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Aim: To evaluate safety and efficacy of low dose autologous adipose-derived mesenchymal stem cells
(ADMSCs) for treatment of disc degeneration resulting in low back pain (LBP). Methods: Nine participants
with chronic LBP originating from single-level lumbar disc disease underwent intradiscal injection of
10 million ADMSCs with optional repetition after 6 months. Results: No unexpected or serious adverse
events were recorded. Seven (78%) of participants reported reductions in pain 12 months after treatment.
Five (56%) reported increased work capacity. Three (33%) reduced analgesic medication. Improvements
in EQ-5D and Oswestry disability index results were observed. MRI demonstrated no further disc
degeneration and improvements to annular fissures and disc protrusions. Conclusion: This study provides
initial evidence of safety and efficacy of ADMSCs for discogenic LBP.

Plain language summary: This feasibility study sought to evaluate the safety and efficacy of low
dose autologous adipose-derived mesenchymal stem cells (ADMSCs) for treatment of disc degeneration
resulting in low back pain (LBP) in 9 participants. No unexpected or serious adverse events were recorded.
Seven (78%) of participants reported reductions in pain 12 months after treatment. Five (56%) reported
increased work capacity. Three reduced analgesic medication. Quality of life improvements were also
observed. Conclusion: This study provides initial evidence of safety and efficacy of ADMSCs for discogenic
LBP.
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Background
Low back pain (LBP) is a major health problem, affecting approximately 60-80% of the adult population at some
stage in their life [1-3]. LBP is the second most common reason for physician visits (1] and work disability [4] and
is associated with substantial healthcare costs and work absenteeism [5-7). In Australia, the most frequently seen
musculoskeletal conditions in general practice are associated with back problems, with approximately 11% of the
population experiencing high-disability LBP [3,8,9). The intervertebral disc (IVD) is a common source of LBP,
being the prime source in about 40% of complex chronic LBP presentations and discogenic LBP often has a poor
prognosis [10,11].

The etiology of degenerative disc disease (DDD) is well established. The vertebral endplate is subject to
fatigue failure [12-14] causing de-aggregation of proteoglycans in the nucleus, a reduction in water content and
non-collagenous proteins, consequent depressurization of the nucleus pulposus and delamination of the annulus
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fibrosus [15]. The pathology is also characterized by secondary marginal vertebral body osteophyte formation,
possible shrinkage of the nucleus pulposus and prolapse or folding of the annulus.

The hallmarks of DDD are reduced disc height and disc desiccation. The prevalence and progression of disc
height reduction over 12 months has been reported in a number of papers with varying populations. Still, it has
been shown that it occurs more frequently in the lumbar spine, is more common in women than in men (16}, and
degeneration can increase depending on disc position with degeneration increasing as one progresses caudally down
the spinal column [17] and disc height reduction being reported at levels of 3—15% /year [18-20].

Pain as a result of disc degeneration/pathology commonly presents as central low back pain though may
be associated with referral to surrounding tissues or even the lower limb with this pain reportedly resulting from
aberrant healing responses within the structure of the disc and the disc becoming densely innervated [211. Discogenic
pain is typically confirmed when symptoms are reproduced/‘provoked’ in provocation discography [22,23].

Treatment options in the past have centered primarily around pharmacological and/or surgical interventions.
Non-invasive options such as physical therapy and pain management programs have limited evidence for success
for LBP caused by DDD. Further, surgical interventions such as discectomy and fusion often yield uncompelling
outcomes and may come with significant morbidity [24].

Concerns regarding traditional management have led to the exploration of minimally invasive cell therapy
strategies that can putatively regenerate the IVD and restore or improve its function [25,26]. Cell therapies typically
offer an attractive safety profile and have lower costs compared to surgery. Mesenchymal stem cells (MSCs) have
been shown to be a promising cell source for use in restoring the normal cellular constitution of the degenerated
disc and they are also readily available in a number of tissues (e.g., adipose, bone marrow or umbilical cord blood).

The ability of MSCs to differentiate along a mesodermal lineage initially led to interest in their potential role
in assisting tissue repair [27-29]. New hypotheses indicate that MSCs regenerate injured tissues via their cell-to-cell
interaction and paracrine secretions that lead to the stimulation of trophic pathways [30-32], a reduction in cell apop-
tosis, enhancement of cell proliferation and inhibition of inflammatory mechanisms including immunomodulatory
pathways. Specifically, the alternative modes of repair by MSCs include paracrine activity of secreted growth factors,
anabolic cytokines including TGF-$, VEGF and EGF and hormones. In addition, the cell-to-cell interactions are
enhanced and mediated by tunneling nanotubes, and release of extracellular vesicles (including exosomes) that
contain reparative peptides/proteins, mRNA and microRNAs [33]. It is this observed paracrine expression and
cell—cell interaction that is now considered their primary mechanism of action and likely role in tissue repair rather
than via direct differentiation [30,31,34,35].

A recent pre-clinical animal study showed that implantation of bone marrow-derived MSCs to degenerative discs
inhibited fibrosis/scarring, thereby preserving mechanical properties and overall spinal function (36]. Furthermore,
studies of participants with confirmed disc-related LBP and injected with autologous bone marrow-derived MSCs,
have described improvements in both pain and disability up to 24 months after injection [37-41].

With continued interest in the possible clinical applications of MSC therapies it is imperative to determine not
just efficacy but also safety. Based upon current clinical trial outcomes, MSC therapy is relatively low-risk. A recent
meta-analysis of 36 trials involving a total of 1012 participants receiving MSC therapy for various conditions, did
not identify any significant adverse events other than transient and self-limiting fever [42). Further, a systematic
review of clinical studies involving the use of intra-articular injections of autologous expanded MSCs with a mean
follow-up of 21 months of 844 procedures showed no association with adverse events such as infection, death or
malignancy (43].

