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FDA Review Team (P140007)
•
•
•
•
•
•
•
•
•
•

Colin O’Neill, M.B.E. – Lead Reviewer
Elizabeth Adegboyega-Panox, M.D. & Vincent Devlin, M.D. – Clinical
Ying Yang, Ph.D. – Statistics
Nadine Sloan, M.B.E. – Epidemiology
Katherine Kavlock, Ph.D. & Jose Moreno Ph.D. – Biocompatibility
Jonathan Peck, M.E. – Engineering
Steven Turtil, M.S. – Sterilization/Cleaning
Kenneth Chen – Good Manufacturing Practices (GMP)
Marisa White – Bioresearch Monitoring (BIMO)
Jack McCracken & Harriet Albersheim – Product Labeling
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Presentation Outline
•
•
•
•
•
•
•

Introduction
Device Description
Regulatory History
Non-Clinical Studies
Clinical Background
Study Overview
Safety Assessments

Effectiveness Assessments
Statistical Summary
FDA Observations
FDA Summary (Benefit-Risk
Assessment)
• Post-Approval Study (PAS)
Considerations
•
•
•
•

The Panel Questions will be presented in the afternoon.
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INTRODUCTION
DEVICE DESCRIPTION
REGULATORY HISTORY
NON-CLINICAL STUDIES
COLIN O’NEILL, M.B.E.

Biomedical Engineer / Senior Lead Reviewer
Posterior Spine Devices Branch
Division of Orthopedic Devices
Office of Device Evaluation
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Purpose of Panel Meeting
The purpose of this panel meeting is to obtain feedback on:
• Safety and Effectiveness Results of the IDE clinical trial
(G050025) conducted for the DIAM Spinal Stabilization System,
and submitted in PMA P140007.
• Agency concerns related to the various elements of the clinical
trial that affect the interpretation of the study results, including:

Study population
Control group and nonoperative therapies
Primary endpoint and timepoint of assessment
Role of the DIAM as a primary treatment or adjunctive therapy with direct
spinal decompression
• Radiographic outcomes

•
•
•
•
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DIAM Spinal Stabilization System
Device Description
• “H” – shaped silicone
and woven polyester
device which sits
between two adjacent
spinous processes in
the lumbar spine.
• Polyester cables and
titanium crimps help
secure the device.
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DIAM Spinal Stabilization System
Proposed Intended Use
• The sponsor describes the
investigational device as
intended to alleviate pain
“through the reduction of
stresses on the overloaded
posterior disc and facet
joints”, while it “re-tensions
the supraspinous ligament and
other ligamentous structures.”
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Proposed Indications for Use (IFU)
The DIAM Spinal Stabilization System is indicated for skeletally
mature patients that have moderate low back pain (with or
without radicular pain) with current episode lasting less than one
year in duration secondary to lumbar degenerative disc disease
(DDD) at a single symptomatic level from L2-L5. DDD is confirmed
radiologically with one or more of the following factors: 1) Patients
must have greater than 2mm of decreased disc height compared to
the adjacent level, 2) scarring/thickening of the ligamentum
flavum, annulus fibrosis, or facet joint capsule or 3) herniated
nucleus pulposus. The DIAM device is implanted via a minimally
invasive posterior approach.
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Regulatory History
• DIAM IDE G050025 was fully approved on June 23, 2006
– Agency identified in the IDE approval letter that concerns related
to the study population and control group may appear as future
considerations, but would not hold up the start of the clinical trial.

• DIAM Lumbar Spinal Stenosis clinical trial (terminated)
– Slow subject recruitment:
https://clinicaltrials.gov/ct2/show/NCT00627497
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Non-Clinical Studies
•
•
•
•
•
•
•
•
•
•
•

Static Axial Compression (new and accelerated aged implants) per ASTM F2077-11
(modified)
Dynamic Axial Compression (new and accelerated aged implants) per ASTM F2077-11
(modified)
Static Tension per ASTM F2077-11 (modified)
Dynamic Tension (new and accelerated aged implants) per ASTM F2077-11 (modified)
Dynamic Torsion per ASTM F2077-11 (modified)
Compression Creep
Dynamic Axial Compression Wear Debris Analysis per ASTM F1877
Explant Tissue Wear Debris Analysis
MRI Characterization per ASTM F2052-06, ASTM F2213-06, ASTM F2119-07, ASTM
F2182-11a, ASTM F2503-13
Sheep Implantation Study
Rabbit Wear Particle Injection Study

No significant concerns were identified in any of the non-clinical studies
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CLINICAL BACKGROUND
STUDY OVERVIEW
SAFETY ASSESSMENTS
EFFECTIVENESS ASSESSMENTS
ELIZABETH ADEGBOYEGA-PANOX, M.D.
Medical Officer, Orthopedic Surgeon
Anterior Spine Devices Branch
Division of Orthopedic Devices
Office of Device Evaluation
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Degenerative Disc Disease
Lumbar Spine

• Degenerative Disc Disease (DDD) is a broad and incompletely
understood condition
• DDD is inconsistently defined
• Multifactorial Etiology
– Ageing
– Environmental Influence
– Genetic Influence

• Degenerative changes may or may not be associated with clinical
symptoms
• The treatment of and clinical study design for mild to moderate DDD
was the topic of a September 9, 2005 Orthopaedic and
Rehabilitation Devices Panel meeting. The Panel could not
definitively define DDD and recommended study designs be
determined on a case-by-case basis.
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Degenerative Disc Disease (cont’d)
• Functional Spine Unit (FSU) or 3-joint complex:
– Intervertebral disc
– 2 facet joints
– Spinal ligaments
– Adjacent vertebrae
– Adjacent neural elements
• DDD may begin early in life and may be progressive
– Rate and manner of progression is variable
• Multiple pain generators are present within a single FSU
Kirkaldy-Willis et.al. 1978 Pathology and Pathogenesis of Lumbar Spondylosis and
Stenosis; Spine: 3(4)
Haldeman et al : “An Atlas of Back Pain 1st Edition the Parthenon Publishing
Group2002 pp 27-36
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Degenerative Disc (NASS)
“Changes in a disc characterized to varying degrees by one or more
of the following:
• desiccation, cleft formation, fibrosis, and gaseous degradation of
the nucleus;
• mucinous degradation, fissuring, and loss of integrity of the
annulus;
• defects in and/or sclerosis of the end plates; and
• osteophytes at the vertebral apophyses.”
Lumbar disc nomenclature: version 2.0. Recommendations of the combined task
forces of the North American Spine Society, the American Society of Spine Radiology
and the American Society of Neuroradiology
The Spine Journal 14 (2014) 2525-2545
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Degenerative Disc Disease (NASS)
“A condition characterized by manifestations of disc degeneration
and symptoms thought to be related to those of degenerative
changes.
• Note: causal connections between degenerative changes and
symptoms are often difficult clinical distinctions.
• The term ‘‘degenerative disc disease’’ carries implications of
illness that may not be appropriate if the only or primary
indicators of illness are from imaging studies, and thus this term
should not be used when describing imaging findings.”
Lumbar disc nomenclature: version 2.0. Recommendations of the combined
task forces of the North American Spine Society, the American Society of
Spine Radiology and the American Society of Neuroradiology
The Spine Journal 14 (2014) 2525-2545
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FDA Definition of DDD as per Guidance Document for
the Preparation of IDEs for Spinal Systems (2000)
“ …DDD should be defined as back and/or radicular pain with degeneration of
the disc as confirmed by patient history, physical examination, and
radiographic studies with 1 or more of the following factors (as measured
radiographically, either by CT, MRI, plain film, myelography, discography, etc.):
•instability as defined by 3mm translation or 5° angulation;
•osteophyte formation of facet joints or vertebral endplates;
•decreased disc height, on average by >2mm, but dependent upon the spinal
level;
•scarring/thickening of ligamentum flavum, annulus fibrosis, or facet joint
capsule;
•herniated nucleus pulposus;
•facet joint degeneration/changes; and/or
•vacuum phenomenon …”
http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm073772.pdf
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FDA Definition of DDD per Guidance for
Industry and FDA Staff: Spinal System 510(k)s
“… DDD is defined as back pain of discogenic origin with degeneration of the
disc confirmed by history and radiographic studies…”

