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To: File

From: Avic Kaiser, Expert Biomedical Engincer l

ODE/DGRND/REDB -
Date:  Dccember 3, 2001 ; 5
RE:  P000QSS - Medworuc Sofamor Danek’s IRFUSE™ Bone GrafLT-Cage L\.irnbai' Tapesed Fusion Device
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Thisisa summaw mermo which serves as an overview 1o the data presepted in the PMA ;md the issues raised during the
review process. The SUMINary mermas may conin excerpts from the reviews petfﬂmdl by otbers involved in this project
that are not included as part of the Pane] packet These efforts by thesc ather reviewers tp acknowledged below:

deviee description and preciinical mechanical resting '
Erin Keith, CORH :

growsh factar/carrier preclinical and sefery(ioxicology) testing
angel Torres-Cabussa, CDRH

Scrgio Gadalew, CORH

Kevin Lee, CDRH

Tracey Bourke, CORH ;

Nirma} Mishra, CDRH :

Peter Hudson, CORH

Josie Yang, CDER (on emporary assignment to CBER during vhe review Qt' this Submxsuon)
Mercedes Scraban, CBER

Barbara Wilcox, CBER . 5

John Hill, CRER !

Gary Kikuch, CBER
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clinical dawa
Martin Yahire, CDRH
Barbara Buch, CDRH

siatistical analysis |
Telba Iron, CDRH

manufaciuring/GMP compliance
Carol Amas, CDRH
Caral Rehkopf, CBER

labeling
Mary Ann Wolleron, CDRH

bioresearch monioring (BIMO) ;
Pam Reynolds, CDRH Pl

'

Device description Lo
The submitted device is a three camponent combinauon product [t consists of 2 grqwm factor, 8 carrier and a metallic spina
fusion cage. ;
The growth fuctor is thBMP-2 manufacrured by Genstics Instinute (GI). They have épp)wé for a “drug” name (dibotcrmin
alfa) for this device component. This device component is mapufacured using cloning t@chmc;um Human BMP-2is
secreted from Chinese hamsier ovary cells. The rhBMP-2 is collected, purified and rcn:¢ssed to form the final prodacy. Thi
device component was provided in a single "dose” - |.Smg/ml. : !
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The carrier is 3 hovine collagen sponge known as the ACS (absorbable collagen spo#tgc) vice. It is currently masketed
under 3 PMA (PES0010) es Helistat, a hemosmatic agent, by Integra LifeSciences CnFom pn- This device component is
manufactured from bovine tendon that has been mechanically cleaned and _ahced. Ttis bﬂenzmumuy um\»md and
formed into “spopge” blocks. These blocks are crosslinked to form a marrix, cut to the degired size and sterilized with E:O.

These two device companents are con@wned within a single carton, but are packaged acpa'rawly. Each device componeni is
contained within its own sierile packaging. The ACS componcnt congins enly the ACS dponge. The thBMP-2 component
comsists of two vials and syringes. Ooe via) conisins sterile water and the other contins e dehydrared growth factor. A
the time of surgery, the growth factor is rehydrated by mixing it with the provided warer. | Using the syringes, this solurion i
then applied svenly 1o the ACS which is then placed/malded into the fusion cage. For the clinical wial that forms the basis ¢
the ¢linical dat in this PMA (and as proposed for distribution in the PMA), these dqvxce f:gmponems were provided as
follows:

1 vial with thBMP-2 -
2ACS, 1x27( ' f
1 vial with sterile water Co

1 Sl syringe
120z 1% needle
imsmructons for preparing BMP solution and ACS

!
¥

The menllic (Ti alloy, ASTM F136) spinal fusion cage bas been referred w by a nudnbes|of names, the last IDE name being
the LORDOTEC Interbody Fusion Device. The name of this component of the devipe system has been changed w LT-Cage
Lusnbar Tapered Fusion Device in this PMA. This device component was originally apprpved for marketing in P970015/S"
The only difference in intended use berween the device approved in that PMA supplemesf and the device component in this
PMA is relaied to the material placed into the cage for the formarion of 2 fusion mass, The device approved in P910015/5"°
is intended w be filled with auograft bope. The device component in this PMA is intended o be filled with the thBMP-
2/ACS device components. The fusion cage cornponent is available in the following siz:?s:

[P dia x A dia x L (x width across “flats”)" part# |
14 x 17 x 20 (x 12mm) 8941420 ‘
D -—
14 x 17.5x 23 (x 12mm) 8941423 , :
16 x 19 x 20 (x 14mm) 8941620 o
16 x 19.5 x 23 (x 14mm) 8941623 -
16 x 20 x 26 (x 14mm) 8941626
18 x21.5 x 23 (x 16mm) 8941823
18 x 22 x 26 (x 16mun) 8941826

“The spopsor does nof report this dimeasion in their device descripiion.
: H

1

The submined combinanon device warks through osteoinduction. The thBMP-2 b:izso % the local mesenchymal cells
causing them to differentiaie into cartilage and bone-forming cells. As the ACS co ne 1s resorbed, wabecylar bone is
formed. This occurs from the outside of the sponge jowards its center. During whis procsss, the ACS componens keeps the
rhBMP-2 a; the fracrure repair site. From the preclinical evaluations, the sponsor hag been sble to demoustrate thar the
ThBMP-2 remains bioacive after it bas been applizd 1 the ACS. Through washout studics, the rhMBP-2 has been shown to
rexmin bound o the ACS. Over a 2 week periad, the BMP bas also bees shown 1o diffuse out of the ACS. During both of
these evaluations, the sponsor did nor notc any aliered bicactiviry. S

Review of preclinical data ; f
See the summary memo from Peter Hudsan (PLH) for a more detailed discussion of thejg topics. In addition, the summary
memo from Barbara Buch (BDB) comtains information related 1o the clinical aspects af anribody formazion.,

Because this device system conisins biologically-derived components, there are nuni:réus concerns that would nox be preser
for the use of the fusion cage componen: by itself of for “Typical” arthopaedic devices, & 2., immunologica) response, ability
to signal tissue formation, dosage, erc. As a resyly, the sponsor was required 10 perform pumerous tests to characterize the

device systern. The majority of these tests were provided as part of the IDE for this study ar included as a reference 10 other
IDEs. o
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Because the fusion cage componeat of the device system had already received PMA approval, there were ho mijor issuss th
had 1o be addressed ffx mkmm component in the preclinical module. The few det:m;dchs that were suhul:gued 1o the
sponsor related to clarificaton of informarion or appropriate refexences to other mﬁmss;]hus, e.g., P97001S/8". All of thesc
issues were satisfaciorily addressed in the preclinical module. :

. [N
The primary safety concern with the device system is related o preclinical safery idfomxﬁﬁqn_and the porential for an
irsmunological responses. This broad coneemn may be broken into severs], more focysed clinically-based concerns:

1. the poteatial impact of an immunological respanse on adverse evenrs; |
2 the potential impact of the presence of thBMP-2 on wcinngemi}y and wmorogenicify; and ~
3 the porennial impact of the presence of thBMP-2, rhBMP-2 antibodics and thBMP-2 neuralizing antibodic

on women of child-bearing potential, reproducrion and fetal dcvc'icppn%m.

Tt is iropormant 1o pots that Wese coneerns aic 1ot based on any adverse events reparted dyring the use of the device under
review. While antibody assays were performed on all aolled subjects, go adversé evequs related w these concemms were
teported, e.g. birth defects or cancer. These concemns are based on the contention thiat such events arc possible as a result of
daw provided by GI in their preslinical testing summary and by non-clinical spudies rtpqn«! in the lirerarure thar indicate th-
the potenual for these cogoerns cxists. ;

comclation betweea the presence of an authentic aptibody response and the type and rate of sverse evenrs. In addition, they
have evaluated the corrclation berween the presence of an authensic antibody respotse and a subject's overall clinical
success. From these evaluanons, there did not appear 1o be g connection between the saijbody response and the adverse
events (Type or rate) and the clinical success. This analysis is not desinitive, however, dy 1o the number of subjects exposed
1o the growth factar and the current duration of follow-up. Because of these factors, it might be reasonable 1o consider some
type of labeling precaurion related to the poiential unkrown impact of antibodies. ~ |