Preliminary research on MSCs was performed using bone marrow-derived cells. However, bone marrow harvest
procedures are painful and yield low numbers of MSCs [44]. An alternative source of autologous adult MSCs, due
to its abundance and ease of harvest, is adipose tissue [45-47]. Also, autologous adipose-derived mesenchymal stem
cells (ADMSCs) retain their inherent stem cell properties (i.e., ability to self-renew and differentiate) as well as
their multi-potency and immunomodulatory properties following prolonged culture expansion [48-51].

The results of previous pre-clinical and clinical trials using bone marrow-derived MSCs are encouraging and
support the potential use of ADMSCs in the treatment of disc-related LBP with the ability to reduce pain and
assist in intervertebral disc regeneration [52]. This treatment has the potential to significantly reduce disability
from LBP, also leading to significant economic benefits. Kumar ez a/. have previously reported promising results
with ADMSC:s at high cell concentrations utilizing hyaluronic acid (HA) as carrier for the ADMSCs [52]. As the
authors note, HA can also contribute to the efficacy recorded [52]. Here, we evaluate the safety and efficacy of low
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Figure 1. A flow chart highlighting the study design of this trial.

dose ADMSC therapy for LBP and utilize an isotonic solution as carrier, rather than HA, to ensure the measured
outcomes could be confidently attributed to the efficacy of the ADMSCs alone.

Materials & methods

Study design

This primary objective of this prospective, single-center, feasibility study was to assess the safety and efficacy of low
dose ADMSC:s in participants with single level disc degeneration with symptomatic discogenic LBP.

The secondary objective was to assess the potential of low dose ADMSC therapy to achieve positive quality of
life outcomes and disease modification by reducing the progression of DDD or regeneration of the IVD. MRI was
used to assess putative morphological changes in the IVD.

An outline of the study design together with the number of participants involved at each timepoint is shown
below (Figure 1). Following ADMSC therapy, participants attended the clinic and received phone calls to complete
the primary safety and efficacy outcome measures at 1, 3, 6, 9 and 12-months post-treatment. Unscheduled visits
were also allowed at any time for safety reasons or for the assessment of any adverse events as required.

Participants

Participants were enrolled in the study if they met all the eligibility criteria outlined in Table 1.

As part of the study, safety requirements to determine the health of participants before any procedures were
administered, including a standard 12-lead ECG, a full blood count, liver and renal function tests with clotting
time assessment. Females of childbearing potential underwent a pregnancy test.

future science group 10.2144/fs0a-2021-0155
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Table 1. Eligibility criteria for participants.

Key inclusion criteria

1. Chronic LBP of discogenic origin for at least six months
2. LBP > 5/10 on numeric pain rating scale at enrolment

3. Aged 18 years or older who have previously had three months of unsuccessful conservative back pain care, including, for example, medications (anti-inflammatories,
analgesics, muscle relaxants), massage, acupuncture, chiropractic manipulations, activity modification, home directed lumbar exercise programs

4. If present, leg pain <LBP, and of nociceptive not radicular type

5. MRI findings:
a) One level disc degradation without disc space height loss of more than 50% +/- Modic type | or Il changes at the same level
b) May include contained disc herniations <3 mm protrusion with no imaging evidence of neurological compression

Key exclusion criteria
1. Pregnancy or breast feeding (accepted contra-indication as no safety data on this population).

2. Discogram positive patients with a grade 5 annular tear (it is not known what the effect of dilution will have when the cells penetrate through the annulus fibrosus
into the epidural space)

3. A prior history of cancer or other malignant condition, or an atypical chronic pain syndrome
4. A history of epidural steroid injections within eight weeks prior to treatment injection

5. Previous surgery at the symptomatic disc that has altered the structure of the target disc level (e.g. discectomy, laminectomy, foraminotomy, fusion, intradiscal
electrothermal therapy, intradiscal radiofrequency, thermocoagulation)

6. A current diagnosis of bleeding disorders and/or taking prescribed anti-coagulants that cannot be ceased
7. A history of allergy to any substances used within the treatments

LBP: Low back pain.

Autologous MSC production method: harvesting

Following the baseline visit, MRI and confirmation of eligibility criteria, participants underwent the abdominal
lipoharvest procedure.

The methods of harvesting, isolation and expansion of autologous MSCs, which have previously been published
were undertaken in this study [53]. In summary, an abdominal liposuction was performed under local anesthetic
tumescence control with a total of 40-100 ml of lipoaspirate collected using a manual syringe suction technique
or via mechanical suction with collection in a sterile single-use filtered container (Shippert Medical, CO, USA).
Participants received a single dose of IV antibiotics at the time of the lipoharvest procedure as part of accepted
routine infection control prophylaxis [54].

All participants were reviewed the week after the cell harvest procedure by the treating doctor to assess for wound
healing and any adverse events.

Autologous MSC production method: isolation & expansion

The lipoaspirate was transferred directly after harvest to an onsite clean room tissue culture laboratory and processed
in a sterile environment in a Biological Safety Cabinet (BSC) class II using strict aseptic techniques. The cleanroom
was graded as ISO5 air quality or greater. All the equipment and solutions used were qualified and validated for
aseptic use in cell culture, including all reagents and buffer. The cells were then expanded in sterile tissue culture
conditions and dosages containing approximately 10 million autologous MSCs each were frozen individually in
sterile cryovials in approved cell-safe cryoprotectant media by a validated control rate freezing technique and
stored in liquid nitrogen until required [55,56). The formal isolation and expansion protocol has been previously
published [53].