FDA Summary of Safety and Effectiveness Data
“… DDD is defined as discogenic back pain with degeneration of the disc
confirmed by patient history and radiographic studies. These DDD patients
should have no more than Grade 1 spondylolisthesis at the involved level…”

http://www.fda.gov/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm072459.htm
http://www.accessdata.fda.gov/cdrh_docs/pdf5/P050010b.pdf
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Clinical Presentation
• Back pain ± referred pain (buttock, thigh, leg, groin)
–
–
–
–

Variable in intensity
Constant or intermittent
Located at involved segments
Multiple pain generators

• Radicular pain secondary to direct neural compression
– Asymmetric disc herniation or osteophytes
– Neuroforaminal narrowing secondary to loss at disc space
height
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Treatment
• FDA recognizes that, according to current medical
literature, primary treatment for majority of patients
with DDD is non-operative, and that patients treated
with surgery are selected from the population that
has failed non-operative treatment
• Treatments for DDD are generally symptomatic and
not curative
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Surgical Treatment Options
• Fusion procedures
• Total disc arthroplasty
• Decompression procedures (for subjects with neural
compression in the setting of DDD)
The device under discussion today is the first-of-a-kind
(interspinous process, non-fusion device) indicated for
the treatment of DDD.
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CLINICAL STUDY
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DIAM Study Design (G050025)
Prospective, randomized, controlled pivotal clinical trial
Nonoperative control
Randomization 2:1
No blinding of investigators or subjects
Primary endpoint determined at 12 month timepoint
Crossover of control subjects permitted after 6 months if
certain criteria were met
• Primary Analysis Dataset: First 150 subjects who reached 12
months and had at least one evaluable overall success status
•
•
•
•
•
•
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Justification for Study
• Standard of care is nonoperative treatment
• Existing surgical treatment for DDD (i.e., fusion, disc
arthroplasty)
–
–
–
–

Indicated for advanced DDD
Involve greater risk
Cannot be reversed
Not indicated for moderate back pain

• DIAM was proposed as a potential surgical , alternative
treatment for moderate low back pain secondary to DDD
23

Study Objectives
• Evaluate the safety and effectiveness of the DIAM Spinal
Stabilization System
• Evaluate the ability of the investigational device to
relieve pain and improve function as evaluated using the
Oswestry Disability Index (ODI)
• Secondary assessments of clinical outcomes included:
–
–
–
–

SF-36 PCS
sponsor-defined back pain success
sponsor-defined leg-pain success
subject and investigator questionnaires

• Demonstrate superiority compared to the control group
24

Study Population
Subjects with moderate low back pain secondary to
lumbar degenerative disc disease for which spinal
fusion or total disc replacement is not yet indicated*

* The sponsor’s original indications for use reflected “moderate” DDD; the
sponsor stated that the indications for use were revised to more closely align
with the IDE enrollment criteria
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Key Inclusion Criteria
• Has moderate low back pain secondary to lumbar degenerative disc
disease at a single level from L2-L5. Low back pain is defined as
persistent back pain, with or without radicular pain, with current
episode less than one year in duration. Degenerative disc disease is
confirmed by patient history, physical examination, and
radiographic studies with one or more of the following factors (as
measured radiologically by MRI scans or xrays):
– decreased disc height > 2 mm, compared to the disc space at the next
adjacent (superior or inferior, whichever had the greatest height) spinal
level.
– scarring/thickening of the ligamentum flavum, annulus fibrosis, or facet
joint capsule
– herniated nucleus pulposus
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Key Inclusion Criteria (cont’d)
• Ages 18-70 years, skeletally mature
• Pre-treatment ODI score ≥ 30
• Pre-treatment back pain score ≥ 8 (based on the Pretreatment Back and Leg Pain Questionnaire (Back pain
Intensity + Back Pain frequency))
• Prior nonoperative treatment (e.g., bed rest, physical therapy,
medications, TENS, manipulation, and/or spinal injection) for
a period of at least 6 weeks and not more than 6 months
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Key Exclusion Criteria
• Disc height loss > 67% at the involved level compared to the next
adjacent (superior or inferior, which had greater disc height) spinal
level
• Primary diagnosis of a spinal disorder other than degenerative disc
disease at the involved level
• Requires treatment of degenerative disc disease at more than one
lumbar level
• Received all of the following nonoperative treatments (prescribed
medications, active physical therapy, spinal injections, and patient)
within the past 6 weeks
• Sequestered herniated nucleus pulposus
• Any previous surgery at the involved or adjacent spinal levels
(including procedures such as a rhizotomy)
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Key Exclusion Criteria (cont’d)
• Received any intradiscal ablation therapy such as IDET
• Congenital or iatrogenic posterior element insufficiency (e.g.,
facet resection, spondylolysis, pars fracture, or spinal bifida
occulta)
• Back pain (with or without leg, buttock, or groin pain) not
alleviated in any spinal position
• Motor deficit in a lower extremity
• Cauda equina syndrome
• Compression of nerve roots with neurogenic bowel or bladder
dysfunction
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Investigational Cohort Treatment
• Surgical implantation of a single DIAM device
between two adjacent spinous processes via a
posterior approach
• Elements of nonoperative control therapy as
specified in the study protocol as deemed necessary
by the investigator
• Non-study treatments (i.e., acupuncture, massage)
were also permitted
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Control Cohort Treatment
Nonoperative treatment
• Patient education
plus one or more of the following:
–Physical therapy
–Medications
–Spinal injections
Non-study treatments (i.e., acupuncture, massage)
were also permitted
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Control Cohort Treatment (cont’d)
• Patient education
– Spine mechanics and ergonomics
– Anatomy, pathology and pathomechanics of DDD

• Prescribed medications:
– No standard protocol
– Any and all of: analgesics, NSAIDs, muscle relaxants, oral
corticosteroids, neuroleptics, and antidepressants
– At least one prescription
– No requirement that subjects take medication
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Control Treatment (cont’d)
• Physical therapy
– No standard protocol for content, duration and frequency of
treatment
– Administered by non-investigator personnel upon referral, who
determined a patient-specific regimen
– May include adjunct therapies (e.g., TENS, ultrasound)
– Initial assessment + 1 session considered completion of PT
requirement of treatment

