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Peter L. Hudson, Ph.D.Peter L. Hudson, Ph.D.
BiologistBiologist
Division of General, Restorative, and Neurological Division of General, Restorative, and Neurological 
DevicesDevices
Office of Device EvaluationOffice of Device Evaluation
Center for Devices and Radiological HealthCenter for Devices and Radiological Health
Food and Drug Administration Food and Drug Administration 
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Device DescriptionDevice Description
InFuseInFuse®® Bone GraftBone Graft

Product consists of recombinant human bone Product consists of recombinant human bone 
morphogenetic protein morphogenetic protein –– 2 (rhBMP2 (rhBMP--2) to be used 2) to be used 
with an absorbable collagen sponge.with an absorbable collagen sponge.
The product has been approved by FDA for The product has been approved by FDA for 
spinal fusion and tibia repair procedures spinal fusion and tibia repair procedures 
previously.previously.
This product is identical to the product reviewed This product is identical to the product reviewed 
for the spinal fusion and tibia repair indications for the spinal fusion and tibia repair indications 
in terms of the manufacturing process and the in terms of the manufacturing process and the 
product itself, i.e., rhBMPproduct itself, i.e., rhBMP--2 (1.5 mg/mL) on 2 (1.5 mg/mL) on 
collagen sponge.collagen sponge.
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Device DescriptionDevice Description
The INFUSE Bone Graft kits contain:The INFUSE Bone Graft kits contain:

Lyophilized rhBMPLyophilized rhBMP--22
Absorbable collagen sponge (ACS)Absorbable collagen sponge (ACS)–– Integra Integra 
LifeSciencesLifeSciences CorporationCorporation
USP Grade Sterile Water for Injection for reconstitutionUSP Grade Sterile Water for Injection for reconstitution
Syringes and needles used in the reconstitution and Syringes and needles used in the reconstitution and 
application stepsapplication steps
Four kits are available depending on the size of the Four kits are available depending on the size of the 
implant site and the amount of bone repair required.  The implant site and the amount of bone repair required.  The 
kits are designated as small, medium, large and large II kits are designated as small, medium, large and large II 
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Device DescriptionDevice Description

Small: one vial delivering 4.2 mg rhBMPSmall: one vial delivering 4.2 mg rhBMP--2, 2, 
2 ACS2 ACS
Medium: two vials delivering 4.2 mg Medium: two vials delivering 4.2 mg 
rhBMPrhBMP--2 each, 2 each, 4 ACS4 ACS
Large: one vial delivering 12 mg rhBMPLarge: one vial delivering 12 mg rhBMP--2, 2, 
6 ACS6 ACS
Large II: one vial delivering 12 mg rhBMPLarge II: one vial delivering 12 mg rhBMP--
2, 2, 1 ACS1 ACS
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Device DescriptionDevice Description

IngredientsIngredients
rhBMPrhBMP--22
LL--glutamicglutamic acidacid
GlycineGlycine
SucroseSucrose
PolysorbatePolysorbate--8080
Sodium chloride Sodium chloride 
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ManufacturingManufacturing
rhBMPrhBMP--2 is secreted from cultures of Chinese Hamster 2 is secreted from cultures of Chinese Hamster 
Ovary (CHO) cells encoding the human rhBMPOvary (CHO) cells encoding the human rhBMP--2 protein 2 protein 
gene. gene. 
Cell culture occurs in a production bioreactor with Cell culture occurs in a production bioreactor with 
periodic harvesting of the conditioned cell culture periodic harvesting of the conditioned cell culture 
medium. medium. 
The conditioned medium is filtered to separate the cells The conditioned medium is filtered to separate the cells 
away from the medium which then undergoes a away from the medium which then undergoes a 
purification process which includes column purification process which includes column 
chromatography, a viruschromatography, a virus--retaining filtration step, an retaining filtration step, an 
ultrafiltrationultrafiltration step and a final filtration step. step and a final filtration step. 
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ManufacturingManufacturing

The sponsor has conducted a viral The sponsor has conducted a viral 
inactivation validation assessment of their inactivation validation assessment of their 
manufacturing process.manufacturing process.
In addition, the sponsor conducted viral In addition, the sponsor conducted viral 
and microbial agent evaluations in and microbial agent evaluations in 
accordance with the ICH guidance accordance with the ICH guidance 
document regarding viral safety evaluation document regarding viral safety evaluation 
of human and animal cell lines.of human and animal cell lines.
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ManufacturingManufacturing
The testing included:The testing included:

MycoplasmaMycoplasma
SterilitySterility
Adventitious VirusesAdventitious Viruses
In Vitro assay for the presence of bovine virusesIn Vitro assay for the presence of bovine viruses
In Vitro assay for the presence of porcine parvovirusIn Vitro assay for the presence of porcine parvovirus
In Vivo assay for viral contaminantsIn Vivo assay for viral contaminants
MAP, HAP and RAP testingMAP, HAP and RAP testing
Retrovirus Retrovirus cocultivationcocultivation assaysassays
XC plaque or XC plaque or MusMus dunnidunni assays assays 



