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87. Pulmonary Complications following Thoracic Spinal Surgery: A Systematic Review.
Gabel BC, Schnell EC, Dettori JR, Jeyamohan S, Oskouian R. Global Spine J. 2016 May;6(3):296-303.
doi: 10.1055/s-0036-1582232. PMID: 27099821

88. Arterial variations around the atlas: a comprehensive review for avoiding neurosurgical complications.
Ivashchuk G, Fries FN, Loukas M, Paulson D, Monteith SJ, Chapman JR, Oskouian RJ, Tubbs RS.
Childs Nerv Syst. 2016 Jun;32(6):1093-100. doi: 10.1007/s00381-016-3066-6. PMID: 27003576

89. Enigmatic human tails: A review of their history, embryology, classification, and clinical manifestations.



Tubbs RS, Malefant J, Loukas M, Jerry Oakes W, Oskouian RJ, Fries FN. Clin Anat. 2016 May;29(4):430-
8. doi: 10.1002/ca.22712. PMID: 26990112

90. Lumbar Epidural Hematoma Following Interlaminar Fluoroscopically Guided Epidural Steroid Injection.
Page J, Moisi M, Oskouian RJ. Reg Anesth Pain Med. 2016 May-Jun;41(3):402-4.
doi: 10.1097/AAP.0000000000000387. PMID: 26982079

91. Training Medical Novices in Spinal Microsurgery: Does the Modality Matter? A Pilot Study

Comparing Traditional Microscopic Surgery and a Novel Robotic Optoelectronic Visualization Tool. Moisi M,
Tubbs RS, Page J, Chapman A, Burgess B, Laws T, Warren H, Oskouian RJ. Cureus. 2016 Jan 27;8(1):e469.
doi: 10.7759/cureus.469. PMID: 26973804 Free PMC Article

92. Can blockage or sacrifice of the middle meningeal artery lead to hydrocephalus?
Tubbs RS, Demerdash A, D'Antoni AV, Loukas M, Kulwin C, Oskouian RJ, Cohen-Gadol A.
Childs Nerv Syst. 2016 Mar 14. PMID: 26971502

93. Memorial: Albert L. Rhoton Jr.,, M.D. (1932-2016). Tubbs RS, Oskouian RJ, Delashaw J. Clin Anat.
2016 May;29(4):422-3. doi: 10.1002/ca.22706. No abstract available. PMID: 26946342

94. Intra-Wound Antibiotics and Infection in Spine Fusion Surgery: A Report from Washington State's
SCOAP- CERTAIN Collaborative. Ehlers AP, Khor S, Shonnard N, Oskouian RJ Jr, Sethi RK, Cizik AM, Lee
MJ, Bederman S, Anderson PA, Dellinger EP, Flum DR. Surg Infect (Larchmt). 2016 Apr;17(2):179-86.
doi: 10.1089/sur.2015.146. PMID: 26835891

95. Do the cerebellar tonsils move during flexion and extension of the neck in patients with Chiari

I malformation? A radiological study with clinical implications. Tubbs RS, Kirkpatrick CM, Rizk E, Chern

), Oskouian RJ, Oakes WJ. Childs Nerv Syst. 2016 Mar;32(3):527-30. doi: 10.1007/s00381-016-3014-5.
PMID: 26758883

96. Commentary on: "Remote Cerebellar Hemorrhage after Revision Lumbar Spine Surgery".
Paulson D, Page J, Moisi MD, Oskouian RJ. Global Spine J. 2015 Dec;5(6):538. doi: 10.1055/s-0035-
1567837. No abstract available. PMID: 26682109

97. Bullet Fragment of the Lumbar Spine: The Decision Is More Important Than the Incision.
Moisi MD, Page J, Gahramanov S, Oskouian RJ. Global Spine J. 2015 Dec;5(6):523-6. doi: 10.1055/s-
0035- 1566231. PMID: 26682104

98. Evolution of cerebellar tonsillar ischemia to cerebellar tonsillar cysts in the Chiari |
malformation: radiological, surgical, and histological evidence. Tubbs RS, Demerdash A, Oskouian RJ, Chern
JJ, Oakes W1J.

Childs Nerv Syst. 2016 Apr;32(4):661-5. doi: 10.1007/s00381-015-2960-7. PMID: 26572513

Manuscripts Submitted for Publications

1. The Atlas: A Comprehensive Review of Its Molecular Development, Embryology, Comparative Anatomy
and Variations R. Shane Tubbs, Olaide O. Ajayi, Sloan Dickerson, Jens R. Chapman, Rod J. Oskouian.
Childs Nerv Syst



10.

11.

12.

13.

The Vertebral Artery Cave at C2: Anatomical Study with Application to C2 Pedicle Screw Placement R.
Shane Tubbs, Andre Granger, Marios Loukas, Marc Moisi, David Paulson, Shiveindra Jeyamohan, Jens R.
Chapman, Rod J. Oskouian Spine Journal

Craniocervical Dissociation in the Pediatric Population: Do Children Have Better or Worse Outcomes than
Adults? A Narrative Review R. Shane Tubbs, Chirag Patel, Marios Loukas, Rod J. Oskouian, Jens R.
Chapman. Childs Nerv Syst

Extraforaminal Compression of the L5 Nerve: An Anatomical Study with Application to Failed Posterior
Decompressive Procedures R. Shane Tubbs, Islam Aly, Marc D. Moisi, David R. Hanscom, Jens R.
Chapman, Marios Loukas, Rod Oskouian. Spine Journal

Intracranial Connections of the Vertebral Venous Plexus: Anatomical Study with Application to
Neurosurgical and Endovascular Procedures at the Craniocervical Junction R. Shane Tubbs, Amin
Demerdash, Marios Loukas, Joel Curé, Rod J. Oskouian, Shaheryar Ansari, Aaron A. Cohen-Gadol.
Neurosurgery

Mapping the Internal Anatomy of the Lateral Brainstem: Anatomical Study with Application to Far
Lateral Approaches to Intrinsic Brainstem Tumors R. Shane Tubbs, Andre Granger, Payman Vahedi,
Marios Loukas, Rod J. Oskouian, Johnny Delashaw, W. Jerry Oakes. Childs Nerv Syst

Relationship of the Lumbar Plexus Branches to the Lumbar Spine: Anatomical Study with Application to
Lateral Approaches R. Isaiah Tubbs, Brandon Gabel, Shiveindra Jeyamohan, Marc Moisi, Jens R.
Chapman, R. David Hanscom, Marios Loukas, Rod J. Oskouian, R. Shane Tubbs. Spine Journal

Variations of the Accessory Nerve: Anatomical Study Including Previously Undocumented Findings-
Expanding our Misunderstanding of this Nerve R. Shane Tubbs, Olaide O. Ajayi, Robert J. Spinner, Rod J.
Oskouian. Brit J Neurosurg

Endoscopic Third Ventriculostomy: A Historical Review Amin Demerdash, Brandon G. Rocque, James
Johnston, Curtis J. Rozzelle, Rod J. Oskouian, Johnny Delashaw, R. Shane Tubbs. Brit J Neurosurg

Enigmatic Human Tails: A Review of their History, Embryolgy and Classification R. Shane Tubbs, Marios
Loukas, Jason Malefant, Rod J. Oskouian. Clin Anat

A New Landmark for Localizing the Site of the Subdental Synchondrosis Remnant: Application to
Discerning Pathology from Normal on Imaging R. Shane Tubbs, Christina M. Kirkpatrick, Marc D. Moisi,
David R. Hanscom, Jens R. Chapman, Rod J. Oskouian. Spine

Arterial Variations in the Territory of the Atlas: A Comprehensive Review Galyna Ivashchuk, Marios
Loukas, David Paulson, Stephen J. Monteith, Jens R. Chapman, Rod J. Oskouian, R. Shane Tubbs. Spine

A Novel Method of Lengthening the Accessory Nerve for Anterior Neurotization and Primary Repair
Procedures R. Shane Tubbs, Yolanda Stoves, Rong Li, Rod J. Oskouian, Robert Spinner. Neurosurg
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Complications of sacroiliac screw placement
Notochord remnants in the apical ligament

Trabecular patterns of the atlas

Internal morphology of the odontoid process
Movement of the dens in flexion and extension of the cervical spine
Ectopic dorsal root ganglion cells

Anatomical study of the iliolumbar ligament

Landmarks for the lumbosacral trunk

Landmarks for the lumbar sympathetic trunk
Immunohistochemistry of the nuchal ligament

New theory of os odontoideum formation

C2 pedicle screw teaching model

Redefining the odontoid process

The sacroiliac ligaments: a Review

A new finding of the spinal dura mater

A new finding of the sinuvertebral nerves

Lumbar tropism: a review

Coronal imaging of the Chiari | malformation

The falciform ligament and relation to the optic nerve
Intracranial arteries that pierce cranial nerves: a review

Book Chapters

Bhattacharjee S, Oskouian RJ Jr, Shaffrey Cl. Fixed versus flexible deformity. In: Henry RF, Albert TJ, eds.
Spinal Deformity: The Essentials. New York, NY: Thieme Medical Publishers; 2007.

Oskouian RJ, Sansur CA, Shaffrey I. Posterior correction of thoracolumbar deformity. In: Mummaneni P,
Lenke LG, Haid RW Jr, eds. Spinal Deformity: A Guide to Surgical Planning and Management. St. Louis,
MO: Quality Medical Publishing; 2008.

Battacharjee S, Oskouian RJ, Shaffrey Cl. Lumbar pedicle subtraction osteotomy. In: Mummaneni P, Lenke
LG, Haid RW Jr, eds. Spinal Deformity: A Guide to Surgical Planning and Management. St. Lous, MO:
Quality Medical Publishing, Inc; 2008.

Okonkwo D, Oskouian RJ, Shaffrey Cl. Management of cervical spine injuries. In: Jallo J, Vaccaro AR, eds.
Neurotrauma and Critical Care of the Spine. New York, NY: Thieme Medical Publishers; 2008.

Jagannathan J, Oskouian RJ, Jr, Pouratian N, Jane JA, Jr, Laws ER, Vance MA, Sheehan JP. Sterotactic
radiosurgery for pituitary adenomas. In: Lunsford LD, Sheehan JP, eds. Intracranial Sterotactic
Radiosurgery. New York, NY: Thieme Medical Publishers; 2009.

Crowley RW, Yeoh HK, McKisic MS, Oskouian RJ Jr, Dumont AS. Osteoporotic fractures: Evaluation and
treatment with vertebroplasy/kyphoplasty. In: Winn HR, ed. Youmans Neurological Surgery. 6" ed. St.
Louis, MO: Elsevier Saunders; 2012.



7. Hamilton DK, Oskouian RJ Jr, Shaffrey Cl. Flat back and sagittal plan deformity. In: Winn HR, ed. Youmans
Neurological Surgery. 6" ed. St. Louis, MO: Elsevier Saunders: 2012.

Books in Preparation

1. The Intracranial Venous Sinuses: Anatomy, Embryology, Imaging, Pathology and
Surgery R. Shane Tubbs, Mohammadali M. Shoja, Marios Loukas, Steven J. Monteith, Rod J. Oskouian,
Johnny Delashaw

2. The Lumbar Plexus: Anatomy, Comparative Anatomy, Embryology, and Surgical Approaches Tubbs RS,
Chapman JR, Oskouian RJ

Other Publications

1. Oskouian RJ Jr. Spinal Cord Abscess: eMedicine. eMedicine Web Site.
http://emedicine.medscape.com/article/248030-overview. Published 2009.

2. Oskouian RJ Jr. Spinal Hematoma: eMedicine Neurosurgery. eMedicine Web Site.
http://emedicine.medscape.com/article/247957-overview. Published 2009.

3. Oskouian RJ Jr, Sansur CA, O’Brien M, Shaffrey Cl. Untreated Late-onset Idiopathic scoliosis and revision
surgery in adults. Harms Study Group Book Project, Depuy Spine

Invited Presentations

1. Oskouian RJ Jr. Avoiding complications in lateral spine surgery. Presented at: John Jane Society Annual
Meeting. October 4-6, 2012; Charlottesville, VA.

2. Oskouian RJ Jr. Lateral approaches for deformity-lengthening the spine versus shortening. Presented at:
The 18™ Spine Workshop, The Chinese University of Hong Kong. October 13-15, 2012; Hong Kong, China.

3. Oskouian RJ Jr. Complication avoidance in lateral surgery. Presented at: The 18™ Spine Workshop, The
Chinese University of Hong Kong. October 13-15, 2012; Hong Kong, China.

4. Oskouian RJ Jr. Lateral Spine Surgery. Presented at the 9" Annual Mazama Spine Summit. February 7-10,
2013; Winthrop, WA.

5. Oskouian RJ Jr. Cadaveric Lab Session. Presented at the 4" Spine Deformity Solutions: A Hands-On
Course. April 9-11, 2015; Houston, TX.

6. Oskouian RJ Jr. MIS Deformity Correction & MIS techniques for maximizing lumbar lordosis. Presented at
22nd Scoliosis Research Society (SRS) International Meeting on Advanced Spine Techniques - IMAST 2015.
July 8-11, 2015; Kuala Lumpur, Malaysia.

7. Oskouian RJ Jr. Special Course: SOLAS: Advanced Lateral Access Challenges and solutions: A Case Based
Approach & the Latest and Greatest in Spine Navigation. Presented & Moderated at the 32" Annual


http://emedicine.medscape.com/article/248030-overview
http://emedicine.medscape.com/article/247957-overview

Meeting of the Section on Disorders of the Spine and Peripheral Nerves Spine Summit 2016. March 16-19,
2016: Orlando, Florida.

Active Studies

1. Stand-Alone Cage versus Conventional ACDF.
0 Principle Investigator
O IRB Number: 59295-16
2. Unplanned Reoperation after Intradural Spinal Tumor Resection.
0 Principle Investigator
O IRB Number: 5898S-15
3. Duraseal Exact Spine Sealant System: Post Approval Study.
O Primary Investigator
O IRB Number: 5684W-14
0 Protocol Number: COV-DRSS--0002
4. SNI Frality Index Study: A prospective evaluation of the influence of patient frailty and their
eventual disposition.
O Primary Investigator
O Protocol in Progress with IRB
5. RISCIS: The effect of Riluzole on outcomes of acute spinal cord injury
O Primary Investigator
O IRB Number: 5910W-15
0 Protocol Number: SPN-12-001
6. I-Spondi: An assessment of outcomes of surgical treatment of isthmic spondylolistheses.
O Primary Investigator
O Protocol in Progress with IRB
7. Neurologically controlled intrinsic neuromuscular feedback therapy in the treatment of incomplete
spinal cord disease: A pilot study using the HAL system.
O Primary Investigator
O Protocol in Progress with IRB
8. Stand-Alone Cervical Fusion Cage Systems: Long Term Results and Complications
0 Sub Investigator
O IRB Number: 56185-14
9. Osteocel Bone Grafting Results in Spinal Fusions: Long Term Review of Outcomes and
Complications
0 Sub Investigator
O IRB Number: 56195-14
10. Spinal Fusion With Local Boneback Autograft: Preliminary Clinical Results and Cost Analysis
Retrospective Chart Review
0 Sub Investigator
O IRB Number: 54055-13
11. Lateral Spine Interbody Fusion: Long Term Results and Complications
0 Sub Investigator
O IRB Number: 53025-12
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Background — Lumbar ADR

* Degenerative Disc Disease (DDD) may be a somatic pain source in the
lumbar spine

* Treatments for symptomatic DDD may include medications, PT, intensive
rehabilitation program, spinal fusion and ADR

* The HTCC reviewed the evidence of lumbar fusion in 2016 and concluded
that fusion is not more effective, is less safe and is more costly than an
intensive rehabilitation program. Fusion is not covered for DDD
uncomplicated by comorbidities

* ADR has been intended as an alternative surgical approach, but it is not
better than lumbar fusion for treating lumbar DDD

; o
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Background — Lumbar ADR (cont.)

The HTCC reviewed the short-term evidence of lumbar ADR available in 2008 and
determined that L-ADR is a covered benefit for patients who meet FDA approved
indications for use

— Lumbar ADR
e Patients must first complete a structured, intensive, multi-disciplinary
program for management of pain, if covered by the agency;
* Patients must be 60 years or under;

e Patients must meet FDA approved indications for use and not have any
contra-indications. FDA approval is device specific but includes:

— Failure of at least six months of conservative treatment

— Skeletally mature patient

— Replacement of a single disc for degenerative disc disease at one level
confirmed by patient history and imaging

The effectiveness and safety of the procedure remain a concern due to the
lack of long-term evidence. Some mid-term evidence of L-ADR has become

available 2 ,

Background — Cervical ADR

* Surgery may be indicated when non-operative conservative
treatments fail to prevent neurologic progression.

* ACDF is a surgical option for the treatment of radiculopathy or
myelopathy as a result of central or paracentral disc
herniations, or osteoarthritis of the facet or uncovertebral
joint.

WA - Health Technology Clinical Committee 2
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Background — Cervical ADR

* In 2008, HTCC reviewed the topic and determined cervical
ADR is a covered benefit when patients meet FDA approved
indications for use

— Cervical ADR

* Patients must meet FDA approved indications for use and not have any
contra-indications. FDA approval is device specific but includes:

— Skeletally mature patient

— Reconstruction of a disc following single level discectomy for
intractable symptomatic cervical disc disease (radiculopathy or
myelopathy) confirmed by patient findings and imaging.

* Artificial Disc Replacement FDA general contra-indications

i P m—

Background — Cervical ADR

* Since 2008, a total of eight ADR devices were approved by the
FDA. The effectiveness and safety of the procedure remain a
concern due to the lack of long-term evidence.

* In 2013, the FDA approved a device for 2-level arthroplasty.
The Mobi- C cervical disc prosthesis is intended to replace two
adjacent cervical discs (from C3-C7).

* Now some mid-term evidence of ADR has become available.