Cells were characterized by flow cytometry (FACS) following previously published standards of the International
Society for Cellular Therapy [57. Samples were assessed for the presence of MSC specific surface antigens (CD90,
CD73 and CD105) and the absence of hemopoietic surface markers (CD14, CD19, CD34 and CD45). The
cultured cells were also tested for microbial and fungal contamination by culturing a sample of each patient’s cells
for 7 days at a qualified independent microbiology laboratory with negative growth result.

On the day of treatment, a single dose of cells was thawed at 37°C in a sterile waterbath, repeatedly washed with
chilled phosphate buffered saline (PBS) and centrifuged to remove the cryoprotectant media. The pelleted cells
were then resuspended and prepared for injection by mixing with 1 ml of sterile clinical-grade isotonic solution
(Plasma-Lyte 148).
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Table 2. Average cell count and viability confirmed using a muse cell analyzer.

Baseline ADMSC injection (n = 9) 6-month ADMSC injection

Cell count (millions) Cell viability (%) Cell count (millions) Cell viabil
Mean 10.9 96.6 10.2 96.8
SD 0.99 1.17 0.4 0.98

ADMSC: Adipose-derived mesenchymal stem cell; SD: Standard deviation.

Table 3. Tools used for the evaluation of outcome measures.

(n=5)
ity (%)

Outcome measures Measurement point (months)

Primary outcome measure

NPRS 0,1,3,6,9 12
Secondary outcome measures

DASS21 0,1,3,6,9 12
oDl 0,136,912
Standing, sitting and walking tolerances 0,1,36,9 12
EQ-5D-3L 0,1,3,6,9 12
Change to employment capability 0,1,36,9 12
Patient satisfaction 1,369 12
PGIC 1,369 12
MRI 0,12

DASS21: Depression, anxiety and stress scale; NPRS: Numeric pain rating scale; ODI: Oswestry disability index; PGIC: Patient global impression of change.

Prior to transfer to the procedure center for injection, cell number and viability was assessed using a Muse Cell
Analyzer (Merck, Millipore, USA) (Table 2). In-house assessment has shown stem cell number and viability to be
stable for 24 h after preparation when stored at 2-8°C until use. Intra-discal injection was performed within this
time period.

Disc injection method

On day 0/treatment administration day, each patient received a 1 ml intradiscal injection of 10 million ADMSCs
in injectable grade Plasma-Lyte 148. Under sterile conditions and live C-arm fluoroscopy, the intradiscal injection
into the symptomatic disc was performed using a right postero-lateral approach. All injections were performed by
the same physician to ensure standardization of technique.

Before this injection, all participants (with the exception of those who had previously had a discogram) underwent
low pressure provocation discography according to the Spine Intervention Society standards [22] to reproduce their
LBP and further confirm the treatment disc.

Treatment injection and post-procedure care (anesthesia, prophylactic antibiotics, post-procedure analgesia)
were performed in accordance with standard of care as appropriate in the judgment of the treating physician. All
participants were seen one-week post-injection to assess for any signs of infection and to evaluate the extent of any
post-procedure pain flares.

Outcome measures
The tools used to assess the primary and secondary outcome measures of formal function and pain comprised
several validated questionnaires which are detailed below in Table 3.

PVimﬂi"_)/ outcome measures

For the numeric pain rating scale (NPRS), participants rated their average pain and most severe pain intensity over
the past week on a scale of 0—~10. The NPRS has been validated for use in people with LBP [58,59].

The participants were questioned for the occurrence of adverse events (AEs) during the study period. AEs were
summarized by severity, treatment/intervention provided, relationship to the study procedures and resolution.
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Table 4. Participant demographics.

Gender, male vs female 56 vs 44

Age (years)
Height (m)
Weight (kg)
BMI (kg/m?)

40.1 (10.3)
1.7 (0.1)
75.3 (17.6)
25.4 (3.1)

Standard deviation in brackets.

Secondary outcome measures

The patient global impression of change (PGIC) scale provides the opinion of the patient as to how they believe
they have responded to treatment and is commonly used in conjunction with the NPRS to determine meaningful
results (60-62]. The validated questionnaires DASS21 (631, ODI (64,651, EQ-5D-3L [66-68] were used in accordance
with their instructions. The DASS21 questionnaire was provided to participants, and the results tallied then
multiplied by two for scoring within the validated DASS42 scale. For the standing; sitting and walking tolerances,
participants were asked to provide the number of minutes they could comfortably perform these activities before
pain prevented them from continuing. In addition to questionnaires, all pain medications were recorded at the
same timepoints.

By examining structural changes using MR, it may be seen if ADMSC therapy offers disease-modifying potential,
in other words, reducing progression of DDD. MRIs were performed at baseline and 12 months. MRI analysis
was performed on a 1.5T or greater MRI system with a dedicated spinal coil. Sagittal T1, sagittal T2, axial T2 and
coronal T2 fat saturation sequences were performed.

MRIs were analyzed focusing on modic changes, disc desiccation, disc height, annular tears and disc protrusions.
MRIs were assessed by a specialist musculoskeletal radiologist.

Statistics

Continuous variables were reported as means and standard deviations, or percentage change where appropriate.
Categorical variables were reported as counts and percentages where possible. Due to the small sample size, statistical
significance calculations were not performed.

Results
Study subjects
A total of 16 subjects were screened at commencement of the trial with the intention of recruiting ten participants.
five subjects failed screening and an additional single subject failed screening at time of treatment where it became
evident that he suffered from two levels of disc degeneration rather than single level. A further single subject was
lost to follow-up with a total of nine subjects completing follow-up.

To provide accurate data, the results presented, including baseline data, are based on 90% (n = 9) of the original
study population, as one subject was lost to follow-up after the initial lipoharvest and stem cell injection, so had
no comparable data available.