1414

Preclinical Evaluations: Preclinical Evaluations: 
Toxicology/BiocompatibilityToxicology/Biocompatibility

Acute single and multiple dose general toxicology Acute single and multiple dose general toxicology expt.expt.’’ss
Chronic toxicityChronic toxicity
Intracutaneous toxicityIntracutaneous toxicity
Delayed contact sensitizationDelayed contact sensitization
CytotoxicityCytotoxicity
Systemic toxicitySystemic toxicity
In vitro hemolysisIn vitro hemolysis
ImplantationImplantation
MutagenicityMutagenicity
Teratology and fertility studies Teratology and fertility studies 



1515

Preclinical Evaluations: PostPreclinical Evaluations: Post--
approval studiesapproval studies

Effects on human transformed cell linesEffects on human transformed cell lines
cell proliferation evaluations of tumor cell lines cell proliferation evaluations of tumor cell lines 
of interest, e.g., of of interest, e.g., of osteogenicosteogenic lineage and lineage and 
othersothers

Tumor cell line receptor studiesTumor cell line receptor studies
XenograftXenograft studies in nude micestudies in nude mice
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Preclinical Proof of Concept Preclinical Proof of Concept 
EvaluationsEvaluations

A number of preclinical evaluations have A number of preclinical evaluations have 
been conducted to investigate the safety been conducted to investigate the safety 
and effectiveness of rhBMPand effectiveness of rhBMP--2/ACS2/ACS

Models were predominantly dog but nonModels were predominantly dog but non--
human primates were includedhuman primates were included
Studies were conducted in 2 phases: critical Studies were conducted in 2 phases: critical 
size defect repair alone, and defect repair with size defect repair alone, and defect repair with 
subsequent implant placementsubsequent implant placement
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Preclinical Proof of Concept Preclinical Proof of Concept 
EvaluationsEvaluations

First phase of testingFirst phase of testing
Critical sized mandibular defects of both acute Critical sized mandibular defects of both acute 
or chronic standingor chronic standing
Guided bone regeneration investigatedGuided bone regeneration investigated
Biomaterial potential enhancement of rhBMPBiomaterial potential enhancement of rhBMP--
2 effect investigated2 effect investigated
Space maintenance effect investigatedSpace maintenance effect investigated
NonNon--human primate dosing studyhuman primate dosing study
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Preclinical Proof of Concept Preclinical Proof of Concept 
EvaluationsEvaluations

11stst Phase resultsPhase results
Bone formation was demonstrated to include:Bone formation was demonstrated to include:

NeovascularizationNeovascularization
Cellular differentiationCellular differentiation
Woven trabecular bone formationWoven trabecular bone formation

Bone formation in the canine jaw via an Bone formation in the canine jaw via an 
intramembranousintramembranous osteogenesisosteogenesis pathway pathway 
without involving without involving chondrogenesischondrogenesis
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Preclinical Proof of Concept Preclinical Proof of Concept 
EvaluationsEvaluations

11stst Phase resultsPhase results
Guided Bone Regeneration (GBR)Guided Bone Regeneration (GBR)

Apparent interference with wound healing and Apparent interference with wound healing and 
bone repair; bone density of GBR/rhBMPbone repair; bone density of GBR/rhBMP--
2/ACS less than rhBMP2/ACS less than rhBMP--2/ACS alone2/ACS alone
Wound dehiscence, infection observed in Wound dehiscence, infection observed in 
GBRGBR--treated dogstreated dogs
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Preclinical Proof of Concept Preclinical Proof of Concept 
EvaluationsEvaluations

11stst Phase resultsPhase results
Biomaterial enhancement of rhBMPBiomaterial enhancement of rhBMP--
2/ACS 2/ACS –– chronic alveolar ridge defect chronic alveolar ridge defect 
modelmodel

Bioactive glass and DBM showed a 2 fold Bioactive glass and DBM showed a 2 fold 
increase in rhBMPincrease in rhBMP--2 induced bone formation, 2 induced bone formation, 
i.e., increased alveolar ridge heighti.e., increased alveolar ridge height
22ndnd chronic model, HA served as a space chronic model, HA served as a space 
provider and enhanced rhBMPprovider and enhanced rhBMP--2 effect2 effect
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Preclinical Proof of Concept Preclinical Proof of Concept 
EvaluationsEvaluations

11stst Phase resultsPhase results
NonNon--human primate evaluation (n = 3)human primate evaluation (n = 3)

Critical size mandibular defectCritical size mandibular defect
Low (0.2 mg/mL) and High (0.8 mg/mL) doses Low (0.2 mg/mL) and High (0.8 mg/mL) doses 
evaluatedevaluated

More bone formation observed with high doseMore bone formation observed with high dose
No excessive bone formation seen with high doseNo excessive bone formation seen with high dose
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Preclinical Proof of Concept Preclinical Proof of Concept 
EvaluationsEvaluations

22ndnd PhasePhase
Implant fixation evaluation Implant fixation evaluation –– canine, canine, 
mandibular saddlemandibular saddle--type, alveolar ridge type, alveolar ridge 
defects were createddefects were created