WA - Health Technology Clinical Committee 3
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Agency Medical Director Concerns

» Safety = Medium/High
» Efficacy = High

= Cost = Medium

Current State Agency Policy

! |
PEBB Covered; requires PA

Medicaid FFS and

Managed Care Covered; requires PA

Labor and Industries Covered; requires PA

Dept. of Corrections Covered; requires PA

8 o
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Agency Utilization and Cost

2013 2014 2015
Count of Cervical and
Lumbar Procedures Cervical Lumbar Cervical Lumbar Cervical Lumbar
PEBB/UMP 7 0 8 0 11 0
LNI 41 9 36 10 36 5
Medicaid MCO 6 2 24 1 33 4
Medicaid FFS 1 0 2 0 2 0

Total Dollars Paid and Average Paid Per Procedure

Total Paid
Dollars
2013 - 2015

Paid/ Paid/ Paid/
Measure Paid dollars ~ Procedure  Paid dollars  Procedure  Paid dollars Procedure
PEBB/UMP $561,688| $176,125 $25,161| $150,815 $18,852| $234,748 $21,341
LNI $1,783,520| $796,686 $15,934| $551,033 $11,979| $435,801 $11,778

Medicaid MCO® $628,064| $44,747 $5,593| $158,217 $6,329 $428,100 $11,570

Medicaid FFS $22,676) $2,286° $2,286 $14,802] $7,401 $6,398 $3,199

9 o
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Key Questions

* What is the evidence of efficacy and effectiveness of ADR
compared with comparative therapies (including non-
operative therapy; spinal fusion; other surgery)?

* What is the evidence related to the ADR safety profile?
(including device failure, reoperation)

* What is the evidence of differential efficacy or safety issues
amongst special populations (including but not limited to the
elderly and workers compensation populations)?

* What are the cost implications and cost effectiveness for
ADR?

" -
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Effectiveness of Lumbar ADR

Lumbar ADR appears to be comparable to lumbar fusion in
the short-term and the mid-term (24 — 60 months) based on
low quality evidence.

However, the efficacy of the comparator - lumbar fusion, is
not established as compared with non-operative care for
degenerative disc disease.

The HTCC reviewed the evidence of lumbar fusion in 2016 and
concluded that fusion is no better than an intensive
rehabilitation program, and is not covered for DDD
uncomplicated by comorbidities.

i -

Effectiveness of Lumbar ADR (cont.)

Lumbar ADR vs. multidisciplinary rehabilitation (Hellum 2011)

— Though ADR appears to result in greater improvement in ODI than
intensive rehabilitation (-8.4), it didn’t exceed the pre-specified
minimally important clinical difference (10 points).

— Randomization procedure still left imbalance in baseline factors with
greater pain and more sick leave in rehab group

— There was no difference in return to work, SF-36 mental component
score, EQ-5D, fear avoidance beliefs, Hopkins symptom check list, drug
use, and the back performance scale.

High risk of surgery; substantial amount of improvement
experienced by the rehabilitation group;

- -
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— Health Care Athority”

Effectiveness of Lumbar ADR (cont.)- Return to Work

Study F/U L-ADR Fusion
% (n/N) %(n/N)

Work status: proportion of patients working full-time

Charite IDE trial 0 months 44.9% 49.5%
(Blumenthal 2005) (92/205) (49/99)
24 months 55.9% 52.5%
(104/186) (42/80)
Work status: proportion of patients working part-time
Charite IDE trial 0 months 8.3% 8.1%
(Blumenthal 2005) (17/205) (8/99)
24 months 6.5% 12.5%
(12/186) (10/80)

Safety of Lumbar ADR

e The risks of lumbar ADR are real

* Lumbar ADR vs. multidisciplinary rehabilitation (Hellum et al 2011)
— 34% of L-ADR recipients experienced at least one complication

(e.g., intimal lesion in left common iliac artery, arterial thrombosis of dorsalis
pedis artery, and sensory loss at two follow-up.)

— The complications resulted in impairment in 8% of L-ADR patients at
two year follow-up

— 6.5% reoperation rate at the index level.

WA - Health Technology Clinical Committee 7
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Long-term Safety and Longevity of ADR

* The long-term outcomes of patients with a lumbar disc
arthroplasty need to be followed carefully.

* The longevity of an artificial lumbar disc is not known

* Arevision lumbar arthroplasty may be more difficult and risky
than the initial surgery because of intraabdominal scar
formation and adhesion of the great vessels.

Inamasu J and Guiot BH. 2006. Vascular injury and complication in neurological spine
surgery. Acta Neurochir 148: 375-387

- -

Cost-Effectiveness of Lumbar ADR

* Lumbar ADR vs. Fusion
— No evidence for 1-level or 2-levels

— Inconsistent evidence for mixed levels: results across the two
moderate quality studies are mixed with regard to the cost-
effectiveness of L-ADR versus fusion.

* Lumbar ADR vs. Rehabilitation

— Inconsistent evidence: one cost-effectiveness analysis suggests that L-
ADR may be a cost effective alternative to rehabilitation given a
willingness to pay greater than $49,132 based on utilities derived from
the EQ-5D. The same was not true with SF-6D was used.

- D
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Evidence for Cervical ADR

* The quality of evidence for Cervical ADR is better
than that for lumbar ADR

e C-ADR appears to be superior or comparable to
ACDF in both effectiveness and safety at 24, 24-
36 and 48-60 months.

* C-ADR may be more cost-effective than ACDF.

National Coverage Decision (NCD)

= The CMS has a National Coverage Decision (NCD) for L-ADR
but not C-ADR

= For services performed on or after August 2007, CMS has
found that L-ADR is not reasonable and necessary for the
Medicare population over 60 years of age; therefore, L-ADR is
non-covered for Medicare beneficiaries over 60 years of age.

= For Medicare beneficiaries age 60 and younger, there is no
NCD for L-ADR.

. D
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Agency Medical Director Recommendations

Lumbar

= Artificial disc replacement is not covered for degenerative disc disease
Cervical
= Artificial disc replacement is covered for treatment of degenerative

disc disease resulting in cervical radiculopathy or myelopathy when
patients meet 2013 HTCC criteria for ACDF

= Cervical ADR is not covered for chronic neck pain without evidence of
radiculopathy or myelopathy.

= Cervical ADR is covered for a two level FDA approved device when
radiculopathy or myelopathy is demonstrated by objective evidence of
radiculopathy or myelopathy at both levels

i -

2013 HTCC ACDF Decision

HTCC Reimbursement Determination: Limitations of Coverage
Cervical Spinal Fusion is covered when the following conditions
are met:

Patients with signs and symptoms of radiculopathy; and

Advanced imaging evidence of corresponding nerve root
compression; and

3. Failure of conservative (non-operative) care.

Non-Covered Indicators: Cervical Spinal Fusion is not a covered
benefit for neck pain without evidence of radiculopathy or
myelopathy.

" -

WA - Health Technology Clinical Committee 10



Gary Franklin, MD, MPH, Medical Director January 20, 2017
WA Labor and Industries

Questions?

More Information:

www.hca.wa.gov/about-hca/health-technology-assessment/artificial-discs

" -
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Order of scheduled presentations:

Artificial disc replacement — re-review

1 Jens Chapman, MD

2 Daniel Elskens, MD

Catherine Hill, Senior Manager, Regulatory Affairs, American Association of Neurological Surgeons /
Congress of Neurological Surgeons
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Purpose of re-review

» “selected for re-review based on new
literature identified which may invalidate
aspects of the previous 2008 report “
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Key Questions

1: Efficacy of ADR over comparative therapy
2: Safety profile for ADR

3: Differential efficacy or safety in special
populations

4: Cost effectiveness of ADR

Cervical ADR

Since 2008,
8 additional RCTs for 1-level, CDR vs ACDF
2 RCT for 2-level, CDR vs ACDF
0 RCT for CDR vs rehab

WA - Health Technology Clinical Committee
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Lumbar ADR

Since 2008,
0 addition RCTs for 1-level, LDR vs fusion

1 RCT for 2-level, LDR vs fusion
1 RCT for LDR vs rehab

Re-review of CDR warranted

* Numerous new RCTs, including RCTs
addressing key questions that had not had any

evidence in 2008
* New technology since 2008 in CDR devices

WA - Health Technology Clinical Committee
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CDR results

* Benefit (moderate-low) of CDR over ACDF for
both 1- and 2-level cases in terms of efficacy

and safety

* Cost effectiveness was greater with CDR over
ACDF, especially for 2-level cases

Re-review of LDR unwarranted

* No new RCT since 2008 to suggest change in
coverage needed
— No demonstration of lack of effectiveness

— Safety profile unchanged even with longer-term
followup
— No additional adverse events
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Re-review of LDR unwarranted

* When comparing LDR vs rehab (new since
2008)
— Improvement in efficacy over rehab

* Change in ODI > 15, improvement in VAS
* Cost effective compared to rehab with EQ-5D analysis

LDR Safety Data

* Complication rate data from 5 studies,
encompassing 1525 patients (1025 LDR, 500
fusion)

— 5.8% complication rate in LDR

— 10.8% complication rate in fusion group
— 5.2% reoperation rate in LDR

— 6% reoperation rate in fusion group

Comparison of artificial total disc replacement versus fusion for lumbar
degenerative disc disease: a meta-analysis of randomized controlled trials
Wei, J., Song, Y., Sun, L. et al. International Orthopaedics (SICOT) (2013) 37: 1315.
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Conclusion

* C-ADR offers advantages over ACDF for both
1- and 2-level cases

L-ADR evidence is overall unchanged since
2008, and continues to demonstrate
equivalence to lumbar fusion

— Only new study comparing L-ADR to nonoperative
rehab demonstrated advantage for L-ADR
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Update to 2008 HTA
2008 Report: Lumbar and cervical artificial disc replacement (ADR)
(arthroplasty)

* 2 RCTs comparing L-ADR vs. fusion to a maximum of 24 months for
single-level DDD; 2 FDA approved devices

* 5 RCTs comparing C-ADR vs. ACDF to 24 months for single-level
DDD; only 2 FDA approved devices

Since the 2008 report:
* New FDA approved devices (C-ADR)
* FDA approval for expansion of C-ADR to 2 levels (1 device)
e Longer term follow-up for earlier RCTs of L-ADR and C-ADR
* New evidence comparing L-ADR with non-operative treatment
e Additional RCTS comparing C-ADR with ACDF

An update was commissioned to systematically review and evaluate:
* Longer term evidence on FDA-approved devices
* Impact of new RCT evidence, new devices, new comparators
* New cost-effectiveness studies

®2
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Background
Disease Burden
» Low back pain is the leading cause of pain and disability in
adults in the United States (~2.4 million at any given time)

= 25%-58% of cases resolve spontaneously with
conservative care

» Neck pain is also prevalent, with ~15-20% of adults
reporting 21 episode each year.

= Cervical spine surgery has increased significantly since
2002 (~307,188 procedures between 2002 and 2011)

» Degenerative disc disease (DDD) may cause pain

» Surgery (e.g., fusion, ADR) may be considered in cases
refractory to conservative treatment ; 10%-20% with lumbar
DDD, up to 30% with cervical DDD may be unresponsive to

.~ conservative treatment
-~y specirumresexrch ~

Background: DDD

Spondylosis
* Umbrella term describing spinal Nomalds —
degeneration; natural consequence of

aging:
O Degenerative disc disease (DDD) e — " |

0 Spinal stenosis

O Herniated disc

O Osteoarthritis e

* May cause low back or neck pain

* May result in radiculopathy (peripheral -
nerve root impingement) or myelopathy '
(compression of spinal cord)

* Over 90% of spinal procedures are
performed because of DDD Image: www.spineuniverse.com

Degneraled s —

Heminteddisc —

: :gnpemwh o4
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SRI

/

-
Background

« Over 50 years of research into artificial disc
replacement
« Early attempts to replace nucleus
- Methyl-acrylic into disc space (1955-Cleveland)
- Self-curing silicone (1962-Nachemson)
- Swedish Ball Bearings (1964- Fernstrom )
- Research continues in nucleus replacement

ECTRU
sP "5 M

SRI

a4 Background

Q___ - Numerous design types
R « Hinged
e :“)I‘EK 1

g « Spring loaded
i « Low friction sliding surfaces

« Early attempts to replace entire disc

Constrained fluid filled chambers
Elastic disc prostheses

ECTRU
sP "B M
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/ Contemporary L-ADR Designs

Current FDA-approved
> InMotion (formlerly SB Charité, DePuy Spine, Raynham, MA)

s
-
[

=

> ProDisc-L ( also called ProDisc Il, Synthes, Paoli, PA)

> Activ-L (Aesculap Implant Systems, Center Valley, PA)

=

ECTRU
sP g? ™M

/ Contemporary C-ADR Designs

)N
Current FDA approved (6) @')
> Prestige ST and Prestige LP (Medtronics, Memphis, TN

» Prodisc-C (Synthes, Paoli, PA) ‘fﬂ

S
» Secure-C (Globus Medical, Audubon, PA) '$;

=2
» Mobi-C 1-level, Mobi-C 2-level (LDR Spine, Austin, Tx)

> PCM (NuVasive, San Diego, CA), {ff

> Bryan disc (Medtronics, Memphis, TN) -

Current I1DE trial
> Discover (DePuy Spine, Raynham, MA)
-

ECTRU
sP gﬂ ™M
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FDA Indications, Contraindications: C-ADR

Indications
» Skeletally mature
» Single-level SCDD in C3-C7; Consecutive 2-levels for Mobi-
C 2-level; radiculopathy and/or myelopathy, radiographic
evidence
* Progressive symptoms despite non-operative care
 Failure 6 weeks non-surgical care (except ProDiscCT,
Prestige LP)
Contraindications
Infection (systemic, site of implantation), osteoporosis,
osteopenia (except Prestige CT), allergy/sensitivity to
components (except ProDisc-C)
Severe spondylolisthesis (ProDisc-C, Prestige LP, Secure C);
moderate to advanced for Bryan
» Cervical instability (except Prestige CT, Mobi-C 2-level,
Bryan); Spinal stenosis (PCM)
&

FDA Indications, Contraindications: L-ADR

Indications

» Skeletally mature

» Confirmed single-level DDD

* < Grade1 spondylolisthesis (Prodisc-L, Activ-L); <3 mm
(Charité)

* No relief from pain after 6 months of non-surgical care

Contraindications

* Infection (systemic, site of implantation), osteoporosis,
osteopenia, allergy/sensitivity to components,

» Charité, Prodisc-L: bony lumbar spinal stenosis, pars
defect

* Prodisc-L: Isolated radicular compression, trauma-related
vertebral body compromise, lytic or > grade 1

+y spondylolisthesis; endplate smaller than 34.5 mm
-?a]lectrmmﬂmrh

®10
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ADR - Key Questions

1. What is the evidence of efficacy and effectiveness
of ADR compared with comparative therapies?

2.What is the evidence related to the ADR safety
profile? (including device failure, reoperation)

3. What is the evidence of differential efficacy or
safety issues amongst special populations?

4. What are the cost implications and cost
effectiveness for ADR?

,glpec&mvﬂmh I8

PICO Scope: Inclusion Criteria

Population

* Lumbar: primary L-ADR for DDD without neurological
compromise or prior surgery at instrumented level

* Cervical: Erimarx C-ADR for DDD with radiculopathy or
myelopathy without prior surgery at instrumented level
Intervention
* Lumbar or cervical ADR with FDA approved device or phase
[l device with > 1 year of follow-up.
Comparator(s)
* Non-operative care, fusion, other spine surgery
Study design
* RCTs, observational studies (concurrent controls), full
economic studies published subsequent to 2008 report ;
focus on studies with least potential for bias
Publication

* Full-length studies published in English in peer-reviewed
journals, FDA reports (no meeting abstracts, proceedings)

y -'?mm'h o
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Outcomes

 Efficacy and Safety
O Primary: (studies must report at least one)

* Function/disability (overall clinical success, ODI (L-
ADR), NDI (C-ADR); focus on “success”

e Pain reduction

* Device failure (re-op at index level including
revision, reoperation or removal)

* Complications
0 Secondary:
* Quality of life

* Symptomatic adjacent segment disease (e.g.
Surgery at index level)

* Economic:

oy O Cost-effectiveness outcomes (e.g. ICER)
glpmh o

Appraisal of Individual Studies — Risk of Bias (Appendix D, E)

Studies of Therapy

Risk of Bias Description Study design Criteria

Low risk: Study adheres to Good quality
commonly held tenets of high |reT

quality design, execution and
avoidance of bias

e Random sequence generation

 Allocation concealment

o Intent-to-treat analysis

o Blind or independent assessment -author’s primary outcomes*
o Co-interventions applied equally

© F/U of 80%+ and<10% difference between groups

® Controlling for possible confoundingt

Moderately low risk: Moderate
Potential for some bias; study quality RCT

does not meet all criteria for [Z-===-=------7- ;-B-I‘“d-"‘“d """ d- "t """"" 2 Tt ;A""t'('j“"""}""
a good quality RCT, but ind or independent assessment in prospective study, or use o

deficiencies not likely to reliable datat in a retrospective study

 Violation of one or two of the criteria for good quality RCT

Good quality
cohort

invalidate results or introduce
significant bias

o Co-interventions applied equally
® F/U 80%+ and<10% difference between groups
o Controlling for possible confoundingt

Moderately High risk: Study |Poor quality RCT
has significant flaws in design [-------------1
and/or execution that Moceratelpocy
increase potential for bias  |quality cohort |
that may invalidate results

 Violation of three or more of the criteria for a good quality RCT

® Any case-control design

Case-control
High risk: Study has
significant potential for bias;
lack of comparison group
precludes direct assessment
of important outcomes

Case series

® Any case series design

WA - Health Technology Clinical Committee
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Strength of Evidence (SoE)

SoE for overall body of evidence for primary outcomes was assessed
across included studies based on:

o Risk of bias: the extent to which the included studies protect
against bias

e Consistency: degree to which estimates are similar in terms of
range and variability.

o Directness: whether the evidence is directly related to patient
health outcomes.

e Precision: level of certainty surrounding the effect estimates.

e Publication/report bias: selective reporting or publishing.

e15

:?lpee&mm-rh

Evaluating Strength of Evidence

=P Strength: Low

Qutcome #1 £ &
Bedli b . & === Strength: High
| | i Outcome #2 | E i
it P P P =» Strength: Moderate
| Qutcome #3 4 3 L

AHRQ/GRADE Strength of Evidence (SOE) approach is based on risk of bias,
consistency of results across studies, directness of the evidence linking the
intervention and health outcomes, and precision of the effect estimate

Strength of Evidence Ratings and Interpretation

High Very confident that the estimated effect is true

Moderate Moderate confidence that estimate is likely to be close to true
effect; possible that it is substantially different from true effect

Low Limited confidence; effect may be substantially different

Insufficient No evidence; little confidence in effect; effect likely to be
substantially different

WA - Health Technology Clinical Committee 8
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Literature Search Results

‘ 1. Total Citations (n=1890) ‘

4,‘ 2. Title/Abstract exclusion (n=1729)

3. Retrieved for full-text evaluation (n=161)
Lumbar (n=70)
Cervical (n=91)

4. Excluded at full-text review (n=77)
Lumbar (n=50)
Cervical (n=27)

5. Publications included (n=84)

Lumbar (n=20)