The spansar has provided 3 complete analysis of the adverse events secn in the cqal #ial. They bave evaluaied the

i
As part of their evaluaton of the thBMP-2 device compooent, it was necessary for the spouser 10 address the carcipogenicin
and tumorogenicity of this protcin. Our concem was bascd on pwo factors. The firg 1s (e ability of the growth factor o
induce numors as part of its normal action of creating bone. This is related 10 3 concern pf ecwopic bone formadon thar was
expressed during the IDE reviews. The second is the ability of the growth factor 1o ‘enhapce the growth of pre-existng, but
“dormant” mimors. The sponsor was able wa address the first concern through the c#m:m sex of preclinical animal wests
summarized by PLH. In addition, the clinical data (IDE pilot snudies, ete.) did not de jastraje the presence of bone
formarion away from the unplantstion site. While the second issuc has been discussed »gth the sponsar and GI, this 1ssue ha
not been definirively addressed. Based on input from severa| preclinical reviewers, 'we ﬁ‘yg requested that the sponsor
perform some addational in virro (cell and vissue) and is vive (animal) smudies. These snygies were requestced in the major
deficiency lemer and are discussed mm PLE's summary mems. FDA believes that these sdies may be performed as pan of
the posi-approval requirerments. o

As part of the clinical protocols, the sponsor was required to mouitor the pre- and post-op levels of aniibodies w thBMP-2,
type I bovine collagen and type I human collagen. Additional informanon relared 1o validation of the assays was requesicd &
pan of the myjor deficianey leficr and submined by the sponsor. We have also requcsw'ﬁ development of additional assays.
FDA belioves thar these assays may be develaped as part of the post-approval requip ts

The remaining issuc 1s related 1o the impact of antbodies on women of cbﬂd«bcaria:g pawenrial and a developing fews. This
issuc has been raised as a result of repons in the literamre related (o teratogenicity is the absence of various grawih factors.
While 5o birth defects or pregrancy problems have been reparted specifically with the submimed device, this remaips a
concern with the general class of growth fuctorcanizining devices. The agency has!disgussed and suggested the use of a
pregnancy registry with the spansor as an aid to monitoring this. Addidonal msur;c, shch as labeling might also be
appropriate. The specific fonmat of this labeling will need 1o be discussed as pan of the Panel deliberations. For example,
would warnings and/oy precausions be sufficient or would 8 conpaindication against womes of child-bearing potential
potentially be necessary. b

| -
Review of clinical data i

Se¢ the summary memas from Barbara Buch (BDB) for a more dewailed discussion of the clinical daa and from Telba lrany
(72} for a more detailed discussion of the swatistical analyses. ,

1

General IDE and IP info

!
The clinical data for this PMA were collecied under an FDA-approved [DE. The Kqﬁ donwined a feasibility phase and 2
pivewl phase. The pivoul wial comained 2 arms ~ an open approach ALIF arm and'a ksparqscopic approach arm The apen
' ‘ .
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arm was randomized and used the tapered cage filled with slms:xe.staﬂog'a.ﬁasmcmmql. The scope arm was bot
randomized and did not have its own conmol. The daw from this arm weve compared to the open connrol dar. The Limirs
were 16 open sitcs with 135 subjects per group (270 rotal open subjects) and 15 scope sitey with 135 oml subjects. This wa:
subsequendy modificd 1o allow 3 wermination of epen earolkment when 300 wwl subjects or 135 per group were reached. N
changes were made to the scope group limits. A i

. cxs ) . d
Neither the investigators nor the subjects were blinded to the weatment. Subject blinding pyas vot poss:bic‘du:f 0 the secon
surgical site resulring from the need 1o collect fliac crest grafts. Subject outcorne wag jsed thyough objective sclf-
asscssments, thereby removing the powntial for investigator bias. The independent mdxo ists were blinded 10 weaument.
Only their radiagraphic cvaluatons were used for determining radiographic syocess. .

