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Abbreviations Used
AT:
ATR:
BIMO:
BMI:
CDRH:
CFR:
CT:
DEXA:
DSMB:
EDC:
EPC:
FDA:
FST:
FTIR:
GCP:
HIZ:
IDE:
ISO:
ITT:
MRI:
mITT:
ODI:
PAS:
PMA:
PP:
PROM:
RCT:
SAE:
SAP:
SF-36:
SLR:
SSI:
UHMWPE:
US:
VAS:
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As-treated analysis population
Attenuated total reflection
FDA bioresearch monitoring
Body mass index
Center for Devices and Radiological Health
Code of Federal Regulations
Computed tomography
Dual-energy X-ray absorptiometry
Data safety monitoring board
Electronic data capture
Endplate change
Food and drug administration
Femoral stretch test
Fourier-transform infrared spectroscopy
Good Clinical Practices
High-intensity zone
Investigational device exemption
International Organization for Standardization
Intent-to-treat analysis population
Magnetic resonance imaging
Modified intent-to-treat analysis population
Oswestry disability index
Post-approval study
Pre-market approval
Per-protocol
Patient-reported outcome measure
Randomized controlled trial
Serious adverse event
Statistical analysis plan
36 item short form survey
Straight leg raise
Secondary surgical intervention (i.e., reoperation of the index level)
Ultra-high-molecular-weight polyethylene
United States
Visual analog scale
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Figure 2: The Barricaid Design (left) and Example of Defect Measurement (right)

The system is provided with a kit that contains defect measuring and device placement tools.

1.4. Non-Clinical Testing
In addition to typical International Organization for Standardization (ISO) 10993
biocompatibility testing, sterilization validation, shelf life and packaging validation and magnetic
resonance imaging (MRI) compatibility, a variety of mechanical and other non-clinical tests
were conducted to characterize the performance of the Barricaid device, including:













Usability (implantation and removal by independent surgeons, in cadaveric spines)
Monotonic Push-Out (Bone Foam and ultra-high-molecular-weight polyethylene
[UHMWPE])
Cyclic Push-Out
Cyclic Nucleus Pressure Testing
Cyclic Compression-Shear Testing
Monotonic Nucleus Pressure Testing
Monotonic Compression-Shear Testing
Rabbit Particulate Study
Baboon Study
Retrieval Analyses
Cyclic migration testing in a biofidelic model
Occlusion component detachment

Summaries of the testing, results, and findings can be found in Appendix I for animal and
benchtop testing, and Appendix II for retrieval (explant) analyses.

1.5. Clinical Study Design
The Barricaid clinical trial, in contrast to other studies used to support spine device PMAs, was
prospectively designed and executed as a superiority study. The study, initiated in December
2010, was a prospective, randomized, controlled, superiority study conducted with 554 patients
randomized at 21 clinical sites in Germany, the Netherlands, Austria, Switzerland, Belgium and
France. The study compared discectomy with the Barricaid to discectomy alone. Discectomy is
Page 10
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2. A composite of safety and effectiveness: For an individual patient to be considered a
“success” they needed to demonstrate a collective success in every one of the following 8
components at 24 months:
 Impact of discectomy:
o 20-point (on a 100-point scale) improvement in Visual Analog Scale (VAS)
Leg
o 15-point (on a 100-points scale) improvement in Oswestry Disability Index
(ODI)
o No deterioration of neurological status at the index level


Non-clinical radiographic assessments:
o No spontaneous fusion
o Maintenance of disc height, defined as 75% or greater of preoperative disc
height



Impact of the Barricaid device:
o No reherniation at the index level
o No SSIs at the index level
o Device integrity (radiographic condition and lack of migration, implanted
patients only)

A reoperation, reherniation, or a device integrity issue at any timepoint (including unscheduled
visits) through 2 years would result in a terminal failure of the study endpoint for that patient.
Pain, function, neurologic, disc height and spontaneous fusion components of the composite
were assessed at 2 years. Primary study endpoints were designed so as to prevent study bias – all
imaging endpoints were determined by an independent third party, and patient outcomes were
reported by the study subject.
All analyses presented in this report related to EPC growth and their potential relationships to
clinical and device characteristics, to longer-term outcomes (i.e., post two years), to the
separation of all reherniations into asymptomatic and symptomatic, and regarding the patient
focused alternative composite endpoint were not included in the pre-specified analysis plan, and
associated statistical tests (nominal p-values) should be interpreted accordingly.

1.6. Enrollment and Patient Accountability
A total of 554 subjects were enrolled, 276 patients randomized to the Barricaid arm and 278
randomized to the Control arm. Demographics and pre-operative clinical status were wellbalanced between the two groups, as would be expected for a procedure in which randomization
was performed after the discectomy was complete (see Section 9.3).
The complete 24-month primary composite clinical success endpoint was evaluable for 91.6% of
patients (90% of Barricaid patients and 93% of Control patients).
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Patients are followed through 60 months, and while follow-up is still ongoing at these later
timepoints, evaluability of the composite co-primary endpoint for expected patients is high,
remaining above 80% for each arm throughout. The substantial data available and high rate of
follow-up in the Barricaid study post-24 months allow for meaningful scientific conclusions to
be drawn regarding the long-term safety and efficacy of the investigational device.

1.7. Primary Endpoint Analysis
Co-Primary Endpoints (Protocol)
The Barricaid group was superior to Control on both co-primary endpoints (Table 1).
Table 1: Co-Primary Endpoint Success at 24 Months
Barricaid

First Co-Primary Endpoint:
No Reherniation
Second Co-Primary Endpoint:
Composite Success

Control

N

n

%

N

n

%

∆

Chisquared
p-value

Posterior
Probability of
Success

240

122

50.8

256

77

30.1

20.8

<0.001

>0.9999

245

68

27.8

259

47

18.1

9.6

0.010

0.9980

Note: N’s represent those patients in the mITT group evaluable for each endpoint; n’s represent patients who were successful on
the study endpoint. For clinical composite endpoints and components of composite endpoints, both Bayesian posterior
probabilities per the SAP and frequentist p-values are provided. For all other analyses, nominal p-values are provided for
descriptive purposes only.

As shown in Table 1, the Barricaid success rate on the second co-primary endpoint (composite of
safety and effectiveness) was higher by a statistically significant superiority margin compared to
Control discectomy (27.8% vs. 18.1%, a 53.6% improvement). This calculation factors in eight
different components related to pain, function, safety, and radiographic observation, including
several categories intended to directly capture outcomes when a device is used in conjunction
with standard surgical treatment without an implant (e.g., device integrity, removals). Again, a
patient must be successful in each of reherniation, SSI and device integrity at all timepoints
through 2 years, and be successful in each of the remaining components at 2 years, for the patient
to be considered a study success.
While the co-primary endpoint is a comparison of the rate of patients who are successes on all 8
components, a comparison of the success rates for each of the individual components is provided
in Table 2. The positive impact of the discectomy surgery was maintained with the addition of
the Barricaid device, as evidenced by the similarity of the pain, function and neurological
outcomes. The Barricaid did not negatively impact radiographic endpoints, as evidenced by the
similarity in disc height and spontaneous fusion. While the addition of a device does add the
potential for a radiographic observation of device integrity issues, approximately half of those
observed in the study were not symptomatic and half of the symptomatic events can be
mitigated. Critically, the incidence of reherniations and reoperations were significantly reduced
with the use of the Barricaid.
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Table 5: Comparisons of Summary Adverse Event Rates between Barricaid and Control
Discectomy – AT Analysis Sets Using All Available Data to 5 Years
Barricaid
(N=267)

Any AE
Any device- or procedure-related AE**
Any SAE
Any device- or procedure-related SAE **
Death§

Control
(N=283)

Sig.

Events

Subjs

%

Events

Subjs

%

626
378
187
78
1

222
185
100
47
1

83.1%
69.3%
37.5%
17.6%
0.4%

564
337
190
108
0

221
179
116
71
0

78.1%
63.3%
41.0%
25.1%
0.0%

pvalue*
0.1611
0.149
0.432
0.0376
0.4855

AE=adverse event, SAE=serious adverse event
*Fisher’s exact test
**Relationship: Definite, Probable, Possible, or Unknown
§ Cause of death was diffuse lung lymph node metastasis, unrelated to the device or procedure.

Given that the Control group does not include a device, the most appropriate way to assess
patient risk between cohorts is an analysis of serious adverse events (SAEs) that are related to
either the device or procedure. SAEs are defined as those that require hospitalization or surgical
intervention, which allows for a balanced assessment of the safety profile of one treatment versus
another, and relatedness to the device or procedure is adjudicated the independent DSMB. The
rate of SAEs related to either the device or procedure was significantly lower in the Barricaid
group by a statistically significant margin at 2 years (Barricaid: 17.6% vs. Control: 25.1%,
p=0.0376, Table 5), a treatment effect that was durable through 5 years (Figure 6).
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Because the incidence of EPCs in post-discectomy patients had not been previously documented,
the potential effect of EPCs on outcomes received a high degree of review and analysis from the
sponsor, with consultation from FDA. With more than 9,000 imaging studies over the course of
the study, the Sponsor has the largest radiographic database on EPCs in post discectomy patients
ever assembled, allowing significant qualitative and quantitative characterization over time.
Exhaustive analysis of these data reveals that EPCs occur in both treatment and control, stabilize
over time, and do not impact device function or clinical outcomes. FDA has demonstrated
particular interest in specific types of EPCs. The specific EPC types are:
1) those that are proximate to the mesh;
2) those that are proximate to the mesh in which mesh subsidence through the endplate has
occurred; and
3) large EPCs (defined by the Sponsor as >100 mm2, a round number that was greater than
the pooled 75th percentile calculations of EPC size at each timepoint).
Analyses were performed in each of these prospectively defined subgroups.

EPC Impact on Mechanism of Action
Superiority of the Barricaid in the prevention of symptomatic reherniation compared to Controls
was maintained regardless of the presence or size of EPCs (Figure 9).
Figure 9: Freedom from Symptomatic Reherniation for Defined EPC Barricaid Groups versus
Control at 24 Months (p-values Relative to Control)
100%

p<0.001

90%

p<0.001

p=0.004

p=0.015

80%

% Success

70%
60%
50%
40%
30%
20%
10%
0%
Barricaid w/EPCs Barricaid w/Mesh Barricaid w/Mesh Barricaid w/Large
(n=205)
Proximate EPCs
Proximate EPCs EPCs (>100 mm²)
(n=106)
w/subsidence
(n=69)
(n=61)

All Controls
(n=256)

EPC=endplate change
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EPC Impact on Safety and Efficacy
Analyses of EPC parameters and clinical outcomes demonstrate no safety or effectiveness
concern with EPCs and, more specifically, with the combination of EPCs and the Barricaid. For
example, as shown in Figure 10, there remains at least a strong trend of reduction in the rate of
SSI in favor of the Barricaid for all EPC subgroups identified by FDA compared to the Control
population.
Figure 10: Freedom from SSI (Secondary Surgical Intervention) for Barricaid Subgroups versus
Control at 24 Months (p-values Relative to Control)
100%

p=0.001

p=0.002

p=0.017

p=0.100

90%
80%

% Success

70%
60%
50%
40%
30%
20%
10%
0%
Barricaid w/EPCs Barricaid w/Mesh Barricaid w/Mesh Barricaid w/Large
(n=212)
Proximate EPCs
Proximate EPCs EPCs (>100 mm²)
(n=110)
w/subsidence
(n=71)
(n=64)

All Controls
(n=278)

EPC=endplate change
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In addition to freedom from SSI, an important measure to reconcile safety concerns is the rate of
serious adverse events (SAEs; i.e., adverse events reported by the site that are “serious” in that
they result in either hospitalization or surgery) that are related to either the device or procedure,
which was significantly lower for every Barricaid EPC cohort compared to Control (Figure 11).
Figure 11: Freedom from Procedure- or Device-Related SAEs for All Barricaid Subgroups versus
Control at 24 Months (p-values Relative to Control)
100%

p<0.001

90%

p<0.001

p<0.001

p=0.018

80%

% Success

70%
60%
50%
40%
30%
20%
10%
0%
Barricaid w/EPCs Barricaid w/Mesh Barricaid w/Mesh Barricaid w/Large
(n=212)
Proximate EPCs
Proximate EPCs EPCs (>100 mm²)
(n=110)
w/subsidence
(n=71)
(n=64)

All Controls
(n=278)

EPC=endplate change

In addition to the clinical data providing mitigation of theoretical safety concerns, the data
provided in Section 10.7.4.4 demonstrate that EPCs do not have a negative impact on the state of
the patient’s overall well-being 2 years after surgery. That is, the benefit provided by the
discectomy is durable with the addition of the Barricaid device and despite the presence of EPCs.
Additional data demonstrate this trend is maintained through 5 years. Despite the greater
numbers and size, there is no effect on patient-reported outcomes including ODI, VAS-Leg Pain,
and VAS-Back Pain versus Control.

EPC Growth and Stabilization
Quantitative analyses were performed on EPCs, and in particular those EPC subgroups identified
by FDA as most concerning. These analyses demonstrated that EPCs, including all subgroups,
stabilize over time and that the growth of the EPCs does not accelerate between timepoints. A
stability grading system, which incorporated both size and qualitative features, demonstrated a
strong trend towards stability. Furthermore, calculation of the volume of the largest EPC, which
Page 23
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occurred in a Control patient, demonstrated that the maximum size observed occupied
approximately 8% of the vertebral body, significantly lower than the volume reported in the
literature as a possible risk to the patient and loss of vertebral body mechanical integrity.52,53,54
Therefore, the theoretical risk of EPCs causing an adverse clinical or radiographic event is not
supported by the data or literature.
Intrinsic Therapeutics has analyzed the data in a number of ways to demonstrate conclusively
that EPCs stabilize over time and no negative clinical outcomes are correlated with EPCs and
Barricaid. These data are outlined in Section 10 of this document, with additional detail provided
in Appendix III. Utilizing all data through 5 years in survival analyses, Barricaid exhibited
better results in terms of all reherniations, symptomatic reherniations, SSIs, and device- or
procedure-related SAEs in each of the EPC sub-population analyses that were requested by FDA.
The following conclusions are supported by the clinical data:
•
•
•

EPCs reach an asymptotic maximum size and stop growing.
EPCs in both Barricaid and Control reach a maximum size of <8% of vertebral body
volume and then plateau or shrink.
EPCs are not correlated with clinical problems.

1.10. Benefit/Risk
Intrinsic Therapeutics conducted a comprehensive study of lumbar discectomy, providing for an
opportunity to rigorously analyze the risks and benefits of this device compared to discectomy
alone, which is the current standard of care. Overall, the benefit/risk profile of the Barricaid
compared to Control is significantly favorable with several key differences favoring Barricaid.
The data from the clinical study demonstrate that the risk of reherniation is statistically and
clinically reduced at a significant level through the use of the Barricaid, while maintaining relief
of symptoms and functional benefits of the original discectomy surgery. Primarily, the most
clinically-relevant actual risk to the target high-risk patient population is a symptomatic
reherniation that could generate a cascade of safety events for the patient including increased
pain, neurologic compromise, and the need for one or more SSIs (secondary surgical
interventions, or reoperations). The clinical study demonstrated the following:
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Consistent with literature references, patients with large anular defects are at significantly
greater risk than the general discectomy population of experiencing symptomatic
reherniation (25.4%) and an SSI (16.2%) at 2 years.
Barricaid is superior on both safety and efficacy co-primary endpoints at 24 months and
the benefits are maintained to 5 years.
Barricaid demonstrates significant reductions in symptomatic reherniation (p<0.001) and
SSIs (p=0.007), which are the most meaningful outcomes for patients.
Barricaid offers a significant treatment differential, with 48.9% fewer Barricaid patients
having SSIs through 24 months, 33.3% fewer Barricaid individual patients having SSIs at
any time out to 5 years, and 38.0% fewer SSIs overall.
Similarly, the Barricaid group had significantly fewer SAEs related to either the device or
procedure (p=0.016 for the mITT population at 2 years; p=0.0376 for the AT population
using all data out to 5 years).
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Figure 16, below, depicts a radiograph of the implant, with the self-tapping titanium anchor and
platinum-iridium marker indicated. The occlusion component is made from non-degrading
polyethylene terephthalate, a common material used in orthopedic devices. The marker allows
for confirmation of the occlusion component’s location during or after surgery.
Figure 16: Barricaid Component Materials (Fluoroscopy/X-ray View)