5 RCTs (in 12 publications)

5 nonrandomized comparative studies

3 economic evaluations
Cervical (n=64)

19 RCTs (in 49 publications)

9 nonrandomized comparative studies

“7

6 economic evaluations
y ?'ﬂ 017

Noninferiority Studies

FDA trials employed a noninferiority study design

Noninferiority is intended to show that the effect
of a new treatment is not worse than that of an
active control by more than a specified margin (A)

Superiority can be evaluated and demonstrated
with this type of design

Interpretation depends on where the CI for the
treatment effect lies relative to (1) the margin of
noninferiority, A and (2) the null effect

Assumption: The reference treatment must have
an established efficacy or is in widespread use

y -?a]!ectmmmm*h i
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Noninferiority Interpretation

44— New treaitmant worsa

New trastmant betier —

g

Superior
Neninferior
—L—
Noninferior
—g—
Noninferior?
L m 1 Inconclusive
Inconclusive
Inconclusive?
Inflerlar

y '?Wm"h

| I IA 1 1 1 " 1 I I I 1 i
Treatment differsnos
(new trestment = reference treatment}

From: Piaggio G, Elbourne DR, Altman DG, et al. Reporting of noninferiority and equivalence
“7 randomized trials: an extension of the CONSORT Statement. JAMA. 2006;295(10:1152-1160

®19

Check for
superiority
Superior for both: Not superior for both:
<ITT -ITT
«Completers «Completers
Check for effect of Check for noninferiority
missing data (-10% margin of noninferiority)
(sensitivity analysis)
Nonsuperiority Nonsuperiority
Superiority Superiority supported not supported
supported not supported
Check for effect of missing data
(sensitivity analysis)
(-12.5% margin of non-inferiority)
i ) Nonsuperiority Nonsuperiority not
3 _7a]:ectmm.rmm*h supported supported o
¢
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Cervical Disc Arthroplasty
C-ADR

» Majority of new evidence is for C-ADR
o New approved devices
o Additional trials for 1-level
o New indication: 2-level intervention

» Presentation focus: Overall clinical success,
NDI success, neurological success, pain
reduction, secondary surgery, AEs

P~'glpee&nmm17h =

Cervical Disc Arthroplasty (C-ADR)
* NCD: CMS does not have a NCD for C-ADR

» Guidelines (Section 2.4)

o0 NASS (2010): ACDF and C-ADR are suggested to
be comparable, similar short term outcomes for
single level degenerative cervical radiculopathy

o Colorado Department of Labor (2014):C-ADR is
recommended for patients with single-level
radiculopathy or myelopathy.

o0 ACOEM (2011): Recommends C-ADR for sub-
acute or chronic radiculopathy and for
myelopathy; not recommended for chronic
cervicothoracic pain or chronic non-specific
cervical pain

r-'gmumwh o
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KQ1: Evidence Base for Cervical-ADR

Key Question
C-ADR vs. ACDF (1-level)

Original 2008 Report

Update

KQ1: Efficacy & Effectiveness 5 RCTs 13 index RCTs (18 additional publications)
13 case series* 3 comparative observational studies
KQ2: Safety 5 RCTs 13 index RCTs

22 case series

(23 additional publications)
2 comparative observational studies

KQ3: Differential Effects 0 studies 2 post hoc analyses each summarizing 2 RCTs

KQ4: Cost-effectiveness 0 studies 4 studies

C-ADR vs. ACDF (2-level)

KQ1: Efficacy & Effectiveness 0 studies 2 Index RCTs? (3 additional publications)
2 comparative observational studies

KQ2: Safety 0 studies 2 Index RCTs (4 additional publications)
1 comparative observational study

KQ3: Differential Effects 0 studies 0 studies

KQ4: Cost-effectiveness 0 studies 2 studies

C-ADR vs. ACDF (Mixed levels)

KQ1: Efficacy & Effectiveness 0 studies 2 RCTs
3 comparative observational studies

KQ2: Safety 0 studies 2 index RCTs (1 additional publication)
4 comparative observational studies

KQ3: Differential Effects 0 studies 1RCT

KQ4: Cost-effectiveness 0 studies 0 studies

C-ADR vs. ACDF with a zero-profile

device (2 non-contiguous

levels)

KQ1: Efficacy & Effectiveness 0 studies 1RCT
KQ2: Safety 0 studies 1RCT
KQ3 and KQ4 0 studies 0 studies
C-ADR vs. Nonoperative care

| Ay specirumresearch [ 0 studies [ 0 studies

82

Outcomes efficacy/effectiveness, C-ADR

1. Overall clinical success, FDA—based composite
(1- and 2-level intervention trials):

- NDI improvement (>15 points from baseline)

. Neurological success (maintenance or improvement in
neurological status)

. No secondary surgery as a result of device failure

. No device-related adverse events

. [Mobi-C 2-level; no intra-operative treatment changes]

2. NDI success;>15 point improvement from baseline

3. Neurological success

4. Pain reduction success

b 'gmmm*h
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KQ1: Overall Clinical Success, C-ADR vs. ACDF (1-Level)
P o o, e e,
Endaaiely Loar Risk of Bl
Prasiigs ST il (Bulas T = X S DI T B?NT TN —_—
g X om e m mm snaun B—
Hemwgemiy Tou® w000 Qi w 057, dfw 1 P wXAT) Fu 0%
Theat flar eerll nifeat: 7= 251 (P =180}
Elesbatedy Bl Fick o Bl
Eirgarr il (Hallar 2808 "\ oE W T TR SERE, 179 —
SECUREC el oo 0158 = 1w 2 12 nhh Brpx g
ket ™ s o mm mivun -
Hatwrgmmdy T =80 CHF = 003, df= 2 (7 m 2087 F= 0%
Thoat for cxarnll alfoct 7= 3 i3 (P = LSO
»'r-uuu A M ax TA WS [TTIREL | -
T e Z AN 3 I
Teattra ko difereees ChF e L. i | Pud Sy, ek Favom ACDF Favors:C-ADR.
MODERATE evidence:
C-ADR is superior to ACDF for achieving clinical
success at 24 months; RD 9.5% (95% ClI 5.3%, 13.7%)
y ‘?Zrmm"h 025

KQ1: Overall Clinical Success, C-ADR vs. ACDF (1-Level)

48-60 months SaDR ALF Flials B ok Bfarwcs:
Buly o Bbgmep Eruis Toml Pussbs Bl g B Bmien DO% €1 B, Emdon, BRG
ettty Lys fskafles
E ot B\ N A mapeq Ay e E e
Bsbiual U € W W = M KR T T = o
Tk s
Ry Mot 33 derkls
Tk o ol ik 2 L2 (P w1
Bduratuly High Riubsofibbes
By ol (e BB, 40w it o 00 1t AN 8 [LE It ——
Prnalige STl Jimin 204, S i M W A EEELE, TN -T—
[T 1 m e M OB MR RARE. 18 ~oii-
Tl vt
Hataragenaly: T LT} G (L, dfw 1 (PS4 Fu S
Tt B vl alfeat 2 - 00 -GN
) g m o o uw Rops, 3 -
Titall el
Halaragmmiy TP = 0Tk S 0.5 if= K (P'=L8% F=0% -d _ﬂ * *
Toat for wvaral alfiat: 2= 520 =000 . FasmA0F FaauCiDA
84 months CHADR Scor Risk Dfference Mish Difference
Sty or Subgroup Events Towi Everns Toml Weight ii.H, Feandom, $5% G1 W1, Random, 5% G
Hoderataly High Risk of Blas
— CERTEeSTOT 02NN OIRRE B =

Hatoragaroity: Mot
Test tor ovarall cffeck Z = 2.3 (P = 0.02)

MODERATE evidence: C-ADR is superior to ACDF for achieving
clinical success at 48 to 60 months; RD 9.6% (3.9%, 15.3%)
Low evidence: C-ADR superior at 84 months RD 11.8% (2.0%, 20.1%)
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NDI Success (215-point improvement), C-ADR vs. ACDF (1-Level)

24 months

C-hOE SIF Rish [Mlsssss Rish Difsemns
Sbra Subgmwp e Tonl Wl Toll Welghl M- Rasdem, 995 O MK, P, 09501
Loser Rialr of Bllaa,
Prectige 5T tlal {Pusiue 20014 W o 15 T8 Ba%  27MAT —t—
PrroDisct: irisd (Warey 2008} L ] Ha% 2082 129 e
Subiots] P 0} n N M M ONn 28T, 09 g
Hetsmgansiy Tou*= 000 ChP =081, f =1 @ <0805 P=0%
oot Droversll et Z=0TB(P =044}
Shodisuteif High Risk of B
Byt frisl (Hiallar 20063 WX 1B TR AN RS LT 141 |
EECURE-C iinl {Viscowo 20TRE N ™ B TR NN 4&7RSE TR b
PCM sl [Phillis 2015 O 1M ™ A& 3 A TR e
Suliuial @05 &Y OB 33 M O EAPT, W] -
Hatmmgamalty Tous s X100} Chit =0 X5 df =3 (P =0 88 P=0t
Tosl o ovoral slfock Z= 227 (P =04}
» Total GIE.CY T NE @8 TS WA A3PS.AT] B
Tasl evart
Hetowogommir Tou*m B30t Chtm 0L, o md P m004% Pu 0% - 3 r 7 Y
Tool o verall aifeat: 7= 227 (P = 050} Favam ACDF Favers C-ADR

Tiest for uligroug difernces: ChF = 638 di= 1(P =249, F=0%

MODERATE evidence:

C-ADR is slightly better or comparable to ACDF for achieving
NDI success at 24 months; RD 4.3% (95% Cl 0.6%, 8.1%)

y ynrmmnmmrh -

NDI Success (215-point improvement), C-ADR vs. ACDF (1-Level)
48-60 months

Eam s Rk Dl ok Pifcenze

- B Tatal B Tetal 1] Amg o
Bl ¢ ealy iy 2 St rumy EoME 4 B TR AL mR)
b Y = W & W fna slea P
Haturaga iy Hot = 3 sllovkcle
Tt for wvarsll el 2 =0 1% P m M
enbwrndy High Bk of By
L LY "I W e a2 ATIZ TR —
Bayryirtsl (asenSTT, Mmea) W O W T N TS[3E BN —
Bnivital T, Sy = & E0 B8 [T T | o
Tl vt

T = L) Gl = A, = TP =R = 7%

Teat o wemrall alfnt= 7 = 1.4 = )

- gy W W NI TR TOARR AN B e
Hetaagumlly Tow = L5 ChF=AL7, = 29F =L170 F=80% " : :
“Tosk o cnrnll alfuat= 7 = 1.0 4P = DL F T T
ot o gy e e IR, I 1 P A P Fancm ACDF P CAF:

84 months AR - d Pk Dilivanes |
Y]

Tosl Rl el Z =L [P =042

LOW evidence: C-ADR is comparable to ACDF for achieving NDI
success at 48 to 60 months; RD 5.8% (95% Cl -1.8%, 13.3%) and
at 84 months; RD 3.2% (95% Cl -4.5%, 10.8%)
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clinically meaningful

pooled estimate

estimate

:?lpee&mm-rh

NDI SCORES (1-100 [worst]), C-ADR vs. ACDF (1-Level)

NDI scores suggest C-ADR may be comparable or slightly better
than ACDF (appendix slides); differences are not likely to be

24 months: MODERATE evidence; WMD 1.11 (95% Cl -0.06, 2.27)

48 to 60 months: MODERATE evidence: WMD 4.21 (95% Cl 1.67,
6.75); 4 moderately high ROB trials contribute substantially to

84 months: LOW evidence: WMD 4.41 (95% CI 0.68, 8.1). One
moderately high ROB trial contributes subtantially to pooled

29

24 months

Toat for eubgrasp ciforancex: ChiF = (.04, & = 1P = 185} Fe 0l

MODERATE evidence:

KQ1: Neurological Success, C-ADR vs. ACDF (1-Level)

CADR ACDR Pich Diffarence Risk Difference
Shady or Buisyoup Evomls Toil Evenls Toll ‘Weight  i-H, Ramdom, 85% € M4, Random, 395 I
‘Hodersiely Lsw Risk of Bles
ol vl {3 ooy 2098} (I I T [L{ZIET ] -
Proliee-C sl {fansesn 2015 0 & 8 ® M 288008 e
Paosiige ST liel (Burius 2}t /OB W 190% B2 WY —
Sublosl 199% CT) F A T 3928, 08 -
Tou! =0.00: CHF w342, dfw 2 (P n QA7) F u €Y%
Tostfor coarel alfisct 2 = L27 (P =0.20)
oderately Hich Risk of Blog
Sryon blal (Heller 2009 FUIE- I T ) 3352008 T
PO Hal Pailips 2013 [ B BN T[T AT —
SECURE.C il Vaccare 201918 O™ 6% W s 114300 —1—
Sublolel 1995 O 89 M3 w5 M B 1[4, 09 e
Hetoroganally: Taw? =000, CHP = 1,01, df= 2 P = 380K 11 =2 0%
Tesfor cotrell offoat: 2 = 101 (P = 008)
» Total (384 C§ W00 N3 R 10008 42008,87) »
Helaroganslly: Tay® = 0.00: Ch 0 579, df e P a L35 P e 186 " n N
Tou! for omoral olfoat. Z = 208 (P = 0.07) 20 : ['] 2

.
0
Favors MCOF  Pavors CADR

C-ADR may be slightly better than ACDF in terms of neurological
success at 24 months; Pooled RD 3.2% (95% Cl 0.8%, 5.7%)

30

WA - Health Technology Clinical Committee

January 20, 2017

15



Andrea C. Skelly, PhD, MPH

Spectrum Research

KQ1: Neurological Success, C-ADR vs. ACDF (1-Level)

48-60 months

si8s
T
$aee
R
HiH

Hatwsglty: Tar = 005 GhF = R84, i = 20 =075 F= 0%
Taat orovnmd aliask = 240 " = D}

- Tkl . By L
Hutwagmnlly: Taf= .00, Chi* =287, if = 3 §F = 0.089; F= 5k
Tk torml et 2 w 25 = D3 -
Tk e grampsiifrercs Ch= 1.8, df= 1 [P =128, F= PR

84 months caDm
or Sul

Total
Muodurately Low Risk of 8l

ProDec-C trisl (Jarssan 20713) [TO
Bubtotal (S5% QI & 7
Heterogensity: Mot spplioshie

Temt for ovmrall affact T =022 (P = 0.83)

Total
&8 4119
a1

A% A2 [420,8.6]

indorasay High Risk of Bins

Provige OT wial (Gurku s 36-147T 107 242 4de 183 M
Bubtotal (28% Ol 487 BIZ 448 83 AR a4 (12,

Heledomenaity: Mot spplicable
Twst for oversl effect £ =227 (P = 0.02)

-'hulmeu 251 8 202 348
Herlerogemity: Tau® = 0.00; Ghi® = 2.15, dfe § (P = 014) 1= =29%
Tom for overall affecs Z.= 043 1P = 0.38) —=
Tomt fan vl differarces. Chit — 210, 8- 1 (P = 0,155 M - 22.9%

1000H.

' g
-10 0 10 20
Favors ACDF  Fawvors C-ADR

MODERATE evidence: C-ADR may be slightly better than ACDF at 48 to 60
months; RD 4.0% (95% Cl 0.5%, 7.5%)

LOW evidence: C-ADR comparable at 84 months; 4.5% (-4.9%, 13.8%)

Arm Pain Success (220-point improvement),
C-ADR vs. ACDF (1-Level)

Outcome

Arm pain
success
(>20-point VAS
improvement)

Follo Reasons for ) i
RCTs . Conclusion* Quality
w-up Downgrading
24 |2RCTs Risk of bias | C-ADR and ACDF appear to be| @O0
mos. |(SECURE-C | Imprecision | comparable LOW
& PCM IDE
trials) * SECURE-C trial: RD 4.7%
1als (95% Cl -7.9%, 17.4%) (left
N =578 arm); RD -2.5% (95% Cl -
15.1%, 10.1%) (right arm)
* PCM trial: RD 3.8% (95% Cl -
5.2%, 12.8%) (worst arm)
60 1RCT Risk of bias |RD 9.5% (95% Cl -0.4%, 19.5%) |@®(OQ
mos. |(PCM trial) | Imprecision LOW
N= 288 Conclusion: C-ADR and ACDF

appear to be comparable

b :?mmmm*h

¥ Results could not be pooled due to differences in data reporting between the trials.
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WA - Health Technology Clinical Committee

January 20, 2017

16



Andrea C. Skelly, PhD, MPH

Spectrum Research

ARM Pain: VAS/NRS (1-100 [worst]), C-ADR vs. ACDF (1-Level)

Arm Pain scores (appendix slides):

C-ADR may be comparable or slightly better than ACDF; Statistical
differences are not likely to be clinically meaningful

24 months: MODERATE evidence across 9 RCTs: VAS scores slightly
better with C-ADR vs. ACDF but not clinically meaningful. WMD 1.60
(95% Cl 0.51, 2.70). 2 additional trials, reached similar conclusions but
were not included in the pooled analysis

48 to 60 months: MODERATE evidence across 5 RCTs; WMD 3.82 (95%
Cl 1.15, 6.48); 3 high ROB trials contribute substantially

84 months: LOW evidence across 2 RCTs: C-ADR and ACDF appear to be
comparable. WMD 2.21 (95% Cl -2.08, 6.50)

:?lpee&mmmh -

Neck Pain Success (2 20-point improvement), C-ADR vs. ACDF (1-Level)
24months

C-ADR ACDF Risk Difference Risk Differsmnce
Stody or Subgreup Events Total Events Tetal Weight M H, Random, 95% I M H; Random, 95% C|
iloderately High Risk of Blas
PCH winl {Philips 2613) 3\ 1w U3 15 S.™ 19[103 89
SECOLHE-C tnal [SECUHE-C SSEL} 108 13 18 463 QOB 184
Subtotal {%5% C) ur 191 258 100.0% 36160134
Hatesopenaty: Tau® =000 Chif = 180, if =1 [P =017 P =4T%
Tiest for orerall efect: Z =0.73{P =047}
T
Famors ACOF  Favors CADR
60 months
C-ADR ACOF Riak Differance Risk Diffarence

Events Tetal Eveniz Total Walght M-H Randem, $5% Cl
Moderately High Risk of Bias

W-H, Rendom, §5% €I

PCM ial (Phi lipa 2013) 118 180 87 128 100.0% =40 |14.1,83]
1 ubtotal {254 1) 115 140 87 128 100.0% 40 |-14.1, 63
Hasercganalty: Mot soplicable

