevance of this pivotal study
to the U S. population is denonstrated by the
consi stent standards of fracture and wound
treatment that were applied anong the centers
involved in the two trials. State-of -the-art
i mpl ants were used and, with few exceptions, were
manuf act ured by one of four nmjor inplant
conpani es, all of which are FDA-approved for use in
the United States.

The patients had repeat irrigation and
debri dement with del ayed wound cl osure in nany
cases, and consistent nuscle flap/skin graft
coverage for larger wounds, the Qustilo II1IB

cl assification.
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1 | should note that there was a snall

2 nunber of Type I1IB fractures in the internationa

3 cohort which were treated with skin grafts, whereas
4 inthe United States cohort, all patients with IlI1B
5 fractures received nuscle flaps. In each case that
6 a nuscle flap was not used, the investigator

7 verified that the fracture grade was indeed Custilo
8 Type I11B

9 [Slide.]

10 The pivotal study design did not random ze
11 by reamed versus unreamed techni que of nai

12 insertion. At the tinme the study was conduct ed,

13 and even today, the use of reaned versus unreaned
14 nails in the managenment of open tibial shaft

15 fractures renmmi ns an unresol ved controversy.

16 A neta-anal ysis published in the Journa
17 of Orthopedi c Trauma by Bhandari et al. has failed
18 to confirm an advantage or di sadvantage for reaned
19 or unreamed nailing in this setting. Gven that

20 this issue remains unresol ved, the sponsor's

21 decision to include both types of nail insertion

22 techniques in the pivotal trial was appropriate.

23 In conparing the U.S. and internationa

24  studies, one observes differences in use. The

25 i ssue of reamed versus unreamed nailing i s now
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bei ng specifically addressed through a randoni zed
control trial of 900 patients in the U S. and
Canada, funded col |l aboratively between the Nationa
Institute of Arthritis and Miuscul oskel etal Skin

Di seases at the NIH and the Canadian Institute for
Heal t h.

This trial, the Sprint trial, for which |
am the principal investigator, utilizes the sane
clinically-rel evant endpoint of secondary
intervention as judged with the surgeon, with

pati ent exam and radi ographic review, as was used

inthis pivotal trial. As sonetines happens, the
study data show an inbal ance for nail insertion
t echni que.

[Slide.]

Finally, the nmost inportant outcome--the
rate of secondary intervention. Again referencing
our 60-patient U S. trial, the data fromthe
i nternational pivotal study supports simlar
deci si onmaki ng used in these different settings.
The rates of secondary intervention in the standard
of care armverified the hypothesis that this is
not an uncomon out come and confirmed what we
| earned fromthe natural history study conducted by

Wet h, which reveal ed a 41 percent rate of
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secondary intervention anong patients with open
tibial shaft fractures treated with IMnailing

The types of secondary interventions were
not significantly different between trials, with IM
nai | dynam zation being nost common, followed by
exchange nailing and bone grafting procedures.

An inmportant nmeasure of quality of
care--infection--utilizing the strict definition
outlined by Dr. Valentin was 18 percent in the US
cohort and 22 percent in the international cohort.

Anot her inportant neasure--the tinme to
decision for reintervention--was al so conparabl e
across the two trials, peaking between 10 and 20
weeks post-injury, tinme points consistent with
those reported in the orthopedic literature.

The decision as to when to intervene was
within 2 days for patients in the three trial
treatnment arns in both studies, confirmng a | ack
of bias in this decisionmaking.

[Slide.]

Last, | will comment on the utility of the
pi votal study findings to other surgeons nanagi ng
patients with | ong-bone fractures.

As we have seen today, the trial findings

are consistent with the prelimnary data collected
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in the natural history and pilot studies conducted
inthe US. The standards applied in the
international study in terns of definitions
utilized and treatnments admi ni stered are conpati bl e
with U S. practice.

The primary efficacy endpoint of secondary
intervention was a clinically neani ngful neasure
and being consistent with U.S. clinical practice is
directly applicable to the care of patients here in
the U S

Most inmportantly, through the significant
reduction in secondary intervention, the study
results represent a substantial clinical benefit to
patients with these types of severe injuries.

Finally, | must reiterate that this
fracture nodel represents the nost harsh biologic
environment in which to test the inpact of rhBWP-2.
I am confident and confortable with the concl usion
that the protein will definitely work in other
settings.

[Slide.]

In conclusion, to ny know edge, this is a
controlled trial of the highest quality yet
performed in the orthopedic trauma comunity. The

study shows a significant decrease in the rates of
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secondary intervention which are highly relevant to
patients with these injuries, as well as the
physicians treating them

As an orthopedic traumatol ogist, | am
confortable with the conclusion that rhBMP-2 with a
col l agen sponge is safe, that it accelerates
healing in | ong-bone fractures, and will be a
useful adjunct to ny care of these patients.

I am proud to have played a snmall role in
the conduct of this trial and, along with the Weth
representatives, would be pleased to answer any
questions that the panel may have.

Thank you.

DR. YASZEMSKI: Thanks very nuch, Dr.

Swi ont kowski .

We're going to proceed now with the
presentations by FDA. Aric Kaiser, the |ead
reviewer, will present first.

FDA Presentation

MR. KAISER: Good norning. | amAric
Kai ser, the lead reviewer for this PMA

We are going to be discussing |nductGs,
the rhBMP-2/ ACS device from Weth Pharmaceuti cal s.

[Slide.]

| would also like to introduce the
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col l aborator for this project, Peter Hudson, who
was the | ead preclinical reviewer; Barbara Buch,
the clinical reviewer; and Chang Lao, our
statistical reviewer.

[Slide.]

In addition to those three, we also had a
nunber of people from CDRH as well as CBER and CDER
who provi ded val uabl e i nput on review ng the
i nformati on provided by the sponsor

[Slide.]

As described by the company, this is a
t wo- conponent conbi nati on product consisting of a
grow h factor, rhBMP-2, and a carrier for that
protein, the ACS absorbabl e col | agen sponge.

[Slide.]

One of the things | want to point out is
that in the clinical presentation that we will be
giving, we are reviewing only the tibia data that
was generated as a result of the clinical trial
We did not review and we are not presenting any of
the data that was summari zed in the study that
related to the use of the product either in other
orthopedi c applications or in dental applications.

This leads into a discussion that we are

going to have you participate in this afternoon
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| ooking at the indication for product, whether it
is the indication that was actually studied by the
conpany, the acute open tibia fracture stabilized
with IMnails, conpared to the proposed indication
which is listed up here that includes both an

i ndication for the product as well as sone clains
about the behavior of the product.

[Slide.]

Alittle history about this PMA. The
original PMA was issued a not approvable letter,
and the basis for this letter was our belief that
there were sone critical deficiencies in the design
of the trial that woul d have prevented the conpany
from devel oping data to fall in the category of
valid scientific evidence.

The sponsor, after review ng that
i nformation, believed they could address our
concerns and submitted a response to that letter
where they re-analyzed their data and then tried to
address what we had identified as the critica
i ssues as well as some other issues of a clinica
and statistical nature that had been identified in
that letter.

[Slide.]

We are not going to go into a di scussion
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of the preclinical information. As the sponsor
mentioned, this was previously discussed by the
panel at the January neeting.

Al I want to identify froma preclinica
standpoint is that as a result of that meeting,
there were sone issues that were identified as
bei ng outstandi ng preclinical issues, and as the
company has said, they are conducting sone
additional in vitro and in vivo evaluations to
address those concerns, having to do with the
potential ability of the protein to prompte tunor
formation as well as the inpact--the potenti al
i npact--of the protein on fetal devel opnent.

The conpany is al so working on some new
ELI SA assays that are nore sensitive.

We are going to focus today on clinica
and statistical issues that were outstanding from
our review of the resubm ssion of the product.

That would lead us to the end of this discussion,
where we are going to have you provide some coment
on four questions that we are going to pose--one
having to do with the study design, some questions
having to do with the ability of the data to
denonstrate safety and effectiveness, and then,

finally, this labeling question that | alluded to

file://IC|/Storage/1121orth.txt (77 of 309) [12/2/02 8:59:20 AM]



file://IC|/Storage/1121orth.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

78
having to do with the indications.

Wth that, | would like to introduce Dr.
Bar bara Buch, who was the clinical reviewer for
this product and will present sone issues having to
do with the clinical trial design as well as the
resulting clinical data.

DR YASZEMSKI: Thanks, M. Kaiser.

Dr. Buch?

DR BUCH. Good norning.

My nane is Dr. Barbara Buch, and | am an
orthopedi c surgeon in the Othopedic Device Branch
of the FDA, and | thank you for your attention and
endur ance t oday.

The sponsor has al ready presented the
summary of the international investigation quite
nicely. It is not ny intent to repeat the sumary
of safety and effectiveness which has already been
so wel | -presented by the sponsor

What | do want to do is bring your
attention to some major issues that may have
i npacted on the study outcones and nade our
eval uation and interpretation of this study and its
results quite chall enging.

The issues involve primarily aspects of

study design, general clinical relevance, but it
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al so invol ves aspects of interpretation and
anal ysi s and questions rai sed when eval uating the
safety of this device.

Bef ore we can even | ook at study results,
we shoul d evaluate the strength of the study
itself--what are the confoundi ng variabl es, how
were the patients assessed, what data was
col l ected, and how was the data anal yzed.

Clinical trials often differ fromclinica
practice, as they are intended to specifically
define the therapeutic effect and safety profile of
a specific treatment w thout question.

I deal | y, when conparing two or three
groups, it is preferable to have them as much alike
as possi ble except for the treatnent variabl e being
studied. This allows us the nost confidence that a
difference in outcone is due to that treatnent.

[Slide.]

As has al ready been nentioned, this is a
difficult task to acconplish, especially in a
trauma popul ation, as there are nultiple
confoundi ng vari ables that influence the fina
out come--vari abl es such as the energy of the
initial injury, the environment in which the

initial injury occurs, and the contam nation of the
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fracture, prior nedical health and nutritiona
status, the nunber of associated injuries, the
nunber and type of fractures, and the anmpunt of
bone and soft tissue |oss, especially after
irrigation and debridenent, all affect fracture
heal i ng.

In this study, there were nultiple
confoundi ng vari ables. The nost striking is the
choice and type of IMnail technique chosen for
definitive fracture fixation. The choice of an
unreanmed or reaned nail was left up to the surgeon
and not specified in the protocol

Wiile the effect of this is an ongoing
debate, there are varying thoughts as to the effect
of this on fracture healing and the risk of
i nfecti on dependi ng on the nail technique used.

In this study, there was a statistically
significant difference between the standard of care
group and the groups receiving the rhBwMP-2
treatments. The two treatnment groups had greater
nunbers of patients receiving reaned nails as
conpared to the standard of care group. Although
it is not statistically different, it may be
clinically significant that patients in the

| arger-dose rhBMP-2 group received a slightly
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hi gher percentage of |arger-di aneter, unlocked
nail s.

There were other nore subtle but possibly
confoundi ng vari abl es associated with this study.
For exanple, all fracture types, fracture
| ocations, and patterns were considered
collectively. It is well-known that the purpose
for using classification systens is to direct
treatnments so that as patients fall into these
categori es woul d be expected by experience to have
different outcomes and risks of adverse events.

Yet in this study, all fracture types and patterns
were consi dered together. This is exenplified by
the fact that patients with Gustilo Types I, |1,
and 111 A were considered as one group. This
contradi cts the concept of the classification
system

In addition, patients with isolated
fractures of the tibia were grouped with patients
with multiple and varied other injuries. Both of
the rhBMP-2 groups had | ower nunbers of patients
with associated nultiple injuries and nore patients
with isolated tibia injuries.

As a minor point, the protocol allowed for

less than a full sponge to be inplanted if the
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fracture defect or configuration did not allow the
implantation of the full sponge. Therefore, not
all the patients received the sane dose of rhBMP,
although a majority did receive a full sponge.

Whet her this had any effect on the rate of healing
is not known.

Finally, trauma physicians have different
phil osophies for the treatnment for different
fracture types, which may differ significantly
across different parts of the world and across the
United States, East and West Coasts. Cultural and
geographic differences across the world influence
pati ent expectations for treatnent outcones, which
al so may affect study outcones.

It is also well-known that experience can
play a role in the decisionnmaki ng process and the
patient outcome in trauma. In this study, |arger
centers with greater nunbers of patients may have a
di fferent experience than smaller centers with
fewer trauma patients.

Al t hough the differences for these
vari abl es di scussed were not |arge enough to
establish statistical significance, such as in the
case of the choice of nailing techniques, when

consi dered collectively, there remains a concern
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that many variables inpacted clinically on the
final outcone.

[Slide.]

Because of the divers cultural
expectations, treatnent phil osophies and geographic
| ocations of the investigational sites, the
pool abilities of these patients and the
applicability of this population to the U'S
popul ati on was an issue.

As seen in this chart, approximtely 50
percent of the patients were enrolled in two of the
countries. South Africa contributed 138 patients,
and Germany, 83. The renminder of the countries
contributed fewer than 40 patients, with severa
site contributing fewer than 10 patients each
Centers with few patients were pooled with centers
contributing |arge nunbers of patients.

As has been stated, often, |arger trauma
centers have different experiences in outcones as
compared to centers who do not have | arge numnbers
of trauma patients.

[Slide.]

Patient characteristics actually did
differ fromcountry to country. For exanple, the

proportions of patients who snoked varied in each
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of the countries, ranging from 31 percent in the
Scandi navi an countries to 64 percent in South
Africa. Fewer patients with isolated fractures
were enrolled in Australia and Israel. The numbers
of isolated fractures ranged from 49 percent in
Germany to 75 percent in South Africa

The types of fractures treated in each
country were also varied. For exanple, there were
no Gustilo IlIB fractures in France, but there was
a great incidence, about 38 percent, of Custilo
Type I11B fractures enrolled in the Scandi navi an
countries. Sone of the centers used reaned nails,
and others used unreamed nails. This difference
was al so noted anbng the treatment groups.

When results are revi ewed by
i nvestigational sites, differences in outcone are
apparent fromsite to site. The ability to
extrapol ate the patient population to the U'S
popul ati on was not clearly validated in this
submi ssi on.

Al t hough the sponsor did not consider the
differences in these populations to be clinically
relevant, the multiple differences bring into
question the ability to pool these patients and

di stingui sh between the confounding factors to
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establish a treatnent effect.

[Slide.]

Now | et's | ook at the assessnent nethods
used.

Patients were assessed by investigators
both clinically and radiographically, and their
X-rays were assessed by an independent radi ol ogy
panel. These were then conmbined in the CCRE or the
Conbi ned dinical and Radi ol ogi cal Endpoint.

Now | et's consider this aspect of study
design in detail. dinical assessments by the
i nvestigators included an assessnment of fracture
site tenderness, an assessnent of healing status by
x-ray, and the patient's wei gh-bearing status.

[Slide.]

Qur concern about the pain assessnent is
as follows. Pain was assessed by each investigator
who had to interpret the patient's subjective
report of pain upon direct pal pation of the
fracture site by the investigators. There was no
standardi zed or objective neasurenment scale used to
quantify this paranmeter. |In fact, there were no
st andar di zed obj ective methods to define the
intensity of pain and conpare it to initial

fracture site tenderness or differentiate fracture
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site pain fromreferred pain fromother injuries or
soft tissue injury.

[Slide.]

This is an exanple of the case report form
that investigators filled out for each patient. As
you can see in the top portion of the slide,
fracture site tenderness was docunented as either
"absent," "not evaluated" or "present."

You can see in the bottom portion of the
slide that weight-bearing status was al so
determ ned by the investigator, but the progression
of status from non-wei ght-bearing to touch-down to
partial wei gh-bearing and then to ful
wei ght - beari ng was not based on any objective or
standardi zed criteria.

[Slide.]

This slide shows the criteria for
radi ographi ¢ union that the independent radi ol ogy
panel used to determine whether a fracture was
united. The objective criteria as seen in the
slide consisted of three or four cortices
denmonstrated cortical bridging and/or the conplete
di sappearance of fracture lines and was delineated
in detail in the independent radi ol ogy case report

formalong with other radi ographic determn nations
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i ncludi ng hardware failure.

[Slide.]

However, on this slide, as can be seen in
this case report formthe investigators filled out,
there is no indication of how the decision of union
was nmade and whet her the decision of radiographic

heal i ng was based on any objective criteria.

In a subsequent subm ssion, the definition

for radi ographic healing was provided in the second
submi ssi on.

[Slide.]

The difficulty in interpreting results
without precise criteria for all evaluators is
demonstrated by | ooking at this case study provided
by the sponsor in the submssion of a Gade IIIlA
tibia fracture which was treated with a sponge
soaked in the .75 dose of rhBMP-2. There was a
clear and significant discrepancy between the
determination by the investigator and the
i ndependent radiol ogy panel, as seen in this slide.

[Slide.]

You will note that the investigator
considered this Gade Il fracture united at only
10 weeks, while the independent radiol ogy pane

considered this fracture healed at 26 weeks. You
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will note that the postoperative radi ograph and the
6- week radi ograph are not provided here.

[Slide.]

The definition of a healed fracture was
specified in the protocol, as it is here. However,
whether all three criteria were expected in order
to consider a fracture healed was not. Although
provi sions were made for patients with different
wei ght -bearing status due to other injuries, it is
not specified whether all three criteria had to be
satisfied to be considered a heal ed fracture.

The di stinctions between del ayed union
based on tine or other criteria and a healing
fracture were not defined well in the origina
protocol. A post-hoc analysis states that every
pati ent recomended for secondary intervention
failed to nmeet at least one of three criteria
defining fracture healing.

[Slide.]

This is the definition of delayed union
that was provided in the protocol: "A fracture is
consi dered a delayed union if insufficient fracture
heal i ng was observed as determ ned by the
i nvestigator's radiographic and clinica

assessnent . "
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This definition of delayed union is vague.
There are no objective criteria specified in the
protocol that defined what was to be used to make
the decision of delayed union. For exanple, there
is no delineation of the time or interval course to
establish that a fracture was del ayed in healing,
nor are there clinical and radiographic criteria to
make this decision provided.

This is not clearly differentiated from
fracture non-union. How the decision was made to
recomrend a secondary intervention based on this
definition is not specified in the protocol

[Slide.]

It is not clear what criteria the decision
by investigators to recommend a secondary
intervention was actually based on. The anmbiguity
can be seen in this table which shows that
secondary interventions were based on the failure
of one or two or three of the clinical criteria.

In addition, the sponsor provided data
tabl es that showed that patients nmay be consi dered
heal ed based on one or two or three of these
criteria.

[Slide.]

So the question still remains how was the
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deci sion to recormend a secondary intervention
made. The inprecise guidance of the protocol and
| ack of standard criteria for assessing patients,
coupled with the fact that investigators were
unblinded to the treatnment in determ ning which
patients should receive this secondary
intervention, are subject to potentially
significant investigator bias.

[Slide.]

Next, the choice of control group should
be considered. Al the different types of
fractures and different types of wounds were
treated with the sane treatnent protocol
Fractures are graded differently because different
types are expected to have different prognostic
rates for healing and adverse events. Therefore,
they may need different treatnent reginens.

For exanple, the incidence of infection
differs between Gustilo Type | and Gustilo Type I
inthe literature. In this investigation, the
popul ation of fractures was conprised of 40 to 45
percent Gustilo Type II1A and B fractures. Wether
the standard of care is applicable to all grades of
fractures and wound types is not clearly justified.

As we have already heard, the use of
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prophyl acti c bone graft may be consi dered
controversial. There are authors who do reconmrend
the addition of autol ogous bone graft, recommending
evaluation for this at 2 to 6 weeks foll owi ng wound
closure. This literature review was provided for
you i n the panel pack.

The use of prophylactic bone grafting has
been shown to enhance healing and may be associ at ed
with a reduced risk of infection in sonme studies.
The inclusion criteria as stated by the sponsor
stated that patients with anticipated treatnent
pl ans whi ch included additional procedures to
pronote fracture healing, such as bone graft, were
excl uded.

Thi s decision, however, was only rel evant
to that considered at the tinme of definitive wound
cl osure, when in practice, this my often not be
made until the wound is closed and the initial
fracture progress has been assessed.

Regardl ess of this controversy, | would
like you to consider that while the treatnent
groups in this investigation received a substance
that woul d potentially increase bone formation or
enhance bone heal i ng--nanely, rhBMP-2--the contro

group did not.
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Al of this raises the question of whether
the standard of care group was treated conparably
to the rhBMP-2 treatnment groups and therefore
whet her the study results between the treatnent
arms can effectively be conpared

[Slide.]

The clinical rel evance of the endpoints
was al so considered. These are placed on this
slide for your convenience and nenory. These are
the primary and secondary endpoints that were
specified in the protocol. Realize that the
primary endpoi nt consists of four subgroups.

[Slide.]

VWhat is inmportant in fracture healing
studi es, though? Fracture healing. This should be
the primary focus. A review of the literature
shows that the conmonly determ ned outcones include
the incidence of union and nonunion as a function
of time, the incidence of infection, and the time
to healing, usually comparing one nethod of
fixation to another, or between fracture types.

The inportance of sonme of these
ef fecti veness endpoints are secondary in this
i nvestigation.

[Slide.]
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The conbined clinical and radi ographic
endpoi nt was intended to support the observations
made by the treating surgeons with those nade by
t he i ndependent radiol ogy panel. However, this
combi nation has not been validated as an anal ytica
net hod.

There are several potential problems with
using this method of corroborating investigators
assessnent. First, the CCRE is conposed of
potentially biased subjective assessnent conpared
with a nore objective assessnent.

Second, the CCRE conbines two dissimlar
assessnents--a clinical assessnent with a
radi ol ogi ¢ assessnent--instead of conparing two
radi ol ogi ¢ assessnents.

Lastly, patients with secondary
interventions were not treated the sanme as patients
who did not have secondary interventions. Patients
with secondary interventions were paired with the
results of independent radiology review at the tine
the decision for secondary intervention was nade,
while the patients with no secondary interventions
were paired with the independent radi ol ogy
eval uations at 12 nonths.

[Slide.]
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The treatnent of nissing data related to
the success and failure was inconsistent in some
cases, and this may al so affect the result.

The nunber of patients who net the
criteria for treatment and foll owup defined in the
eval uabl e patients, was 404 patients out of the
total 450 patients, or 89 percent.

When eval uating results, missing patients
or missing data were treated differently in three
cases that | will give exanples of. For the data
anal ysis of the rate of secondary interventions,
patients with no data or with no outcone were
considered in the category of patients with no
secondary interventions. This may falsely el evate
the nunber of patients and the rates of success.

I n another case, in the analysis of the
i ndependent radiol ogy panel results, 44 patients or
10 percent with mssing 6-nonth data for united
fracture assessnent had data carried forward from
previous visits. About two-thirds of the patients
were in rhBwvP-2 treated groups. This practice nmay
have overestimated the not united rates in this and
subsequent visits.

In the third case, when reporting the

sunmmary of conbined clinical and radi ographic
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endpoint results, missing patients with no clinica
out come or no radiographic outcone were included in
the category of no secondary intervention/not
united. Again, the failures may have been
overestimated in this particul ar case.

[Slide.]

Therein lies the dilemma. Al of these
factors related to study design and protocol nake
eval uation of the results of the study and the
confidence that the results are truly an effective
treatment quite a chall enge

The fundanmental issues include the fact
that investigators were unblinded; they nade the
assessnents related to the determ nation of the
primary endpoint with inprecise, not specifically
spel | ed-out guidelines for nmaking their decisions.
VWhile this may be acceptable for clinical practice,
it may not be appropriate for a controlled clinica
trial.

Even the attenpt to support the
i nvestigators' assessnent, the CCRE, is partially
based on the investigators' assessnment as well.

Addi ti onal design issues of the protoco
that led to uncertainty that the protocol provided

rigorous and explicit guidelines were provided to
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all investigators are listed here. These include
the fact that no tine course was defined to

di stingui sh del ayed healing from aggressively
healing fractures. There were no precise

radi ographic or clinical criteria to separate the
healing fracture fromone that was considered to
have del ayed heal i ng.

How the patients with del ayed healing
fractures were reconmended for secondary
interventions is inprecise. The sponsors did not
provi de adequate evidence to provide a confidence
that the extent to which patients were recommended
for secondary intervention were guided by the sanme
criteria across all investigational sites.

[Slide.]

Looking at the effectiveness results has
al so rai sed sone issues to bear in mind if one gets
past the issue of study design. Depending on which
analysis is reviewed, different results may be
reported. These anal yses include the primary
endpoint, the rate of fracture healing, the time to
event analysis, and the 50 percent probability of
healing, as well as the incidence of non-union
Each of these will be considered.

[Slide.]
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The overall rate of secondary
interventions is highest in the control group
Recal |, however, that in addition to the nunber of
i nterventions recomended and perforned, the
overall rate of secondary interventions included
the nunber of self-dynam zations or screw
breakages, the nunber of secondary interventions
recomrended but not performed, and the nunber of
secondary interventions not recomended but
performed anyway.

The 0.75 ng/m dose treatnent group had
the nost patients in the latter category. If the
sel f-dynani zations or hardware failures are
excl uded, the differences between the groups is
reduced. It is not clear why patients were
i ncl uded who had secondary interventions

recomrended but not performed, or those who had

secondary interventions with no recommendati on were

included. This quandary further underlines the
problemw th this primary endpoint.

[Slide.]

If we look at the rate of fracture healing

at 6 nonths or 26 weeks, this was al so a secondary

endpoint in the study. This rate differs depending

on whether the investigator or the independent
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radi ol ogy panel nmade the determi nation, as seen in
this slide.

The rate determ ned by the radiol ogy pane
was significantly lower, and the differences
bet ween groups was | ower than by the investigators
assessnents. The | ow success rate indicates that a
choi ce of 6 nonths may not have been an appropriate
endpoint for this study. The discrepancies at 39
weeks and 50 weeks are progressively |less, as has
al ready been di scussed.

[Slide.]

The tinme to healing yields yet another
result. On this graph, the red line represents the
course of the 1.5 ng/m dose rhBMP; the yellow |line
represents the 0.75 ng/m group, and the black Iine
represents the standard of care group

It is obvious that there is little
di fference between the control and the | ower dose
of rhBMP t hroughout the tinme course of the study.
However, we should | ook at two exanple probability
poi nt s.

The sponsor has already reported that the
50 percent point of probability of healing
represents that |lower line that traverses

hori zontally across the graph. There is a
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di fference between the groups at this point.
However, this may not be a point that clinicians
wi || consider relevant.

If we | ook at the 75 percent probability
of healing or the 80 percent probability of healing
which is represented by the horizontal line that is
above that, there are no differences between the
groups.

[Slide.]

This is clearly denonstrated on this
chart. Although there is a difference between the
standard of care and the hi gher doses of rhBMP at
the 50 percent probability of healing, there is
little difference in the days to healing at a point
where there is 75 percent probability of healing.
They are virtually the same between the groups.

[Slide.]

Now let's | ook at the same type of graph
as shown by the determination of the independent
radi ol ogy panel. |If there were indeed a difference
bet ween the treatnent groups, this would be
expected to be carried out by the detection of the
i ndependent radi ol ogy panel

I would Iike to draw your attention to the

180-day nmark on the | ower asyntope [phonetic] of
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the graph, which corresponds to the 25 percent
probability of fracture healing. At this tine
poi nt, there was no difference between the groups.

[Slide.]

This is clearly evident on this table,
whi ch shows that the days to healing at either the
25 percent, 50 percent, or 75 percent probability
are al nost identical for each group, regardl ess of

the probability chosen

[Slide.]
Lastly, | would like to discuss the issue
of nonunion. Overall, at 12 nonths, the nonuni on

rates as determ ned by the independent radi ol ogy
panel were 53 percent of the patients in the
standard of care group, 48 percent in the 0.75
mg/ M group, and 38 percent in the 1.5 ng/m group
These rates are slightly [ ower by the

i nvestigators' assessnent.

By either assessnment, these rates appear
hi gh, and perhaps one expl anation may be that the
results reflect the diverse fractures treated in
this study or other nultiple factors previously
ment i oned.

Patients with secondary interventions were

an interesting group to review These patients who
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actually had a secondary intervention to pronote
heal i ng had simlar nonunion rates whether they
were treated with the rhBMP-2-i npregnated sponge or
not .

