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Abstract: Specific clinical diagnostic criteria have established a consensus for defining patients with lumbar discogenic pain.
However, if conservative medical management fails, these patients have few treatment options short of surgery involving discectomy
often coupled with fusion or arthroplasty. There is a rapidly-emerging research effort to fill this treatment gap with intradiscal therapies
that can be delivered minimally-invasively via fluoroscopically guided injection without altering the normal anatomy of the affected
vertebral motion segment. Viable candidate products to date have included mesenchymal stromal cells, platelet-rich plasma, nucleus
pulposus structural allograft, and other cell-based compositions. The objective of these products is to repair, supplement, and restore
the damaged intervertebral disc as well as retard further degeneration. In doing so, the intervention is meant to eliminate the source of
discogenic pain and avoid surgery. Methodologically rigorous studies are rare, however, and based on the best clinical evidence, the
safety as well as the magnitude and duration of clinical efficacy remain difficult to estimate. Further, we summarize the US Food and
Drug Administration’s (FDA) guidance regarding the interpretation of the minimal manipulation and homologous use criteria, which is
central to designating these products as a tissue or as a drug/device/biologic. We also provide perspectives on the core evidence and
knowledge gaps associated with intradiscal therapies, propose imperatives for evaluating effectiveness of these treatments and
highlight several new technologies on the horizon.
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Introduction

Significant advancements in the pathoanatomical characterization of the degenerative processes of the intervertebral disc
have been instrumental in establishing and refining clinical diagnostic criteria specific to patients with lumbar discogenic
pain.' Although diagnosis can be difficult, salient features of physical examination have been defined to include axial
midline low back pain, sitting intolerance, pain with flexion, positive provocation with sustained hip flexion, absence of
motor/sensor/reflex change, and positive discography with or without non-radicular/non-sciatic referred leg pain in
a sclerotomal distribution.>*

In a recently published quantitative evaluation of the global burden of disease, the Institute for Health Metrics and
Evaluation (IHME) reported that out of 395 diseases, injuries, and impairments, low back pain was the leading cause of
years lived with disability (YLD), responsible for approximately 64 million YLDs or 7.4% of total global YLDs in
2019." Estimates suggest that as many as 40% of patients exhibiting persistently severe low back pain have diagnostic
signs and symptoms of discogenic origin including imaging evidence of internal disc disruption and other findings
associated with annular tearing.>

If discogenic low back pain becomes chronic and refractory to conservative medical management, there are few
therapeutic options short of surgical discectomy often coupled with total disc arthroplasty or instrumented interbody
spine fusion. These options, such as utilizing cell-based and biomaterial engineering therapies to modify the physiology
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and possibly restore the structure of the degenerated intervertebral disc, may serve to fill the extensive treatment gap
between conservative management and traditional spine surgery. Therapeutic candidates including mesenchymal stromal
cells (MSCs), platelet-rich plasma (PRP), nucleus pulposus (NP) tissue, and related cell-based agents have been proposed
and can be delivered minimally-invasively under fluoroscopic guidance via a needle-based approach.”'> Both auto-
logous products and their allogeneic analogs have been studied for relief of discogenic pain.'*'* The underlying
mechanism of action can involve the differentiation of chondrogenic precursor cells into viable regenerated disc tissue
as with the injection of MSCs or the direct implantation of native disc material as with allogeneic NP. Products have
ranged from autologous bone marrow aspirate containing a cocktail of pluripotent cell types to various derivatives
including commercial formulations with proprietary manufacturing methods.

The overriding challenge for these intradiscal agents to impart a restorative effect lies in the very nature of the
intervertebral disc itself. As a result of its distinctly complex developmental origin and tissue composition, the mature
intervertebral disc is essentially avascular, aneural, and alymphatic in nature, creating a hostile microenvironment for
regeneration to occur and flourish."®'® Consequently, for an injectable cell product to provide tangible and durable
clinical benefit, it will need to embody some or preferably all of a variety of pro-regenerative characteristics to maximize
the likelihood of efficacy.'® These characteristics include, but are not limited to, (1) engrafting with a capacity to survive
for an adequate period of time to directly contribute to matrix production, (2) having the potential to generate robust
paracrine signaling to induce an anabolic switch in native cells to alter their behavior from degeneration to regeneration,
(3) support the recruitment of regenerative cell types or otherwise limit the migration of fibrotic/catabolic cells into the
disc, and (4) provide intradiscal structural and mechanical support that supplements volume loss and facilitates re-
hydration.°

This commentary provides a perspective on the state of the science of intradiscal therapies aimed at ameliorating
discogenic low back pain. We address the salient regulatory hurdles as well as the core evidence, knowledge gaps, and
imperatives necessary to establish clinical utility.