Teat far overa | affech: Z = A7 (F =0.43)

2 0 0 0 =z
Fove's ACDF Favors C-ADR

LOW evidence: C-ADR is comparable to ACDF at 24 months, RD 3.6% (95% CI -
6.1%, 13.4%) and 60 months, RD -4.0% (95% Cl -14.1%, 6.3%)

r-'ymm"h 5
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Neck Pain VAS/NRS Scores (0-100); C-ADR vs. ACDF (1-Level)

24 months

ACDF C-ADR Mean Hfferance Mean DIferance
Study er Subgroup Mean 50 Total Mean SO Total Welght 1Y, Ramdom, 95% CI V. Random, 83% C1
Moderately Low Ris k of B ins.
Prostige ST tal (Burkus 2014) 182 16 220 158 244 265 120 1.00[-201.401) e et
ProDisc-C frial {Jarasen 2015311 427 33 1 7 HMa i B4% 2000887, 1067] —
MGG irial {1 | (Hisery 283 194 174 TS5 173 719 55 BSW  210[-380.500] —_— ]

- 3ubtotl{#5% CI) £ 0 IS 129428, 5.80) i
s Towt = 0.00:Cne =013, = 2 (P = 04T F= 0%

Test fior oversl effect Z= 0.83P=032)
Modurataly High Risk of Blas
Bryen riel {Ssese 201 1)t WI WF AWM B NIT B 7 TI0PS 19:94]
PG gl (Phillps 201 31,51 w138 1% % 114 WT131% 400[1.24,6.78] T
SECURE-C tial (Vaccaro 2013 ¢t 20 138 108 145 114 W3 §24% 550[224.878] —_—
Navhen 20071 & 4 20 L] 3 18 130% 0.00 5,15, 1143] —
Rozankovie 2016¢ ® 7 50 3 & 81 i28%  1100B.07.13.98] —_—
Zhang 2012 215 49 5% W1 5 56 1A% 240 [054. 4.28) ——
Subtots | [25%. 1] 578 675 TRIW G40 [3.36,R.45] e
Henrogerehy, Tou® - 11.50, CUF = 31,42, o = 3 (P = 0,00001), F - 84%
Test for ovarzll effect Z = 4.12 (P < 00001}
Total (85% CI} 571 1188 100.0% 517 [2.55,7.66] -
liekerogeneky: Tow' = 10,98 Chi* = 40.20. of =8 { < 0.000013: F = 80% ¢ 1 =
Tast for ovaral effeck 7 = 201 (P < 0.0001} Favors ACDF  Favors C-ADR

Test for subgroup cifierences; ChP = 8,32, df = 1{P =0.01}, F = 84.2%

MODERATE Evidence:

C-ADR is comparable to ACDF. For trials at lowest risk of bias , WMD
1.29 (95% CI -1.28, 3.86). Substantial heterogeneity noted when high
ROB trials included; For all trials WMD 5.11 (95% Cl 2.55, 7.66) which
may not be clinically meaningful

[ pr— o

Neck Pain VAS/NRS (1-100 [worst]), C-ADR vs. ACDF (1-Level)

Neck Pain scores at later follow-up:

Similar findings to 24 months; C-ADR may be comparable or
slightly better than ACDF; Statistical differences are not likely to
be clinically meaningful (appendix slides):

48 to 60 months: MODERATE evidence across 5 RCTs; WMD 6.63
(95% CI 3.29, 9.97); 3 Moderately high ROB trial contributes
subtantially to pooled estimate

84 months: LOW evidence across 2 RCTs: WMD 5.59 (95% Cl 1.31,
9.86); Moderately high ROB trial contributes subtantially to
pooled estimate

r-'gmwh o3
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Overall, NDI and Neurological Success, C-ADR vs. ACDF (2-Level)
Outcome Follow- RCTs Reasons f.or Conclusion Quality
Downgrading
Overall 1RCT Risk of bias |24 months: (N = 320) 2121 @)
successt 24 (Mobi- RD 23.2% (95% ClI 11.6%, 34.8%) MODERATE
mos. |C, 2- 60 months: (n =297)
60 level, ST RD 29.6% (95% Cl 18.1%, 41.2%)
mos. |IDE trial)
Conclusion: C-ADR was superior to ACDF
NDI 24 Risk of bias |24 months: (N = 320) 2121
successt mos. RD 16.7% (95% CI 5.7%, 27.7%) MODERATE
48 48 months: (N = 285)
mos. RD 26.6% (95% Cl 14.6%, 38.6%)
Conclusion: C-ADR was superior to ACDF
Neurological |24 Risk of bias |24 months: (N = 320) 00
success mos. Imprecision RD 1.6% (95% Cl -4.2%, 7.5%) Low
60 60 months: (N = 297)
mos. RD -2.4% (95% CI -8.7%, 4.0%)
Conclusion: C-ADR and ACDF appear
comparable

Arm and Neck Pain VAS SCORES, C-ADR vs. ACDF (2-Level)

T Follow- RCTs Reasons for Conclusion Qualit
up (N) Downgrading (estimate, 95% Cl) v
Arm pain VAS (24 2 RCTs Mobi-C, N=291: MD -4.3 (-9.5, 0.9,) no difference 00
scores mos.  [(Mobi-C (2- | Risk of bias [Cheng 2009, N=62: lower scores with C-ADR (14 vs. 27, Low
(0-100) level) ST IDE | Imprecision |MD -13 (95% CI NR), p=0.01).
trial), Cheng Conclusion: C-ADR is as good as or slightly better;
2009) Differences may not be clinically meaningful.
N =353
48 1 RCT Mobi- | Risk of bias |MD in A scores: -3.0 (95% Cl -11.6, 5.6) L 00)
mos. |C trial, N= | Imprecision |Conclusion: C-ADR and ACDF appear to be Low
255 comparable;
Neck pain 24 2 RCTs Risk of bias |Mobi-C, N=291: MD -3.9 (-10.1, 2.3); no difference [2)+®@)
VAS scores mos.  [(Mobi-C IDE| Imprecision [Cheng 2009, N=62) lower scores with C-ADR than with Low
(0-100) Cheng 2009) ACDF (15 vs. 26, MD -11 (95% CI NR), p=0.01)
N =353 Conclusion: C-ADR is as good as or slightly better;
Differences may not be clinically meaningful
48 1RCT MD in A scores: -5.0 (95% Cl -13.3, 3.3) aa00
mos.  |(Mobi-C Risk of bias | Conclusion: C-ADR and ACDF appear to be Low
IDE) Imprecision comparable;
N =255
r 7mm‘ T %
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C-ADR vs. ACDF: Mixed levels (1-, 2-, or 3-level)

Reasons for
Downgrading

Outcome Follow-up RCTs Conclusion* Quality

NDI scores |24 mos. |1 RCT Risk of bias  [MD -1.0 (95% Cl -7.4, 5.4) OO
(Skeppholm Imprecision |Conclusion: C-ADR and ACDF appear to be LOW
2015) comparable in radiculopathy patients.
N =143
24-36  [1RCT Risk of bias |24 months: o000
mos. (Cheng Imprecision (13 vs. 16, MD -3 (95% CI NR), p=0.01 LOW
2011) 36 months:
N=81 (12 vs. 17, MD -5 (95% CI NR), p<0.01),
Conclusion: C-ADR is as good as or slightly better
in myelopathy patients; difference is not likely
clinically meaningful.
Arm pain 24 mos. |1 RCT Risk of bias MD 0.4 (95% CI -7.7, 8.5) o200
VAS scores (Skeppholm Imprecision |Conclusion: C-ADR and ACDF appear to be LOW
(0-100) 2015) comparable.
N =143
Neck pain |24 mos. |1 RCT Risk of bias  [MD -1.2 (95% Cl -9.9, 7.5) OO
VAS scores (Skeppholm Imprecision |Conclusion: C-ADR and ACDF appear to be LOW
(0-100) 2015) comparable.
" N =143
=3y specirumrcsearch R
KQ2: Safety C-ADR vs. ACDF (1 level) - RCTs
Secondary Surgery*
24 months ACOF ADR Rlsh Dilfrence Rlsk Differonce
[ o En L] Events Totwal @wents Teal B-H. Randem. 0% €1 MH. Randem. 99% €]
Modwately Low Blsk of #las
Prreeon ST IRE gl (B 201411 19 288 [ T 39 p.2 7.7 ——
Piski-3 NDIE Wisd Qo 2014} B m 2 1M 1058 60 (20, 105  —
PaaiscT DE el Bulurrey 20097 L] 2 13 @I 5 0. 123 —
£ ubtotal 195% CIf a3 W82 14 HE A% ariza 7.l L
Hastoroponasty. Tau™ = 003, O = .55, &f = 2 [F = OLA0L I” = 0%
Ttk Sor oot all oliect Z w398 (F mO0GDT)
Modorately High Blsk of 8 lus
iryan Lt tnal fseso A1 1) B 20 6 B3I Team 14 A8 45 -
P IOE kel (FO BEED Sor disvaoa ) L] 186 12 ‘ns 145% [ AICE RV | —_—
Secans-C IDE Mal [Vaccan Z1H™ 14 14 5 T® 1Im T, 124] —_—
Kovobag D014 ] = 1 1% FE Y 5.3 -1, 78
Rozawscsic 15 1 3 0 M4 115% 2532 7.3 —_—
5 ubtotal (899 €1} ] 23 685 G1.0% 20 -8, 4.8] >
Pessrcgunaky. Teu® — 0.0). CHi - .70 & —4 [P - 028} I" - 3%
T fx consall afiscr 7 = 1 3000 =0 173
-TMIInI:II - HE) 58 123 T000% ESIIRAS ] .
Helaroganaity: Teu® = .00 CHI° = 0.86. &r = 7 [I° = 026X I = 20% N
Tast for conall aflsct 7 =300 (P =0 00 Ea il 0 L] w3 e
Tact for subgrous difaresces: CHI = 202, df= 1 (P =015} I = 300% Fovars ACDF Fewors ADR
MODERATE evidence at 24 months:
Fewer patients in the C-ADR group had secondary surgery.
C-ADR 2.9%, ACDF 6.2%, RD 3.1% (1.1%, 5.1%)
*index level or both index and adjacent levels; Poor patient tracking noted in many trials
: -'?mmn'n o7
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KQ2: Safety C-ADR vs. ACDF (1 level) - RCTs

Secondary Surgery
48-60 months
ACOF ADR Eisk Bifference Risk Differeace

Study or Events Telal Evants Tetal Welght &}, Nandow, 95% I B, Random, 5% C1
Bodarately Lew Bisk of Bias

ot I0E il {ackecn 2040 000 mon )i 0 oa & 17 AX (14, 188 —_—
ProJisc-C I0E baal {Delsmaer 2013.0-80 moatis) 7 W 3 W3 NT% S4FLE 15 ——
ublobal{95% CE z 8 ¢ M BN 8134 138] R

Hesssogensily: Too' =000 G = QU0 & = 1P =0.91: P =0%
“estiorovassll efuct 23 13 (P =008

Hederately HighRisk of §ias

Bryen 1DE iol (Sass0 207 1.0-48 mos) L) ¢ M W 1252549 =
PG DRE el (Pl 2005 80 Mok ] (-3 7 28 Mik 4114 104 ‘E_
Smbhozal 95, (K E- I 2 4N ELR 28[1.4,51)
Heloragenedyr Taw® =000 (v =R &l = 19 =03 P=0%
“ealforgepiall afe 7= L7 P =020
=) Touwl (995 CO s 52 35 783 10a0% as(oasm -
Helasogtasly Taa® =000 Cw’ = S50 &f = 3P =QIZ: F=d2R } } }
“esl loroeasall afser 7 =7 (P =0027) 0 -
“esl for subgronp afirencer Ch? =478 dF =1 (P =QN0LI' = 0% Fawars AGIF  Favas AGR
LOW evidence: Fewer patients in the C-ADR group
underwent secondary surgery; C-ADR 4.6%, ACDF 9.3%;
-afPooIed RD 4.8% (95% ClI 0.8%, 8.8%)
cFr- 04
KQ2: Safety C-ADR vs. ACDF (1 level) - RCTs
Secondary Surgery
Slmenths ACDF ADR Risk Diffesance Risk Differanca
$tvdy or Subgro Event Tolal Evorts Total Welght M-t Random, 99%C1 Bt Ramdom, 95% CI
Hioderately Low Risk of ias
ProciecC IE ¥l lsnssan 2016) B8 & M e GANLNH ——
Tetllorovecall ffact 2 = 12207 = 105)
Hioderately High Risk of Biay
Peesiie STIDE kial (Butars 2014) I || TIR% 1RSI B =
sl ioroverall lect £ = 1.G0 ¢ =0L.00E)
= Toul (955 CI) 4 M7 1M TSESNA »
Hebwogmety Ter=0.0% Ch¥ =030 af =1 P =042 F=0% —i Pl
Tastloroverall aflact Z - 3,734 - 09002 A W0 0 N A
Testiorsbyoug cllrences: G = 024,81 = 1P <0431 F =08 For CIF, Fenc il
LOW evidence: Fewer patients in the C-ADR group
underwent secondary surgery; only 2 RCTs
_~, C-ADR 4.5%, ACDF 12.1%
'g' RD 7.5% (95% Cl 3.6%, 11.4%) v
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KQ2: Safety C-ADR vs. ACDF (1 level) - RCTs
Serious/Major Adverse Events (as classified by the trialt)

24 months (cumulative)
ACOF ADR Risk Differance Risk Diiferance

Study or Subgroup Evants Tota Events Wotsl Weight M-H, Rancom,95% Ci M-H, Random, 95% CI
Moderately | ow Riok of Biss
ProDiscC IDE tial FOR SSECI 2 W 18 133 158% 14735, 259] s
Mob-C DE trial (1-46ve } (FDASSED) 2 81 30 13 158% 7.6[36, 18.9] -
Subrotal (26% CI) 51 187 4 B MM H2p3 1] e
Hemrogeneiy: Taw = 0.00; Ch = .75 df= 1 (P = 0.9} F = 0%
"t for sverall effect Z = 278 (P = 0.008)
Hoderaialy Hioh Righ of fizg
Bryan |DE trial [Andersan ZX08rt B 20 T3 B3 A% BEZ[06. 17.9] —
PCM IDE trial (FDA SSED) ™ 51 145 88 N B 04H64.87] —_—
Socure.C ICE trial (<DA SSED} 34 W ® 1B 210% 5.1[44, 14.8] —_—
Subrotal (6% CI) 171 63 WO 62  BAA% 48108, 10.4] -
Hetroganaty: Tau® = 0.00; Oh* = 2,28, of = 2 (P = 0.52) F = 12%
"t for pvenall effect: Z = 1,65 = 0.09)

ey TSl (9% CI) 2 723 218 B DO 6B[20, 1161 -t
Heteroganaly: Taw’ = 1.00: Cht=4.77. df=4 (P = 031} F=16% ' + ' +
“eat for pvenall sffoct 2 = 278 (P = 0.005) 20 0 10 2
“est for subgroup differances: Chi* = 167, df =1 (P =0.20), I°= 42.0% Favory ACDF Favora ADR

LOW evidence: Fewer C-ADR than ACDF patients had serious
adverse events; C-ADR 24.3%, ACDF 31.0%, Pooled RD 6.8% (95%
Cl 2.0%, 11.6%)

1 Definitions varied across trials
; ?.r........_.m....,.. e

KQ2: Safety C-ADR vs. ACDF (1 level) - RCTs
Serious/Major Adverse Events at Other Time Frames

Reasons for

Outcome Follow-up RCTs ) Estimates Quality
Downgrading

Serious/ |24-48 1RCT Risk of bias |C-ADR 17.4%, ACDF 17.1% 2100
major mos. (Bryan ST | Imprecision |RD -0.3% (95% Cl -7.2%, 6.7%) LOW
adverse IDE trial)
events* N =463
(as 0-48 mos. |1 RCT Risk of bias |C-ADR 10.1%, ACDF 9.9% 2100
classified (Mobi-C Imprecision |RD -0.2% (95% Cl -8.0%, 7.7%) LOW
by the IDE trial)
trial) N =260
24-84 1RCT Risk of bias |C-ADR 21.0%, ACDF 17.4% 2100
mos. (PCM ST Imprecision |RD -3.7% (95% Cl -11.3%, 4.0%) LOW
IDE trial)
N = 404

LOW evidence: C-ADR and ACDF are comparable at other
5)‘ times; single studies

T ® 44
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KQ2: Safety C-ADR vs. ACDF (1 level) - RCTs
Device-related Adverse Events (as classified by the trial)

24 months (cumulative)

hCDF ADR Risk Diffarancs Rizk Olffsranea

Stady or SubgroLp Evants Toial Events Total Welght _ M-H, Random, 955 CI W-H, R andom, 35% C1
Wodery iy Lo A 2T BL
Presiipe ST IDE Irisl {FDA SSEDPT 26 X5 §OaT6 24% 8624, "07] —_—
PreDise-C IDE tral (FDASSEDF i 1% 2 3 Te% 28]-21,78 b
WICDIC: IDE trind £1-4evel) (H 98y Z015)1§ [ 779 NA% 151-2%.09] -1
Subtetnl (95% C1) 37 as2 18 S5E  ST.6% 47[1.8,75] L 3
Hewrogenedty: Tew® =000 Chi" = 1.58 of =2 P =048); "= 0%
Test for overal effect Z= 324 (P= ).001}
Bryen ICE ¥la (FDA SSEDYT 12 210 7 B B 301L5,8.7] T
PCM DE el (FDA SSEDIT 44 155 2 28 am 10529, *8.1] —_—
Sacure-C IDE trial (FDA $$2Dnt 14 140 4 51 UM% F418 25 —_—
Subtstal (95% CI] TC 535 40 821 Bma% 82113, 11.1] -
Heerogenelty: Tau® =0.00; CH" = 488, of =2 (P =000y, 2= 3%
Testior everal effect Z= 248 (P=).00)

=) Total{95% CI) 107 987 58 1180 100.0% sa[27,74] -
Heermgeneily: To = 0.00; CHZ = 635, f =8 (P = 027); 2= 21% & t 2+

Testfor overal effect: 2= 425 (P < 1.0001) P AGDE- R

Testior subgoup diferenoes: SHi* =029, dl = 1 P = (:56), F=0%

MODERATE evidence: Device-related adverse events were less
common with C-ADR than ACDF;

C-ADR 4.9%, ACDF 10.8%,RD 5.0% (95% Cl 2.7%, 7.4%)