To evaluate bone formation and dental To evaluate bone formation and dental 
implantimplant--bone contact at longbone contact at long--term of term of 
functionally loaded, dental implants placed functionally loaded, dental implants placed 
into alveolar ridge defects treated with into alveolar ridge defects treated with 
rhBMPrhBMP--2 2 
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Preclinical Proof of Concept Preclinical Proof of Concept 
EvaluationsEvaluations

2 stage implant dog study2 stage implant dog study
defect sites immediately treated with defect sites immediately treated with 
rhBMPrhBMP--2, 2, ePTFEePTFE or resorbable or resorbable 
membranes were placed over defects, membranes were placed over defects, 
healing allowed to progress for 3 monthshealing allowed to progress for 3 months
Dental implants at 3 months, prosthetic Dental implants at 3 months, prosthetic 
reconstruction devices (bridges) placed reconstruction devices (bridges) placed 
after 4 months of osseointegrationafter 4 months of osseointegration
Functional loading for 12 monthsFunctional loading for 12 months
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Preclinical Proof of Concept Preclinical Proof of Concept 
EvaluationsEvaluations

ResultsResults
A number of implants were lost due to wound A number of implants were lost due to wound 
failure or infection.failure or infection.
OvalOval--shaped radiolucent voids within the newly shaped radiolucent voids within the newly 
formed bone were observed in several sites at 1 formed bone were observed in several sites at 1 
month but over time resolved; 13 of 24 defect month but over time resolved; 13 of 24 defect 
sites were noted to have bone voidssites were noted to have bone voids
Comparable boneComparable bone--contact osseointegration was contact osseointegration was 
observed for rhBMPobserved for rhBMP--2 treated sites and control, 2 treated sites and control, 
resident bone implanted sites.resident bone implanted sites.
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Preclinical Proof of Concept Preclinical Proof of Concept 
EvaluationsEvaluations

ResultsResults
Model demonstrates that the device (rhBMPModel demonstrates that the device (rhBMP--
2/ACS) can form new bone in critical size 2/ACS) can form new bone in critical size 
mandibular defects and that dental implants mandibular defects and that dental implants 
placed in these sites appear to be functionally placed in these sites appear to be functionally 
effectiveeffective
Localized swelling correlates with rhBMPLocalized swelling correlates with rhBMP--2 2 
treatment; bone voids or treatment; bone voids or seromasseromas noted but noted but 
resolved over timeresolved over time
GBR seen again to complicate wound healing GBR seen again to complicate wound healing 
and bone repairand bone repair
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Preclinical Proof of Concept Preclinical Proof of Concept 
EvaluationsEvaluations

Dog study Dog study –– 2 endpoints: 1. evaluation of space2 endpoints: 1. evaluation of space--
providing providing macroporousmacroporous ePTFEePTFE device for device for 
alveolar augmentation, and 2. dental implant alveolar augmentation, and 2. dental implant 
fixation with rhBMPfixation with rhBMP--2/ACS2/ACS
Purpose: evaluation for alveolar bone induced Purpose: evaluation for alveolar bone induced 
by rhBMPby rhBMP--2/ACS used as an 2/ACS used as an onlayonlay
(augmentation) and evaluation of effect of (augmentation) and evaluation of effect of 
rhBMPrhBMP--2/ACS on regeneration of alveolar bone, 2/ACS on regeneration of alveolar bone, 
cementumcementum, and a functionally oriented , and a functionally oriented 
periodontal ligament (PDL)periodontal ligament (PDL)
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Preclinical Proof of Concept Preclinical Proof of Concept 
EvaluationsEvaluations

ResultsResults
rhBMPrhBMP--2 plus the 2 plus the ePFTEePFTE barrier barrier 
accounted for more bone formation (area) accounted for more bone formation (area) 
than with either rhBMPthan with either rhBMP--2 alone or buffer 2 alone or buffer 
alonealone
Bone density was higher in sites receiving Bone density was higher in sites receiving 
rhBMPrhBMP--2 without the barrier membrane 2 without the barrier membrane 
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Preclinical Proof of Concept Preclinical Proof of Concept 
EvaluationsEvaluations

ResultsResults
Ankylosis was found irrespective of groupAnkylosis was found irrespective of group
Seroma formation was observed for rhBMPSeroma formation was observed for rhBMP--2 2 
treated sites but not in control sitestreated sites but not in control sites
Functionally oriented PDL fibers were commonly Functionally oriented PDL fibers were commonly 
observed in controls but were rarely found observed in controls but were rarely found 
among rhBMPamong rhBMP--2 treated sites2 treated sites
rhBMPrhBMP--2 induced bone formation on the alveolar 2 induced bone formation on the alveolar 
ridge and use of a macroridge and use of a macro--porous barrier porous barrier 
enhanced new bone formationenhanced new bone formation
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Preclinical Proof of Concept Preclinical Proof of Concept 
EvaluationsEvaluations