• Spinal injections
– Epidural and/or facet injections
– Maximum of 3 injections
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Control Cohort Crossover
Control subjects were permitted to receive the DIAM Spinal
Stabilization System as a treatment if:
• Six months of non-surgical conservative treatment has proven ineffective.
• ODI score that is equal to or greater than 30 points (based on initial ODI
inclusion criterion for study) after 6 months of nonoperative treatment;
• ODI score improvement of less than 15 points (ODI success criterion)after
6 months of nonoperative treatment.
• Investigator determines that subject has a medical need for additional
treatment beyond that provided by the control treatment
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Evaluation Schedule
• Pre-op (screening and baseline)
• Day of operation assessment for adverse events
• Discharge (0 – 7 days) assessment of standing AP & Lateral
lumbar X-rays, neurological status, pain, assessment for
adverse events
• Full post-op evaluation at 6 weeks followed by 3, 6, and 12
month assessments
• Overall Success evaluated at 12 months
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Primary Study Endpoint
Individuals were considered a success if they met all of the following conditions
at the 12-month timepoint:
1) At least 15 points improvement in the Oswestry Disability Index from
baseline
2) Absence of any serious adverse event classified as “associated with
treatment” (implant associated or implant/surgical procedure
associated for investigational subjects only, or nonoperative treatment
associated for control subjects only)
3) Absence of an additional surgical procedure at the involved level
classified as a “failure” for investigational subjects or, for control
subjects, a lack of necessity for a “treatment surgery” due to poor
response to nonoperative treatment
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Definitions for Primary Study Endpoint
Additional Surgical Procedure (different for each group):
• For DIAM:
– Any revision procedure necessary to adjust or modify the original
implant, any removal procedure to replace device components or to
explant components of the device
– Any procedure indicated for pain relief (e.g. denervation or rhizotomy)

• For Control:
– A surgery, subsequent to poor response to nonoperative care, which
was considered necessary to effectively treat the originally diagnosed
DDD
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Sponsor-Defined Study Success
• If the overall success rate in the investigational group was
found to be statistically superior to the success rate in the
control group at 12 months after treatment initiation, the
investigational treatment was to be considered both safe and
effective.
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Study Results and Observations
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Subject Accounting Flowchart

40

Patient Demographics
Two arms were very similar in terms of demographic
variables with the exception of race
• Equal distribution of Caucasians
• Hispanics were represented disproportionately in the
investigational group (8.2% of the investigational
population group as compared to 1.9% of the control
group)
• Blacks were represented at a larger percentage in the
control group (7.5% of the control group versus 1.0% of
the investigational group)
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Baseline Assessments (Primary Analysis Dataset)
• There were no statistically significant differences in baseline
assessments (ODI, back pain, leg pain, SF-36 ) and neurologic
status.
• Please note the baseline ODI scores in both groups which will
be discussed later.
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Surgery and Hospitalization Information
(Primary Analysis Dataset)
• Most DIAM surgeries
(83.5%) were performed at
the L4-L5 levels
• All DIAM surgeries (100%)
utilized a posterior approach
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Nonoperative Control Study Interventions
(Primary Analysis Dataset) Through 12 Months
Assessment Period

Therapy Received

Received patient education
Prescribed any medication
Prescribed physical therapy
Prescribed any spinal
Injection

6 weeks
x/n (%)
31/48 (64.6)
23/48 (47.9)
30/47 (63.8)

3 months
x/n (%)
23/47 (48.9)
20/47 (42.6)
32/45 (71.1)

6 months
x/n (%)
14/49 (28.6)
21/49 (42.9)
14/48 (29.2)

12 months
x/n (%)
4/24 (16.7)
10/24 (41.7)
3/24 (12.5)

15/47 (31.9)

22/47 (46.8)

18/49 (36.7)

4/24 (16.7)

1/47 (2.1)
0/47 (0.0)
15/47 (31.9)
2/47 (4.3)
5/47 (10.6)
8/47 (17.0)

0/49 (0.0)
0/49 (0.0)
13/49 (26.5)
2/49 (4.1)
3/49 (6.1)
3/49 (6.1)

0/24 (0.0)
1/24 (4.2)
7/24 (29.2)
2/24 (8.3)
3/24 (12.5)
2/24 (8.3)

Other Nonoperative Treatments Prescribed
Acupuncture/Acupressure
0/48 (0.0)
Bracing
0/48 (0.0)
Heat/Ice
18/48 (37.5)
Manipulation
4/48 (8.3)
Massage
4/48 (8.3)
Other
4/48 (8.3)
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Injections
12 months
Patients (%)
Events

24 months
Events
Patients (%)

Investigational
All available (n=181)
1° dataset (n=97)
PP
(n=93)

84
47
43

22 (12.2)
13 (13.4)
12 (12.9)

143
84
76

29 (16.0)
18 (18.6)
16 (17.2)

Control
All available (n=97)
1° dataset (n-53)
PP
(n=47)

183
66
59

63 (64.9)
24 (45.3)
21 (44.7)

205
88
79

64 (66.0)
25 (47.2)
22 (46.8)

Crossover

31

7 (11.9)

55

9 (15.3)

(n=59)
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Medications
Crossover to DIAM
N=59

Investigational
N=181

Control
N=97

Crossover

All Available

All Available

Baseline

24/59 (40.7%)

55/160 (34.4%)

32/87 (36.8%)

6 Weeks

19/57 (33.3%)

48/165 (29.1%)

26/83 (31.3%)

3 Months

17/56 (30.4%)

42/167 (25.1%)

26/86 (30.2%)

6 Months

14/55 (25.5%)

43/174 (24.7%)

30/89 (33.7%)

12 Months

14/43 (32.6%)

41/158 (25.9%)

36/83 (43.4%)

24 Months

6/34 (17.6%)

25/118 (21.2%)

28/68 (41.2%)

Dataset
Taking narcotics and NSAIDs at
least once a week
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Safety Assessments
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Safety Assessments
When making an assessment of safety, the Agency
considers:
• Adverse events (AEs)
• Reoperations (or “Post-Treatment Surgeries”)
• Neurological status
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Adverse Event Data Collection
• Any clinically adverse sign, symptom, syndrome or illness (not
already being measured in the trial) that had onset or worsened
during the trial (regardless of causality) was deemed an adverse
event (AE)
• Expected clinical sequelae related to recent surgery were excluded
• Adverse events were collected, categorized and reported by the
study investigators
• Subsequently, a Clinical Adjudication Committee (CAC) evaluated
each AE for severity, seriousness and association with study
treatment

49

Overall Summary of Adverse Events
(Primary Analysis Dataset) Through 12 Months
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Serious Adverse Events (Primary Analysis Dataset)
Through 12 Months
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Serious Adverse Events Associated with Treatment
(Primary Analysis Dataset) Through 12 Months
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Classification of Post-Treatment Surgeries
Terms

Definition

Additional Surgical Procedures in Investigational Group (i.e., any surgery that occurred after the study surgery)
Revision

A procedure that adjusts or in any way modifies the original implant configuration (e.g., adjusting
position of the original configuration).

Removal

Any procedure that removed one or more components of the original implant configuration

Reoperation

Any surgical procedure at the involved level that is not classified as a revision or removal. This includes
decompression (such as laminectomy or foraminotomy); discectomy; fusion procedures, such as
anterior or posterior lumbar interbody fusion or posterolateral fusion, with or without instrumentation;
or other procedures to alleviate the symptoms of DDD.

Other

Any additional surgical procedure not classified as a revision, removal or reoperation

Surgical Intervention in Control Group
Treatment
Surgery

A surgical procedure at the involved level to treat the patient’s degenerative disc disease. This may
include anterior or posterior lumbar interbody fusion or posterolateral fusion, with or without
instrumentation. It may also include a spinal decompression (such as laminectomy or foraminotomy),
discectomy, or other procedures to alleviate the symptoms of DDD.