Demographics
A summary of participant demographics is provided in Table 4.

Participants had been suffering from chronic LBP, with two participants (22%) experiencing pain for 1-2 years,
four participants (44%) suffering from pain for 3-5 years and three participants (33%) suffering from pain for over
10 years.

Employment
At baseline, six of the nine (67%) participants were working between 26 and 52 h per week.

After 12 months, working participants increased to seven of the nine (78%), with four participants (44%)
showing improvement in their capacity to perform work, and two participants (22%) reporting no change to
working capacity. One participant was previously unable to work but returned to full time work after 12 months.
One participant recorded work as not applicable and one participant was unable to work for the duration of the
study.
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Figure 2. Tornado plots showing percentage improvement in numeric pain rating scale scores for each participant. (A) Average pain
scores at 6 months. (B) Average pain scores at 12 months. (C) Most severe pain at 6 months. (D) Most severe pain at 12 months.

Three participants (33%) noted an increase in the number of hours they were able to work, with the most
significant change seen in a participant who had previously been unable to work and returned to full-time
employment. This participant increased the number of working hours over the 12-month period, recording
30 hours per week at 6 months and 38 hours at 12 months.

Medications

Of the eight participants taking regular and pro re nata (PRN) medications at baseline to manage their pain
condition, a reduction in medication was recorded in three (38%) of these, whilst another was able to cease all
medication by the 12-month follow-up visit.

Pain outcomes

Average pain

All participants reported an improvement in their average pain scores at 6 months following injection. At both 6
and 12 months, five of the nine participants (55%) reported improvements of >50% in their average pain score
(Figure 2A & B). Two participants reverted to baseline average pain levels, one of which was in response to an
unrelated work injury encountered just before the 12-month timepoint.

Most severe pain

Eight (89%) and six (67%) of the nine participants reported an improvement from baseline in their most severe
NPRS score by 6 and 12 months, respectively (Figure 2C & D). Three participants (30%) demonstrated improve-
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ments of >50% at 12 months. The above-mentioned participant who experienced an unrelated work injury also
reported a worsening of their most severe pain in comparison to baseline at the 12 month follow-up visit.

Pain outcomes & number of cells injected
Participants were assessed at 6 months post-injection and given the option of a second injection, if they continued
to experience ongoing intrusive pain. Following consultation with the physician, five participants (56%) underwent
a second injection of a further 10 million ADMCSs at this point, totaling 20 million cells injected.

Of those who received a second injection (n = 5), at 12 months, 2 participants (40%) improved, 2 participants
(40%) worsened and one participant (20%) showed no changes compared to their 6 month results in both average
and most severe pain.

Tolerance for standing, sitting & walking

Participants were asked to record how long they were able to sit, stand and walk for at each time interval, before the
pain became unbearable. After 12 months post-procedure, six participants (67%) reported improvements in sitting
tolerance duration, one participant (11%) reported no change and two participants (22%) reported worsening.
In terms of standing tolerance, five participants (56%) reported improvements, three participants (33%) reported
no change and one participant (11%) reported worsening at the 12-month time interval. One participant did
not record a final entry for walking tolerance, indicating either a missed question or no restriction to his walking
ability (Figure 3). Among the participants who provided data, four (50%) reported improvements in walking
tolerance duration, three participants (38%) reported no change and one participant (13%) reported worsening at
the 12-month time interval. For participants who improved at 12 months, the median observed treatment effect
was at least 1.5 times the baseline capacity (2.0 x [sitting] 1.5 x [standing] and 1.75 x [walking]).

Functional outcomes
The majority of participants showed improvements in functional outcome scores at 6 and 12 months as measured
by both the ODI and EQ-5D-3L. At 6 months, all participants had recorded an improvement in functional
outcomes in the ODI compared to baseline, with improvements ranging from 4 to 80% (mean: 34%) (Figure 4A).
At 12 months, 89% (n = 8) of participants recorded improvements from baseline ranging from 8 to 93%, while
one participant (11%) reverted to their original baseline value (mean: 39%) (Figure 4B). At both time intervals,
67% of participants (n = 6) reported improvements >30%.

At 12 months, 5 participants (56%) had shifted into milder clinical categories within the ODI (two moved from
severe-to-moderate disability, and three moved from moderate to minimum disability) (Figure 5).

As measured by the EQ-5D-3L, all participants reported some difficulties with undertaking their usual activities
(work, study, housework, family or leisure activities) at baseline (Figure 6A). Encouragingly, after 6 months, 44%
(n = 4) of participants improved to report no difficulties, which further increased to 66% (n = 6) after 12 months.
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Figure 4. ODI results showing percentage improvement in functional outcomes for each participant. (A) 6 months. (B) 12 months.
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Figure 5. ODI results showing clinical outcomes at baseline, 6 and 12 months.
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Figure 6. Percentage of participants reporting each category in functional outcomes (EQ-5D-3L) at baseline, 6 and 12 months. (A) Usual
activities. (B) Self-care.
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Figure 7. 12-month data showing participant satisfaction and patient global impression of change data. (A)
Categorical PGIC data. (B) Participant satisfaction survey.
PGIC: Patient global impression of change.

In addition, one participant (11%) was previously unable to perform their usual activities at baseline and improved
to only having some problems. One participant (11%) showed improvement at 6 months but reverted to baseline
scores after 12 months, and one participant did not show any changes throughout the study.

While four participants (44%) noted some problems with self-care (washing and dressing) at baseline, the only
participant who had problems with self-care after 12 months was the participant who had suffered an unrelated
work injury just before the 12-month timepoint (Figure 6B). This participant’s earlier results at 6 months showed
no problems with self-care.