Other investigations Other investigations –– sinus floor augmentation, sinus floor augmentation, 
extraction socket preclinical studiesextraction socket preclinical studies
Sinus floor Sinus floor –– goat modelgoat model
SubantralSubantral augmentation in nonhuman primate augmentation in nonhuman primate 
model model –– 2 stage: defect repair and implant 2 stage: defect repair and implant 
fixation; equivalent resultsfixation; equivalent results
CynomolgusCynomolgus monkeys were implanted in monkeys were implanted in 
contralateralcontralateral extraction socket sites treated with extraction socket sites treated with 
rhBMPrhBMP--22
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Preclinical Proof of Concept Preclinical Proof of Concept 
EvaluationsEvaluations

ResultsResults
Goat study:Goat study: New bone formation was observed New bone formation was observed 
at 4, 8 and 12 weeks in sinuses implanted with at 4, 8 and 12 weeks in sinuses implanted with 
the device. the device. 
SubantralSubantral nonnon--human primate:human primate: Newly formed Newly formed 
bone of similar quality and resulted in similar bone of similar quality and resulted in similar 
osseointegration as in the regional resident boneosseointegration as in the regional resident bone
Extraction socket study:Extraction socket study: 7/8 rhBMP7/8 rhBMP--2 sites 2 sites 
exhibited evidenced of osseointegration exhibited evidenced of osseointegration 
compared to 4/8 controls. compared to 4/8 controls. 



3131

Preclinical StudiesPreclinical Studies
Effectiveness SummaryEffectiveness Summary

rhBMPrhBMP--2 was found to cause bone formation in 2 was found to cause bone formation in 
surgicallysurgically--created mandibular alveolar ridge created mandibular alveolar ridge 
defects.  This effect was seen across the animal defects.  This effect was seen across the animal 
models which included dogs and nonhuman models which included dogs and nonhuman 
primates. primates. 
When endosseous dental implants were placed When endosseous dental implants were placed 
into alveolar ridge defects filled with rhBMPinto alveolar ridge defects filled with rhBMP--2 2 
induced bone, comparable boneinduced bone, comparable bone--contact contact 
osseointegration was observed for rhBMPosseointegration was observed for rhBMP--2 2 
treated sites, i.e., comparable to native, resident treated sites, i.e., comparable to native, resident 
bonebone
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Preclinical StudiesPreclinical Studies
Safety SummarySafety Summary

Results with GBR appear mixed; Results with GBR appear mixed; 
preservation of space may assist bone preservation of space may assist bone 
formation, however complications were formation, however complications were 
also observedalso observed
rhBMPrhBMP--2 caused localized swelling at 2 caused localized swelling at 
timestimes
seroma formation/bone voids were seroma formation/bone voids were 
observedobserved
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Statistical AnalysisStatistical Analysis

Zhiwei Zhang, Ph.D.Zhiwei Zhang, Ph.D.
StatisticianStatistician
Division of BiostatisticsDivision of Biostatistics
Office of Surveillance and BiometricsOffice of Surveillance and Biometrics
Center for Devices and Radiological HealthCenter for Devices and Radiological Health
Food and Drug AdministrationFood and Drug Administration
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OutlineOutline

DeviceDevice
Sinus augmentationSinus augmentation

Dosing studyDosing study
Pivotal studyPivotal study

Extraction socket augmentationExtraction socket augmentation
Dosing studyDosing study
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Infuse Bone GraftInfuse Bone Graft

Recombinant human bone morphogenetic Recombinant human bone morphogenetic 
proteinprotein--2 (BMP)2 (BMP)
Placed on an absorbable collagen sponge Placed on an absorbable collagen sponge 
(ACS)(ACS)
Applied at a concentration of 1.5 mg/ml Applied at a concentration of 1.5 mg/ml 
(default)(default)
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Dosing Study for SinusDosing Study for Sinus
48 patients were enrolled at 6 sites and 48 patients were enrolled at 6 sites and 
randomized at a 1:1:1 ratio to receiverandomized at a 1:1:1 ratio to receive

bone graftbone graft
0.75 mg/ml BMP0.75 mg/ml BMP
1.5 mg/ml BMP1.5 mg/ml BMP

Treatment course (up to 48 months)Treatment course (up to 48 months)
Initial surgery followed by bone induction phaseInitial surgery followed by bone induction phase
Dental implant placement followed by Dental implant placement followed by 
osseointegration phaseosseointegration phase
Functional loading followed by functional restoration Functional loading followed by functional restoration 
phasephase
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Pivotal Study for SinusPivotal Study for Sinus

ObjectiveObjective
To compare 1.5 mg/ml BMP with bone graftTo compare 1.5 mg/ml BMP with bone graft

PopulationPopulation
Candidates for a twoCandidates for a two--stage bilateral or stage bilateral or 
unilateral maxillary sinus augmentation unilateral maxillary sinus augmentation 
procedureprocedure
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160 patients at 20 sites160 patients at 20 sites
Treatment (BMP or bone graft) assigned Treatment (BMP or bone graft) assigned 
randomly at a 1:1 ratiorandomly at a 1:1 ratio
Open labelOpen label
Treatment course similar to that of dosing Treatment course similar to that of dosing 
studystudy

Design ParametersDesign Parameters
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Primary EndpointPrimary Endpoint