Crossover
(Treatment
Surgery)

A control group patient may also be treated with the DIAM Spinal Stabilization System at the involved
level.

Other

Any surgical procedure performed at a location other than the involved level (i.e., not a “treatment
surgery”).
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Classification of Post-Treatment Surgeries
(cont.)
Terms

Definition

Additional Surgical Procedures in Investigational Group (i.e., any surgery that occurred
after the study surgery)
A procedure that adjusts or in any way modifies the original implant
configuration (e.g., adjusting position of the original configuration).
Any procedure that removed one or more components of the original
Removal
implant configuration
Any surgical procedure at the involved level that is not classified as a
revision or removal. This includes decompression (such as laminectomy or
Reoperation foraminotomy); discectomy; fusion procedures, such as anterior or
posterior lumbar interbody fusion or posterolateral fusion, with or without
instrumentation; or other procedures to alleviate the symptoms of DDD.
Any additional surgical procedure not classified as a revision, removal or
Other
reoperation
Revision
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Classification of Post-Treatment Surgeries
(cont.)
Terms

Definition

Surgical Intervention in Control Group
A surgical procedure at the involved level to treat the patient’s
degenerative disc disease. This may include anterior or posterior lumbar
Treatment interbody fusion or posterolateral fusion, with or without instrumentation.
Surgery
It may also include a spinal decompression (such as laminectomy or
foraminotomy), discectomy, or other procedures to alleviate the symptoms
of DDD.
Crossover
A control group patient may also be treated with the DIAM Spinal
(Treatment
Stabilization System at the involved level.
Surgery)
Other

Any surgical procedure performed at a location other than the involved
level (i.e., not a “treatment surgery”).
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Post-Treatment Surgeries (Primary Analysis
Dataset) Through 12 Months
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Neurological Status
• Neurological status included assessments of motor, sensory,
reflex function and straight leg raise findings at baseline and
at every post-treatment evaluation timepoint
• Neurological success was defined as maintenance or
improvement in all four components as compared to pretreatment status
• In the Primary Analysis Dataset, the neurological success rate
at 12 months was 86.6% (84/97) for the DIAM subjects, and
the neurological success rate at 12 months was 84.9% (45/53)
for the control subjects
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Safety Summary
•

The rate of any adverse event and rate of serious adverse events were numerically
higher in the DIAM subjects as compared to the control subjects in the Primary
Analysis Dataset (through 12 months)

•

The rate of serious adverse events associated with treatment was numerically
higher in the control subjects as compared to the DIAM subjects in the Primary
Analysis Dataset (through 12 months)

•

The rate of treatment surgeries for the nonoperative control group was nearly 4
times higher than the rate of secondary surgeries in the DIAM group in the Primary
Analysis Dataset (through 12 months)

•

Neurological status (as assessed by the sponsor’s neurological success definition)
was similar between the DIAM subjects and control subjects in the Primary
Analysis Dataset (through 12 months)
The Agency will be asking the Panel a voting question on whether a reasonable
assurance of safety has been demonstrated for the PMA device for its proposed
intended use
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Effectiveness Assessments
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Primary Study Endpoint
Individuals were considered a success if they met all of the following conditions
at the 12-month timepoint:
1) At least 15 points improvement in the Oswestry Disability Index from
baseline
2) Absence of any serious adverse event classified as “associated with
treatment” (implant associated or implant/surgical procedure
associated for investigational subjects only, or nonoperative treatment
associated for control subjects only)
3) Absence of an additional surgical procedure at the involved level
classified as a “failure” for investigational subjects or, for control
subjects, a lack of necessity for a “treatment surgery” due to poor
response to nonoperative treatment
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Overall Success (Primary Analysis Dataset)
At 12 Months
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Secondary Effectiveness Endpoints
(Primary Analysis Dataset) At 12 Months
DIAM

Nonoperative
Control

Greater than or equal to 15 points of improvement in Oswestry
Disability Index (ODI) score*

69.1%

17.0%

Improvement (any) in SF-36 PCS Score*

87.6%

45.3%

Improvement (any) in Back Pain Score*

89.7%

45.3%

Improvement (any) in Leg Pain Score*

72.2%

28.3%

*compared to baseline
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Other Endpoints (Primary Analysis
Dataset) At 12 Months
DIAM

Nonoperative
Control

General agreement with Patient Satisfaction Question 1

74.2%

32.1%

General agreement with Patient Satisfaction Question 2

74.2%

47.2%

General agreement with Patient Satisfaction Question 3

77.3%

35.8%

Perceived Treatment Effect Questionnaire (subjects)

79.4%

17.0%

Perceived Treatment Effect Questionnaire (investigators)

71.1%

15.1%

Work Status (i.e., working)

63.9%

77.4%
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Radiographic Assessments
•
•
•
•
•
•
•

Spinous Process Erosions
Spinous Process Fractures
Sagittal Plane Angular Motion
Sagittal Plane Translational Motion
Disc Height
Disc/Endplate Changes
Implant Location
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Radiographic Assessments

Spinous Process Erosions – Sponsor-Defined Characterization
Mechanical
Contour
Change

Change consistent with remodeling within the spinous
process due to removal of some bone at surgery and/or
altered mechanical loading/pressure with visual
maintenance of or increased density of cortical bone at the
device/bone interface or other locations within the spinous
process.

Inflammatory
Erosion

Change characterized as bony foci changes manifested by
resorption/osteolysis at the spinous process bone cortex or
device/bone interface and visually decreased deep bone
density.
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Radiographic Assessments

Spinous Process Erosions (All Available Dataset) Through 60 Months
6m

12m

24m

36m

48m

60m

Erosions at the DIAM core/spinous process interface
Superior spinous process

N=14

N=21

N=30

N=32

N=25

N=8

≤ 15% of spinous process area

4

8

9

7

7

5

>15%, but ≤ 30% of spinous process area

8

9

12

15

13

1

≥ 30% of spinous process area

2

4

9

10

5

2

N=5

N=9

N=11

N=13

N=11

N=4

≤ 15% of spinous process area

2

7

9

8

5

2

>15%, but ≤ 30% of spinous process area

3

2

1

4

6

2

≥ 30% of spinous process area

0

0

1

1

0

0

N=17

N=23

N=33

N=37

N=27

N=9

Inferior spinous process

Combined

Note: all erosions characterized as mechanical
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Radiographic Assessments

Overall Success for Subjects with and without Erosions
(All Available Dataset) Through 60 Months

Timepoint

Overall Success

12 Months
Any Mechanical
Contour Change

24 Months
Any Mechanical
Contour Change

36 Months
Any Mechanical
Contour Change

Yes

Yes

No

Yes

No

No

6 weeks

Success [n(%)]

11 (50.0%) 79 (65.8%)

17 (51.5%)

47 (71.2%)

20 (55.6%)

25 (59.5%)

3 months

Success [n(%)]

14 (63.6%) 93 (78.2%)

22 (68.8%)

52 (78.8%)

24 (68.6%)

29 (70.7%)

6 months

Success [n(%)]

16 (69.6%) 90 (74.4%)

22 (66.7%)

51 (76.1%)

24 (64.9%)

31 (73.8%)

12 month

Success [n(%)] 13 (59.1%) 83 (68.6%)

21 (65.6%)

42 (63.6%)

24 (66.7%)

25 (61.0%)

24 months

Success [n(%)] 10 (50.0%) 61 (65.6%)

20 (62.5%)

43 (64.2%)