?lpmh K

KQ2: Safety C-ADR vs. ACDF (1 level) - RCTs
Device-related Adverse Events (as classified by the trial)

60 months (cumulative)

AGOF AOR Fesk Diferess Filsh Differeas
Study o Subgroup Evants Toll Events Tolal Wieight  MeH, Remdom, 8% G i, Radom; 87% G
Hloderaitedy L ov Fish of Siex
Vicki-C IDE tre (el (Hisy 20161H§ 38 0 @ 8ET234)
P Disc-C IDE trisl (Bighr 2013~ 36 1 1@ AT 18F14.55
Hubloksl (82409 6 7 11 2 e AL 4

Hdenogeredty: Taw* = 000 Cht* = 1.3, I =1{P= LI F =3%

Test for overal afect Z=(122 (P=08Y A 0 mox

F-lﬂill]!F FavarsAOR
60 Months, MODERATE evidence: C-ADR comparable to ACDF; C-ADR 3.9%,
ACDF 3.2%, RD 0.4% (95% ClI -3.4%, 4.3%), 2 RCTs

Reasons for

. Conclusion* Quality
Downgrading
Risk of bias  |C-ADR 27.2%, ACDF 28.3%
AE (ProDisc-C) Imprecision |RD 1.1% (95% Cl -11.0%, 13.3%) LOwW
N =209 Conclusion: ADR is comparable.
3
r-'.jmm'h W
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KQ2: Safety C-ADR vs. ACDF (1 level) - RCTs
Any Adverse Event (as reported by the trial)

24 months (cumulative)

Test for subgroup cifferences: GhF = 1067, df= 1 [P =(.0009), F = B08%

RUGUF AUR Rish Dirersnna Risk Diffarammos
Stady or Subgroup Everts Totsl Events Towl Weight  WH Bandam 98% O B4 Rawdom, 98% C1
Masderafely Low Rish of Bis
Pratige ST I0E il {Bubus 21714) 13~ 2 & L% Z%  TeE% Z3FRT, 37 —
PraDissC DE irial (FOA SSED B8 1B B 103 123% BTSN BT s m—
Mohs-C DE tril {1-lewel) (Hisoy 26T8)1§ 7= 1] o 178 T8 8% T4[A8 47 —_—
Sukiatal (987% C) a2 Mo S DR Ztp63,20 B
Heteragansity: Tau? = 0.00; CH® = (.12, o= 2 (A = 0L 84); F= 0%
Test for avwrall sffect: 2= 1,01 (P=a431)
Iilesierately High Fisk of Blas
PCM IDEtial (FOASSED)Y 163 1 180 218 A 5513124 T
Bryan IDE rial (FDASSEDH 174 N0 He X 1TH 874170 _—
Sezare-C IDE trisl (FO8 SSE) 114 180 M7 161 2R 10.6 088 20.3] —_—
Subtatal {$5%:Cl) 451 GI5 485 66 482% [LR:RA-T] -
Tau® =D.00; CH* = 080, ci=Z [P =051); = 0%
Teet far ovarall sffect: Z = 138 (P={1.0001)
=) Totsl {35 C} ©1 W 123 W00 324[-18,81 B
Heteragensity: Taw? = 0.00; CH? = 1253, df = 5 (P= .08  =€1% : ;
Test for overall effect Z = 1.25(P=021) 2 o

40 1
Faoms ACDF FevarsADR

INSUFFICIENT evidence: C-ADR and ACDF are comparable with
regard to frequency of “any” AE.

® 47

Outcome

Secondary |24
surgery at  |mos.
the index 60
level mos.
Serious, 24
major mos.
adverse

events

Device- 24
related mos.
adverse

events

1RCT

(Mobi-C (2-
level) IDE

trial)

N =330

Reasons for

KQ2: Safety C-ADR vs. ACDF (2 level) - RCTs
Secondary Surgery and Adverse Events (as defined in trial)

) Conclusion Quality
Downgrading
Risk of bias |24 months: o0
Imprecision C-ADR 3.1%, ACDF 11.4% LOW
RD -8.3% (95% Cl -14.8%, -1.8%)
60 months:
C-ADR 4.7%, ACDF 12.4%
RD -7.7% (95% Cl -14.5%, -0.8%)
Conclusion: Fewer patients in the C-ADR
group underwent secondary surgery
Risk of bias |C-ADR 24.4%, ACDF 32.4% )-10.@)
Imprecision |RD -7.9% (95% Cl -18.5%, 2.6%) LOwW
Conclusion: Serious adverse events were
less common with C-ADR
Risk of bias |C-ADR 16.0%, ACDF 34.3% 00
Imprecision |RD -18.3% (95% Cl -28.6%, -8.0%) LOW
Conclusion: Device-related adverse
events were less common with C-ADR 048
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KQ2: Safety C-ADR vs. ACDF (Mixed Levels) - RCTs
Secondary Surgery and Adverse Events

Reasons for

Outcome ) Conclusion* Quality
Downgrading
Secondary [24-36 |2 RCTs Risk of bias |24 mos. (N=151): OO
surgeryat [mos. |(Skepphol Imprecision C-ADR 6.2%, ACDF 1.4% LOW
the index m 2015, RD 4.7% (95% Cl -1.2%, 10.7%)
level Cheng 36 mos. (N=83):
2011) C-ADR 0%, ACDF 0%
N=234 Conclusion: No statistical difference
Serious, Risk of bias | Conclusion: None reported by either trial. o000
major AE Imprecision LOW
Device- Risk of bias  |Conclusion: No summary was reported. o000
related Imprecision |Device-related complications occurred LOW
adverse similarly between groups, and in relatively few
events patients (0-2.4% of the C-ADR group; 0% in the
ACDF group) across both trials.
Exception: dysphagia, was less common in the
C-ADR group than in the ACDF group
(Skeppholm: 11.8% vs. 19.9% through 24
months, p=0.31; Cheng 2011: 2.4% vs. 16.7%
through 36 months, p<0.01),
= IAEseRrth
TW 049

b gmw*h

No studies were identified which
stratified on patient characteristics or
evaluated effect modification.

KQ3: Differential Efficacy or Safety of C-ADR

50
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QHES
Population

Radcliff 2016
(91/100)

DDD; (ProDisc-C)
IDE trial (N=209)

Qureshi 2013
(73/100)

DDD, radiculopathy
(hypothetical)

McAnany 2014
(87/100)

Acute disc herniation,
myelopathy
(hypothetical)

KQ4: Cost-effectiveness of C-ADR (1-level)

Lewis 2014
(62/100)

DDD, radiculopathy
(hypothetical)

ICER

Incremental
NMB*: $20,679
(95% CI $6053,
$35,377)

C-ADR dominates
(ICER = $-2,394) [
60 months

C-ADR dominates
(ICER = $-557,849) at
60 months

NR
60 months

Author’s

Conclusion

Over 7 years, C-
ADR more
effective, less
costly than ACDF

C-ADR and ACDF
cost-effective; C-
ADR was generally
more so.

Both C-ADR and ACDF
are cost-effective with
WTP threshold of
$50,000.

ACD more effective,
less costly than C-ADR
or ACDF; unclear if C-
ADR more cost-
effective than ACDF.

U.S. based CUAs suggest that 1-level C-ADR may be more effective
and less costly at WTP = $50,000

Study limitations: Time horizon (60 months), limited sensitivity
analyses around assumptions, complexity of determining utilities
and modeling health states

Perspective

KQ4: Cost-effectiveness of C-ADR (2-level)
Mobi-C IDE Trial (N = 330)

Base case: societal

Sensitivity analysis: payer

Ament 2014 Ament 2016

Societal (includes direct + indirect costs)
Healthcare (includes direct costs only)

Time horizon

Base case: 24 months
Sensitivity analysis: 12-120 months

60 months

Sensitivity analysis: 24 & 96 months

BASE CASE

ICER

(2$/AQALY)

$24,594

Societal:
$-165,103*
Healthcare:
$8,518*

Author’s

Conclusion

C-ADR appears to be highly cost-
effective when compared to ACDF for

2-level DDD.

C-ADR cost effective than two-year study.
Authors reason that the greater QALYs and
reduced cost as well as more realistic

return to work data are the driving factors.

‘n

=y spectrumresezrch

CUA (U.S.) suggest 2-level C-ADR is cost-effective vs. ACDF at all
time frames evaluated; ICER < $50,000 (payer)

Limitations: Follow-up data for short time frame (60 months),
complete costing data and hospital LOS not well captured

052
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Summary: Cervical-ADR
KQl: Efficacy| MODERATE evidence that C-ADR is

e Superior to ACDF: Clinical Success (to 60 months, 1-level; 24
months 2-level) and NDI success (2-level, 24 months, 1 RCT)

o Slightly better than ACDF: Neurological Success (to 60
months), NDI Success (24 months)

e Comparable to ACDF: Scores for arm pain, neck pain ( to 60
months, 1-level)

LOW evidence that C-ADR is

e Superior to ACDF: Clinical Success, (to 84 months, 1-level)

o Slightly better than ACDF: NDI scores (84 months, 1-level)

e Comparable to ACDF: NDI success (1-level, 48-84 months);
pain scores, NDI scores, arm pain success, neck pain success
(all time frames, 1-, 2-levels and mixed)

y 'gnrmm"h S

KQ2: Safety

Summary: Cervical-ADR

Key Question Summary: C-ADR vs. ACDF

MODERATE evidence that
e Secondary surgery and device-related AEs are less common with C-ADR
at 24 months (1-level)

LOW evidence that

e Secondary surgery, less common with C-ADR 48-84 months (1-level), at
24 months for 2-level

o Device-related AEs, less common following 1-level C-ADR at 48-84
months, 2-level at 24 months

e Serious AEs, less common with C-ADR at 24 months for 1 or 2-level

e C-ADR and ACDF are comparable with regard to: Serious AEs (1-level,
24-84 months, single RCTs);

e C-ADR and ACDF are comparable in 2 studies of mixed 1 or 2-level:
secondary surgery, device-related complications (except dysphagia); no
serious adverse events reported in either trial

KQ 3:

No evidence on differential efficacy or safety

KQ 4: Cost-
effectiveness

1-level C-ADR (4 CUA studies), 2-level C-ADR (2 studies, same population)
C-ADR appears to be cost-effective at WTP threshold of $50,000

Ed
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Lumbar Disc Arthroplasty (L-ADR)- Overview

L-ADR vs. Multidisciplinary Rehabilitation (1 RCT)

L-ADR vs. Fusion (all other studies)

* 60 month follow-up to same index RCTs as 2009 report of 1-
level ADR vs. fusion

* 2 new RCTs of multiple-level L-ADR vs. fusion

* Efficacy findings are similar to 2009 report: LOW evidence
that L-ADR is comparable to fusion for overall clinical success,
ODI success, neurological success (single-level, 2-level
studies) and pain success or pain relief at 24 months (all
levels) and 60 months in studies of single-level and 1 or 2
level intervention.

:?lpee&mm-rh

55

KQ1: Evidence Base for Lumbar-ADR

Key Question
L-ADR vs. Fusion (1-level)

Original 2008 Report

Update

KQ1: Efficacy

2 RCTs, 5 comparative
observational, 7 case series

2 index RCTs, (4 additional publications)

KQ2: Safety 2 RCTs 2 index RCTs, 5 additional publications;
22 case series 2 comparative observational studies

KQ3 and KQ4 0 studies 0 studies

L-ADR vs. Fusion (2-level)

KQ1: Efficacy 0 studies 1RCT

KQ2: Safety 0 studies

KQ3: and 4 0 studies 0 studies

L-ADR vs. Fusion (1- or 2-level, or levels not specified)

KQ1: Efficacy & 0 studies 1 index RCT, (2 additional publications)
Effectiveness 1 comparative observational
KQ2: Safety 0 studies 1 index RCT,1 additional publication)
3 comparative observational studies
KQ3: Differential Effects 0 studies 0 studies
KQ4: Cost-effectiveness 0 studies 2 studies
L-ADR vs. Multidisciplinary Rehabilitation
| 0 studies 1RCT

KQ1: Efficacy

(
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Lumbar Disc Arthroplasty (L-ADR)

CMS NCD: L-ADR is not covered for Medicare beneficiaries
2(\)/er 60; years of age; there is no NCD for beneficiaries age <
years.

Guidelines (Section 2.4):

0 APS (2009): For patients with non-radicular low back pain,
panel recommends that clinicians consider offering the
intervention (no difference between ADR and fusion
through 2 years); insufficient evidence to adequately
evaluate long-term benefits and harms (no
recommendation for or against).

0 Colorado Department of Labor (2014): L-ADR is
recommended for patients with LBP

0 ACEOM (2011): Does not recommend L-ADR for chronic,
non-specific LBP, radicular syndromes (e.g. sciatica) or
spinal stenosis

e57

KQ 1: Outcomes efficacy/effectiveness — L-ADR

1. Overall clinical success (FDA), a composite:

. ODIl improvement (>15 points from baseline)

« No device failure (revision, reoperation, removal)

. No neurological deterioration compared with
preoperative status

. Blumenthal et al. added no major complication, Zigler, et
al added any improvement in SF-36 and radiographic
success (studies vs. fusion)

1. ODI Success (>15 points from baseline)
2. Neurological success (no deterioration from baseline)

3. Pain reduction compared with baseline

58
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Results: L-ADR vs.
Multidisciplinary Rehab

?lpmh -

KQ1: L-ADR vs. Multidisciplinary Rehab

1 moderately high RoB Trial (N = 139) with 24 month follow-up

Outcome L-ADR Rehab RD (95% CI) p-

% (n/N) % (n/N) value
ODI Success [70% (51/73)1 [47% (31/66)1 |22.9% (6.9, 38.9) [0.0063
(=15 point
improvement)

L-ADR Rehab MD (95% CI) [oF

mean+SD mean + SD (author ITT) value
VAS Pain 354+29.1 |49.7+28.4 -14.3 (-23.0, -5.6) [0.001
(0-100 [worst]) |(n=86) (n=86)
LOW evidence:

0 L-ADR may be superior to MDR regarding ODI Success (completer)

0 Pain was slightly less following L-ADR; unclear if adjusted for worse
baseline scores in the MDR group (8.7 pt. difference); wide Cls;
clinical significance unclear
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KQ1: L-ADR vs. Multidisciplinary Rehab
1 moderately high RoB Trial (N = 139) with 24 month follow-up
Other outcomes (Appendix | Tables 16-18); SoE not performed

Mean +SD A from baselinet (95% Cl)

ITT Analysis* ADR (n=86) Rehab ADR Control MD (95% CI)t p-

(n=86) value
ODI score 21.2+17.1 30.0+16.0 [-20.8 -12.4 -8.4 0.001

(-25.2,-16.4) |(-16.3,-8.5) |(-13.2,-3.6)

SF-36 PCS 43.3+11.7 37.7+10.1 |NR NR 5.8(2.5,9.1) 0.001
SF-36 MCS 50.7+11.6 48.6 £12.8 |NR NR 1.0(-2.4,4.4) 0.50
EQ-5D 0.69 +0.33 0.63+0.28 | NR NR 0.06 (-0.05, 0.18) |0.26

*Author’s ITT analysis based on last observation carried forward; clinical significance of MD unclear;

Scales: ODI, 0-100 (worst); SF-36 0-100 (best); EQ-5D, -0.59 — 1.0 (best)

Completer analysis F/U ADR Rehab RD (95% CI) p-value
% (n/N) % (n/N)

Work status 0 mos. 28% (24/86)+ 26% (22/86) 2.3% (-10.9, 15.6) [0.7312
(working; includes 5 5 S

e T 24 mos. 31% (21/68)§ 23% (15/65)§ 7.8% (-7.2,22.8) [0.3130
leave)t

Medication usage |0 mos. 27% (23/86)% 20% (17/86)% 7.0% (-5.6 19.6) | 0.2802
CEI7CESD) 24 mos. 22% (16/73)§ 18% (14/78)§ | 4.0% (8.8, 16.7) |0.5426

Outcome

Secondary Surgery at Index 24
Level

Major complication resulting
in impairmentt

Any complication§

Reasons for

KQ2: Safety L-ADR vs. Multidisciplinary Rehab
(L-ADR related only)

) Conclusion* Quality
Downgrading
1RCT |Risk of Bias  |L-ADR: 6.5% (5/77) | @O0
Hellum |Imprecision LOW
N=77
L-ADR: 7.8% (6/77) @@OO
LOW
L- ADR: 33.8% ®a00
(26/77) LOW

Safety events were only defined with respect to L-ADR. Authors do
not provide information on events in the rehabilitation group.
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KQA4: Cost-effectiveness of L-ADR

L-ADR vs. Multidisciplinary Rehabilitation: One high-
guality CUA from Norway

L-ADR vs. Rehabilitation

Johnsen 2014 (Norway)

Perspective | Societal

Funding Norwegian Back Pain Association; Authors report relevant financial activities
related to consultancy, payment for lectures and grants.