As shown in Figure 18, during implantation, a Barricaid occlusion component that is at least as
wide as the defect is passed through the anulus until the occlusion component is positioned
within the disc space between the anulus and nucleus, positioning the occlusion component to
block the anular defect against extrusion of nucleus.
The Barricaid occlusion component layers mimic the structure of healthy anulus, which is itself
formed from multiple layers of counter-angulated fibers of collagen. The occlusion component
layers are sewn together and secured to the titanium alloy bone anchor which affixes the
occlusion component to either the superior or inferior vertebral body, depending on surgical
access and anular defect location. The occlusion component is designed to move in order to
accommodate the natural movement of the intact nucleus.
One minor change was made to the occlusion component configuration toward the beginning of
the study. Note that the dimensions and amount of material were unchanged. Eighty-four
percent (223/267) of the devices used in the study are of the same generation to be marketed,
and the clinical data were substantially identical when comparing the two generations.
Titanium is an optimal material for anchoring to bone and the surface of the anchor is textured to
optimize bone fixation. The anchor provides a secure foundation for the occlusion component to
counteract the extreme pressures and motion of the disc. The anchor is implanted into the
vertebral body without any prior preparation of the bone. Figure 17 shows the pre-loaded
disposable delivery tool, and Figure 18 depicts Barricaid deployment and the mallet impaction of
the anchor into the vertebral body. The delivery tool is designed to limit impaction depth of the
anchor into the vertebral body so that the anchor is countersunk roughly 2 mm into the posterior
wall of the vertebral body. The anchor and delivery tool remained unchanged throughout the
study.
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3. INDICATIONS FOR USE
The Barricaid is intended to be implanted following a limited discectomy, to prevent reherniation
and the recurrence of pain or dysfunction. The Barricaid is indicated for patients with
radiculopathy (with or without back pain), a posterior or posterolateral herniation, characterized
by radiographic confirmation of neural compression using magnetic resonance imaging, and a
large anular defect (e.g., between 4–6 mm tall and between 6–12 mm wide) post discectomy, at
one level between L4 and S1.
Note: There are two differences between the indications proposed for labeling (above) and the
inclusion/exclusion criteria used in the pivotal study. First, the study included patients from L1S1, but labeling is only requested from L4-S1, given that more than 97% of the study data
comprises patients operated at these two levels. Second, the study only included patients with
anular defects up to 10 mm in width, as the 12-mm device was not available until after
completion of the study protocol. See Appendix IV for information on safety and effectiveness
of the 12-mm size.
Please see Appendix V for the Instructions for Use including proposed indications,
contraindications, warnings and precautions.
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4. REGULATORY AND MARKETING HISTORY
4.1. Regulatory History
Data regarding the Barricaid Anular Closure Device was originally submitted to FDA in October
2008 (b)(4)
including benchtop testing and a proposed clinical study
protocol. A pre-IDE meeting was held in December 2008 at which FDA provided feedback on
the clinical protocol regarding inclusion criteria. An IDE (b)(4)
was submitted in July 2009
that incorporated FDA’s feedback. An amendment was filed in November 2009
incorporating FDA’s feedback. Multiple conversations took place regarding the
(b)(4)
clinical study design, including a meeting (b)(4)
in April 2010 and a call in July 2010.
The Sponsor believes we have incorporated most aspects from the IDE disapproval letter into our
OUS study protocol. Subsequent discussions regarding a re-definition of the Radiographic
Protocol as requested by FDA resulted in most assessments being new or modified, and very
many protocol comments were received and addressed.
A pre-submission regarding the IDE study design, SAP, device modifications, and radiographic
observations was made in March 2011 (b)(4)
followed by
supplements in April 2011, May 2011 and October 2012. During this process, various phone
calls and meetings took place to discuss the contents and FDA feedback on the IDE plan,
including calls in June 2011, September 2012 and May 2013, and a meeting in December 2012.
In March 2014 FDA "suggested that a PMA application based exclusively on the completed EU
RCT would be suitable for panel review regardless of whether an IDE is pursued."
meeting minutes).
(b)(4)
The PMA plan and timeline were discussed on a call with FDA in August 2014. The PMA shell
was filed in September 2014 (M140021.M000), the first module (of four, M140021.M001) in
November 2014, the second module (M140021.M002) in April 2015, the third module
(M140021.M003) in September 2015, and final (clinical data) module (M140021.M004) in
November 2016. FDA’s response to the PMA was received in March 2017, and an updated
clinical data report was submitted to FDA in August 2017. Major interactions during this period
included a pre-PMA meeting in May 2016, a “Day 100” meeting in March 2017, and a
“submission issue” teleconference in May 2017 to discuss mechanical testing.
Between 2014 and 2017, feedback was received from FDA on the radiographic protocol and the
EPC analysis, via phone calls, meetings and written documents. This feedback included a
meeting in April 2015 and subsequent phone call in September 2015 regarding revisions to the
radiographic protocol, a written submission in June 2016 and subsequent phone call in July 2016
regarding EPC stability analysis, and teleconferences with the consulting radiologist regarding
EPCs in May and July 2017.
In July 2017, there were changes to the FDA review team, specifically a new lead reviewer and
medical officer were identified.
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4.2. Marketing History
The Barricaid Anular Closure Device was granted CE Mark in 2009 and has been commercially
available in markets outside the U.S. with more than(b)(4) implantations worldwide. A listing of
countries in which the device has been commercially available is provided below.
 Australia
 Austria
 Belgium
 Bulgaria
 Chile
 Costa Rica
 Germany
 Greece
 Hungary
 Israel
 Italy
 Mexico
 Netherlands
 Poland
 Russia
 Saudi Arabia
 South Africa
 South Korea
 Switzerland
 Turkey
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5.2. Non-Operative Treatment
The primary non-operative therapies used in the treatment of sciatica (a painful condition
attributed to nerve root irritation by a herniated disc) involve activity restriction and treatment
with non-steroidal anti-inflammatory drugs (NSAIDs) or in some cases oral steroids and
narcotics, if necessary. Other frequently used non-operative approaches include the use of
transcutaneous electrical nerve stimulation (TENS), manipulation (e.g., chiropractic) and/or
traction. Modifications in work or other daily activities, including walking, standing, sitting or
other positions that can place an increased biomechanical load on the lower back are
recommended. With this approach, patients may experience relief or even resolution of their
symptoms. Continuous bed rest, a recommendation frequently used in past decades, is an
undesirable prescription because it can generally decondition the patient and may prolong
recuperation.
It is common clinical practice to consider surgical intervention only after a period of
unsuccessful conservative (non-surgical) patient care. A systematic review concluded that the
longer the duration of symptoms after a provisional course of non-operative care, the worse the
long-term outcome.10 The recent United Healthcare medical policy supports surgery for
symptoms unresponsive to non-operative therapy that reduces quality of life.11 While 6 to 12
weeks is the typical range suggested in practice guidelines, there is no clear consensus regarding
the optimal duration of non-operative care, and the decision to proceed to surgery is frequently
driven by the patient’s level of pain and need to return to work or normal activity.12

5.3. Interventional Treatment
Epidural steroid injections are frequently used to control nerve root inflammation and pain as an
adjunct to non-operative care. By controlling nerve pain with the potent anti-inflammatory effect
of a steroid injected into the spinal canal, the effects of other non-operative care such as physical
therapy and manipulation can be improved and the patient’s attempts to return to normal physical
function may be aided.
If the patient responds well to a non-surgical course of treatments, it is often recommended that
he or she rehabilitate with core-strengthening exercises. While up to 90% of lower back pain
patients with sciatica benefit from these conservative treatments,13 the remaining patients require
consideration of surgery for persistent symptoms or reduced quality of life.14,15

5.4. Surgical Treatment
A wide range of surgical procedures have been employed to treat the herniated lumbar disc.
However, proponents differ in their beliefs concerning the type of incision, the amount of
excised nuclear material, and even the requirement for stabilization (i.e., fusion) or flexion
limiters (i.e., interlaminar spacers). Most studies reported in the literature describe the results at a
single institution and/or a single surgeon, and employing a specific technique. Very few reports
of controlled studies are available, and those are also fraught with bias such as lack of adequate
controls, non-contemporary comparisons, different baseline characteristics, retrospective
approaches, and significant loss to follow-up. Also, lack of standardized assessments of pain,
disability and quality of life assessments result in data that are often missing or incomplete16.
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Systematic reviews substantiate the impressions of this literature in failing to demonstrate high
quality data or compelling results that would support one approach over another.
Figure 21: Example of Nerve Decompression by Removing the Offending Fragment of Disc Nucleus

Regardless of the surgical approach, the act of nerve root decompression is the goal of any
discectomy procedure and will lead to resolution of preoperative symptoms. Variables such as
incision length, surgery time and use of surgical aids such as tubes or endoscopes have been
found to be clinically insignificant.17,18

High-Risk Population
Discectomy is generally perceived to be a very successful procedure as patients arrive to the
hospital to be treated surgically with severe symptoms and often return home with those
symptoms relieved. However, recurrence of the herniation and associated symptoms, often
requiring reoperation, is a well-known failure mode. Fortunately, not all discectomy patients are
at the same risk of such negative outcomes. It has been well-documented in the literature that the
size of the anular defect is highly correlated with reherniation and reoperation.1,2,3,4,5 Patients
with small, slit-type defects (Figure 22, left) have a much lower risk than patients with defects ≥6
mm in width (Figure 22, right). The factor that has been identified in multiple reports in the
literature as correlated with reherniation is the size of the anular defect after the discectomy is
complete. For example, surgeons will typically incise the anulus to access fragments of nucleus
from within the disc, even when performing a limited discectomy (e.g., both Carragee, et al. and
Spengler, et al. report incising the anulus in this way).2,6
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6. SUMMARY OF NON-CLINICAL DATA
In addition to typical ISO 10993 biocompatibility testing, sterilization validation, shelf life and
packaging validation and MRI compatibility, a series of non-clinical tests were performed to
characterize Barricaid device performance and provide a safety assessment. These tests are listed
below with brief conclusions. Summaries of the protocols and results for each benchtop and
animal test are provided in Appendix I, and for retrieval (explant) analyses in Appendix II.
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Usability – Implantation and removal by independent surgeons in cadaver spines:
Demonstrated usability during implantation and extraction according to the proposed user
manual.
Monotonic push-out testing (bone foam & UHMWPE): Demonstrated resistance to pushout is greater for Barricaid than for comparator device.
Cyclic push-out testing: Survived run-out load (10-million cycles) at loads equivalent to
highest intradiscal pressures recorded in vivo.
Cyclic nucleus pressure testing: Demonstrated integrity of device under cyclic loading to
10-million cycles equivalent to highest intradiscal pressures recorded in vivo.
Cyclic compression-shear testing: Demonstrated integrity of device under 10-million
cycles of unintended loading simulating a collapsed disc.
Monotonic nucleus pressure testing: Demonstrated integrity of device under extreme
intradiscal pressure.
Monotonic compression-shear testing: Demonstrated integrity of device under extreme
unintended loading simulating a collapsed disc.
Rabbit particulate study: Demonstrated no pathological local or systemic response to
extreme application of implant particulate in the epidural space.
Baboon study: Demonstrated that there was no evidence of device extrusion, fracture, or
separation, nor was there wear debris locally or systemically. There was no evidence of
systemic toxicity or other negative response.
Retrieval analyses: The device appears to have been well-tolerated, with no negative
response beyond what would normally be expected from any permanent implant.
Cyclic migration in a biofidelic model: Reproduced migrations observed in the clinical
study.
Occlusion component detachment: Reproduced detachments observed in the clinical
study.
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7. PRIOR CLINICAL EXPERIENCE
The Barricaid device was studied previously in two single-arm studies with a total of 75 patients,
providing an early indication of safety and effectiveness. The first study was enrolled in 2008
and 2009 at two centers and included 30 patients. Parker, et. al. reported results from this study,
comparing to a separate matched historical physician-initiated cohort that did not receive the
device.26 Symptomatic recurrence had occurred in 6.5% of the historical control cohort and none
of the Barricaid cohort at 2 years. It should be noted that the historical control cohort in that
study did not take into account defect size and thus represented the general discectomy
population (i.e., was not focused on the high-risk population). VAS pain and ODI scores were
different in the two cohorts although the differences were small and below what are believed to
be clinically relevant.
The second single-arm study was enrolled in 2009 and 2010 at four other centers and included 45
patients. Lequin, et al. reported the initial results from this study, reporting one reherniation at 12
months and concluding a favorable initial safety profile and success in preventing early
reherniations compared to what would be expected based on the published literature.27
Ledic, et al. reported on the combined results of these two single arm trials totaling 75 patients at
2 years.28 Clinical improvement was comparable to other reports of lumbar disc surgery in the
literature. As reported by Lequin, et al., one symptomatic reherniation occurred that required
repeat operation. The promising indication of low risks combined with the benefits of low rates
of reherniations and reoperations observed in these single-arm studies justified the initiation of a
pivotal randomized clinical trial.
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Intrinsic collaborated with FDA on all aspects of the study protocol design (clinical,
radiographic, and statistical analysis plan [SAP]) between 2008 and 2016. This effort yielded
specific aspects that are unique to this study, including the 8-point composite endpoint, the
inclusion of radiographic criterion such as asymptomatic protrusions as identified by MRI, and
the use of CT imaging on all patients both pre- and post-operatively. As these discussions
continued, the FDA shared concerns regarding endplate changes (EPCs) and wanted to
understand them more fully before proceeding with a study in the United States (US).
During this time, the Barricaid device was CE-marked, and preliminary clinical studies were
conducted (See Section 7). The results of these studies demonstrated a positive safety profile,
therefore Intrinsic initiated the RCT in Germany and The Netherlands with plans to later expand
the study to sites within Europe and in the US. This study was initiated in accordance with, and
with strict adherence to, the published guidance of ISO, 21 CFR, Good Clinical Practices (GCPs)
and all local regulations with high follow-up rates.
While continuing discussions with the FDA review team and actively enrolling patients at
European sites, the FDA suggested on March 4, 2014 that the data from Europe could be the sole
support for the PMA regardless of whether an IDE is pursued, assuming that compliance and the
quality of the study remain acceptable (i.e., acceptability criteria as outlined in21 CFR 814.15
“Research Conducted Outside the United States” were met). The PMA included descriptions of
the similarities in the practice of medicine, as well as the generalizability of the European
population compared to the US population. Throughout the clinical study, Intrinsic maintained
consistent communication with FDA regarding clinical and radiographic outcomes.

8.2. Study Methods and Oversight
Statistical Methodology
The SAP was developed by an independent statistician (Berry Associates) with FDA input and
employed an adaptive sample size with Bayesian multiple imputation statistical design. The
minimum and maximum enrollments were 400 and 800 subjects, respectively. Sample size
checks were performed when the minimum enrollment was achieved and in 50 subject intervals
until either the maximum enrollment was accrued or the joint predictive probability for success
on both endpoints exceeded a pre-defined threshold for either success or futility (See Section 8.3
for a discussion of the study primary endpoints). Early claim analyses were permitted after
enrollment closure and after 200 subjects randomized to Barricaid had reached the 2-year followup visit. The threshold for early success was a joint predictive probability of 99%. If the
threshold was not achieved, further early claim analyses could be performed in 6-month intervals
(maximum of 4 analyses prior to study completion). Greater than 80% power was demonstrated
in simulations for a 6% margin in the reherniation endpoint and a 15% margin in the composite
endpoint. Additional simulations were conducted to perform sensitivity analyses on the operating
characteristics of the trial.
All prospective, interim sample-size check and early superiority claim analyses were performed
by the independent statistician. At no time was Intrinsic Therapeutics able to influence the
primary endpoint data analysis process to create bias. Furthermore, priors were not used to
perform an early success analysis, which is demonstrated by the >90% follow-up at 2 years.
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For clinical composite endpoints and components of composite endpoints, both Bayesian
posterior probabilities per the SAP and frequentist p-values are provided. All analyses presented
in this report related to EPC growth and their potential relationships to clinical and device
characteristics, to longer-term outcomes (i.e., post two years), to the separation of all
reherniations into asymptomatic and symptomatic, and regarding the patient focused alternative
composite endpoint were not included in the pre-specified analysis plan, and associated
statistical tests (nominal p-values provided for descriptive purposes) should be interpreted
accordingly.

Study Oversight
A DSMB comprised three independent, U.S. board-certified spine surgeons and one boardcertified radiologist was responsible for monitoring the overall safety and progress of the clinical
trial. Specific and ongoing responsibilities include adjudicating all adverse events and protocol
deviations, and ensuring that the integrity and conduct of the study remain acceptable.
Additionally, the DSMB was independent in the assignation of AE grouping, coding, relatedness
(to device or procedure) and severity in order to prevent any potential bias from investigators or
the Sponsor.
To further guard against study bias, third party statistical advisors were responsible for all
analyses and independent histopathology and radiographic core labs were used in the assessment
of study data.
The study was approved and overseen by local Medical Ethics Committees and all patients
signed Informed Consent Forms.
Lastly, the Austrian Competent Authority inspected one site, and the FDA conducted bioresearch
monitoring (BIMO) inspections at 5 clinical sites and at the study Sponsor, with no major
findings.

Study Endpoints
8.2.3.1.Patient Reported Outcomes
The ODI is one of the most recommended outcome measures for spinal disorders to measure
back pain.29 ODI is a 10-question patient-completed survey that covers activities of daily living
and is scored out of 100%, with higher scores equating to greater disability (i.e., worse
outcomes). A 15-point ODI decrease is considered the clinically meaningful difference to show
back pain and function improvement.30 Based on its extensive clinical history and numerous
valid clinical studies supporting clinically meaningful improvements, this outcome measure was
selected to be the primary function endpoint.
The VAS for Ipsilateral Leg Pain measurement was included to measure the primary pain relief
following surgical treatment in both arms. The VAS for pain intensity assessment is a straight
line (usually 100 mm long), anchored with verbal descriptors at the endpoints (such as “NO
PAIN” at 0 mm, and “WORST POSSIBLE PAIN” at 100 mm). A 20 mm decrease in VAS is
considered a clinically meaningful difference to demonstrate improvement in pain. For the
general VAS Leg Pain score, the more painful leg (i.e., score ≥40/100 per enrollment criteria)
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was classified as the VAS Ipsilateral Leg. If both legs had a score ≥40/100, then the average of
these two scores was used as the patient’s VAS Ipsilateral Leg Pain score at every timepoint.
8.2.3.2.Secondary Surgical Interventions
In accordance with FDA guidance,31 the following definitions regarding SSIs were employed:






Revision (only applies to Barricaid group) is a procedure that adjusts or in any way
modifies the Barricaid. (Note: Removal of the occlusion component only, with the anchor
remaining implanted, is considered a revision.)
Removal (only applies to Barricaid group) is a procedure where all of the Barricaid is
removed without replacement (since the Barricaid should never be replaced per the
surgical technique manual).
Supplemental fixation is a procedure in which additional instrumentation not under
study in the protocol is implanted at the involved level (e.g., supplemental placement of a
rod/ screw system or a plate/ screw system) with or without fusion. In the case of a
Barricaid patient, the Barricaid must be left in place to be considered a supplemental
fixation.
Reoperation at the index level is a surgical procedure at the involved level that does not
remove or adjust the position of the Barricaid or does not involve the addition of
supplemental fixation. This category may include surgeries done to treat reherniations if
they do not fit into one of the other three categories. Other lumbar spinal reoperations
(i.e., procedures performed at a level other than the index level) are not captured as SSIs.
8.2.3.3.

Radiographic and Imaging Measurement

All study images were assessed by US board-certified musculoskeletal radiologists at an
independent core lab (Intrinsic Imaging, LLC; Bolton, MA, no relationship to Intrinsic
Therapeutics). Every X-ray, MR and CT image collected at any visit (regular or unscheduled)
was sent by the site directly to the core lab.
Radiographic measurements were performed in both groups to determine quantitative and
qualitative measurements using X-rays (flexion/extension, neutral anteroposterior [AP]/lateral) at
the regular timepoints along with annual CT scans and MRIs. This thorough radiographic
protocol required all data to be read by an independent core radiographic laboratory. The
exhaustive radiographic protocol enabled careful analysis of reherniations as well as a very
detailed characterization of device integrity and disc morphology to better understand device
performance over time.
Radiographic and Imaging measures included:
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Angular motion
Translational motion
Sagittal disc angle
Disc height (posterior and anterior)
Spontaneous fusion
Modic changes
Anular tears and fissures
Disc signal intensity
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Reherniations
Disc degeneration
Spondylolisthesis
Device migration
Device condition
Device subsidence
Heterotopic ossification
EPC-Related Quantitative Assessments
o Number
o Major and minor dimensions of EPC in axial, coronal, and sagittal planes
o Vertebral body dimension in axial, coronal, and sagittal planes
o Volume estimation for EPC and vertebral bodies
EPC-Related Qualitative Assessments
o Sclerotic margin characterization
o Perilesional reactivity
o Septation assessment
o Posterior cortex involvement
o Mineralization/high attenuation within EPC
o EPC location in sagittal and axial planes (5x5 grid)

A separate independent core lab of US board-certified musculoskeletal radiologists (Medical
Metrics, Inc., Houston, TX) reconstructed CT images from patients with the smallest, largest and
median EPC sizes to create volumetric measurements and establish a relationship between EPC
area (averaged across the sagittal, coronal and transverse planes) and EPC volume.