[Slide.]

This is clearly denonstrated on this
graph. It is of interest that the rate of nonunion
in patients with secondary interventions is clearly
denonstrated by--again, the black line is standard
of care, and the red is the 1.5 ng/m dose.

Patients treated with rhBMP-2-inpregnated
col | agen sponge who required a secondary
intervention were considered heal ed | ater than
patients who did not. This is shown in this graph
and noted in the chart previously.

[Slide.]

Let's move on to the safety issues that
concerned us. There were no apparently
life-threatening safety concerns. However, there
are sone issues which are not expl ai ned and whose
clinical significance remains unclear. | will
briefly touch on each of these issues and the
questions that were raised.

[Slide.]

The first issue deals with serol ogy

file://IC|/Storage/1121orth.txt (101 of 309) [12/2/02 8:59:23 AM]

101



file://IC|/Storage/1121orth.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

results. The rates of authentic antibody response
to rhBMP-2 and Type | bovine collagen are higher in
this study than in published data in other rhBMP-2
in collagen sponge investigations. The rate of
aut hentic anti body responses to rhBMP-2 in treated
patients in a recently published study using
rhBMP-2 and the coll agen sponge in an anterior
| unbar spine fusion study was 0.7 percent. 1In this
study, 12 patients had an authentic immne
response. In the 1.5 ng/m rhBMP-2 group, the rate
of authentic responses was 6 percent and one
percent in the control population. This is an
increased rate as conpared to the previous study.

VWhat the contribution of the trauma
setting is to these results is not clearly known.
The fact that there are antibody responses is the
concern, especially since we don't know what the
clinical significance of these results is. The
nunbers of patients nay also be too snmall to nmake
any sound concl usi ons, however.

There were 60 patients who devel oped
anti bodies to Type | bovine coll agen and
approximately half of the patients had persistently
el evated antibody titers 20 weeks or longer. In

the rhBMP-2 | unbar fusion study, the
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i nvestigational patients had a sinmilar rate of
aut hentic positive immune responses to Type
bovi ne col | agen

Again, the clinical significance of this
is difficult because the small respective nunbers
and the respective significance is unknown. In
bot h cases, however, the analysis of the adverse
events did not seemto correlate with the presence
or absence of inmmune response.

[Slide.]

The rate of hardware failure was
relatively high in this study. There were 48 screw
breakages or bending noted in the standard of care
group, 31 in the niddl e dose, with two nai
fractures in this category, and 24 screw breakages
inthe 1.5 ng/m dose. There is atypo in this
slide; sorry.

Hardware failure consisted nostly of
bendi ng or breaking of |ocking screws. Whether
this hardware failure is a function of the hardware
used to treat the fracture, the type and size of
nail used and thus the screw size used, or a
function of the high degree of ununited or
non-heal ed fractures is unclear

[Slide.]
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The one adverse event listing in which
there was a statistically significant difference
bet ween the control and the investigational groups
is the rate of abnormal [ab values related to liver
and pancreatic function--specifically, elevated
anyl ase and hypomagnesenmi a.

There were 30 patients in the rhBwmP-2
treated groups with el evated amyl ase as conpared to
five in the SOC group. There were two patients in
each of the standard of care group and the
hi gher - dose rhBMP group conpared to 11 patients in
the m ddl e-dose rhBWMP group with a finding of
hypormagneseni a.

Al t hough the sponsor states that the
patients had no overt nmanifestations of
pancreatitis, the concern stens from published
preclinical data that showed pancreatic cel
lines, showed increased cellular proliferation when
exposed to rhBMP-2. The significance or
association to this population is not clear.

Coi ncidental ly, one patient in the
previ ousl y-conduct ed study using rhBMP-2 in the
spi ne was di agnosed with pancreatic cancer during
the duration of the study.

The remaining liver functions were
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elevated in a | arge nunber of patients, but this
coul d possibly be explained by soft tissue trauma
and not due to the biologic that was added.

Whet her any of this is clinically
significant due to trauma or the exposure of
rhBmMP-2 is unclear, but it should not be disn ssed.

[Slide.]

A total of 17 patients experienced at
| east one event classified as heterotopic or
ectopic ossification or callous.s The patients in
the 1.5 ng/m rhBMP-2 group had the highest number
and percentage of patients with heterotopic
ossification, but no action was required to treat
any of these heterotopic ossification-rel ated
events.

I would like to point out, however, that
according to the sponsor, heterotopic and ectopic
ossification was not a significant concern
Al t hough the sponsor stated that no ectopic
ossification was reported, the table in the
submi ssion includes a patient in the category
titled, "Ectopic ossification/other sites.”

Additionally, it is not clear how the
sponsor rul ed out heterotopic ossification in other

areas of the tibia. Sponsor had told us that no
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106
addi ti onal radiographic physical exam or serum
testing was done to observe heterotopic bone
formation in other areas away fromthe fracture
site studied. W believe it would be difficult to
determ ne the presence of heterotopic bone or even
distinguish it frommnyecitis ossificans secondary
to trauma on history alone. It would be difficult
to determ ne whether the ectopic ossification was
due to trauma to the soft tissues or bone in the
area was an effect of increased bone formation in
response to r hBwP- 2.

Wth the linmted surveillance that was
done in the study, one cannot comment on the
exi stence of distant ectopic ossification in other
sites of the body.

[Slide.]

The overall infection rates were
conpar abl e between the three groups when the
denoni nator is the intend-to-treat population, with
the standard of care group experiencing slightly
nore infections both overall and in the region
under study.

The figures for the leg tibia category do
not include skin infections noted as wound

dehi sants, gangrene, inflammation or necrosis.
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Overall, these rates seem somewhat higher than in
other nmultiple fracture and single fracture
conparison studies reviewed in the literature.

When broken down by CGustilo classification, the
rates are also high. Especially concerning are the
rates in the Gustilo Types | and Il fracture
categories. It is not really clear why these rates
are so high.

Al t hough the small sanple size may be a
factor in these rates, one shoul d consider what
other factors may al so play a part in these higher
rates. Although sonme of these safety uncertainties
may be consistent with the traunma popul ation
studied or may be in too | ow of a sanple size to be
of statistical significance, these issues should
still be considered when evaluating this device.

[Slide.]

In conclusion, we agree that trauma
patients represent a difficult population to study
even in a well-controlled trial. This is due to
the multiple confounding factors. This trial was
no exception.

It is difficult to make conparisons
between this study and the literature because of

the multiple varied factors that confound or
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i nfluence the outcone. Oher additional factors
contribute to the challenge of evaluating this
device in this study. On our part, this is mainly
centered on factors related to study design
hjective criteria for maki ng assessnents were no
clearly defined, and therefore, the judgnents that
were nmade were not clearly defined

The protocol was not specific in
instructions to the investigators, especially
regarding the distinction between a healing
fracture and del ayed union. There is sone debate
as to whether the control group represents the
standard of care for all the fracture and wound
types described in the patients in the study.
Endpoints comonly found in the literature were not
considered to be primary endpoints. For the
pri mary endpoi nt chosen, how the investigator came
to the determination to performan intervention was
not specific.

In the study, nmore inportantly, there was
no clear substantiation that all investigators used
the same criteria for making the decision for
secondary interventions and that pooling across so

many different sites was justified.

When | ooki ng past the design issues at the
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ef fectiveness results and sonme aspects of the
safety profile, further questions were raised. Al
these factors caused considerable uncertainty as to
the actual treatnent effect and the safety profile
of this device.

Thank you for your attention.

DR, YASZEMSKI: Thanks, Dr. Buch.

Dr. Lao?

DR. LAO Good norning. M nane is Chang
Lao, and | ama statistician at FDA. | have been
working at FDA for the Center for Drugs and Devices
for a long tine.

Today, my presentation will concentrate on
the statistics evaluation of the primary endpoint,
which is the proportion or rate of secondary
i ntervention.

[Slide.]

I will concentrate on three major issues
for this PMA. The first issue is pooling of the
multi-clinic data or multi-national data; the
second issue is the reproducibility study, intra-
and inter-observer agreenent; the final issue is
the survival analysis, time-specific, versus crude
event, which is secondary intervention,

probability.
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[Slide.]

As you can see, on the first issue,
pooling of data, | have three charts. The first
one shows ideal conditions--the two lines are
paral |l el --between Center 1 and Center 2. In both
of them the high dose is better than control in
terns of the percent of secondary intervention
success.

The one in the mddle is acceptabl e--we
call it quantitative center by treating
interaction. The distance is not parallel, but at
| east they go in the sane direction between the two
sites.

The | ast one, the crossover, which is
questionable, we call qualitative interaction. The
primary endpoint varies fromthe opposite direction
between Center 1 and Center 2.

[Slide.]

This is a hypothetical exanple of wong
pooling of the data. In Site 1, you can see two
success and failure proportions between hi gh dose
and control are identical--33 percent each. In
Site 2, they are also the sane--67 percent--and the
P value in both of themequals one. Chi-square

equals zero. So if the P value equals one, it is
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1 not significant.

2 But what happens if we pool the other

3 nunbers together or the observations together? You
4 see the last table, where percent success is 58

5 percent for high dose and 45 percent for control

6 Chi -square equals 5.56, and P value is 0.018, which
7 is significant.

8 So the question here is can you add all

9 the nunbers together and do the pooling of the

10 data. So this kind of pooling, adding sonme of the
11 observations together, is statistically invalid.

12 We shoul d use a better approach here.

13 [Slide.]

14 This is [inaudible] pyram d data, which is
15 the estimated di fference, high dose mnus contro

16 in percent success if we have secondary

17 intervention, and the exact 95 confidence interva
18 by regrouped investigator sites. W have a tota

19 of about 30 regrouped sites here. By definition,
20 "regrouped” neans any country in which the nunber
21 of patients is |l ess than nine patients across

22 regrouped were pooled into a conbined site.

23 As you can see, in this chart, the

24  confidence interval, which was based on exact

25 bi nom al distribution because of snaller sanple
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size with each regrouped site-- about seven or
ei ght of them the point estimate, which is the dot
on the left of the zero, which nmeans the point
estimate of difference between the two success
proportions in favor of the control. There are 22
or 23 in favor of the high dose--but this is just
point estimate based on the data. W have to
consi der the uncertainty of the estimate, because
we have to deal with the sanple size. That is what
the 95 percent confidence interval tells you

You can see the width of the confidence
interval is wide in nost cases because of the
smal | er sanple size. Alnost 29 out of 30 of them
include zero. So statistically speaking, none of
themis significantly different fromzero between
control and high dose

[Slide.]

The second chart is a different data base
It is the conbined clinical radiol ogical endpoint
or CCRE patients. Pretty nmuch you see a simlar
pattern. About 10 or 11 of themgo in the negative
direction, to the left side of zero, and about 20
of themgo to the right side of zero. But the
confidence interval, again, about 29 of them

i ncl ude zero.
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So if you were to predict success by site,
none of them can stand alone in favor of the
devi ce.

Now, what happens--can we conbi ne thenf?

[Slide.]

Ckay. There are two statistical nbpdels
used here, what we call the meta-analysis. The
met a-analysis is a very big issue in clinica
trials. If you do a MedLi ne search, there are
probably over 1,000 articles dealing with
met a- anal ysi s.

Here, | present two nodels. One is the
fixed nodel. The assunption in the fixed nodel is
that each center has the sanme clinical effect,
considering within-center variability only.

Random ef fect is assunption of very
di verse nature in study design, nmethods anbng sites
and heterogeneity anong sites, so we consider both
wi t hi n-center and between-center variability.

So which ones are not appropriate in here?
Fromthe previous two charts, you can see sone
things, but we can do a formal statistical test.

[Slide.]

Here, the neta-analysis is of 30 regrouped

i nvestigator sites. |n our analysis, we excluded
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three regrouped sites because they had zero
variance in the difference of the two proportions.
It means you have both zero percent success or 100
percent success in the control and hi gh dose.

So our analysis included 27 regrouped
sites, and we used the nethod of nonents suggested
by Der Sinmonian and Laird in their Statistics in
Medi ci ne 1986 paper.

[Slide.]

Here are the results of the neta-analysis
for 27 regrouped sites. For the fixed effect, the
mean di fference--neani ng difference being
proportion success--which is high dose ninus
control, equals about 11 percent difference.

Standard error of estinated difference is
0. 04.

P value is significant, |ess than 0.01l.
We just divided by the nean difference divided by
standard error, which is a T statistic with 26
degree of freedom

And the 95 percent confidence interval,
whi ch does not include zero, is in favor of the
hi gh dose, 0.039, 0.194.

But what happens if we allow the random

effect? W consider not only wthin-center
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variability but al so between-center variability,
which is a nean difference of about 12 percent.
Standard error is |arger because we include

bet ween-center variability here. The P value is
not significant, and the 95 percent confidence
interval was inclusive, frommnus 0.04 percent to
pl us 0.28 percent.

And at Chi-square equal 97, which is
hi ghly significant, less than 0.005 P val ue, what
that neans is reject the null hypothesis, which is
bet ween-center variance equals zero

So by this test, it neans there is
significant variability fromcenter to center. W
woul d prefer the randomeffect nmodel in this
exanpl e.

[Slide.]

The second chart for the CCRE data pretty
much has the sane concl usions as the regrouped
i nvestigator sites, as you can see here.

The random effect in the 95 percent
confidence interval does include zero also. The
Chi-square test is very highly significant and
rejects the null hypothesis of no difference in
terns of variability anong sites.

[Slide.]
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The second issue here that | amgoing to
discuss a little bit is the reproducibility study
intra- and inter-observer agreenent.

In the PMA, we have a total of 60 patients
from10 U S. trauma centers. Please renenber that
this is not fromPMA data, not fromthe pivota
study; this is froma different protocol, froma
previ ous protocol study.

So the two teans of nultiple raters--three
raters, actually--fracture uni on, between observer,

i nter-observer, Kappa statistics--1 amgoing to
expl ai n what Kappa neans. Kappa says that the

hi gher the number, the better; 1.0 is perfect
agreenment. Zero is no agreement at all. So 0.87
for the inter-observer agreenment and 95 confi dence
interval of 0.7 to 1.0, based on 20 patients.

The last two were intra-observer, with the
sanme observer, the first study and the second
study, about 0.5, but the confidence interval, the
| ower and upper bounds are quite wi de. The reason
is because of a smaller sanple size, 20 patients,
and sone observed predicted proportion of
agr eement .

[Slide.]

This chart just gives reference to genera

file://IC|/Storage/1121orth.txt (116 of 309) [12/2/02 8:59:23 AM]

116



file://IC|/Storage/1121orth.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

gui dance about what Kappa statistics nmean. This is
from Professor Gary Koch, 1977 Bionetrics paper.

He is a professor at the University of North
Carolina Chapel Hill.

This is general guidance. The one in the
mddle, 0.4 to 0.6, is noderate; clinica
interpretation is noderate agreement. For the
intra-, with the sane observer, in the |ast table,
we have two of themat 0.5. So the [inaudible] is
like flipping a coin, 50 percent each. So this is
just to give you general information here.

[Slide.]

The general question for the
reproduci bility study here is on sanple patient
sel ection. Twenty patients out of a total of 60
patients, which is not fromthe PMA data.

And the random sanple, is it
representative to the reproducibility study, to the
PMA data, or are they masking?

And for time conparability--time is
important. And you have nmultiple raters per team
here. | think that between-observer Kappa 0.87,
that sounds higher than the intra-observer Kappa
0.50. | think the reason is because it is based on

majority rule. |If you had two out of three raters
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agree, that is considered agreenent; that is what
t hi nk.

[Slide.]

The final topic is survival analysis
versus crude secondary intervention event
probability.

The life-table or Kaplan- Meyer anal ysis,
we just recently received for the final three
anal yses--first, fracture healing assessed by

i nvestigator; second, radiographic assessnent of

fracture union by independent radiol ogy panel; and

the last was the CCRE study.
[Slide.]
On survival analysis in this PMA, for a

long tine, we hadn't seen the patient follow up

data and the survival analysis, so we did not know

what patients were censored, lost to follow up
m ssing, or at risk of secondary intervention at
different time points.

Al so, we had to assume censoring
i ndependent of treatnent.

And if you |l ook at the proportion of
success to failure, we always consider what tine
you are tal king about. Are you tal king about 12

mont hs, are you tal king about 6 nonths, 3 nonths,
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what ever ?

The crude secondary intervention event
probability is always |ess than tine-specific
cunul ati ve Sl event probability by surviva
anal ysis, unless all patients had conpleted the
entire followup study, or all patients with
secondary intervention. This is not a very
practical situation in clinical trials.

[Slide.]

In conclusion, first, with study design
Het erogeneity anong centers--1 would think that
random ef fect for conbined anal ysis is not
appropriate; and that direct adding up all nunbers
and the correspondi ng anal yses is not valid;
survival analysis is required due to patients
censored or lost to foll owup; and questionable
reproduci bility studies.

Finally, in the survival analysis, we
thi nk the assunption here sounds |ike the whole
dat aset comes from one center, not adjusted for
center differences. But including a center in the
nmodel is al so not easy, because we have too many
regrouped sites here--30 of them You have to cut

down that nunber to include in the nodel

So the survival analysis here assunes data
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1 fromone site, all the nunbers together

2 This is the end of ny talk. Thank you

3 very nuch.
4 DR YASZEMSKI : Thanks very nuch,

5 Ri ght now, we're going to take a

Dr. Lao.

break for

6 5 mnutes, and we're going to cone back after the

7 break and have the presentati ons fromthe panel

8 reviewers, which will begin with Dr. Naidu's

9 assessnent of the preclinical studies.
10 W'l | see everybody in 5 mnutes.
11 [ Break. ]
12 Panel Presentations
13 DR YASZEMSKI: 1'll ask Dr. Naidu to give

14 his presentation now on the preclinical studies.

15 Dr. Nai du?
16 DR. NAIDU. Thank you.
17 My charge was to provide the panel and the

18 audi ence here with a summary of preclinical
19 results.

20 | derived nost of ny information

fromthe

21 first volunme issued by the sponsor. The sponsor

22 has al ready gone over sone of the preclinical

23 results, especially in an animal nodel, with the

24 New Zeal and adult rabbits.

25 However, in the volune provided,
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various other aninmal nodels in which the BMP was
tested, which included the Rhesus nonkey nodel, the
canine nodel, in addition to the rabbit osteotony
nmodel , and also a goat tibia fracture study was
performed. So | will touch on the fracture nodels
that were not addressed by the sponsor in their
presentation initially.

O course, this is in a long-bone fracture
heal ing nodel, and with regard to the Rhesus radia
defect studies, unilateral radial defects 3.5 cmin
size, four tines the dianmeter of the bone, were
created. These were internally fixed with a
fixation plate.

Fromthis, the sponsor reaches the
concl usi on that the bone-bridging was highly
vari abl e, inconsistent, no dose response was
di scernible. The only thing that one could
conclude fromthis Rhesus radi al defect study was
that the antibody responses to rhBMP-2 were higher
in the treated group, whereas none of the contro
ani mal s showed any of these antibody titers.

These were | ow antibody titers, and they
were detected in 35 percent of the treated aninmals.
This was with the ELI SA assay.

Wth the Rhesus ulna defect study, the
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size of the defect was not clearly defined in the
mat eri al provided. Presunably, the ACS r hBWP- 2
sponge was placed at the site of the defect, and
the negative control was buffer with the ACS
sponge.

What the sponsor concluded was that the
BMP- 2/ ACS sponge was replaced with a dense
popul ati on of spindl e-shaped cells, presumably
capabl e of continued bone formation. However,
consi derabl e conpression of nuscle into the center
of the defect was noted, limting the volune of
potential bone formation

My concl usi on- - not hi ng happened.

Therefore, in the primate study and the
preclinical studies, as designed by the sponsor,
coul d not conclude nuch except for the fact that
the antibody titers to rhBMP-2 were apparent in 35
percent of the Rhesus nonkeys.

The next study that | want to touch on is
the canine radial defect study. Bilateral radial
osteotom es in mature hound-type dogs with 2.5 cm
di afacil e [phonetic] critical-size segnented
defects were stabilized with external fixation
One linb received the rhBMP-2/ ACS or the ACS and

buffer as the negative control. The contralatera
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I'inb recei ved aut ogenous bone graft harvested from
the huneral head.

The rhBMP-2 concentration studied with
0.05, 0.2, 0.8 ng/cc. In all concentrations of
rhBMP- 2, radi ographic union was achi eved at 12-week
time point. Trigonal failure of all three rhBwmP-2
dose groups were equal to the contralateral |inb
treated with the autol ogous bone graft. It was
superior in the 0.05 and 0.8 ng group, but there
was no difference in the 0.2 ng group

In conclusion, the radial density in the
period from4 to 12 weeks was essentially
equivalent in the rhBMP-2 treated defects and
defects treated were autographed. The tota
energy-to-torsional failure of three dose groups
was equal to in one group and superior to the
contralateral linbs treated with auto bone graft in
two of the dose groups, especially in the 0.05 and
0.8 ny.

There was a longer-termfollowup for 24
weeks in sone of these aninals, and at 24 weeks,
bi onechani cal testing denmonstrated no significant
di fferences between the rhBMP-2 group and the
aut ogenous bone graft group. O course, the

buffer, the negative control group, did not heal
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Therefore, the rhBMP-2 is equivalent to
t he aut ogenous bone graft group in this canine
radi al defect study.

Going on to the canine fenoral intercalary
al l ograft incorporation study, the goal was to
conpare the effect of augnentation of the host bone
al lograft junctions with rhBMP-2 and conpare this
to the augnmentation with autogenous bone graft.

Si x-centimeter mdshaft fenmoral defects in 21

nm xed- breed dogs were fixed with frozen allograft
stabilized with an interlocking nail. Host

al l ograft junction was augnented w th r hBwmP- 2/ ACS
at a dose of 1.15 ng total dose or buffer ACS, and
of course, the last group was the autogenous
cantel as bone graft. This augnentation was done at
the proximal site and also at the distal site.

Ani mal s were eut hani zed at 24 weeks post surgery.

At the proximal junction, the BMP/ ACS
torsional strength was significantly greater than
the cantel as bone graft group or the buffer group
However, at the distal junction, there was no
di fference between the BMP group and the cantel as
graft group.

Both the BMP and cantel as bone graft

groups were torsionally better than the negative
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125
control group at both the proximl and dista
juncti ons.

These are all nechanical studies, and
these are the conclusions reached fromthe
mechani cal studi es.

The next is the goat tibial fracture
study. This was a cl osed fracture nodel.

Bil ateral closed mdshaft tibial fractures were
created using a three-point bending jig.

r hBMP- 2/ ACS conbi nati on or buffer/ACS conbi nation
was placed at the fracture site in one |linb, either
by wapping it or by doing as an onlay. And the
contralateral linb served as a surgical control

The tibia was stabilized with an ex-fix. This was
a closed fracture nodel again.

X-rays at 6 weeks showed that all three
groups had heal ed, and differences are hard to
di scern by x-ray. Bionechanical testing showed
that fractures that were treated with rhBMP-2/ ACS
had greater torsional toughness relative to the
untreated controls at P equals 0.017

However, fractures treated with buffer/ACS
group, the so-called negative control group, also
showed a trend toward increased torsiona

toughness, albeit with a slightly |Iower P val ue.
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So you can't conclude anyt hing.

On the other hand, [inaudible] showed that
torsi onal toughness in the rhBMP-2/ACS fractures
wrapped with the sponge was significantly higher
than those treated with an onlay. Whether they
contai ned BMP or not did not nake a difference.

Who knows what one can conclude fromthis?
I"I'l let Dr. Kinley Larntz comment with regard to
stats.

Lastly, the rabbit ulna osteotony nodel,
whi ch was shown by Dr. Riedel fromthe sponsor--he
showed a beautiful radiograph which showed that it
had heal ed; he showed a nice histol ogy slide which
showed bridging callous albeit not conplete healing
in the standard treatnment group

But here are the nunmbers. O course, the
mechani cal testing of this fracture is the gold
standard. On Volune 1, page 35, the bar graphs are
quite clear with regard to torsional strength
testing. In this bilateral md-ulna osteotom es
group, in 72 male rabbits with one mllineter
defect, there were three treatnent
groups--rhBMP-2/ ACS onl ay; buffer/ACS onl ay; and no
treat ment.

Torsi onal | oading was perfornmed in treated
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linmbs at 2 weeks, 3 weeks, 4 weeks, and 6 weeks.
Failure torque was no different at 2 weeks for any
of the groups--of course, that is reasonable. It
was significantly higher in the BMP-2/ACS group at
3 and 4 weeks. But at 6 weeks, again, there was no
di fference between any of the three groups tested,
and at 6 weeks, in fact, no matter what you did to
it, it was simlar to the intact group.

That is my summary on the preclinica

animal trials. |In conclusion, the preclinical
animal trial studies are highly variable, mxed.
My gut feeling is that the rhBMP-2 does enhance
bone formation, but practical clinical use is going
to be very tough to show, based on the preclinical
dat a.

Thank you.

DR. YASZEMSKI: Thanks very nuch, Dr.

Nai du.

We're now going to proceed to Dr. Finnegan
and her clinical review

Dr. Finnegan?

DR FINNEGAN: | have been asked to do the
clinical review, and as | started into ny homework,
I realized two things--one, | needed to figure out

whom | had annoyed, and two, | needed a | arge
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bottl e of aspirin.

You are going to hear sone repetition, but
I think sonme of that repetition is inportant.

Reviewi ng the material for clinica
trials, the initial trial was 12 patients who were
open-1 abel, as was discussed. The dose there was
0.43, which is much |l ower than was in the pivota
trial. This was done for safety and efficacy, and
there was no difference between healing and no
adverse effects.

The next study, actually, that is
menti oned, which was not presented by the sponsors
was a study using open tibial shaft fractures and
an external fixeter, with the sane doses that they
presented in their pivotal study, and this was
ternmi nated because of patient recruitnent problens.
That brought themto the pivotal study, which is
classed as a Phase 3 multi-center prospective,
randoni zed but single-blind, that being the patient
only, and all of the Custilo grades that you have
heard. These were treated definitively with IM
nail i ng.

The control was | abel ed standard of care,
and this was limted to wound coverage and an I M

nail .
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The experinental --and from now on, | am
going to call this the "conposite"--is the Helistat
absor babl e col | agen sponge with the reconbi nant BW
in the two doses that have been descri bed.

According to the sponsors, the BWMP has
left the site at 4 weeks, and the sponge is gone at
8 weeks. They define the nmaterial as
ost eoi nductive, stating that it produces trabecul ar
bone, and | think you saw that fairly nicely on
their histol ogy slides.

However, this is not the nornmal bone for
this diafaceal [phonetic] region, and there does
not appear to be nuch work done on the process of
renodel i ng afterward

In the material that | received, the
sponsors outlined very nicely five objectives, and
what | would like to do is outline those
obj ectives, and at the end of ny talk, | wll
di scuss whether | think they were nmet or not net.

The first objective was to increase the
|'ikelihood of healing with the conposite. The
second was to define the safety of the conposite.
The third was to docunment that this increased
heal ing was actually present at 6 nonths. The

fourth was to docunent that radi ographic uni on was
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observed earlier in the conposite group. And the
fifth was to evaluate the potential economnic
benefit of treatnent with the conposite as conpared
to the control

Really interesting for the exclusions to
their patient group which they did not bring up in
their presentation was that they excluded any
hi story of exposure to silicon or injectable
col l agen as well as hypersensitivity to nonocl ona
anti bodi es or gamma gl obul i n.

Their protocol as they have di scussed had
sonme interesting conponents to it. The first is
that although at initial assessnent, a Qustilo
grade was given the final grade was not done unti
their definitive wound cl osure, which needed to be
carried out within 14 days.

As has been previously discussed,
intermedul lary rodding was all owed to be picked by
the investigator whether it was reamed or not
reamed, and this was not controll ed.

Also what is interesting is that a very
smal | percentage of the patients received their IM
rodding at their first intervention, although the
| argest nunber of the patients were Grade | and

Gade Il Gustilo class. And | respect Dr.
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Swi ont kowski i mensely, and | have known himfor a
long tine, but | actually do not think this is
standard of care in the United States.