The notminal indication was ddd (degenerstive disc disease) at L,-S, with the follomng lt?cluswn/cxclusxon criteria:

ipclusion
*ddd with one of more of the foliowing: '
insiability (anglc @ and/or manslarion YD on F/E mdaoyaphs) 3
asteopbyte farmation S
decreased disc height g }
ligamentous thickening Lo
disc degeneratdop/berniagon
, facer joint degenerstion '
»pre-op Oswestry 2 35 S
»spondylolisthesis no more than grade [ ; ;
»single level discase berween L, and S, !
*nop-responsive 10 non-ppersiive treatmnent for at least 4 months P
exclusion S
S
! |
f

;

*previous anierior fusion at involved Jove!
*pasterior instrumentation at invalved level

chini i i¢ mef I were eva
The spanser evaluated numerous primary and secondary clirical and radiographic ouxcmiac parameters:
primary clinical oucome paramerers *Oswesty Low Back Pain Qu:sucrmnaxre for pain and funciion
hgi7dixe]

~overall success o
primary radiographic paramerer «fusion (plain films and C’l‘) l

secondary clinical outcome parameters *antibody tesring (thBMP.2, l:lo lJ\g type I collagen and human rype |
callagen)

All subjecrs had serum cvaluamcw“ If
the evaluation for bovine ypel #gen was positive, an assay for
hurmnan rype I collagen was alse pﬁrfarmeé An guthenric andbody
response was said to exist ift

*bac pa;n (compasire of i 1 and duraton)

vleg pain (composite of intensjry aad durarion)

»donor site pain/appearance (fnr qnu:rci sybjects anly)

*SF-36 PCS :

=SF-36 MCS i

*subject satisfaction with pmqed\irﬂouwonw
Q! - are you satisfied vnth eu: me?, Q2 — were you helped by
procedurc?, Q3 — would iv again?

*subject global pereeived effect dg:nmpb:wly recovered” vs. levels of

Improvement or no lmpmvem:nt{

secondary radiographic parameter vdisc height ; !
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" SF-36 suceess PCS ey = PCS ey 20

I

ide £ second surgical interventions and scrious adms:: evenss were lso _ludcd as part cf the cvaingtion
::; ;&m J:,’;; suceess. The sponsor also evalualed the investigator's perccption of suceess (“excellent”,
~goad”, “fair”, “poor”’) and e subject's post-op work srws (if previously eppio;gd - ability to reaarn © work and
ome untl renurn o work). ; :
suc ilure definisions ) o . -
The original PMA submission propased to base safety and effecriveness gnmanly on evaluarions of 12 month daa and used
Bayesian statistical models to predict the 24 month clipical ourcome. Ultimately, the fml taset submined for review (and
discussed by BDB and T2I) bases 1ts demansaation of safety and effectiveness on 24;month clinical ourcome data.

- . .

i effeciveness included an evaluation of radiographic fusian, the Oswesgy disgpiliry questionnaire and
m@a I status. In erder for 3 subject 10 be cosidered a success, fusion had o prcss;E:z.‘oSm:ry score had to be
mainmined and newro swatus had o be mainiained or improved. Subjects also had w not experience adverse cvents or second
surgeries that had been defined as failures. Safety was evaluaied by an analysis of the rate'30d Type of adverse cvents and
second surgeries. The presence of antibody and rediographic comments, e.g., the presense of hercrotopic bons fnmnen,
were also mken into considerarion. Secandary parameters included back pain, leg pa*n, donor sire pair, disc height, general
health stams and paricot satisfaction. V :

P . .
The sponsor performed a statisrical analysis which evaluared equivalence and su;:miﬁs:y i various variables. The primary
agscssment was an equivalence analysis of tie propartion of subjects whe were consic as overall successes. Non-~

informarive, uniforma priors were wsed to obain the posicrior probabilities for equivalenze snd jority. For the evaluarion
of Oswesay pain/function data and overall mm,M for the evaluation of
all other endpoints.

fusion suyccess  presence of all of the following: |
1. evidence of rabeculsr bridging in at least one area . ,
@ 1fnot visible on plain films, CT scans were used to assess fhis parameter.

