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Final Key Questions

Bone Morphogenic Proteins for use in Spinal Fusion

Introduction

HTA has selected Bone Morphogenic Proteins (BMP) for use as adjuncts in spinal
fusion surgery to undergo a health technology assessment where an independent
vendor will systematically review the evidence available on its safety, efficacy, and
cost-effectiveness. HTA originally posted the topic as Bone Graft Products
(autograft, allograft, and synthetic), now modified, and gathered public input on all
available evidence. Recombinant bone morphogenetic proteins (rhBMPs) are
currently used in place of or in addition to autograft (e.g., iliac crest bone graft or
ICBG) or allograft bone (e.g., cadaver bone) as an adjunct to spinal fusion and other
bone fusion procedures. To date, two rhBMPs (rhBMP-2 and rhBMP-7) and
associated delivery vehicles have received approval from the Food and Drug
Administration (FDA).

Key questions guide the development of the evidence report. HTA seeks to identify
the appropriate clinical topics (e.g., population, indications, comparators, outcomes,
policy considerations) to address the statutory elements of evidence on safety,
efficacy, and cost effectiveness relevant to coverage determinations.

This topic was originally more broadly defined as ‘bone graft products’ to include BMP
and other autograft, allograft or synthetic materials used to aid in bone healing or
fusion surgery. The topic was focused on BMP based on: 1) the availability of a
comprehensive systematic review from the AHRQ published in December 2010 and,
2) subsequent new published information related to safety concerns focused on BMP.

Key Questions

When used in patients undergoing spinal fusion:

(1). What are the expected treatment outcomes of primary single or multilevel
lumbar or cervical spinal fusion for degenerative disc disease (DDD), and
of revision posterolateral lumbar spinal fusion in compromised patients
(i.e., osteoporosis, smoking, diabetes)? Are there validated instruments
related to outcomes in patients undergoing these procedures? Has
clinically meaningful improvement in outcomes been defined in these
patient populations?

(2). Compared with spinal fusion using ICBG or alternative bone graft
substitutes, what is the evidence of efficacy and effectiveness of:

a) rhBMP-2 (InFUSE) for on-label lumbosacral spine fusion in patients
with DDD?

b) rhBMP-7 (OP-1) for on-label revision posterolateral lumbar spine
fusion in compromised (e.g., osteoporosis, smoking, diabetes)
patients?
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¢) rhBMP-2 (InFUSE) for off-label lumbosacral spine fusion?
d) rhBMP-7 (OP-1) for off-label lumbosacral spine fusion?
e) rhBMP-2 (InFUSE) for off-label cervical spine fusion?

f) rhBMP-7 (OP-1) for off-label cervical spine fusion?

Including consideration of perioperative outcomes (including length of
surgery) as well as short term and long term:

o0 Impact on function, pain, radiographic fusion, patient satisfaction,
quality of life, activities of daily living and return to work
0 Other reported measures

(3). What is the evidence of the safety of on- or off-label use of rhBMP-2 or
rhBMP-7 for spinal fusion compared with spinal fusion using ICBG or
alternative bone graft substitutes? Including consideration of:

o0 Short- and long term adverse events and complications type and
frequency (pain, donor site morbidity, resorption/osteolysis,
heterotopic bone formation, graft subsidence, graft migration,
dysphagia or respiratory difficulties, elevated antibody responses to
BMPs or collagen, wound complications (infection, hematoma,
seroma, or dehiscence), local or systemic toxicity, mispositioned
graft, neurological complications, retrograde ejaculation, urogenital
complications, allergic reactions, mortality, other major morbidity).

0 Revision/re-operation rates

(4). What is the evidence that on- or off-label use of rhBMP-2 or rhBMP-7 for
spinal fusion compared with spinal fusion using ICBG or alternative bone
graft substitutes has differential efficacy or safety issues in sub-
populations? Including consideration of:

o Gender

o Age

0 Baseline functional or pain status

o Comorbidities (including but not limited to tobacco use, alcohol use,

psychological or psychological)

Other patient characteristics or evidence-based patient selection

criteria

o Provider type, setting or other provider characteristics

o Payor/ beneficiary type: including worker’'s compensation, Medicaid,
state employees

o

(5). What evidence of cost implications and cost-effectiveness of on- or off-
label use of use of rhBMP-2 or rhBMP-7 exists? Including consideration
of:

0 Costs (direct and indirect) and cost effectiveness
0 Short term and long term
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Policy Context:

In addition to other applications, BMPs are applied as adjuncts during spinal fusion
surgeries.