As well, | did not find any definition of
accept abl e bone |l oss for patients who woul d be
allowed in this study.

Fail ure was described as requiring a
second intervention, and that included
sel f-dynam zation, and | think that's a significant
problemwith trying to define the results of this
st udy.

The nonuni on and del ayed uni on definitions
have al ready been cover ed.

Fol | ow-up was defined as at the 12-nonth
or one-year period and involved both the clinica
eval uation, the chem stry, the serology, the
radi ographs, and health resources consunption

As we have discussed, this is a
multi-center study. Initially, there were actually
59 investigators, of whom 10 evidently contri buted
no patients whatsoever; and this occurred in 11
countries. N neteen of these principa
investigators are said to have had a portion of
their training in the US. This portion is not

defined, and given the licensing difficulties in
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nmost of the States, ny concern is that a good
portion of these would have been either in a
research lab or in observation only.

The sponsors state actually several tines
that there are basically no treating differences
bet ween any of the countries, and nmy first probl em
with that statenment is the fact that there were no
Grade Il fractures in France--and with apol ogi es
to anybody here who actually mght be from France,
I have first-hand seen their driving, and | do not
believe that there are no Gade II1 tibial
fractures in France.

So the question is what happened to these
fractures, and it would suggest to me that the
protocol was not the standard of care for the
French for treating Grade I1IB fractures. As well,
bot h the CCOT organization and the comnbi ned
Engl i sh- speaki ng organi zati ons have neetings on a
regul ar basis, and | think that it is fairly
obvi ous that the standard of care aground the world
is different. Sonme of this is based on culture,
sone of it is based on health care resources and
econony, and some of it is based on training.

The German and South African groups, as

was di scussed, had the |argest nunber of patients
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contributing. Wat | found very disturbing was
that there were sone very capable countries that
had very few patients contributed, and | think this
calls to several questions.

The first one is was this study protoco
actually not standard of care for the various
countries that were involved. Did the patients
actual ly sel f-sel ect thensel ves out, suggesting
that perhaps there were other reasons why they did
not get involved in the study? O do these centers
actually truly see very few open tibial fractures,
and if that's the case, one woul d be concerned
about the patients that they did contribute as far
as their experience in both judgnent and techni que
i s concerned.

When you |l ook at the results, there are
actually a couple of areas that have been touched
on but not really elaborated. First is that the
standard of care group or the control group
actually had a | arger nunber of unreaned nails.

And if you look at the failure rate in the first 30
to 60 days, you will see that there is a very high
nunber in the standard of care. A 9 nmm unreaned
nail in an otherw se healthy young nale has a

fairly high incidence, which has been reported in
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the literature, of self-dynam zing by fracturing
the screws. So one would wonder if in fact these
patients went on to heal very nicely, and that the
i npl ant used was not appropriate for study
conditions--it would be appropriate for treatnent,
accepting that the screw woul d break, but perhaps
not appropriate for the study.

As wel I, although not statistically
significant, there were nore patients with nultiple
fractures in the standard of care group than there
were in the other group

For the 1.5 conposite, there was a higher
nunber of younger patients, and there was al so a
hi gher nunber of reaned rods. And | was very
delighted to see that the European Union has asked
that this be addressed, because as | was reading
through this, this is one of the areas where
said, "Hello?"

There is no question that--and you can see
this with the Arerican study that Marc showed when
they used exchange nails--that the concept of the
phi l osophy is that you are putting stemcells or
some osteogenic potential at the fracture site when
you do this process. | think that that definitely

affects the results.
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And actually, to expand on that, if you
| ook at the research or the phil osophy of pronoting
fracture healing, you will see that nost people
consi der three concepts--osteoinducti on,
ost eoconducti on, and osteogenic potenti al
Al t hough the sponsors state that this is
osteoi nductive, if you read their investigators
brochure, they actually state that the collagen
sponge needs to contact both the distal and the
proxi mal ends of the fracture, suggesting that
probably there is sone osteoconduction, and if you
then add osteogenic cells, you have a fairly potent
fracture pronotion.

If you go to their evaluation, | agree
with both the statistician and the clinician from
the FDA in that the CCRE has no validation
associated with it whatsoever. |In spite of that,
if you ook at the 75 percent of patients heal ed,
it iswithin 48 hours for all thee groups, and if
you | ook at the radiol ogical evaluation, it is
exactly the sane. There is sone fallout at the 50
percent healing results, but | don't think it is
significant.

What is really interesting is that at the

12-nmonth or one-year level, all the groups had nore
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than 25 percent of their fractures not united, and
this is using either the sponsor's nunbers, of
which the |owest is 26, or the FDA nunbers, where
the | owest is 38.

The other thing--and this is probably not
totally fair--but if you take all of the secondary
procedures in the control group and you take all of
the secondary procedures in the BMP group, in fact,
there is a larger nunber of patients who received
BMP--there is also a |arger nunber of patients who
received BMP, but there is a |arger nunber of
pati ents who underwent a secondary procedure.

Looking at side effects, the |ocal side
effects are really minimal. There is 17 percent
reported hypesthesia with the 1.5 conposite as
conpared to single digits for the other two groups.

My biggest concern is the antibodies to
the reconbi nant BMP. There is one in the contro
and nine in the 1.5 conposite. As has been
previously discussed, this is significantly higher
than previously noted. And the sponsors actually
pul I ed out the nunbers for antibodies for all of
their experimental groups, and it rounds out to
just slightly nore than 3 percent if you put all of

their studi es together.
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My problemwith this is that nobody
under stands what this actually neans. There has
been no |l ong-termdata, although there have been
more than 1,000 patients receiving BWP, as noted by
t he sponsor.

The other thing that concerns ne is that
the investigator brochure states that the safety
and efficacy of repeat use is unknown, and it
probably is not in the public interest if a key
trauma surgeon puts the sponge on a Grade | tibia
fracture in a 32-year-old notorcycle rider who,
years later at the age of 47 or 50, needs titanium
cage and is unable to get healing pronotion because
he has anti bodi es.

So if we go back to review ng the
obj ectives which they discussed in the beginning,
the increased |ikelihood of healing with the
conposite, | think this study has way too many
vari abl es, and you can't conme to a concl usion, but
the answer is probably borderline.

Defining the safety, | do think they have
shown that it appears to be safe at least in the
short term

Docunenting increased healing with the

conposite at 6 nmonths--1 agree with the FDA
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eval uator; there is too nuch subjective data in the
clinical investigation to be able to state that.

I think the docunentation that the
radi ographs healed earlier is a definite "No".

And the potential econom c benefits--if
100 of the 300 BWMP patients had to have a second
procedure, then it is unlikely there are

significant econonic benefits to this.

So in conclusion, the studies suggest that

it is safe. This pivotal study is such a potpourri
that it is unable to tell us nuch except that it
does not appear that this material interferes with
heal ing, nor does it appear that it has a
del eterious effect.

I have several questions for the panel
What was the scientific reasoni ng behind having
such an eclectic group studies where the variables
were going to be so multiple? Can you explain the
lack of Grade IIl entrances in France? Wy did you
not have a nore specific protocol for the
i nvestigators, including not only the ream ng
versus unreamning, but also using scales to neasure
wei ght - beari ng and ot her nore objective nmeans of

clinical outcone?

The fourth question is why did you include
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Gade |'s at all, as npbst people consider these to
be pretty close to closed fractures.

My | ast question--and | may actually be
wong in interpreting the data, because it was a
little hard to pull sonme of the wheat out of some
of the chaff in this--but it appeared to nme that in
sonme of the patients--1 think it is three--with BW
anti bodi es, actually, three of them had del ayed or
nonuni ons or sone kind of intervention

That's the end of ny discussion

DR. YASZEMSKI: Thanks very nuch, Dr.

Fi nnegan.

We're going to nove nowto Dr. Larntz for
his statistical presentation.

Dr. Larntz?

DR LARNTZ: | have a nunber of coments,
and they are a m xed bag, nmy comments, and |'m not
sure | have themvery well-organized, but I'Il try
to tell you a few things that | found out and what
I learned by doing this, |ooking at this, playing
with this, enjoying the data very nuch.

First of all, | think it is very
interesting that the rate of secondary
intervention, at |east as nmeasured by the sponsors,

does show an effect. |t does; there is no

file://IC|/Storage/1121orth.txt (139 of 309) [12/2/02 8:59:26 AM]

139



file://IC|/Storage/1121orth.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

question. What they nmeasured shows an effect, the
rate of secondary intervention. By show ng an
effect, | nean the 1.5 dose has a | ower rate of
measur ed secondary intervention in nunbers of
patients to the control. So that seenms to be

t here.

There is a question about poolability of
that, and | appreciated Dr. Lao's analysis, and
appreci ate--actually, the sponsor did a simlar
analysis in materials that they provided that they
did not report, at least, not in the sanme detail

What is interesting is that the analysis
of poolability depends a ot on scale. Now, let's
see- - how nmany of you want to know about | ogid
versus probability scal es--you can all raise your
hands. \Whoops--1 don't see any. Well, that's too
bad, because I'mgoing to tell you a little bit
about it.

What we are looking at is probabilities
whi ch are proportions, nunmbers of successes over
nunbers of total attenpted, or nunbers of failures
over nunbers of total attenpted.

VWhat is interesting about the probability
scal e, which you all renmenber fromyour first

course in statistics, is that the variability of
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that scal e depends upon where you are in the scale,
and in fact, when you are at very |ow proportions,
you have very small variability, or if you are at
very high proportions, you have very snall
variability. |If you are in the nmddle, you have

hi gher variability.

The long and short of that is that
statisticians like ne prefer to anal yze the data
for the nost part in the logid scalae, which is the
| og odds, whatever that is. Qdds are proportion
fore over proportion--well, | guess everyone knows
about odds. Don't they have lotteries in this
country now-not lotteries, but casinos. GCkay. So
it is proportion for versus proportion against, and
then, to make that work statistically,
mat hematically, you take the log of that. That's
the 1 ogid scale.

Now, if you do the poolability analysis in
| ogid scale, which the sponsors actually did do in
the materials, it turns out that you need to think
about sonme of the sanme issues that Dr. Lao tal ked
about, which are random effects versus fixed
effects. It is very clear--it is very clear--that
random effects are necessary. Wat does that nean?

That neans the rate of secondary
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intervention differed considerably by site. There
is no question about that. The rate of secondary

interventions differed considerably by site. That

doesn't nmean you have anything wong. | would
expect that. |I'ma statistician. |If they didn't
vary by site, | wouldn't have enough to do, right?

So they vary by site.

And if you account for that and take
account of that variability by site in the
probability scale, which is what Dr. Lao did, you
woul d adj ust out and find that in fact there was no
significant difference, no significant effect, in
terns of secondary intervention

However, if you do that in the logid
scale, which in ny opinion is the correct scale to
use, if you do that in the logid scale--the
sponsors tried to do that and used sonme statistica
package fromwhat they called "SAS'--is that the
one you used--1 don't know if anyone has ever heard
of that package or not, but it's a very nmjor
package. That package has difficulty handling the
kind of data that they had. And Dr. Lao had sone
difficulty handling that, too. He omtted three
sites because they had zero failures, | think

Wl |, those sites might be useful, don't you think?
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Zero failures is a pretty good nunber, do you
agree? Should you throw out data like that? Well,
I wouldn't.

And | woul dn't use the kind of package
that SAS does. | would do a Bayesi an
anal ysi s--sone of you who have been here before
have heard nme talk about that. if | do a Bayesian
analysis in the logid scale--sorry for the I ong
shaggy dog story here--if you do a Bayesi an
analysis in the logid scale, it turns out that you
don't have total poolability of sites, but what you
do have is a significant effect with respect to
numbers of reinterventions.

So in fact in the Bayesian anal ysis, you
do random effects, you do get a statistically
significant effect, so I'll just say that now.
That's the first story.

By the way, | amgoing to coment slightly
about those Kappas and reliability. The sponsor
provi ded that data--Kappas based on 20 eval uati ons.
And again, this is technical--20 is too fewto talk
about, so I'll stop talking.

The next point--do we need surviva
anal ysis? Do we need to use those Kapl an- Meyers?

There is a difference in the sponsors saying, well,
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maybe the crude rates are better. Maybe the
Kapl an- Meyers are not the right thing. And of
course, the Kapl an- Meyers, dependi ng on where you
draw the line, as was shown by the FDA, you night
get different answers with respect to concl usions.

An inportant aspect of the Kapl an-Meyers
is a censoring of data--that is, the nunber of
patients for whomyou don't have a data after a
certain point. One of the assunptions, basic
assunptions, is that in fact that censoring does
not depend on eventual outcone. It doesn't depend
on eventual outcone. And you would think that that
m ght not depend nuch on treatnent group as well.

Let me tell you what | |earned from data
that actually arrived Saturday by FedEx--how is
that for the way we got our information? In that
data that arrived on Saturday by FedEx, | found out
that there actually was censoring. | sort of heard
that there was not nuch nissing data, but then, the
censoring with respect to radi ol ogi c assessnent or
with respect to even investor assessment is
consi der abl e.

For instance, with respect to radiol ogic
assessnent --renenber, we are trying to go out 6, 9,

12 nonths--it was easy, because there was a table,
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and | took it out of the table, to look at it at 50
days. That's not quite the 6 nonths, | think--you
have to realize that | ama statistician, and the
cal endar naybe different for ne--but at 150 days,
the rate of censoring for the control group was 34
percent. That neans that there were no data for
radi ol ogi ¢ assessnent--no data that could be used
for radiol ogi c assessnent for 34 percent of the

patients after 150 days.

Remenmber, | said it should be the sane for

the different groups, approximately, if things seem

okay, if there is not sonething different about
they way they are doing things?

For this 0.75 BMP group, the rate of
censoring was 25 percent. Do you see what |I'm
saying? And for the BWP 1.5 group, the one that we
have thi nki ng woul d have an effect, the rate of
censoring was 16 percent.

So in fact, there is nore radiol ogic
assessnent mssing for the control group. There is
nore radi ol ogi ¢ assessnent missing for the contro
group, at least if |I understand the information
provided to ne on Saturday, okay?

The sane thing goes with respect to

fracture healing by the investigator--37 percent
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1 have no investigator assessment of fracture healing
2 in the control group after 150 days. That is,

3 wi thin 150 days, 37 percent of the individuals are
4 censored within the first 150 days.

5 Excuse nme--that sounds like a |arge

6 nunber. What is interesting is if you--1"Il skip

7 to the 1.5 BMP group--in the 1.5 BMP group, the

8 rate is 19 percent. So there is a vast difference
9 in the censoring rates for these neasures that we
10 are worried about--a vast difference in the

11 censoring rates. That concerns ne, that concerns

12 me.
13 So, even if we nake adjustnents for
14 that--1 assume there is nothing funny about the

15 anount of censoring--if we nake adjustnments, if we
16 | ook at the radiol ogic assessnment of time to union,
17 there is no difference between the three groups if

18 we nmake adjustnents for the anobunt of censoring.

19 As | said, with respect to secondary
20 interventions, there does seemto be a difference;
21 it is clear. That is the prinmary endpoint, and

22 there does seemto be a difference.
23 VWhat else do | want to say? On the I M
24 nail issue, there are differences in the rate of

25 reamed versus unreaned, if that's the right term

file:/lIC|/Storage/1121orth.txt (146 of 309) [12/2/02 8:59:27 AM]

146



file://IC|/Storage/1121orth.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

147

If you in fact make an adjustnent--and buried in
one of the reports is an adjusted analysis for just
that--the effect of that on secondary
intervention--actually, the effect that we see for
the 1.5 versus control --is decreased considerably.
It is still statistically significant. So there
does seemto be sone effect. |If you make a
covariate adjustment for the IMnail--1 didn't have
the data for that; | just found the analysis--if
you have the data on the IMnail, it looks like if
you make a statistical adjustnent for that, you
reduce the effect that you see. It is stil
significant, but it is not--what was it, .0036 as
the P value? It is not that big; it is smaller.

Finally--maybe not finally, but finally on
this page, anyway--1 am confused by sonething that
was said about the fact that the investigators and
the radiol ogi ¢ panel had access to the sane x-rays.
That's fine, but what you didn't tell me was did

they have access to all of the x-rays that were

taken. And | don't know that. | can't figure that
out. | would have expected assessnment to be nade
of all x-rays by the panel. |If that is true, that

they had access to all of them that's fine, but I

still worry about the amount of missing data that
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is inplied in the Kapl an- Meyer anal yses.

And if you will just bear with me for a
second--1'11 stop there.

Thank you.

DR. YASZEMSKI: Thanks very nuch, Dr.
Larntz.

What |1'd like to do nowis go over the
order for the rest of the nmeeting. W're going to
proceed with the second of three open public
sessions now, and I'Il call for folks who m ght
want to speak in just a nonent.

Then, we're going to take lunch. "Il ask
the panel to stay here for a working |unch, and
everyone else is free to have |unch where they
would Iike to. W're going to take a half an hour
for lunch fromthe tine that we break, and we'l|l
come back at that tinme and ask the FDA to put up
the questions that they have for us, and we'll have
a di scussion of those questions and a vote.

So now, we're going to proceed with
anot her open public session hearing.

I would ask again as | did before that
persons addressing the panel conme forward, speak
clearly into the mcrophone, and state their nane

and affiliation.
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1 We are requesting all persons meking a

2 statement during this open public hearing to

3 di scl ose whether they have financial interest in

4  any nedical device conpany.

5 Is there anyone at this tinme who would
6 like to address the panel? 1'll ask again--we had
7 one listed presenter. M. Christiansen, if you are

8 here and would like to speak, now is an okay tine.

9 Good. \el come.

10 M5. WTTEN. By the way, Dr. Yaszenski,
11 can | just clarify?

12 DR YASZEMSKI:  Yes, ma'am

13 M5. WTTEN. W are actually having a

14 nonwor ki ng lunch; is that right?

15 DR YASZEMSKI: |Is that correct? D d we

16 not do that?
17 M5. WTTEN. Yes. It's actually a

18 nonwor ki ng | unch.

19 DR YASZEMSKI: Ckay, fine. That's fine.

20 M5. WTTEN: And then we'll reconvene

21 shortly.

22 DR. YASZEMSKI: Yes. Thank you, Dr.
23 Wtten.

24 Qpen Public Hearing

25 MR, CHRI STI ANSEN: Thank you, Dr.
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Yaszenski, and I'msorry | wasn't here for the
mor ni ng session. | msjudged the traffic
conditions here in the D.C. area.

My nane is Bill Christiansen. | ama
full-time enpl oyee of Depuy Acronmad, and | am
speaki ng here today representing the Othopedic
Surgi cal Manufacturers Association, otherw se known
as OSMA.

OCSMA is a trade association with over 30
menber conpani es, and we wel cone the opportunity to
provi de general comrents at today's Othopedic
Advi sory Panel neeting. GOSMA's coments shoul d not
be taken as an endorsenent of the products being
di scussed here today. W ask instead that our
comments be considered during today's pane
del i berations. These coments represent the
careful conpilation of the nenber compani es' Vviews.

OSMA was forned over 45 years ago and has
wor ked cooperatively with the FDA, the Anerican
Acadeny of Othopedic Surgeons, the Anerican
Society for Testing Materials, and other
prof essi onal nedi cal societies and standards
devel opment bodies. This collaboration has hel ped
to ensure that orthopedic nedical products are

safe, of uniformhigh quality, and supplied in
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quantities sufficient to neet national needs.

Associ ati on menbership currently includes
over 30 conpani es who produce over 85 percent of
the orthopedic products in clinical use in the
United States today.

OSMA has a strong and vested interest in
ensuring the ongoing availability of safe and
ef fective medi cal devices.

The deliberation of the panel today and
the panel's recomendation to the FDA will have a
direct bearing on the availability of new products.
We nake these comrents to renind the panel of the
regul atory burden that nust be nmet today. W urge
the panel to focus its deliberations on the
product's safety and effectiveness based on the
data provi ded.

The FDA is responsible for protecting the
Ameri can public fromdrugs, devices, foods, and
cosnmetics that are either adulterated or unsafe or
i neffective. However, FDA does have another role
to foster innovation. The Othopedic Devices
Branch is fortunate to have available a staff of
qualified reviewers, including certified orthopedic
surgeons, to evaluate the types of applications

brought before this panel

file://IC|/Storage/1121orth.txt (151 of 309) [12/2/02 8:59:28 AM]

151



file://IC|/Storage/1121orth.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

152

The role of this panel is also very
inmportant to the analysis of the data in the
manuf acturer's application and to deternine the
avai lability of new and innovative products in the
U. S. nmarketplace. Those of you on the panel have
been sel ected based on your training and
experience. You also bring the view of practicing
clinicians who treat patients with comrercially
avai | abl e products.

OSMA i s aware that you have received
training from FDA on the | aw and the regul ation
and we do not intend to repeat that infornmation
today. W do, however, want to enphasize two
poi nts that nmay have a bearing on today's
del i berati ons.

One i s reasonabl e assurance of safety and
ef fecti veness, and two, valid scientific evidence.

The first point--reasonabl e assurance of
safety and effectiveness. The definition in the
lawis that if there is a reasonabl e assurance that
a device is safe when it can be determined that the
probabl e benefits outwei gh the probable risks.
Sone i nportant caveats associated with this
oversinplified statement include valid scientific

evi dence and proper |abeling and that safety data
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may be generated in the |laboratory, in humans, or
in animals.

There is a reasonabl e assurance that a
device is effective when it provides a clinically
significant result. Again, |abeling and valid
scientific evidence play inportant roles in this
det erm nati on.

The regul ation and the law clearly state
that the standard to be nmet is a reasonable
assurance of safety and effectiveness.
"Reasonabl e" is defined as "noderate, fair, and
i nexpensive. "

The second point is valid scientific
evi dence. The regulation states that while
controll ed investigations shall be the principa
means to generate data that are used in the
ef fecti veness determ nation, the foll ow ng
principles are cited in the regulation as being
recogni zed by the scientific conmmunity as
essentials in a well-controlled investigation--a

study protocol, a nethod of selecting subjects,

met hods of observation and recording results, and a

comparison of the results with the control
To conclude, the panel has an inportant

job today. You nust listen to the data presented
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by the sponsor, evaluate the FDA presentations, and
make a recomendati on about the approvability of
the sponsor's application. W speak for many
appl i cants when we ask for your carefu
consideration. Please keep in mnd that the
standard is a "reasonabl e assurance" bal anci ng the
benefits with the risks. The regulatory standard
is not proof beyond the shadow of a doubt. Please
be thoughtful in weighing the evidence.

Today OSMA t hanks the FDA and the pane
for this opportunity to speak. Qur association
trusts that its comments will be taken in the
spirit offered--to help the FDA deci de whether to
make a new product available for use in the U S
mar ket pl ace

OSMA nenbers are present in the audi ence
to answer any questions during the deliberations
t oday.

Thank you.

DR. YASZEMSKI: Thanks very nuch, M.
Chri sti ansen.

We're going to break for lunch now. |
have 20 nminutes to one; we'll start up again at
1:10.

Thanks everybody.
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1 [ Wher eupon, at 12:40 p.m, the proceedi ngs
2 were recessed, to reconvene at 1:15 p.m this same

3 day. ]
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1 AFTERNOON SESSI ON
2 [1:15 p.m]
3 Panel Questions & General Discussion
4 DR. YASZEMSKI : Thanks, everybody.
5 1"l ask M. Kaiser if he would put the
6 FDA questions up, we'll read them and then have a

7 general panel discussion

8 VWhile M. Kaiser is getting the question
9 up on the screen, I'mgoing to go ahead and read

10 the first question. The first question concerns

11 | abel i ng.

12 The FDA has asked: "Discuss the adequacy
13 of data from experience treating acute open tibia

14 fractures stabilized with IMnails to support a

15 nore general indication: 'The treatnent of acute
16 | ong-bone fractures that require open surgica
17 managenent. | nductOs increases the probability of

18 fracture healing, accelerates fracture healing, and

19 decreases the frequency and invasi veness of

20 i nterventions for del ayed union or nonunion....""
21 What we'll do is--Dr. Wtten?
22 M5. WTTEN. |'msorry, but it nmight be

23 good to go through these in order.
24 DR YASZEMSKI: We'll do as you ask

25 M5. WTTEN. Ckay. The first one is the
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study desi gn.

DR. FI NNEGAN: Actually, we had asked for
this one first, because we think it can be dealt
with quickly.

M5. WTTEN. Ch, okay. That's fine.

DR YASZEMSKI: |Is that okay with FDA, Dr.

Wtten?

M5. WTTEN. Ch, absolutely. If that's
your intention, that's fine.

DR YASZEMSKI: Ckay. Thank you

VWhat we'll do is go around the table and
ask every panel nenber, voting and nonvoting, if
they have a comrent on this question. The pane
menbers are free if they would Iike to request
informati on fromthe sponsors; they may request,
and then I'lIl ask the sponsors to come up and
answer the specific questions posed to them

Dr. Finnegan, let's start with you and go
cl ockwi se

DR. FINNEGAN: | actually agree with the
sponsors. | do not think that there is a
significant difference between the tibia and any
other |l ong bones, and in fact | would think that
the labeling is nore critical related to the grade

of open fracture than it is to the specific |ong
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bone that is invol ved.

DR. YASZEMSKI: Thank you, Dr. Finnegan.

Dr. Kirkpatrick?

DR KIRKPATRICK: I'msorry, | thought we
wer e goi nhg counter-cl ockw se.

At any rate, | also agree with the
sponsors. The question that | would raise is do we
need to expand indications where it nay not be
needed at all.

DR. YASZEMSKI : Thank you.

Dr. Doul | ?

DR DQULL: | have no coment on that.

DR. YASZEMSKI : Thank you.

Ms. Rue?

M5. RUE: | have no coment.

DR. YASZEMSKI: Ms. Maher?

M5. MAHER: | have no conment at this
poi nt .

DR YASZEMSKI: Dr. Aboul afia?

DR ABCULAFI A: Yes, | hate to dissent,
but | think, in keeping with Dr. Kirkpatrick, |
still think it is a broad junp to say that one
situation begets another and that while the data,
which we will get to in the study design, may or

may not support its use in open tibial fractures,
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so to extrapolate it to other |ong-bone fractures
may be al so probl emati c and dependent on how t hose
fractures are heal ed, whether it is primary or

secondary healing, whether it is a plate versus a

rod.

So | think it becomes a little bit too
br oad.

DR YASZEMSKI : Thanks, Dr. Aboul afi a.

Dr. Schmidt?

DR. SCHM DT: | generally agree with the
sponsors on this issue. | agree that they really

have chosen the nost severe nodel for fracture
heal i ng, which woul d be an open tibia fracture. A
fermur typically does not have troubl e healing, but
even in that regard there can be problens. So in
general, | amconfortable with the nore broad
indication, but | think that we do need to see sone
data at sone point to denpnstrate that

DR. YASZEMSKI: Thank you.

Dr. Larntz?

DR LARNTZ: No conment.

DR. YASZEMSKI : Thank you.

Dr. Nai du?

DR. NAIDU: | concur with the sponsor as

far as the | abeling.
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Thank you.

DR. YASZEMSKI: Thank you, Dr. Naidu.

Dr. Wtten, the panel feels that in
general, the sponsor's decision about labeling is
appropriate. There is sone concern that it may not
directly extrapolate and that nore data down the
line will be necessary, but there don't seemto be
any maj or disagreenments with the | abeling.

Have we adequately di scussed FDA' s
questions regarding the |abeling?

M5. WTTEN: Yes.

DR YASZEMSKI : Thanks very nuch.

We are now going to nove on to the study
desi gn.

Ms. Wtten?

M5. WTTEN. Actually, let me just ask a
fol |l ow-on question, although you may be planning to
di scuss it when you tal k about effectiveness.

The comrents fromthe panel have rel ated
to the first part of it, that is, the treatment of
acute | ong-bone fractures that require open
surgi cal nanagenment. The rest of it--probability
of fracture healing, accelerates fracture healing,
decreases frequency and invasi veness of

interventions--1 think we would appreciate a
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comment on that specifically either now or when you

di scuss the question on effectiveness.

DR YASZEMSKI: If it would be acceptable
to FDA, | think we'll do it with the effectiveness
quest i on.