Proportion of BMPProportion of BMP--treated patients with treated patients with 
successful dental implant borne successful dental implant borne 
restoration at 6 months postrestoration at 6 months post--loadingloading
Protocol claims success if the above Protocol claims success if the above 
proportion exceeds 73%proportion exceeds 73%

Not based on statistical hypothesesNot based on statistical hypotheses
Does not involve a comparison to the controlDoes not involve a comparison to the control
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Patient AccountabilityPatient Accountability

1.1. Remained successful through 24 months after Remained successful through 24 months after 
functional loadingfunctional loading

2.2. Withdrawn or lost to followWithdrawn or lost to follow--upup

Bone GraftBone Graft BMPBMP

CompletedCompleted11 6969 5757

FailedFailed 77 1818

DiscontinuedDiscontinued22 22 77

TotalTotal 7878 8282
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Baseline Comparison Baseline Comparison 

No significant differences with respect to No significant differences with respect to 
age, race, history of nicotine use, current age, race, history of nicotine use, current 
alcohol consumption or menopausal statusalcohol consumption or menopausal status
Significant differencesSignificant differences

Higher proportion of subjects Higher proportion of subjects ≥≥ 65 years of 65 years of 
age in the BMP group (p = 0.024, Fisherage in the BMP group (p = 0.024, Fisher’’s s 
exact test)exact test)
Higher proportion of male subjects in the BMP Higher proportion of male subjects in the BMP 
group (p = 0.003, Fishergroup (p = 0.003, Fisher’’s exact test)s exact test)
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Pooling StudiesPooling Studies

The dosing and pivotal studies for sinus haveThe dosing and pivotal studies for sinus have
Similar inclusion/exclusion criteriaSimilar inclusion/exclusion criteria
Similar baseline characteristicsSimilar baseline characteristics
Similar treatment courses except for timing of postSimilar treatment courses except for timing of post--
operative CT scansoperative CT scans
Similar outcomes except for change in bone height (p Similar outcomes except for change in bone height (p 
> 0.05)> 0.05)

No major statistical issues are noted in pooling No major statistical issues are noted in pooling 
the studies for analyses of functional restorationthe studies for analyses of functional restoration
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Patient Success Rates at 6 Months Patient Success Rates at 6 Months 
PostPost--LoadingLoading11

1.1. Discontinued patients (2 control; 1 BMP) excluded from Discontinued patients (2 control; 1 BMP) excluded from 
analysisanalysis

2.2. Exact 95% confidence intervalExact 95% confidence interval
3.3. Approximate 95% confidence intervalApproximate 95% confidence interval

DataData ControlControl BMPBMP DifferenceDifference

90.8% (69/76)90.8% (69/76) 79.0% (64/81)79.0% (64/81) --11.8%11.8%

(68.5%, 87.3%)(68.5%, 87.3%)22 ((--22.8%, 22.8%, --0.8%)0.8%)33

89.9% (80/89)89.9% (80/89) 79.6% (78/98)79.6% (78/98) --10.3%10.3%

(70.3%, 87.1%)(70.3%, 87.1%)22 ((--20.4%, 20.4%, --0.2%)0.2%)33

Pivotal + Pivotal + 
dosingdosing

Pivotal Pivotal 
onlyonly
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Summary Summary –– SinusSinus

The success criterion in the protocol is metThe success criterion in the protocol is met
However, the data shows that BMP could However, the data shows that BMP could 
be inferior to bone graft by as much as be inferior to bone graft by as much as 
20% in terms of successful functional 20% in terms of successful functional 
restoration at 6 monthsrestoration at 6 months
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Dosing Study for Extraction SocketDosing Study for Extraction Socket

Primary objectivesPrimary objectives
To estimate the proportion of patients in each To estimate the proportion of patients in each 
treatment group that have adequate bone treatment group that have adequate bone 
formation for dental implant placementformation for dental implant placement
To determine the most safe and effective To determine the most safe and effective 
concentration for inducing bone formationconcentration for inducing bone formation

PopulationPopulation
Candidates for a twoCandidates for a two--stage local alveolar stage local alveolar 
ridge augmentation procedure for buccal wall ridge augmentation procedure for buccal wall 
defectsdefects
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Design ParametersDesign Parameters

80 patients randomized evenly to receive80 patients randomized evenly to receive
No treatment (for bone formation)No treatment (for bone formation)
Placebo (ACS only)Placebo (ACS only)
0.75 mg/ml BMP0.75 mg/ml BMP
1.5 mg/ml BMP1.5 mg/ml BMP

Treatment assignment blinded to patients Treatment assignment blinded to patients 
and investigators in the last 3 groupsand investigators in the last 3 groups
Treatment course similar to those of sinus Treatment course similar to those of sinus 
studiesstudies
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Issues in AnalysisIssues in Analysis

Prospective analysis plan is not available Prospective analysis plan is not available 
for evaluation of longfor evaluation of long--term effectivenessterm effectiveness
Retrospective analysis may not be Retrospective analysis may not be 
rigorous enough to establish safety and rigorous enough to establish safety and 
effectivenesseffectiveness
In a retrospective analysis, need to In a retrospective analysis, need to 
determine the appropriate control group determine the appropriate control group 
and primary endpointand primary endpoint
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Control GroupControl Group