Model Bootstrapping; Based on Hellum RCT; Net Monetary Benefit (NMB)

Outcomes Hellum RCT;EQ-5D, SF-6D used for comparison

Results:

ICER EQ-5D: €39,748 /QALY ($49,132 USD/QALY )
SF-6D: €128,238/QALY ($158,514 USD/QALY)

Author’s L-ADR is cost-effective vs. MDR when QALY’s measured with EQ-5D (for

Conclusion willingness to pay >$49,132); CE probability of 90%
L-ADR not cost effective based on SF-6D; 40% probability of being cost-effective

LIMITATIONS | Short time horizon (24 months); failure to describe/evaluate impact of adverse
events for L-ADR in particular (e.g. reoperation); Applicability to U.S. healthcare

» system unclear
‘ i 43

Results: L-ADR vs. Fusion
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Overall Clinical Success: Single-level L-ADR vs. Fusion
Completer Analysis, 24 months
ADR Fusion Riek Differance Risk Differance
Study or Subroup Events Total Events Total  Waight  M-H, Random, 96% CI M-H, Random, 95% ¢I
oderately High Risk of Sias
Charite IDE iial { FDA SSED) 107 184 4 3B 38[82 168 —i—
Prol¥sc-L IDE sial {FDA S3ED 2006) 9B W 71 43 125[14,283 T
Total {95% CB 18 M2 T3 182 100.0% T[T, 174] -
Halarogensii Tau® =0.06; G = 0,80, & = 1 (P = 0.37); F= 0%
Toeek for ovespll efiact: Z= 1.62 [P =0.11)
Completer Analysis, 60 months ® B e Fusion mef-" ®
ADR Fuslon Risk Difference Risk Gifferancs
HRudy or Evenis Totsl Events Total  Welght W-H, Random, 85% Gl -H, Random, 95% Gl
loderotely High Risk of Bias
Ghamte IDE nal {Guyer 2009) 2 W o o@ £ BB H1S. 24.7] L
ProDisc-L I0E wial (Zgher 2012 £ W O1M 7 R % T4 (4. 231] | |
Tolnl (85% ) 115 24 43 85 1000% 7448, 18] pNS
Heterogenely: Tau™ = 0.00; Chi" =0.00, &f = 1 (P =095 I =0%
Test for averall effoct Z = 1.18 (P =0.25) 5 = 25 2
Favors Fusion  Fawors ADR
LOW quality evidence: L-ADR is comparable to fusion at
24 and 60 months »

ODI Success(2 15 point improvement): Single-level L-ADR vs. Fusion

Completer Analysis, 24 months

ADR Fusion ik Differense Riak Differanos:
Sy or Subgroun Events Toill Events Totl Welght  M-H Random, 85% G W-H, Random, B8% C1
fiodaraisty High Mgk of Bing
Chadia IDE Wial (FOA $9E0 2004) TR "R B T -1 ) $B(-72 189 ——
ProDiscL 10E kel (Agler 20121 M He X M Em 129008, 20. ——
Total B28% CO i W 8 18 180.0% 29[0.6,18.3) -
Holerogenely: Tau® = .00; ChF = 0.50, df =1 (P = 0ASK I m 0%
Test for overall offect Z » 1.67 (P = 0.08) L . L y
) : ) ]

Completer Analysis, 60 months

—poR__ _Fulon
Events Tol Evenis Toml

Chadie IDE il (Guyer 2009) LI ] d 4 K% 27HES, 199

ProDise-L 1DE bial {Zigher 30121 H I3 RN ¥ %% N84, 271|
Tolal 92% € 18 HME  e0 M 100.0% TA[38 187
Helorgenely: Tau" = Q0% ChF = .41 df = 1 (P = Qi " = 0% . . . A
Tost for gveral affoct Z = 1.3 F=0.1§) 4 = 1) % i

Fvor Fusion  Favers ADR

LOW quality evidence: L-ADR is comparable to fusion
for ODI Success ate24 and 60 months 66
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KQ1: Neurological Success: Single-level L-ADR vs. Fusion

Completer Analysis, 24 months

ADR Fusion Rigk Differanse Risk Dilerznce
Shudy or Bubgroup Events Total Events Tolsl Weight WHH, Random, BE% CI MHH, Random, B8Y, &1
Thaite IDE trisd (FOA SSED 2004) RELEN i B 53E% -43H0E, 0.7] —
“reDisc-L IDE ial iAgler 2012} 135 143 T 454% BEEDA. L] -
Tolal [95% &1) | oW 134 18 -0RO% 22[-128, 17.1] i

elerogenely: Tau?= 0 01: CaF =81 f =1 (P=0.011 I'= 4%
Tost for cverall offoct 2= 028 (P =0.77)

Farors Fusbn  Favors ADR

Completer Analysis, 60 months

ADR Fugicn Risk Differsnce Rink Diffarance:
Study or Events Total Evems Total  Wsight  WHH, Remdom, 35% G W-H, Random, 35% ¢
Moderately High Risk of Bias
Chaxite IDE trial {Suysr 2009) T oW ¥ 4 6% 18 114, 15.£) ——
FrodiscL DEtrisl (Agle 2012} L. -1 a3 48 624%  -0.0078[-114,9.5]
Total (83% C) 18 213 ™M 1000% 02[1.9,8.3
Heterogensity. Tau = 0.30;Ch*=0.13, /=1 (P =278}, F = 1%
“es: for overal efiect Z = 0.05(P =0.38)

< £} 30

23 i) 2!
FavorsFusion Favors ADR

INSUFFICIENT evidence at 24 months, LOW evidence at 60
months that L-ADR is comparable to fusion Y

KQ1: VAS Pain (0-100[worst]): Single-level L-ADR vs. Fusion

Completer Analysis, 24 months
Fusion AR #hean Difference Idean Difference

Beady or Subgroup Hoan 30 Total Mean 40 Toll Weight IV, Randem, 83 CI W, Random, 95% <1
Hederately High Risk of Bias
Churiio IOE ol [Slumarthal 2008 FOASSED 00, 575 304 €2 312 304 198 S59%  BM(IR14TY T
PraCisc-L ICE sl Aigler 2012 Gyr Ronals) 43 HE T 38 N1 W Mi% GFO[210,1550 -
Tetal [52% €I 153 335 108.0% 6.40[8.63,12.32) i
Hateragenshy: Tau® = 00% CHf = 0.0 /= | (P =098 P2 0% * ﬂll lil *
Tasllercoual afect = 217 =005 FevemFusion Fevar ADR
Completer Analysis, 60 months
__Fusien _ ADR san Oliferssce san Oiffereace

Stadyer § Hein SO Tolal iean SO Telsl Weight M, Rendem, 155 C1 ¥, Ramdem, % C|

HoduratolyHigh Kbk of By

Chiadhe IDE Hisl [Gayor 20083 0w O4 NP W W M NN 10

Prelisa-L IOE tdal {Zgler 2012 Sv Fiosalbe) W% O8O W1 N IE BN NN

Total (95% CIf “ 25 W% L1845 6TY

Helswganslly. Teu” =0.0%; CiF 50,25, /= 1 P s08Z; P 0% 133

Testfor sl offest 2= 0,30 1P = 0.7 Fawss Failen  Fasts ADR

LOW evidence: VAS Pain L-ADR is comparable to fusion
for pain relief at 24 and 60 months
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KQ1: 2-Level L-ADR vs. Fusion

Completer Analysis at 24 months; 1 moderately high RoB Trial
Outcome L-ADR Fusion
% (n/N) % (n/N) RD (95% Cl) p-value

Overall Clinical 58.8% (87/148) 47.8% (32/67) 11.0% (-3.3, 25.4) | 0.13
Success

Neurological 89.2% (132/148) |80.6% (50/62) 8.5% (-2.5,19.6) [0.10
Success

mean = SD (n) mean=SD (n) MD (95% ClI) p-value
ODI 30.3+24.3 38.7+24.1 -8.4(-15.4,-1.4) (0.02
(0-100 [worst]) (n=148) (n=67)
VAS Pain 31.9+30.5 38.4+29.8 -6.5(-15.7, 2.7) 0.16
(0-100 [worst]) (n=143) (n=60)
LOW evidence:

2-level L-ADR is as good as fusion for achieving clinical or
neurological success and pain relief;

It may be slightly be better than fusion for disability improvement
but ODI change may not be clinically meaningful

KQ1: 1 or 2-Level L-ADR vs. Fusion

Completer Analyses; 1 moderately high RoB Trial (N = 152)
Outcome F/U L-ADR Fusion RD (95% Cl)

(Mos) % (n/N) % (n/N)

Overall Clinical | 24 70.0% (56/80) | 63.9% (46/72) |6.1% (-8.9,21.1) |0.42

Success mos.

(Global Pain)  [go 72.5% (58/80) | 67.6% (48/71) |4.9% (-9.7,19.5) |0.51
mos.

ODl success |24 64%(51/80) |55% (40/72) |8.2% (-7.4,23.8) |0.31

(225% mos.

i t

improvement) |1 52780) [64.8% (46/71) |12.7% (1.7, 27.1) | 0.09
mos.

LOW evidence:

L-ADR is as good as fusion for achieving clinical
success (totally pain free OR much better) and ODI
success at 24 and 60 months v
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KQ1: 1 or 2-Level L-ADR vs. Fusion
Completer Analyses; 1 moderately high RoB Trial (N = 152)

Outcome  F/U L-ADR Fusion p-
(Mos) mean=£SD (n) mean = SD (n) MD (95% ClI) value

VAS back |24 25.4+29.8 (n=80) |29.2+24.6 (n=72) |-3.8(-12.6,5.0) |0.40

pain mos.

(0-100

60 22.7 +29.2 (n=80) [30.5+26.9 (n=71) |-7.8(-16.9,1.3) |0.09
mos.

[worst])

VAS leg 24 16.4 +24.5 (n=80) |20.7 +24.3 (n=72) |-4.3(-12.1,3.5) |0.28
pain (0-100 | mos.

[worst]) 60 14.0 +£23.1 (n=80) |20.3+24.7 (n=71) |-6.3(-14.0,1.4) |0.11
mos.

LOW evidence:

L-ADR is as good as fusion at relieving
back and leg pain at 24 and 60 months

?lpmh e

KQ2: Safety L-ADR vs. Fusion (1 level) - RCTs
Subsequent Surgery* at Index Level

Fuslen ADR Rlsk Differanca Rlsk Differance
Study o7 Subgro Evenis Totel Evenis Tolal Wl M-, Random, 83% C| -, Random, 85% €)

Hoderutely High &1k of Blas

— SMorths
Charka IDE bial {Bhamenthal 2005) § o il 205 #HM 1.6
PrOlicLIOE bial (Ao 2012 Fueyearseels) 4 78 7 181 308% 180,78
Subtotal {#3% CH 13 14 18 368 §74% a3[21,64)
Hiheragenelty. Tou" = 0,80 ChiF =039, oF = 1 (P =083 F= 0%
Tisul for oven sl alecl. Z = 1.01 (P = 0.31)
24-60 lanths
=) ProDiscL IOE blal (Bghe- 2012 Fre-yewromls) § 7 g M TN 1934, 89 -
Teat for crerail alfect I = 001 [P = 0.38)
60 Months
ey ProDiveL 1DE il {Bgier 2012 Envpaan meult)s o bilofBup 13 1M 1845 948, 124) -
Tesk foroverall feck: 2 = 0.61 [P = 0.39]
w & 2 4
Fovars Fuson Favom ADR
LOW evidence: L-ADR is comparable to fusion, all time
frames;

*Surgeries included revision, reoperation, device/hardware removal, supplemental

o fixation, hemi-laminectomy and discectomy with decompression

r-'.ylpeﬂ:rm'h N7
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KQ2: Safety L-ADR vs. Fusion (1 level)- RCTs
Device-related Adverse Events*

Fesion ADR Eish Diference Risk Difference

Study or Subgroap Events Tolal Events Total Weight  W-H,Random, 95% €I H, Random, 5% CI

Moderately Highiisk of 8ias

24 Honths

Charke I0E lld {F 24 3560 200<) 4 @ 15 B 7% J33(45.29

Podel DEralfFCASSED00S) 12 %5 & # 24k H6[-139.93

Total |95% L. 18 178 42 366 1004% 27|74,19

Helsroganeity Tae* =2.00 Qi =0, df = [P=082; F=0%

Testforoversllalfect 2= 1,15(P=029) ' 4 }

|2 5 E:] o

Favers Fusin Famors ADR

LOW evidence: L-ADR is comparable to fusion at 24 months ;

*Defined as adverse events considered by the investigators to be device-related, including back and
lower extremities pain, nerve root injury, implant displacement, and subsidence; calculations
exclude secondary surgery at the index level.

:?lpmh o7

KQ2: Safety L-ADR vs. Fusion (1 level)- RCTs

All adverse events/complications*

LOW evidence: Any AE

Fuskn ADR Rlsk Difsrance Rk Offferanca
NeH, Sandom, 1% €1
Chks IDE il (U S5E0 2004) T o@ W M Nm aa(ieay
PRORLIOCHAFIASIEDRG] M 7 1N % WS 29p4.'84
Total (8% € WM % M 1000% 2451841
Helemgensty, Toy" = 00 Gaf*= 116, %=1 P =027 F= 1% — 3 + )
Testicr cveall el 2 = L76 {7 =008 - LR

24 months (2 RCTs) : L-ADR is comparable to fusion
60 months (1RCT): L-ADR 5.1/patient, fusion 5.4/patient, p= 0.507

*Any/all complications regardless of relationship to treatment.

b gmw*h

INSUFFICIENT Evidence: Major or Serious AEs including Death

®74
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KQ2: Safety L-ADR vs. Fusion (2 level) -1 RCT, 24 months

Outcome

RCTs
Q)

Reasons for
Downgrading

Conclusion

Quality

Secondary
surgical
procedure at
index level(s)t

Major surgery-
related
complications¥

Device related
complications
(Subsidence or
migration)§

1RCT
(Delamarter)
N=237

Risk of Bias! (-1) |L-ADR 2.4%, fusion 8.3% 212100
Imprecision? (-1)  |RD -5.9% (95% Cl -12.7%, 0.09%) LOW
Conclusion: Additional surgery was less
common with L-ADR
Risk of Bias? (-1) [L-ADR 0.7%, fusion 4.9% 100
Imprecision (-1)  |RD -6.7% (95% CI -14.0%, 0.6%) Low
Conclusion: Major surgery-related
complications were less common with L-
ADR; however no statistical difference*
Risk of Bias® (-1) |L-ADR 2.4%, Fusion 1.4% 000
Imprecision3 (-2) |RD 1.0% (-2.5%, 4.6%) INSUFFICIENT
Conclusion: No statistical difference
between groups.*

J‘-k
= 5mw*h *Small sample size may preclude detection of rare events or difference between groups -

KQ2: Safety L-ADR vs. Fusion (1- or 2- level)

Outcome Follow- RCTs Reasons f'or Conclusion Quality
Downgrading
Any 1 RCT |Risk of Bias |24 months: 12100
Secondary (Berg, |Imprecision L-ADR 10.0%, fusion 30.6% LOW
Surgical Skold) RD -20.6% (-33.1%, -8.1%)
Procedure at (24 N=152 60 months:
Index Levelf |mos. L-ADR 17.5%, fusion 36.6%
N=151 RD -19.1% (-33.1%, -5.2%)
60 Conclusion: L-ADR was associated with
mos. significantly fewer secondary surgeries;
the majority were device related
Device- 24 and Risk of Bias |24 months: - 00)
related Imprecision L-ADR 5.0%, fusion 27.8% LOW
reoperationt |60 RD -22.8% (95% CI -34.2%, -11.4%)
mos. 60 months:
L-ADR 11.3%, fusion 28.2%
RD -16.9% (95% CI -29.5%, -4.4%)
Conclusion: L-ADR was associated
fewer device-related surgeries; these are
the only device-related adverse events
reported
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Outcome

Total major
complications

Follow-

mos.

Any (total)
complication

mos.

RCTs

1RCT
(Berg,
Skold)
N= 151

Reasons for

Downgrading
Risk of Bias
Imprecision

KQ2: Safety L-ADR vs. Fusion (1- or 2- level)

Conclusion

L-ADR 2.5%, fusion 8.3%
RD -5.8% (95% Cl -13.1%, 1.4%)

Conclusion: Fewer major
complications following L-ADR;
statistical significance was not
reached, possibly due to sample
size. All events occurred within 24
months

Quality

1 0@)
LOW

Risk of Bias
Imprecision

L-ADR 17.5%, fusion 20.8%
RD -3.3% (95% Cl -15.9%, 9.2%)

Conclusion: L-ADR comparable to
fusion with regard to frequency of
any complications through 24
months. All events occurred within
24 months

1 O@)
LOW

b ?mm'h

KQ3: Differential Efficacy or Safety of L-ADR

No studies were identified which
stratified on patient characteristics or
evaluated effect modification.

e78
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KQ4: Cost-effectiveness of L-ADR
L-ADR vs. Fusion (1 or 2-level): Two moderate- to high-quality

CUAs results were mixed, U.S. applicability unclear
L-ADR vs. Fusion

Fritzell 2011 (Sweden) Parkinson 2013 (Australia)
1or 2 levels Levels not specified

Perspective Societal and Healthcare Healthcare
Funding Industry Australian Dept. of Health
Model Bootstrapping; Net Monetary Benefit (NMB) | Markov Model
Outcomes: Berg 2009 RCT, Swedish Spine Register Berg 2009 RCT, FDA IDE trials
Results:
ICER $252,519 (no-difference in EQ-5D). Depends on efficacy outcome
* No significant societal cost difference o Cost/QALY gained (EQ-5D): No difference QALYs
e Based on net benefit approach, L-ADR e Cost/ODI Success (225% improvement):
could not be demonstrated to be cost $73,662 (L-ADR less costly, less effective)
effective vs. fusion. o Cost/overall success (FDA definition): L-ADR

dominates-less costly, more effective vs. fusion
e Cost/narcotic discontinuation: L-ADR dominates
(less costly, more effective)

Author’s Inconclusive; fusion is more costly from a ADR is potentially cost saving compared with
Conclusion healthcare perspective when reoperation lumbar fusion, depending on the outcome.
included.

LIMITATION: Short time horizon (24 months), adverse events don’t seem to be well represented, limited
sensitivity analysis description; outcomes data sources poorly specified

)
ilpec&muwmh .

Summary L-ADR (Lumbar arthroplasty)

Key Summary

Question

KQ1: 1 or 2 level L-ADR vs. Multidisciplinary Rehabilitation (1 RCT)
Efficacy

LOW evidence that L-ADR may be superior to multidisciplinary
rehabilitation with regard to ODI Success. Pain was less following L-ADR; it
is unclear if results are adjusted for baseline differences or clinically
meaningful.

L-ADR vs. Fusion (2 RCTs of 1-level, 1 RCT of 2-level, 1 RCT of 1 or 2 level)

LOW evidence that L-ADR is comparable to fusion with regard to overall

clinical success, ODI success, neurological success (single-level, 2-level
studies) and pain success or pain relief at 24 months for all levels and at
60 months in studies of single-level and 1 or 2 level intervention.

For non-inferiority trials the assumption is that reference treatment
must have an established efficacy or that it is in widespread use. The
efficacy lumbar fusion for degenerative disc disease remains uncertain,
especially compared with non-operative care.

b . gfpﬁm'um'h -

WA - Health Technology Clinical Committee

January 20, 2017

40



Andrea C. Skelly, PhD, MPH
Spectrum Research

KQ2: Safety

Summary L-ADR (Lumbar arthroplasty)

Key Question Summary

L-ADR vs. Multidisciplinary Rehabilitation (1 RCT

Only ADR-related complications reported.

L-ADR vs. Fusion

Single-Level (2 RCTs)
LOW evidence that L-ADR is comparable to fusion for subsequent surgeries at the
index level, device-related adverse events and any adverse event.
INSUFFICIENT evidence that L-ADR and fusion are comparable regarding
major/serious adverse events including death, in part due to sample sizes.