21 (61.8%)

24 (58.5%)

36 months

Success [n(%)] 8 (40.0%)

19 (57.6%)

32 (60.4%)

20 (54.1%)

25 (59.5%)

47 (62.7%)
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Radiographic Assessments

Spinous Process Fractures (All Available Dataset) Through 60 Months
Timepoint
Baseline
Discharge
6 Week
3 Month
6 Month
12 Month
24 Month
36 Month
48 Month
60 Month

Superior Spinous Process n, (%)

Inferior Spinous Process n, (%)

0 (0)
2 (1.6%)
6 (4.4%)
6 (4.5% )
5 (3.9% )
4 (3.6% )
3 (3.5%)
3 (4.1%)
2 (3.5 %)
2 (7.4 %)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
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Radiographic Assessments

Differences in Spinous Process Fractures Reported (e.g., 12 Months)

Investigational
Control

Core laboratory
10
4

CRF (investigator)
4
1
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Radiographic Assessments

Sagittal Plane Angular Motion (Primary Analysis Dataset)
Through 24 Months

Baseline
Invest.
(N=95)

Angular
motion
(mean)

Control
(N=50)

6 weeks
Invest.
(N=97)

Control
(N=53)

3 months
Invest.
(N=97)

7.64° 9.25° 5.58° 9.82° 6.36°

Control
(N=53)

9.5°

6 months
Invest.
(N=97)

Control
(N=53)

12 months

24 months

Invest.
(N=97)

Invest.
(N=97)

Control
(N=53)

Control
(N=53)

7.25° 9.06° 7.91° 8.86° 7.95° 9.12°
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Radiographic Assessments

Sagittal Plane Translational Motion (Primary Analysis Dataset)
Through 24 Months

Baseline
Invest.
(N=95)

Translational 2.07
motion
mm
(mean)

6 weeks

3 months

6 months

12 months

24 months

Control
(N=50)

Invest.
(N=97)

Control
(N=53)

Invest.
(N=97)

Control
(N=53)

Invest.
(N=97)

Control
(N=53)

Invest.
(N=97)

Control
(N=53)

Invest.
(N=97)

Control
(N=53)

2.38
mm

1.77
mm

2.6
mm

2.11
mm

2.74
mm

2.11
mm

2.47
mm

2.21
mm

2.35
mm

2.35
mm

2.28
mm
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Radiographic Assessments

Disc Height, Disc/Endplate Changes, Implant Location
• 100% of DIAM subjects and control subjects in the Primary Analysis
Dataset were determined to be a “disc height success” (less than or
equal to 2 mm decrease in either the anterior or posterior disc
height as compared to the 6-week evaluation timepoint) at 12
months
• Radiographic disc/endplate changes (for informational purposes
only) were reported to be similar between the DIAM and control
subjects through 12 months
• No migrations of the DIAM implant (or crimps) were reported
through 12 months
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Effectiveness Summary
•

The DIAM subjects reported better outcomes as compared to the control
group in the primary and secondary effectiveness assessments

•

The DIAM subjects reported better outcomes as compared to the control
group in the other endpoints, with the exception of work status which favored
the control group

•

Spinous process erosions and spinous process fractures were observed in
DIAM subjects throughout the course of this clinical trial

•

The Sagittal Plane Angular and Translational Motion results identified shortterm reduction in motion for DIAM subjects (6 weeks, 3 months) which
returned to baseline over time. No differences in disc height and
disc/endplate changes were observed between the two groups. No DIAM
migrations were reported

The Agency will be asking the Panel a voting question on whether a reasonable
assurance of effectiveness has been demonstrated for the PMA device for its proposed
intended use

73

STATISTICAL SUMMARY

YING YANG, PH.D.
Mathematical Statistician
Therapeutic Statistics Branch II
Division of Biostatistics
Office of Surveillance and Biometrics
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Statistical Summary Outline
• Study Design
• Effectiveness Endpoints
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Study Design
• Randomized, multicenter, superiority study
• Compare DIAM vs. Control (2:1)
• Patients in DIAM could receive additional nonoperative
treatments
• Patients in control group could crossover to DIAM or
other surgical device after 6 months of treatment
• Follow-up: 6 weeks, 3, 6, 12, and 24 months, annually
thereafter
• The study was not blinded
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Primary Study Endpoint
Individuals were considered a success if they met all of the following conditions
at the 12-month timepoint:
1) At least 15 points improvement in the Oswestry Disability Index from
baseline
2) Absence of any serious adverse event classified as “associated with
treatment” (implant associated or implant/surgical procedure
associated for investigational subjects only, or nonoperative treatment
associated for control subjects only)
3) Absence of an additional surgical procedure at the involved level
classified as a “failure” for investigational subjects or, for control
subjects, a lack of necessity for a “treatment surgery” due to poor
response to nonoperative treatment
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Statistical Hypotheses
• Hypotheses
H0: PT≤PC vs. H1: PT>PC,
PT= overall success rates for the DIAM
PC= overall success rates for non-operative care
• Originally pre-specified study success criteria
– Pr(PT – PC > 0 | data) ≥ 95%
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Planned Sample Size
• Assumption: PT=60%, PC=40%
• One-side α=5%, power=90%
• 15% attrition rate
• DIAM: 204±5; Control: 102±5
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Interim Analysis
• No formal interim analysis was planned at IDE stage
• Sponsor requested an interim analysis in June 2013
• Revised statistical analysis plan was approved in July 2013
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Interim Analysis (Cont’d)
• Interim analysis included:
• Primary analysis dataset: the first 150 subjects treated who had
at least one post-treatment overall success evaluation at or
after 6 weeks
• Study success criterion: Pr(PT – PC > 0 | data) ≥ 97.5% at the
interim and final analyses
• Full enrollment would be completed as originally planned
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Interim Analysis (Cont’d)
PMA submission is based on results from the
interim analysis (including first 150 treated
patients who had at least one post-treatment
overall success evaluation at or after 6 weeks)
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Subject Accountability
DIAM Device

Control

Randomized
Treated

207
181

104
101

All Available Dataset*

181

97
59
8
53
23
6

Crossover to DIAM
No overall success evaluation at 12 months
Primary Analysis Dataset**
Crossover to DIAM
No overall success evaluation at 12 months

17
97
4

* Subjects were treated and had at least one post-treatment evaluation
** The first 150 randomized and treated subjects with at least one post-baseline
(i.e., at 6 weeks or thereafter) overall success status evaluation
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Reasons

Reasons for Not Being Treated After
Randomization

Decided not to have treatment
New Information Indicates that Patient does not Meet the
Inclusion/Exclusion Criteria
Other Factors Prevented Treatment
unable to contact patient
complaint with completing pre-op MRI/ x-rays over 9 weeks

DIAM
(N=26)

Control
(N=3)

7
8

0
2

3
2
1

0
1
0

1

0

1

0

patient noncompliant
subject reports more radicular symptoms than low back pain

1
1

0
0

Financial reason

1

0

Condition improved since initial baseline to a degree that the subject no
longer meets eligibility criteria at subsequent baseline evaluation.
Complication or Adverse Event During Surgery Prevents Completion of Study
Surgery
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Missing and Crossover in Primary
Analysis Dataset
• Last Observation Carried Forward (LOCF) was used for
subjects who were lost to follow-up
• For control subjects receiving surgical treatment at index
level, last observation before the first surgical treatment
were carried forward
• For DIAM subjects receiving additional surgical
procedure/intervention classified as “failure”, last
observation before additional surgical treatment were
carried forward
85