Prefer placebo over no treatment becausePrefer placebo over no treatment because
Unlike the other 3 arms, assignment to no Unlike the other 3 arms, assignment to no 
treatment was known to the investigator, who treatment was known to the investigator, who 
decided how to proceed in the treatment decided how to proceed in the treatment 
course, and the patient, who could have been course, and the patient, who could have been 
negatively impactednegatively impacted
Placebo helps distinguish the biological effect Placebo helps distinguish the biological effect 
of BMP from any possible placebo effect, of BMP from any possible placebo effect, 
even though it is not normally prescribed as even though it is not normally prescribed as 
an alternative treatmentan alternative treatment
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Primary EndpointPrimary Endpoint

Suggest using the patient success rate at Suggest using the patient success rate at 
6 months post6 months post--loadingloading

To reflect the longTo reflect the long--term performance of the term performance of the 
devicedevice
To be consistent with the evaluation for the To be consistent with the evaluation for the 
sinus augmentation indicationsinus augmentation indication
To minimize appearance of arbitrarinessTo minimize appearance of arbitrariness
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At 6 Months PostAt 6 Months Post--LoadingLoading

PlaceboPlacebo BMPBMP
SucceededSucceeded 77 1414

FailedFailed 77 55

DiscontinuedDiscontinued11 33 22
TotalTotal 1717 2121

1. Withdrawn or lost to followWithdrawn or lost to follow--upup
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Methods for Missing DataMethods for Missing Data

1.1. To count all discontinued patients as To count all discontinued patients as 
failuresfailures

2.2. To exclude discontinued patients from To exclude discontinued patients from 
the analysisthe analysis
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Primary Analysis Primary Analysis –– 6M Success6M Success

MethodMethod PlaceboPlacebo BMPBMP DiffDiff 95% CI for Diff95% CI for Diff

11 41.2%41.2% 61.9%61.9% 20.7%20.7% ((--10.6%,10.6%, 52.0%)52.0%)
22 50.0%50.0% 72.2%72.2% 22.2%22.2% ((--11.2%,11.2%, 55.6%)55.6%)

A positive effect may exist, but statistical A positive effect may exist, but statistical 
evidence is insufficientevidence is insufficient

Uninformative confidence intervalsUninformative confidence intervals
Lack of statistical significance (p Lack of statistical significance (p ≥≥ 0.19)0.19)
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Summary Summary –– Extraction SocketExtraction Socket

It appears difficult to conduct a rigorous It appears difficult to conduct a rigorous 
retrospective analysis, as illustrated by the retrospective analysis, as illustrated by the 
controversies over the control group and controversies over the control group and 
the primary endpoint.the primary endpoint.
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Clinical StudiesClinical Studies

Robert S. Betz, D.D.S.Robert S. Betz, D.D.S.
Diplomate, American Board of PeriodontologyDiplomate, American Board of Periodontology
Division of Anesthesia and Respiratory, General Hospital, InfectDivision of Anesthesia and Respiratory, General Hospital, Infection ion 
Control, and Dental DevicesControl, and Dental Devices
Office of Device EvaluationOffice of Device Evaluation
Center for Devices and Radiological HealthCenter for Devices and Radiological Health
Food and Drug AdministrationFood and Drug Administration
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InFuseInFuse®® Bone GraftBone Graft

Proposed Indications for Use:

As an alternative to autograft for:

Sinus Augmentation and
Localized alveolar ridge augmentation for 
defects associated with extraction sockets



5858

InFuseInFuse®® Bone GraftBone Graft

PMA Clinical DocumentationPMA Clinical Documentation
Clinical Studies Clinical Studies –– conducted under IDEsconducted under IDEs

Sinus Augmentation Dosing StudySinus Augmentation Dosing Study
Sinus Augmentation Pivotal StudySinus Augmentation Pivotal Study

Extraction Dosing StudyExtraction Dosing Study

Adverse EventsAdverse Events
Risk AnalysisRisk Analysis
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InFuseInFuse®® Bone GraftBone Graft

DataData ControlControl BMPBMP DifferenceDifference

79.0% (64/81)79.0% (64/81) --11.8%11.8%

(68.5%, 87.3%)(68.5%, 87.3%) ((--22.8%, 22.8%, --0.8%)0.8%)
79.6% (78/98)79.6% (78/98) --10.3%10.3%

(70.3%, 87.1%)(70.3%, 87.1%) ((--20.4%, 20.4%, --0.2%)0.2%)
Pivotal + Pivotal + 
dosingdosing

89.9% (80/89)89.9% (80/89)

Pivotal Pivotal 
onlyonly 90.8% (69/76)90.8% (69/76)

Sinus Augmentation Study ResultsSinus Augmentation Study Results
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InFuseInFuse®® Bone GraftBone Graft
Extraction Site Study ResultsExtraction Site Study Results