Technology Description:

Bone morphogenic proteins are naturally produced cell regulating proteins (TGF-B
family) necessary for bone healing and regeneration, but also involved in other tissue
configuration processes. Recombinant DNA methods have been used to produce higher
quantities of bone morphogenic proteins than could be harvested from cadaver sources
(due to minute naturally available amounts) for commercial application. Recombinant
BMP products have been used since 2001 in procedures where bone healing or fusion is
required; they are used in conjunction with collagen scaffolding materials and/or metallic
cages.

BMP products provide the potential to avoid bone harvesting procedures necessary for
use of autograft (self donated bone material), or to avoid allograft (use of bone from
cadavers). Autograft requires bone harvesting, a separate surgical procedure that itself
may result in pain and carries some risk related to the procedure and removal of bone,
frequently from the iliac crest (hip). If BMP is a safe and effective alternative to
autograft, patients may avoid a procedure and associated risk.

Issues:

There have been recent concerns about safety due to adverse event reports and questions
about clinical trial methodology and reporting of potential adverse events. Questions
were raised about the safety of BMP based on observed effects including excess bone
growth (heterotopic bone formation), and other adverse events including possible
increased rates of retrograde ejaculation (RE) in men. Publication in June 2011 of a
series of papers addressed these concerns as well as concerns about the methods used to
determine rates of adverse effects in the original trials designed to test the safety of the
then new products. Therefore, significant questions remain about the safety, efficacy and
effectiveness, and cost effectiveness of recombinant bone morphogenic proteins when
used in spinal surgery.

BMP for Spinal Fusion — Final Key Questions Page 3 1/24/2012



Reviewer
Name

Affiliation

Question

Comment

Response

Dena
Scearce

Medtronic

KQl

It is our opinion that the focus of this
guestion exceeds the scope of the subject
intended for review. The purpose of the
review is to assess the evidence on BMP’s
safety, efficacy, and cost-effectiveness for
fusion, and not to evaluate fusion per se. The
absence of any mention of BMP will lead to
an evidence review that misses this objective.

No change. Will provide the
information relevant to outcome
measures for assessing the
efficacy/effectiveness of BMP
for this application.

KQ2

We recommend that the descriptor contained
in Key Question # 3 - “compared with spinal
fusion using ICBG or alternative bone graft
substitutes” also be incorporated into Key
Question # 2. Thus, the question would be:
“What is the evidence of efficacy and
effectiveness of the items listed below
compared with spinal fusion using ICBG or
alternative bone graft substitutes?” This
would provide consistency, as well as better
focus, on the comparative outcomes of BMP
versus ICBG or alternative bone graft
substitutes.

We have modified KQ2 based on
this recommendation.

KQ3

“Heterotopic bone formation” is listed as a
possible adverse event. In the Issues
discussion ““hypertrophic” ossification is
referenced. We recommend using consistent
terms, and “heterotopic” or “ectopic” are
more consistently utilized and understood in
the clinical community.

For comments on retrograde ejaculation
(RE), please see the Issues section below.

We have modified the Issues
discussion to be consistent
within the document.

KQ4

We question the relevancy of the final two
items on the above list for Key Question # 4.
We find it unlikely that there would be
clinical evidence with provider and/or
payors’ data and believe that information
would have no bearing on the efficacy or
safety of BMP. We recommend elimination of
the final two items. If the HTA determines
that these items should remain, we would
request an explanation of the data expected to
be found by including these factors.

Payor/beneficiary type may be
relevant if available.