The other measures of the EQ-5D-3L (including mobility, pain/discomfort and anxiety/depression) saw im-
provements for one to two participants per measure, while the other participants were stable and did not record
any worsening.

DASS results

It is worth noting that baseline DASS scores showed that the majority of participants (67%; n = 6) recorded normal
scores in all three domains of depression, stress and anxiety. In all subcategories, 67% (n = 6) recorded normal
scores at 12-month follow-up.

From baseline to 12 months, a slight improvement was observed in the stress scale (median overall improvement
of 2 units across all participants, individual changes ranged from -6 to 46 units) while no consequential change
was observed in the anxiety scale (median overall change of 0 across all participants, individual changes ranged
from -6 to +6 units).

The depression scale varied more, with individual scores ranging from -8 (deterioration) to +18 (improvement)
between baseline and 12 months, the median change across the scores being 2.

Patient Global Impression of Change

At 12 months, seven participants (78%) recorded improvement using the PGIC, ranging from minimally improved
(n = 3; 33%), much improved (n = 3; 33%) and very much improved (n = 1; 11%) (Figure 7A). One participant
(11%) recorded no change, and the participant who suffered the work-related injury recorded a slight worsening
(n = 1; 11%). For the participants who recorded an improvement (n = 7), a follow-on question was included asking
them to stipulate how much they felt they had improved as a result of the therapy. These results varied from 20%
to 100% improvement, with a mean improvement of 52%.
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Table 5. Baseline and 12-month MRI findings.

Ptno. Treatmentdisc  Baseline MRI findings 12-month MRI findings
02 L5/S1 Desiccated disc with shallow disc protrusion No changes in disc height
Hyperintense posterior peripheral zone (annular fissure) No progression of shallow disc protrusion
Normal disc height Hyperintense posterior peripheral zone (annular fissure) has
resolved
03 L5/51 Narrowed desiccated disc No changes in disc height or disc desiccation
Mild broad based disc protrusion No change in disc protrusion
Endplate cortical irregularity with type 2 Modic changes No change in Modic 2 endplate changes
04 L5/S1 Desiccated disc with moderate to severe narrowing at its right lateral  No changes in disc height
margin. Modic | endplate degenerative change. Disc protrusion, mild  No progression of endplate degenerative changes
disc bulge with small posterior annular tear No change in small posterior annular tear
07 L5/51 Narrowed desiccated disc No changes in disc height
Small shallow disc protrusion No progression of Modic 2 endplate changes
Modic 2 endplate changes Disc protrusion reduced in size
08 L5/S1 Disc desiccation. Normal disc height. Shallow posterior disc protrusion. No changes in disc height
Hyperintense posterior peripheral zone No progression of endplate degenerative changes
Stable disc protrusion and disc height
Hyperintense posterior peripheral zone (annular fissure) has
reduced in size
1 L5/S1 Disc desiccation with normal disc height No changes in disc height
Small annular fissure No progression of endplate degenerative changes
Broad based disc protrusion Reduction in size of annular fissure
13 L3/4 Mild disc narrowing posteriorly No changes in disc height or disc protrusion
Disc desiccation with very minor disc protrusion No progression of endplate degenerative changes
14 L2/3 Disc desiccation. Very mild loss of disc height No changes in disc height or disc protrusion
Small shallow disc protrusion. Inferior L2 endplate Schmorl’s node No progression of endplate degenerative changes
with mild type 2 Modic endplate changes
16 L5/51 Modic type 2 end plate changes Disc bulge reduced in size
Desiccated disc with moderate reduced height. Circumferential disc Mild reduction in posterior disc space height
bulge No progression of endplate degenerative changes
pt: Patient.

Participants were also asked whether they were satisfied with the treatment, to which, 67% (n = 6) were either
very satisfied or completely satisfied, and 33% (n = 3) were not completely satisfied (Figure 7B).

Structural changes within the IVD

One of the secondary objectives of this study was to assess if ADMSC therapy offered signs of disease-modifying po-
tential, in other words, reducing progression of DDD and restoring or improving disc function through regeneration
of the IVD. All participants had a baseline MRI, and this was repeated at 12 months.

In all nine participants, MRIs taken at 12 months showed no change to disc height and no progression of endplate
degenerative changes in any of the nine participants. Annular fissures observed in three participants lessened or
resolved and two participants had a reduction in size of their disc bulge/protrusion. Details of each participant’s
MRIs at baseline and at 12 months follow-up are shown in Table 5, with two representative participants’ images
shown in Figure 8.

Complications & adverse events
No unexpected or serious adverse events (AEs) were recorded for either the lipoharvest or disc injection procedures.
Most participants experienced mild pain (n = 7; 78%), minimal discharge (44%) and/or mild bruising (n = 8; 89%)
following the lipoharvest procedure and one participant experienced moderate pain (11%). These AEs resolved in
all cases without the need for interventions or an increase in analgesia and are considered to be expected AEs. No
infections at puncture sites were recorded, and healing was normal in all cases.

One expected adverse event related to the disc injection was noted during the study period — a pain flare that
required opioid analgesia. This flare had resolved by the 1-month follow-up visit.

Discussion
Previous studies on the use of MSCs for disc degeneration have shown benefits for the treatment of discogenic LBP,
both in reducing pain and assisting in disc regeneration [37-40] with these past studies using a variety of cellular
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Figure 8. MRI images showing two participants at (i) baseline and (ii) 12 months post procedure. (A1 & 2)
Represents participant 04 from Table 5 and shows no changes from baseline to follow-up. (A1) Participant 04,
baseline. (A2) Participant 04, 12 months. (B1 & 2) Represents participant 07 from Table 5 and shows no changes in disc
height, no progression of Modic 2 endplate changes and a reduction in disc protrusion size. (B1) Participant 05,
baseline. (B2) Participant 05, 12 months.

therapies. In a fresh approach, this study aimed to investigate the use of autologous ADMSC:s at low concentrations,
due to their relative ease of harvest, potential for extended proliferation and supportive safety profile.