M. Kaiser, we'll go to the study design

"Study Design. Discuss the inmpact of the
following on the ability of the study to collect
clinically valid data: 1) definition of standard
of care in view of the multiple confounding
factors; 2) clinical relevance of rate of secondary
interventions required to pronote healing as a
primary endpoint; 3) reliability of interpretation
of the terms '"union', 'healing', 'delayed union'
and 'del ayed healing' at various sites."

Pl ease start again, Dr. Finnegan

DR. FINNEGAN: Well, this is sort of
beating a dead horse, but anyway, | think that we
have tal ked about the standard of care. The
standard of care that was used in the study is one
that is an acceptable standard of care worl dwi de.
By that, | mean that patients were not denied
treatment that woul d have been appropriate, and
patients were not given treatnent that was

i nappropri ate.
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However, | amnot sure that it is
up-to-date standard of care, but | think it is

probabl y accept abl e.

Then, | would go to the last point on the
definitions of "union", "healing", "delayed union",
and "del ayed healing”. | think there are a nunber

of problens with the study design, both
subj ectively for the investigators as well as the
fact that the blinding was not double and that, as
Dr. Larntz has shown very nicely, there does appear
fromstatistics to probably have been sone
i nvestigator enthusiasmfor the study materi al

On the clinical relevance of the rate of
secondary interventions, ny problemwth this is
the use of the small, unreaned nails which will
have hardware problens, and | think that that is
not a sign of a delayed union at the fracture site,
it is a sign of nechanical forces on the inplant
that the inplant probably can't handle. So | think
that that does have rel evance as far as the study
design and the inplications of the sponsor are
concer ned.

DR. YASZEMSKI : Thanks, Dr. Finnegan

Dr. Kirkpatrick?

DR KIRKPATRICK: M. Chairman, would it

file://IC|/Storage/1121orth.txt (162 of 309) [12/2/02 8:59:28 AM]

162



file://IC|/Storage/1121orth.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

be appropriate to ask a question of the sponsor at
this point about a specific issue within the study?

DR YASZEMSKI :  Yes.

DR KI RKPATRI CK:  Thank you

I would lI'ike the sponsor to tell ne,
because | don't recall seeing the data separated
out, how many of the fractures in each group had
the fibula fracture fixed.

DR VALENTIN:. This is Al ex Valentin.

I would Iike to get back to you on this
question. W have this nunber, but we need to
check exactly the listing, and | think we can get
back to you on this.

DR. YASZEMSKI: Dr. Kirkpatrick, would
that be okay to conme back to you with that when
they have it?

DR. KI RKPATRI CK:  That woul d be fine.

DR YASZEMSKI: Do you have other
questions or comments regardi ng the study design?

DR, KI RKPATRI CK:  No.

DR YASZEMSKI: Dr. Doul | ?

DR. DOULL: | also had a question and it
had to do with using the worldw de data as a
predictive basis for the U S. popul ation

When Dr. Finnegan was di scussing
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confounders there, | wondered--1 didn't find in the
data that you gave us specific information about
di et and snoking and ethnicity and so on, about

t hose specific confounders in that worl dwi de study.
I am wondering whether | missed that, or if that is
not avail abl e.

DR VALENTIN: W have collected a certain
nunber of variables at baseline and provided this
information in the package. For exanple, we
provided the ethnicity, we provided the percent of
patients with a history of snoking, which is a
known risk of delayed union. W have in tota
identified 27 covariables at baseline in addition
to seven denographic characteristics

I n choosi ng our covariables, we were
intent to select those that were identified as
havi ng an effect on the outcone, and we are
satisfied that we did that. W have no know edge
of other covariables that m ght have affected the
out cone.

Have | answered your question?

DR. DOULL: Yes. | guess ny question
woul d be whether, if you just used the U S., for
exanple, and lost all that worldw de data, the EU

woul d still have pretty nuch the same database
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DR SW ONTKOWSKI:  This is Mrc
Swi ont kowski fromthe University of M nnesot a.
What | tried to allude to in m
presentation was that those covariates were not
distinctly different between the U S. popul ati on
and t he worl dwi de popul ati on.
DR. DOULL: Okay; that's reassuring.
Thank you.

DR YASZEMSKI: Thank you, Dr. Doull.

&

Rue?

M5. RUE: | don't have anything. Thank
you.

DR, YASZEMSKI: Ms. Maher?

M5. MAHER | actually have a foll ow up
question to Dr. Doull's question, and that is
questions were raised about whether the standard of
care is applicable to the U.S. and whether their
data was applicable. | was wondering if you could
comment on that in a nore general term

DR SW ONTKOWSKI:  This is Mrc
Swi ont kowski agai n.

| appreciate Dr. Finnegan's analysis. |
think there was some confusi on about whether or not
the nail was placed at the tine of the initial

procedure. You mentioned that the majority of
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patients did not have the nail placed at the
original--that's incorrect.

I think what you are reading is a table
that | ooked at suppl enental cast or splint
fixation. That is in addition to the IMnail. The
only patients who did not get an IMnail at the
time of the original presentation had an ex-fix,
and that was |less than 10 percent in which is was
exchanged at the tine. So | think you have a
m sinterpretation.

So in summary, the standard of care, as
said in nmy cooments, is very close, if not
equi valent, to the care rendered in the United
St at es.

DR YASZEMSKI: Thanks, Dr. Sw ont kowski

Dr. Aboul afi a?

DR. ABOULAFIA: | think there is a pattern
energi ng of what the concerns are from panel and
fromFDA, and a | ot of nmy concerns have already
been expressed by Dr. Finnegan and Dr. Buch.

I"lI'l start with the positive. Before
being critical, you have to also think what could
be done better, and for things |ike radiographic
anal ysis and clinical analysis, although it may be

subject to sonme criticism if it is the best we can
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do, that criticismgoes away.

The sane thing with standard of care
i ssues, and | want to make clear that | don't have
any issues with either standard of care or clinica
or radi ographi c assessnent, excepting the fact that
there is a nmargin of error and that it is the best
we can do. So |I'lIl take those out of the equation

The other things to sone extent are
repetition and nmay be just saying the sanme thing
over again, but in ny owmn words. The issue of
reamed versus unreaned nails is not only rel evant
as it relates to nmechanical failures but also the
ef fect on decision for secondary surgery or
secondary interventions. Are surgeons nore likely
to go back and do an exchange nailing in a patient
who was initially treated with a small-di aneter
nail, who may be heavyset, and they are rel uctant
to allow that patient to wei gh-bear because of risk
of mechanical failure?

Al so, one of the monitors or neasures of
secondary outconmes was the effect on wei ght-bearing
or what the weight-bearing status is.

Wei ght - bearing status is determ ned not necessarily
by fracture healing, but also the dianeter of the

nail. Even though sonme of the smaller
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sol i d-di aneter nails bionmechanically have allegedly
the sane strength as a larger, non-solid nail or
holl ow nail, the screws that are used to | ock those
nails are different sizes, and they are subject to
different mechanical failures as a result. So what
effect did the choice of whether it was a reaned or
unreaned nail have on those secondary things such
as wei ght-bearing status?

The decision--and this obviously rel ates
to study design and was brought up by Dr. Buch and
FDA- -t he deci si on of how secondary interventions
were determ ned was very, very subjective, and that
is reflected again by the dianeter of the nail

Al so, there is no nmention of whether
secondary procedures were related to nail reduction
or errant screw placenment. |n one of the exanple
in Volune 2, | think, on page 346, one of the
distal interlocks is going into the fibula, and you
can see sone radi olucency around the fibula. Wile
that patient didn't have secondary intervention,
errant screw placenent or problens with the screw
may have influenced the decision to go ahead with

an exchange nailing; how was that separated out?

It has al ready been nentioned that the BW

group had larger-dianmeter nails, and many of those
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wer e unl ocked. You obviously cannot have
mechani cal failure of the interlock if there is no
interlock, so it biases that secondary variable
because the "N' is smaller.

The fact that censoring differences took
pl ace, as pointed out by Dr. Larntz, raises the
i ssue whet her physicians were treating patients
differently in the two groups. What | mean by that
is why would there be such a difference between the
group that received BMP and the control group in
terns of censoring.

Were physicians nore interested or had a
certain level of enthusiasmfor the BMP patients?
The reason that beconmes an inportant issue is again
if it leads to secondary intervention

Sone people put a snall-diameter unreaned
nail, get over as an initial internal splint, sort
of with the idea of going back and doi ng an
exchange nailing if there is no evidence of
radi ographic healing in a 6-week period of tine.
Woul d a physici an who knew that the patient had BWP
be less inclined to take that patient back for an
exchange nailing, saying, "Well, maybe the BMP wil |
start working"?

So | think that physicians who were not
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blinded did handl e those patients differently.

| said in the beginning that if you can't
find a better way to do it, you can't be too
critical. | think you can find a better way of
doing it and have very defined criteria of what
constitutes secondary intervention, whether sonmeone
goes back for an exchange nailing or not.

And whil e the sponsor says that
prophyl actic bone grafting was not all owed,
exchange nailing night be considered a type of bone
grafting. It is not the typical post- [inaudible]
bone grafting or open autogenous bone grafting that
we nornally tal k about, but secondary interventions
were done at an average of 108 days or in that
range, between 100 and 110, and that is not the
definition of a delayed union. Certainly there are
hi gh-ri sk fractures, and no one would say that that
is aviolation of standard of care, but it is a
form of prophylactic intervention used to encourage
bone heal i ng.

Then, there was also a little bit of an
i ssue--and | don't know what the magnitude of this
was--but there was variation in the dose, and some
patients didn't get the dose that are |isted under

their labeling of 1.5 or not.
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So those were issues in the study design
that | think are confounding variabl es that
actually can be controlled and nake for a better
scientific experinment.

DR. YASZEMSKI : Thanks, Dr. Aboul afi a.

Dr. Schm dt?

DR. SCHM DT: | agree with nost of the
comrents that Dr. Aboul afia just made and have a
few nore of nmy own to add.

There are significant differences in the
standard of care fromcountry to country, and that
has been alluded to. For instance, in Gernmany,
there are still a nunber of surgeons who wll
basically use snall-di aneter unreamed nails in nost
open tibia fractures, and in sone areas of the
United Kingdom for instance, a reaned tibial nai
will be used in every, single patient. And that
| ocal standard of care is going to influence
management. Surgeons who use reaned nails are
going to have a far less dramatic problemwth
hardware failure than the surgeons in Gernmany who
may be accustoned to seeing a |lot of their
interlocking screws break. So there is going to be
a bias fromcountry to country or center to center

in the threshold for recomendi ng a secondary
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intervention, and | think that that is a
significant problemw th how things worked out with
this particular study, where we have centers that
are dramatically different in their practice, and
this may reflect some of the variation that was
seen in the data.

I wish there had been a little nore
uniformty anong the centers that were studied in
terns of their underlying treatnent protocols. One
guestion that came up was is the control group an
appropriate control group, and no one has really
di scussed that.

I think what the study is looking at is
whet her this growth factor accelerates fracture
healing, which is different fromusing it as a bone
graft to fill in a defect.

There are ot her methods avail abl e right
now to accel erate bone healing, for instance,
ultrasonic or electrical bone stimulation. Those,
even though they are available, | would say that
they are not the typical standard of care. | don't
use themnuch in ny own practice, yet those nethods
are available. | think perhaps it would have been
nice to have had another group that had a

noni nvasi ve net hod of bone healing accel eration
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st udi ed.

But given those factors, | agree with what
Dr. Finnegan said, that the gl obal standard of
care, that appropriate treatnment was provi ded and
i nappropriate treatnment was wi thhel d, was met by
this study.

Are we going on to discuss all of these
bull et points now, or just the--

DR YASZEMSKI: Al the bullet points
under study design

DR. SCHM DT: | al so have sone coments
about the secondary intervention, and this has been
brought up as well.

The breakage of interlocking screws is
very common, and it is a marker that a fracture has
not yet healed. Obviously, a healed fracture is
not going to have hardware failure. But the point
is that a broken screw is also a nmethod of
treatnent. For instance, when a screw breaks, the
fracture becones dynam zed, and nore often than
not, it is aclinically irrelevant incidental
finding that you see after a fracture has heal ed.
So to count that as one of the deterninants of the
primary endpoint | think needs a little bit of

further discussion.
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I would be interested to see what the
analysis is if you threw out that group of patients
and really just | ooked at secondary interventions
that were invasive to the patient--for instance,
the need to exchange the nail or to performa later
bone graft.

Anot her question | had--and this relates a
little bit to safety--was the high infection rate
in all three cohorts of patients. That seens to
i ndi cate that there nay have been a systenatic
probl em conpared to what we have in the United
States. Qur infection rate--we did a study at ny
hospital of tibial nails, and we had an infection
rate of about 5 percent. | know that the sponsor
was trying to be very careful to include every
possible infection, and that is going to nake it a
little bit higher, but it still seems higher than
it should be.

One question | had--and this may be a
ticklish point to bring up in front of the FDA--but
were antibiotic beads typically used in this study?
I know that they are very comonly used in Europe,
and | would submt that they represent a standard
of care.

DR. YASZEMSKI : Dr. Valentin?
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DR VALENTIN: The antibiotic beads were
used when necessary during the initial phase of one
treatnment, and they had to be renpved at the tine
of definitive wound cl osure upon inplantation of
BMP- 2/ ACS.

DR SCHM DT: That raises anot her question
that | have, which is is there any aninmal data that
suggests there mght be a difference in efficacy
when this conposite is used inediately after there
has been an antibiotic bead in the sane defect.

DR. YASZEMSKI: Dr. Valentin?

DR VALENTIN: It is our experience that
there is no apparent interaction between BMP-2 and
antibiotics. As a matter of fact, all aninmal
studi es have systematic antibiotic treatnent at the
sane time as BWP-2 treatnents. W haven't seen any
del eterious effect there.

DR YASZEMSKI: Thanks, Dr. Schm dt.

Dr. Larntz?

DR. LARNTZ: | have a question. | would
just like to understand a little better the
deci sion to have a radiologic evaluation. |If |
understand right--maybe | didn't understand--it

wasn't done at all visits for all patients. |Is

that correct? You can answer "yes" or "no" for
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t hat.

DR. VALENTIN. The answer is no, it is not

correct.

DR LARNTZ: So you did do radiologic
eval uati on?

DR VALENTIN. O all patients at al
visits.

DR. LARNTZ: For all patients at al
visits.

DR. VALENTIN: Correct.

DR LARNTZ: And all those were eval uated
by your panel ?

DR VALENTIN: That is correct.

DR. LARNTZ: Ckay--all patients, al
visits. There wasn't any excl usion based on--

DR. VALENTIN: No--except for x-ray | ost
inthe mail--

DR LARNTZ: | understand that,
under stand that.

DR. YASZEMSKI: For the transcriptionist,
that di scussion was between Dr. Valentin and Dr.
Larnt z.

DR LARNTZ: That's fine.

DR YASZEMSKI: Thank yo.

Dr. Nai du?
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DR NAIDU. | have several comnments and
al so several questions.

First of all, with regard to standard of
care, Dr. Schmidt has clearly stated that standard
care is different fromcountry to country. M
question to Dr. Swi ontkowski is were you dictating
this fracture care, or was the surgeon calling it?
I nmean, you stated that you trained all of these
people. Could you clarify that?

DR. SW ONTKOAMSKI :  Yes. The protoco
defined the standard treatnment, which was
irrigation and debridenment, and then, prophylactic
antibiotics and insertion of an | M nail

DR. NAIDU. Okay. So it appears as if the
standard of care is variable, and | do concur with
Dr. Schmidt with regard to that.

DR. SW ONTKOWMSKI @ Wi ch aspect ?

DR NAIDU. Wth regard to the ream ng,
unreaning, and the treatment in various countries
that Dr. Schmidt clearly cited, that the cultura
differences are there. So therefore, in ny
opi ni on, the standard of care was different, and
that is a big issue.

The second issue is the clinical relevance

of the primary endpoint and the rate of secondary
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interventions required to pronote healing. You
know, we are | ooking at the efficacy of a drug.
This is classified as a drug in Europe. It is
classified as a device. Even though Dr.
Swi ont kowski clearly states to us that there is an
Nl H-sponsored trial of reaned versus unreaned
nailing underway with secondary intervention as the
final endpoint, we are not testing a new product in
the sense that this is a different drug. Like the
Eur opean Union--EU stated that this is a drug.

Therefore, | have a problemw th this
clinical relevance of the primary endpoi nt being
the rate of secondary interventions, even though
there may be an NIH-rel ated protocol that is
approved. When one judges the safety and efficacy
of a drug/device, I"'mnot sure this is a good
enough primary endpoint.

Finally, the reliability of the
interpretation of the terns "union", "healing",
"del ayed uni on", "del ayed healing" at various sites
is conpl etely nebul ous.

Thank you.

DR. YASZEMSKI: Dr. Finnegan?

DR FINNEGAN: Dr. Sw ontkowski, in Vol une

I B, page 59, Table 4.2.4-1, it says the nunber of
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patients who received prelimnary external fixation
or intramedullary nail fixation by treatnent group,
and there are significantly small nunbers receiving
external fixation IMrod, and the patients w thout
prelimnary fixation nunber at |east 130 in each
group.

DR VALENTIN. This is Alex Valentin
taking that question, if you don't nind.

DR YASZEMSKI: Go ahead.

DR VALENTIN: | would like to clarify
this table, and | agree it may be a little bit
confusing in that table.

What we neant to say is that initially,
the patients had casts or splints in addition to
their primary treatnent by an IMnail. The
external fixiter was used, as indicated there, in
about 7 percent of the patients, and | believe
there were two patients--one in the standard of
care and one in the 1.5--who initially received an
IMnail, and there was an exchange of that |M nail
The other patients, the 7 percent, received an
external fixiter, which was then changed to an I M
nail. And the remaining patients all received an
IMnail as their primary care. 1In addition, they

received a cast and other sorts of treatnent that
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are indicated there.

DR. FINNEGAN: So the follow ng page has
the follow ng table which says "Days frominjury to
definitive fracture fixation with IMnail," and the
standard is 2.6, 2.7, 2.9, and the maximumis 13 or
14 days.

DR YASZEMSKI: This information is
correct as well. It does not contradict the first
informati on. These patients were initially treated
for the vast majority with an IMnail, in a few
cases by external fixiter, and then moved to an I M
nail; and in two cases, an | Mnail exchange.

DR. FI NNEGAN: Thank you

DR YASZEMSKI: Dr. Aboul afi a?

DR ABOULAFIA: | was just going to add,
again related to study design, tw small conments.
One of the things that is mssing is Wnquist
[ phonetic] classification, which inpacts on
wei ght - bearing status. There are patients whom you
al | ow i mredi ate wei gh-bearing--"on the way to the
recovery roont' is the euphemsml use--and it has
to do nore with fracture pattern than it does
anything else. So when you | ook at that secondary
endpoi nt, wei ght-bearing status, and don't include

data related to degree of comminution and cortica
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contact and the things associated with Wnqui st
classification, it does a disservice. And whether
that is corrected by random zing them you woul d
want to know if treatnent groups were different in
the allocation of those with severe comm nution
versus those wi thout severe comm nution

And there was one other thing--1'11 |eave
it there.

DR YASZEMSKI : Thank you

Dr. Wtten, we have had a di scussi on now
about the study design. There are sonme strengths
and weaknesses that have been identified. In
general, the standard of care was deened acceptabl e
with some caveats, and those caveats included that
| ocal standard of care, specifically in other
countries, my have affected the choice of the
initial nail, and also the differences in different
countries perhaps had effect on the infection rate.

It was brought up that other noninvasive
means of accel erated fracture healing such as
el ectrical or ultrasound neans nay have been
appropriate additions. It was al so brought up that
since some of the patients didn't get the ful
sponge that perhaps there was sone dose variability

anong the three groups.
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The snmall nails were considered to perhaps
be a factor, but in general, given the strengths
and weaknesses as di scussed, there didn't appear to
be any discussion of any critical flaws in the
study design as brought up by the nmenbers of the
panel

Have we adequately addressed your
questions on this issue?

M5. WTTEN: Yes.

DR. YASZEMSKI: Thank you

M. Kaiser, could we nove on, please, to
ef fectiveness?

For effectiveness, the FDA is asking us:
"Accounting for trial design, resulting data and
statistical analyses, discuss the adequacy of
effectiveness in terns of the decrease in the
nunber of secondary interventions required to
pronote fracture healing, and accel erated fracture
heal i ng deternined by the fracture healing at 6
mont hs assessed by the investigator and the
radi ographi ¢ evidence of fracture union assessed by
t he i ndependent radi ol ogi st.

Dr. Schmidt, could | ask that we start
with you?

DR. SCHM DT: Yes. As we have heard
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di scussed this nmorning, this is a very conplicated

study and very difficult to just answer those in a

yes" or "no" nmanner.

I think I should state ny personal bias,
which is that | know that these conpounds are
effective. There have been anple animal nodels in
the literature, sone of which were reviewed today,
that BMPs to pronote bone healing.

I guess the question, though, is does it
accel erate bone healing in human beings with an
open tibia fracture.

I have to defer to the statistica
anal ysis that was presented by Dr. Larntz, and it
sounds |like that answer is true, although it is
still alittle bit difficult and perhaps a bit
nebul ous and depends to sonme degree on how you
anal yze those statistics, and even that nay not be
perfectly clear.

| don't really think they have truly shown
that there is an increased rate of union at 6
mont hs, and | think you could argue about is the
6-nonth inportant or sone different tine frane, and
it appears that the results are different at the

different tine franes, so | amless confortable

with that assertion. And | am al so concerned about
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the issues with the radi ographic analysis that we
heard di scussed.

DR YASZEMSKI : Thank you

Dr. Larntz, can we cone around to you?

DR. LARNTZ: Sure. | believe that the way
secondary interventions were neasured, there is
clearly a significant effect in that variable with
respect to whether or not there was a secondary
intervention. And | think that that is true
accounting for the diversity of the sites, which
under st and some people might think that's a
di sadvantage. As a statistician, | think diversity
of sites is actually quite good and useful --but |
may be in a mnority with respect to pure study
desi gn.

Wth respect to time to healing, we are in
a more problematic state, and clearly, the
radi ol ogi ¢ assessnents, however that was done--and
if you | ook at that Kaplan-Meyer analysis, the
curves are on top of each other, so what can you
say? | once had soneone try to tell nme there was a
difference in a subset based on that, and | wal ked
out of the room They are just on top of each
ot her.

Wth respect to the investigator
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evaluation of time to healing, it seens |ike there
probably is a slight advantage for the 1.5 BVMP with
respect to the investigator tine to healing. But
again, | worry about--well, I'll just say that as
recorded, | would say that that is probably there.
The P values in the Kapl an-Meyer are slightly
different for the log rank Wl coxin [phonetic]
test; they give slightly different indications--but
I think there probably is sonething in the tinme to
healing with respect to the investigator version of
t hat .

Wth respect to the radiol ogi c eval uation
by the panel, there is nothing there.

DR YASZEMSKI: Thanks, Dr. Larntz.

Dr. Nai du?

DR. NAIDU:. Wth regard to the first
bull et point, whether the sponsor has shown a
decrease in nunber of secondary interventions
required to pronote fracture healing, | will rely
some of my conclusions on Dr. Larntz' statistica
analysis, and it seens as if they have shown that.

But as far as accelerated fracture healing
as determned by fracture healing at 6 nonths, Dr.
Larntz clearly went through the nunbers in

detail--in the standard of care group w thout any
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BMP, 37 percent of the x-rays at 150 days were
censored; in the 1.5 group, only 19 percent
censoring was there. Based on all these nunbers
presented, | amnot sure that accelerated fracture
heal i ng can be concluded at 6 nonths as assessed by
the investigator.

Thanks.

DR YASZEMSKI : Thanks, Dr. Naidu

Dr. Finnegan?

DR FINNEGAN: | would concur--do you want
us to address labeling at the sanme time, or no--the
question that Dr. Wtten had?

DR YASZEMSKI: | think that, with the
perm ssion of FDA, since they asked for additiona
comment on | abeling after our discussion of that
question, if you have sonething to add to it at
this point, please do so.

DR FINNEGAN: | woul d suggest that the
| abel probably should not contain "accel erates
fracture healing" and "decreases the frequency and

i nvasi veness of interventions," the reason being
that | really do think that there are so nany
confoundi ng variables that certainly, there is no

del eterious effect, but | really don't think that

even for secondary interventions, given the
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mechani cal properties of the snall nail, that we
can draw any | arge concl usions.

DR YASZEMSKI : Thanks, Dr. Finnegan

Dr. Kirkpatrick?

DR. KI RKPATRI CK: Has the sponsor been
able to get the fibula data for ne?

DR VALENTIN: Yes. The fibula data were
coll ected on 437 patients, and there were 17
patients in the standard of care, 10 patients in
the 0.75 and 10 patients in the 1.5, who received

addi tional treatnent of their fibula.

DR KI RKPATRI CK:  So roughly 10 percent of

your control group had the fibula fixed, and | ess
than that--sonewhere around 5 or 6 percent--of the
other two groups. Was that | ooked at with

statistics as well?

DR. VALENTIN:  From what standpoint--if it

i s conparable across treatnent groups?

DR KIRKPATRICK: Did you do any
statistical analysis on whether that had an inpact
on the results?

DR VALENTIN. No.

DR. KIRKPATRICK: | would just like to
poi nt out one concern with regard to effectiveness.

If the control group, which had a | ower rate of
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healing, so to speak, had a higher rate of fibula
fixation which may act as a distraction device on
the fracture, then the normal biology of the
fracture healing may have been disrupted sonmewhat,
so it may not be a true indicator of the actua
ef f ecti veness.

That's all the comrent | have on that.

Thank vyo.
DR YASZEMSKI : Thanks, Dr. Kirkpatrick
Dr. Doull?
DR DOULL: | ama little confused about
definitions. It seens to ne that when you defined

het erot opi ¢ and ectopic, you defined that as |oca
and distant, and your rate for ectopic was zero.
But what woul d you define as increased bone growth
further up on the tibia? |s that heterotopic?

DR. VALENTIN: Thank you

We woul d define this as heterotopic. |
would like first of all the clarify that we have
reported two ectopic calcification. 1In ny
presentation, | stated that no calcification
related to BMP-2 was reported. W had two
calcification observed, one in the femur and one at
another side | can't remenber now, and neither case

was attributable to the BMP treatnent.
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Wth respect to heterotopic ossifications,
I show the nunbers. W had four, four, and eight
patients with heterotopic ossification. That

assessnent was for the region under study, which

was the full linb we followed for the fracture.
DR DOULL: Ckay, thanks.
DR YASZEMSKI : Thanks, Dr. Doul |
Ms. Rue?
M5. RUE: No further coment.
DR. YASZEMSKI: Ms. Maher?

>

MAHER: | actually have two questions.
One, there was a question raised earlier, and maybe
it was answered, and | didn't get it, in which case
| apologize. That is, were all x-rays reviewed by
bot h the panel and the investigators?

DR. VALENTIN. Yes. The answer is yes to
both. W addressed this question earlier.

M5. MAHER (Okay. And ny second question
is that | heard questions raised by Dr. Larntz
regardi ng the censoring and radiol ogi c assessnent,
and | was wondering if you all could comment on the
questions he raised.

DR. VALENTIN: This is a very inportant
question, and thank you very much for asking this.

W would like to clarify here the process
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we have followed. The first question we had for
the primary endpoint was the avoi dance of secondary
intervention. The second question we had for the
secondary endpoints was for the patients who do not
have a second intervention, do we see further
accel eration of fracture healing or fracture union.

So by definition, the patients who had a
second intervention had to be renoved fromthat
anal ysis. So this censoring was done on purpose,
and the different nunmbers pointed to earlier in
this analysis reflect in fact the nunber who had
second interventions.

So in order to answer the question was
there an acceleration of fracture healing in the
ot her patients, those who did not require second
intervention, we had first of all to renove the
patients who had one. This is dealt with in
different ways, with different types of analysis.
For instance, in the Kapl an-Meyer display, this is
handl ed by way of censoring, and we actually agree
with your analysis that this weakens the
Kapl an- Meyer analysis in that respect. That is why
we al so pointed out in nmy presentation that we
believe the rate of healing or of union by visit

where the patients second interventions were
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1 accounted as failures, not healed or not united,

2 was a nore powerful evaluation of these data.