Regulatory Considerations

As noted, the chemical composition and cellular components proposed for intradiscal therapies have run the gamut
from amalgamations of pluripotent cell types to highly specific single-cell formulations focused on a precise
differentiation pathway. This range of therapeutic strategy is, in large part, a function of the degree of post-
procurement cell and tissue processing. In fact, the amount and type of manipulation of the tissues and cells
dictates the commensurate regulatory pathway in the US for intradiscal injectables ranging from minimally-
manipulated material regulated as a “tissue” solely under section 361 of the Public Health Service (PHS) Act,
and regulations in Title 21 Code of Federal Regulations (CFR) Part 1271, to more highly manipulated material
regulated as a drug, device, or biological product regulated under the Federal Food, Drug, and Cosmetic (FD&C)
Act and/or section 351 of the PHS Act.?' These distinct regulatory pathways have profoundly different ramifications
with respect to establishing product mechanisms of action, performance characteristics, utility, commercial claims,
and reimbursement status.

From a US regulatory standpoint, the Food and Drug Administration (FDA) classifies injectable intradiscal therapies
collectively as human cells, tissues, and cellular and tissue-based products (HCT/Ps) and has issued specific guidance
with respect to the pathway for determining appropriate regulatory oversight.”' The FDA provides guidance documents
for the interpretation of minimal manipulation and homologous use criteria and definitions of related key terms, which
are central to product classification.

FDA has defined HCT/Ps as “human cells or tissues that are intended for implantation, transplantation, infusion, or
transfer into a human recipient”.?' If an HCT/P fails to meet the criteria below and does not qualify for any of the stated
exceptions, the HCT/P will be classified as either a drug, device, or biological product and applicable regulations and
premarket review and clearance will be required.

An HCT/P is regulated solely under section 361 of the Public Health Service (PHS) Act and Title 21 Code of Federal
Regulations (CFR) Part 1271 if it meets all of the following criteria:
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1. The HCT/P is minimally manipulated.

2. The HCT/P is intended for homologous use only, as reflected by the labeling, advertising, or other indications of the
manufacturer’s objective intent.

3. The manufacture of HCT/P does not involve the combination of cells or tissues with another article, except for
water, crystalloids, or a sterilizing, preserving, or storage agent, provided that the addition of water, crystalloids, or
the sterilizing, preserving, or storage agent does not raise new clinical safety concerns with respect to the HCT/P.

4. Either:

1. The HCT/P does not have a systemic effect and is not dependent upon the metabolic activity of living cells for
its primary function.
2. The HCT/P has a systemic effect or is dependent upon the metabolic activity of living cells for its primary
function, and:
1. Is for autologous user.
2. Is for allogeneic use in a first-degree or second-degree blood relative.
3. Is for reproductive use.

For cells or nonstructural tissues, FDA defines minimal manipulation as “processing that does not alter the relevant
biological characteristics of cells or tissues”.>' The properties that contribute to the cell or tissue’s basic physiological
function are considered relevant biological characteristics. For structural tissues, FDA defines minimal manipulation
as”processing that does not alter the original relevant characteristics of the tissue relating to the tissue's utility for
reconstruction, repair, or replacment”.

Classification of intradiscal injectables that have undergone minimal manipulation must also correspond with FDA’s
definition of homologous use. Specifically, homologous use is defined as the

repair, reconstruction, replacement, or supplementation of a recipient’s cells or tissues with an HCT/P that performs the same

basic function or functions in the recipient as in the donor.?'

It should be noted that even though autologous bone marrow is a source of hematopoietic progenitor cells, it has distinct
regulatory considerations. Minimally manipulated bone marrow for homologous use and not combined with another
article (with certain exceptions) is not considered an HCT/P. However, bone marrow that is more than minimally
manipulated, intended by the manufacturer for a non-homologous use, or combined with another article with limited
exceptions, meets the definition of an HCT/P and is subject to the regulations in 21 CFR Part 1271.