Issues
section

Comment on Issues: In reference to the
opening sentence in the above paragraph, we
think it worth noting that publications may differ
in their definition of what constitutes a safety
event reported in clinical studies. There may be
possible specific protocol differences in
premarket trials versus those observed and
reported in post-market use. For the latter, there
may be no a priori standardized definitions or

Terms modified for consistency
and accuracy.




consistency in data collection of specific safety
events, and post-market information may inform
risk in ways that were unavailable during pre-
market studies. Conclusions made relative to
specific events should address strengths and
weaknesses with the evidence.

We also believe the adverse event highlighted
above would be more appropriately referenced
as retrograde ejaculation (RE). RE is a known
potential complication after anterior lumbar
surgery and thought to be due to injury to the
superior hypogastric plexus during the anterior
approach.

While RE can theoretically lead to infertility or
sterility, RE may also resolve spontaneously
after its onset. It is also important to note that
RE is a known potential complication of anterior
lumbar interbody fusion with or without
rhBMP-2. In any analysis of RE, the evidence
may be best differentiated in terms of approach
(e.g., laparoscopic, transperitoneal  and
retroperitoneal), as well as whether the lumbar
fusion included BMP.

We thank you for your consideration of the
above information. We hope you find this
information helpful and we stand ready to be a
resource to you during this process. If you have
any questions, please feel free to contact me at
901.428.3516.
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Curriculum Vitae

Michael Jihoon Lee M.D.

Assistant Professor of Spine
Department of Orthopaedics and Sports Medicine
University of Washington Medical Center
206-543-3690
Box 356500
1959 NE Pacific ST
Seattle WA 98195-6500
mjlI3000@u.washington.edu

PERSONAL DATA
Born April 3", 1975. Cincinnati OH

EDUCATION
Cincinnati Country Day School, Cincinnati OH 1989-1993
Northwestern University, Evanston IL, B.S. Biomedical Engineering, 1993-1996
Northwestern University School of Medicine, Chicago IL, M.D. 1996-2000

POST GRADUATE EDUCATION

Case Western Reserve University, Internship, Department of General Surgery,
2000-2001

Allen Orthopaedic Research Fellow 2001-2002
Case Western Reserve University,
Dept of Orthopaedic Surgery, Cleveland Ohio

Case Western Reserve University, Residency, Department of Orthopaedics, 2002-
2006

FELLOWSHIP
Rush Presbyterian St Luke’s Hospital — Spine 2006-2007
Fellowship director — Howard An M.D.

FACULTY POSITIONS
Assistant Professor of Spine, The University of Washington Medical Center —
Department of Orthopaedics and Sports Medicine
September 2007 to present
AO Spine North America Faculty
April 2011 to present

HOSPITAL POSITIONS
Attending, Harborview Medical Center
September 2007 to present
Attending, University of Washington Medical Center




September 2007 to present
Attending, Seattle Cancer Care Alliance
September 2007 to present

HONORS
Alvin Freehafer Outstanding Junior Resident Award - CWRU 2003
Ohio Orthopaedic Society 2003 1st Place
Ohio Orthopaedic Society 2005 4™ Place
Cleveland Orthopaedic Society 2005 2™ place
Cleveland Orthopaedic Society 2005 3" place
Barry Friedman Orthopedic Award 2005 3" place
Barry Friedman Orthopedic Award 2006 3" place
Barry Friedman Orthopedic Award 2006 2" place
Cervical Spine Research Society 2005 1% Place — J. William Fielding Award
Cervical Spine Research Society 2005 2™ Place — J. William Fielding Award

BOARD CERTIFICATION
American Board of Orthopaedic Surgery  Part | (written) passed 7/2006
Part Il (oral) passed 9/2009

LICENSE TO PRACTICE
State of WA MD 00047891 04/03/2010 Active

PROFESSIONAL ORGANIZATIONS
American Academy of Orthpaedic Surgeons
Washington State Medical Association
Washington State Orthopaedic Association
AO Spine North America

COURSES CHAIRED
1) Advanced Techniques of Spine Tumor Treatment. June 3-4 2011, Seattle WA

TEACHING RESPONSIBILITIES

A. Invited Lecture / Courses Taught

1. Lee MJ. Management of Vertebral Artery Injuries. 6" Annual Harborview
Forum: Arthritic Disorders of the Spine. Oct 6, 2007. Seattle WA

2. Lee MJ. Osteoporosis. Korean American Health Professionals Association
Health Fair Symposium. Nov 3, 2007. Tacoma WA.

3. Lee MJ. Spinal Stenosis: Cervical and Tandem. Harborview Medical Center
Neurosurgery Grand Rounds. Feb 20, 2008. Seattle WA.