Sponsor’s Results (at 12 Months)
Primary Analysis Dataset

DIAM Device

Control

(N=97)
62/97 (63.9%)
67/97 (69.1%)

(N=53)
8/53 (15.1%)
9/53 (17%)

4
8
(N=181)

0
19
(N=97)

109/164 (66.5%)
119/162 (73.5%)

11/89 (12.4%)
13/84 (15.5%)

Secondary surgery failure

8

0

Associated SAE

12

30

Overall success

ODI success

Secondary surgery failure
Associated SAE

All Available Dataset
Overall success

ODI success
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Overall Success at 12 Months - ITT Analysis
DIAM

Control

Primary Analysis dataset
(150 subjects)

60/97 (63.9%)

13/53(24.5%)

First 167 subjects*

60/111 (54.1%)

13/56 (23.2%)

All Available Dataset
(278 subjects)

109/181 (60.2%)

36/97 (37.1%)

All randomized subjects
(311 subjects)

109/207 (52.7%)

36/104 (34.6%)

* includes 150 subjects (97 investigational and 53 control) who are in the
Primary Analysis Dataset and 17 (14 investigational and 3 control) who are
randomized but do not have any post-operative data
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Potential Sources of Bias
• Non-adherence of randomization
• DIAM subjects could receive nonoperative treatments
• Use of nonoperative treatments that may have included
therapy a subject received prior to study treatment and
randomization (i.e., continued ineffective treatment)
• Absence of blinding of investigators and subjects
• Observer/reporter bias
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Statistical Summary
• Results show subjects in the DIAM group had
statistically significantly higher overall success rate
• However, the results should be interpreted with
caution due to the above potential sources of bias

89

FDA OBSERVATIONS
FDA SUMMARY
(BENEFIT-RISK ASSESSMENT)
ELIZABETH ADEGBOYEGA-PANOX, M.D.
Medical Officer, Orthopedic Surgeon
Anterior Spine Devices Branch
Division of Orthopedic Devices
Office of Device Evaluation
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FDA Observations
Study Population

The Agency is asking for the Panel to provide input on the
following concerns/observations related to the study population:
•
•
•
•

Heterogeneity
ODI severity
Post-treatment surgical interventions
Screening Algorithm
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FDA Observations

Study Population - Heterogeneity

• Multiple, potential diagnostic subgroups included in clinical
trial
– Disc degeneration alone
– Disc degeneration + herniation
– Spinal stenosis
– Facet arthropathy
– Mixed syndromes

• Single-level versus multi-level degenerative spinal
pathology
• Subacute versus chronic duration of back pain symptoms
• New onset versus recurrent back pain
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FDA Observations

Study Population - Heterogeneity
In response to the Agency’s request to stratify the results of the study population into
clinical subgroups, the sponsor conducted a post hoc analysis using subject MR
imaging data only (relevant clinical diagnostic data was not prospectively collected).
Subpopulation Analysis
Disc
Degeneration Spinal
Disc
Stenosis
w/o
Herniation
(Group 1) Herniation (Group 3)
(Group 2)
Primary
Analysis
Dataset

DIAM (n=97)

Facet Joint
Degeneration
(Group 4)

Other
(Group 5)

37 (38.1%)

11 (11.3%)

7 (7.2%)

14 (14.4%)

28 (28.9%)

Nonoperative Control
(n=53)
18 (34.0%)

11 (20.8%)

1 (1.9%)

7 (13.2%)

16 (30.2%)

28 (15.5%)

18 (9.9%)

29 (16.0%)

42 (23.2%)

23 (23.7%)

6 (6.2%)

16 (16.5%)

23 (23.7%)

64 (35.4%)
All Available DIAM (n=181)
Dataset Nonoperative Control
(n=97)
29 (29.9%)
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FDA Observations
Study Population

The Agency is asking for the Panel to provide input on the
following concerns/observations related to the study population:
•
•
•
•

Heterogeneity
ODI severity
Post-treatment surgical interventions
Screening Algorithm
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FDA Observations

Study Population – ODI Severity
All Available Dataset

Primary Analysis Dataset

Baseline ODI
(min=32, max=72)

DIAM (N=181)

Nonoperative care
(N=97)

DIAM (N=97)

Nonoperative care
(N=53)

<40

48 (26.5%)
44 (24.3%)
44 (24.3%)
45 (24.9%)

24 (24.7%)
25 (25.8%)
24 (24.7%)
24 (24.7%)

31 (32%)
21 (21.7%)
21 (21.6%)
24 (24.7%)

14 (26.4%)
13 (24.5%)
12 (22.6%)
14 (26.4%)

≥40 and <50
≥50 and <60
≥60

• Published literature (Smeets et al., Arthritis Care & Res., 2011) describes
ODI scores in the range of 20-40 as representing a “moderate” population
• Mean enrollment ODI score (49.1 – investigational; 49.9 – control) are
“severe”
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FDA Observations
Study Population

The Agency is asking for the Panel to provide input on the
following concerns/observations related to the study population:
•
•
•
•

Heterogeneity
ODI severity
Post-treatment surgical interventions
Screening Algorithm

96

FDA Observations

Study Population – Post-treatment Surgical Interventions
• Some of the investigational and nonoperative control subjects were
subsequently treated with surgery at adjacent levels, or surgery involving
more than one spinal level
• The varied nature (e.g., discectomy, interbody fusion, posterolateral
fusion, total disc replacement) of the secondary surgeries (DIAM
investigational subjects) and treatment surgeries (nonoperative control
subjects) is suggestive, in itself, of heterogeneity in the composition of the
study population. For example, discectomy is indicated for the treatment
of radiculopathy, a distinct clinical syndrome.
• Interbody fusion, posterolateral fusion, and total disc replacement,
according to the sponsor, are typically “considered for more advanced
stages of degenerative disc disease”
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FDA Observations
Study Population

The Agency is asking for the Panel to provide input on the
following concerns/observations related to the study population:
•
•
•
•

Heterogeneity
ODI severity
Post-treatment surgical interventions
Screening Algorithm
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FDA Observations

Study Population – Screening Algorithm
• Unclear how symptomatic level was identified in subjects with
multi-level degenerative spinal pathology
• Unclear if subjects had subacute versus chronic degenerative
spinal pathology
• Unclear if subjects were experiencing primary versus
recurrent low back pain
The Agency will be asking the Panel to comment on the study population and the
effect of the observations noted on the interpretation of the study results.
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FDA Observations

Nonoperative Control Group and Nonoperative Therapies
The Agency is asking for the Panel to provide input on the
following concerns/observations related to the nonoperative
control group and nonoperative therapies:
• Heterogeneity of nonoperative control treatment
• Potentially confounding effect of nonoperative treatment in
the investigational group
• Potentially confounding effect of non-study treatment
• Control success rates observed in this clinical trial
• Limitation associated with a One-Directional Crossover Study
Design
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FDA Observations

Nonoperative Control Group and Nonoperative Therapies
Heterogeneity of Nonoperative Control Treatment
• Subjects in the nonoperative control group were provided
with variable combinations of nonoperative therapies, as well
as different intensities and durations of treatment (no limit)
• There was a lack of information collected regarding the details
of the nonoperative therapies prescribed in this clinical trial
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FDA Observations