For intradiscal therapies proposed to address lumbar discogenic pain that are in product development, are being tested
currently in clinical research trials, or are already commercially available, this regulatory framework has broad implica-
tions for indications-for-use and clinical adoption. From one perspective, it may be advantageous to secure classification
purely as a “tissue” with minimal manipulation and restricted to homologous use, thereby avoiding FDA oversight and
regulatory reporting requirements. Mineralized structural bone allografts supplied by certified bone banks fall into this
category, for example, and have a long history of clinical use.

However, cost and effort considerations aside, it may be more valuable to obtain a so-called “regulatory patent” in the
form of a biologics license application (BLA) or a premarket approval (PMA) from FDA. This pathway to market
provides the benefits of capturing regulated clinical trial data including comparative effectiveness findings that are
mandatory in supporting downstream publication dossiers that are necessary for obtaining reimbursement from third
party payers and driving clinical adoption. That said, aside from tissue or cellular products that have a long history of
homologous use and have been “grandfathered” into the medical delivery system via tissue banks, it is likely that any
newly introduced intradiscal therapeutic products will have difficulty meeting FDA’s minimal manipulation clause and,
therefore, will be subject to regulations exclusively under 21 CFR Part 1271. Indeed, the processing steps undertaken to
inactivate or remove adventitious agents and attenuate antigenic response from an allogeneic tissue or cell source would

most likely exceed the threshold for minimal manipulation.
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Core Evidence
There have been a large number of pilot investigations of the clinical effectiveness of intradiscal cell-based
therapies.””'> While the findings of most reports suggest a positive treatment effect, their applicability is highly
restricted due to extremely low sample sizes (ie, <10 cases) often generated by a single investigator from a single
center. These important limitations are further compounded by lack of standardization of the intervention and variable
reporting of relevant outcomes such as pain severity and functional improvement. These methodological shortcomings
are likely reflective of what might be expected at the advent of any new family of therapeutic interventions,
particularly in an unregulated setting. More rarely, there have been reports of initially promising cell-based intradiscal
injectables that have failed to induce a durable treatment effect, with the subsequent cessation of trials due to
futility.'*22

We have summarized below the core evidence for MSCs, PRPs, and NPs drawn from the most methodologically
rigorous studies and meta-analyses.

Mesenchymal Stromal Cells
There have been two pivotal trials of the utility of MSCs for treatment of discogenic low back pain.'* Noriega et al*>*
conducted a randomized sham-controlled trial of allogeneic MSCs in 24 patients with over 3 years for post-injection
follow-up. The sham consisted of infiltration of the paravertebral musculature with an anesthetic agent. Significant
differences were noted between study groups in back pain and functional improvement throughout the follow-up period
in favor of MSC treatment. In fact, sham-treated patients continued to demonstrate progressive degradation in all
outcomes including structural disc degeneration with increasing Pfirrmann grades on MRI over baseline. In contrast,
MSC-treated patients maintained the improved Pfirrmann grades achieved during the initial year after injection.”> This
sham-controlled trial included important methodological safeguards such as treatment allocation concealment as well as
blinding of patients and assessors to treatment assignment, resulting in a perfect Jadad score of 5. These features
minimize both selection and ascertainment bias known to enhance treatment effects inherent in open-label trials.>’** The
authors reported no serious procedure-related adverse events.

In a larger multi-center trial of 100 patients conducted under an FDA investigational new drug (IND) application,

1?° evaluated the efficacy of allogeneic precursor MSCs in a hyaluronic acid carrier with 3 years of

Amirdelfan et a
post-injection follow-up. There were two control groups consisting of the hyaluronic acid carrier alone and saline. The
proportion of subjects achieving minimally important change (eg, >30% for pain VAS) and clinically significant
change (eg, >50% for pain VAS) composite endpoints was statistically superior for MSC-treated patients compared
with controls at multiple follow-up intervals. However, there were no significant differences in structural parameters of
disc degeneration using Pfirrmann grades across the study groups. The authors reported two treatment-emergent
adverse events that were potentially related to the MSC treatment: one case of severe back pain and one case of

implantation site infection.