4. Lee MJ. Emerging Technologies in Spine Surgery. UWMC Rehabilitation and
Physiatry symposium. March 27", 2008. Seattle WA.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Lee MJ. Imaging the Lumbar Spine: Low Back Pain. UWMC Rehabilitation and
Physiatry symposium. March 27", 2008. Seattle WA.

Lee MJ. Insights in Measuring Cervical Stenosis. Harborview Spine
Symposium. Oct 4, 2008. Seattle WA.

Lee MJ. Spine Stenosis. Washington State Orthopaedic Association. Nov 15-
16, 2008. Seattle WA.

Lee MJ. Variation in Decompressive Techniques of the Lumbar Spine.
Harborview Medical Center/UW. Neurosurgery Grand Rounds. Feb 18, 2008.
Seattle WA.

Lee MJ. Cervical Surgery: Fusion vs. Disc Replacement. The Cervical Spine
and Upper Limb Neural Tension: From Different Diagnosis to Rehabilitation,
Neurodynamics, and Interventional Treatments. April 26", 2009. Seattle WA.
Lee MJ. Office Orthopaedics for the Neurologist. American Academy of
Neurology. April 30", 2009. Seattle WA.

Lee MJ. Cervical Decompression and Fusion: the argument in favor. Harborview
Spine Symposium. Oct 3, 2009. Seattle WA.

Lee MJ. Degenerative spondylolisthesis and stenosis: laminectomy or
laminotomy? Harborview Spine Symposium. Oct 3, 2009. Seattle WA.

Lee MJ. Structure Around the Spine (vertebral artery, dysphonia, dysphagia
etc...) American Academy of Orthopaedic Surgerons. New Orleans, LA. March
13",2010. 30 CME credits.

Lee MJ. Innovations in Spine Surgery. Principles of Spinal Disorders for
Operating Room Personnel: a team approach. AO North America. Seattle, WA.
July 17-18, 2010.

Lee MJ. Complications in Vertebral Augmentation. Harborview Spine
Symposium. Oct 2, 2010. Seattle WA.

Lee MJ. Literature Based Evidence for Treatment of Adult Degenerative
Scoliosis. Current & Emerging Issues in Complex Lumbar Spine Surgery.
Practical Anatomy and Surgical Education. St Louis School of Medicine Oct
28", 2010. St Louis MO.

Lee MJ. Implant Subsidence/ Migration. Current & Emerging Issues in
Complex Lumbar Spine Surgery. Practical Anatomy and Surgical Education. St
Louis School of Medicine Oct 29", 2010. St Louis MO.  8.75 CME credits.
Lee MJ. Facet Kinematics in Limited vs. Subtotal Microdiscectomy. AO Spine
Fellows Forum. April 2", 2011. Banff, Alberta Canada.

Lee MJ. Review of Metastatic Spine Disease. Advanced Techniques of Spine
Tumor Treatment. June 3-4 2011, Seattle WA

Lee MJ. Pathologic Spine Fracture. Advanced Techniques of Spine Tumor
Treatment. June 3-4 2011, Seattle WA

Lee MJ. MIS vs Open Lumbar Spine Surgery: Style vs. Substance. Puget Sound
Spine Interest Group. September 15", 2011, Bellevue WA.

Lee MJ. Does MIS reduce complications? Spine Summit in Seattle: Enhancing
Patient Safety in Spine Surgery. Harborview Medical Center, October 1, 2011,
Seattle WA.
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23. Lee MJ. Adjacent Segment Disease Reoperations: What are the risk factors?
Spine Summit in Seattle: Enhancing Patient Safety in Spine Surgery. Harborview
Medical Center, October 1, 2011, Seattle WA.