8.3. Primary Endpoints
Clinical Protocol Definition: Co-primary Endpoints
The Barricaid clinical trial was designed to show superiority over discectomy. In order to be
determined a “success,” superiority for each of the following co-primary endpoints needed to be
achieved.
1. Reherniation: To be considered a success, a patient had to have no evidence of recurrent
herniation at the index level at any time up to and including the 24-month follow-up.
Recurrent herniation was confirmed surgically, or radiographically as determined by an
independent review (unless surgically confirmed that the suspected herniation is not a
herniation, e.g. scar tissue or residual nucleus material). Note that FDA requested that all
index-level reherniations be included in the endpoint, regardless of symptoms and
regardless of whether ipsilateral or contralateral, to fully characterize the device’s
mechanism of action.
2. A composite of safety and effectiveness. To be considered a success, a patient had to
have achieved individual success in every one of the following components at 24 months:


Page 45

20-point (on a 100-point scale) improvement in VAS Leg (based on the primary leg
complaint; if both legs have a minimum of 40/100 pre-operatively, the average leg
score will be used)
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15-point (on a 100-point scale) improvement in ODI compared to the pre-operative
score



No deterioration of neurological status at the index level



No spontaneous fusion



Maintenance of disc height, defined as 75% or greater of preoperative disc height)
compared to pre-operative



No reherniation at the index level



No secondary surgical interventions at the index level



Device integrity and lack of implant migration (radiographic, implanted patients only)

A reoperation, reherniation, or a device integrity issue at any timepoint (including unscheduled
visits) through 2 years would result in a terminal failure for that patient. Pain, function,
neurologic, disc height and spontaneous fusion components were assessed at 2 years. Two years
is a common surrogate for device safety for PMA devices, and studies have documented that the
majority of reoperations following discectomy occur within the first 2 years.18,32
These varied components assess different aspects of the procedure, including the impact of the
discectomy itself (VAS, ODI, neurologic), purely radiographic measures (disc height and fusion)
and the impact of the Barricaid device (reherniation, reoperation and device integrity).

Alternate Patient-Focused Composite Endpoint
Since both co-primary endpoints contain radiographic components that do not necessarily predict
or reflect clinical outcomes or provide valuable information for determining safety and
effectiveness, an alternative patient-focused composite endpoint was developed prior to the PMA
database lock to assess clinical performance using a more clinically relevant definition. This
definition is similar to and consistent with past spine PMAs, which provide critical safety and
effectiveness information.
To be considered a success with regard to the patient-focused alternate composite endpoint, a
patient had to achieve success in all of the following components at 24 months:







15-point improvement in ODI compared to baseline;
No deterioration of neurological status at the index level;
No Symptomatic Reherniation: To be considered a success, a patient must have had no
evidence of recurrent symptomatic herniation at the index level at any time up to and
including the 24-month follow-up. Recurrent herniation was defined as symptomatic per
an algorithm approved by the DSMB (see Section 9.6.3.1);
No secondary surgical interventions at the index level; and
No device- or procedure-related serious adverse events.

Similar to the protocol-defined composite, the components in the patient-focused alternate
composite assess the impact of the discectomy (ODI and neurologic) and the impact of the
Barricaid device (symptomatic reherniation, reoperation and SAEs related to either the device or
procedure), while purely radiographic components are excluded.
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8.4. Inclusion/Exclusion Criteria
The inclusion/exclusion criteria were stringent to ensure that only the intended high-risk patient
population was included in the pivotal clinical trial. Intrinsic worked collaboratively with the
FDA to refine the inclusion/exclusion criteria.
Inclusion Criteria
Subjects meeting all of the following criteria were considered acceptable for inclusion in this
trial.
1. Age 21 to 75 years old and skeletally mature (male or female).
2. Patients with posterior or posterolateral disc herniations at one level between L1 and S1
with radiographic confirmation of neural compression using MRI.
3. At least six (6) weeks of failed, conservative treatment prior to surgery, including
physical therapy, use of anti-inflammatory medications at maximum specified dosage
and/or administration of epidural/facet injections.
4. Minimum posterior disc height of 5mm at the index level.
5. Radiculopathy (with or without back pain) with a positive Straight Leg Raise (0 – 60
degrees)22 (L4/5, L5/S1) or Femoral Stretch Test (L1/2, L2/3, L3/4).
6. Oswestry Questionnaire score of at least 40/100 at baseline.
7. VAS leg pain (one or both legs) of at least 40/100 at baseline.
8. Psychosocially, mentally and physically able to fully comply with the clinical protocol
and willing to adhere to follow-up schedule and requirements.
9. Intra-operatively measured anular defect (post discectomy) between 4mm and 6 mm tall
and 6 mm and 10 mm wide.
Exclusion Criteria
Subjects meeting any of the following criteria were excluded from enrollment into the trial:
1. Subject requires spinal surgery other than a discectomy (with or without laminotomy) to
treat leg/back pain (scar tissue and osteophyte removal is allowed).
2. Subject has back or non-radicular leg pain of unknown etiology.
3. Prior surgery at the index lumbar vertebral level.
4. Subject requiring a spine dual-energy X-ray absorptiometry (DEXA; i.e., patients with
SCORE of ≥6) with a T Score less than -2.0 at the index level. For patients with a
herniation at L5/S1, the average T score of L1-L4 shall be used.
5. Subject has clinically compromised vertebral bodies in the lumbosacral region due to any
traumatic, neoplastic, metabolic, or infectious pathology.
6. Subject has sustained pathologic fractures of the vertebra or multiple fractures of the
vertebra or hip.
7. Spondylolisthesis Grade II or higher (25% slip or greater).
8. Subject has scoliosis of greater than ten (10) degrees (both angular and rotational).
9. Any metabolic bone disease.
10. Subject has an active infection either systemic or local.
11. Subject has cauda equina syndrome or neurogenic bowel/bladder dysfunction.
12. Subject has severe arterial insufficiency of the legs or other peripheral vascular disease.
(Screening on physical examination for patients with diminution or absence of dorsalis
pedis or posterior tibialis pulses. If diminished or absent by palpation, then an arterial
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ultrasound is required with vascular plethysmography. If the absolute arterial pressure is
below 50mm of Hg at the calf or ankle level, then the patient is to be excluded.)
13. Subject has significant peripheral neuropathy, patient defined as a patient with Type I or
Type II diabetes or similar systemic metabolic condition causing decreased sensation in a
stocking-like or non-radicular and non-dermatomal distribution in the lower extremities.
14. Subject has insulin-dependent diabetes mellitus.
15. Subject is morbidly obese (defined as a body mass index >40, or weighs more than 100
lbs over ideal body weight).
16. Subject has been diagnosed with active hepatitis, acquired immune deficiency syndrome
(AIDS), or human immunodeficiency virus (HIV).
17. Subject has been diagnosed with rheumatoid arthritis or other autoimmune disease.
18. Subject has a known allergy to titanium, polyethylene or polyester materials.
19. Any subject that cannot have a baseline MRI taken.
20. Subject is pregnant or interested in becoming pregnant in the next three (3) years.
21. Subject has active tuberculosis or has had tuberculosis in the past three (3) years.
22. Subject has a history of active malignancy: A patient with a history of any invasive
malignancy (except non-melanoma skin cancer), unless he/she has been treated with
curative intent and there have been no signs or symptoms of the malignancy for at least
two (2) years.
23. Subject is immunologically suppressed, received steroids >1 month over the past year.
24. Currently taking anticoagulants, other than aspirin, unless the patient can be taken off the
anticoagulant for surgery.
25. Subject has a current chemical/alcohol dependency or significant psychosocial
disturbance.
26. Subject has a life expectancy of less than three (3) years.
27. Subject is currently involved in active spinal litigation.
28. Subject is currently involved in another investigational study.
29. Subject is incarcerated.
30. Any contraindication for MRI or CT scan (e.g., claustrophobia, contrast allergy).
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99% and justified submission of the PMA. Despite the early claim of success, all subjects have
completed the 2-year study endpoint in the dataset presented to FDA for this pre-market
approval.
Table 6: Interim Statistical Analyses Results
Predictive Probabilities

n=400 mITT
n=450 mITT
n=500 mITT
n=550 mITT
Early claim #1
Early claim #2

Reherniation
Endpoint
>99%
>99%
>99%
>99.9%
>99.9%
>99.9%

Composite Endpoint

Joint

62%
78%
87.8%
96.2%
97.5%
99.6%

62%
78%
87.8%
96.2%
97.5%
99.6%

9.2. Patient Accountability
Over 3,300 patients were screened for inclusion into the trial, and 554 subjects were randomized
to the investigational (n=276) or control (n=278) arms (Figure 24). Of the 276 patients
randomized to the Barricaid arm, implantation was attempted in 272. Implantation was not
attempted in 4 patients, 2 due to location of the nerve root and 2 due to limited access to the
defect.
Figure 24: Patient Accountability Tree

ITT=intent-to-treat, mITT=modified intent-to-treat
Note: 26 Barricaid patients were not evaluable for composite endpoint at 24 months. Of these, 14 had incomplete data to evaluate
the composite endpoint, 7 withdrew from the study and 5 missed the 24-month visit. 19 Control patients were not evaluable for
composite endpoint at 24 months. Of these, 6 had incomplete data to evaluate the composite endpoint, 12 withdrew and 1 missed
the 24-month visit.
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Analysis Populations
Throughout this discussion of the clinical data, the following terms describe the populations used
for analysis:
Table 7: Barricaid Study Analysis Populations
Analysis Population

Barricaid

Control

Total
Subjects

ITT

Intent-toTreat

Includes all randomized patients by group in which they
were randomized. Subjects who dropped out prior to
treatment (i.e., no implantation attempted) were not
eligible for inclusion in the mITT population.

276

278

554

mITT

Modified
Intent-toTreat

Includes all randomized subjects in whom the intended
procedure was attempted. Subjects who then did not
receive the treatment to which they were randomized
were considered study failures.

272

278

550

As Treated

Includes all randomized mITT subjects that received
treatment, classified according to treatment actually
received. Five patients randomized to Barricaid who did
not have the Barricaid device implanted were classified
as Control subjects, as they did not have a Barricaid
device implanted.

267

283

550

AT

Per the prospectively defined SAP, the mITT cohort was the primary analysis population for the
co-primary endpoints and primary and secondary components. All safety data are reported for
the AT population per FDA request so that the safety information directly reflects the actual
treatment received.

Protocol Deviations
As required in the clinical study protocol, deviations from the investigational protocol were
reported, documented, and monitored throughout the duration of the study. No protocol
deviations were “pre-approved” by the study sponsor. Number and type of deviations were
typical for a study of this size and length of follow-up. There were no differences suggested by
the nominal p-values in prevalence of subjects with protocol deviations between the Barricaid
and Control cohorts (p=0.766), and no protocol deviation increased the risk of the treatments or
significantly affected patients’ rights, safety or welfare, nor the integrity of the research data.
Major protocol deviations were defined and identified by an Independent Physician Adjudicator
(IPA) offering an unbiased and consistent review of all protocol deviations reported by the sites
throughout the course of the trial. Five protocol deviations were considered Major by the IPA: 2
patients for pre-operative scoliosis greater than 10˚ (both Control), 1 patient diagnosed
pre-operatively with Hashimoto’s disease (Control), 1 patient with a pre-operative VAS leg pain
<40/100 (Control), and 1 patient with a pre-operative ODI score <40/100 (Barricaid).
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While follow-up beyond 2 years is still ongoing, patient follow-up remains high at later
timepoints, with composite endpoint evaluability of expected patients remaining above 80% for
each arm through Month 60. The substantial data available and high rate of follow-up in the
Barricaid study post-24 months allow for conclusions regarding the long-term safety and efficacy
of the investigational device.
Table 9: Barricaid Study Cumulative Accountability by Visit through Month 60 (mITT Cohort)
(1)
(2)
(3a)
(3b)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)

Theoretical follow-up
Cumulative Deaths
Cumulative SSI + No implantation
Cumulative Reherniation
Not Yet Overdue
Deaths + SSI failures among
theoretically due
Expected due for clinic visit [(6) =
(1) – (4) – (5)]
SSI failures among theoretically
due
Expected due+SSI fails among
theoretically Due [(8) = (6) + (7)]
Procedures with any clinical data
in interval (Chg VAS or ODI)
Visit Compliance (%)
Change in ODI
Change in VAS Leg
Neuro evaluations
Radiography (Avg Disc HT)
Composite co-primary endpoint
Actual* % Follow-up for composite
co-primary endpoint

Mo. 24
Bar
Con
272
278
1
0
28
45
118
179
0
0

Mo.36
Bar
Con
253
258
1
0
32
51
135
194
4
9

Mo. 48
Bar
Con
181
184
1
0
39
55
144
203
6
9

Mo. 60
Bar
Con
108
109
1
0
42
57
149
204
12
9

29

45

32

49

33

33

20

17

243

233

217

200

142

142

76

83

28

45

31

49

32

33

20

17

271

278

248

249

174

175

96

100

228

211

163

134

99

95

48

54

94%
228
227
252
211
245

91%
211
211
251
196
259

75%
163
163
180
141
202

67%
134
134
173
119
216

70%
99
98
118
85
144

67%
95
95
114
80
155

63%
48
48
60
40
80

65%
54
54
62
41
89

90%

93%

81%

87%

83%

89%

83%

89%

Avg=average, Bar=Barricaid, Con=Control, EPC=endplate change, Mo=month, ODI=Oswestry disability index, SSI=secondary
surgical intervention, VAS=visual analog scale
*Actual = Subjects with any follow-up data reviewed or evaluated by investigator.

9.3. Patient Demographics
The treatment groups in the mITT populations were well-balanced, and no differences were
noted, as would be expected with patients randomized after completion of the discectomy
procedure (Table 10 and Table 11). Baseline comorbidities were also well balanced between
treatment groups with no significant differences observed in any of the categories. Further, there
were no significant differences in the duration of symptoms prior to surgery nor the incidence of
prior spinal procedures at other levels. Demographics and baseline medical history demonstrate
that this is a typical lumbar discectomy population. Patients were young, with an average age of
43, predominately male, and mostly treated for disease at L4-L5 and L5-S1.
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Table 12: Summary of Intra-Operative Categorical Variables
Overall

Barricaid

Control

Significance

N

n

%

N

n

%

N

n

%

Δ

L2/3

550

3

0.5%

272

2

0.7%

278

1

0.4%

0.3%

L3/4

550

13

2.4%

272

8

2.9%

278

5

1.8%

1.1%

L4/5

550

225

40.9%

272

124

45.6%

278

101

36.3%

9.3%

L5/S1

550

309

56.2%

272

138

50.7%

278

171

61.5%

-10.8%

Index Level, %

Anulus Defect Type, %

0.356

Bulge/Weakness

550

165

30.0%

272

80

29.4%

278

85

30.6%

-1.2%

Fissure

550

101

18.4%

272

46

16.9%

278

55

19.8%

-2.9%

Full Thickness

550

282

51.3%

272

146

53.7%

278

136

48.9%

4.8%

None

550

2

0.4%

272

0

0.0%

278

2

0.7%

-0.7%

Geometry, %

0.056

Box

550

341

62.0%

272

182

66.9%

278

159

57.2%

9.7%

Cruciate

550

29

5.3%

272

11

4.0%

278

18

6.5%

-2.5%

Puncture/Slit

550

155

28.2%

272

65

23.9%

278

90

32.4%

-8.5%

None

550

25

4.5%

272

14

5.1%

278

11

4.0%

1.1%

Surgical Approach, %

0.343

Created New

550

205

37.3%

272

96

35.3%

278

109

39.2%

-3.9%

Through Existing

550

345

62.7%

272

176

64.7%

278

169

60.8%

3.9%

Defect Width

0.288

6 mm

550

93

16.9%

272

49

18.0%

278

44

15.8%

2.2%

7 mm

550

120

21.8%

272

65

23.9%

278

55

19.8%

4.1%

8 mm

550

173

31.5%

272

88

32.4%

278

85

30.6%

1.8%

9 mm

550

82

14.9%

272

37

13.6%

278

45

16.2%

-2.6%

10 mm

550

82

14.9%

272

33

12.1%

278

49

17.6%

-5.5%

Defect Height

0.934

4 mm

550

169

30.7%

272

83

30.5%

278

86

30.9%

-0.4%

5 mm

550

271

49.3%

272

136

50.0%

278

135

48.6%

1.4%

6 mm

550

110

20.0%

272

53

19.5%

278

57

20.5%

-1.0%
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Table 13: Summary of Intra-Operative Continuous Variables
Overall

Blood Loss, cc
Operative Time, min
Anesthesia Time, min
Nucleus Material
Removed, mL
SD=standard deviation

Barricaid

Control

Significance

n

Mean

SD

n

Mean

SD

n

Mean

SD

Δ

530
549
548

82.28
60.86
102.18

115.00
30.85
43.65

261
271
271

98.13
70.36
112.11

131.64
32.91
46.02

269
278
277

66.90
51.61
92.45

93.86
25.55
38.89

31.23
18.75
19.66

t-test
pvalue
0.002
<0.001
<0.001

550

1.27

0.89

272

1.29

0.96

278

1.26

0.82

0.03

0.691

9.5. Primary Endpoint Success
Pre-Specified Analysis (Clinical Protocol Definition)
Both co-primary endpoints demonstrated superiority of the Barricaid group when compared to
the Control group (Table 14). The pre-specified analysis of effectiveness defined in the protocol
was based on the mITT cohort comprising all 550 subjects in whom the intended procedure was
attempted (272 Barricaid patients, 278 Control patients).
Table 14: Co-Primary Endpoint Success at 24 Months (mITT Analysis Data Set)
Barricaid