Platelet-Rich Plasma

Clinical benefits associated with PRP have been modest for discogenic pain with an aggregate success rate for >50%
back pain reduction of approximately 55% (95% CI: 40-70%) at 6 months follow-up as estimated in a meta-analysis by
Schneider et al.'* These mixed efficacy findings were confirmed in additional meta-analyses conducted by Peng et al and
Muthu et al®'® No structural improvements on MRI were noted in any of these systematic reviews, and methodological
quality of the included studies was generally weak. These meta-analyses reported no serious procedure-related adverse
events associated with intradiscal PRP treatment.

Nucleus Pulposus
To date, the largest study of intradiscal therapies was a multi-center trial involving 218 subjects randomly allocated to
receive a single injection of a proprietary allogeneic cellular NP formulation, saline, or non-surgical management.*%-'

This study was known as the Viable Allograft Supplemented Disc Regeneration in the Treatment of Patients with Low

1174 https: Journal of Pain Research 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Lorio et al

Back Pain With or Without Disc Herniation (VAST) Trial. At the one-year primary endpoint, there were 54% and 53%
improvements in back pain severity and ODI, respectively, after NP treatment. Patients who crossed-over to NP injection
from non-surgical management experienced consistently larger improvements: 65% and 64% for pain and ODI
A subsequent post hoc analysis restricted to patients < 42 years of age also demonstrated a statistically significant
benefit of NP.>? It should be noted that there was a discernible treatment effect associated with saline injection in this
study. This phenomenon has previously been identified in randomized trials of hyaluronic acid injections in the
management of knee pain.*> > It was concluded that saline conveys a beneficial effect over and above that normally
prescribed to placebo and, thus, should be considered an “active” control. The authors reported that there were 11 (3.5%)
instances of serious procedure-related adverse events in 141 NP-treated patients but none were persistently symptomatic.

Knowledge Gaps

Table 1 summarizes the key knowledge gaps in our understanding of the role and potential benefit of intradiscal therapies
in the treatment of discogenic low back pain. We have identified five major areas that would benefit from greater
specification, definition, and characterization including, (1) product composition and chemistry, (2) patient-reported
outcome measures, (3) mechanism(s) of action, (4) delivery mode, and (5) imaging evaluation.

Product composition standardization is vital to manufacture a biochemically consistent commercial product that
elicits a uniform cellular and clinical response in the recipient. Numerous MSC formulations tested to date, for example,
have been comprised of heterogeneous populations of multipotent progenitor cells derived from a variety of tissues
including bone marrow, adipose tissue, peripheral blood, or umbilical cord.''"'? This source procurement variation has
been linked to differences in potency and differentiation inclinations.*®>® It is therefore imperative to ascertain which
MSC formulation has the most robust capacity for post-injection survival as MSCs subjected to intervertebral disc
environmental factors have been associated with a substantial reduction in proliferation and chondrogenic potency.®® This
is due, in part, to the immature nature of the MSCs following transplantation and potential migration or leakage out of the
intervertebral disc. The latter outcome could potentially give rise to undesired differentiation and tissue formation such as
osteophyte formation.*® These issues form a knowledge gap that requires further research.

Formulations of allogeneic NP cells also contain a heterogeneous cell population of native cells residing in the NP
including highly differentiated rounded NP cells and undifferentiated progenitor cells. However, unlike MSCs, NP cells
are endemic to the intervertebral disc, rendering them likely more adaptive to survival within this inhospitable
microenvironment.*! Since NP transplant is directly homologous (ie, disc tissue to disc tissue), product standardization
may focus more on donor selection and procurement procedures.

Table | Knowledge Gaps in Characterizing Intradiscal Therapies for
Disc Degeneration

* Standardization of product composition and chemistry

* More objective and consistently-employed patient-reported outcome measures

* Evaluation of mechanism(s) of action

* Consideration and testing of different modes of delivery

* Consistent techniques and protocols for imaging assessment
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Finally, it is important to characterize the role of carriers and scaffolds such as hydrogels used as delivery vehicles for
cell- and tissue-based treatments to support intradiscal cell Viability.42 The role of potential biomaterial scaffolds in cell
survival, proliferation, and tissue regeneration is currently unknown, necessitating a more thorough investigation.