The demographics of the group were favorable, with average BMI (25.4) bordering the healthy range, isolated
modic changes and other causes of pain (such as facet and sacroiliac joint pain) excluded following assessment in
an interventional pain clinic. In addition, many of the participants were still able to work, and the participants did
not have any known psychological problems that would interfere with the study outcomes.

Importantly this trial indicated intradiscal ADMSC therapy to be safe with treatment well tolerated. No
unexpected or serious adverse events were recorded. Whilst a single participant experienced a flare post therapy this
responded to use of appropriate analgesia and was self-limiting.

The overall results shown in this pilot study are positive and show benefits in relation to both pain and functional
outcomes over 12 months of follow-up for participants with single-level lumbar disc degeneration.

Using the NPRS, the majority of participants reported improvements in both their average (78%; n = 7) and most
severe (67%; n = 6) pains. Changes in percentage scores by 30% or more reflect clinically meaningful change [69),
and this was achieved in 67% (average pain) and 44% (most severe pain) of participants. In our clinical practice,
>50% improvement is often viewed as the marker of success, which was achieved for 55% (n = 5) and 30% (n = 3)
of participants at 12 months for average pain and most severe pain, respectively.

The functional outcomes data unveiled encouraging quality of life benefits over the 12 months for most partic-
ipants. While all participants noted problems with performing their usual activities at baseline, most participants
(66%; n = 6) no longer had such problems after 12 months. In addition, one participant who was previously unable
to perform the usual activities was able to perform them after 12 months. Similarly, all participants recording
problems with self-care at baseline reported no problems with self-care after 12 months. Across all the EQ-5D-3L
categories, participants who did not record an improvement also did not record any worsening related to the
treatment.

The ODI results were also encouraging. All but one participant demonstrated an improvement in functional
outcomes, and most participants exhibited substantial improvement. It has long been considered a challenge to
place a value for the minimal clinically important difference (MCID) in the ODI [70] and the literature has varied
with proposed MCID values [71-73]. We have based our interpretation of clinically meaningful ODI results on a
recent publication who proposed a MCID in ODI of >30% reduction based on their results of a study involving
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23,280 participants [69]. In our study, 6 (67%) participants recorded a change of >30% and for five of these, the
improvements lead to a change in clinical category as interpreted by the ODL.

Very little can be concluded from the DASS21 results. The stress and anxiety outcomes did not vary much from
baseline values in any of the participants. The depression outcomes varied more, with a mixture of improvements
and deterioration seen.

The results of the PGIC and participant satisfaction survey were also promising, together with the functional
outcomes showing that although the participants were not pain-free, they had an improved quality of life, and most
(67%) were either very satisfied or completely satisfied with the treatment outcomes.

Several environmental factors may have indirectly contributed to the improvements seen in the reported quality
of life outcome measures. Many participants (n = 5; 56%) reported an increased capacity to work, which may
not only affect the specific questions of the surveys but the overall well-being and feeling of worthiness of those
individuals. Of the seven participants taking analgesic medication at baseline to treat their pain, three (43%) had
also reduced their analgesic medication, which can also have a positive outcome with quality of life if it results
in fewer side effects and/or feeling of greater empowerment. Pain reduction may often also lead to an increase in
activities, which can improve quality of life for participants. The extent of the undertaking of activities was not
explicitly tracked in this study. However, the outcomes of the sitting, walking and standing tolerances and relevant
functional measures were predominantly positive in this regard.

In a previous study [521, the use of a higher dose intradiscal injection of MSCs did not see an increase in efficacy
between 20 and 40 million cells in participants treated with ADMSCs in HA carrier for discogenic pain. Here,
we have been encouraged by promising results in some participants with just 10 million cells in isotonic solution,
suggesting that this even lower dose may also be sufficiently efficacious in specific patient populations without
co-administration of HA. An effective lower dose is a positive outcome as it holds the potential to deliver efficacious
treatment to patients in a faster timeframe. In our study, little can be concluded as to whether a doubling of dose
via a second administration 6 months after the first administration would lead to improved efficacy due to high
variability in results within a small cohort. We did observe, however, that if participants did not achieve >50%
improvement in their NPRS results after 6 months, they did not achieve >50% pain improvement after 12 months
regardless of whether they received additional dosing. Similar studies have observed the greatest clinical benefit
within the first 6 months of stem cell treatment, with only moderate improvement up to 12 months [38,52]. From a
clinical perspective, therefore, 6 months may represent a useful timeframe to assess patient responses and determine
whether to progress with a different treatment option.

It has long been debated whether MRI provides conclusive evidence concerning the relationship between disc
degeneration and the symptoms of chronic low back pain symptoms (74,75]. As mentioned earlier, degenerative rates
of between 3 and 15% /year (18-20) would normally be expected, however, in our study, the MRI results showed
stability from baseline in all nine participants. No changes to disc height or progression of endplate degenerative
changes were observed. Annular fissures observed in three participants lessened or resolved, and two participants
had a reduction in size of their disc bulge/protrusion. These morphological improvements may have been due to
the treatment or to natural history (76] and it is interesting to consider the consistency in degradation stabilization in
this cohort despite variability in the pain and functional outcomes. Improvements in pain and function outcomes
without change to disc height at 12 months has also been reported previously following IVD treatment with
autologous bone marrow-derived MSCs [38] with this study observing an increase in fluid content of the discs,
which was not assessed here, a potential limitation of this study.