First Co-Primary Endpoint:
No Reherniation
Second Co-Primary
Endpoint: Composite
Success

Control
∆

Chi-squared
p-value

Posterior
Probability of
Success

N

n

%

N

n

%

240

122

50.8

256

77

30.1

20.8

<0.001

>0. 9999

245

68

27.8

259

47

18.1

9.6

0.010

0.9980

The first co-primary endpoint required a patient to have no evidence of recurrent herniation at
the index level at any time up to and including the 24-month follow-up. The purpose of this
primary endpoint was to evaluate the Barricaid’s mechanism of action: retention of nucleus
material through mechanical occlusion. Barricaid was superior to Control (posterior probability
>0.9999), with the Control group exhibiting a success rate that was 20.8 percentage points lower
than Barricaid (Table 14).
The second co-primary endpoint was developed with FDA as a composite of both safety and
effectiveness components. For a patient to be counted as a success, all of the 8 measures must be
satisfied for that patient. The rate of patient success was then compared between the Barricaid
and Control groups. The data demonstrate that, with regard to the composite co-primary
endpoint, the Barricaid was better by a statistically significant superiority margin compared to
Control discectomy (27.8% vs. 18.1%, posterior probability=0.9980), a 53.6% improvement.
9.5.1.1.Co-Primary Composite Components: Cohort Comparisons
Although the endpoint is a comparison of the rate of successful patients, it is instructive to
compare the cohorts on each of the individual components.
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The positive impact of discectomy is associated with pain relief and functional improvement,
resulting directly from the act of nerve decompression. These benefits are normally experienced
immediately post-surgery and can be long-lasting, and include VAS leg pain, ODI and
neurological improvements. With the addition of a device to this procedure, these elements must
not be diminished, or in other words, should be at least equivalent or non-inferior. Other study
endpoints are purely radiographic and there is no reason to expect differences between groups,
including disc height maintenance and spontaneous fusion. When considering the intended use
for the Barricaid device, there are three specific safety and effectiveness components for which
patients treated with a device must reach a superiority margin relative to Control in order to
justify the use of the device: reherniation, secondary surgical intervention and device integrity.
While these cohort comparisons are not part of the co-primary endpoint, these comparisons are
presented to ensure a complete picture of the impact of the device. A comparison of the success
rates within each of the individual components is provided in Table 15. Note that the population
numbers (i.e., N’s) vary primarily because patient data are censored following SSI (reoperation)
with regard to the following outcomes: reherniation, pain, function, and disc height. Again, the
primary endpoint is a comparison of the rate of patients that are successes on all 8 components
(rather than these cohort comparisons). Importantly, the rate of patients who reach success on all
three critical components (reherniation, reoperation and device integrity) is significantly higher
for Barricaid (116/247, 47.0%) compared to Control (77/262, 29.4%) at 2 years (p=0.001).
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adverse event for pain or neurological issue (associated with the index level) within a 2month window, or
VAS leg ≥40/100, ODI ≥40/100 and a positive straight leg raise (L4-S1) or femoral
stretch (L1-L4) test.

These criteria, approved by the DSMB, created a broad net which captured any index level
reherniation that could be associated with concordant adverse symptoms, in an effort to avoid the
bias created by under-reporting of events by sites. The counts and percentages of patients with
symptomatic reherniations are presented in Table 25.
Figure 27: Symptomatic Reherniation Algorithm

DSMB=data safety monitoring board, Fem=femoral, HNP=herniated nucleus pulposus, ODI=Oswestry disability index,
SLR=straight leg raise, VAS=visual analog scale

Barricaid patients had a significantly lower rate of index level symptomatic reherniations, at both
the 1-year and 2-year timepoints (p<0.001; Table 25). Symptomatic reherniations occurred on
the ipsilateral side in 92.6% of Barricaid (25 of 27) and 93.8% of Control (61 of 65) patients.
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9.6.3.3.2. Patient Impact Related to Device Integrity Observations
Barricaid was superior to Control in the co-primary composite endpoint of safety and
effectiveness, despite inclusion of 32 device integrity observations which were counted as study
endpoint failures regardless of symptomatology. Of these 32 subjects, 15 were symptomatic (i.e.,
unsuccessful at 2 years on the patient-focused alternate composite endpoint), 8 of whom had a
revision surgery at the index level for any reason (4 attributed by the operating surgeon as solely
due to device integrity, 1 solely due to reherniation, 3 due to both device integrity and
reherniation). Importantly, none of the anchor fracture, anchor migrations, occlusion component
detachments or occlusion component migrations resulted in permanent neurological impairment.
To understand the impact of repeat surgery in discectomy patients treated with an implant,
analyses were performed to compare the post-operative course for the reoperated patients, in
terms of pain and function. For these analyses, Control patients who were reoperated were used
as the comparator to Barricaid patients with device integrity observations who were reoperated
(Table 31). No significant differences were found, indicating that patients reoperated after device
integrity findings do no worse that Control patients reoperated for any reason.
Table 31: Outcomes of Reoperated Control and Reoperated Device Integrity Patients (All Data
through 5 Years)
Barricaid: Device
Control: Reoperated
Latest Follow-Up
Integrity and
p-value
(N=57)
Reoperated (N=18)
33.4 (25.6)
32.4 (26.9)
0.8873 (t-test)
VAS Back, Mean (SD)
20.1 (24.2)
27.8 (28.7)
0.3069 (t-test)
VAS Leg, Mean (SD)
21.0 (12.6)
23.6 (19.2)
0.5937 (t-test)
ODI, Mean (SD)
Neurological, %
1.000 (Fisher’s
93.0% (53)
94.4% (17)
Maintained or
Exact)
Improved (n)
ODI=Oswestry disability index, SD=standard deviation, VAS=visual analog scale

Removal or revision of the Barricaid device does not make the reoperation itself any riskier for
the patient. As presented in Section 9.6.3.2, the time of surgery in these cases was not different
than for Control reoperations, and there were actually fewer associated complications (AEs).
9.6.3.3.3. Device Integrity Conclusions
Despite a radiographic device integrity observation rate of 13.2% at 2 years, Barricaid was found
to be superior to Control in the protocol defined co-primary endpoints. Approximately half of
device integrity observations are not symptomatic, in that those patients improved in ODI,
maintained or improved neurologic scores, and did not have a symptomatic reherniation,
reoperation or SAE related to the device or procedure (i.e., the patient-focused alternate
endpoint). Device integrity patients who failed the alternate endpoint progressed similarly to
Control patients who failed the alternate endpoint, without permanent neurological impairment.
Barricaid patients reoperated after a device integrity observation had all revision options
available, with outcomes similar to reoperated Control patients (Table 31). Three-fourths of
patients with device integrity observations were free from reoperation at 24 months, and the
remaining patients had a high rate of pain, function and neurologic success (Table 32).
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Importantly, Symptomatic device integrity observations can be further mitigated to roughly 8%
at 5 years through surgeon training and patient selection, as will be discussed in Section 11.6.1.
Table 32: Pain and Function Outcomes for Non-Reoperated Barricaid Patients with Device
Integrity Observations (24 Months)
Barricaid:
Device Migration
observation

Barricaid:
Device Condition
observation

90%

100%

90%

87.5%

96.2%

100%

VAS Leg Pain (% successful = 20-point
improvement)
ODI (% successful = 15-point
improvement)
Neurologic Improvement/Maintenance

These radiographic device integrity observations are consistent with other PMA approved spine
devices (e.g., Total Disc Replacements). These results feed into the benefit-risk discussion,
where analysis of all clinical data through 5 years demonstrates that the incidence of device
integrity observations does not interfere with either the benefits or the safety profile of Barricaid
(see Section 11.5). This is best summarized by the significantly lower rates of symptomatic
reherniations, SSIs, and SAEs related to the device or procedure compared to discectomy alone,
despite the device integrity observations.

9.7. Secondary Endpoints
Additional clinical outcome measurements were utilized to compare Barricaid and Control over
time. Scores from the VAS Back, VAS Contralateral Leg, and the SF-36 were analyzed. The SF36 is a patient-reported survey of quality of life with two outcome measures, physical component
score (PCS) and mental component score (MCS), validated and widely used in spine trials.
Success proportions were defined as ≥20 mm VAS improvement and maintenance or
improvement in SF-36. Results of secondary endpoint analysis are located in Table 33. These
outcomes represent the success of discectomy and decompression in the alleviation of symptoms
and pain associated with disc herniation. Note that patients are censored following SSI.
Table 33: Secondary Endpoint Summary at 24 Months
Barricaid
% (n/N)

Control
% (n/N)

p-value1

VAS – Back Pain
(≥20 mm Improvement)
VAS – Back Pain
(≥20 mm Improvement for Patients with Pre-Op
(≥40 mm)
SF-36 PCS Success
(Maintenance or Improvement)

67.5%
(154/228)

64.9%
(137/211)

0.614

86.5%
(135/156)

89.7%
(122/136)

0.472

100.0%
(228/228)

100.0%
(211/211)

1.00

SF-36 MCS Success
(Maintenance or Improvement)

93.4%
(213/228)

93.8%
(198/211)

1.00

Clinical Outcome

1

Fisher’s Exact Test
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Patients improved significantly in pain and function as a result of discectomy and nerve
decompression. The Barricaid group exhibited a similar maintenance of success proportion with
all secondary observations when compared to the Control group.

9.8. Other Radiographic Measurements
Analyses related to EPCs are presented and discussed in detail in Section 10.

Anular Tears and Fissures
The earliest sign of degeneration is the formation of circumferential tears in the anulus.36 These
tears progress to internal disc disruption, which can lead to herniation and degeneration of the
disc. There are many other variables contributing to pain such as disruption of the posterior facet
joints, spondylolisthesis, and possible involvement of other levels. Outer anular tears may
influence and accelerate the degeneration of the intervertebral disc, and play a part in producing
discogenic pain.37 See Figure 28 below for examples of anular tears/fissures identified in the
current study. The radiographic data demonstrate that there are significantly fewer anular tears
and fissures in the Barricaid group.
Figure 28: Examples of Control Patient MRIs Assessed by Core Lab as Having Anular
Tears/Fissures (36 Months Post-Operatively)

At the pre-operative timepoint, both patient groups presented with similar assessments of anular
fissures or tears, while over the course of the study, there are statistically more anular tears and
fissures present in the Control group (p<0.001) (Table 34).
Table 34: Independent Radiographic Core Lab Qualitative Assessments of Anular Fissure/Tear
Presence (High-Intensity Zone)

N

n

%

N

n

%

Chisquared
p-value

Preoperative

262

261

99.6%

270

270

100.0%

0.310

Month 12

255

210

82.4%

253

243

96.0%

<0.001

Month 24

237

174

73.4%

245

223

91.0%

<0.001

Barricaid
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Disc Degeneration
In addition, disc degeneration observations were also captured in this study, graded as “None,
Doubtful, Minimal, Moderate or Severe” in accordance with the definitions adapted from
Kellgren and Lawrence38. Post-operatively, there was a higher proportion of patients with severe
disc degeneration in the Control group with a statistically significant difference at 12 months
(7.4% vs. 3.1%, p=0.030) and near significance at 24 months (13.8% vs. 8.1%, p=0.050).
Table 35: Qualitative Assessment of Severe Disc Degeneration - Barricaid and Control mITT
Analysis Sets
N

n

%

N

n

%

Preoperative

270

3

1.1%

276

2

0.7%

Chisquared
p-value
0.636

Month 12

257

8

3.1%

258

19

7.4%

0.030

Month 24

234

19

8.1%

232

32

13.8%

0.050

Barricaid

Control

9.9. Safety: Adverse Events
The Barricaid safety profile is similar to that in Control when considering adverse event
incidence as reported by the sites. Table 36 summarizes adverse events in the AT analysis set
through Month 24 as well as the relationship to the device or procedure. While there were more
general adverse events reported in the Barricaid group, the proportion of serious adverse events
are higher in the Control group. Furthermore, the difference in related serious adverse events is
significantly different in the direction of fewer in the Barricaid group. No device- or procedurerelated deaths were reported during follow-up in either group.
Table 36: Overall Adverse Event Rates between Barricaid and Control Groups – AT Analysis Set
(Month 24)
Barricaid
(N=267)

Any adverse event
Any device- or procedure-related AE**
Any serious adverse event
Any device- or procedure-related SAE**
Death§

Control
(N=283)

Sig.

Events

Subjects

%

Events

Subjects

%

626
378
187
78
1

222
185
100
47
1

83.1%
69.3%
37.5%
17.6%
0.4%

564
337
190
108
0

221
179
116
71
0

78.1%
63.3%
41.0%
25.1%
0.0%

pvalue*
0.1611
0.149
0.432
0.0376
0.4855

*Fisher's Exact
**Relationship: Definite, Probable, Possible, Unknown

§ Cause of death was diffuse lung lymph node metastasis, unrelated to the device or procedure.

Similar rates of adverse events were reported with no statistically significant differences in rates
of overall adverse events, AEs related to either the device or procedure, and overall serious
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Table 38: Perioperative* Serious Adverse Event Types and Counts – AT Analysis Set (Month 24)

Cardiac and Vascular
Disc Herniation
Metabolic/Hematologic/Electrolytes
Neurological - Lumbar and Lower
Extremity
Trauma
Dural Tear
Hematoma

Barricaid
(n=267)
Events Subjects
0
0
1
1
0
0
0
0
0
0

0
0
0
0

%
0.0%
0.4%
0.0%

Events
2
0
1

Control
(n=283)
Subjects
2
0
1

0.0%
0.0%
0.0%
0.0%

1
1
1
1

1
1
1
1

p-value†
%
0.7%
0.0%
0.4%

0.500
0.485
1.000

0.4%
0.4%
0.4%
0.4%

1.000
1.000
1.000
1.000

* within one day post-surgery
† Fisher’s Exact Test

Table 39: Perioperative* Device- or Procedure-Related SAEs – AT Analysis Set (Month 24)

Cardiac and Vascular
Disc Herniation
Metabolic/Hematologic/Electrolytes
Neurological - Lumbar and Lower
Extremity
Dural Tear
Hematoma

Barricaid
(n=267)
Events Subjects
0
0
1
1
0
0
0
0
0

0
0
0

%
0.0%
0.4%
0.0%

Events
2
0
1

Control
(n=283)
Subjects
2
0
1

0.0%
0.0%
0.0%

1
1
1

1
1
1

p-value†
%
0.7%
0.0%
0.4%

0.500
0.485
1.000

0.4%
0.4%
0.4%

1.000
1.000
1.000

* within one day post-surgery
† Fisher’s Exact Test

Adverse Events Related to the Device or Procedure with Greater
Than 2% Incidence
Adverse events related to the device or procedure, for which the difference between Barricaid
and Control incidence rates differed by at least 2 percentage points, are presented in Table 40.
This table presents adverse events of all severities. Relatedness to device or procedure was
adjudicated by the DSMB. As a reminder, adverse events are reported by sites, and these events
do not account for radiographic findings that are observed by the independent core lab but not
reported by the sites.
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Endplates often flex in response to loading and can present in a variety of curvatures and shapes
(see Figure 29).
Figure 29: Vertebral Endplate Structure

Radiographic changes to the endplate, as observed on MRI or X-ray, have been widely
recognized in both the surgical and radiographic literature. The clinical significance has
remained unclear, and changes observed on CT have not been widely reported. There has been
no consensus regarding whether any type of change to the endplate is a predictor or modifier of
clinical outcomes.40
The Barricaid trial has collected an unprecedented amount of radiographic information regarding
EPCs subsequent to discectomy through multiple imaging modalities (X-Ray, low-dose CT, and
MRI) and with over 50 quantitative and qualitative assessments performed on a cohort of 550
patients. Analysis of these data allows a new level of granularity in understanding the dynamics
of EPCs subsequent to discectomy. Specifically, these data allowed very detailed analysis of the
rates of formation, growth and stability of EPCs, and changes in these rates over time.
Importantly, these data can then be used with tremendous specificity to investigate correlations
with clinical outcomes. These clinical outcomes include validated clinical instruments (patientreported outcome measures, or PROMs) and functional and neurological outcomes, symptomatic
reherniation and reoperation rates, and other adverse events.
Results of these analyses demonstrate there are no observed risks associated with EPCs and no
evidence of EPCs resulting in negative clinical sequelae. In fact, the Barricaid group, with its
relatively high prevalence of EPCs observed radiographically, was shown to be superior in the
study’s comprehensive safety and effectiveness endpoints to the Control group which exhibited a
lower prevalence of EPCs.

10.2. Definitions
Endplate Changes
All analyses in this report concerning EPC size, type, and progression are based on the AT
analysis sets for both groups. To thoroughly investigate EPCs, the radiographic evaluation
protocol broadly defines EPCs as any disruption in the smooth cortical margin of the bony
endplate. These may be focally disrupted or disrupted over a longer, broader area and may
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extend into the vertebral body like a Schmorl’s node. Examples of discs both without (Figure 30)
and with (Figure 31) EPCs, in both Barricaid and Control patients are below.
Figure 30: Disc with No EPC

Figure 31: Example Patients with EPCs – Control (left, all rows) and Barricaid (right, all rows)

Axial and Sagittal Grid Locations
In response to specific requests by the FDA, the core lab assigned axial and sagittal grid
locations to each EPC by overlaying a 5x5 grid over the CT image as shown below in Figure 32.
Regional sub-groups were identified based on proximity to the implant using core lab assigned
grid locations. Since Control patients are not treated with a device, these regions are only
applicable to the Barricaid group. Barricaid region sub-groups are compared to all Control EPCs
as requested by FDA.
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Figure 32: Example EPC Grid Locations: Axial (left) and Sagittal (right) Planes

EPC Sub-Populations
In collaboration with FDA, the Company identified the following three sub-populations as
warranting investigation.
10.2.3.1.

Mesh-Proximate

Any EPC found to be co-located with the mesh in the axial plane at any post baseline assessment
based on the regional grid analyses was defined to be mesh proximate. This approach was taken
to maximize sensitivity at the possible cost of reduced specificity.
Figure 33: Mesh-Proximate Representative Image

10.2.3.2.

Mesh-Proximate with Mesh Subsidence

Mesh-proximate EPCs in which the occlusion component has subsided into the EPC are referred
to as mesh-proximate with subsidence.
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Figure 34: Mesh-Proximate with Subsidence Representative Image

10.2.3.3.