Nonoperative Control Group and Nonoperative Therapies
The Agency is asking for the Panel to provide input on the
following concerns/observations related to the nonoperative
control group and nonoperative therapies:
• Heterogeneity of nonoperative control treatment
• Potentially confounding effect of nonoperative treatment in
the investigational group
• Potentially confounding effect of non-study treatment
• Control success rates observed in this clinical trial
• Limitation associated with a One-Directional Crossover Study
Design
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FDA Observations

Nonoperative Control Group and Nonoperative Therapies
Potentially Confounding Effect of Nonoperative Treatment in
the Investigational Group
• Subjects randomized to the DIAM device group were allowed
to undergo elements of the same nonoperative treatments as
the control group, at the discretion of the investigator
• Details of the nonoperative therapy for the investigational
subjects were incompletely collected
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FDA Observations

Nonoperative Control Group and Nonoperative Therapies
The Agency is asking for the Panel to provide input on the
following concerns/observations related to the nonoperative
control group and nonoperative therapies:
• Heterogeneity of nonoperative control treatment
• Potentially confounding effect of nonoperative treatment in
the investigational group
• Potentially confounding effect of non-study treatment
• Control success rates observed in this clinical trial
• Limitation associated with a One-Directional Crossover Study
Design
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FDA Observations

Nonoperative Control Group and Nonoperative Therapies
Potentially Confounding Effect of Non-Study Treatment
• Investigational and nonoperative control subjects were also
free to pursue non-prescription therapies such as massage
and acupuncture, in addition to the treatment provided by
study therapies in each group
• Details of the non-study, nonoperative therapies for the
investigational subjects were not collected
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FDA Observations

Nonoperative Control Group and Nonoperative Therapies
The Agency is asking for the Panel to provide input on the
following concerns/observations related to the nonoperative
control group and nonoperative therapies:
• Heterogeneity of nonoperative control treatment
• Potentially confounding effect of nonoperative treatment in
the investigational group
• Potentially confounding effect of non-study treatment
• Control success rates observed in this clinical trial
• Limitation associated with a One-Directional Crossover Study
Design
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FDA Observations

Nonoperative Control Group and Nonoperative Therapies
Control Success Rates Observed in this Clinical Trial are
Dissimilar to Success Rates Reported in the Literature
• Overall success rate of the nonoperative control group (Primary
Analysis Dataset) at 12 months was reported to be 15.1% (8/53)
• A systematic review (Mizra and Deyo, Spine, 2007) of studies
comparing surgical and non-surgical treatment of discogenic back
pain concluded that there was a “modest difference between
surgical and non-surgical treatments for discogenic back pain with
regard to functional outcomes at 1 and 2 years”
• This contrasts with the large difference in overall success reported
in the current study between the DIAM investigational surgical
device and nonoperative treatments
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FDA Observations

Nonoperative Control Group and Nonoperative Therapies
The Agency is asking for the Panel to provide input on the
following concerns/observations related to the nonoperative
control group and nonoperative therapies:
• Heterogeneity of nonoperative control treatment
• Potentially confounding effect of nonoperative treatment in
the investigational group
• Potentially confounding effect of non-study treatment
• Control success rates observed in this clinical trial
• Limitation associated with a One-Directional Crossover
Study Design
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FDA Observations

Nonoperative Control Group and Nonoperative Therapies
Limitations Associated with a One-Directional Crossover Study
Design

• More than half (60.8%) of all of the nonoperative control subjects
crossed over to receive treatment with the DIAM investigational
device after at least 6 months of treatment, and may bias the
estimate of the treatment effect
• Resulting control group was significantly smaller than the original
2:1 randomization

• Not all eligible nonoperative control subjects crossed over, and the
contributing factors to this decision remain unknown
The Agency will be asking the Panel to comment on the nonoperative control group
and nonoperative therapies and the effect of the observations noted on the
interpretation of the study results.
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FDA Observations

Study Endpoint and Timepoint for Assessment

The Agency is asking for the Panel to provide input on the following concerns/observations related to the
study endpoint and timepoint for assessment:
•

A study in published literature (Ha et al., Spine, 2013) reports that although the DIAM device increased spinal
canal size, intervertebral foramen sizes, local kyphosis, and posterior disc height at implanted segments
immediately after surgery, these parameters returned to their preoperative levels during follow-up, starting at
12 months after surgery

•

Additional literature (Crawford, Musculoskel. Res., 2013) has reported that the greatest mean improvement in
back and leg pain function occurred around three months following surgery involving the DIAM Spinal
Stabilization System, beyond which a trend for gradual deterioration occurred

•

Nonoperative control subjects who received surgical treatment were not automatically deemed failures for
overall success; rather, ODI scores before surgery were carried forward to determine overall success status

•

In the context of the proposed target population, as well as the Agency concerns pertaining to the study
population and nonoperative control group, it is unclear if the definition of the primary effectiveness endpoint
and the assessment of overall success at 12 months are adequate

The Agency will be asking the Panel to comment on study endpoint and timepoint for
assessment and the effect of the observations noted on the interpretation of the study
results.
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FDA Observations

Role of DIAM as a Primary Treatment versus Adjunctive
Therapy with Direct Spinal Decompression
• Surgical Technique Manual (STM) directs surgeons to preserve
ligamentum flavum, apophyseal joint capsules, supraspinous
ligaments
• Operative notes (as summarized by the sponsor) describe soft
tissue and/or bone resections suggesting that indirect and/or
direct spinal decompression was performed in conjunction
with implantation of the DIAM
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FDA Observations

Role of DIAM as a Primary Treatment versus Adjunctive
Therapy with Direct Spinal Decompression (cont’d)
Example terms from the operative notes (as summarized by the
sponsor; see Table 52 in FDA Executive Summary for full list):
• “removed ridge of bone that was not allowing decompression”
• “ridge of bone causing compression and not allowing to seat
device; this area of bone removed”
• “rigid bone in spinous process and lamina shaved down. During
seating of device, impinging bone shaved and indirect nerve root
decompression”
The Agency will be asking the Panel to comment on the significance of these soft
tissue/bone resections, and the impact on the interpretation of the study results.
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FDA Observations
Radiographic Outcomes

The Agency is asking for the Panel to provide input on the
following observations related to the following radiographic
outcomes:
• Spinous Process Erosions
• Spinous Process Fractures
• Sagittal Plane Angular and Translational Motion
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FDA Observations

Radiographic Outcomes – Spinous Process Erosions
• Spinous process erosions were observed as early as 3 months
• Spinous process erosions increased in magnitude and number over time
• A total of 44.0% (37/84) of subjects were observed to have had an erosion at
either the superior or inferior spinous process (or both locations) in the All
Available Dataset at 36 months
• The spinous process erosion classification system was based on observations
noted in the sponsor’s imaging studies, were created by the sponsor, and the
adjudication of the data was conducted by the sponsor
• Explant analysis demonstrated a chronic inflammatory response
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FDA Observations
Radiographic Outcomes

The Agency is asking for the Panel to provide input on the
following observations related to the following radiographic
outcomes:
• Spinous Process Erosions
• Spinous Process Fractures
• Sagittal Plane Angular and Translational Motion
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FDA Observations

Radiographic Outcomes – Spinous Process Fractures
• Superior spinous process fractures were observed by the core laboratory in
7.7% (14/181) of the DIAM subjects in the all available dataset at the 12
months timepoint
• The incidence of spinous process fractures reported by investigators and the
core laboratory were discrepant
• The definitions of location, displacement and healing of the fractures were
not included in the study protocol (i.e., post hoc classification)
• Published literature (Kim et al., Spine, 2011) has documented that plain
radiographs may lack sensitivity for the detection and diagnosis of spinous
process fractures in subjects with interspinous process spacer devices
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FDA Observations
Radiographic Outcomes