As discussed above, there are several treatment options available for treating LBP associated with DDD, such
as pain medication, physical exercises, interventional approaches, multidisciplinary biopsychosocial rehabilitation
and surgery [74,75]. Medication can be beneficial in some instances, however, the use of pain medications shows
most benefits in acute pain and their use in chronic pain often does not provide an appropriate solution, offering
approximately 30% pain relief together with significant adverse events [77). Furthermore, the long-term use of
opioids — the most commonly prescribed drugs used to treat chronic LBP [75] — can cause greater problems with
dependence and other adverse consequences, contributing to the current opioid epidemic (75,77].

Exercise therapy is favorable in terms of being a conservative option which has shown some promise with
decreasing pain and improving function, however, it has only shown modest benefits and typically does not
result in clinically significant improvements [74]. Psychological interventions are often encouraged but are typically
advocated in conjunction with physical treatments in a multibiopsychosocial approach. This has shown promise
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but also has limited evidence reliant on the physical treatment selected and continues to have mixed opinions in
clinical practice [75].

Interventional therapies have shown mixed results but clear positive outcomes have been observed with epidural
injections in patients presenting with axial LBP [75]. A disadvantage with these treatments is that the treatment
can wear off and additional injections are often required [78]. Manchikanti ez a/. reported an improvement in
NPRS and ODI scores after 12 months in patients treated with epidural injection alone (group 1: NPRS 63%
improvement, ODI 56% improvement) and epidural injection together with steroidal injection (group 2: NPRS
72% improvement, ODI 72% improvement), both groups requiring approximately four procedures over the same
time interval (79].

In clinical practice, surgical treatments are also used to treat patients presenting with DDD. While some
studies have shown benefit with such surgeries, other studies have shown no difference in disability and functional
outcomes between surgical fusions and disc replacement compared to conservative therapies [77], and others have
shown benefits only in the more extreme cases of disc degeneration [74]. Clinical follow-up has also revealed
ongoing problems in many patients treated by surgical means, such as fusion failure (10% requiring reoperation
typically within 5 years), chronic pain and adjacent segment degeneration following posterior lumbar interbody
fusion [80]. Surgical intervention has indeed been criticized for its lack of evidence [77] and is viewed by many to
only be considered as the last treatment option after less invasive options have already been exhausted [75] and/or
recommended only for a minority of patients [74].

Stem cell therapy to treat DDD has shown promise in other early studies (81) and the results we see here are
similarly reflected. Given the versatile literature and results reported across all DDD treatments, it is difficult
to compare the techniques without a very carefully designed randomized clinical trial. Even then, there will
undoubtedly be complexities such as with blinding. Initial results of this study are encouraging, indicating that
stem cell therapy may provide a very useful and attractive treatment option for patients suffering from DDD.

The three top responders in this study based on both average and most severe NPRS results presented with
Modic type 2 changes at baseline, and no annular tears. The one other participant who presented with these
characteristics was the participant who suffered a work-related injury at 12 months and therefore recorded poor
outcomes at 12 months. Only one participant presented with Modic type I change, together with an annular tear,
who demonstrated poor outcomes with no improvement in severe pain and minor (14.3%) improvement in average
pain at 12 months. Annular tears were generally seen as negative indicators, although one participant reached 50%
improvement at 12 months in most severe and average pain scores following a second injection. Whilst little can be
implied from such small cohorts, these outcomes warrant further investigation into low dose autologous ADMSC
treatment in a more select patient population with focus on patients with Modic type 2 changes.

Study limitations of this trial include a lack of control group and a small sample size. The trial was directed
toward patients suffering from DDD and excluded participants with radicular type pain, a disc height <50%,
or exhibiting multiple levels of disc degeneration. While no significant conclusions can be drawn from the data
presented, the use of low ADMSCs concentration injections for disc degeneration in this small sample was shown
to be a safe, well tolerated procedure with minimal morbidity and mostly positive outcomes.

Conclusion

LBP is a leading cause of disability in our society and affects a significant proportion of the population. Current con-
servative therapies are limited, and conventional treatments such as surgery have shown inconsistent improvements
and may have unwanted side effects.

In this study, autologous ADMSC:s in isotonic solution resulted in pain and functional improvements for most
study participants over 12 months of follow-up. 78% of participants reported an overall improvement and 67%
were very satisfied or completely satisfied with the treatment. MRI analysis after 12 months indicated no change to
disc height, no progression of endplate degenerative changes and (partial) resolution of annular fissures. Participants
with Modic type 2 changes and no annular tears appeared to benefit most from this treatment.

Additionally, ADMSC therapy was well-tolerated, had no safety issues, and no treatment-related serious adverse
events. Coupled with the positive outcomes in pain and functional improvements, this treatment shows potential
for helping people suffering from debilitating discogenic LBP.
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Future perspective

Regenerative cellular therapies form part of accepted medical practice in the areas including bone marrow and
tissue transplantation, blood transfusion and iz vitro fertilization. More recent advances in our understanding of
the pathology of musculoskeletal complaints in addition to the properties of mesenchymal stem cells and their
ability to influence healing through paracrine and cell-to-cell interaction have seen the emergence of additional and
promising regenerative medicinal pathways. Discogenic LBP is a condition associated with significant disability
with poor outcome associated with conventional therapies including physiotherapy and surgical intervention.
Improvements in pain and quality of life measures in combination with observed structural improvements indicates
that ADMSCs is a promising future regenerative cellular therapy in the treatment of LBP. Further studies are
needed over a larger scale to further investigate some of the outcomes observed in this study. In particular, a focus
of participants presenting with Modic type 2 changes and no annular tears could confirm whether this particular
cohort are more suited to this treatment option, as this early data suggests.