3 DR YASZEMSKI : Thank you

4 Ms. Maher, does that answer your

5 question--Dr. Valentin, if you are not done, please
6 go ahead.

7 DR VALENTIN. I'msorry. | just wanted
8 to add, therefore, that the censoring of the data

9 in each treatnment group, therefore, just to restate
10 it, is areflection of the success of the

11 treatment. More patients were censored in the

12 standard of care because nore patients required a
13 second intervention; |less patients were censored in

14 the 1.5 group because | ess patients required second

15 i ntervention

16 Thank you

17 M5. MAHER  Thank you. | actually have
18 one foll owup question. | was wondering if you all

19 could coment on your opinion on the

20 appropri ateness of pooling the data fromthese

21  various centers.

22 DR VALENTIN:. | would like to take the
23 first stab at this question; this is clearly one
24 that was very hotly debated, and nany peopl e have

25 gi ven their opinion here.
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I would Iike to give you the perspective
of a clinician. W have selected 59 centers, of
whi ch 49 have participated with patients. First of
all, I would like to point out here that we
sel ected these 49 centers out of 400 that were
screened. So we were very careful to nake sure
that the centers participating in the study had
comon criteria--using, for example, the sane types
of surgical procedures, the sanme type of
practice--so that we could conpare the centers. It
was not done out of the Yell ow Pages.

The second part of ny answer is that we
have nmonitored quite a | arge nunber of variables to
make sure that indeed these centers have
contributed patients treated in the sane manner,
and as | was pointing out, seven demnographic
criteria, 27 covariables were checked, and we
didn't find a difference between them

We have al so run statistical analyses to
| ook at center by treatnent interaction, and in our
anal ysis, there was no interaction, and that has
justified the treatnment analysis that we have
conduct ed.

At the end of the day, |'m saying that we

want to have a population that reflects the genera
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trauma population. |If we are too selective, we
will finish with all patients having had exactly
the same fracture, the same treatnment, the sane
nail, and that nay be a very narrow application
than other treatments. So it was our intent to
have a bal anced application

DR. YASZEMSKI : Thank you.

Does that answer your question, M. Mher?

MS. MAHER  Yes. Thank you

DR YASZEMSKI: Dr. Aboul afia?

DR. ABOULAFI A: Addressing the issue of
ef fectiveness, the OSMA spokesperson made the point
that our task here is to | ook at a reasonable
assurance of safety and efficacy and sponsor
i nnovation, and | would clearly support that. And
| certainly share Dr. Schnidt's enthusi asm about
bi ol ogi cal nodifiers and reconbi nant BMPs as a
group and other things to pronote fracture healing,
and | think it is a noble cause.

Having said all that, | think some of that
enthusiasmis based on both preclinical and
clinical data in sites other than the tibia, of
course. So then, the question or the weighing on
the other side of that teeter-totter is are the

concl usi ons supported by the data, and that rel ates
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to study design, and there are issues with that.

One of the things | neglected to nention
about study design is whether subsets of patients’
proximal, distal and nmiddle third fractures were
equal ly spread out. W know that healing
potential, rates, conplications, depending on the
anatomic site, is significant within the tibia
itself and that the proximal tibia and the dista
tibia are not the sane bone in many respects.

So | have | ess enthusiasmfor whether the
sponsor has proven effectiveness based on the data
presented as it relates to the tibia in this study.

DR. YASZEMSKI : Thanks, Dr. Aboul afia

Dr. Nai du?

DR NAIDU:. | do have an additiona
comment about the censoring business, because Dr.
Larntz clearly made it clear that at 6-nonth tine
poi nt, 34 percent of x-rays at the 6-nmonth group
was m ssing.

Now, if you go back to the definitions of
heal fracture, the three criteria--absence of
t ender ness upon nanual pal pation at the fracture
site; radiographic fracture union as assessed by
the investigator; and full weight-bearing

status--and if you | ook at the nunber of patients
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with secondary intervention recommended and
patients nmeeting the criteria of delayed union, al
three criteria were used in only 26 percent of the
patient population; two criteria were used in 52
percent; one criterion was used in 23 percent.

Therefore, this issue of censoring does
becone inportant. W should not disniss that.

DR. YASZEMSKI : Thanks, Dr. Naidu

Are there further coments?

[ No response. ]

DR. YASZEMSKI: Dr. Wtten, we have
di scussed the issue of effectiveness and the FDA' s
questions regarding it. W previously discussed
the study design and offered you our opinions about
the strengths and weaknesses of it, so these
coments will be issues of effectiveness for the
study design as presented in the application by the
sponsors.

Dr. Larntz indicated that with respect to
secondary interventions, there clearly was an
ef fect denonstrated by these data. The tine to
heal i ng, the investigator evaluation, and the
radi ol ogi st evaluation were | ess positive in their
strength with respect to denobnstrating an effect.

Al t hough there could have been an effective with
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the tine to healing, it was nost weak with the
radi ol ogi st interpretation.

There were questions with respect to the
two points that FDA has asked, that although the
decrease in the nunber of secondary interventions
is shown by the data, there is sone question as to
whet her the accel erated fracture healing has been
shown by this data, and there are argunents on
either side of that, as you have just heard.

Have we adequately discussed this
question?

M5. WTTEN: Yes, but | do have a
foll owon question based on the answers to this
question and the answers to the previous question.

DR YASZEMSKI: Pl ease go ahead.

M5. WTTEN:. | would like to know whet her
anybody on the panel would |ike to comrent on the
rel evance of the effectiveness shown by these data
on the study perforned outside of the U S. to
effectiveness in U S. patients.

DR YASZEMSKI: Panel nenbers, the
question is does the data gathered on patients
outside of the U S. apply to the care of patients
within the U S. Wuld anyone |ike to conment on

t hat ?
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Dr. Fi nnegan?

DR FINNEGAN: | think that one of the
nice parts about working in the nelting pot of the
world is that, yes, the world will produce the sane
patients that you have in your patient popul ation.

DR YASZEMSKI: O her comments?

Dr. Kirkpatrick?

DR. KIRKPATRICK: | would agree. 1 have
even been in Third Wrld countries that woul d
manage tibias in a sinilar fashion and get them
acutely debrided, irrigated and stabilized with an
IMnail.

DR. YASZEMSKI: Dr. Schm dt?

DR. SCHM DT: | agree, and a lot of the
practice variation that | alluded to earlier, we
see wWithin our own country, even in the State of
M nnesota, perhaps. So | don't have any real
concerns about that.

DR YASZEMSKI: Dr. Wtten, have we
adequat el y addressed this?

M5. WTTEN. Yes. Thank you.

DR YASZEMSKI: Thanks so much.

M. Kaiser, could we go to the next
question, please?

The next question fromthe FDA regards
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safety: "Accounting for trial design and resulting
data, discuss whether or not the sponsor has

provi ded a reasonabl e assurance of device safety in
view of the rate of authentic antibody response to
rhBMP-2 and to bovine Type 1 collagen; rate of
hardware failure; rate of infection; rate of
abnormal liver function |lab val ues."

Dr. Doull, can we start with you, please?

DR DOULL: Yes. There are four
questions--the antibody response, the rate of
hardware failure and infection, and the abnornal
| ab val ues.

I wasn't really too concerned about the
anti body until Dr. Finnegan raised the possibility
that those antibodies mght in fact influence the
subsequent response of that patient to another
episode. It seenms to ne that that is a question
whi ch coul d be resol ved by ani nal experinentation,
and | would think that's certainly sonething
wor t hwhi | e doi ng.

| found the data regarding the hardware
failure and rate of infection |acking a causa
relati onship to sonme adverse effect of rhBMP or the
sponge.

And finally, then,the abnormal Iiver
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function val ues--what you really didn't tell us
there was how | ong they persisted and whet her that
was the sanme in your control population and in the
two treatnment groups that you tal ked about.

DR. YASZEMSKI: Dr. Doull, shall we ask
the sponsors to coment on that?

DR. DOULL: Yes, could you tell us?

DR. YASZEMSKI: Dr. Valentin?

DR VALENTIN: So if | understand the
question, you would Iike to know if the incidence
of liver function abnormalities was conparable
across treatnment groups?

DR DOULL: Right, both for the anyl ase
and for the magnesi um

DR VALENTIN. Wth respect to anyl ase, we
have seen an increase in the nunber of patients
reporting anomalies in the 0.75 ng group as
conpared to the control group, and an el evation at
1.5 conpared to control group. |In other words, you
have--1 amciting fromnenory here--1 think four
patients in the control group, 10 patients in the
1.75, and 6, | think, in the 1.5--and pl ease bear
with me; | amtrying to renenber the exact nunbers.
But we didn't find an exact dose response, and we

think that by just having the battery of 200 tests,
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with every adverse event tested, it was likely that
some woul d be el evated and irregularly el evated
bet ween the three treatnent groups.

| personally don't think there is a
rel ati onshi p between BMP and increased anyl ase. |
think it translates the status of trauma of these
patients. However, we stated the nunmbers as they
are, and there is a statistical difference between
0.75 and control

DR. DOULL: Dose response is a hall mark of
toxicity, and | would agree with you that if you
don't see dose response, you have to ask that
quest i on.

DR. VALENTIN: And | would like to add
that for hypomagnesem a that the same thing was
true--the 0.75 was nore elevated at 1.5, and both
were slightly nore el evated than control. Again,
we couldn't see a clearly relationship between
these elevations in very few patients, by the way,
and the treatnment with BWMP

DR DOULL: | would like to point out that
we have previously reviewed the tox database for
this material and agreed that it was adequate.
aminpressed with the fact that in this

presentation, you are using the term"safety" nore
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than you are using "toxicity." The tox database
whi ch you use to support this application are
really safety studies. You are showi ng that at
various |evels--1,000 tines anticipated dose and so
on--you are seeing no adverse effects, but you do
not characterize toxicity with safety studies. Al
you do is show that at that dose, it is safe. In
order to characterize toxicity, you have to
denonstrate adverse effects, and you have to show
the dose required to produce those kinds of adverse
effects, and in all the studies you did--the acute
tox, the 28-day tox, the teratol ogy, the
reproduction--those are all safety studies.

So that | can't help but wonder what is
the true toxicity of rhBwWP, and | guess we haven't
answered that question, and we nmay not need to,
because in terms of the safety, if you do a range
of safety or a margin of exposure, you have huge
factors here.

Thank you.

DR YASZEMSKI: Thanks, Dr. Doul |

Dr. Kirkpatrick?

DR KIRKPATRICK: | also would concur with
Dr. Finnegan's concern about a secondary chall enge

froman i mmune-converted or anti body-positive
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ani mal nodel, so to speak, a secondary chall enge
sometine in the future. 1 don't think we can
answer that in hunmans, obviously. | think if we
could come up with a reasonable way with an i nmune
study, which | have no expertise in, it would be a
reasonabl e assurance--and fairly sinply, | would
hope--that a future chall enge would not result in a
cat astrophi c i mmune response or autoi mmune
response.

DR, YASZEMSKI : Thanks, Dr. Kirkpatrick

Dr. Finnegan?

DR FINNEGAN: The only thing | would add
to that is that you have a huge nunber of patients
out there, and you could do a natural history on

the antibodies to see if they persisted or not for

the patients you have given this to over "x" nunber
of years.

I have no concern about the hardware
failure, but that just nmeans | do this operation
more than once a week.

Dr. Schmidt's coments on infection are
interesting; | did not pick that up, and |I'm not
exactly sure what the effect of that is. And

woul d defer to Dr. Doull for the liver function

DR. YASZEMSKI: Thank you
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Dr. Nai du?

DR. NAIDU: | do have a problemwth the
aut hentic anti body response to rhBMP-2. Doctor, as
the FDA clinician presented--and | sat here at the
previ ous | NFUSE neeting--the previous spine
approval, the antibody response was only 0.7
percent. This is alnpst 10 tinmes as nmuch. | don't
know exactly what the clinical relevance is, but it
is significant, and therefore, | would concur with
Dr. Finnegan with regard to this.

The rate of hardware failure, |I'mnot too
concerned--it breaks. And high rate of breakage is
noted in the unreamed group. That is not
surpri si ng.

The rate of infection is high, but these
are high-energy open tibia fractures, so you're
going to expect it to be high. But | did find Dr.
Schmidt's comrents very interesting in that in his
institution, it is about 5 percent. But the rate
of abnormal | ab values with regard to |iver
function, | will defer to our toxicologist on the
panel

DR YASZEMSKI : Thanks, Dr. Naidu

Dr. Larntz?

DR. LARNTZ: I have nothing to add
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DR YASZEMSKI: Thanks.

Dr. Schmidt?

DR SCHM DT: | don't know what nore to
add about the issue of the inmune response. | do
have a question about why it may be higher in this
group than it was in the spine group. It may be a
reflection of the different inmmne response for a
traumati zed patient as opposed to someone
undergoing surgery. | do think that is sonething
that probably ought to be | ooked at.

The comrents | made earlier about the
infections stemfromnm know edge that previous
studi es | ooking at acute bone grafting in open
tibia fractures have shown a high infection rate.
There was one study--the nbst recent one | am aware
of was published over 10 years ago, and granted,

t hi ngs have changed since then in managenent of
these cases--but acute bone grafting of open tibia
fractures has a dramatically higher infection rate,
and what we know from clinical experience is that
you need to wait until the soft tissues have

heal ed, typically, 6 to 8 weeks, before you add an
aut ogenous bone graft to a patient who has had an
open tibia fracture. If you do it before then, the

infection rate is high, and the graft often just
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205
resorbs and isn't effective.

That raises the issue of is this type of
conposite device going to be effective before the
soft tissues have really restored thensel ves and
regai ned their vascul ar supply and that sort of
stuff, and that is what the study was | ooking at.

In terms of the other issues, |'mnot too
worried about the hardware failure; | think that
may just represent the small-dianmeter nails. One
point | would like to make, though, is that the
term "BMP'" is really a nmisnoner. These are
generi c norphogenetic proteins. There are
cell-[inaudi ble] nodels that are active throughout
devel opnment; they affect the whol e body. They
affect DNA transcription, and | think it is a
nm stake to think that these are just a sinple
protein that is only going to act on the bone.

They have potential, far-reaching side effects, and
I think that patients who receive this should be
fol | owed.

| think there is data that sonme tunors do
respond to these prostate and pancreatic cancers.
Tumor lines, | think, have shown responsive to
BMP-2. | just think that's a snmall but theoretica

concern that needs to be addressed with long-term
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st udi es.

DR. YASZEMSKI: Thanks, Dr. Schm dt.

Dr. Aboul afia?

DR ABOULAFIA: Briefly, | do not have any
concerns related to safety of the product and
actually feel that the devel opnent of antibodies is

probably |l ess of an issue than sone nenbers have

expressed.
DR YASZEMSKI: Thanks, Dr. Aboul afi a.
Ms. Maher?
M5. MAHER | have nothing further to add.
DR YASZEMSKI : Thank you.
Ms. Rue?
M5. RUE: | have nothing further to add.
DR YASZEMSKI : Thank you.
Dr. Wtten, we have discussed safety in

terns of the questions that the FDA has posed to
us. There seemto be no issues with respect to
hardware or infections, and the infections seemto
be accounted for by the nature of this injury.
There have been a few coments made,
however, about the nature of the antibody response,
that it did greater than previously docunented and
perhaps warrants | ooking at these patients over a

| onger period of tine.
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It was noted that the trauna may in fact
be an effect and hence this be a manifestation of
the injury that these people have undergone.

There was al so a question that we should
be cautious about the unknown but potentially
theoretic effect of a tunmor in the future.

However, in general, | think the tenor of
the conversation was that this device is safe, as
shown in the data fromthe study presented by the
sponsor.

Have we adequately discussed this from
FDA' s perspective?

M5. WTTEN: Yes. Thank you

DR YASZEMSKI: Thanks, Dr. Wtten.

That will conclude our discussion. W are
going to proceed now with another open public
hearing session, and | would ask again if anyone in
the audi ence would |ike to address the panel,
pl ease conme forward to the m crophone, state
clearly your name, affiliation, and financi al
consi derati ons.

Woul d anybody |ike to address the panel at
this tinme?

[ No response. ]

DR. YASZEMSKI: Seeing no one, | would

file://IC|/Storage/1121orth.txt (207 of 309) [12/2/02 8:59:33 AM]



file://IC|/Storage/1121orth.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Iike now to ask the sponsor if any of your nenbers
have any final comments and would |ike to address
the panel in any way before we proceed with voting.

Dr. Swi ont kowski ?

Fi nal Sponsor Commrents

DR SW ONTKOWBKI: There are two areas
that 1'd like to conment on. One is on Dr.
Schmidt's concern regarding the infection. | tried
to point out in ny third-to-last slide that using
the strict definition in this trial where
basi cally, any redness, whether culture-proven or
not, was infected, by that definition in the US
60-patient trial, it was 18 percent, and in this,
it was 22 percent.

So | think it is related to the strict
definition, not really a different outcone as a
result of the care

The other area | would Iike to comrent on
is the study design and the endpoint sel ection.
have to beg the panel's indul gence for a mnute,
because | think that the decision here could
potentially affect the ability to study trauma
patients in general for any condition in the

future.

When we di scussed the whole i ssue of which
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model to use with our potential clinician
i nvestigators, they were adanant about the fact of
not having a control, and sone of the panelists
comented that it would be nice to have a control
They really felt that it was an ethical issue of
not putting a sponge into a potentially infected
environment. And as Dr. Schmi dt just pointed out,
maybe that environnent where you have acutely
injured soft tissue affected he basic ability of
the protein to stinulate healing, which | agree
with. | think this is the nbst severe nodel

Second, regarding the endpoint,
appreciate Dr. Naidu's coment about we are using
the sane endpoint in a random zed controlled trial,
but this is different. W are tal king about a
drug. But | would subnit that this is a decision
to take a patient back to the operating room It
is not to discontinue a drug therapy or sonething
like that. And if there were a bias, you should be
able to see it in the days to decision to
intervene, and they were within 2 days in all three
of the groups. So there was no bias there.

I would also point out that in the
random zed control trial that we are conducting

now, we have a rule that you can't intervene within
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6 nonths, and 25 percent of the surgeons are
violating that rule. That is because as surgeons,
we are always going to act in what we believe is
the best interest of the patient, and | think that
that is why we have the design that we have here
today, because we are dealing with surgeons who are
maki ng real decisions that are nmajor decisions to
intervene, and it is not a trivial intervention

Thank you.

DR. YASZEMSKI: Thanks very nuch, Dr.
Swi ont kowski .

I would now like to ask M. Demian to read
the voting instructions for the panel

Vot e

MR DEM AN | will now provide you with
the panel recommendation options for prenarket
approval applications.

"The Medi cal Device Amendnents to the
Federal Food, Drug, and Cosnetic Act require that
the Food and Drug Administration obtain a
recomrendati on from an outside advisory expert
panel on designated nedical device pre-narket
approval applications that are filed with the
agency. "

"The PMA nust stand on its own nerits, and
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the recomendati ons nust be supported by safety and
ef fectiveness data in the application or by
applicable, publicly available information."

"Safety is defined in the Act as
reasonabl e assurance, based on valid scientific
evi dence, that the probable benefits to health
under the conditions of use outweigh any probable
risks."

"Ef fectiveness is defined as reasonable
assurance that in a significant portion of the
popul ation, the use of the device for its intended
uses and conditions of use when | abeled will
provide clinically significant results."

"Your recommrendation options for the vote
are as follow. 1) Approval. There are no
conditions attached. 2) Approvable with
conditions. You may reconmend that the PMA be
found approvabl e subject to specified conditions
such as a resolution of clearly identified
defici enci es whi ch have been cited by you, the
panel, or FDA staff. Al the conditions are
di scussed by the panel and |listed by the pane
chair and then voted on one by one. For exanple,
you may specify what type of follow up information

t he panel or FDA should evaluate prior to or after
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approval. Panel followup is usually done through
homewor k assi gnnents by one or two panel primary
reviewers or to other specified nenbers of this
panel. A formal discussion of the application at a
future panel neeting is not usually held."

"If you recomrend a post-approva
requirenent to be inposed as a condition of
approval, then your recomendati on shoul d address
the follow ng points: The purpose of the
requi renent, the nunmber of subjects to be
eval uated, and the types of reports that should be
subm tted. "

The third option is not approvable.
the five reasons the Act specifies for denial of
approval, the followi ng three reasons are
applicable to your panel deliberations: The data
to not provide reasonabl e assurance that the device
is safe under the conditions of use prescribed,
recomended, or suggested in the proposed | abeling;
reasonabl e assurance has not been given that the
device is effective under the conditions of
prescri bed use recommended or suggested in the
| abel i ng; and based on a fair evaluation of al
material facts in your discussions, you believe the

proposed |l abeling to be false or m sl eading."
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"If you recommend that the application is
not approvable for any of these stated reasons,
then we ask that you identify the neasures that you
think are necessary for the application to be
pl aced in approvable form Traditionally, the
consuner representative and the industry
representative do not vote, and Dr. Yaszenski, as
panel chairman, votes only in the case of a tie."

Dr. Yaszenski ?

DR. YASZEMSKI: Thank you very nuch, M.
Dem an.

Bef ore begi nning the voting process,
would Iike to make a point of procedure that was
brought up to nme, that the sponsors are not
supposed to be at the presenters' table during the
vote. | recognize the chairs are all tight, but
could I just ask you to perhaps back up a little
bit or nove the table up a little bit? If that's
okay with FDA, we'll just do it that way.

Thanks very nuch.

The other point is that I'd like to
mention both for the panel's benefit and for the
record that votes taken are votes for or against
the notion nade by the panel. Votes are not votes

in favor of or against the product.
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At this time, | would like to ask if there
is a notion to be made.

M5. MAHER:  Just before the notion

DR, YASZEMSKI: Okay, before the notion,
Ms. Maher.

M5. MAHER | would just like to clarify
one thing that | have heard twice now and |I'ma
little concerned wth.

Dr. Nai du brought up the fact that this is
a drug. In fact, it is not a drug. Under US
law, it is regulated as a device, which means we
are | ooking for reasonabl e assurance of safety and
ef fectiveness, as opposed to the drug standard. As
we are noving forward to the vote, | would like the
panel to renenber that.

DR. YASZEMSKI: Thank you for that point
of clarification, Ms. Mher.

Dr. Finnegan?

DR FINNEGAN: M. Chairman, you were
| ooking for a notion.

DR YASZEMSKI: Yes, ma'am

DR FINNEGAN: Actually, | think this is
part of my job description. This was fairly
difficult, but taking into account what Hany has

just outlined, |I think there is reasonable
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215
assurance that this is safe. | amless sure that
there is reasonabl e assurance that it is very
effective, but it certainly is not deleterious.

So ny notion is that it be approved with a
boat| oad of conditions.

DR YASZEMSKI : Thank you

DR LARNTZ: Second

DR YASZEMSKI: The notion has been
seconded.

Before we go to discussion, I'mgoing to
menti on anot her point of protocol. W will
entertain, after Dr. Finnegan's conditions which
she will read, a discussion regarding addition of
conditions or deletion of conditions; we wll
di scuss and vote on each of themindependently, and
after we have had that discussion, we will re-read
the notion as it stands with conditions that have
al ready been voted for inclusion or exclusion and
then vote on that notion.

Dr. Finnegan, may we hear your conditions?

DR FINNEGAN: Do you want all of them or
one at a time?

DR YASZEMSKI: Let's hear all of them
because they constitute your notion. Then, we'll

ask others if they want to add or subtract.
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DR FINNEGAN: Al right. M first
condition is that this should be linited to G ade
Il open fractures which have been stabilized and
the material placed at definitive wound cl osure.

My second condition is that the users
shoul d be educated on the potential benefit of
addi ng osteogenic material to this conposite.

My third condition is that labeling in
very large letters needs to deal w th unknown
factor of repeat use and that perhaps this al so be
education for the users.

My fourth condition is that there need to
be two studies on the antibodies just so we have
the know edge. | think part of the problemis that
we don't have any know edge. | think there could be
a natural history study done on the 1,096 patients
who have already received this material, and then a
prospective study, either aninmal or human or
perhaps both, and | would | eave that up to the
sponsor and FDA to work out.

And ny last condition is that | think it
is mandatory that there be post-market
surveill ance, and what are the things they need to
answer for that?

DR. YASZEMSKI: Thank you.
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Those are the five conditions.

Dr. Wtten?

M5. WTTEN. | was going to answer Dr.

Fi nnegan' s question, but perhaps Hany already did.

DR. FINNEGAN: M right hand al ready did.
Ckay.

The purpose of the requirenent is to
further define the efficacy of the inplant. The
reason for choosing the Grade |1l opens is that it
will limt undue exposure to the antibodies unti
we know the antibody history, and these are al so
the patients who require the naxi mum help to get
their fractures to heal

The nunber of subjects to be eval uated
think is a nunber that would produce statistically
useful information, and again | would | eave that up
to the sponsor and the FDA. And the types of
reports that should be submtted | would think
woul d be a conposite of this study perhaps with the
design inproved per the recomrendati ons of the
panel and the FDA clinical reviewer.

You are | ooking rather perplexed.

M5. WTTEN. Can you just explain the
obj ective of the study again?

DR. FI NNEGAN: The purpose of the study?
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M5. WTTEN: Yes.

DR FINNEGAN: It woul d be to--how am I
going to word this--to further elucidate the
potential effectiveness of this conposite. Okay,
you don't like that.

M5. WTTEN. It's your notion

DR, FI NNEGAN: But | want you to buy
it--that's the problem

M5. WTTEN. It's your notion

DR. FI NNEGAN: Thank you.

Dr. Kirkpatrick has it--to clarify the
effectiveness of this material as it has been
sonewhat nmuddy to the panel

DR YASZEMSKI: That's the notion as
st ands.

Di scussion for nodifications, additions,
del eti ons?

Dr. Aboul afia?

DR. ABOQULAFIA: | think tolimt it to
just Grade Il open fractures may have a
theoretical advantage that you are going to try to
hel p nost those who need it the nmost. But | think
the truth of the matter is that a problemfracture
or a high-risk fracture is not sinply just a G ade

Il fracture. Again, we tal ked about issues of
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conorbidities, diabetics, steroid users, distal
third fractures versus proximal third fractures,
and | think we need to leave that up to the
judgrment of the treating physician to define what
he or she considers to be a potential problem
fracture or a patient who may benefit fromthis
project if we're saying there is a theoretica
advantage to using this product to pronote fracture
healing in | ong bones treated with intramedul |l ary
nails.

DR. YASZEMSKI: Is your motion to nodify
or delete one of Dr. Finnegan's conditions?

DR. ABOULAFIA: | would nmodify it with
saying that the indications would be those patients
for whomintervention is thought to be beneficial

DR YASZEMSKI: There is a notion to
change Dr. Finnegan's condition of limtation to
Grade |1l open fractures--and I'mgoing to
par aphrase, Dr. Aboul afia, so you tell me if | say
it right--to those open fractures of any grade that
in the opinion of the treating surgeon represent a
problem fracture that could benefit fromthe
devi ce.

DR. ABOULAFIA: Dr. Aboulafia is nodding

yes.
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DR YASZEMSKI: |Is there a second to that
nmot i on?

DR LARNTZ: |'Ill second.

DR YASZEMSKI: Ckay. Dr. Finnegan--

DR. KIRKPATRICK: Is that tibia only?

DR YASZEMSKI: This is tibias, yes, sir.

Ckay. We're going to go around and vote
on Dr. Aboul afia's nodification, Dr. Finnegan, to
your notion.

Do you have commentary on that?

DR. FI NNEGAN: Well, yes. Actually, |
think we already previously said for |abeling that
this could be any fracture, so this is not just the
tibia--Grade |1l open fracture of any | ong bone.

DR YASZEMSKI: Dr. Aboul afia, would that
be okay with your notion--any Grade |1l open
fracture that the clinician considers a problenf

DR ABCULAFI A: | don't know. Does the
panel want to extrapol ate the data?

DR. YASZEMSKI: |f you nake that notion,
we'll vote on it.

DR FINNEGAN. M notion was not to linit
it totibias. M motion was to limt it to G ade
Il open fractures.