Large EPCs

A threshold of 100 mm2 was chosen as a round number that was greater than the pooled 75th
percentile calculations of EPC size at each timepoint. Examples of large EPCs in Control
patients are shown below (Figure 35).
Figure 35: Representative Images of Large EPCs in Control Subjects (≥100 mm2)

Measurement of EPC Dimensions and Volume
Radiologists typically perform spatial measurements in two dimensions from planar images. EPC
size was assessed similarly in this study. EPC size were measured and approximated as elliptical
areas in each of the sagittal, coronal, and axial planes using a previously published
methodology41 with validated, FDA-registered software (Merge eFilm v3.4). Each plane was
considered independently, and measurements were performed using the CT slices in which the
EPC appeared largest in each of the three planes. When expressed as an area in this presentation,
EPC size is reported as the average of the three planar areas.
To express EPC in terms of volume, a relationship was developed and validated by an
independent radiographic lab. To develop the relationship, the volumes of over 100 EPCs,
representing the full range of size, and their associated vertebral bodies were assessed directly
through three-dimensional CT reconstruction. Importantly, the largest Barricaid EPCs were
included in this sampling, and therefore, these EPC could be evaluated both through estimation
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(via the relationship) and direct assessment (3-dimensional (3D) reconstruction) for volume and
percent volume of vertebral body.

10.3. EPC Observations
There were 673 total EPCs identified by the core lab, including 483 EPCs among 235 of 267
(88.0%) Barricaid patients and 190 EPCs among 113 of 283 (39.9%) Control patients (Table 42).
34.6% of the EPCs in Barricaid patients were defined as mesh-proximate, of which roughly half
(a total of 18.2%) were defined as mesh-proximate with mesh subsidence for at least one postbaseline evaluation. (Note: Based on the criteria used to define mesh proximate EPCs with
subsidence it is not possible for these to be pre-existing.)
Table 42: EPC Number and Location
Proportion of patients with EPCs
Number of EPCs
Proportion of EPCs that are Mesh Proximate
Proportion of EPCs that are Mesh Proximate with Subsidence
(subset of “mesh-proximate”)

Barricaid
N=267
88% (235/267)
483
34.6% (167/483)
18.2% (88/483)

Control
N=235
39.9% (113/235)
190
N/A

EPC=endplate change

Cox proportional hazards regression analyses were performed to identify factors associated with
increased risk of exhibiting an EPC. Baseline covariates included age, BMI, amount of nucleus
removed at the time of surgery, index level, qualitative assessment of laminar bone removal,
anular defect height, anular defect width, gender, and device orientation. Of these baseline
covariates, index level was the only significant predictor in the pooled covariate model. For
example, L4/5 was associated with a higher risk of EPC occurrence relative to L5/S1 for both
Barricaid (hazard ratio 1.83, p=0.005) and Control (hazard ratio 1.58, p=0.033).

10.4. Qualitative Features
Core Lab Assessment
The qualitative features are similar for the Barricaid EPCs compared to those of Control with the
exception of a higher rate of high attenuation within the EPC in the Barricaid group (Table 43).
High attenuation within the EPC was highly correlated with subsidence of the occlusion
component within the vertebral body. Ninety-five percent (95%) of all positive assessments for
high attenuation coincided with an assessment of occlusion component subsidence. This
correlation led the core lab to conclude that the observed high attenuation is likely due in large
part to the radiodensity of the multi-layered occlusion component itself.
Table 43: EPC Qualitative Assessments at Month 24
Barricaid

Control

Presence of sclerotic margin

83.9% (307/366)

80.5% (103/128)

Fisher’s Exact
Test p-value
0.412

Presence of septations

40.4% (134/332)

45.8% (49/107)

0.367

6.9% (23/333)

0.9% (1/107)

0.014

20.8% (76/366)

18.8% (24/128)

0.702

Presence of high attenuation within EPC
Presence of reactive edema surrounding
EPC
EPC=endplate change
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The presence of sclerotic margins is a particularly important qualitative characteristic as it is
indicative of the bone healing process. This densification of bone surrounding the EPC has
important implications for the integrity of the overall vertebral body. While the prevalence of
sclerotic margins is similar between Barricaid and Control EPCs, it is important to note that this
important feature is equally, if not more, prevalent in EPCs that are either mesh proximate or
large (i.e., ≥100 mm2) (Table 44).
Table 44: Prevalence Rates of Sclerotic Margins at 24 Months – AT Population
Control
All
Presence
of
Sclerotic
Margin

N

n

%

N

n

%

128

103

80.5%

366

307

83.9%

Barricaid
Large EPCs
Mesh-Proximate
(≥100 mm2)
N
n
%
N
n
%

Mesh-Proximate
w/Subsidence
N
n
%

67

54

64

95.5%

104

98

94.2%

52

96.3%

EPC=endplate change

The other qualitative measurements demonstrated a similar trend to sclerotic margins, where the
presence or absence of these features was similar in all groups. Over time, the vast majority of
EPCs had sclerotic margins and transitioned from reactive perilesional changes to no reactive
changes, both of which are clear indications of stabilization. Overall, the data demonstrate that
the EPCs in both groups exhibit the qualities of radiographic stabilization.

Relevance of Qualitative Features
As stated previously, one feature of endplate defects that may be relevant to progression and/or
structural consequences, is that the borders of the defects most often become sclerotic, and this
can be an indication that the body is biologically compensating for the defect. Some authors
specifically require a sclerotic border before classifying an endplate defect as a Schmorl’s node
and not “lytic”,42 a term that does not have an accepted definition with regard to endplate
defects.1 The sclerotic border represents bone remodeling that biomechanically fortifies the
surrounding area for the presence of a bone void. The sclerotic border may effectively engage the
surrounding trabecular bone and thereby make use of the structural redundancy by which
vertebrae can protect against loss of integrity which may result from localized structural
deficiencies.43
In the clinical study there was a high prevalence of sclerotic margins in both the Barricaid group
and Control group associated with the presence of EPCs. In addition, an analysis was also
performed on Barricaid EPCs that were deemed mesh-proximate, and these too demonstrated a

1

Note that Intrinsic has worked closely with FDA and their consulting radiologist over the course of multiple presubmissions and phone calls to define the term “lytic.” These interactions did not yield a definition but did lead to a
full re-assessment of study images according to the qualitative and quantitative assessments described in this report.
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high prevalence of sclerotic margins. These results suggest that the body is compensating for the
change to the endplates, and normal remodeling is occurring.
The Barricaid study collected data on several different qualitative features, many of which
indicate that the EPCs are remodeling and healing. As presented above, the high incidence of
sclerotic margins and low rates of reactive edema are among several features that radiologists
would use to conclude that these EPCs, including those in Barricaid patients, are healing and
stabilizing.

10.5. EPC Stability
Methodology
To assess EPC stability, multiple analytical approaches were developed. A description of these
methods can be found in Appendix III.

Qualitative / Quantitative Stability Scale
To assess the overall progressiveness or stability of EPCs, a grading scale was developed prior to
reviewing related study data, combining both qualitative and quantitative features to demonstrate
the maturity and remodeling potential of the EPC. The intent of characterizing EPCs in this
fashion is to assess any observed and associated theoretical risks as they pertain to the subject
device. The following features were evaluated to determine EPC stability:
1) A high endplate EPC growth rate (quantitative, % change in EPC size per year based
on CT imaging) that is not typical of what is expected after a discectomy could be
suggestive of an EPC that has not yet started to stabilize.
2) Sclerotic margin. Absence would be suggestive of an EPC that has not yet begun the
healing process. (CT)
3) Reactive edema. Presence surrounding the EPC may be associated with an active,
ongoing degenerative process. (MRI)
Points were assigned to each of the above features – up to 3 points for size depending on its
position within the Control growth rate distribution, and 2 points each for sclerotic margin and
reactive edema (total range: 0-7). For each EPC, a progression score has been calculated by
summing points from each of the three categories, with a lower score being indicative of an EPC
that is more “stable” and a higher score being indicative of an EPC that is “progressing.” This
scoring system was applied to each EPC population or subgroup and plotted over time (Figure
36).
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Figure 36: EPC Progression Using Stability Scoring by EPC Type

EPC=endplate change
Note: EPCs first observed pre-operative not included. EPC age defined as “years since first observation.”

As demonstrated in Figure 36, there is a strong trend toward stability over time in all EPCs,
regardless of treatment arm, size, and proximity to the mesh with or without subsidence. The
populations that are of interest to the FDA, mesh-proximate EPCs and mesh-proximate EPCs
with mesh subsidence (a subset of the mesh-proximate EPCs), demonstrated the strongest trend
toward stability by declining from a higher (less stable) average stability at the first year of
occurrence to a lower stability score relative to Control by Year 3. This means that the EPC is
no longer growing and that there is a clear presence of bone remodeling and maturation, as
evidenced by the presence of sclerotic margins and no reactive edema. Sensitivity analysis was
performed by “over-weighting” by 8-fold the growth rate in one instance and the qualitative
features in another. In neither case did the general shape of the curves change, nor did the
conclusions. Overall, long term outcomes demonstrate that each sub-population of Barricaid
EPCs which initially started with a high score indicative of less stability, have each on average
returned to levels equal to or below the scores of the Control EPC.

Regression Analysis
Additional analyses were performed to demonstrate that EPC area progression tends to attenuate.
The objective of these analyses was to test the hypothesis that the larger the EPC, the smaller the
expected subsequent increase.
This analysis of EPC dynamics in Barricaid revealed highly statistically significant inverse
relationships between EPC size and both the growth rate and change in growth rate. At both 12
months (p=0.0013) and 24 months (p<0.0001), larger EPCs grew substantially less in the
subsequent year, whereas smaller EPCs exhibited greater growth (Figure 37). Larger EPCs were
also more predictive of a significantly slowing growth rate over the 12 to 36 month time period
(p<0.0001). These findings demonstrate that EPCs are self-limiting in size. This trend was seen
in all EPC categories: all EPCs, mesh-proximate, and mesh-proximate with subsidence.
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The curve in Figure 39 below is an average response based on the regression model between
EPC growth from 12 to 24 months and EPC size at 12 months. The figure demonstrates an
inverse correlation between EPC size and subsequent growth, with the largest EPCs showing a
tendency to shrink.
Figure 39: Percent Change in EPC Size from 12 to 24 Months Based on EPC Size at 12 Months –
Barricaid Group

EPC=endplate change, sq mm=square millimeters

To explore the large-EPC subgroup, and to further substantiate the hypothesis that EPCs are selflimiting in size, EPC size trajectory curves were reviewed for any EPCs greater than 207.4 mm2
at any timepoint and for which there was an additional follow-up with size data after the EPC
had reached that size. The choice of size threshold was based on the 97.5th percentile of all EPC
in both treatment arms and across all timepoints. This threshold needed to be sufficiently high for
this review since the correlation predicted that growth is inversely related to size. Ultimately, this
scheme identified 15 EPCs in 15 Barricaid subjects. Two additional EPCs in 2 additional
subjects reached the 97.5th percentile in size, but there were no subsequent timepoints to evaluate
stability or growth.
In each of the trajectory curves with subsequent size data, it is clear that there is no appreciable
growth of the EPC once it has achieved the 97.5th percentile in size. In all but three of the curves,
there is no further growth whatsoever. In the other three curves, growth rates of less than 15 mm2
were observed, which is small and within the measurement variability for such large EPCs. In
some curves, an asymptotic shape is achieved, while in other curves, there is evidence of
decreases in size once the maximum has been achieved. These decreases may be indicative of the
complex, adaptive processes of bone regulation. This overall review complements the statistical
analysis by providing evidence that EPCs follow a self-limiting size trajectory. In the figure
below, the EPC trajectories have been plotted together.
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Figure 40: Trajectories of EPCs with Subsequent Size Data – Barricaid Arm

sq mm=square millimeters

The same size dynamics were observed in the Control population. Using the same method to
identify EPC size trajectory curves for review, all evaluable EPCs that reached the 97.5th
percentile in size did not progress any further at subsequent timepoints. A total of 6 EPC in 5
subjects were evaluated. An additional EPC reached the 97.5th percentile in size, but there were
no subsequent timepoints to evaluate stability or growth.
In the figure below, the size trajectories for these Control EPCs have been plotted together. This
review of the largest Control EPCs further illustrates the asymptotic growth trajectories of EPCs,
regardless of treatment arm.
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Table 47: Analysis of Maximum Likelihood Estimates – Secondary Surgical Intervention (through
60 Months)
Parameter
Increase in Number of EPCs
Increase in Total Area of EPCs
Increase in Number of Mesh EPCs
Increase in Total Area of Mesh EPCs

Hazard
Ratio
0.846
0.868
0.704
0.659

95% Hazard Ratio
Confidence Limits
0.549
1.303
0.515
1.462
0.341
1.451
0.334
1.302

p-value
0.668
0.594
0.342
0.230

EPC=endplate change

Table 48: Analysis of Maximum Likelihood Estimates – Reherniation (through 60 Months)
Parameter
Increase in Number of EPCs
Increase in Total Area of EPCs
Increase in Number of Mesh EPCs
Increase in Total Area of Mesh EPCs

Hazard
Ratio
0.949
0.935
0.821
0.890

95% Hazard Ratio
Confidence Limits
0.759
1.187
0.663
1.318
0.520
1.297
0.584
1.355

p-value
0.646
0.420
0.398
0.589

EPC=endplate change

Table 49: Analysis of Maximum Likelihood Estimates – Device Integrity Observation (through 60
Months)
Parameter
Increase in Number of EPCs
Increase in Total Area of EPCs
Increase in Number of Mesh EPCs
Increase in Total Area of Mesh EPCs

Hazard
Ratio
1.010
1.192
0.974
1.065

95% Hazard Ratio
Confidence Limits
0.739
1.380
0.852
1.668
0.592
1.602
0.705
1.610

p-value
0.950
0.304
0.918
0.589

EPC=endplate change
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EPC Effect on Patient-Focused Endpoints (24 Months)
10.7.4.1.

Symptomatic Reherniation

As evidenced by Figure 43 below, the presence of EPCs does not inhibit the Barricaid’s ability to
prevent reherniation. Comparison of the bars demonstrates consistent performance within the
Barricaid group with respect to avoiding index-level symptomatic reherniation, regardless of
EPC type (p=0.01). More specifically, the Barricaid group which was of greatest concern with
FDA (mesh proximate with subsidence) shows prevention of symptomatic reherniation in 90.9%
patients, while the Control group prevented symptomatic reherniation in only 74.6% patients
(p=0.004).
Figure 43: Freedom from Symptomatic Reherniation for Defined Barricaid Groups versus Control
at 24 Months at Index Level (p-values Relative to Control)
100.0%

p<0.001
90.0%

p<0.001

p=0.004

p=0.015

80.0%

% Success

70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%
0.0%
Barricaid w/EPCs Barricaid w/Mesh Barricaid w/Mesh Barricaid w/Large
(n=205)
Proximate EPCs Proximate EPCs EPCs (>100 mm²)
(n=106)
w/subsidence
(n=69)
(n=61)

All Controls
(n=256)

EPC=endplate change

10.7.4.2.

Secondary Surgical Interventions

As demonstrated in Figure 44, there remains a statistically significant difference in favor of
Barricaid in the rate of SSI between Control and each Barricaid sub-group for all EPCs, meshproximate EPCs, and mesh-proximate EPCs with mesh subsidence. The rate in Barricaid
patients with large EPCs shows a strong trend toward superiority compared to Control (p=0.10).
Furthermore, the presence of EPCs did not restrict the revision strategies that could be employed
during an SSI. Among all subjects (i.e., combining groups), there was no difference in fusion
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success rate (p=1.000, Fisher’s Exact Test) in subjects observed with EPC prior to the SSI
(15/18, 83.3%) in comparison to those who were not observed with EPC (11/13, 84.6%).
Specifically, when comparing the subjects with EPC prior to the SSI, there was no significant
difference in fusion success rate between Barricaid (10/12, 83.3%) and Control (5/6, 83.3%)
(p=1.000, Fisher’s Exact Test).
Figure 44: Freedom from SSI for Defined Barricaid Groups versus Control at 24 Months (p-values
Relative to Control)
100.0%

p=0.001

p=0.002

p=0.017

p=0.100

90.0%
80.0%

% Success

70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%
0.0%
Barricaid w/EPCs Barricaid w/Mesh Barricaid w/Mesh Barricaid w/Large
(n=212)
Proximate EPCs Proximate EPCs EPCs (>100 mm²)
(n=110)
w/subsidence
(n=71)
(n=64)

All Controls
(n=278)