24. Lee MJ. Systematic Review: Infections in Spine Surgery. Spine Summit in
Seattle: Enhancing Patient Safety in Spine Surgery. Harborview Medical Center,
October 1, 2011, Seattle WA.

25. Lee MJ. Literature Based Evidence for Treatment of Adult Degenerative
Scoliosis. Innovative Technologies in Complex Lumbar Surgery. Practical
Anatomy and Surgical Education. St Louis School of Medicine Nov 18", 2011.
St Louis MO.

26. Lee MJ. Direct Decompression. Innovative Technologies in Complex Lumbar
Surgery. Practical Anatomy and Surgical Education. St Louis School of
Medicine Nov 18", 2011. St Louis MO.

27. Lee MJ. Indirect Decompression and New Technologies. Innovative
Technologies in Complex Lumbar Surgery. Practical Anatomy and Surgical
Education. St Louis School of Medicine Nov 18", 2011. St Louis MO.

B. Intra- UW lectures (Resident/Nursing/ Fellowship lectures)

1. Lee MJ. Metastatic Disease to the Spine. Margo Johnsen Pathology Review.
University of Washington Medical Center. Oct 11, 2008. Seattle WA.

2. Lee MJ. Metastatic Disease to the Spine. Margo Johnsen Pathology Review.
University of Washington Medical Center. Oct 10, 2009. Seattle WA.

3. Lee MJ. Metastatic Disease to the Spine. Margo Johnsen Pathology Review.
University of Washington Medical Center. Oct 23, 2010. Seattle WA.

4. Lee MJ. Lumbar Spine Anatomy, Terminology and Radiographic Imaging.
Nursing Continuing Education Spine Bio skills Workshop, University of
Washington. August 18, 2010.

5. Lee MJ. Lumbar Spine Part 2 (Clinical Management - Surgical Approach).
Nursing Continuing Education Spine Bio skills Workshop, University of
Washington. August 18, 2010.

6. Lee MJ. Spine fusion. 6SE Education Day. University of Washington Medical
Center. October 6, 13, 20 2011. Seattle WA

7. Lee MJ. Spine Surgery. Lecture to Rehabilitation Medicine Residents.
University of Washington Medical Center. October 18, 2011. Seattle WA

8. Lee MJ. Metastatic Disease to the Spine. Margo Johnsen Pathology Review.
University of Washington Medical Center. Oct 22, 2011. Seattle WA.

POST MEDICAL SCHOOL ACTIVITIES
Case Orthopaedic Journal Editor in Chief 2005-2006
Case Orthopaedic Journal Resident Editor 2003-2005
Orthopaedic Education Committee Member 2004-2006
Resident Representative to the American Academy of Orthopaedic Surgery, 2004-
2006
Skeletal Anatomy Instructor
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- Teaching musculoskeletal anatomy to 1* year medical students at Case
Western Reserve University Medical School Oct 2001. (Part of
Orthopaedic Residency Curriculum)

Cleveland Heights High School Team Physician, 2001-2006

BASIC SCIENCE RESEARCH EXPERIENCE
Allen Orthopaedic Research Fellow, Case Western Reserve University, Dept of
Orthopaedic Surgery, Cleveland Ohio, 2001-2002

Research Technician Northwestern, Alzheimer’s Research, Evanston lllinois;
University May-August 2000

SPECIAL NATIONAL RESPONSIBILITIES
Reviewer: Journal of American Academy of Orthopaedic Surgery. 2008 to
present.
Reviewer: Evidence Based Spine Journal. 2010 to present
Reviewer: Spine. 2012 to present
Reviewer: Spine Across the Sea 2012 Abstract review
Reviewer: North American Spine Society 2012 Abstract review

SPECIAL LOCAL RESPONSIBILITIES

Naloxone Review Committee, UWMC, 2008 to present

Medical Director 6SE (Orthopaedic ward) of UWMC — April 2010 to present

University of Washington Faculty Senate — 9/2010 — 9/2012

UWMC Dept Orthopaedic Search Committee — Orthopaedic Oncology Faculty
2011

UWMC Dept Orthopaedic Advancement and Promotions Committee 2011

University of Washington Committee for Edwin Laurnen Award — 2011 to
present

University of Washington Medical Center founding member of Spine SCOAP- a
Washington State registry for spine surgery with the goal of improving
quality and safety across all of WA state. 2009-present