Primary purpose Primary purpose –– to determine most suitable dose of to determine most suitable dose of 
rhBMPrhBMP--2 to use2 to use
Designed as a dosing study; no pivotal study submittedDesigned as a dosing study; no pivotal study submitted
Retrospective analysis of endpointsRetrospective analysis of endpoints
Ridge height maintained and ridge width increased as Ridge height maintained and ridge width increased as 
compared to no treatment.compared to no treatment.
18 of 21 patients with larger dose were successful18 of 21 patients with larger dose were successful
No treatment control group demonstrated some gain in No treatment control group demonstrated some gain in 
ridge widthridge width
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Adverse EventsAdverse Events

Adverse EventsAdverse Events
SurgicalSurgical
Antibody responsesAntibody responses
Ectopic bone formationEctopic bone formation

Serious adverse eventsSerious adverse events
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Adverse EventsAdverse Events
InFuse vs. AutograftInFuse vs. Autograft

InFuse
1.5 mg/ml rhBMP-2 Bone Graft P value

(n=120) (n=91) 

FACE  EDEMA 81 (67.5) 52 (57.1) 0.1500 
INFECTION 30 (25.0) 39 (42.9) 0.0076
ORAL EDEMA 81 (67.5) 59 (64.8) 0.7688 
ORAL ERYTHEMA 57 (47.5) 56 (61.5) 0.0513 
MOUTH PAIN 102 (85.0) 76 (83.5) 0.8489
ABNORMAL GAIT 0 (0.0) 37 (40.7) <0.0001

ECCHYMOSIS 19 (15.8) 21 (23.1) 0.2157
HYPERGLYCEMIA 8 (6.7) 15 (16.5) 0.0270 
ARTHRALGIA 14 (11.7) 24 (26.4) 0.0069 
BONE DISORDER 14 (11.7) 11 (12.1) 1.0000 
HYPESTHESIA 5 (4.2) 15 (16.5) 0.0036 
SINUSITIS 11 (9.2) 15 (16.5) 0.1390 
RASH 9 (7.5) 34 (37.4) <0.0001 

SENSORY LOSS ─ 9% - 12% ─
(autograft donor sites)
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Adverse EventsAdverse Events
Antibody ResponseAntibody Response

InFuseInFuse AutograftAutograft

AntiAnti--rhBMPrhBMP--22 2.2%2.2% 0.0%0.0%

Anti Bovine Anti Bovine 
Type I CollagenType I Collagen 20%20% 31%31%

AntiAnti--Human Human 
Type I CollagenType I Collagen 0.0%0.0% 0.0%0.0%



6464

InFuse RisksInFuse Risks
Failure to induce bone in Failure to induce bone in 

desired quantitiesdesired quantities
Unknown effects on fetal Unknown effects on fetal 

developmentdevelopment
Potential Immunogenicity Potential Immunogenicity 

problemsproblems

Unknown effects on Unknown effects on 
mothermother’’s milks milk

Potential hypersensitivity Potential hypersensitivity 
to componentsto components

Unknown effects on Unknown effects on 
hepatic/renal systemshepatic/renal systems

Sensitization upon Sensitization upon 
subsequent challengesubsequent challenge

Unknown effects on Unknown effects on 
undiagnosed tumorsundiagnosed tumors

Autograft RisksAutograft Risks
Failure to induce bone in Failure to induce bone in 

desired quantitiesdesired quantities
Sometimes limited supply Sometimes limited supply 

of autogenous boneof autogenous bone
Sensory LossSensory Loss PainPain

Gait disturbanceGait disturbance SwellingSwelling
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InFuse BenefitsInFuse Benefits

Bone formationBone formation No second surgery siteNo second surgery site

No need for allograft or No need for allograft or 
heterograftheterograft

Responds in manner Responds in manner 
similar to native bonesimilar to native bone

Lower incidence of Lower incidence of 
adverse eventsadverse events

Lower incidence of Lower incidence of 
surgical complicationssurgical complications

No need to use a No need to use a 
sometimes limited supply sometimes limited supply 

of autogenous boneof autogenous bone

Lower incidence of Lower incidence of 
surgical complicationssurgical complications

The standard of careThe standard of careBone formationBone formation

Responds in manner Responds in manner 
similar to native bonesimilar to native bone

No device related allergic No device related allergic 
reactionsreactions

Autograft BenefitsAutograft Benefits
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In SummaryIn Summary
Sinus Augmentation Study

Less effective than autograft after 6 months of loading
73% Success criterion met
Bone generated in sufficient quality and quantity to place and 
support dental implants 

Extraction Site Ridge Augmentation Dosing Study
No pivotal study
No active control group
Maintenance of alveolar ridge height and width
Capable of creating bone sufficient in quality and quantity to 
support endosseous implants

Both Studies
Decreased morbidity with InFuse
rhBMP-2/ACS antibody response 
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Panel Question #1Panel Question #1

In light of the preclinical data and the  In light of the preclinical data and the  
adverse events presented for InFuse, adverse events presented for InFuse, 
please discuss the safety of using InFuse please discuss the safety of using InFuse 
for each of the proposed indications:for each of the proposed indications:

1.1. Sinus augmentationSinus augmentation
2.2. Ridge augmentation at extraction sitesRidge augmentation at extraction sites
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Panel Question #2Panel Question #2
An analysis of the sinus augmentation studies indicates that InFAn analysis of the sinus augmentation studies indicates that InFuse may use may 

be up to 20% less effective than the standard of care, the autogbe up to 20% less effective than the standard of care, the autograft.raft.