EPC=endplate change
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endplate is further evidenced by the fact that the majority of endplate changes in the Control
group occur on the operative side (69.8%, 132/189).
Given the greater number and size of EPCs in the Barricaid group, the device also has a role in
EPC root cause. However, as reviewed with FDA prior to submission of the PMA, based on the
radiographic appearance and the retrieval analyses, the cause does not appear to be an infection
or a chemical reaction to the Barricaid or mesh material. This conclusion is supported by
extensive retrieval analyses on 11 devices removed with tissue available for histology. EPCs
were present in 9 of these 11 retrievals, and analyses demonstrated a lack of reactive etiology in
the tissues contained within and surrounding the device. Histological findings indicate typical
host-implant responses with no rejection of the device as would be indicated by infection and the
presence of large colonies of mononuclear immune cells and polynuclear lymphocytes.
Additionally, an infectious process in the disc space would more typically result in equivalent or
similar radiographic findings on both endplates for each patient,62 which is not the case.
The herniation pathology and discectomy performed to treat the herniation result in altered
biomechanics of the disc space, which can lead to EPCs, reherniations, and loss of disc height.
Specifically, the open anular defect in the absence of the Barricaid provides a pathway for
reherniations to occur without generating intradiscal loading.
Similar to the disruption of the endplate caused by a herniation and/or a surgical discectomy, the
cause of additional EPC in the Barricaid group appears to be mechanical in nature. There are
two components of altered biomechanics that can lead to EPCs when the Barricaid is implanted,
including change in pressure and loading of the occlusion component against an endplate.
Through occlusion of the anular defect, the Barricaid reduces the rate of reherniation and can
raise pressure, particularly where the mesh meets the endplate. This increase in pressure has been
demonstrated in cadaver testing.63 With the path to herniation blocked, the nucleus “looks” for
the weakest route to herniate. In some cases, there are pre-existing disruptions in the endplate
due to the discectomy procedure or there are disruptions in the endplate caused by the increased
intradiscal pressure which results in loading of the occlusion component against the endplate.
While this contributes to the formation of EPCs, it has not been demonstrated to have a negative
consequence for device function or for patients and their clinical outcomes. The rate of
reherniation in Barricaid patients, particularly symptomatic reherniation, was lower in those
patients with EPCs compared to the entire Barricaid population.
Therefore, there appears to be a trade-off between prevention of the reherniation, and an increase
in pressure resulting in the possibility of an EPC. With the anulus closed, the disc material
herniates into the EPC instead of outside the anulus, and so symptomatic reherniation may be
prevented while EPCs are observed radiographically with no clinical consequence. On the other
hand, development of EPCs in Control patients is a response to reherniation and/or continued
disc degeneration, each of which can have its own clinical consequence.
While the root cause is important to understand, it is more important to understand the
consequences of EPCs, both radiographically and clinically. Radiographically, EPCs stabilize.
Clinically, every EPC cohort was analyzed relative to impact on reherniation, safety, and
effectiveness. None of the analyses demonstrated a risk to the patient or the ability of the
Barricaid to perform as expected.
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10.9. Conclusion
Exhaustive analyses of the large quantity of longitudinal imaging data from this study show that
all EPCs, regardless of treatment arm, size, or proximity to the mesh with or without subsidence,
exhibit the following characteristics:
1) Negative correlation between size and growth
2) Stability over time based on both quantitative and qualitative features
3) Maximum size in both treatment arms that is less than 8% of the entire vertebral body
volume
4) No negative clinical correlation
The data have been analyzed in a number of ways and demonstrate that EPCs are stabilizing. It
is evident that while EPCs grow within the first 2 years, they stabilize over time.
Evaluation of the literature suggests that vertebral body integrity is not significantly impacted by
endplate removal or defects in the endplate. This is reinforced by the data from this trial wherein
no vertebral fractures were identified in either treatment arm at any timepoint. Further, the EPCs
observed in this study stabilized at an asymptotic size that is well below the volume cited for
critical vertebral body fracture risk. No negative clinical outcomes have been correlated with
Barricaid EPCs. Per the prospectively defined study endpoints, the Barricaid was found to be
superior to discectomy alone at 2 years. Further, as will be shown in Section 11, utilizing all data
through 5 years in survival analyses, Barricaid exhibited better results in terms of all
reherniations, symptomatic reherniations, SSIs, and device- or procedure-related SAEs for each
of the EPC sub-populations relative to Control.
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11. LONG TERM SAFETY AND EFFECTIVENESS
11.1. Introduction
While the primary composite endpoint is designed to be assessed at 2 years, follow-up continues
out to 5 years in order to provide important data regarding the longer-term treatment safety and
effectiveness. This additional information is critical to demonstrate two important study
outcomes observed by the primary endpoint success. First, the Barricaid treatment effect is
durable and sustained in a manner better than or similar to the current treatment standard (i.e.,
discectomy) – significantly better in terms of the Barricaid benefits of reoperation and
reherniation, and equivalent in terms of the benefits provided by discectomy such as maintenance
of the relief of pain and function. Second, longer term data are important to demonstrate that
radiographic observations do not lead to clinical sequelae.
In this section, the long-term results for endpoints which are “terminal” failures (e.g.,
symptomatic reherniations or reoperations) are presented using survival analyses as suggested by
the “Guidance Document for the Preparation of IDEs for Spinal Systems.” Through productlimit estimation, survival analyses can avoid the inherent bias that can occur in scenarios where
the follow-up is incomplete. For the remaining non-terminal endpoints, such as VAS leg pain or
ODI, tables and figures of mean values are provided utilizing all available follow-up timepoints.
Table 50 presents the follow-up rates for Barricaid and Control patients at the long-term
timepoints. While longer term follow-up is continuing and not all patients are due yet, 83% of
Barricaid and 89% of Control patients are evaluable for the composite endpoint at Month 60
among those expected due and SSI failures among theoretically due.
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Figure 47: Rate of Symptomatic Reherniation through 5 Year Follow-Up

Barr=Barricaid; Cont=Control

The prevention of symptomatic reherniations and secondary surgical intervention is critically
important to patients and their families. With regard to treatment progression, of the 47 patients
who underwent SSI (i.e., a first reoperation) specifically for reherniation in the Control group, 10
underwent a second reoperation, of which 3 patients required a third reoperation. For the
Barricaid group, of the 24 patients that had a first SSI specifically for reherniation, 7 underwent a
second reoperation and a third reoperation was required for 1 patient.
The types of continued treatment were identical between the Barricaid and Control groups, while
the number of reoperations was greater in the Control group. There were patients in both groups
who required a discectomy with or without supplemental fixation. As discussed in Section
9.6.3.2, reoperations in Barricaid patients (including removals and revisions) were no more
complex than reoperations in Control patients – operating room time was similar between the
cohorts was similar for similar procedures (i.e., fusions and decompressions), and there were
actually fewer complications in Barricaid reoperations as compared to the Control reoperations.
Importantly, Barricaid patients reoperated after a device integrity observation had outcomes
similar to reoperated Control patients, and none had any permanent neurological impairment.

11.3. Continued Prevention of Secondary Surgical Intervention
It is important to emphasize that many patients underwent multiple secondary surgical
interventions. Figure 48 illustrates the cascade of all-cause reoperations which occurred in each
group. These figures show that Barricaid subjects demonstrated numerically fewer first
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reoperations (14.0% (38/272) vs. 20.5% (57/278)) and subsequent reoperations (3.3% (9/272) vs.
5.8% (16/278)) in comparison to Control subjects.
Figure 48: Reoperation Cascade

Thirty-eight (38) Barricaid subjects had reoperations at any time through 5 years, and 9 went on
to have at total of 11 subsequent reoperations. Two (2) patients had a third reoperation, and none
had a fourth.
Fifty-seven (57) Control subjects had reoperations and 16 went on to have a total of 22
subsequent reoperations. Four (4) patients went on to have a third reoperation, and 2 had a fourth
reoperation.
The types and time course of the SSIs are detailed in Table 51.
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Figure 49: Incidence of Secondary Surgical Intervention through 5 Year Follow-Up

Barr=Barricaid; Cont=Control

Significant Disability Resulting from Repeat Surgery
Reoperation is not simply an event that is painful and risky, as there is longer-term disability
associated with reoperation. Multiple studies have reported that reoperated patients were unable
to reach the same level of improvement in pain, disability, and quality of life as their nonreoperated counterparts.64,65,66,67,68 The Barricaid study replicates the finding, in that there was a
statistically significant difference in pain and function scores when comparing those patients that
do not have a reoperation compared to those patients that have at least one reoperation regardless
of treatment arm (Figure 50).

Page 106

Available for Public Release

Intrinsic Therapeutics, Inc.
Barricaid® Anular Closure Device
Briefing Document for the Orthopaedic and Rehabilitation Devices Panel
Figure 52: Incidence of Device- and/or Procedure-Related SAEs through 5 Year Follow-Up

11.6. Long-Term Device Integrity
Using all available data, 16 additional mesh observations were observed post-24 months.
Kaplan-Meier survival analyses were performed to evaluate the device integrity observation rate
through 5 years (Figure 53, red curve, and Table 52).
To assess survivorship with failure defined as a symptomatic device integrity observation, the
patient-focused modified composite endpoint was utilized. For each subject with a device
integrity observation, the modified composite endpoint was evaluated at each timepoint through
the subject’s latest follow-up visit. Repeating the survival analysis with this criterion yielded the
survivorship curve shown in Figure 53 (blue curve) and estimates shown in Table 53.
Considering only those device integrity observations that are clinically relevant (i.e., that result
in a failure at any timepoint of the patient-focused modified composite endpoint) reduces the
expected 5-year failure by more than half to roughly 14%. Mitigation activities, discussed in
Section 11.6.1, further reduce incidence of device integrity observations to 8% at 5 years as
shown by the green curve.
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Figure 53: Kaplan-Meier Curves of Device Integrity Survival

Table 52: Kaplan-Meier Estimates for All Device Integrity Observations
Years
0
1
2
3
4
5

At
Risk
267
256
235
164
96
39

n*
.
14
18
6
5
5

%
0.00%
5.5%
12.7%
15.9%
20.3%
30.5%

95% CI
LB
UB
.
.
3.3%
9.1%
9.2%
17.5%
11.8%
21.3%
15.2%
26.9%
21.9%
41.5%

LB=lower bound; UB=upper bound
* Observations within annual interval.

Table 53: Kaplan-Meier Estimates for Clinically Relevant Device Integrity Observations
Years
0
1
2
3
4
5

At
Risk
267
256
240
176
110
57

n*
0
9
11
4
1
2

%
0.00%
3.52%
7.94%
10.03%
10.85%
13.98%

95% CI
LB
UB
.
.
1.84%
6.65%
5.19%
12.04%
6.81%
14.64%
7.39%
15.79%
9.15%
21.03%

LB=lower bound; UB=upper bound
* Observations within annual interval.
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Mitigation
To identify contributing factors to device integrity observations, 20 demographic, implant
related, pathologic, and surgical characteristics were evaluated as possible predictors of clinically
relevant device integrity observations through 5 years in a multivariate Cox regression analysis.
A backward step-wise regression scheme was employed in which variables were removed if the
p-value was greater than or equal to 0.1. Variables included age, BMI, gender, current smoking
status, SCORE questionnaire, pre-operative disc height, device generation, device size, operative
side, operative level, defect type, herniation type, defect height, defect width, defect area,
surgical approach, defect geometry, implant orientation, implant size used per Instructions for
Use (IFU), and nucleus removed.
The reduced multivariate model resulted in the combination of appropriate implant sizing and
preoperative disc height (Table 54). The other variables listed above (e.g., age, BMI, gender,
etc.) were not significantly associated with device integrity observations. Risk of a clinically
relevant device integrity observation was increased by a factor of 1.5 for each quartile increase in
preoperative disc height and by a factor of 7.7 if implanting an implant whose mesh width was
narrower than the anular defect width. There were 6 instances of improper implant sizing relative
to the defect width.
Table 54: Multivariate Cox Regression Results
95% CI

p-value

Hazard
Ratio

LB

UB

Implant size per IFU

0.001

7.692

2.222

26.316

Pre-operative disc height (quartiles)

0.022

1.544

1.065

2.238

IFU=instructions for use; LB=lower bound; UB=upper bound

To evaluate the potential of using these two factors as mitigating strategies, survival estimates
were repeated excluding subjects who either had implant size deviations or whose disc height
was in the upper quartile of pre-operative disc height. The results are shown in Figure 53 (above,
green curve) and Table 55.
If both of these mitigation strategies were implemented through training/proctoring of cases and
stringent patient selection, the estimated clinically relevant device integrity observation rate
through 5 years may be reduced from 13.98% to 8.19%, a 41% improvement.
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Table 55: Kaplan-Meier Estimates for Clinically Relevant (i.e., Unsuccessful on Patient-Focused
Modified Composite Endpoint) Device Integrity Observations, Excluding Implant Size Deviations
and Subjects in the Upper Quartile of Pre-Op Disc Height
95% CI

Years

At
Risk

n*

%

LB

UB

0

186

0

0.00%

.

.

1

179

5

2.79%

1.17%

6.58%

2

169

6

6.24%

3.51%

10.99%

3

122

1

7.01%

4.03%

12.06%

4

79

1

8.19%

4.74%

13.97%

5

40

0

8.19%

4.74%

13.97%

LB=lower bound; UB=upper bound
* Observations within annual interval.

11.7. Long Term Outcomes of Barricaid Patients with EPCs
Long Term Safety of Patients with Barricaid with Observation of
EPCs
Each of the analyses in the previous section show that EPCs, regardless of location or mesh
involvement, have no effect on reherniation, safety of the patient, or improvement in pain up to 2
years. In addition, to understand the long-term safety of a device, follow-up beyond 2 years may
be instructive, especially in the presence of EPCs. Because EPCs are more prevalent in the
Barricaid group, if there were a heightened risk of secondary surgeries, the rate of SSIs would
increase beyond 2 years to match, or possibly exceed, that of the Control group.
Figure 54 shows that patients with EPCs that are either mesh-proximate or mesh-proximate with
subsidence demonstrate long term maintenance of the same SSI trend seen at earlier timepoints.
If EPCs had a negative safety profile, then a convergence of the lines would be evident. In Figure
54, there is an immediate separation between the Barricaid and Control curves with the
separation increasing in the first 2 years. Following this phase, maintenance of the difference in
SSI rates is observed through 5 years.
Furthermore, if there were a device integrity observation that requires a secondary surgery, this
also would be evident. Therefore, based on these data, Barricaid demonstrates a clear and
proven positive long-term safety profile with no increased risk of SSIs or device integrity
observations based on presence or type of EPCs.
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Figure 54: Long term SSI Outcomes of Overall Barricaid AT and Control mITT Populations (from
upper left: All Subjects, Barricaid Mesh-Proximate EPC vs. All Control, Barricaid MeshProximate EPC + Subsidence vs. All Control, Barricaid Large EPC vs. All Control)

Mesh Prox=mesh-proximate, Mesh Prox+Sub=mesh-proximate with subsidence, SSI=secondary surgical intervention

Long Term Effectiveness of Barricaid Patients with Observed EPCs
Symptomatic reherniations in the identified high-risk patient population often occur in the first 2
years. However, it is important to understand what happens after 2 years. Figure 55 shows that
the rate of symptomatic reherniation is not affected by EPCs at longer timepoints. Improvements
in reherniation rates remain statistically significant compared to the Control cohort out to 5 years
in both mesh-proximate EPCs and mesh-proximate EPCs with subsidence.
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Figure 55: Longer Term Reherniation Outcomes of Overall Barricaid AT and Control mITT
Populations (from upper left: All Subjects, Barricaid Mesh-Proximate EPC vs. All Control,
Barricaid Mesh-Proximate EPC + Subsidence vs. All Control, Barricaid Large EPC vs. All
Control)

Mesh Prox=mesh-proximate, Mesh Prox+Sub=mesh-proximate with subsidence, Sympt. Rehern=symptomatic reherniation

The amount of data on EPCs past 24 months enables powerful conclusions as to the clinical
outcomes related to EPCs. These data demonstrate continued safety and effectiveness of the
Barricaid device, even in specific Barricaid EPC sub-populations.

11.8. Post-Approval Study Plans
To confirm the superior performance with regard to safety and effectiveness demonstrated in this
study, all patients in the RCT will be followed to five years, and an observational study of US
patients implanted with Barricaid following marketing approval will be conducted. A summary
of the proposed Post-Approval Studies (PAS) is provided below.

Page 114

Available for Public Release

Intrinsic Therapeutics, Inc.
Barricaid® Anular Closure Device
Briefing Document for the Orthopaedic and Rehabilitation Devices Panel

PAS 1 (Long-Term Follow Up Study)
11.8.1.1.

Study Title

A Prospective, Randomized, Multicenter Study to Demonstrate the Superiority of the Barricaid®
to Discectomy for Primary Lumbar Disc Herniation. Protocol Addendum: Continuation of the
RCT through Five Years
11.8.1.2.

Study Objective

To assess the longer term safety and effectiveness of the Barricaid implant. This includes
collecting data to assess the clinical significance of any end plate changes.
11.8.1.3.

Study Population

All subjects, both control and investigative. Enrolled in the RCT will be asked to participate in
the continuation of the RCT for annual visits through and including 5 years.
11.8.1.4.

Study Endpoints

Safety assessments will include but are not limited to serious adverse events, reoperations,
symptomatic reherniations, device integrity/migration failures, clinical scores, and radiographic
assessments of the disc and vertebral bodies.

PAS 2 (Actual Conditions of Use Study)
11.8.2.1.

Study Title

A 2-year Evaluation of Clinical Outcomes in the Treatment of Lumbar Disc Herniation with the
Barricaid® Anular Closure Device for FDA Actual Conditions of Use Study
11.8.2.2.

Background

Published literature indicates that the optimal patient population for a study of a device to aid in
preventing reherniation and the recurrence of pain or dysfunction following primary lumbar
discectomy would include patients with radiographic confirmation of a herniation at the affected
level and with a post-discectomy anular defect 6 mm or wider. The Barricaid anular closure
device underwent extensive testing and was proven superior to discectomy alone in a level 1
RCT. The Barricaid is an FDA approved medical device (P160050) already being marketed in
the USA and obtained marketing approval in the US on XX/XX/XXXX. The device will be
implanted as described in the product brochure in patients with lumbar disc herniation.
11.8.2.3.

Objectives with Study Hypothesis

The primary objective of this study is to confirm that Barricaid performance is not clinically
inferior in the PAS population compared to the pivotal Barricaid oUS trial population in respect
to 15-point (out of 100 points) improvement in Oswestry compared to pre-op, secondary surgical
interventions at the index level, symptomatic reherniations at the index level (either side),
deterioration of neurological status at the index level, and implant- or procedure-related serious
adverse events.
11.8.2.4.

Study Design

Prospective, multi-center, non-randomized—single arm treated with the Barricaid
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11.8.2.5.

Inclusion/Exclusion Criteria

o Inclusion:
 Skeletally mature.
 Patients with radiculopathy (with or without back pain), a posterior or
posterolateral herniation, characterized by radiographic confirmation of
neural compression using MRI, and a large anular defect (e.g., between 46 mm tall and between 6-12 mm wide) post discectomy, at one level
between L4 and S1.
 Oswestry Questionnaire score of at least 40/100 at baseline.
o Exclusion:
 Structural integrity of the vertebral body appears damaged, weakened, or
compromised in the region targeted for implantation.
 Prohibitive anatomic anomalies or anular defect locations
 Osteoporosis.
 Anular defect taller than 6mm.
 Posterior disc height of less than 5mm at the target level
 Active systemic infection or infection at the site of implantation.
 Spondylolisthesis Grade II or higher (>25%)
11.8.2.6.

Sample Size

A total of 290 patients will be enrolled from approximately 15-20 study sites.
11.8.2.7.