2-Level (1 RCT) and 1 or 2-level (1 RCT)
LOW evidence: Secondary surgeries were significantly less common with L-ADR.
Major surgery-related complications or major complications (general) were less
common but statistical significance was not reached.
INSUFFICENT evidence for comparability regarding device-related complications;
sample sizes were small

KQ3:

No evidence on differential efficacy or safety

KQ4: Cost-
effectiveness

L-ADR vs. Multidisciplinary Rehabilitation (1 CUA study)
Cost-effectiveness of L-ADR vs. rehab is unclear

1 or 2-level L-ADR vs. Fusion (2 CUA studies)
Cost-effectiveness of L-ADR vs. fusion is unclear

Questions?
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Appendix slides:
C-ADR

:?lpee&mmh e

NDI SCORES (1-100 [worst]), C-ADR vs. ACDF (1-Level)
24 months

ACDF C-ADR Mean Difference [omn Diffzrance
Study oo § sharowp Mean 50 Tewml Wean 5D Tell Walght IV, Rendem, B5% €I ¥, Fandom, B5% C|
Maderataly Low Rink of 3ian
Prosige 5T Inel (B 2014) W4 NE WM O WHA B I LM[148.020) T
Profisa-C hial (Janssan 2015 263 24 W A2 A5 1 e 220[-308. 82 e
Mo+ il 1-4avel” (Hisay 2018)"] 121 155 78 188 203 135 L1 -4SCH250.8 e |
Subdstal (99% €I " 508 18.7%  D.01[-4.57,4.58] e
Faterogenady: Tou'= 10.2% Che' n5.40. 7w 2 P Q.07 = 0%
T for overal affect Z = 000 (P =1.00)
tederately High Bisk efBlas
Eryan frial (2ase0 2011} 182 193 1% 192 45 2 40 J0[-082.682) T
PO Ulel [Philios 20133 238 138 131 218 4B 16T 103W  JMpALETY _—
BECURE-Ctrial [Vioaro 20131 165 138 118 182 178 18 Tdw 3N [0S0 TIE —
Karebag 2014 138 11 B 182 18 1 WA AT T
Thasg 2012 143 A8 B 148 B B0 4w ODH[D4ET.147) -
Thamy 2014 193 138 B 19 42 BE 426 DM[B08.509) —
Sublotal (99% €I L1 065 B4.%  1.14[0.05 233] >
- Toufm .54, ChF m 7.48, T w B (P w19}, Fu 3%

Tosl for ovenll efoel Z = 205 (P = 0.04)

»'lliltllilll 200 ‘194 COR0%  1.11[0.06 237 I.
Helerogenaly: Tou"= 0.5¢,ChP m*3.08. &M w 8 (P 11).Fu 365 -1lh -5 i 5 15
Taatfor ovenll afect: 2 = 108 (P =0.08) FavenACDF Favers CADR

‘Tee! for subgroup dferences: ChF = .22, 8 = 1 (P w QR4 Fud%

MODERATE evidence:
C-ADR may be comparable to ACDF with regard to NDI scores;
WMD 1.11 (95% Cl -0.06, 2.27) at 24 months
E— o
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NDI SCORES (0-100[worst]), C-ADR vs. ACDF (1-Level)
48-60 months

ACOF C-AER Hesa Difwrmce Mo Oifwence
Study or Subgreup Bean SO Toul Mo SO Towl Welght IV, Randem, 95%C1 ¥, Raadom, 955 CI
Moduanly Low sk of Bits
FroDisc hial {Deiamasker 2070, 43 moe} A2 We W W3 RE 8 124% RSO[SE TN s L
ki Bl {-howel) (Heswy 2016, 69 mos Y} RS 16 RS WO OHIN LO[s86s
Subbwtal [95% <1 13 W5 IIN 0RSLALIL S -

Hetarogansly” Ve = O, CAF = 000, &f = 1 [F = 0SEL F = 3%
Tosthormarall alfoct 7 = 96 (P =05

Rladerately High Bisk of Slas

Syan nal{Sasse N1L Bmoalt B N OB K2 KRI W 20% ANRS M —_—
Preghpe ST MaljBuis 20 H. Smon} AT 07 M8 75 M4 2% 24%  AN@HAELN) —
PO il Pelips N5 O0mOLST WS BS 1B A4 M W K ENPSLRM —_—
Burg AHp MRS B WS Re 5 0S AS0[AmIN e
Sublwtad [95% <1 510 65 7% sa[eelain -
T’ =205 OF = 412, & = 3P =025 F = 1%

Fastiar sveralaffoct 2 = 801 §° < 00001)

) Tokal {95% T} & BOWAAN 420 (167,875 -
Hedwogenslly: T’ = 387: CWF = 154 & =S1P =06 P = 3% 1 —5
Tt for avesall ez 7 = .25 P = 0000} s ACDF Fasars CADR

Tast far subgoonp @lfsrances O™ = 13 of = | IP =000 P =092%

MODERATE evidence: NDI scores were slightly better following C-
ADR vs. ACDF however the difference is likely not clinically
meaningful; WMD 4.21 (95% Cl 1.67, 6.75). 4 moderately high ROB
trials contribute subtantially to pooled estimate

NDI SCORES (0-100[worst]), C-ADR vs. ACDF (1-Level)

84 months
AODF £ A0k lean Difference Miean Diference
Stwdy o Subgronp Wean SO Toul Ween SO Total Weight IY, Bandsm, 95% (I W, Raadem, §5% CI
Hederaboty Low Blsk of 8 s
frlicCtallassn i 33 202 7 213 20 7 Jd%  1B)[esdaM]
Smitotal (35% CI| n M o3 LeLaL 2
Heleroganaly: Not appicale
Teesl Borgvesall sfiect Z =0 09(P =043

Hodsrataty Hink §)s¢ of 8las
Prashpe ST sl Pulus 2814) 28 28 W 1M A A sAE%  SMpsLalg —i—
Swbtotal (15% €N L] 2 eae%  SJB(.5, 238 o
Helrogandiy” Yot agzicalla

Tesd Rrsppesall sliest: 2= 2007 [P = 0006

) Fomliszcn ) % ARG EIE i

Helrogeadiy Ton’ =73 C2F =1 WAl =1 (P =0 00F 1" =98
Tealborcueallsfiest 2 = 132{P =043}
Feelfor sbgposp dBSwmmces: 3= LIS.&f = 1 P =030, P =07%

§ ¢ 5 N
FammACOF FrmaCADR

T
LOW evidence: NDI scores were slightly better following C-ADR vs.
ACDF; difference is likely not clinically meaningful; WMD 4.41 (95%
Cl 0.68, 8.1). One moderately high ROB trial contributes
subtantially to pooled estimate

o — Y
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Test for subgroup diflerewces: Chi* = (.66 of = 1 (P =0.42). I = 0%

Arm Pain VAS/NRS Scores C-ADR vs. ACDF (1-Level)

24 months
ACDF C-ADR #Azan Difference Hean Difference
Study er Subgroup Mean 5D Total Mear 35D Tetal Weight IV, Randem, 5% (| W, Random, $5% €|
Moderataly Low Risk of Bias
Prestge $T tne" [Burkus 24 W2z M: 20 138 M6 283 B2k 030[4.12.4.73) e
ProDiseS trial (Jangsen 20151 4018 3ME 101 407 2287 ¢ 1.7% D55 [-7.69.8.89]
MotiC rial (14ewel; (H sey 2018)11.8§ 135 Z7e 75 138 T2z 155  21% D0[T7.753 ——
Subtotal [95% <1} 396 509 9.9% 0.26[-3.22,3.74] -
Heterogenaty: Tow® = 043: Chir =0.01, ¢ = 2P =0.99* = 0%
Test for ovewrall aFecs: 2= 015 (P =0L88)
Moderataly High Risk of Blas
Brymn rrial (Sasvo 20111 215 /3 19 180 T 289 A% 240[-3.00.7.80 I
PCH wig iPhilips 2031148 ZS5 g 1 2 104 BT 23T 150 [0.24,4.78] —
SECURE-G mia” (Vaccare 20134..31. 88 I0E 108 75 104 133 16w 230[-0.37.4.87 —
;2 1735 48 X 162 38 % ad3n 110[0.53, 273 =
S-ubtotal (95% CI} 505 605 90.1%  1.75(0.60, 2.91] L ]
Helerogamnedy: Taw® = 080; Chf = 1.25, 4 = 3P =074k 1P = 0%
Test for ovarall eTecs: Z= 257 (P = 0.002)
) Total (5% CIf 001 1114 100.0% 150 (0.50, 2.70] &
Hateragensty: Taw = 0.60; ChE = 1.90, df = 8 {P =083} = 0% I S S
LR BI0-MER ST 22 263 (P 0.0M) Favors ACDF Favors CADR

MODERATE Evidence: At 24 months arm pain VAS scores were
slightly better with C-ADR vs. ACDF but not clinically meaningful.
WMD 1.60 (95% Cl 0.51, 2.70). 2 additional trials, reached similar
conclusions but were not included in the pooled analysis

48-60 months

Arm Pain VAS/NRS Scores C-ADR vs. ACDF (1-Level)

Teol bor ovesall effecs 7 = 131 P =LIOSy
Tesl iar sUspovpilicraates (0 = | 7.0 = | P=G20LP =88

ABF CADR Sean Dilfarence Sgan Nilference
Siudy orS ubgreup Moea SO Tetal Hean 30 Toml Welght W, Randem, 855 I W, Bandom, 99 <1
Soderatdy Low RBE ofbhs
Faglec-Chiel [(Demate M. Hmen ME EY WA B W LW INER2M S
el Hase NE OmarHE B 29 & 55 B W R QDL —_—
Swhietml 5% OO m 95 2.4% LI ee8) et
Fohwopanaly Tar® =0 CAF =T & = | P =038E = 05,
Festir gomrallelfess Z = L3 P =07
ety Wigh sk Sl
Srpanblal{Szse0 1L S mon)t n4d A2 ™ WA HA W WIS SN —
Freags 37 el Barws B14 S0meny B2 AT K WS N3 2N NN IDRLSLTA 4
PRl el Philips X105 moi ™ 1 UE B B OB U WM 2K ANEX- [
Sobtotal (39% Oy L] 559 MLOW  43|LI%7.35) -
Helssapbnely Tae® Q0L CAF =090 - 2P -0 8L F= 0%
Tost for ool olfect Z = 230 P - H
) Teulpmon 50 o4 WA BELINIS &) -
Tar® =QBL CF =245 &f =4 P =AML P=05% _é t .:'

H [
Faws AUOF Fomes CADR

MODERATE Evidence: At 48-60 months, arm pain VAS scores may be
slightly better with C-ADR versus ACDF; difference between groups is
probably not clinically meaningful. WMD 3.82 (95% Cl 1.15, 6.48)
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Arm Pain VAS/NRS Scores C-ADR vs. ACDF (1-Level)

84 months

ACDF CADR Mewn Difforante Hwan Dilfavence
Shady ar Subgrosn Man  SD Toll deam SO Vetal Woighe I, Bandon, 95% CI ¥, Rameom, 955 C)
Bloderately Lew sk of Blns
PreliscCoil anssan20IS9H 38 28 N 07 23 N 2% 1975108
Sublotal [95% C§ n T sk 1900115 195 el
Helerogenaily. Mol spoieabie
Test iorovecll elfct Z=0.41 @ =085

Baderately HighRisk of Blas

Prasie ST il (Bade 201" HMUF W ORTA OM W WA -1
Sublenl [35% €Y 1] 10 7755 L3135, 2| o
sl Heaiats

Tast kvl alieck 2= 000 @ 0.

) Total{#5% <D 254 B9 1% 211288 &50]
Helasgeaste Ta" =000, ChF =200 & = 1 (P =094 =30 .i, 'é A é 6
Test iorovenll dlisct Z= 1,00 2 =0.31) FeonACD" Favars CADT
Tt for qubgoup Sliesnces ChP=001, & = | {F =0MLF=0%

LOW evidence: At 84 months, C-ADR and ACDF appear to be
comparable; no significant difference between groups. WMD 2.21
(95% Cl -2.08, 6.50)

{,ymm"h .

Neck Pain VAS/NRS Scores C-ADR vs. ACDF (1-Level)
48-60 months

Shudyor 8 Masn_ 40 Toll Pean 80 Toll Wsight I, Random 638 I W, Randon, $8%¢1
‘aderaaly Low Risk of Blar
PioDisc.G il Cuismster 2010, 30 mos) i 7 AR ® 4 DI S W% QMRS _—
LiskbiC bl {1 wnl) (Hiosy 2012, B0 mm 1 WHEE M WBI M M DM o —
§ vhistal (995 <) 13 MBI LI ATH e ——
Helerogeasly: T’ = 2450 O’ = 220.dl= | (P = LT 1*= 300
Tosk dor ovarallafiuct 2 ® LI2IP 2 3R
Hoderataly High Blsit of Blas
Sryen sl [Ses0 2011, 48 mow ) LTI T W T TR T T TR —_—
Proalige 3T i ierkes 30, Bl men.y’ 0o B4 W N7 RE O BN LN[ANLY 1——
PG el | Prillys 2016, S mon .3 HHL B T NI WM RM A0 1606 —
Subimtal (999 CJ) s LE Y W K I e
Helsmgaasly: Towt n 171 CHF m 285, &1 n 2P 028 e %,
Tt o emrell et 2w 310 P = 0

mpoisl 1365 € " T O1MA GEB[SIS 04T -
Halowagosaly: To » 100 CHF w832, f wd P = 038 Fe 0% T3 3
Tiost ior omesall affect: 2 = 100 P < RET} Fas ACDF Famrs C-ADR

Tiesh ir quispooaps dilfisscncss: G m0L 12 dim | P QT FrOR

MODERATE Evidence: C-ADR is comparable to or slightly better than
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Neck Pain VAS/NRS Scores C-ADR vs. ACDF (1-Level)
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LOW Evidence: C-ADR is comparable to or slightly better than ACDF;
difference between groups is probably not clinically meaningful on

Moderately high ROB trial contributes subtantially to pooled estimate
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Outcome

F/U

KQ2: Safety L-ADR vs. Fusion (1-level )

Study

L-ADR*
% (nIN)

Fusion*
% (n/N)

RD (95% CI)t
RR (95% CI)t

p-
value

Quality

Major Charite IDE [1.0% (2/205)(1.0% (1/99) [0.03% (-2.4, 2.4) &O00
adverse mos. [trial 1.0 (0.9, 10.5) INSUFFICIENT
geentst ProDisc-L  |0% (0/161) |0% (0/75) |0% (NC) NS
IDE trial NC
60 |Charite IDE |0% (0/90) |0% (0/43) |0% (NC) NS e0O00
mos. |(Guyer) NC INSUFFICIENT
Severe, life-[60 [ProDisc-L  |0.58/pt 0.38/pt NR 0.036 a0O00
threatening |mos. |IDE trial (n=161) (n=75) INSUFFICIENT
Death 24 |Charite IDE |0.5% (1/205)(0% (0/99) 10.5% (NC) 0.49 e0O00
(treatment) |mos. [trial NC INSUFFICIENT
ProDisc IDE|0% (0/161) |0% (0/75) |0% (NC) NS
trial
Death 60 |[ProDisc-L |2.5% (4/161)[1.3% (1/75) |1.2% (-2.4, 4.7) |0.57 e0O00
(unrelated) |mos.|IDE trial 1.9 (0.2, 16.4) INSUFFICIENT
*Small sample size may preclude detection of rare events or difference between groups
." ..h
y spectrumresenrc 5
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Washington State
Health Care AUthority

Health Technology Assessment

FINAL kev aquestions and background

Artificial disc replacement —re-review

Background

Back and neck pain due to degenerative disc disease (DDD) is the leading cause of pain and disability in
adults in the United States, and as such, a large proportion of health care expenditures is used for the
evaluation and treatment of this condition. Because aging is the primary risk factor for development of
DDD, as the US population ages, the incidence of DDD is expected to increase.

Initially, treatment of symptomatic DDD typically consists of nonsurgical approaches, such as physical
therapy, epidural steroid injections, and medications. However, an estimated 10% to 20% of people with
lumbar DDD and up to 30% with cervical DDD are unresponsive to nonsurgical treatment. In addition,
cervical DDD may lead to radiculopathy and/or myelopathy; 25% of people with cervical radiculopathy
and 50% to 70% of those with cervical myelopathy do not respond to nonsurgical treatment.

Surgery may be considered when nonoperative treatments for at least six months fail to relieve
symptoms attributed to spinal DDD or to prevent progression of nerve damage in the case of
radiculopathy or myelopathy. Historically, lumbar or cervical fusion (also called arthrodesis) has been
offered as a surgical option with the goal of removing the disc and fusing the vertebrae, thereby limiting
the motion at the symptomatic segment. Spinal fusion is thought by some to promote the degeneration
of the vertebrae above or below the fusion site (adjacent segment disease); however, many
uncertainties remain regarding the extent to which this occurs. Guidelines recommend consideration of
intensive multidisciplinary rehabilitation and appropriate patient selection as an integral part of
decisionmaking particularly for lumbar fusion. For cervical DDD resulting in radiculopathy or
myelopathy, the current surgical standard is anterior cervical discectomy and spinal fusion (ACDF), the
goal of which is nerve decompression and restoration of spinal alignment and stability.

A surgical alternative to fusion is artificial disc replacement (ADR). Disc prostheses were developed to
mimic the decompressive and supportive properties of intervertebral discs as well as to preserve motion
at the index level, thereby improving pain and function as well as decreasing stresses on adjacent
segment structures and theoretically the risk of adjacent segment disease. Lumbar ADR (L-ADR) is
currently indicated in patients with single-level DDD who have failed at least six months of nonoperative
care, while cervical ADR (C-ADR) is indicated in patients with radiculopathy or myelopathy secondary to
one- or two-level DDD that has not responded to six weeks of nonsurgical treatment.
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A Health Technology Assessment titled: Artificial Disc Replacement, was published on September 19,
2008 by the Health Care Authority.; the resulting Findings and Coverage Decision were released on
October 17, 2008 and adopted on March 20, 2009. Based on a signal update report (1/25/2016), new
randomized controlled trials for lumbar and cervical ADR have been published subsequent to the 2008
report. In addition, longer-term follow-up of patients is now available for some of these trials, and at
least one device has subsequently received FDA approval for two-level placement.

Policv context

This technology was originally reviewed September 2008 and was selected for re-review based on new
literature identified which may invalidate aspects of the previous report.

Obijectives

The primary aim of this assessment is to update the 2008 report based on systematic review and
synthesis of subsequently published evidence on the efficacy, safety, and cost-effectiveness of artificial
disc replacement (ADR) in the cervical and lumbar spine.

Scope

Population:
Lumbar: Patients undergoing primary L-ADR for DDD without neurological compromise and who
have not had prior spine surgery at the instrumented level.