DR ABCULAFI A: Ckay, yes.
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1 DR. YASZEMSKI: Okay. W're going to go

2 around the vote. W're going to vote on a change

3 in Dr. Finnegan's first condition. Her first

4 condition was that this device approval, condition
5 of approval, be that the device be limted to G ade
6 Il open fractures.

7 Dr. Aboul afia has nade a notion to change
8 that condition to any open fracture that in the

9 opinion of a treating surgeon is a problemfracture

10 that could benefit fromuse of the device.

11 Dr. Doull, yes or no?

12 DR DOULL: Yes.

13 DR YASZEMSKI: Dr. Kirkpatrick?
14 DR. KI RKPATRI CK:  Yes.

15 DR YASZEMSKI: Dr. Finnegan?

16 DR. FI NNEGAN:  No.

17 DR. YASZEMSKI: Dr. Naidu?

18 DR NAI DU  No.

19 DR YASZEMSKI: Dr. Larntz?

20 DR LARNTZ: Yes.

21 DR YASZEMSKI: Dr. Schmidt?

22 DR SCHM DT:  Yes.

23 DR. YASZEMSKI: Dr. Aboul afi a?
24 DR ABOULAFI A Yes.

25 DR. YASZEMSKI: The notion passes.
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Condition 1 of Dr. Finnegan's notion for approva
with conditions is that this device be limted to
any open fracture that in the opinion of the
treating surgeon is a problemfracture and woul d
benefit fromthe use of the device.

Are there any other notions for additions,
del etions, or changes to Dr. Finnegan's conditions?

DR. KI RKPATRICK: | have a question of
clarification.

DR. YASZEMSKI: Go ahead, Dr. Kirkpatrick

DR. KI RKPATRI CK:  \When you tal k about
safety on the i mmune response, are you talking
about a secondary chal | enge once soneone has
converted positive, or an animal has converted
positive?

DR. FINNEGAN: That is why | said | would
| eave the study up to the sponsor. | think it
probably needs to be a conbination of an aninal and
perhaps a person over a period of tine, especially
if the natural history shows that the antibodies
seemto disappear fairly quickly.

DR KIRKPATRICK: So basically, if the FDA
consults with an i munol ogi st and feels that a
secondary chal |l enge study is not necessary, we

woul d go with that.

file://IC|/Storage/1121orth.txt (222 of 309) [12/2/02 8:59:35 AM]



file://IC|/Storage/1121orth.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

DR. FI NNEGAN:  Yes.

DR. YASZEMSKI: Dr. Doul | ?

DR DQULL: Well, in that case, then, if
you do that study, will you do the history of the
anti body response and you determine in people and
in animal s what that nmeans, then you don't really
need the | abeling requirenent--

MR. DEM AN Speak into the m ke, please.

DR DOULL: The | abeling requirenment which
says do not repeat--once you have that information,
you woul d no | onger need that |abeling requirenent?

DR FINNEGAN: That is correct, but that
woul d be wi t hdrawn down the road, because this is
going to take some tinme.

DR DOULL: Ckay.

DR. YASZEMSKI: Thank you

O her notions for additions,
nodi fi cations, or deletions to Dr. Finnegan's
condi tions?

DR. KI RKPATRI CK:  Yes.

DR YASZEMSKI: Dr. Kirkpatrick?

DR KI RKPATRICK: One further condition
I would Iike the sponsor and the FDA to work out
assurances of a statistical nature that the fibula

fracture fixation had no effect on either the
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primary or secondary endpoints and al so was not
utilized in nore fractures that were nore severely
conmi nuted, for exanple, in other words, the AOCs
as opposed to the AOAs. If they can provide that
information to the FDA, and everybody feels that
that is statistically fine, | would say that we
coul d proceed with approval

DR YASZEMSKI: This is a notion for the
addition of a condition regarding |ooking at the
presence of the fibula fractures in the study and
that the sponsor would get this data together for
t he FDA.

Is there a second, first, before we
di scuss it?

DR LARNTZ: |'Ill second.

DR YASZEMSKI: There is a second.

Di scussion, Dr. Larntz.

DR LARNTZ: If it would be all right with
Dr. Kirkpatrick, | would like to expand that to the
use of reamed and unreaned nails also, as a
covariate to the study.

DR YASZEMSKI: |If everybody is okay--Dr.
Kirkpatrick, it is your motion. |If you are okay
with adding that to it--

DR KIRKPATRICK: | would prefer the two

file://IC|/Storage/1121orth.txt (224 of 309) [12/2/02 8:59:35 AM]



file://IC|/Storage/1121orth.txt

1 i ssues remai n separate.

2 DR. YASZEMSKI: Okay. We're going to keep
3 it separate.

4 Di scussi on?

5 [ No response. ]

6 DR YASZEMSKI: Let's vote.

7 Dr. Aboul afi a?

8 DR ABCULAFIA: In favor of Dr.

9 Kirkpatrick's notion.

10 DR. YASZEMSKI: Dr. Schm dt?

11 DR SCHM DT: In favor.

12 DR YASZEMSKI: Dr. Larntz?

13 DR LARNTZ: Yes.

14 DR. YASZEMSKI: Dr. Naidu?

15 DR NAIDU. Can | abstain?

16 DR YASZEMSKI: Yes, you may abstain.
17 DR NAIDU. | abstain.

18 DR YASZEMSKI: Abstention.

19 Dr. Fi nnegan?

20 DR. FI NNEGAN:  Yes.

21 DR YASZEMSKI: Dr. Kirkpatrick?
22 DR. Kl RKPATRI CK:  Yes.

23 DR. YASZEMSKI: Dr. Doul | ?

24 DR DOULL: Yes.

25 DR. YASZEMSKI: The notion passes.
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There is now a sixth condition.

Any ot her discussion, additions,
del etions?

DR. ABQULAFI A: Can you repeat each one?

DR. YASZEMSKI: Seei ng none, we're going
to do this. I'"'mgoing to go over Dr. Finnegan's
notion as it is noww th the conditions and then
call for a vote, unless there is any further
di scussi on that anybody would like to bring up

DR KI RKPATRI CK:  Excuse nme. Just a point
of order. There was a suggestion about | ooking at
nonreaned and reamed nails.

DR YASZEMSKI: | asked for another notion
and heard none.

DR Kl RKPATRI CK:  Ckay.

DR. YASZEMSKI: Thank you

The notion is for approval with
conditions. There are six conditions--nunber one,
that the use of the device be linmted to open
fractures that in the opinion of the treating
surgeon represent a problemfracture that would
benefit in his or her clinical judgnent fromthe
use of the device; nunber two, that there be user
education regarding this device; nunber three, that

the |l abeling include a statenent that the factor of
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repeated use is at present unknown with respect to
anti bodi es; nunber four, that there be two studies
on anti bodi es, one, a natural history study of the
1,096 patients who already have been in the study,
and nunber two, either an animal or a hunman study
as determ ned by the sponsor and the FDA; nunber
five, that there be post-market surveillance to
clarify the issue of acceleration of fracture
heal i ng; nunber six, that the sponsor and the FDA
will work out the statistics regarding the presence
of a fibula fracture and whet her, when accounted
for, that fibula fracture had any effect on the
results as presented.

This is the motion. Wuld anybody like to
discuss it further?

DR KI RKPATRICK: The notion was fibula
fracture fixation.

DR YASZEMSKI: Thank you for that
clarification, Dr. Kirkpatrick. Fibula fracture
fixation. Thank you.

Further discussion?

[ No response. ]

DR. YASZEMSKI: We're going to vote

Dr. Aboul afia?

DR. ABOULAFI A: In favor.
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DR. YASZEMSKI: Dr. Schm dt?

DR SCHM DT: In favor.

DR YASZEMSKI: Dr. Larntz?

DR LARNTZ: Yes.

DR. YASZEMSKI: Dr. Naidu?

DR NAI DU  No.

DR YASZEMSKI: Dr. Finnegan?

DR. FI NNEGAN:  Yes.

DR YASZEMSKI: Dr. Kirkpatrick?
DR. Kl RKPATRI CK:  Yes.

DR. YASZEMSKI: Dr. Doul | ?

DR DOULL: Yes.

DR. YASZEMSKI: The notion passes.
Thank you.

M. Dem an?

MR. DEM AN. W are going to go around the
room and ask people why they voted the way they
di d.

DR. YASZEMSKI: Thank you.

Dr. Wtten, thank you for rem nding us of
this inportant function.

What we are going to do for the benefit of
the FDA and the sponsor and the public at-large is
poll the panel and ask each of them why they voted

the way they did and what they consider the
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1 positives and negatives that affected their vote.

2 Dr. Aboul afi a?

3 DR ABCULAFIA: | think this is one of

4 those things where sponsor nmay nhot appreciate ny

5 help. | think a large portion of this decision was

6 based on the safety, which | think it is a safe

7 product .

8 I think the issue of effectiveness is at

9 best weakly denponstrated. And ny hope is that with

10 the power of sone of the coinvestigators who have

11 national and international reputations both in

12 fracture managenent and in study design, they

may

13 be able to better design a study that will clearly

14 demonstrate the effectiveness of this product,

and

15 that what | amreally allowing is fair market or

16 free society to determ ne whether the cost-benefit

17 anal ysis is worthwhile or not.

18 DR YASZEMSKI: Thanks, Dr. Aboul afia
19 Dr. Schmidt?
20 DR. SCHM DT: | agree with Dr. Aboul afia's

21 comment s whol e-heartedly and have no other ones to

22 add.

23 DR. YASZEMSKI: Thank you

24 Dr. Larntz?

25 DR LARNTZ: | believe this product
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safe. | believe they have shown effectiveness with
respect to secondary intervention. Wth respect to
other endpoints, | think it is quite questionable.

DR YASZEMSKI: Thanks, Dr. Larntz.

Dr. Nai du?

DR NAIDU. | said "no" mainly because in
my opinion, the preclinical data is m xed; the
clinical data has too nmany confounding factors, as
previously presenters have clearly denonstrat ed;
x-ray data was not conplete. Healing criteria was
varied for secondary intervention groups, and |
just did not feel right voting "yes" for it.

Thank you.

DR YASZEMSKI : Thanks, Dr. Naidu.

Dr. Finnegan?

DR. FINNEGAN: | have to sort of agree
with Dr. Naidu in that | do think that both the
sponsor and sone of the investigators are capable
of a nmuch better study, and | agree with Dr.

Aboul afia that | hope that will in fact occur.

But | do think it is safe, and | do think
there are patients who will actually benefit from
its use.

DR YASZEMSKI : Thanks, Dr. Finnegan.

Dr. Kirkpatrick?
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DR KIRKPATRICK: | think the
ef fecti veness data is borderline. | hope that the
fibul a does not cause any change in nmy opinion that
I think it is marginally effective, or does offer
some i nprovenent.

I think with the condition that we have on
the safety issue with regard to the anti body
response, if that is satisfactory, then | think it
is a reasonabl e decision to go approval

DR. YASZEMSKI: Thanks, Dr. Kirkpatrick.

Dr. Doul | ?

DR DOULL: The issues are safety and
ef fectiveness, and as a clinical toxicologist, I am
of course influenced primarily by the safety issue.
But | think the argunments presented for efficacy,
weakly efficacious, are satisfactory to ne.

DR. YASZEMSKI: Thanks, Dr. Doul I.

Dr. Wtten, have we adequately discussed
this to FDA' s satisfaction?

M5. WTTEN:. Yes. Thank you.

DR, YASZEMSKI : Thanks very nuch, Dr.
Wtten.

Thanks, everybody on the panel.

We're going to take a 5-m nute break now,

and then reconvene.
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[ Break. ]

General Panel Discussion of Spinal Devices

DR YASZEMSKI: 1'll ask everyone to
pl ease take their seats, and we're going to get
started with the spinal portion of today's neeting.

We are going to have a general pane
di scussi on regardi ng spi nal devices this afternoon
FDA has provided us with a list of preclinical and
clinical questions related to the eval uation of
fusi on and nonfusi on spinal devices.

We are going to have an open public
hearing session regarding this general discussion
on spinal devices, and we have had six persons who
have requested speaking tine.

I will mention to the folks in the
audi ence that these fol ks have put handouts outside
the door, if anybody is interested in getting them

We are going to ask the speakers, please,
in the interest of keeping on tinme, to linit your
comrents to 5 mnutes. Each of the six speakers
will have 5 m nutes to speak

I woul d ask that all persons addressing
the panel conme forward and speak directly into the
m crophone, as the transcriptionist is dependent on

this nmeans for providing an accurate record of the
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1 meeting. And we request again that all persons

2 maki ng statenents during the open public hearing
3 di scl ose whether they have financial interest in
4  any nedical device conpany.

5 Bef ore maki ng your presentation to the
6 panel , pl ease state your nane, your affiliation,

7 and the nature of your financial interest, if any.
8 The first person will be M. Antonio

9 Val duvit [phonetic].

10 Are you here, sir?

11 [ No response. ]

12 DR YASZEMSKI: Not in attendance.

13 The next person who has asked to speak is

14 Ms. Brenda Sei dman.

15 Is she here? Thank you. Wl cone.

16 Open Public Hearing

17 DR. SEIDMAN: My name is Dr. Brenda
18 Sei dman, of Seidman Toxicol ogy Services. | am

19 bot h a general and neurotoxicol ogi st and an active
20 participant in six |SO 10993 committees. |SO 10993
21 is the international standard on the biol ogica

22  evaluation of devices.

23 I have served as a consultant to

24 orthopedi cs manufacturers over the | ast severa

25 years. Today | represent nyself.
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My purpose in speaking today is to respond
to FDA's proposal to include a requirement for
particle injection studies in its spinal inplant
gui dance docunents.

As a participant in the |1 SO 10993
standard-setting process, | suspect the agency may
be confusing foreign body reactions with
chem cal l y-induced toxicity. Foreign body
reactions are inflammatory reactions that appear to
be related to the | oosening of orthopedic inplants.
Such reactions are responses to the physica
properties of a material, such as size, shape, and
surface properties.

Chemical toxicity related to a device is a
bi ol ogi cal response to its chem cal | eachates.

| SO 10993 currently addresses chem cal but
not foreign body reactions. As such, SO 10993 is
the nost appropriate nechani smfor addressing
chemical toxicity. For those unfamiliar with the
standard, it addresses the chenical toxicity of
materials from finished devices by several neans,

i ncludi ng cheni cal characterization, clinica
hi story of use, the scientific literature, and in
vitro and in vivo testing on both extracts of the

material and on the naterial itself.
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Potential chemical toxicity related to
wear debris can and shoul d be addressed using | SO
10993.

The agency may be concerned that fatigued
materials nmight be chemically different than
non-fatigued materials. Al though | am personally
unawar e of such changes, manufacturers woul d need
only to demonstrate that chemcal differences do
not exist in order to rely on their |1SO 10993
eval uations of their devices' non-fatigued
materials fromtheir finished devices.

Next transparency, please. [|'Il go on for
the sake of tinmne.

Now with regard to testing for foreign
body reactions. The agency appears to have nade
the assunption that in vivo testing is the only or
nmost suitable means of testing for foreign body
inflammation. To ny know edge, neither |SO nor
ASTM have devel oped or validated a test nmethod in
vitro or in vivo for an evaluation of foreign body
ef fects.

Therefore, it nmakes sense to consider the
possible use of in vitro test nethods. In vitro
tests have the potential be nore sensitive and

focused, raise no aninal welfare issues, could be
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performed in a shorter period of time, and woul d be
| ess costly and burdensonme to industry.

Furthernore, it may not be reasonable to assune
that a device's wear debris froman ani mal nodel
will be sufficiently simlar to that generated
after inplantation in humans. Wuldn't there be

di fferent wear and | oad scenarios that would be
difficult if not inpossible to replicate using an
in vivo nodel ?

Second, with all due respect to FDA and
the panel, isn't there value in devel opi ng proposed
bi ol ogi cal testing nmethods within | arger consensus
groups, such as relevant |1SO and ASTM wor ki ng
groups? In the interim is there value in
requiring manufacturers to devel op and perform
nonval i dated tests with objectives not carefully
articul ated by the agency?

Third, should the agency's goal be to use
the nmedi cal device industry as a methods incubator?
Wi | e net hods need to be devel oped to characterize
the risks associated with wear debris, it is
unlikely that forcing the devel opnent of nethods
into the subm ssions process is scientifically
justifiable, effective, consistent with aninal

wel fare regul ations, or otherw se ethical
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| have provided the panel w th numerous
techni cal questions regardi ng proposed testing, and
those are made avail abl e outside on the table.
Unfortunately, these questions are inpossible to
fully present within ny allotted tine.

To summari ze, however, ny questions relate
to the following: The rationale for performng
forei gn body eval uati ons when no wear debris is
gener at ed under physi ol ogi cal conditions; the
characteristics of wear debris we consider rel evant
to foreign body reaction; the dynam c aspects of
particle generation; the possible role of
pre-existing pathol ogy; and the considerations for
sel ecting the nost appropriate nodel for either an
invitro or in vivo test.

Last, given the need for basic
research--not research as part of a subm ssions
process; they are two different things--1 would
like the panel to cone up with suggestions on what
the agency and industry can do to satisfy debris
safety concerns while validated nethods are being
devel oped. |In other words, how do we get from here
to there?

Thank you.

DR. YASZEMSKI: Thanks very nuch, Dr.
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Sei dman.

Next, Di ane Johnson

M. JOHNSON: My name is Diana Johnson. |
ama full-tinme enployee of Medtronic Spina
Dynami cs.

Wth respect to one of the questions posed
by FDA, Spinal Dynamics is requesting that the
advi sory panel specifically consider FDA' s position
on durability testing and its relationship to wear
particul ate testing.

In the questions, FDA suggests durability
testing should be conducted and the | oads and
motions utilized in the testing should be
justified.

In a related question, FDA is al so
requesting information related to the biologic
effects of particulate that is generated by devices
foll owi ng i nplantati on.

Spi nal Dynamics is requesting that the
panel consider the follow ng specific questions.

Sinul ation testing for hips and knees is
conducted utilizing | oads and notion representative
of activities of daily living, as opposed to
maxi mum | oads and notions. This approach is based

on 20 years of research which shows that explanted
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devi ces show wear sinilar to that produced during
simul ation testing conducted at the ADL | oad and
nmotion profile. This testing nmethodology is
currently recomended in ASTM testing nethodol ogi es
for hips and knees, which indicate that | oads and
nmot i ons shoul d be those associ ated with wal ki ng.

In light of the correlation that is
clearly established for other joints, is it
appropriate to performsinulation testing for
functional devices at activities of daily living or
at maxi mum | oads and notions at some tinme suggested
by FDA?

If the biologic effect of particulate is
appr oxi mat ed usi ng simul ator-generated particul ate,
should the particle size and distribution and
quantity be deternmined using a | oad and notion
profile associated with the activities of daily
l'iving?

If the biologic effect of particulate is
approxi mat ed using particul ate generated in an
ani mal nodel, there is likely to be sone | evel of
nonphysi ol ogi ¢ | oadi ng, especially if a quadruped
is utilized. This may result in the production of
particles that would not be generated in humans

under physi ol ogi ¢ | oadi ng.

file://IC|/Storage/1121orth.txt (239 of 309) [12/2/02 8:59:36 AM]

239



file://IC|/Storage/1121orth.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Does the generation of particulate due to
nonphysi ol ogi ¢ | oadi ng necessarily invalidate the
nmodel in terms of the evaluation of effects of
particulate that is wear-generated in the nodel ?

Thank you.

DR, YASZEMSKI: Thank you very nuch.

Next, Dr. Bail ey Lipsconb.

DR. LI PSCOVB: Menbers of the panel, mny
nane is Bailey Lipsconb, and | am Vice President of
Clinical Affairs at Medtronic Sophonore Danik in
Menphi s, Tennessee. W appreciate the opportunity
to nake a few comrents concerning issues that
af fect our IDE clinical studies both for nonfusion
and for fusion spinal inplants.

First, after having sponsored numnerous
clinical trials on spinal inplants, we believe that
oswestri [phonetic] pain success should be based on
a percent inprovenent from baseline rather than the
current FDA-nmandated 15-point inprovenent. This
recogni zes that preoperative scores have a
substantial range and that it is easier for a
patient with a preoperative score of 80 to inprove
15 points as opposed to a preoperative score of 40.

W recommend a success for oswestri

[phonetic] or its cervical counterpart, the MJ, be
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a 20 percent inprovenent form baseline.

Second, we are concerned about FDA's
recent condition on assessing neurol ogi cal status
in IDE clinical study patients. This is a very
i mportant consideration, since neurol ogical status
is one of the conponents of the overall success
criteria which is the primary outcone vari abl e.

Al ong with neurol ogi cal success, you have
fusion, you have pain success, and you have no
serious device-related safety issues. These are
the conponents of overall success. Therefore,
anyt hing affecting neurol ogi cal success directly
i mpacts the overall success rate and ultinate
concl usi ons fromthe study.

Heretofore, the prem se for classifying a
patient as a neurol ogi cal success is that their
overal |l neurol ogical condition after surgery is no
worse than it was before surgery, and there were
means for summarizi ng the approxi mately 40-pl us
assessnents of sensory, notor function, and
reflexes to make this determ nation

Recently, FDA has required that
neur ol ogi cal success be based on no worseni ng of
any single neasurenent in the entire neurol ogica

assessnent. Stated another way, if any one of the
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40 post-operative nmeasurenents is worse than the
preoperative measurenent, then the person is a
neurol ogi cal failure and therefore an overal
success failure for the study.

St at ed anot her way, a person could be
fused, have dramatic pain relief, no adverse event,
and intact both in terns of sensory and notor
function, but could be a neurol ogical and an
overal |l failure because one reflex neasurenent
after surgery was worse than the preoperative
measurenent. And that is in light of the fact that
ot her reflex neasurenents could have inproved

W believe that FDA' s current requirenent
for interpreting neurological results exceeds the
prior intent of discerning whether a patient is as
neurologically intact after surgery as before. W
believe this new directive may m srepresent the
true neurol ogical status of study patients and will
i nappropriately | ower study success rates.

The third point pertains to unnecessarily
|large clinical study sizes. As you are aware, nany
spi nal inplant studies are noninferiority trials in
whi ch investigational treatnment is conpared to a
standard of care control. Sanple sizes for these

studies are primarily inpacted by two factors--one,
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the overall success rate for the study, and two,
the noninferiority margin. | will not dwell on the
overal | success rates, even though their

mul ti - conmponent nature drives their values toward
50 percent in higher sanple sizes. Rather, | want
to focus on the selection of the noninferiority

margi n, or delta.

The inpact of delta selection is dramatic.

A difference of one percentage point can add 100
patients to an overall study size. Presently, FDA
advi ses that delta not exceed 10 percent regardless
of the success rate. W believe that this
one-size-fits-all approach is inappropriate and
that delta should vary with the success rate. For
exanple, in a range of success rates between 50 and
95 percent, the delta could vary between 12-1/2 and
7-1/2 percent, respectively. Statistica
literature supports our proposal

The deltas described above will yield a
sampl e size of about 450 patients in a two-arm
study, adequate enough to characterize the safety
and effectiveness of a spinal inplant. O herwi se,
the sanpl e sizes can approach 700 patients.
Clinical studies of this magnitude are very

burdensome, delay the availability of new
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technol ogi es to surgeons, discourage the pursuit of
new treatnment nodalities, and nost inportantly, are
unnecessary.

If you are concerned that you rmay approve
a device that is observed to be nore than 10
percent worse than the control, the reality is that
this won't happen. Even with a delta of 12-1/2
percent and a sanple size of 450 patients,
noninferiority could not be clained if the observed
control success rate were 60 percent versus a 55
percent rate for the investigational group--only 5
points different.

I n concl usion, we appreciate the pane
considering these three points and would like to
thank FDA for the opportunity to nmake these
conmment s.

Thank you.

DR YASZEMSKI : Thanks very nuch.

Dr. Jansen?

DR. JANSEN. M nane is Rich Jansen. | am

Vice President of Regulatory and Cinical Affairs
at Di sc Dynanics, |ncorporated.

Di sc Dynamics is an early-stage medica
devi ce conpany in the M nneapolis area, devel oping

a di sc nucl eus prosthesis.
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I would like to comment on three issues
bei ng di scussed here today. First, | would like to
suggest that the radi ographic endpoint of measuring
fusion or notion on flexion and extension filns
shoul d be a secondary success criterion. | have
tal ked with many surgeons who have argued that
patients do not cone to their offices requesting a
fusion. Their concern is that they have
intolerable pain, they cannot go to work, they
cannot pick up their kids, and other activities of
daily living.

St udy success shoul d be neasured as
clinical inprovenment such as pain and function. W
shoul d nmeasure and report range of notion using
flexion and extension filns, but this should be a
secondary endpoi nt.

Regardl ess of the final radiographic
results, it is the patients that we should be
concerned about, and patients will consider their
surgery a success if they have manageabl e pain, can
go back to work and function in their usual daily
activities.

Secondly, | would Iike to point out that
we have been unable to find an acceptabl e nodel for

a disc nucleus prosthesis. Wth regard to the
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baboon, which is the nost frequently suggested
model , this may be a good nodel for fusion devices
or for total disc replacenents, but not for disc
nucl eus repl acenents.

We conducted the study using a baboon
model and found several limtations with this
nmodel, with less than desirable results. The disc
space is so narrow that even in the hands of a very
good and experienced surgeon doi ng ani mal research
with this nodel, many of the endpl ates were danaged
during surgery in both the sham operated | evel and
the nucl eus-inplanted level, indicating that this
was a result of the discectony procedure, not the
devi ce.

In addition, the nucleus cavity in the
baboon is so small that the portal of entry to gain
access to the nucleus is about the sane size as the
inplant, leading to a high rate of extrusion. This
is not at all the case in humans, where the nucl eus
cavity and inplant size are many tines |larger than
the access port needed to inplant the D sc Dynam cs
devi ce.

Finally, we found extensive heterotopic
ossification in both the sham operated | evels and

the inplanted disc levels at 3 nonths. These
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1 i ssues make this nodel unsuitable for mechanica

2 eval uati ons.

3 We have also tried the mni pig nodel and
4 found the same limtations with that as we did with
5 t he baboon nodel

6 So unfortunately, we do not believe that
7 there is an adequate nodel to address di sc nucl eus
8 prostheses at this tine.

9 The third issue | would like to address is
10 a statenment nmade in the draft questions for this

11 meeting. these are the draft questions dated

12 11-12-02. There is one sentence in here that |

13 would like to read.

14 "Because devices not intended for fusion
15 are intended to stabilize the spinal notion segnent
16 and retain functional notion, they nust be designed
17 to last the lifetime of the individual rather than
18 until fusion has occurred."

19 Total disc replacenents and di sc nucl eus
20 repl acenents are frequently referred to as spine

21 arthropl asty devices. |If we |ook at our orthopedic
22 counterparts at hip and knee arthropl asty, we know
23 that they are not expected to last the lifetine of
24 all patients. Based on the type of spine

25 arthroplasty device, there are sone devices that do
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not preclude reasonabl e and appropriate foll ow up
surgical procedures if required.

I would Iike to suggest that we | ook at
each type of device before concluding that all
spi ne arthroplasty devices nust be designed as
lifetinme inplants.

Thank you for the opportunity to consider
t hese i ssues.

DR YASZEMSKI : Thank you.

Dr. Norton?

DR. NORTON: M nane is Britt Norton, and
I am Vice President of Research and Devel opnent
with Raymedica in M nneapolis.

M. Chairman, distinguished nenbers of the
panel, thank you for the opportunity to speak with
you.

We agree with the objectives and many of
the concepts in the spinal guidance docunent and
draft questions, but there are a few areas that we
feel nerit further discussion.

[Slide.]

In devel oping test methods for prosthetic
di sc nucl euses, which I amgoing to focus on today,
the fundanmental differences between the nucl eus

repl acenent and fusion nust be recognized.
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Specifically, nucleus devices are intended to

mai ntai n segnental notion and performtheir
stabilization in that manner. Fusion devices, of
course, are intended to elimnate segnental notion.

Nucl eus devices are intended to function
in concern with the surrounding tissues of the
endpl ates, the annulus, the liganments, and the
facette joints. Fusion devices, of course,
generally render the surrounding tissues nore
nonf uncti onal

[Slide.]