1.1. In light of the above statistics from the FDA statistical presenIn light of the above statistics from the FDA statistical presentation, tation, 
please discuss the clinical implications of the InFuse results please discuss the clinical implications of the InFuse results 
presented in this PMA. presented in this PMA. 

2.2. Based on the data presented in the PMA for this indication, pleaBased on the data presented in the PMA for this indication, please se 
discuss whether the possible reduction in morbidity associated wdiscuss whether the possible reduction in morbidity associated with ith 
InFuse outweighs the potential reduction in effectiveness when InFuse outweighs the potential reduction in effectiveness when 
compared to autograft compared to autograft 

(Risks vs. Benefits).(Risks vs. Benefits).

ControlControl InFuseInFuse DifferenceDifference

79.6% (78/98)79.6% (78/98) --10.3%10.3%Pivotal Pivotal 
+ + 

DosingDosing (70.3%, 87.1%)(70.3%, 87.1%) ((--20.4%, 20.4%, --0.2%)0.2%)
89.0% (80/89)89.0% (80/89)
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Panel Question #3Panel Question #3
Given the data submitted for ridge augmentation at Given the data submitted for ridge augmentation at 
tooth extraction sites, please discuss whether there is tooth extraction sites, please discuss whether there is 
sufficient valid scientific evidence for this indication, to sufficient valid scientific evidence for this indication, to 
arrive at a clinically meaningful conclusion with respect arrive at a clinically meaningful conclusion with respect 
to device effectiveness?to device effectiveness?

1.1. Is the data submitted rigorous enough to support this Is the data submitted rigorous enough to support this 
Indication for Use? Indication for Use? 

2.2. Given the data provided, please discuss whether it is Given the data provided, please discuss whether it is 
possible to evaluate the risks vs. benefits for this possible to evaluate the risks vs. benefits for this 
indication. indication. 
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Panel Question #4Panel Question #4

Please discuss whether sufficient valid Please discuss whether sufficient valid 
scientific evidence has been provided to scientific evidence has been provided to 
demonstrate the safety and effectiveness demonstrate the safety and effectiveness 
of InFuse Bone Graft for the following of InFuse Bone Graft for the following 
indications requested by the sponsor:indications requested by the sponsor:

1.1. Sinus augmentationSinus augmentation
2.2. Extraction socket augmentationExtraction socket augmentation
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Safety Safety –– 21 CFR 21 CFR §§ 860.7(d)(1)860.7(d)(1)

There is reasonable assurance that a There is reasonable assurance that a 
device is safe when it can be determined, device is safe when it can be determined, 
based upon valid scientific evidence, that based upon valid scientific evidence, that 
the probable benefits to health from use of the probable benefits to health from use of 
the device for its intended uses and the device for its intended uses and 
conditions of use, when accompanied by conditions of use, when accompanied by 
adequate directions and warnings against adequate directions and warnings against 
unsafe use, outweigh any probable risks.unsafe use, outweigh any probable risks.
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Effectiveness Effectiveness ––
21 CFR 21 CFR §§ 860.7(e)(1)860.7(e)(1)

There is reasonable assurance that a There is reasonable assurance that a 
device is effective when it can be device is effective when it can be 
determined, based upon scientific determined, based upon scientific 
evidence, that in a significant portion of the evidence, that in a significant portion of the 
target population, the use of the device for target population, the use of the device for 
its intended uses and conditions of use, its intended uses and conditions of use, 
when accompanied by adequate directions when accompanied by adequate directions 
for use and warnings against unsafe use, for use and warnings against unsafe use, 
will provide clinically significant results.will provide clinically significant results.
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Valid Scientific Evidence Valid Scientific Evidence ––
21 CFR 21 CFR §§ 860.7(c)(2)860.7(c)(2)

Valid scientific evidence is evidence from wellValid scientific evidence is evidence from well--controlled controlled 
investigations, partially controlled studies, studies and investigations, partially controlled studies, studies and 
objective trials without matched controls, wellobjective trials without matched controls, well--
documented case histories conducted by qualified documented case histories conducted by qualified 
experts, and reports of significant human experience experts, and reports of significant human experience 
with a marketed device, from which it can fairly and with a marketed device, from which it can fairly and 
responsibly be concluded by qualified experts that there responsibly be concluded by qualified experts that there 
is reasonable assurance of the safety and effectiveness is reasonable assurance of the safety and effectiveness 
of a device under its conditions of use.  Isolated case of a device under its conditions of use.  Isolated case 
reports, random experience, reports lacking sufficient reports, random experience, reports lacking sufficient 
details to permit scientific evaluation, and details to permit scientific evaluation, and 
unsubstantiated opinions are not regarded as valid unsubstantiated opinions are not regarded as valid 
scientific evidence to show safety or effectiveness.scientific evidence to show safety or effectiveness.
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