Study Endpoints

A composite safety and effectiveness endpoint designed to be appropriate for follow-up through
24 months will be used to compare clinical status of PAS 2 patients implanted with the Barricaid
anular closure device relative to Barricaid patients in the RCT study.
o Primary Endpoint – non-inferiority analysis comparing PAS2 to RCT Barricaid
subjects using a composite of (i.e., subject will have to be a success on each, in
order to be considered a success for the composite primary endpoint):
 15-point (out of 100 points) improvement in Oswestry compared to pre-op
 No secondary surgical interventions at the index level
 No symptomatic reherniations at the index level (either side)
 No deterioration of neurological status at the index level
 No implant- or procedure-related serious adverse events.
o Secondary Endpoint – superiority analysis comparing PAS2 to the RCT Control
subjects using a composite of (i.e., subject will have to be a success on each, in
order to be considered a success for the composite secondary endpoint):
(individually):
 15-point (out of 100 points) improvement in Oswestry compared to pre-op
 No secondary surgical interventions at the index level
 No symptomatic reherniations at the index level (either side)
 No deterioration of neurological status at the index level
 No implant- or procedure-related serious adverse events.
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11.8.2.8.
Follow-Up/Imaging Schedule:
o Visit 1: Screening (≤30 days before surgery)/MRI, AP/Lateral, Flexion/Extension
o Visit 2: Surgery
o Visit 3: 6 Weeks Follow Up (±2 weeks)/AP/Lateral
o Visit 4: 6 Month Follow-Up (±1 month)/AP/Lateral
o Visit 5: 12 Months Follow Up (±2 months)/AP/Lateral, Flexion/Extension
o Visit 6: 24 Months Follow Up (±2 months)/MRI, AP/Lateral, Flexion/Extension,
CT if Barricaid mesh subsided into opposing endplate at the 12-month visit.
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12. BENEFIT - RISK
12.1. Introduction
Intrinsic Therapeutics has presented valid scientific evidence in 554 patients with high 2-year
follow-up (>90%) that demonstrates a reasonable assurance of safety and effectiveness of the
Barricaid in discectomy patients with large anular defects who have a high risk of recurrent disc
herniations and subsequent surgical interventions. This study has also further substantiated the
high-risk population as described in the literature; in particular, that patients with large anular
defects are at significantly greater risk than the general discectomy population of experiencing
symptomatic reherniation (25.4%) and reoperation (secondary surgical intervention, 16.2%) at 2
years. There is currently no device available to these high-risk patients to prevent reherniations.
The clinical data from this Level-1 superiority RCT demonstrate that the Barricaid device is
statistically superior in both the safety and efficacy co-primary endpoints at 24 months with
strong posterior probabilities of >0.999 for reherniation and 0.998 for the composite endpoint.
This superiority margin is driven by superior reductions in symptomatic reherniation (p<0.001)
and freedom from SSI (p=0.007), the most meaningful outcomes for patients. This is further
supported by fewer device or procedure related SAEs (p=0.016) in the Barricaid group when
compared to the Control. These treatment differentials are durable through 5 years.
While the Barricaid arm demonstrated superiority with regard to clinically important outcomes
such as reherniation and reoperation and achieved the study endpoint, it is important to weigh the
specific observed benefits against the observed and theoretical risks of the device within the
context of the available clinical data. Per FDA guidance, there are many factors to consider when
assessing the risks and benefits of a medical device and these factors must be specifically
addressed compared to the current standard of care. First, the presence and extent of the benefits
of the investigational device compared to both pre-implantation and standard treatment need to
be considered, specifically, the magnitude of any benefits, the probability a patient will see that
benefit, and the duration of that benefit. For the risks associated with the device, the severity and
types of harmful events, severity of adverse events, as well as the probability of a harmful event
and its duration need to be compared between groups.

12.2. Observed Benefits
Measurable Benefits of the Barricaid:


Significantly Fewer Symptomatic Reherniations: 27 patients (11.6%) in the Barricaid
group had a symptomatic reherniation at any time through month 24, compared to 61
patients (24.8%) in the Control group, a 55.7% reduction (p<0.001).



Significantly Fewer SSIs: Through Month 24, 23 patients (8.6%) in the Barricaid group
received an index-level SSI, compared to 45 patients (16.2%) in the Control group, a
48.9% reduction (p=0.007).



Significantly Fewer SSIs for Reherniation: Through Month 24, 14 patients (5.2%) in
the Barricaid group received a secondary operation to treat reherniation, compared to 36
patients (12.9%) in the Control group, a 48.9% reduction (p=0.002).
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Significantly Fewer Device- or Procedure- Related SAEs: 35 patients (12.9%) had 52
related SAEs in the Barricaid group at any time through Month 24 compared to 57
patients (20.5%) with 78 related SAEs in the Control group (p=0.016).



Relief of Pain: Over 93% of Barricaid patients had a clinically important improvement in
pain at 6 weeks which was maintained through 24 months. Early relief of ipsilateral leg
pain is achieved in 93.8% of Barricaid patients and 88.9% of the Control patients
(p=0.047) as reported at 6 weeks. This pain relief is maintained at 24 months in 94.7% of
Barricaid patients and 96.2% of Control patients (p=0.454).



Improvement in Function: A high percentage of patients in both groups achieved a
clinically significant improvement in function (as demonstrated by ODI). At 6 weeks,
85.3% of Barricaid patients and 85.4% of Control patients have ≥15 point ODI
improvement (p=0.971). At 24 months, 93.4% of Barricaid patients and 94.8% of Control
patients have ≥15 point ODI improvement (p=0.545).



Maintenance or Improvement of Neurological Status: At 6 weeks, 92.9% of Barricaid
patients and 94.1% of Control patients had maintained or improved neurological status
(p=0.561). At 24 months, 98.0% of Barricaid patients and 95.2% of Control patients had
maintained or improved neurological status (p=0.083).

Pain (VAS) and function (ODI) scores improved significantly at all follow-up timepoints relative
to baseline in both Barricaid and Control patients. Since the discectomy procedure directly
relieves nerve compression, the procedure itself most often relieves the patient of their symptoms
and returns them back to their normal levels of pain and function. Therefore, improvement in
VAS and ODI scores in both the Barricaid and the Control group were expected to be similar,
which was borne out by the study’s findings. The same dynamic between groups is true for
neurological status.
The Barricaid group demonstrated superior safety benefits in prevention of SSIs. It is important
to consider that there are additional downstream benefits of SSI prevention, as revision surgery
has been described as more challenging than primary surgery and is associated with increased
complications such as dural tears and worse clinical outcomes.69,70 Prevention of symptomatic
reherniation has obvious clinical benefits for the patient. In the current clinical study, patients
with symptomatic reherniation either demonstrated symptoms of pain, lack of function, or
neurological issues (as described in Section 9.6.1). The treatment differential in terms of
symptomatic reherniation and SSI prevention is statistically superior in favor of Barricaid at 2
years and is maintained through the 5-year data collected to date.

Benefits Maintained Long-Term
The literature has clearly demonstrated that reherniations in a high-risk population occur most
often within the first 2 years.71,72,73,74,75,76 The initial effect of Barricaid on reherniations,
secondary surgical interventions and SAEs related to either the device or procedure is well
established within the first 2 years, and this initial benefit is maintained out to 5 years (Figure 56,
Figure 57 and Figure 58).
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12.3. Possible Risks
When evaluating the risks associated with a medical device, one must characterize the type of
risk, its relatedness to the device, and how often and for how long the event occurs. In any
comparative clinical study, the risks of the investigational device must be compared to the risks
associated with the standard of care.
When evaluating a first-of-a-kind device, it is important to weigh both the observed and the
theoretical risks within the context of the available clinical data.

Operative Risk
Intra-operative safety was excellent in this study as demonstrated by the adverse event profile.
The Barricaid arm had fewer intra-operative SAEs, which represent the most significant
operative complications. The small differences in operative time, anesthesia time, and blood loss
did not impact any of the clinical outcomes assessed.

Device-Related Risk
In the subject RCT, device integrity observations were captured and were considered failures of
the primary endpoint. The data demonstrated that patients with device migration or condition
observations were otherwise asymptomatic in many cases and exhibited outcomes which were
not significantly different from the overall Control population. The most significant risk related
to device integrity is the need for removal of all or part of the device. These removals were
associated with fewer peri-operative complications than Control group reoperations, and both the
OR time and post-reoperation outcomes were similar between groups. Device-related risks can
be summarized as follows:








Significantly Fewer SSIs in Patients with Barricaid Device: 23 patients (8.6%) in the
Barricaid group received an index-level SSI, compared to 45 patients (16.2%) in the
Control group, a 48.9% reduction (p=0.007) within the first 2 years. These results
demonstrate that there is a lower risk of a secondary surgery when using a Barricaid to
treat a large herniation compared to the current standard of care, a discectomy alone. As
such, the theoretical risk that the addition of a medical device to the discectomy
procedure could lead to an increase in secondary surgeries due to device-related adverse
events has not been seen with the Barricaid.
Many Study Device Integrity Observations were Asymptomatic: Evaluating the
clinical impact of radiographic device integrity observations with the patient-focused
alternate endpoint, approximately half of these observations would be clinical successes.
Appropriate training and more stringent patient selection would mitigate the rate of
symptomatic (i.e., unsuccessful on the patient-focused modified composite endpoint)
device integrity observations to 8% at 5 years.
Few Device-Attributed SSIs: Only 6 patients required secondary surgical interventions
(2.2% of the randomized Barricaid population) that the operating surgeon attributed
solely to device condition observation or migration, 4 of which occurred within 24
months. In each case, a single SSI was needed to address the issue.
No Difference in SSI Options/Difficulty with Device: SSIs in Barricaid patients were
associated with fewer complications than those in Control patients. No statistical
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difference in operative time was observed between Barricaid and Control for SSIs with
fusion/pedicle fixation or SSIs without fusion/pedicle fixation. Pain and function
outcomes for Barricaid patients reoperated after a device integrity observation were
similar to those for reoperated Control patients, and none of these patients experienced
any permanent neurological impairment.
Significantly Fewer Device- or Procedure-Related SAEs: 35 Barricaid patients
(12.9%) had 52 device- or procedure-related SAEs in at any time through month 24,
compared to 57 Control patients (20.5%) who had 78 related SAEs (p=0.016).
Low Rates of Anchor Failure: The rates of anchor fracture (<1% at 2 years) and anchor
migration without fracture (1% at 2 years) are low, and the consequence to the patient is
no different than a recurrent herniation.
Mitigation of Device Integrity Observations: Appropriate patient selection and surgical
technique mitigate some of the device integrity observations. Testing models will be used
to assess future iterations of the device to support ongoing mitigation measures through
the device’s lifecycle. While this is possible for the Barricaid cohort, there is little
opportunity to mitigate the high failure rate in the Control cohort without the addition of
anular closure.

As stated above, there are risks that are measurable and supported by data. Fundamental risks,
such as device integrity, have not shown to be a high risk to patients or their safety. All device
condition and migration observations were diligently captured and were conservatively
considered study failures, despite otherwise positive clinical outcomes. For patients who were
symptomatic, the presence of the device posed no increased risk and the surgical treatment of the
patient proceeded similarly to any failed discectomy.

Radiographic Findings
Radiographic findings from the study revealed that discectomy patients often develop endplate
changes, but also that Barricaid patients had an increased likelihood of EPC development.
Intrinsic has analyzed all radiographic data in a number of ways, all of which demonstrate that
EPCs grow within the first 2 years and then stabilize over time. Exhaustive analyses reveal no
correlation between negative clinical outcomes and EPCs in Barricaid patients. Per the
prospectively defined study endpoints, use of the Barricaid was found to be superior to
discectomy alone at 2 years, despite the higher incidence of EPCs. Further, utilizing all data
through 5 years in survival analyses, Barricaid treated patients exhibited better results in terms of
reherniations, SSIs, and device- or procedure-related SAEs in each of the EPC sub-populations
requested by FDA. Radiographic findings can be summarized as follows:




Barricaid Arm Exhibited Less Degeneration: Patients in the Control group
demonstrated several disc degeneration predictors such as increased anular tears/fissures,
decreased disc signal intensity, and observed degeneration of the disc through other
qualitative observations.
EPC Analyses Demonstrate Radiographic Stability: Analysis of EPC dynamics
demonstrates that EPC size is self-limiting. In particular, larger EPCs’ growth decelerates
and plateaus in size. The vast majority of EPCs had sclerotic margins and transitioned
from reactive perilesional changes to no reactive changes, both of which are clear
indications of stabilization. Stability has been demonstrated in all EPC sub-populations,
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including the FDA-defined populations of mesh-proximate EPCs and mesh-proximate
EPCs with subsidence.
EPC Presence Does Not Impact Device Function or Clinical Outcomes: The
Barricaid effectively prevents reherniation in all EPC populations, even those with meshproximate EPCs with subsidence. Data demonstrate no negative clinical effect of EPCs in
each Barricaid sub-population. Subjects with the largest EPCs in both Barricaid and
Control groups exhibit secondary surgical interventions, experience device- and/or
procedure-related SAEs, and report pain and function scores at rates similar to and
consistent with their respective overall treatment arm populations.
Theoretical Risk of Vertebral Body Fracture is Highly Unlikely: The hypothesized
risk to vertebral body integrity resulting from the presence of EPCs is not relevant in the
studied population, based on size and characteristics noted in the literature. The largest
observed EPCs in both groups constitute no more than 8% of vertebral body by volume,
significantly less than the 50% loss cited in the literature as a threshold for vertebral body
risk. The largest EPC in terms of both area and percent of vertebral body volume in the
study was identified in the Control group.

This robust body of data has demonstrated that endplate changes stabilize at a sub-critical size
and are not associated with any clinical sequelae. Most importantly, despite the presence of
EPCs, the Barricaid population observed clinical outcomes which were superior to the Control
population. Therefore, the observed benefits of the investigational device clearly outweigh the
theoretical concern of EPCs.

12.4. Positive Demonstrated Benefit-Risk Profile
Intrinsic Therapeutics conducted a comprehensive study of lumbar discectomy, allowing for
rigorous analysis of the risks and benefits of this device compared to the standard of care,
discectomy alone. Overall, the risk profile is similar intra- and peri-operatively, with several key
benefits favoring long term use of the Barricaid. These benefits are validated through robust
scientific evidence in the form of clinical and radiographic data.
The data from this study demonstrate that implantation of the Barricaid during a discectomy
procedure results in long term preservation of pain relief and functional improvement, with
significantly reduced risk of reherniation, SSI and device/procedure related SAEs. Given these
benefits of Barricaid, which are sustained out to five years, patients clearly benefit more with a
Barricaid than without.
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The study Control, discectomy alone is the current surgical standard of care for patients with a
herniated lumbar disc causing radiculopathy, with or without back pain. Intrinsic Therapeutics
worked collaboratively with FDA to refine the study design in general, including the study
endpoints, inclusion/exclusion criteria, radiographic protocol and statistical analysis plan. The
web-based 1:1 randomization to either Barricaid or Control was performed following the
discectomy procedure and confirmation of a large anular defect, to minimize potential for
selection or treatment bias. Patients had follow up examinations at 6 weeks, 3 months, 6 months,
12 months, and 24 months. A protocol amendment was approved at all sites which allows for
annual follow-up for all patients through 60 months.
Barricaid was found superior to Control with regard to both co-primary endpoints, as
demonstrated in Table 56. The pre-specified analysis of safety and effectiveness defined in the
protocol was based on the mITT cohort comprising all 550 subjects in whom the intended
procedure was attempted (272 Barricaid patients, 278 Control patients).
Table 56: Co-Primary Endpoint Success at 24 Months
Barricaid

Control
Chi-squared
p-value

Posterior
Probability
of Success

N
n
%
N
n
%
∆
First Co-Primary Endpoint:
240 122 50.8 256 77
30.1 20.8
<0.001
>0.9999
No Reherniation
Second Co-Primary
Endpoint: Composite
245 68
27.8 259 47
18.1
9.6
0.010
0.9980
Success
Note: N’s represent those patients in the mITT group evaluable for each endpoint; n’s are successful patients.