With respect to the standardization of patient-reported outcomes, we recommend a small, but well-validated, battery
of outcome measures that include, at a minimum, low back pain severity, which is the cardinal discogenic symptom as
well as corresponding referred leg pain severity, if present. The degree of functional impairment should also be evaluated
preferably using the Oswestry Disability Index (ODI). These two outcome measures represent the core instruments for
reporting clinical effectiveness findings for study populations. Although not mandatory, it is suggested that a quality-of-
life metric be included, such as the SF-12 or the EQ-5D, to support subsequent cost-utility analyses.

While our understanding of pathological disc degeneration is extensive, investigation of the mechanism of action for
intradiscal therapies to manage discogenic pain has been limited and, thus, treatment protocols remain correspondingly
empiric. As noted previously, cell-based treatments may possess multiple characteristics that impart a beneficial effect via
biochemical and/or structural pathways that can be identified preliminarily via animal models.'® However, it is crucial to
confirm the mechanism of action for each product in humans to account for their unique spinal anatomy, where
orthograde posture and obligate bipedalism are antecedent to disc degeneration itself and may compromise product
durability. ****

To date, studies of intradiscal restorative therapies have employed a single bolus injection technique. It is not clear
whether this method maximizes efficacy or whether periodic and fractional treatment might afford a greater degree and
duration of disc restoration and symptom amelioration. As an example, we currently have limited knowledge of
alternative delivery protocols using exact-dosing injection regimens at multiple sites and different locations within the
intervertebral disc.

Finally, pre- and post-procedure imaging protocols should be established and standardized to include MRI evaluation
of disc structure as well as distinctions among the NP, annulus fibrosus, and disc height/volume based on the grading
system and algorithm devised by Pfirrmann et al.** Additionally, novel functional MRI techniques that allow the
evaluation of early disc degeneration based on shifts in proteoglycan content, for example,*® might be useful in the
assessment of progression of disc degeneration, and have potential applications in clinical trials to evaluate the efficacy
of intradiscal therapies.*” Additionally, the presence and severity of other imaging markers such as vacuum phenomenon,
bone marrow, and endplate abnormalities (eg, Modic changes), and disc calcification are important parameters to capture.
Finally, provocative or anesthetic discography with concurrent CT scanning is mandatory at baseline to determine the
location and extent of avulsions in the fibers of the annulus fibrosus in the form of radial and/or concentric tears and

fissures, which are the hallmark of internal disc disruption and help to define patients with discogenic pain.”*®

Imperatives & Future Directions
Clinical Imperatives

Table 2 outlines the most salient clinical imperatives in the reporting of findings associated with intradiscal therapies for
lumbar discogenic pain. These recommendations are based, in large part, on foundational research on injectable agents
and minimally invasive surgeries used in the treatment of knee osteoarthritis pain.*’

Standardized study endpoints should employ responder rates based on previously specified thresholds and include not
only the minimal clinically important difference (MCID) but also, the patient acceptable symptomatic state (PASS), and
the substantial clinical benefit (SCB).>* Although frequently absent from published reports of intradiscal therapies,
threshold scores are patient-level metrics and must be reported as the percentage of patients who meet or exceed the
threshold. A frequently encountered error is presenting whether the mean change score for the study group meets the
threshold or not.

By expanding the presentation of patient-reported outcomes beyond traditional reporting, PASS provides the
opportunity to address whether patients are satisfied with the intervention and whether they have derived a substantial
benefit.*’ Indeed, MCID represents only the smallest difference in an outcome that the patient perceives as beneficial. It
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Table 2 Clinical Imperatives in the Evaluation of Intradiscal Therapies

* Primary study findings (pain, function, satisfaction) should be reported as responder rates

* Responder rates should include the MCID, SCB and PASS*

* Responder rates should be displayed graphically

* Use area-under-The-curve analysis for serial data to assess cumulative clinical response

* Publish clinical trial protocols prospectively

* Incorporate data capture to support cost-effectiveness and cost-utility estimates

Abbreviations: *MICD, minimal clinically important difference; SCB, substantial clinical benefit; PASS,
patient acceptable symptomatic state.

has become increasingly important, particularly for subjective symptoms such as pain, activity limitations, and participa-
tion restrictions, that feeling well rather than feeling better is what matters most to the patient.>!