These differences in approach to
stabilization are reflected in device function and
the conponent materials as well. Nucl eus devices
are intended to mmc | oad-deformation behavior of
a nornmal disc, while fusion devices replace that
normal disc with solid bone nass.

Current designs for nucl eus devices
utilize elastoneric polynmers, which have a high
strain capability and hi gh energy absorption
capability. O course, fusion nmaterials are rigid;
the netal s are pol yner conposites possessing | ow
strain and are nmore energy-transmtting than
absor bi ng.

El astoneric materials used in nucl eus
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devi ces have high fatigue durability, nore netals,
and fusion devices are prone to enbrittlenent
foll owi ng fatigue.

Wth these things in mnd, | wuuld Iike to
very briefly talk about the tests described in the
questions proposed. Conpression fatigue,
durability/shear testing, | will lunmp together;

m gration, expulsion, creep and stress, rel axation,
and potential for generating wear debris.

[Slide.]

Wth regard to conmpression fatigue
testing, the proposed test is nore appropriate for
metal lic than el astomeric constructs.

Specifically, an asynptotic endurance limt as
proposed is typically used to describe strain
hardeni ng and enbrittl enent of netals due to
fatigue, whereas el astomers can accommodat e
relatively large strains, thereby reducing the
val ue of this test for testing nucl eus devices.

It is also mentioned that the proposed
requirenent for an appropriate control device
shoul d be reconsidered as for this type of device,
one does not currently exist.

[Slide.]

Wth regard to durability testing, the
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proposed test is nore appropriate for total disc
repl acenent, especially regarding wear debris.
Wth the total disc replacenent, segnental notion
results in relative novenent of the rigid device
components offering a | arge shear component wthin
the device. Wth nucl eus devices, segnental notion
results in nore focal conpression of the
el astoneric device, with nmuch smaller anmount of
shear conpression.

[Slide.]

Wth regard to shear testing, we suggest
that a single fatigue conpressive shear test could
satisfy the intent of conpression fatigue,
durability and shear test for this kind of device.

Conpressive testing using angl ed pl atens
can provi de both compressive and shear forces
simlar to the lordotic geonetry of the |unbar
spine. W propose eval uating device functionality
followi ng fatigue rather than deternining
asynptotic endurance limts, and al so propose that
tests be perfornmed in sinulated physiol ogic
environment, in saline solution, and the sol ution
can then be evaluated for particul ates foll ow ng
the test.

[Slide.]
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Wth regard to migration and expul sion
testing, there is a basic concern here that the
mechani smresponsi ble for mgrations and expul si ons
seen clinically in some devices has not been
docunented. Devel opnment, then, of a bench test to
eval uate this would not be validateable.

Shoul d ani mal testing be considered, the
differences in | oads and di sc geonetries between
human and ani nal | unbar di scs woul d prevent the use
of this test data to predict migration and
expul sion in humans.

Shoul d sinul ated use testing in cadaver
ti ssue be considered, for instance, using cyclic
compl ex notion, the natural degeneration at even
roomtenperature of this type of nmaterial would
really limt the applicability of this type of
test.

So the best evaluation for migration and
expul sion is controlled clinical study. The risks
associated with clinical nigration and expul sion so
far appear to be no greater than reherniation
fol |l owi ng di scectony.

[Slide.]

Wth regard to creep and stress rel axation

testing, it is inportant to note that the choice of
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test parameters such as load or |oad duration nust
be made based on the objectives of the test.
Physi ol ogically rel evant test conditions should be
used when eval uating finished devices.
Nonphysi ol ogi cal ly rel evant test conditions can be
used to eval uate conponent materials, but cannot be
used then to predict in vivo device performance.
The val ue of such a test would then becone
quest i onabl e.

[Slide.]

Lastly, potential for generating wear
debris, and specifically to the question of using
ani mal nodels. The viability of a functiona
ani mal nodel is unproven. Animal nodels are not
adequately functional with regard to a prosthetic
nucl eus, again, a device designed to maintain
mot i on and bi omechani cal function of the disc.

Specifically, there are significant
di sparities between humans and aninmals with regard
to | oad-generating activities, posture, and ranges
of motion. Specifically for quadrupeds, their
spi nes generally | ack bi concave endpl ate shapes in
humans. Combi ni ng these provides a great potentia
for device expulsion, requiring the use of an

unaccept abl e nunber of aninals, to then gain
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1 questionable results.

2 [Slide.]

3 Ani mal s that possess sone bi pedal ability,
4  such as baboons, have small disc spaces that will

5 require mniaturized devices. The problemwth

6 this is that proportional scaling of these devices,
7 especially those that are conposite in nature, with
8 expansion-limting components, the proportiona

9 scaling will likely have a nontrivial effect on

10 devi ce performance due to material and geonetric

11 nonlinearities.

12 To devel op such a device for a baboon,

13 say, the test would effectively beconme an

14 eval uati on of a device designed for that aninma

15 rat her than one designed for humans.

16 [Slide.]

17 In summary, prosthetic nucl eus devi ces,
18 total disc replacenents, and fusion devices all aim
19 to stabilize the spinal segnment but do so in

20 completely different ways. The tests used to

21 eval uate these devices nust recogni ze these

22 di fferences and be specifically designed for each
23 type of device

24 | also want to mention that the

25 appropriate patient groups for each type of device
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may not be the sanme, and as such, any one type of
device will likely not be an appropriate test
control for another type of device.

Thank you.

DR. YASZEMSKI: Thank you

May | ask one nore tine if M. Valduvit is
her e?

[ No response. ]

DR YASZEMSKI: No. Before we concl ude
t he open public session, would anyone else like to
address the panel ?

[ No response. ]

DR. YASZEMSKI: Seei ng none, we wl|l
proceed with Dr. Buch and the FDA | ead
present ati on.

FDA Presentation

DR. BUCH: Hello again. M nane is Dr.
Bar bara Buch, and | am an orthopedi c surgeon and
menber of the FDA's Orthopedic Devices Branch

At the outset, I'd like to stress that
this discussion is not related to any specific
device, nor is it related to any one specific
preclinical or clinical trial related to any
speci fic device

It is nmy fervent hope that this discussion
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wi || endeavor to provide the panel with provocative
questions to stimulate a di scussion which may
ultimately provide information to aid and update
our current thinking regarding guidelines for
clinical trials which strive to prove the safety
and effectiveness information for many spina

devi ces.

This will include both preclinical and
clinical aspects of clinical trials and will focus
on the study of energing spinal technol ogies.

Just by way of background, in January of
2000, the FDA issued the Guidance Docunent for the
Preparation of IDEs for Spinal Systens. Prior to
its issuance, ORDB presented a prelininary
background docunent to the Othopedic and
Rehabilitati on Devices Panel. During the COctober
8, 1998 panel neeting, input was received from
panel nenbers and the public which resulted in the
current gui dance docunent which is available to the
publi c.

At that time, the FDA requested sone input
on nonfusion devices which are not intended to
facilitate fusion of the spine. Unlike fusion
devi ces, these devices allow sone functional notion

through various |levels of the spine. These include
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device that provide stability while continuing to
al | ow sorme percentage of normal or functiona
nmoti on, devices which allow notion and grow h, and
devi ces which stabilize vertebral body and spina
fractures.

Exampl es of these devices were included in
the references enclosed in the panel package.

The current spinal guidance focuses
primarily on spinal fusion devices for various
etiologies, with brief guidance on such nonfusion
devi ces as vertebral body replacements and disc
repl acenents.

Wi | e the FDA gui dance for spinal inplant
510(k)s issued Septenber 27, 2000 outlined in
detail devices intended for fusion, and there is a
vol untary testing standard avail able for pedicle
screw systens and intervertebral body fusion
devi ces, these being ASTM 1717 and ASTM 2077,
respectively, many sponsors have chosen to nodify
versions of these two testing standards to address
different types of spinal systens.

Because there a\re currently testing
standards in devel opment, the FDA has asked
sponsors to contact appropriate standards bodies,

i ncluding ASTM and | SO, for additional information.
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As the scope of spinal devices expands,
the FDA recogni zes that the need to update the
spi nal guidance to include additional clarification
and suggestions for preclinical testing, clinical
assessnents, endpoints, and success determ nations
related to energing spinal technologies is
necessary.

Therefore, | will begin with what is
typically our current recomendati ons to conpani es.

Currently, the FDA gui dance for spina
i mpl ant 510(k)s, which extensively covers devices
i ntended for fusion, reconmends various static and
fatigue testing for spinal devices. Because
devi ces not intended for fusion are intended to
stabilize the spinal notion segnent and retain
functional notion, they nust be designed to | ast
the lifetime of the individual rather than unti
fusion occurs. This corresponds to the definition
of a spinal inplant as stated in the guidance.

Therefore, the current testing typically
requested for devices intended for nonfusion may
not be adequate. In addition, the current testing
for fusion devices nade of other materials than
stainless steel and titaniummy al so not be

adequat e.
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The FDA currently requests the foll ow ng
testing for spinal devices. For fusion devices,
for exanple, devices intended to stabilize by
fusing notion segnents, those being pedicle screw
systens, intervertebral fusion devices, and
vertebral body fusion devices, fatigue testing is
request ed.

This shoul d involve a m ni mum of six
sanpl es of the worst-case construct to generate
stress or | oad versus the nunber of cycles in a
curve that characterizes the asynptotic endurance
limt conpared to an appropriate control device.

The rationale for components chosen as the
wor st - case scenari o should be provided by the
sponsor.

The interconnection nmechani snms or systens
may be tested in the sane set of constructs, or
each in a separate set of constructs. Each
i nterconnecti on mechani smshould be tested, or an
adequate rationale for not testing the
i nterconnections is asked to be provided.

Additionally, testing should be performnmed
out to a mnimumrun of 10 mllion cycles for
intervertebral body replacenent devices intended

for tunor patients, because these patients may
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represent a great difficulty in achieving fusion
Therefore, this device is acting nore like a
stabilizer in this condition

The second test that is required is a
static test. This should involve a mninumof five
sanpl es of the worst-case construct. As wth
fatigue testing, the conponents tested and the
| oadi ng nmode shoul d be justified.

Exanpl es of these types of construct
testing typically perforned for a given type of
spinal systemin order to establish relative safety
are as follows. For lunbar and thoracic pedicle
screw systens that are intended for fusion, both
static and fatigue testing as well as bending
testing should be provided, this in accordance to
ASTM St andard 1717

For cervical, pedicle, or lateral nmass
systens intended for fusion, static and fatigue
testing should al so be provided. The |oading node,
either torsional or bending, is dependent on the
design and the materi al

For intervertebral body fusion devices,
static and fatigue testing again should be
provided. The |oadi ng node, which may be axial,

torsional, bending, or shear, is dependent on the
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design, the material, and the | evels and nunber of
| evel s of use.

Finally, for vertebral body repl acenent
devi ces, static and fatigue testing in bendi ng and
torsi onal | oadi ng nodes shoul d be provided.

Now | et's | ook at nonfusion devices.
These are devices intended to stabilize the spine
yet retain sone kind of functional notion over a
wi de range. These night be things Iike disc
nucl eus repl acenents, intervertebral disc
prost heses, and screw or hook-based stabilization
spi nal systens that do not attenpt to afford a
f usi on.

These are sone of the itens that the FDA
bel i eves m ght be appropriate to consider. The
first is conpression fatigue. This fatigue testing
shoul d i nvol ve a mini mum of six sanples of the
wor st -case construct to generate a stress or |oad
versus the nunber of cycles curve that
characterizations the asynptotic endurance limt,
which is then conpared to an appropriate control

The rationale for the conponents chosen as
wor st case agai n shoul d be provided.

The next testing is durability testing.

Durability testing should involve cyclical |oading
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testing in several |oading nodes--for exanple, in
fl exi on-extension, |ateral bending, and axial
rotation. And it should involve a m ninmum of six
sanpl es of the worst-case construct carried out to
10 mllion cycles.

This test can either be conbined to
incorporate all testing directions to one test or
separated into each | oadi ng node

Durability testing establishes |oading
direction, the stability of the device, and wear
generation potential. Cdinical justification for
the | oads and angl es chosen are asked to be
provi ded.

Static conpression testing should involve
a mnimumof five sanples of the worst-case
construct. As with fatigue testing, the conponents
tested and the | oadi ng node shoul d be justified.

O her potential tests that are not as
clearly defined might be: mgration and expul sion
testing, static and dynam c shear testing, creep,
and stress-rel axation testing.

Exanpl es of the types of construct testing
typically perforned for a given type of spina
systemin order to establish relative safety are as

follows for these nonfusion-type devices.
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For vertebral disc replacenent, static and
fatigue testing in nultiple-load nodes shoul d be
provided out to 10 mllion cycles.

For stabilization pedicle screw systens
i ntended for nonfusion, dynam c shear testing and
torsion testing would be provided.

For nucl eus repl acements, expul sion
testing is requested. For nucl eus replacenents as
wel |, fatigue conpression testing on new and aged
devi ces shoul d be provided.

For devices with pol yner components, creep
and/ or stress-relaxation testing should be
provi ded.

Dependi ng on the design of the system the
sponsor may need to performdifferent tests in lieu
of those identified above, performadditional tests
in different testing nodes, and provide testing on
i ndi vi dual conponents of the subject system

Wiile there is a voluntary standard
avai l abl e for pedicle screw systens intended for
fusion and for intervertebral body fusion devices,
many sponsors have used nodified versions to
address different types of spinal systens relative
to their device. Because there are testing

standards in devel opment for these devices as well,
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264
sponsors are advised to contact appropriate
standard bodies for information regarding test
setups and paraneters for their specific device.

Now, having this background, we'll get to
the questions at hand.

The first question deals with preclinica
issues. W would Iike the panel to please comment
on the currently-recomended preclinical nmechanica
debris and wear testing to evaluate new nmaterial s,
device properties and integrity, and the wear
debris for fusion and nonfusion devices. Wthin
this, we would like you to discuss what additiona
testing, if any, should be added to current testing
recomrendations for the follow ng devices, and we
would Iike to ask you to nake your comments for
each of the foll owi ng subcategories of nonfusion
devices--intervertebral disc or joint replacenents
that can be placed in the cervical or
t horaco- | unbar areas; stabilization devices for
nonfusion; intervertebral disc nucleus
repl acenents, and devi ces manufactured out of new
materi al s.

The second preclinical issue is this. The
FDA is currently requesting information for any

device used in the area of the spinal cord and
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nerve roots that has the potential to generate
debris regarding |ocal and systemic effects. For
those incorporating new naterials such as pol yners
or conposites or other designs for both fusion and
nonfusion, the FDA currently recomrends t hat

manuf acturers performwear sinulations and fatigue
tests to evaluate the potential for the device to
generate wear debris.

The FDA believes that the wear debris
generated fromthese tests should be collected and
characterized. For those devices where this may be
an issue, the FDA has suggested two options based
on current literature and nethods enpl oyed in
spi nal research studies. These include an
injection study of various-size particles into the
spinal cord area of small animals and functiona
ani mal nodel s.

Because of the limtations of the current
testing nethods and nodel s, shoul d devi ces nmade of
new materials and/or those intended to retain
nmotion be tested for | ocal and systenmic effects
i ndependent of the type of material or the anount
of wear debris generated?

If you suggest that testing be perforned,

pl ease describe the testing that you woul d
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recommend. For exanple, discuss the viability and
useful ness of injection animal studies, including
the anmpunt and distribution of sizes and shapes of
wear debris that should be injected into the

ani mal, which can then predict what may occur
clinically for the life of the inplant.

Second, discuss recomendations and the
viability and useful ness of a functional aninma
nodel in predicting what may occur clinically for
the life of the inplant, or discuss any
alternatives you may have

Next, | would like to get to the clinica
i ssues and sonme questions that we woul d have for

t he panel

For spinal assenblies not intended to fuse

nmotion segnments, as | have just delineated, the
goal s of treatnent may be to stabilize the spine,
mai ntain normal or functional notion, or treat
di sease early in its course to prevent further
progressi on and to conserve notion instead of
fusing segnents of the spine to alleviate pain and
restore function.

These types of devices provide chal |l enges
in choosing the best nmethods to eval uate safety and

ef fecti veness.
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Qur current spinal guidance descri bes
met hods to assure that data collected provide
adequat e characterization of the safety and
ef fectiveness of devices.

A copy of the spinal guidance was provi ded
to all panel nenbers, and as | have stated before,
is available to the public on the Wb, and these
sections will not be repeated here. However,
woul d direct your attention to the appropriate
patient inclusion and exclusion criteria, the
ef fecti veness eval uations, safety eval uations, and
patient and study success criteria.

The FDA believes that the popul ati ons and
goal s of treatnent may be different for devices
that maintain functional notion. Therefore, we
will ask you to please discuss study designs which
may be better-suited to eval uate nonfusion spina
devices. |In your discussion, we would like you to
pl ease comment on enrollment criteria, patient
popul ati ons, controls, success criteria, and goals
of the study, each of these that woul d be suitable
for these types of nonfusion spinal devices.

Devi ces intended to stabilize the spine
yet retain functional notion are expected to have

an upper limt of notion beyond which one woul d
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consi der the device to be unstable and a | ower one
bel ow whi ch one woul d consi der the device to have
i nadequat e notion or possibly even consider the
segnent to be fused.

Therefore, we are going to ask you to
pl ease di scuss the anpbunt of notion and on what
scale to define a patient as a functional and
clinical success--for exanple, a clinically
significant inprovenent in the condition for each
of cervical, thoracic and lunbar |evels for

nonf usi on spi nal devi ces.

Those are all the questions we are putting

bef ore you.

DR. YASZEMSKI: Thanks very nuch, Dr.
Buch.

We are now going to begin the pane | ead
reviews, and I'll ask Dr. Kirkpatrick to start with
his preclinical and clinical reviews, and then
we'll ask Dr. Doull to followon with the
t oxi col ogy review.

Dr. Kirkpatrick?

Panel Revi ews
DR. KI RKPATRI CK:  Thank you
My di stingui shed col | eagues on the panel,

our FDA friends have invited the guy from Al abanma
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to address the preclinical and clinical issues, so
I need to paraphrase the questions to better
under st and t hem

In essence, we are being asked to
recomrend nechani cal testing of unknown devices
when there is no current validated or consensus
met hod to test them

We are being asked to recomrend test
met hods for devices for a wide range of designs and
i ntended use with no specifics known to us yet.

We are asked to recommend toxicol ogy and
bi ocompatibility for unknown nmaterials and debris
with no validated test mnethods.

We are asked to recommend clinica
eval uati ons where the indications, intended use,
controls, and safety concerns are not specific.

Now, if that's not enough for us, I'm
worried about the tinme that we have. At any rate,
I would Iike to also give a brief coment on sone
of the concerns that were raised by industry and
i ndependent representatives fromthe public, and
that is fromthe standpoint of the panel, ny
di scussion is going to be what we would like to
see, not necessarily what we would accept. In

ot her words, we always work from conpronise, so
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fromthe standpoint of being an incubator for
testing, yes, we will ask for the conpanies to
satisfy the burden of sone of the questions we have
with regard to safety and effectiveness, and there
may not be current test nmethods to do so.

We al so may recomend that the extensive
nature of the tests nay be pretty high, but that is
where conpromi se cones in in wrking with the FDA
revi ewer panel

Wth regard to preclinical questions, |
bel i eve that these devices require nechanica
characterization; they should be | oaded in all
i ntended and antici pated nodes of | oad and notion
to nmechanical failure to characterize what anount
of load will bring a failure. They should have
durability testing at a physiologic | oad and notion
with anticipated | ength of service--1 am concerned
that the 10 million cycles currently recommended is
alittle bit lowif we think of a 40-year-old, |ike
my nei ghbor, who rose every norning, 5 days a week,
and rode a couple of mles, that is a lot of |oad,
a lot of notion, and a |lot of repetition of that
motion,a nd I don't think 10 mllion cycles would
represent a very long period of time for himif we

are looking at a 40-year-old with hopefully a 10-
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to 15-year life span of the disc replacenent, for
exanple, simlar to what a joint replacenent would
be expected to do.

I do think that physiologic | oad needs to
be considered very seriously. Physiology for a
grandnot her as far as |oading her lunbar disc is
very different fromthe physiol ogy of my nei ghbor
| oadi ng his |unbar disc.

In addition, | think that nechanica
characterization should include device changes
after durability testing, and that includes | ooking
at the wear, the characterization of debris,
pl astic deformation, geonetry changes, and any
mechani cal changes of polyneric or other type
materials that we may not be review ng yet.

As far as potential tests, | agree that
m gration and expul sion are inportant to consider
wi th nucl ear replacenents. | think that static and
dynani ¢ shear testing nay al so be inportant,
dependi ng on the design and intended use of the
inmplant. Creep and stress relaxation for visca
el astic designs are inportant as well. | think we
all know that when we stand, our disc spaces shrink
during the day. And | also think that eval uation

of bone inplant interface may be required,

file://IC|/Storage/1121orth.txt (271 of 309) [12/2/02 8:59:37 AM]



file://IC|/Storage/1121orth.txt

1 dependi ng on the specific design of the inplant.

2 Overall, | think that each of these

3 devices that is intended to preserve notion, we

4  should define those notion limits, and | think the
5 best way to do that in current literature is

6 stability testing. W should conpare to a quote

7 "normal " and a quote "expected" based upon the

8 device. W should characterize the neutral zone

9 and elastic zone of these devices and characterize
10 the failure at the extrenes of notion for these

11 devices, as many tines, a patient may be in an

12 accept and have to extend nore or flex nore than
13 they woul d do under physiol ogi ¢ | oadi ng.

14 Wth regard to new materials, | think

15 bi oconpatibility and toxicology are inportant, and
16 I will defer that to our other panel menbers.

17 We do need to characterize any corrosion,
18 wear, or biologic response to such debris, and

19 think shelf life and in vivo degradation are

20 important in sone of the polyneric devices and

21 materials that nay be conming down the pike.

22 Nucl ear repl acenents, | think they require
23 mechani cal characterization as well, and | would
24 i nclude creep and stress-rel axation, expul sion

25 testing, stability testing. |If sinpler tests can
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be validated, | think it is appropriate to use
t hem

I think that the insertion site repair of
di sc nucl ear replacenments should al so be tested.

In other words, to get something into the disc
site, into the nucleus, you have to go through the
annul us. Wether they are using the place where
the disc herniated already or if they are doing it
in a degenerative condition, there may be sone type
of repair of the annulus, and that needs to be
tested as well.

We al so need to | ook again at degradation
and deterioration of properties over tine if they
are nonnetal lic inplants.

Wth regard to particulate debris, it is
unknown for the spine. | think we could follow the
total joint arthroplasty |ead, and perhaps we coul d
add sonebody with that expertise to the panel who
has a particular interest in particulate debris and
testing.

Ani mal nodel s do appear to provide us with
the best guess at present as to the effect of these
particul ates. Particulates in joints may differ
fromthe non-joint sites. Unless we are using a

facette joint replacenent, the spine nmay react
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completely differently than the total joint
arthroplasty. But right now, it again is a best
guess.

As far as debris around the dura and
whet her there is a neurologic effect, we don't know
that, either, and | think it warrants sone
i nvestigation. Perhaps an ani nal nodel would be
the nmost appropriate first guess at that.

Basically, sa far as particulate debris in
the spine, there are no established nethods.

Moving on to clinical issues, with regard
to inclusion and exclusion, | think the criteria
pl aced for fusion are appropriate. However, as we
noted in the earlier presentation today, | would
like to see the indications refined and specific as
opposed to fairly broad. W tal ked about--for
those not available for nost of the day--we had
four different fracture classifications of severity
of the fracture conbined with four different open
wound cl assifications, and as such, that creates a
very conpl ex and het erogeneous dat aset.

I would urge investigators to consider
making it as refined as possible for disc
repl acenents or nonfusion devices. | would al so

suggest that we consider the philosophy of the
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i mpl ant in picking the popul ations. Wen | say
that, there are sone issues with regard to disc
repl acenent, such as the adjacent segnent
degeneration. That has been proposed as a very
serious problem and that is why we are devel opi ng
these disc replacenents. | think that that is not
exactly an easy thing to say, that the degeneration
occurs at the adjacent segment just because of the
fusion. It may actually be happeni ng because of
the natural history of the spine.

Bi omechani cs has shown that your |oad on
the adjacent segnent is simlar to the load at the
af fected segnent, and other segnents farther away
fromthat adjacent segnment are al so subjected to
the same increases in |oad and notion,
bi omechanically. So the question is is that really
maki ng a big difference.

As far as primary neasures on what to | ook
at for clinical success, radi ographic nmeasures are
chal  enging at best. Validated pain neasures and
specific function neasures | think are appropriate.
The chal | enge of course remains as to how nuch
change do we need to see in those to call it a
success.

Specifically on radiographic criteria, the
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range of notion--again, flexion-extension views
give us very poor reproducibility and are very
challenging to interpret. It may involve having to
add extra inplants to the patient such as beads to
be able to actually do good notion measuremnents

I think the absence of bridging bone is a
reasonable thing; if we are trying to preserve
moti on, we should not have bridging bone result.
The bone inplant interface needs to be evaluated in
those that are supposed to be fixated. W should
not have radi ol ucenci es devel op

The inplant position should be eval uated
radi ographically. That woul d detect subsidence and
m gration.

The inpl ant geonetry, to detect where; the
di sc height, again to detect where and add to the
i mpl ant position issue; and adj acent segment--if we
are agreeing with the philosophy that we are
sparing the adjacent segnent from degeneration, we
can't see progression of the adjacent segnent
degeneration in the clinical trial

As far as safety, | think some key things
clinically we need to evaluate include what are the
revision options for these inplants. |Is

repl acenent of the device appropriate, or is the
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1 only option fusion after renoval of a fa

| ed

2 device? Are there other procedures that could be

3 done follow ng this?

4 If fusion after failure is the intended

5 treatment once an inplant fails, is that success

6 equal to a primary fusion? That should be included

7 in our evaluation of the success of the inplant.
8 And of course, we have al so heard about
9 neurol ogic effects. | personally believe that al

10 neur ol ogi ¢ effects should be reported, and the
11 panel should be given the opportunity to determ ne

12 whet her they feel it is caused by the device itself

13 or whether it is a surgical conplication.

14 Patient success neasures--1 think specific

15 radi ographic criteria should be devel oped. It

16 goi ng to be inplant-dependent. Specific

17 i mprovenent in pain and function--1 don't know how

18 much i mprovenent we should |l ook for. Should it be

19 50 percent inprovenent? Twenty-five percent?

20 Seventy-five percent? It is a very difficult thing

21 to pin down.

22 Fromthe reading of the FDA regul ations,
23 it sounds like if we have 5 percent inprovenent and

24 can denonstrate it, that is enough to satisfy the

25 efficacy. | amnot so sure, clinically,
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woul d put sonebody through a najor operation for a
5 percent inprovenent.

And then, what risk is acceptable for what
benefit? That's what the bottomline is on that
di scussi on.

On study success, what are the controls
going to be? Should we | ook at nonoperative
controls to denonstrate an i nprovenent over the
natural history? That would seemto be a | ogica
measure, especially in a nonfusion device that is
preserving notion.

Should we | ook at traditional operative
managenment to conpare pain and function scal es? W
obvi ously cannot conpare radi ographs there, but
pai n and function nmay be appropriate.

And then, what sort of followup should we
|l ook at? 1s 2 years adequate? Personally, | don't
feel that 2 years is adequate for sonme of these
studies. | think 5 to 10 would be better if we are
trying to |l ook at a | ongevity-producing inplant.

And then, how nuch inprovenent relative to
other treatnents, as | nentioned before, is a very
difficult question to answer.

In general as a summary, | woul d suggest

that nonfusion devices require nore extensive and
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conpl ex eval uations, both preclinical and clinical;
longer in vitro testing; different endpoints; and
envi ronnment al exposure should be evaluated in the
invitro testing, as well as stability testing.
Debris and particulate matter shoul d be
characterized and determ ned whether it is toxic or
i nduces an immune reaction. Degradation should be
evaluated as well. And we shoul d have extensive
clinical data to be able to nmake our judgnents.

In short, like ny teenage daughter around
Christmas tine, she'll ask for the world--but as
far as the others in the household are concerned,
we will adjust to sone specific requests, |ook for
rational and justifiable conpronise, and then work
together as a teamto serve our patients.