The first co-primary endpoint required a patient to have no evidence of recurrent herniation at
the index level at any time up to and including the 24-month follow-up. The purpose of this
primary endpoint was to evaluate the Barricaid’s mechanism of action: retention of nucleus
material by mechanical occlusion of the anular defect. As shown in Table 56, Barricaid was
superior to Control (posterior probability >0.9999).
The second co-primary endpoint was developed with FDA as a composite of both safety and
effectiveness components. For a patient to be counted as a success, all of the 8 measures had to
be satisfied for that patient. The rate of patient success was then compared between the Barricaid
and Control groups. With regard to the composite co-primary endpoint, the Barricaid exhibited a
statistically significant superiority margin compared to Control (27.8% vs. 18.1%, posterior
probability=0.9980), a 53.6% improvement.
Although the endpoint is a comparison of the rate of successful patients, it is instructive to
compare the cohorts on each of the components individually and according to the intended
purpose of each component. A comparison of the success rates within each of the individual
components is provided in Table 57. Note that the N’s vary primarily because patients are
censored following SSI (reoperation) for pain, function, reherniation, and disc height.
The positive impact of discectomy is associated with pain relief and functional improvement,
resulting directly from the act of nerve decompression. These benefits are normally experienced
immediately post-surgery and can be long-lasting, and include VAS leg pain, ODI and
neurological improvements. With the addition of a device to this procedure, these elements must
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proportion predicted by literature to present a risk to vertebral integrity. Most importantly, the
presence of EPC does not impact device function or clinical outcomes; the Barricaid effectively
prevents reherniation and reduces reoperations in all EPC sub-populations.
To summarize the benefit-risk profile, the data from this study demonstrate that implantation of
the Barricaid device in addition to lumbar discectomy results in long-term preservation of pain
relief and functional improvement with significantly reduced risk of symptomatic reherniation,
reoperation, and SAEs. The superiority margins on both the protocol composite endpoint and the
patient-focused alternate composite endpoint are driven by significant reductions in reherniation
(p<0.001) and freedom from SSI (p=0.007). This is additionally confirmed by fewer device or
procedure related SAEs (p=0.016) in the Barricaid group compared to Control. The treatment
differential demonstrated by these 2-year mITT analyses is durable through 5 years. Considering
the significant reduction in both reoperations and reherniations, the benefits of the Barricaid
outweigh the risks of the device.
In conclusion, Intrinsic Therapeutics conducted a robust and comprehensive study of lumbar
discectomy with Level 1 clinical data, designed to allow for rigorous analysis of the benefits and
risks of the Barricaid device compared to the discectomy procedure alone in patients with large
anular defects who are at the highest risk of reherniation and reoperation. The superiority of the
Barricaid compared to the surgical treatment standard supports the use of the Barricaid for the
prevention of reherniation in these high-risk patients. The data from the clinical study
demonstrate the risk of reherniation is significantly reduced by implantation of the Barricaid
device, thus maintaining the symptom relief and functional benefits of the original discectomy
surgery. By preventing symptomatic reherniations, the Barricaid has shown superiority in
preventing reoperations and a lower incidence of serious adverse events related to either the
device or procedure. These benefits are important, as poor outcomes after discectomy may be
associated with the need for repeat surgeries in a relatively young and active patient population.
The data presented in the Barricaid PMA utilize valid scientific evidence to demonstrate the
Barricaid is safe and effective with a positive benefit-risk profile. The data demonstrate that the
Barricaid surgical treatment supports prevention of reherniation, improvement in pain and
function, and a positive safety profile compared to discectomy alone. These data demonstrate
that the benefits of the Barricaid in a high-risk patient population outweigh the possible risks.
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Appendix II: Explant Study Observations
In accordance with Intrinsic Therapeutics’ request, an independent laboratory, Exponent,
performed analysis of retrieved Barricaid devices and associated tissues. All analyses were
conducted in accordance with Exponent’s Protocol and Standard Operating Procedure. Both of
these documents were created using ASTM F561 Standard Practice for Retrieval and Analysis of
Medical Devices, and Associated Tissues and Fluids as a guide. This includes visual and
microscopic analyses for 21 of 25 patients, with further histologic analysis possible for 11 of
these 21. Of the 4 missing samples, 3 were discarded at the site and one had previously been
analyzed but since returned to the patient per attorney request and in compliance with local
regulation. The following statements summarize Exponent’s key findings:
1. Exponent has established a retrieval protocol covering the collection and analysis of
explanted Barricaid devices and associated tissues.
2. The mesh showed areas of fraying near anchor attachment points and the loop located at
the anterior end of the mesh. Besides these areas the majority of the meshes were intact.
Fraying may be from the explantation process. Attenuated total reflection (ATR) Fouriertransform infrared spectroscopy (FTIR) of the cleaned mesh found similar spectra
between the exemplar and explanted meshes indicating a lack of material degradation.
3. Anchors showed evidence of iatrogenic damage that could have occurred during device
implantation and/or removal.
4. Histological findings indicate typical host-implant responses and reveal favorable
implantation and no rejection of the device as would be indicated by infection and the
presence of large colonies of mononuclear immune cells and polynuclear lymphocytes.
Inflammation and immune cell presence around an implant is routine and expected, as is
the body’s natural response to a foreign material.
5. The majority of patients showed favorable interaction with the material with normal
acellular nuclear pulpous or bone tissue present at the interface.
6. Necrotic tissue and fragments are most likely a result of the discectomy procedure, as has
been reported in the literature, but this cannot be concluded from histology alone.
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Appendix III: Endplate Change Stability
This appendix describes the multiple analytical approaches that were used to evaluate the
stability of EPCs. Results for one specific approach (delta-delta) are also included here, with the
other results appearing in Section 10.
Methodology
To assess progression, Intrinsic developed a prospective grading system that evaluated both
quantitative and qualitative features. This scale is described in detail in Section 10.5.
The question of whether EPC sizes were stabilizing over time was addressed by approximating
the second derivative based on a summary statistic that requires only 3 points. These 3-point
second derivatives are referred to as ‘delta-delta’ variables since they compare the linear change
in area in one year to the linear change in area the following year. That is, ‘delta-delta’ refers to a
difference in differences (deltas). Each of these variables would be expected to be negative for
EPCs in which the growth rate was slowing down, i.e., in which the EPC growth curve had a
negative second derivative (see Figure 61, below right).
Figure 61: Schematic of Assessment of Growth Acceleration/Deceleration – Positive Delta-Delta
Growth (left) and Negative Delta-Delta Growth (right)

EPC=endplate change, sq mm=square millimeter

To be included in the analysis of delta between the Year 1-2 period and the Year 2-3 period, a
specific EPC was required to be evaluated at Months 12, 24, and 36 and to have at least one
positive area during these 3 timepoints. That is, it was required to exist during this time period.
Analysis of delta between the Year 1-2 period and the Year 2-4 period (divided in half to account
for the 2-year period length) similarly was required to be evaluated at Months 12, 24 and 48 and
to have at least one positive area during these 3 timepoints.
In specific analyses, Barricaid mesh-proximate and Barricaid mesh-proximate with subsidence
EPCs were compared to all Control EPCs.
Further analyses were performed to evaluate whether progression attenuates as EPC area
increases in size. Such a finding would support the hypothesis that EPC area growth trajectories
tend to reach an asymptotic maximum size rather than continue to grow indefinitely. Linear
regression and correlation analyses were performed to evaluate the association between EPC area
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at specific timepoints with subsequent linear changes. Similar analyses were performed for
changes in linear trends between adjacent time intervals, that is, for the delta-delta variables.
Delta-delta Analysis
To be evaluable for “delta-delta” analysis, the specific EPC areas must be non-missing at Months
12, 24 and 36 and have at least one positive area during this time interval. There were 245
Barricaid EPCs and 89 Control EPCs evaluable for this endpoint. In the displays for these
analyses, median and inter quartile range values are again provided first to provide a robust
summary of central tendency.
The following table summarizes areas over times for these 245 Barricaid EPCs and 89 Control
EPCs used in these analyses.
Table 61: Summary of EPC Area over Time

AT=as-treated analysis population, EPC=endplate change, Mo=month, Q1=1st quartile, Q3=3rd quartile, Std=standard deviation

The 3-point second (approximate) derivatives, ‘delta-delta’ analysis, comparing the linear change
in area in one year to the linear change in area the following year is presented in Table 62 and
Table 63. As previously discussed, the delta-delta variables would be expected to be negative for
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EPCs in which the growth rate was slowing down, i.e., in which the EPC growth curve had a
negative second derivative.
Table 62: Delta-Delta Analysis of Month 12/24 to Month 24/36

AT=as-treated analysis population, Q1=1st quartile, Q3=3rd quartile, Std=standard deviation

In EPCs found in Barricaid patients (N=245 EPCs), the median delta-delta was -4.32 mm2. The
two-sided Wilcoxon signed-rank test p-value was 0.027 reflecting a statistically significant shift
toward negative growth values. In contrast, the median value among Controls was +4.07 mm2
(p=0.54) reflecting no change over time in the growth rate. The 25th and 75th percentile values
among Barricaid EPCs were smaller than among Control EPCs (-26.05 vs. -19.31 and 17.41 vs.
23.06 mm2, respectively). The mean values were -8.95 and +0.41 mm2, respectively.
Another delta-delta measure was defined to compare average yearly increases during the 2 years
following Month 24 to the one year prior to Month 24. Of the 148 Barricaid EPCs and 57
Control EPCs evaluable for this endpoint, it was observed that 30 and 9 EPCs, respectively, were
missing Month 36 evaluations. A Month 36 evaluation was not necessary for defining this
endpoint which increased the available sample size for this analysis.
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Table 63: Delta-Delta Analysis of Month 12/24 to Month 24/48

AT=as-treated analysis population, Q1=1st quartile, Q3=3rd quartile, Std=standard deviation

It is important to note that the change from Month 24 to Month 48 was divided by two to
determine a change per year during this time interval, in order to make this change comparable to
the change from Month 12 to 24.
The median delta-delta values from Month 12/24 to Month 24/48 were -0.40 mm2 and +3.44
mm2, for EPCs in Barricaid patients and Control patients, respectively. Within group Wilcoxon
signed-rank p-values were p=0.84 and p=0.54, respectively. When comparing between device
groups, the Wilcoxon rank sum p-value is 0.62. There were three EPCs with large delta-delta
values (>200). Two of these were in Control patients and one was in a Barricaid patient. In
summary, on average EPCs in the Barricaid cohort are slowing down at a greater rate than those
in the Control group, though not significantly so.

EPC Area
The independent core lab measured the major and minor dimensions of each EPC in each of the
coronal, sagittal, and axial planes. Measurements are performed on the planar slice in which the
EPC appears largest. The reported lesion size is an average of the elliptical areas in the axial,
sagittal and coronal planes.
The median EPC area was greater at baseline in the Control group compared to the Barricaid
group; however, at each subsequent timepoint median EPC area was lower in the Control group
(Table 64). Median EPC area increased from baseline to Month 60 in the Barricaid group.
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Table 64: Time Course of Median EPC Area for the Barricaid and Control Groups
Timepoint
Baseline
Month 12
Month 24
Month 36
Month 48
Month 60

Analysis Set

N
63
55
264
110
366
128
287
98
171
75
88
41

Barricaid
Control
Barricaid
Control
Barricaid
Control
Barricaid
Control
Barricaid
Control
Barricaid
Control

EPC Area (mm2)
Median
Q1
26.83
16.36
33.90
16.62
40.22
24.02
33.91
17.34
42.12
24.15
29.03
16.46
48.11
25.59
42.02
18.33
53.41
31.81
32.77
19.11
55.89
26.80
25.53
16.10

Q3
47.47
72.65
75.73
62.42
79.85
64.28
84.10
68.13
104.65
60.87
104.49
51.71

EPC=endplate change, Q1=1st quartile, Q3=3rd quartile

The maximum EPC size was similar between all EPCs in the Control and Barricaid groups
(Table 65). Mesh-proximate EPCs and mesh-proximate EPCs with subsidence had a greater area
than all EPCs.
Table 65: Maximum EPC Area Per EPC

Control

Barricaid

All EPCs
All EPCs
Mesh Prox
Mesh Prox w/
Subsidence

2

≥100 mm
29 (15.3%)
105 (21.7%)
77 (46.1%)
64 (72.7%)

≥125 mm
20 (10.5%)
82 (17.0%)
62 (37.1%)

EPC Area
≥150 mm2
≥175 mm2
14 (7.4%)
8 (4.2%)
54 (11.2%)
31 (6.4%)
43 (25.8%) 22 (13.2%)

≥200 mm2
7 (3.7%)
21 (4.4%)
14 (8.4%)

≥225 mm2
5 (2.6%)
16 (3.3%)
10 (6.0%)

55 (62.5%)

41 (46.6%)

12 (13.6%)

8 (9.1%)

2

20 (22.7%)

EPC=endplate change, Mesh Prox=mesh-proximate

Linear Changes in EPC Area over Time
Analyses were performed to evaluate the linear changes of EPC area over time. The following
figures present the empirical distribution of EPC size change per 12-month time period,
Barricaid and Control.
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Figure 62: Cumulative Distribution Functions of EPC Growth Rates by Subject – All EPCs
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As shown in Figure 62, the distribution of Barricaid EPC growth rates appears shifted towards
higher values for an initial period before eventually stabilizing relative to the Control EPC
growth rate distribution.
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All Barricaid EPC cohorts stabilized relative to the Control EPC cohort over time. In meshproximate EPC with subsidence, the period of elevated growth was 3 years before stabilizing
relative to Control.
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Appendix IV: 12 mm Size
Outlier sizes or rare size combinations often not studied extensively. It is common for fusion sets
or total disc replacements to be approved with combinations of components having been never or
rarely studied clinically.
The 12 mm size of the Barricaid, introduced commercially following initiation of the RCT study
protocol, is identical to the 8mm and 10mm devices studied in the RCT, aside from the width of
the occlusion component. The anchor, delivery tool, other surgical instruments and surgical
technique are identical.
The 12 mm size has been implanted in over(b)(4) patients over the past six years. With a robust
Quality program, the Company strives to stay in close touch with surgeons and distributors to
ensure that we capture all negative events that occur related to the Barricaid. The Company has
received reports of 4 device removals – 2 due to infection and 2 due to reherniation.
In addition, the Company is aware of (b patients with 12 mm devices being followed in
physician-initiated registries who have been followed prospectively for an average of 9 months.
In that group of patients, there have been 2 symptomatic reherniations – 1 of which has been
removed, the other has been treated conservatively. No other device failures or removals have
been reported among this group.
The benchtop testing (see Appendix I) that challenges mesh integrity was repeated on 12 mm
devices. This includes the compression-shear testing (cyclic and monotonic) and the nucleus
pressure (cyclic and monotonic).
Importantly, the RCT data showed no significant differences based on implant size (i.e., 8 mm
vs. 10 mm) including PROMs (VAS, ODI), radiographic (disc height) and importantly device
integrity (condition and migration).
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•
•
•
•
•
•

•
•
•
•
•
•
•

<5mm, do not implant the 10mm or 12mm mesh in defects that are <8mm wide, or the
8mm mesh in defects that are <6mm wide. Do not implant the Barricaid prosthesis in
patients with a posterior disc height of less than 3mm.
The Barricaid prosthesis should not be implanted in patients with osteoporosis.
The potential for intra-operative dural tears increases with higher numbers of prior
surgeries at the involved spinal level(s).
Only implant the Barricaid prosthesis in skeletally mature patients.
Do not implant the Barricaid prosthesis if the structural integrity of the vertebral body
appears damaged, weakened, or compromised in the region targeted for implantation.
Do not use the Barricaid prosthesis in cervical discs. Use of the device in the thoracic spine
has not been evaluated. The Barricaid prosthesis is indicated for the lumbar spine.
The Barricaid prosthesis, and the Barricaid prosthesis delivery tool (i.e. pusher, delivery
sheath, strike-cap and packaging clip), may not be re-sterilized or reused.
PRECAUTIONS
The Barricaid prosthesis cannot be used by any surgeon who has not been properly trained.
The Barricaid prosthesis will only be delivered under a no train/no use policy.
Use of the Barricaid prosthesis requires thorough knowledge of spinal anatomy and
biomechanics.
Surgeons must have experience with discectomies to be qualified to use the Barricaid
prosthesis.
The Barricaid prosthesis should be handled with appropriate precautions to maintain
sterility.
Implant components can break when subjected to the increased loading associated with
delayed, or lack of, osteointegration.
See the surgeon training manual for important instructions related to use of the Barricaid
prosthesis.
ADVERSE EVENTS

The Barricaid prosthesis is an adjunct to a standard discectomy procedure. Complications related
to standard discectomies may include, but are not limited to, vertebral bone resorption, problems
from anesthesia, circulatory problems, blood clots, heart attack, stroke, death, pneumonia, spinal
fluid leaks, blood vessel damage/bleeding, infection, leg pain, back pain, bruises, bladder
problems and nerve complications. The following potential adverse events (singly or in
combination) could result following implantation of the Barricaid prosthesis:
1.

Expulsion of some or all of the device into the epidural space, which may cause
impingement or damage to neural elements.

2.

Reherniation of nucleus into the epidural space, which could cause impingement or damage
to neural elements.

3.

Subsidence of some or all of the device into the vertebral body.

4.

Migration of some or all of the device into the disc space.
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5.

Separation of the mesh component from the bone anchor component.

6.

Loosening of the bone anchor component from the bone.

7.

Decrease in bone density due to stress shielding.

8.

Fracture of bony structures.

9.

Fracture of the device.

10.

Implant material sensitivity, or allergic reaction to a foreign body.

11.

Discomfort, or abnormal sensations due to the presence of the device.

12.

Nerve root irritation and/or damage from insertion and/or removal of device and associated
Instruments.

13.

Excessive scar tissue formation.

14.

Reoperation for removal of the device.

15.

Increased vertebral bone resorption.

•
•
•
•

INFORMATION FOR PRESCRIBERS
Do not attempt to re-use the delivery tool (i.e., strike-cap, pusher, delivery sheath and
packaging clip).
Do not attempt to re-use the implant. Surgical implants must never be reused or
reimplanted. Even if the device appears undamaged, it may have small defects and internal
stress patterns which may lead to early breakage.
The Barricaid prosthesis does not require bracing post-operatively, but soft bracing may be
used at the surgeon’s discretion.
Refer to the Barricaid Prosthesis Surgeon Training Manual for further information
regarding implantation and removal.
PATIENT SELECTION

In selecting patients for permanent bony implants, the following factors can be of importance to
the eventual success of the procedure:
•
The patient’s weight. An overweight or obese patient can produce loads on the device
which can lead to failure.
•
The patient’s occupation or activity. If the patient is involved in an occupation or activity
that includes heavy lifting, muscle strain, twisting, repetitive bending, stooping, running,
substantial walking, or manual labor, he/she should not return to these activities until the
bone is fully healed.
•
Senility, mental illness, alcoholism, or drug abuse. These conditions, among others, may
cause the patient to ignore certain necessary limitations and precautions in the use of the
appliance, leading to implant failure or other complications.
•
Certain degenerative diseases. In some cases, the progression of degenerative disease may
be so advanced at the time of implantation that it may substantially decrease the expected
useful life of the appliance. For such cases, orthopaedic devices can only be considered a
delaying technique or temporary remedy.
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•

Foreign body sensitivity. The surgeon is advised that no preoperative test can completely
exclude the possibility of sensitivity or allergic reaction. Patients can develop sensitivity or
allergy after implants have been in the body for a period of time.

DEVICE RETRIEVAL EFFORTS
Should it be necessary to remove a Barricaid prosthesis, please call Intrinsic Therapeutics at the
number below to receive instructions regarding data collection, including histopathological,
mechanical and adverse event information. Please note that the device should be retrieved as
carefully as possible in order to keep the implant and surrounding tissue intact. Also, please
provide information about the gross appearance of the device both in situ and after removal, as
well as descriptions of the removal methods.
1. STERILIZATION AND STORAGE
The Barricaid prosthesis is sterilized by gamma irradiation and is provided
sterile. Sterility of the product is verified by the gamma indicator label being red in color. Store
in a cool, dry place. Packaging material should be inspected for damage prior to use. If the
packaging is damaged (torn, bent, wet, etc.) or if the gamma indicator label is not red, the
product must be assumed to be non-sterile and should not be used. Exposure to heat above 60°C
may damage the shape and stiffness of the portion of the delivery tool that places the mesh. If the
temperature indicator label is missing, or indicates exposure to temperatures above 60°C, the
device should not be used. In the event of damage to the sterile packaging or inadvertent
contamination during surgery, the Barricaid prosthesis may not be re-sterilized or re-used. Any
damaged packages should be returned to Intrinsic Therapeutics, Inc. at the address listed below.
The Barricaid prosthesis is provided sterile and may not be re-sterilized under any
circumstances.
2. HOW SUPPLIED
The Barricaid prosthesis is provided sterile, pre-loaded in a disposable delivery tool, in a singleunit PETG blister pack, sealed with Tyvek. Other tools in the Pre-Loaded Barricaid Instrument
Kit are reusable and are provided non-sterile – see the Pre-Loaded Barricaid Instrument Kit
Instructions for Use for more information.
LIMITED WARRANTY AND DISCLAIMER: Intrinsic Therapeutics products are sold with a
limited warranty to the original purchaser against defects in workmanship and materials. Any
other express or implied warranties, including warranties of merchantability or fitness, are
hereby disclaimed.
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