We recommend the inclusion of PASS in outcome reporting, which is a recent concept defined as the highest
symptom level below which patients feel well. Only below this threshold is the improvement considered relevant.>
PASS can be presented as responder rates and used as a clinically applicable target for treatment efficacy by clinicians.>
Patients report a major improvement only when they perceive their health state as satisfactory, that is, when they achieve
PASS.>%*

SCB represents a stricter-criteria for success than MCID in an attempt to better capture patient satisfaction. For
discogenic low back pain or referred leg pain, the validated MCID reflects a > 30% improvement over baseline,’> the
SCB is >40-50% improvement,**> and the PASS threshold is 30-40 mm (100 mm VAS scale) in chronic orthopedic
conditions.> Considering that MCID and SCB responder rate calculations are based on percentage improvements over
baseline, we recommend that data capture for pain scores utilizes continuous values as obtained using a VAS instrument.
We do not recommend using a numeric pain rating scale (NPRS) as the categorical data do not lend themselves to
accurate responder rate estimates when using percentage-based thresholds.

Use of responder rates for primary endpoint analysis, as opposed to showing mean improvements, has been criticized
as discarding important individual data regarding the variability in the magnitude of success (or failure). Consequently,
we recommend that responder rates also be displayed graphically as a scatterplot of pre-treatment values (x-axis) versus
degree of improvement (y-axis) for each outcome (Figure 1). As such, patient success status is computed based on the
degree of improvement achieved at follow-up over baseline, and overall responder rate findings can be assessed as to
their sensitivity to a fixed success threshold (ie, >20 mm VAS) or a variable percentage threshold (ie, >30%). Figure 1
illustrates an example of a scatter plot of individual back pain VAS change scores and their distribution around fixed and
variable responder rate thresholds.

Future Directions
Based on the rapidly-growing body of evidence on intradiscal therapies, future opportunities for the field appear
promising with several new technologies in the product development pipeline ranging from simple to complex. One

such candidate undergoing FDA trials is an autologous stem cell product (BRTX-100) where stem cells are harvested
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Figure | Scatterplot showing the relationship between pre-treatment back pain severity and absolute degree of pain improvement at final follow-up. Data are presented
in mm with the horizontal line (20 mm) and the diagonal line (30%) representing the absolute and percentage change thresholds, respectively, for clinical success.

directly from the patient and then cultured in hypoxic conditions and re-injected directly into the affected intervertebral
disc.

A 404 patient randomized controlled Phase III trial completed as a follow-up to the previously published trial by
Amirdelfan et al*® evaluated allogeneic MSCs (Rexlemestrocel-L) in patients with chronic low back pain with patients
equally randomized to either a single intradiscal injection of 6 million MSCs with or without a hyaluronic acid (HA)
carrier to a saline control. They found a significant improvement in pain in the subjects injected with MSCs plus the HA
carrier through 24 months compared with the saline control group with the greatest degree of improvement occurring in
patients with a duration of chronic low back pain of less than 68 months. Despite this significant reduction in pain, the
primary endpoint of a composite responder analysis of pain and functional improvement did not reach statistical
significance at 2 years. Due to this shortfall, an additional Phase III trial is planned comparing an injection of MSCs
plus HA to a saline sham procedure.

A Phase I-II trial of an injectable discogenic cellular agent (Rebonuputemcel) showed that with an injection of
9 million cells plus an HA carrier, it resulted in significantly less back pain, greater functional improvement, and better
quality of life through the 78-week follow-up. A Phase III trial evaluating the higher effective dose of rebonuputemcel
plus HA versus either sham or non-surgical management is planned to begin sometime in early 2024.

The use of allogeneic fibrin injected into the damaged region of the annulus may offer the least complex intradiscal
approach to managing discogenic pain (Discseel® Procedure).®® Fibrin, a naturally-occurring protein involved in blood
clotting, has a long history of clinical utilization as a tissue sealant or glue. As such, the material is injected intradiscally
to provide a physical barrier to catabolic agents and neoinnervation within the interstices of the torn annular fibers.
Despite a previous randomized controlled trial including 260 subjects comparing annular injections of fibrin to intradiscal
injections of saline where the fibrin sealant did not outperform saline and the data were never published, there are new
efforts to identify annular tearing via an annulogram prior to the annular injection of allogeneic fibrin.