The Agency is asking for the Panel to provide input on the
following observations related to the following radiographic
outcomes:
• Spinous Process Erosions
• Spinous Process Fractures
• Sagittal Plane Angular and Translational Motion
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FDA Observations

Radiographic Outcomes – Sagittal Plane Motion Data
• Average angulation was significantly reduced only at 6 weeks
postoperative (-2.28 degrees) and at 3 months (-1.49 degrees)
postoperative, but not at other timepoints.
• Translational motion in the investigational group was reduced
(-0.30 millimeters) compared to baseline at 6 weeks, but
becomes similar to baseline and the nonoperative control group
at subsequent follow up time points.
The Agency will be asking the Panel to comment on the radiological outcomes and the
effect of the observations noted on the interpretation of the study results.
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FDA Summary
(Benefit-Risk Assessment)
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Benefit-Risk Overview
When making a determination of the benefit-risk profile of a device, the Agency considers
the following:
•

Benefits: type of benefits, magnitude of benefits, probability of the patient
experiencing one or more benefits, and duration of effect

•

Risks: types, number, and rates of harmful events associated with the use of the device
(device-related serious, device-related non-serious, and procedure-related adverse
events), probability of a harmful event, and duration of harmful events

•

Additional factors (if applicable): uncertainty, characterization of the disease, patient
tolerance for risk and perspective on benefit, availability of alternate treatments, risk
mitigation, post-market data, and novel technology addressing unmet needs
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Summary of Benefits
Primary Analysis Dataset

DIAM

Nonoperative
Control

Greater than or equal to 15 points of improvement in Oswestry
Disability Index (ODI) score*

69.1%

17.0%

Improvement (any) in SF-36 PCS Score*

87.6%

45.3%

Improvement (any) in Back Pain Score*

89.7%

45.3%

Improvement (any) in Leg Pain Score*

72.2%

28.3%

General agreement with Patient Satisfaction Question 1

74.2%

32.1%

General agreement with Patient Satisfaction Question 2

74.2%

47.2%

General agreement with Patient Satisfaction Question 3

77.3%

35.8%

Perceived Treatment Effect Questionnaire (subjects)

79.4%

17.0%

Perceived Treatment Effect Questionnaire (investigators)

71.1%

15.1%

* comparison to baseline at 12 months post-treatment
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Summary of Risks
DIAM

Nonoperative
Control

Overall rate of any serious adverse event at 12 months
(Primary Analysis Dataset)

82.5%

64.2%

Overall rate of any serious adverse event at 12 months
(All Available Dataset)

86.2%

68.0%

Superior spinous process fractures observed by core lab at 12 months
(All Available Dataset)

7.7%

-

Proportion of subjects observed to have had an erosion at either the
superior or inferior spinous process (or both) at 36 months
(All Available Dataset)

44.0%

-
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Additional Factors
The following issues raised by the Agency should be considered in assessing
the benefits and risks of the DIAM investigational device:
• Study Population
• Nonoperative Control Group and Nonoperative Therapies
• Study Endpoint and Timepoint of Assessment
• Role of the DIAM as a primary treatment versus adjunctive therapy with
direct spinal decompression
• Radiographic outcomes (spinous process fractures, spinous process
erosions, sagittal plane angular/translational motion)
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Additional Factors (cont’d)
• Adverse Events (non-informative categorization, treatment-related serious
AEs higher in control group)
• Method of Data Collection and Analyses (use of unvalidated assessment
tools, details not collected during trial)
• Other considerations
• Limitation of post hoc analyses
• Lack of clinical equipoise
• Sources of bias
• Subjectivity
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Benefit-Risk Assessment
The Agency is seeking Panel input on the impact of the
additional factors described above on the interpretation of the
safety and effectiveness results in this clinical trial.

The Agency will also be asking the Panel a voting question on whether a favorable
benefit-risk has been demonstrated for the PMA device for its proposed intended use.
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POST-APPROVAL STUDY (PAS)
CONSIDERATIONS
NADINE SLOAN, M.B.E.
Biomedical Engineer/Lead Reviewer
Epidemiologic Evaluation and Research Branch 2
Division of Epidemiology
Office of Surveillance and Biometrics
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Reminder
• The discussion of a PAS prior to FDA determination of device
approvability should not be interpreted to mean FDA is
suggesting that the device is safe and effective.
• The plan to conduct a PAS does not decrease the threshold of
evidence required by FDA for device approval.
• The premarket data submitted to the Agency and discussed
today must stand on their own in demonstrating a reasonable
assurance of safety and effectiveness and an appropriate
benefit/risk balance.
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Post-market Concerns
What is the long term safety and effectiveness for the DIAM device compared to a
clinically appropriate Control?
• Address concerns related to Spinous Process Erosions:
– Evaluate the incidence of spinal process erosions, their relationship to adverse
events, and the possibility of a corresponding diminishing effectiveness;
•

Address uncertainty regarding Spinous Process Fractures:
– Evaluate the true incidence of spinous process fractures long term, their
relationship to adverse events, and the possibility of a corresponding
diminishing effectiveness; and

•

Address concerns related to a possible transiency in Motion restriction:
– Evaluate the motion restriction with the DIAM device, as well as
corresponding outcomes long term.
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Sponsor’s Proposed PAS
Study Design

Prospective, multicenter, extended follow-up study

Study
Objective

To provide long-term safety and effectiveness data

Primary
Objective

To estimate the 5-year overall success rate, as defined
within the IDE study

Secondary
Objectives

o

o

To estimate the success rates of individual
effectiveness endpoints and neurological success
rate at 5 years; and
To estimate the event rates of adverse events and
secondary surgery at index level through 5 years
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Sponsor’s Proposed PAS (Cont.)
Sample Size

o

o

Eligibility

o
o
o

Follow-Up
Duration
Statistical
Analysis

Up to 100 subjects previously enrolled in the
premarket study
Not statistically determined
DIAM subjects
Crossover subjects
Less than 60 months follow-up (± 3 months)

5 years
o
o

Descriptive statistics will be performed at 5 years.
Survival analysis will be conducted to estimate
the event rates for the adverse events and
secondary surgeries at the index level.
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FDA Assessment of Sponsor’s Proposed
PAS
•

•

•
•

Heterogeneity in the study population
– Varying spinal pathologies, including varying secondary surgical
interventions (further suggesting various spinal pathologies)
– Single vs multilevel treatment, varying degrees of severity of DDD,
including severe disease states
Study confounders associated with treatment non-uniformity
• DIAM group to receive same non-operative treatment as Control
• DIAM and Control to receive additional prescription/non-prescription
therapies
• DIAM used adjunctively with Spinal Decompression
Lack of comparison to a Control
– The proposed PAS does not propose to follow IDE control subjects
Reliance on plain films for evaluation of spinous process integrity
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FDA Assessment of Sponsor’s Proposed
Continued Enrollment PAS
• FDA recommends a New Enrollment PAS and requests such
from the sponsor:
– A more homogenous population
– Incorporation of a Control, and one that is clinically
appropriate
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Concluding Comments
The Agency will be asking the panel to comment on the sponsor’s proposed PAS. If the
Panel does not believe it is adequate, we will be requesting specific feedback toward
developing an appropriate PAS.
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Thank You!
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