2. no movtion, as defined byyliillc=nsiation on flex/ex films 21d ngulation on flex/ex films
3. no radiolucencies around more than S0% of either cage

Oswesmry success  improvernent by at least 13 poixts from bascline (pre-op)

AEUro 5uccess maintenance of improvement compared 1o baseline (pre-op) :

disc height success mainienance or improvemnent in height compared o baseline (6 wee ; sadiographs)

.

MCS op = MCSprep 2 0

back pain success oINS

leg pain success

subjest sausfacton success
only those responses rated as “definitely rue™, “mosdy wue™ or “yes”

|
I
subject global perceived effi-ct success -

I
only those responses rated as “completely recovered”, “uch improved™ or “slightly improved™

investgaror’s perception of results success !
responses of excellent or good

site/investigator and financial disclosure infa o

The apen study wes performed at 16 sites with 36 investigators. The lap smdy was perfprmed ar 14 sites with 24
invesdgslors. The sponsar provided ap analysis which compared the success rates c'iin rigators who had a financial
interest in the sponsor (o those whe did not  The wvestigarors with financial interests dig have a higher success rate. This
may not be as important as it first appears because many of the clinical outcome paramsters involved subject self-asscssments
and all of the radiographic assessments were performed by an independent cxamuner.
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tibudy evaluations ! ]
:n eemis aumber of subjects in all groups had authentic positve responses to both th‘BMPq and bovine type [ collagen
antibodies. No subjects had authenric positive responses 1o buman type I collagen. lndbodig There did not apper 1o bes
correlation berween posirive ansibody response and suceessful clinical/radiogrephic ourco - At this poing it is difficuly 1o
swte this definitively because of the relatvely small populations sad “shert” follow-up durasion.

Reference (o other studies for additionsl safety info ) . f i

In addition 1o the safety daa generated from the IDE used to support this PMA, the sponsdr has also provided safery
informarion from other studics that they are curreptly runping that utlize the thBMP-2 device component. These other
smadics are of various nype

Becpuse of the differences in the device systems being studied, direct comparisons cannot/be made.

The provided dara can only be used to incregse the scope of the Typs and rate of adverse cyents reported for device sysiems
which conmin the rtkBMP-2 device compouent. :

Use of plain films and CT scans in the assessment of fusion ?

In previous sidics of spinal fusion cages, determinations of radiegraphic suceess, e.8., g presence of bridging trabecular
bane, have been based salely on an evaluation of plain films. In this study, the sponsor added the use of CT scans at the 6, 12
and 24 roooth follow-up evaluations. Their belief was that it might be possible o derect figion on CT scans in the sbsence of
signs of fusion o plain films.

FDa behieves that this smdy was able 10 demonsiraic that in the presence of autograft bone, the CT scans provided 2 useful
set of supplementary information to that provided by plain films. Thbe spousor has not proyided a similar apalysis when the
tThBMP-2/ACS device components were present. We believe that this rype of complemertary analysis is necessary due to the
possible behavior differences berween the invesligational and conwol graft matcrials, '

It is our belief that the changes that accur in auograft boue during the fusion mass “solidification” process were sufficiently
undersiood by the investigators and independent radiologist so allow for accurate fusion assessmerts. The basis for this
belief is that they have the mosi experience inrerpreting the radiodensity changes thar are iexpected 1o cecur for aurograft bone
over ime. In the case of the investigational groups, however, the radiodensity changes ag the thBMP-2ACS is converied 1o
bone may be very different. The progress of fusion, Le , the rate and characteristics of thé radiodensity changes, in the inital
absence of bone are probably not fully undersiood and may be very different from those cxpected in the presence of auograft
bane This lack of undersranding could have an impact on the corvect interpretation of fusion from the plain films and CT
scans in the invesuganonal subjects (See the summary memo from BDB for a discussiom this issue.)
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