There has also been a preliminary evaluation of intradiscal injection of a seven amino acid peptide that has a dual
mode of action that modulates TGF-B1 and restores homeostasis in the disc by balancing toward anabolic extracellular
matrix regeneration. The TGF-B1 modulation also downregulates IL-6 and nerve growth factor leading to a reduction in
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back pain. Following a promising Phase Ila trial that showed statistically significant improvements in pain and function
through week 24, the Phase IIb trial failed to show significant differences but did show a much greater response for the
two highest doses. These doses are currently being tested in a multicenter double-blind, randomized sham-controlled trial
(the MODEL trial) comparing the active treatment (SB-01) versus a sham procedure and the results of this trial will
likely be available in early 2025.

Early feasibility findings in 20 subjects treated by disc injection with a polymer composite hydrogel (PVA/PEG/PVP/
barium sulfate; Hydrafil) showed significant improvements in back pain severity and function through 6 months of
follow-up.®' The hydrogel is introduced as a liquid to augment the NP tissue, extend into annular tears, and reinforce the
annulus fibrosis. Further clinical study is warranted.

Finally, a novel electroceutical procedure (Discure System) employs a multi-electrode catheter connected to an
implantable pulse generator to provide direct intradiscal electrical stimulation in an attempt to increase the osmotic
gradient within the degenerated intervertebral disc. Initial pre-clinical evidence using a porcine model demonstrated
downregulation of pain markers and proinflammatory factors within damaged discs and exhibited distinct morphological
changes histologically and on MRI of extensive annular and nucleus pulposus regeneration.®?

Interpretation & Conclusions

Intradiscal therapies have shown great promise in the treatment of lumbar discogenic pain. The primary objective of
these interventions is to repair, rejuvenate, and restore the damaged intervertebral disc and, in doing so, eliminate the
source of the discogenic pain. That said, disc degeneration is an almost ubiquitous finding with aging in the human spine
and the same aberrant biomechanical forces that caused the initial damage still exist. This dilemma poses several
important research questions. How long can the effects of a regenerative therapy stave off the inevitable degeneration?
Can a re-damaged disc be treated again? Does disc regeneration also slow the progression of arthritic degeneration in
adjacent areas of the motion segment, particularly the facet joints?

Due to the methodological shortcomings (ie, small sample sizes, etc.) associated with many of the reports of
intradiscal therapies, there has been a clarion call for additional randomized controlled trials (preferably sham-
controlled).®!'*!3% Indeed, the lack of high-grade clinical evidence from trials with a prospective randomized, double-
blinded study design is often cited as a primary reason for rejecting proposed therapy advances in orthopedic surgery.®
While we would not argue that randomized sham-controlled trials provide the highest level of clinical evidence, we do
not believe that they are necessary to infer safety and effectiveness.®>°® Although percutaneous interventions may be
easier to sham than other spinal surgical procedures, we submit that sham-controlled trials are most valuable for
interventions where devices are genuinely new and claim to offer measurable therapeutic benefits. When this is not
the case, as with many commercially available products that already have regulatory clearance, randomized controlled
trials may be inappropriate and wasteful.** In fact, the majority of randomized interventional trials (~75%) designed to
guide clinical practice possess pitfalls that have compromised their ability to do s0.%”

The expanding use of “big data”, including information gleaned from electronic health records, large observational
cohorts, and patient registries, presents unique opportunities to conduct large-scale studies with many of the benefits of
randomized trials but without the inherent difficulties.®®

In closing, the interest in the development of effective methods to treat intervertebral disc degeneration is genuine and
the enthusiasm around the compendium of core evidence generated to date is warranted. However, until further clinical
results become available, we believe it is prudent to maintain cautious skepticism about the viability of these products to
provide sustained and durable efficacy in the harsh intradiscal microenvironment. As stated herein, we propose a more
thorough and comprehensive analysis and standardized presentation of clinical findings, which would measurably assist
in validating the clinical utility of these promising interventions.
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