University of Washington Medical Center InPatient Clinical Performance
Committee. 2011- present

GRANTS / FUNDING
University of Washington Orthopaedic Department Initiative Funding. The Effect
of Bilateral Laminotomy and Laminectomy on the motion of the Human
Lumbar Spine. Lee MJ (Principle Investigator), Howe C. Bransford R,
Chapman J, Ching R. - $32,000. 2008

DePuy Spine. Kyphosis Correction from combined Smith Peterson Osteotomy
and an Interbody Strut. Lee MJ (Principle Investigator), Ching R. $19,500,
2008-20009.
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AO Spine North America Young Investigator Award. Lee MJ (Principle
Investigator), Ching RC. $30,000. 2010-2011

AHRQ. Shared Decision-making in Surgery to Improve Patient Safety and

Reduce Liability. Domino K, Lee MJ (Co-Investigator), Bransford RJ.
$300,000. 2010-2011

AO Spine CPP-FFOB. Enhancing pedicle screw fixation in the lumbar spine
utilizing allograft bone plug interference fixation. Lee MJ (Principle
Investigator), Ching R, Chapman JR. $40,000, 2011
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Introduction

The HTCC Workgroup is a public service workgroup established to safeguand the public interest by identifying
madical tests and treatments where evidence shows they are safe, effective, and cost-aeffective. Balance,
independence, objectivity and scientific rigor are a basis for public frust and crucial to the credibllity and integrity
of decisions.

Guiding Principle

Conflict of Interest decisions must be disclosed and balanced {o ensure the integrity of decisions while
acknowledging the reality that interests, and sometimes even canflicting Inferests, do exist Individuals that stand
to gain or lose financially or professionally, or have a strong intellectual bias need to disclose such conflicts.

For example, the fact that a member or.stakeholder Is a health care provider that may
use a service under review creates a potential conflict. However, clinical and practical
knowledge about a service is also useful, and may be needed in the decision making.

Procedure

Declaration of real or potential conflicts of interest, professional, intellectual, or financial is required prior to
membership or provision of writien or verbal commentary. Participants must signh a conflict of interest form;
stakehiolders providing comment must disclose conflicts.

The HTCC Chair or HCA Administrator shall make a decision, in histher sole discretion, as to whether a conflict of
interest rises lo the level that participation by the conflicted participant could result in a loss of public trust or
would significantly damage the intagrity of the decision.

HCA defines confiict of interest as any situation in which a voting member or anyone who provides written or
verbal testimony regarding products, services, or tachnologies discussed or voted on during the workgroup
meeting, has a relationship with a manufacturer of any commercial products and / or provider of services
discussed or voted on during the meeting. Relationship extends to include immediate family member(s) and / or
any entity in which the member or person testifying may have an interest.

A relationship is considered as:

1. Receipt or potential receipt of anything of monetary value, including but not imited to, salary or other
payments for services such as consulting fees or honoraria in excess of $10,000.

2. Equity interests such as stocks, stock options or other awnership interests in excess of $10,000 er 5%
ownership, excluding mutual funds and blinded trusts,

3. Status of pasition as an officer, board member, trustes, owner or employee of a company or srganization
representing a company, association or interest group.

4. Loan or debt interest; or intellectual property rights such as patents, copyrights and royaltisg from such
rights.

6. Manufacturer or industry support of research in which you are participating.

6. Afny tothert relationship that could reasonably be considered a financial, intellectual, or professional conflict
of interest.

7. Representation: if representing a person or organization, include the crganization’s name, purpose, and
funding sources {e.g. member dues, governmentalitaxes, commercial products or services, grants from
industry or government).

8. Travel: if an organization or company has financially paid your travel accommodations (e.g. airfare, hotel,
meals, private vehicle mileage, etc).
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