Thank you very nuch.

DR. YASZEMSKI : Thanks, Dr. Kirkpatrick

Dr. Doull, can we ask you to present your
preclinical toxicology review?

DR. DOULL: Well, I'mpleased that Dr.
Kirkpatrick included the nmechanical testing as part
of the efficacy. That means | don't have to dea
with that since | amgoing to deal with safety.

The safety issue, as one of the comenters

mentioned, boils down to whether the wear and tear
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debris has a chenical or a toxic effect or whether
it has a physical adverse effect, and how one sorts
that out.

There is no real basis that | know of for
concl udi ng that sinply because you reduce the size
of the material, that you induce sone special kind
of toxicity. It is a question of dose, and as you
reduce the dose, you reduce the toxicity.

Whet her the physical state of the materia
can in fact induce some special kind of toxicity I
think is sonething that needs to be explored, and
certainly that is one area where aninal testing
woul d hel p.

I think we have a strong background in
that area, however, and that conmes from our studies
with solid-state tunor agenesis. W know a | ot
about el astoners, silicone el astoners, asbestos,
metal s, and so on, about solid-state tunor
agenesis, and | think that gives us a good head
start on how we m ght approach the area here

By and large with solid-state tunor
agenesi s, as one reduces the size of the particle,
you reduce the propensity of that material to
produce tunor, and hopefully, one would have

simlar effects here.
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1 The specific kind of neurol ogical testing
2 that one mght do to | ook for particle size effects
3 I think is a challenge, and | am not aware of

4 really good aninal nodels in fact that would help

5 us with that, and | think clearly, we are going to

6 have to devel op sone good nodels in order to get a

7 handl e on this.

8 And 1'lIl leave the clinical areas to ny

9 col | eagues

10 Di scussi on of FDA Questions to Pane

11 DR. YASZEMSKI: Thanks very nuch, Dr.

12 Doul I .

13 What | would like to do nowif it would be

14 acceptable to FDA, Dr. Wtten, is to put the
15 questions up in the order that Dr. Buch presented

16 themto us, and let's discuss themone at a tine.

17 Thanks, M. Mel kerson.

18 The first slide discussed the preclinica
19 issues, and | think there are probably a few

20 questions enbedded in here, so we'll have to

21 separate themout a little bit, and I amopen to
22 di scussi on of ny nethod of separation if sonebody
23 thinks they can do it better.

24 The first bullet point, perhaps we can

25 take as a question: "Please coment on the
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1 currently recommended preclinical mechani cal

2 debris, or wear testing to evaluate new materials

3 device properties integrity and wear debris for

4 both fusion and nonfusion devices."

5 We all have the list that Dr. Buch gave us
6 of three slides of current recomendations.

7 Woul d anybody care to start, and then

8 we' |l go around and di scuss the current

9 reconmendat i ons?

10 DR NAIDU. Sure, | can start.
11 DR YASZEMSKI: Dr. Naidu
12 DR NAIDU. The current recomrendati ons

13 for fusion devices and nonfusion devices have been
14 specified by Barbara pretty well. The problemis
15 that major area where it lacks is nonfusion

16  devices.

17 The nonfusi on devices can conme in many
18 flavors. They could be thernoplastic el astoners,
19 they could be lightly crosslinked el astoners, they
20 could be highly densely crosslinked el astoners,

21 they could be crystalline polynmers, they could be
22 anor phous polyners. They could be nany things.

23 The problemis that depending on the

24 mat eri al that you choose, they will age, and

25 obvi ously, what you can't do is just base yourself
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on all these plain, old, sinple nechanical testing.
You are going to have to do sone sort of visca
elastic testing, whether it involves generating

ent hol - B [ phonetic[ curves and studying
crystallinity, whether you are going to use DVA or
thermal anal ysis, depending on the node of | oading
that you want to do, and dependi ng on whet her you
want to use torsion pendulumtests.

There are many varieties of tests. W can
sit down and discuss this issue forever here. | am
not exactly sure that we can reach a consensus,
because these materials are so variable. Like
said, it ranges all the way fromthernoplastic
el astoners to crosslinked to non-crosslinked to
crystalline to seni-crystalline to anorphous.

So | think that this is a very invol ved
topic. I'mnot sure that we are going to reach a
consensus at this point within the next hour or
two, and therefore, | think that all these issues
shoul d be addressed individually with the people
who are actually producing these devices.

When you start tal king about things like
peak, you have got to start thinking about whether
it is pure peak, neat peak, is it a conposite peak,

is it peak-on-peak. There are nmany things. So
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suffice it to say that there is a lot to be
di scussed.

DR YASZEMSKI : Thank you

Let's cone around this way. Dr. Finnegan
do you have anything that you would like to add to
Dr. Naidu's conments?

DR FINNEGAN: The only two things | would
add are that | would like to reinforce the fact
that the longevity issue and the properties after a
I ength of time on the shelf do need to be tested,
because the total joint supported denonstrated that
that is a probl em

The other issue | would bring up is the
met hod of sterilization, because again, if it is
ganmma radi ati on, and you have those kinds of
pol ymers, you will also have an effect. So that
al so needs to be tested.

DR YASZEMSKI: Thanks.

Dr. Kirkpatrick?

DR. KI RKPATRICK: | think conceptually,
nost of the things have been addressed. | would
suggest once again that wear testing and
characterization of wear debris would be
appropri at e.

DR. YASZEMSKI: Thank you
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Dr. Doull?
DR. DOULL: Not hi ng nore.
DR. YASZEMSKI : Thanks.
Dr. Aboul afi a?
DR. ABOULAFI A:  Nothing specific to add.
DR. YASZEMSKI : Thanks.
Dr. Schm dt?
DR SCHM DT: | don't have a lot to add

I am not a spine surgeon and not too up-to-date on
a lot of the testing nmethods we're tal king about,
but I do know a little bit about wear particles in
total joints, and | know that a conbi nati on of wear
debris and notion has been shown to be a bad
combination. So | think that that is sonething
that needs to be studi ed.

I think we need to work with the
regul atory agencies to define standards, and it is
going to need to be a long, involved process with
all the different players here to co ne up with
somet hi ng.

DR YASZEMSKI: Thank you

Dr. Larntz?

DR. LARNTZ: Just a couple of specific
comments. In the current guidelines, there are

sonme nunbers, like "N' equals 6 for SN curve. |
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have actually done a little bit of work with those,
and boy, | can't imagine what we find out with N
equal s 6.

I ama statistician--1 amnot an engi neer,
where everything is perfect and where everything
wor ks perfectly--but then, when | cone in and see
engi neers do nore than 6, they say, "Ww, | didn't
expect that to break out there."

So we have to be very careful with
speci fic nunbers, very careful, and | think we have
pretty inadequate characterization fromsome of the
standards that are set by so-called standards
agenci es--excuse ne for being a heretic on that.

And as far as things like cycles,
actually, | decided to do a little calculation. |
worry about my knees because | am a bicyclist, and
I just figured out that in 2 years, | do 10 million
cycles on ny bicycle. | have nothing else to do,
so that's nice, but I would Iike ny knees to last a
long tine, and if | have to do sonething else, |
woul d i ke those other things to last a long tine.

So we have to be very careful when we set
upper limts. | agree with Dr. Kirkpatrick's
comment. Many of the bounds that we are tal king

about are low-1"msorry, |I'mno speaking as a
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statistician now, | am speaking as a potenti al
consumer, okay--but as a statistician, | renenber
doing this stuff with wire or raw material, and the
engi neer said, "It never breaks, it never breaks,"
and | said, "Let's just try it." He put the thing
over the weekend, and he was surprised to cone back
and find half the speci nens broken that he thought
were going to be perfect.

So things to happen, and we have to be
very careful.

As far as other materials, obviously,
innovation is inportant, and testing is critical,
and peopl e have to have incredible intimte
know edge of these materials to develop the
appropriate tests. And | do believe there are
going to be a lot of very specific, very different
ki nds of tests devel oped, and | do think we have to
not underestimate--1'mgoing to put a plug in for
my own field--the variability in the results of
tests that we often do

Thank you.

DR. YASZEMSKI: Thanks, Dr. Larntz

Dr. Wtten, as we go over this round of
di scussion, I'mgoing to note that although the

first bullet of the first question is what |
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started out with, | think that the discussion
extended into additional testing, so if it is
acceptable to FDA, | think I'lIl summarize on the
first slide both current and new testing.

I think we probably will lend nore
het erogeneity to the slide than currently exists,
because there really is no consensus as to where
this is all going to go. And | think what | am
hearing fromthe panel nenbers is that that is
probably okay right now, because these are new
devices in a new field, and we can perhaps |earn
sonme things from problens that have occurred with
exi sting devices fromother fields.

They include that there will be a variety
of materials as there were for joints when joints
came up, and some commonalities were that wear
debris has been a problem so that we shoul d
probably | ook at wear debris in these new
materi al s.

The sterilization effect will be an issue,
especially in light of the fact that sonme of these
new materials perhaps will be conbination products
in which the effect of sterilization on biologics
associated with devices will really have to be

taken into account.
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Longevity and shelf life is inportant,

because we will have to know how | ong in advance
and what the demand is for these, and we'll have to
get sone idea for how long they will last on the

shel f before we put themin and maintain those
properties that we are tal ki ng about testing.
Several references have been nmade to the
vol untary standards organi zations, the ASTM and the
I SO, and perhaps as per Dr. Naidu's coment, we can
learn fromthe testing that exists under ASTM
usual ly Section (b), for polymeric materials used
for nostly nonbiol ogi cs, non-human devi ces, and
apply sone of those, the thermal tests and the
dynani ¢ mechani cal analysis that he nmentioned, to
the various polyneric devices that will occur here.
And | guess as a summary, what | have
heard from everybody is that each different
material may need a different set of tests, and al
the people who are part of this--the FDA the
i nvestigators, the companies, and the patients--are
going to have to work together and work this out.
It's not a very clear answer, but have we
addressed the issue to your satisfaction?
M5. WTTEN. yes. Thank you

DR. YASZEMSKI: Thank you
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We're going to nove on to the next
question, then. Dr. Buch, thank you

Question 2 concerns preclinical issues.

"For those incorporating new
mat eri al s--pol yners, conposites--or designs, both
fusion and nonfusion, the FDA reconmends t hat
manuf actures perform wear sinulations and fatigue
tests to evaluate the potential for the device to
generate wear debris. The FDA believes the wear
debris generated fromthese tests should be
coll ected and characterized. For those devices

where this nay be an issue, the FDA suggests two

options--injection study of various-sized particles

into the spinal cord area of small aninmals, and
functional animal nodels."

If I may start, | think we have already

di scussed in the last question that we believe wear

debris testing is inportant, so we'll say that that

shoul d be incl uded.

I woul d ask the panel nenbers please to
comment now on the type of wear debris testing.
The two that are nentioned here, spinal cord
particul ate and injection, and what woul d
functional ani mal nodels be--would anyone like to

comment on the ani mal nodel s?
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Dr. Kirkpatrick?

DR. KI RKPATRICK: My conment on the ani mal
nodel was this tal ks about into the spinal cord
area. | don't think that's very specific. | would
suggest that the particles or particulates that are
produced through wear testing of the device that is
made shoul d be placed in the area of intended use
adj acent to the dura. |In other words, if we are
| ooking at a |iganent replacenent that is going to
be posterior for |unbar spine only application, it
shoul d just be posterior on the dura. If we are
| ooking at a disc replacenent that produces wear
debris, it should be placed anterior to the dura.

If it is for cervical disc, it should be in the
cervical spine of whatever the aninmal is, so we
could represent whether there is a root effect or a
cord effect or both.

DR YASZEMSKI : Thank you

Ms. Maher?

Ms. MAHER M only comment on this is
that if we are going to be generating wear testing
on wear debris, the wear testing should be under
physi ol ogi cal | oads, not under the maxi mum | oad.

DR YASZEMSKI: Thanks.

Dr. Doul | ?
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DR DQULL: Let ne add to that that the
focus should be on the physical averse effects
rather than the chem cal adverse effects, which can
be tested in the conventional approaches. If we
are devel opi ng new technol ogy, it ought to be for
physi cal adverse effects.

DR. YASZEMSKI: Thank you

Dr. Kirkpatrick?

DR KIRKPATRICK: If | could just add two
caveats to what was just said, one is the
physi ol ogi ¢ | oadi ng of the nost vigorous patient
anticipated for the device would be appropriate as
opposed to maxi mal | oading. W also should | ook at
the i mmune response to the particul ate debris,
because that is the main problemin total joints.

DR. YASZEMSKI: Thank you

Dr. Larntz?

DR LARNTZ: If | can just conmrent a
little bit further, the testing at physiol ogica
| oad or even at maximal load is if you do it right
and think about it is near inpossible. Accelerated
testing is absolutely necessary, and nodeling of
those accelerated tests is the key to making sure
that they apply to the physiological |oad or the

maxi mal physi ol ogical |load. Testing at
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physi ol ogi cal |oad neans that you will never get
your test done. You don't want that. You want to
be able to get your test done, you want to be able
to get it done quickly, and accelerated testing is
the way to do that.

DR YASZEMSKI : Thank you

Dr. Nai du?

DR. NAIDU. The particle size is also
important, and just to reflect Dr. Larntz'
suggestion that accelerated testing is needed,
al ong the sanme lines, a barrage of particles, you
have to put those particles at the site, like Dr.
Kirkpatrick suggested, at the site of inplantation,
and reaction to such particles should be studied,
because as suggested, before accelerated testing,
these debris particles are going to be small, and
we don't know what the response is going to be.

It is the same thing in total joint
literature with polyethylene particles--you really
can't predict, but there is definitely a
correlation with size. So you have to do a
dose-response type study, inplanting such particles
in intended areas of use.

So | do concur with all the other pane

menbers as far as that goes
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Thank you.
DR. YASZEMSKI : Thank you

Dr. Kirkpatrick?

DR, Kl RKPATRI CK: Just one further comrent

on particle size. | don't think that the
manuf act urer should be required to produce
particles of a size that is not produced by wear
under physiologic conditions. |In other words, |
don't think we should arbitrarily ask for certain
size of particles. It should be justified by the
particles produced by that device.

DR YASZEMSKI : Thank you

Ms. Maher?

M5. MAHER | al so want to enphasi ze that
we need to be careful not to place the burden so
hi gh on the manufacturers that they decide not to
develop in this area, because while wear debris in
joints is a problem prior to having total joint,
it was a bigger problem So | think we need to
bal ance the risk and benefit of what we are asking
for.

I understand all the science that we are
bringing out in everything we have |earned, but if
peopl e say, fine, we aren't going to devel op any

artificial discs because the burden is too high,
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then | think that as a whole, the public has |ost
out .

DR YASZEMSKI : Thank you.

DR NAIDU. Can | just make an additiona
conment on that?

DR YASZEMSKI: Dr. Naidu, go ahead

DR. NAIDU. | understand that the burden
may be high, but we are also tal ki ng about high
stakes. These are neurol ogical tissues--the spine.
Total joint, you have the bone, and you have to
consi der that, too.

Thank you.

DR. YASZEMSKI : Thank you.

Dr. Aboul afi a?

DR. ABQULAFI A: | have nothing to add.

DR. YASZEMSKI: Dr. Doull, may | ask you
with respect to toxicol ogy--the FDA has asked us
about alternative animal nodels, and they nentioned
functional snmall aninmal nobdels. From a toxicol ogy
perspective, are studies performed in certain types
of animals directly expandable to humans?

What do we need to know from a toxicol ogy
perspective about the type of aninmal we reconmend
to FDA and to industry?

DR. DOULL: There are two cardinal rules

file://IC|/Storage/1121orth.txt (295 of 309) [12/2/02 8:59:39 AM]

295



file://IC|/Storage/1121orth.txt

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

296

in toxicology. The first is the dose nakes the
poi son, and the second is results in one species
are predictive for another species when properly
qualified

So all we have to do to use ani mal studies
is properly qualify them

In terms of the neurol ogical testing, Food
and Drug, EPA, and a number of agenci es have put
toget her sone guidelines for testing for
neur ol ogi cal effects, and for new substances, new
pol yners, new el astoners and so on, clearly, those
are the kinds of things one ought to do first,
because that is going to characterize the chenica
toxicity of the material, and we can do that before
we do any wear and tear debris studies up front, in
a sense, and much sinpler.

DR. YASZEMSKI: Thank you

Woul d anybody el se Iike to make a coment
on this issue, which will include both of these
slides--thank you, M. Ml kerson, for putting them
up.

[ No response. ]

DR. YASZEMSKI: Seeing none, Dr. Wtten,
we have had a discussion that | think has tended

towar d suggesting we bal ance the risk and benefit
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to patients and to industry's interest in pursuing
this. Particles, once generated, will probably
show a spectrum of particle size distribution, and
the recomendati on has been that we ask industry
only to test those particle sizes that will occur
in a specific device

Dr. Doull has let us know that if soneone
recomrends a certain device that it would be
prudent to test the material first, before putting
it in a device, to assess its chem cal toxicity and
then to check its physical effects after it has
been put in the device. W should use physiologic
| oads and accel erated testing, and again, be
flexible given the new and novel nature of these
devi ces.

W have al so heard that we need to be
concerned about the i mune response to these
particles.

Have we di scussed this adequatel y?

M5. WTTEN. Yes. Thank you

DR YASZEMSKI: Thanks, Dr. Wtten.

Let's go on to clinical issues, please,
Dr. Buch.

"FDA believes that the popul ations and

goal s of treatnent nmay be different for devices
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that maintain functional notion. Therefore, we are
asked to discuss study designs which may be
better-suited to eval uate nonfusion spina
devi ces."

We are asked to comment on enroll ment
criteria, patient populations, controls, success
criteria, and study goals that would be suitable
for nonfusion spinal devices.

These are devices, on the next slide,
"intended to stabilize the spine yet retain
functional notion. They are expected to have an
upper limt of notion beyond which one woul d
consider it to be unstable, a lower lint beyond
whi ch one woul d consider it to have inadequate
notion or possibly consider the segnment to be
fused. "

We are al so asked to discuss the anount of
nmotion and on what scale to define a patient as a
functional and clinical success.

Comments fromthe panel nemnbers on
t hi s--nonfusion devices, clinical studies,
exclusion/inclusion criteria, ranges of notion.

Dr. Kirkpatrick?

DR KI RKPATRI CK: Go ahead.

DR. ABOULAFIA: | was going to sort of
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echo what Dr. Kirkpatrick said earlier. One of the
i deas behi nd using these nonfusion devices is that
you may alter degenerative changes at adjacent
segnent. And hopefully, any study design would
compare possibly a level and simlar cohort of
patients, groups who have been fused at a
particular level, to see if there is a difference
in the natural history at the adjacent segment by
not fusing the treatnent |evel

DR YASZEMSKI: Dr. Kirkpatrick?

DR. KI RKPATRI CK: Just again reiterating
what | said earlier about inclusion criteria, |
think what is there is fine; however, the
investigators or the sponsors should seriously
consi der what indications they want applied to
their device. | don't think it would be
appropriate for themto consider studying a nucl ear
repl acenent, for exanple, in a Gade |
spondyl ol i sthesis unless they felt it was
distracting and reducing that particul ar di sorder.
O herwi se, there are going to be too many
conflicting issues.

Simlarly, for a disc replacenment, they
need to consi der whether they are | ooking at

deformity to correct. | think that would unduly
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1 conmpound their analysis and may alter their

2 results. So the cleaner the indication, the

3  better.
4 DR YASZEMSKI: Ms. Rue?
5 M5. RUE: From a consumer's perspective,

6 think that success criteria should definitely
7 i nclude i nprovenent of pain and functional capacity

8 and not just no digression in it, and to what

9 degree will have to be deternined.

10 DR. YASZEMSKI: Thank you

11 Dr. Larntz?

12 DR LARNTZ: Just a couple conmments to
13 followup. | think |I hear something about

14 honogeneity of popul ation for indication. | think

15 devices are typically used across a broad range of
16 patients. | think we have to nake sure that we are

17 not afraid of testing them across a broad range of

18 patients. | hear that a lot. People are worried
19 about--1 have heard that recently--sites being
20 different. | think that's actually an advant age.

21 We want to find out if things work across a range,
22 because they are used across a range. Even if it
23 i s past recomrended, |abeled with an indication, we
24 have got to recognize that that indication may not

25 be totally liniting.
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Wth respect to patient success, | think
we have had a lot of trouble at different tines

defining "patient success,"” and | think that should
be--1 understand the reason for that--1 think that
patient success, of course, is a

mul tivariate--nmultivariate--construct, for want of
a better term-heaven forbid, | thought |I'd never
use that word.

At any rate, what we need to do is think
hard about conparing patients, which patient is
doing better than another. | think that's a great
way to do things, and | have argued that for many
years, that what we need to do is try to get scales
that conpare patients and who does better than
anot her one, and | would argue that that kind of
t hi nki ng has been missing. Wat we are doing now
is success/failure, and our successes have been a
broad range of patients, and our failures have been
an even broader range of patients. So we are
| unping theminto a di chotonmous--we are | osing tons
of information by doing that. W are nmaking sanple
sizes larger than necessary to do that. | think it
is very inportant when we do conparative studies,
which I think nost of these should be conparative,

al t hough sometimes we have to think about--the
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question up there about controls is difficult,

ri ght, because in sone of these things, we aren't
sure what the alternative is; particularly for sone
new t herapi es, there may not be rmuch of an
alternative, so that is interesting to think about.

But | think it is inportant to think about
ways of doing these so that we can reduce sanple
size to get the information out that we need. |
think the old dichotony of |ooking at patient
success/failure and just doing that is very
dangerous. | think we | ose tons of information by
doi ng that.

DR. YASZEMSKI: Thanks, Dr. Larntz

O her coment s?

Dr. Kirkpatrick?

DR KI RKPATRICK: Getting back to the
second slide on clinical issues which tal ked about
the different notions which would be appropriate,
basically, | don't think we should set a | evel of
motion that is required for this, because if we
have a patient who gets a nonfusion device, and
they end up doing, functionally and pai nwi se, much
better than they would have without it, | think it
is reasonable that it is an efficacious device nuch

I'i ke our colleague just nentioned a few nonents
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ago.

If we put arbitrary definitions on nust
have so nuch notion at that segnent to be
consi dered a success, we are not going to be able
to doit. If you want to have a guide for how nuch
motion is what is there, or should be there, |
think the Wiite and Punjabi [phonetic] data is
pretty well-accepted as being fairly close to what
we woul d expect to be a physiol ogic range of
moti on, and whet her you can duplicate that with a
device remains to be seen.

And- -t here was one other thing that just
escapes my m nd.

DR. YASZEMSKI: As you are thinking about
it, I"'mgoing to ask sone others to think about two
additional issues. Please offer comentary if you
have it on the devices that are primarily nonfusion
devices in the anterior portion of the spine--that
is, either a disc replacenent or a nucl eus
repl acenent --woul d there be any consi deration
regardi ng the nunber of levels for an idea
patient? W are asked about enrollnment criteria.
Woul d an ideal patient for this study be one, for
exanple, with single-level disease, or would it be

just as appropriate to consider persons with
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mul til evel disease?

Comment s?

Dr. Kirkpatrick?

DR KIRKPATRICK: | think that gets back
to ny earlier comrent. |If you are | ooking at using
a di sc replacenent because it spares the adjacent
segnent, then nultiple levels are going to
elimnate a rational analysis of that. It depends
on their rationale for recomendi ng the devi ce.

DR. YASZEMSKI: So agai n, study-dependent.

DR. KI RKPATRI CK:  However, if we are
| ooking at being able to serve patients with
mul til evel degenerative disease or multileve
pat hol ogy of similar circunstances, | think one or
two | evel s woul d be reasonabl e, although again, it
woul d take away fromthe cleanliness of the data to
be able to analyze it.

| did renenber the other issue | wanted to
bring up, and that is measurenment of notion on
fl exi on-extension views, as | mentioned in ny
earlier presentation, is very difficult to do as
far as a standardized method. It is probably going
to require the addition of beads in there so we can
do stereophotogranetry techni ques, basically, and

| ook at whether the nmotion is real or parall ax.
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So | think we are going to have to
consi der whether that is sonething that is going to
be critical or not, because that does add some
added inmplant risk and surgical norbidity.

DR. YASZEMSKI: Thank you

Another thing 1'd like to ask the pane
nenbers for comment on for those devices, i.e.

di sc repl acenent and nucl eus repl acenment, that are
anterior, is what if any information should we know
and/ or ask about the status of arthritis in the
facette joints at the level we are putting the
anterior device in when evaluating the anterior

devi ce?

Conment s?

Dr. Aboul afia?

DR ABOULAFIA: | wonder if that won't be
addressed by the indications for the product.

DR YASZEMSKI: Dr. Kirkpatrick?

DR KI RKPATRICK: | woul d suggest we
ignore the condition of the facettes fromthe
standpoi nt of the testing, because if the conpanies
find that if they have significant facette
pat hol ogy, and the patients continue with
significant pain and limted function, they are

going to elimnate that indication on their own.
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1 DR. YASZEMSKI: Thank you
2 Dr. Wtten, we have tal ked about clinica
3 i ssues, the inclusion and exclusion criteria, and

4 think the discussion indicated that we should study

5 a wi de range of disease diagnoses, that the

6 i ndi cations for replacenent versus fusion would be

7 an i nportant aspect of any study design. W would

8 need to assess the adjacent segnents and deci de as

9 one of the outcone vari abl es whet her nonfusi on

10 i nterventions would have any effect on adjacent

11 segment progression of degeneration and arthritis.

12 Success criteria should include pain and

13 functional inprovenents as reported by the patient,

14 and with respect to the ranges of notion question

15 asked, that the White and Punjabi data regarding

16 neutral zone, physiologic zone, and trauma zone

17 woul d be good guidelines, but that range of notion

18 in and of itself should not exclude--range of

19 nmot i on consi derations shoul d not exclude projects

20 that otherw se have nmerit and coul d benefit

21 patients.

22 Have we di scussed this adequately from

23 FDA' s perspective?
24 M5. WTTEN. You have, except that

25 one little foll owon question.
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DR. YASZEMSKI: Pl ease go ahead.

M5. WTTEN. Basically, you have discussed
the range of notion question with respect, | would
say, to effectiveness, that is, if there is linted
range, the goal of the range shouldn't be
considered to be the goal of treatnment success.

But is there an upper linmt beyond which there
m ght be a safety concern--or, perhaps you have
answered that by referring to--

DR YASZEMSKI: Yes. | think that
actually, Dr. Kirkpatrick covered that, and | am
going to ask himto coment on the Wite and
Punj abi transition between physiol ogic zone and
trauma zone

I think you covered that; would you care
to conment agai n?

DR. KIRKPATRICK: | think it will be
addressed partly in the preclinical issues, because
they are going to have to characterize how nuch
motion is there. If you find out that it is 50
percent over what the Wiite and Punjabi data is,
you are going to question it seriously, and so wll
we as a panel. If it is within 10 percent of it,
we may not question it, because once it is

i npl anted, the scar tissue may correct for that.
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Clinically, if you are going to neasure
that, again, if it is going to fail, it is going to
denonstrate radi ographic failure with either notion
of the conponent, a defornity developing in the
spi ne, that sort of thing--assum ng the preclinical
stuff | ooks okay.

Does that address what you are wondering?

M5. WTTEN: Yes.

DR YASZEMSKI : Thank you.

Dr. Fi nnegan?

DR. FI NNEGAN: As he was discussing the
materials and the stiffness of the material, |I am
wondering if the concern about a created spinal
stenosis by retropul sion of any of the materials
and how the stiffness of the material will affect
the area of the spinal canal and also the effect on
the cord and how nuch it will react to that. That
m ght be sonething that needs to be added.

DR. YASZEMSKI: Thank you.

M. Dem an?

MR DEMAN. | would like to thank the
panel for their time and effort and energy today in
reviewing the material and for their participation
on this panel.

At this tinme, | would like to rem nd all
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1 panel nmenmbers that if you want the materia
2 destroyed, just leave it in front of you.
3 And the last thing--this neeting is
4 adj our ned.
5 Thank you.
6 [ Wher eupon, at 4:23 p.m, the proceedings

7 wer e concl uded. ]
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