Cervical: Patients undergoing primary C-ADR for DDD resulting in radiculopathy or myelopathy and
who have not had prior surgery at the instrumented level.

Intervention: L-ADR or C-ADR with commercially available device (defined as FDA-approved devices
or unapproved devices in Phase Ill trials with > 1 year of follow-up data in a peer-reviewed journal)

Comparators: Non-operative treatment, spinal fusion, other spine surgery. Comparator
interventions that employ a device not FDA-approved for use in the US will be excluded.

Outcomes:
Studies must report on at least one of the following:
¢ Physical function/disability (overall clinical success, ODI [L-ADR] or NDI [C-ADR]).
¢ Pain/pain reduction.
¢ Device failure (reoperation at the index level, to include revision, reoperation or removal).

e Complications (e.g., migration, subsidence, neurologic injury as well as infection, vascular
damage, heterotopic ossification others).

The following secondary outcomes are reported if presented with studies meeting the above
criteria:

¢ Quality of life (SF-36).

¢ Incidence of adjacent segment disease.
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Non-clinical outcomes such as range of motion and alignment are excluded from the scope.

Kev auestions

1. What is the evidence of efficacy and effectiveness of ADR compared with comparative therapies
(including non-operative therapy; spinal fusion; other surgery)?

2. What is the evidence related to the ADR safety profile? (including device failure, reoperation)

3. What is the evidence of differential efficacy or safety issues amongst special populations (including
but not limited to the elderly and workers compensation populations)?

4. What are the cost implications and cost effectiveness for ADR?
Studv design

This report will focus on evidence that evaluates efficacy and effectiveness and has the least potential
for bias. For Key Question 1, only randomized controlled trials (RCTs) and comparative studies with
concurrent controls will be considered (N>50 for lumbar ADR; N>100 for cervical ADR). For Key Question 2,
adverse events or harms reported in the RCTs and nonrandomized studies included for Key Question 1
will be included; in addition, summaries of case series with the evaluation of safety as a primary study
objective may be considered and very briefly summarized to provide additional context. High quality
systematic reviews will be appraised and incorporated if feasible. RCTs and comparative cohort studies
with concurrent controls and low risk of bias published subsequent to such reviews and will be
evaluated based on the PICO inclusion/exclusion criteria. As this report serves to update the 2008
assessment, only comparative studies published subsequent to that review will be included and
described; results will be described based on the context of previous findings. For Key Question 3, RCTs
which stratify on patient or other characteristics and formally evaluate statistical interaction (effect
modification) will be sought. For Key Question 4 only full, formal economic studies (i.e., cost-
effectiveness, cost-utility, cost-minimization, and cost-benefit studies) will be considered.
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Analvtic framework

L-ADRT or C-ADRTversus Primary outcomes:
nonoperativetreatment, spinal fusion, » Physical function/disability
Adults with either: or other spine surgery * Pain/painreduction
* Lumbar DDD without neurological ka3, 3 * Device failure (revision,
compromise™ reoperation, or removal)
* Cervical DDD resulting in cervical
radiculopathy or myelopathy™ Secondary outcomest:
* Quality of life
* Incidence of adjacent segment
KQ4 disease
Subgroups:
* Age(years)
* Sex

* Race/ethnicity

* Socioeconomic status

* Payer

* Worker'scompensation

Complications
(e.g., migration, subsidence,
neurologicinjury, infection,
vascular damage, etc.)

Cost effectiveness

KQ4

*Patients who have undergoneprior spine surgery at the instrumented level
will be excluded

tOnly FDA-approved devices or unapproved devices in Phase |1l trials with 21
year of follow-up data in a peer-reviewed journal willbe included

$Secondary outcomes willbe reported if presented by studies that also report
primary outcomes of interest.
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HTCC Coverage and Reimbursement Determination
Analytic Tool

HTA'’s goal is to achieve better health care outcomes for enrollees and beneficiaries
of state programs by paying for proven health technologies that work.

To find best outcomes and value for the state and the patient, the HTA program focuses on three questions:

1. Isitsafe?
2. lIs it effective?
3. Does it provide value (improve health outcome)?

The principles HTCC uses to review evidence and make determinations are:

Principle One: Determinations are evidence-based

HTCC requires scientific evidence that a health technology is safe, effective and cost-effective! as
expressed by the following standards?:

Persons will experience better health outcomes than if the health technology was not covered and that the
benefits outweigh the harms.

The HTCC emphasizes evidence that directly links the technology with health outcomes. Indirect evidence
may be sufficient if it supports the principal links in the analytic framework.

Although the HTCC acknowledges that subjective judgments do enter into the evaluation of evidence and
the weighing of benefits and harms, its recommendations are not based largely on opinion.

The HTCC is explicit about the scientific evidence relied upon for its determinations.

Principle Two: Determinations result in health benefit

The outcomes critical to HTCC in making coverage and reimbursement determinations are health
benefits and harms?:

In considering potential benefits, the HTCC focuses on absolute reductions in the risk of outcomes that
people can feel or care about.

In considering potential harms, the HTCC examines harms of all types, including physical, psychological,
and non-medical harms that may occur sooner or later as a result of the use of the technology.

Where possible, the HTCC considers the feasibility of future widespread implementation of the technology
in making recommendations.

The HTCC generally takes a population perspective in weighing the magnitude of benefits against the
magnitude of harms. In some situations, it may make a determination for a technology with a large potential
benefit for a small proportion of the population.

In assessing net benefits, the HTCC subjectively estimates the indicated population's value for each benefit
and harm. When the HTCC judges that the balance of benefits and harms is likely to vary substantially
within the population, coverage or reimbursement determinations may be more selective based on the
variation.

1 Based on Legislative mandate: See RCW 70.14.100(2).
2The principles and standards are based on USPSTF Principles at: http://www.ahrq.gov/clinic/ajpmsuppl/harris3.htm

3 The principles and standards are based on USPSTF Principles at: http://www.ahrqg.gov/clinic/ajpmsuppl/harris3.htm
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e The HTCC considers the economic costs of the health technology in making determinations, but costs are
the lowest priority.

Using evidence as the basis for a coverage decision

Arrive at the coverage decision by identifying for Safety, Effectiveness, and Cost whether (1) evidence is
available, (2) the confidence in the evidence, and (3) applicability to decision.

1. Availability of Evidence:

Committee members identify the factors, often referred to as outcomes of interest, that are at issue
around safety, effectiveness, and cost. Those deemed key factors are ones that impact the question
of whether the particular technology improves health outcomes. Committee members then identify
whether and what evidence is available related to each of the key factors.

2. Sufficiency of the Evidence:

Committee members discuss and assess the evidence available and its relevance to the key factors
by discussion of the type, quality, and relevance of the evidence* using characteristics such as:

Type of evidence as reported in the technology assessment or other evidence presented to
committee (randomized trials, observational studies, case series, expert opinion);

The amount of evidence (sparse to many number of evidence or events or individuals
studied);

Consistency of evidence (results vary or largely similar);

Recency (timeliness of information);

Directness of evidence (link between technology and outcome);
Relevance of evidence (applicability to agency program and clients);
Bias (likelihood of conflict of interest or lack of safeguards).

Sufficiency or insufficiency of the evidence is a judgment of each clinical committee member and
correlates closely to the GRADE confidence decision.

Not Confident Confident

Appreciable uncertainty exists. Further Very certain of evidentiary support. Further
information is needed or further information is | information is unlikely to change confidence
likely to change confidence.

3. Factors for Consideration - Importance

At the end of discussion a vote is taken on whether sufficient evidence exists regarding the
technology’s safety, effectiveness, and cost. The committee must weigh the degree of importance
that each particular key factor and the evidence that supports it has to the policy and coverage
decision. Valuing the level of importance is factor or outcome specific but most often include, for
areas of safety, effectiveness, and cost:

4 Based on GRADE recommendation: http://www.gradeworkinggroup.org/FAQ/index.htm
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¢ Risk of event occurring;

e The degree of harm associated with risk;

o The number of risks; the burden of the condition;

e Burden untreated or treated with alternatives;

¢ The importance of the outcome (e.g. treatment prevents death vs. relief of symptom);
e The degree of effect (e.g. relief of all, none, or some symptom, duration, etc.);

¢ Value variation based on patient preference.

Clinical Committee Findings and Decisions

Efficacy Considerations

What is the evidence that use of the technology results in more beneficial, important health
outcomes? Consider:

Direct outcome or surrogate measure

Short term or long term effect

Magnitude of effect

Impact on pain, functional restoration, quality of life
Disease management

O O O O O

What is the evidence confirming that use of the technology results in a more beneficial outcome,
compared to no treatment or placebo treatment?

What is the evidence confirming that use of the technology results in a more beneficial outcome,
compared to alternative treatment?

What is the evidence of the magnitude of the benefit or the incremental value?

Does the scientific evidence confirm that use of the technology can effectively replace other
technologies or is this additive?

For diagnostic tests, what is the evidence of a diagnostic tests’ accuracy?

o Does the use of the technology more accurately identify both those with the condition being
evaluated and those without the condition being evaluated?

Does the use of the technology result in better sensitivity and better specificity?

Is there a tradeoff in sensitivity and specificity that on balance the diagnostic technology is thought to
be more accurate than current diagnostic testing?

Does use of the test change treatment choices?

Safety

What is the evidence of the effect of using the technology on significant morbidity?

o Frequent adverse effect on health, but unlikely to result in lasting harm or be life-threatening, or;
o Adverse effect on health that can result in lasting harm or can be life-threatening?

Other morbidity concerns?
Short term or direct complication versus long term complications?

What is the evidence of using the technology on mortality — does it result in fewer adverse non-fatal
outcomes?



Cost Impact

e Do the cost analyses show that use of the new technology will result in costs that are greater,
equivalent or lower than management without use of the technology?

Overall
e What is the evidence about alternatives and comparisons to the alternatives?

o Does scientific evidence confirm that use of the technology results in better health outcomes than
management without use of the technology?

Next Step: Cover or No Cover

If not covered, or covered unconditionally, the Chair will instruct staff to write a proposed findings and
decision document for review and final adoption at the following meeting.

Next Step: Cover with Conditions

If covered with conditions, the Committee will continue discussion.

1) Does the committee have enough information to identify conditions or criteria?
e Refer to evidence identification document and discussion.

e Chair will facilitate discussion, and if enough members agree, conditions and/or criteria will be
identified and listed.

o Chair will instruct staff to write a proposed findings and decision document for review and final
adoption at next meeting.

2) If not enough or appropriate information, then Chair will facilitate a discussion on the following:
e What are the known conditions/criteria and evidence state

¢ What issues need to be addressed and evidence state

The chair will delegate investigation and return to group based on information and issues identified.
Information known but not available or assembled can be gathered by staff ; additional clinical questions
may need further research by evidence center or may need ad hoc advisory group; information on
agency utilization, similar coverage decisions may need agency or other health plan input; information on
current practice in community or beneficiary preference may need further public input. Delegation should
include specific instructions on the task, assignment or issue; include a time frame; provide direction on
membership or input if a group is to be convened.

Clinical Committee Evidence Votes

First Voting Question

The HTCC has reviewed and considered the technology assessment and information provided by the
administrator, reports and/or testimony from an advisory group, and submissions or comments from the
public. The committee has given greatest weight to the evidence it determined, based on objective
factors, to be the most valid and reliable.



HEALTH TECHNOLOGY EVIDENCE IDENTIFICATION

Discussion Document: What are the key factors and health outcomes and what evidence is
there? (Applies to the population in the PICO for this review)

Safety Outcomes

Importance of
Outcome

Safety Evidence / Confidence in
Evidence

Revision/secondary surgery

Device-related adverse events

Serious/major adverse events

Efficacy — Effectiveness Outcomes

Importance of
Outcome

Efficacy / Effectiveness Evidence

Clinical success

Neck Disability Index

Neurological success

Pain reduction

Function/Disability

Cost Outcomes

Importance of
Outcome

Cost Evidence

Cost-utility

Cost-effectiveness

Direct cost

Special Population / Considerations
Outcomes

Importance of
Outcome

Special Populations/ Considerations
Evidence




HEALTH TECHNOLOGY EVIDENCE IDENTIFICATION

For Safety: Is there sufficient evidence that the technology is safe for the indications

considered?

Unproven
(no)

Less
(ves)

Equivalent
(yes)

More in some
(ves)

More in all

For Efficacy/Effectiveness: Is there sufficient evidence that the technology has a meaningful

impact on patients and patient care?

Unproven
(no)

Less
(ves)

Equivalent
(yes)

More in some
(ves)

More in all

For Cost Outcomes/Cost-Effectiveness: Is there sufficient evidence that the technology is
cost-effective for the indications considered?

Unproven
(no)

Less
(ves)

Equivalent
(ves)

More in some
(ves)

More in all




HEALTH TECHNOLOGY EVIDENCE IDENTIFICATION

Discussion

Based on the evidence vote, the committee may be ready to take a vote on coverage or further
discussion may be warranted to understand the differences of opinions or to discuss the
implications of the vote on a final coverage decision.

e Evidence is insufficient to make a conclusion about whether the health
technology is safe, efficacious, and cost-effective;

o Evidence is sufficient to conclude that the health technology is unsafe,
ineffectual, or not cost-effective

e Evidence is sufficient to conclude that the health technology is safe,
efficacious, and cost-effective for all indicated conditions;

o Evidence is sufficient to conclude that the health technology is safe,
efficacious, and cost-effective for some conditions or in some situations

A straw vote may be taken to determine whether, and in what area, further discussion is
necessary.

Second Vote

Based on the evidence about the technologies’ safety, efficacy, and cost-effectiveness, it is

Not Covered Covered Unconditionally Covered Under Certain Conditions

Discussion Item

Is the determination consistent with identified Medicare decisions and expert guidelines, and if
not, what evidence is relied upon.

Next Step: Proposed Findings and Decision and Public Comment

At the next public meeting the committee will review the proposed findings and decision and
consider any public comments as appropriate prior to a vote for final adoption of the
determination.

1) Based on public comment was evidence overlooked in the process that should be
considered?

2) Does the proposed findings and decision document clearly convey the intended
coverage determination based on review and consideration of the evidence?

Next Step: Final Determination

Following review of the proposed findings and decision document and public comments:

Final Vote

Does the committee approve the Findings and Decisions document with any changes noted in
discussion?

If yes, the process is concluded.

If no, or an unclear (i.e., tie) outcome Chair will lead discussion to determine next steps.



HEALTH TECHNOLOGY EVIDENCE IDENTIFICATION

Medicare Coverage and Guidelines

[From page 99 of the Final Evidence Report]

Lumbar Artificial Disc Replacement (L-ADR)
e Centers for Medicare and Medicaid Services National Coverage Decisions: CMS has
determined that L-ADR is not covered for Medicare beneficiaries over 60 years of age.

Cervical Artificial Disc Replacement (C-ADR)
¢ Centers for Medicare and Medicaid Services National Coverage Decisions: CMS does
not have a NCD for C-ADR.




Guidelines

HEALTH TECHNOLOGY EVIDENCE IDENTIFICATION

[From pages 70-71 of Final Evidence Report]

Table 2. Summary of Clinical Guidelines

Labor and Employment, Division of
Workers’ Compensation

Low back pain medical treatment
guidelines (2014)®

e There is some evidence that L-ADR has a slight
advantage over multidisciplinary intensive
treatment for 60 hours over 5 weeks.

e There is strong evidence that L-ADR is not inferior to
fusion at 24 months for relief of back pain,
reduction of disability, and provision of patient
satisfaction.

e There is good evidence that the Charites disc is not
inferior to allograft fusion with the BAK cage for
single-level disease and some evidence that the
ProDisc is non-inferior to circumferential fusions
with iliac crest autograft for single-level disease.

e There is some evidence that a two-level lumbar disc
replacement is not inferior to circumferential fusion
in patients with 2-level DDD 24 months after
surgery.

e There is good evidence from a comparison of
ProDisc-L versus circumferential fusion that
arthroplasty is not inferior to fusion and for
preservation of motion over fusions.

e There is some evidence from a five-year follow-up
of ProDisc-L versus circumferential fusion that
arthroplasty reduces the risk of adjacent disease.

Lumbar

American Pain Society 1SR of 161 RCTs For patients with non-radicular low back pain, L-ADR B/Fair*
for single-level degenerative disc diseases is

Interventional therapies, surgery, and recommended through 2 years.

interdisciplinary rehabilitation for low

back pain: an evidence-based clinical

practice guideline from the American

Pain Society (2009)*

State of Colorado Department of L-ADR: NR In patients with low back pain: NR

9




Guideline

HEALTH TECHNOLOGY EVIDENCE IDENTIFICATION

American College of Occupational and
Environmental Medicine (ACOEM)*

Low back disorders (2011)?

. . Rating/
Evidence Base Recommendation Strength of Recommendation
NR For low back disorders, ACOEM does not recommend:
e ADR for chronic non-specific LBP;
e ADR for radicular pain syndromes, including I+
sciatica; or I+

e ADR for spinal stenosis.

Cervical

North American Spine Society (NASS)

Diagnosis and Treatment of Cervical
Radiculopathy from Degenerative
Disorders (2010)*°

2 RCTs ACDF and C-ADR are suggested to be comparable B§
treatments, resulting in similarly successful short term
outcomes, for single level degenerative cervical
radiculopathy. However, more long term follow-up
and additional independent, masked, prospective
RCTs are needed to further validate these results.

State of Colorado Department of
Labor and Employment, Division of
Workers’ Compensation

Cervical spine injury medical treatment
guidelines (2014)®

C-ADR: 2 SRs For cervical spine injury patients with single-level NR

radiculopathy or myelopathy:

e There is strong evidence that C-ADR produces 2 year
success rates at least equal to those of ACDF with
allograft interbody fusion and an anterior plate.

e There is some evidence that C-ADR requires fewer
revision operations than ACDF after the first two
years of treatment, and that C-ADR slightly
decreases neck pain at 5 years compared to ACDF.

e There is good evidence that arthroplasty produces
greater segmental range of motion after 1-2 years
than fusion, but the clinical significance is unknown.

American College of Occupational and
Environmental Medicine (ACOEM)%

Cervical and thoracic spine disorders
(2011)}

NR For cervical and thoracic spine disorders, ACOEM does
not recommend:
e ADR for chronic cervicothoracic pain; or I¥
e ADR for chronic non-specific cervical pain. I+

For cervical and thoracic spine disorders, ACOEM does

recommend:
e ADR for subacute or chronic radiculopathy; and
B
e ADR for myelopathy. Bt
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