Summary points

e Low back pain (LBP) is a major health problem, affecting approximately 60-80% of the adult population at some
stage in their life. It is the second most common reason for physician visits and work disability and is associated
with substantial health care costs and work absenteeism.

e The intervertebral disc is a common source of LBP, being the prime source in about 40% of complex chronic LBP
presentations.

e Past treatment options have centered primarily around pharmacological and/or surgical interventions with
limited evidence of success. Surgical interventions such as discectomy and fusion often yield uncompelling
outcomes and may come with significant morbidity.

e Early pre-clinical and clinical trials have indicated the ability of intra-discal mesenchymal stem cell therapies to
improve pain and function.

e In this feasibility study the use of low dose autologous adipose-derived mesenchymal stem cells (ADMSC)s in
isotonic solution resulted in pain and functional improvement with improvement in quality of life as measured by
validated outcome measures.

e The majority of participants reported improvements in both their average and most severe pains. Two-thirds of
participants achieved clinically meaningful change in pain (>30% improvement in pain scores).

e 78% of participants reported an overall improvement and 67% were very satisfied or completely satisfied with
the treatment.

e MRIs demonstrated no changes to disc height, no progression of endplate degenerative changes and (partial)
resolution of annular fissures.

e ADMSC therapy was well tolerated with no related serious adverse events.

e Autologous ADMSC intra-discal therapy represents an exciting advancement in the treatment of disc related LBP.

Author contributions

D Bates, D Vivian and J Freitag had clinical responsibility of participants, including performing procedures, and were involved with
the initial design of the study. J Wickham, B Mitchell, P Verrills and R Boyd were involved with the initial design of the study. K
Shah managed the laboratory component of the study. D Federman reviewed, analyzed and interpreted the MRIs. A Barnard was
involved in the initial study design and protocol development. L O'Connor was involved in protocol development and drafting of
the manuscript. J Young performed data analysis and interpretation of results and drafted the manuscript. All authors reviewed
the manuscript.

Financial & competing interests disclosure

This research was jointly funded and co-sponsored by Monash Clinical Research, Metro Pain Group, Melbourne Stem Cell Centre
and Magellan Stem Cells. The following authors are affiliated with the following companies who perform stem cell treatments
commercially: J Freitag, D Bates, B Mitchell, P Verrills and D Vivian: Melbourne Stem Cell Centre; and/or J Freitag, D Bates, B Mitchell,
P Verrills, D Vivian and K Shah: Magellan Stem Cells. The authors have no other relevant affiliations or financial involvement with
any organization or entity with a financial interest in or financial conflict with the subject matter or materials discussed in the
manuscript apart from those disclosed.

No writing assistance was utilized in the production of this manuscript.

future science group 10.2144/fs0a-2021-0155



Research Article  Bates, Vivian, Freitag et al.

Ethical conduct of research

This study has been performed in accordance with the principles outlined in the Declaration of Helsinki for all human experimental

investigations and follows all ICH-GCP principles. The study was approved by the Human Research and Ethics Committee (H17027)
of Charles Sturt University and registered on the Australian and New Zealand Clinical Trials Registry (trial no. 12617000636358).
All participants signed informed consent prior to commencement.

Open access
This work is licensed under the Creative Commons Attribution 4.0 License. To view a copy of this license, visit
http://creativecommons.org/licenses/by/4.0/

References
Papers of special note have been highlighted as: o of interest

1.

20.

21.

22.
23.

Deyo RA, Rainville J, Kent DL. What can the history and physical examination tell us about low back pain? JAMA 268(6), 760-765
(1992).

Kinkade S. Evaluation and treatment of acute low back pain. Am. Fam. Physician 75(8), 1181-1188 (2007).

‘Walker BF, Muller R, Grant WD. Low back pain in Australian adults. Prevalence and associated disability. /. Manipulative Physiol. Ther.
27(4), 238-244 (2004).

Waddell G, Newton M, Henderson I, Somerville D, Main CJ. A Fear-Avoidance Beliefs Questionnaire (FABQ) and the role of
fear-avoidance beliefs in chronic low back pain and disability. Pain 52(2), 157-168 (1993).

Engers AJ, Jellema P, Wensing M, van der Windt DA, Grol R, van Tulder MW. Individual patient education for low back pain.
Cochrane Database Syst. Rev. 2008(1), CD004057 (2008).

Maniadakis N, Gray A. The economic burden of back pain in the UK. Pzin 84(1), 95-103 (2000).
van Tulder MW, Koes BW, Bouter LM. A cost-of-illness study of back pain in The Netherlands. Pzin 62(2), 233-240 (1995).

Stevenson C, Al-Yaman F, Grau | ez 4/. Australian Institute of Health and Welfare 2000. Australia’s Health 2000: the seventh biennial
report of the Australian Institute of Health and Welfare. Canberra: ATHW. 97-100 (2000).

Von Korff M, Deyo RA, Cherkin D, Barlow W. Back pain in primary care. Outcomes at 1 year. Spine 18(7), 855-862 (1993).

Schwarzer AC, Aprill CN, Derby R, Fortin ], Kine G, Bogduk N. The prevalence and clinical features of internal disc disruption in
patients with chronic low back pain. Spine 20(17), 1878-1883 (1995).

Peng B, Fu X, Pang X ez al. Prospective clinical study on natural history of discogenic low back pain at 4 years of follow-up. Pain
Physician 15(6), 525-532 (2012).

Adams M, McNally D, Wagstaff ], Goodship A. Abnormal stress concentrations in lumbar intervertebral discs following damage to the
vertebral bodies: a cause of disc failure? Eur. Spine J. 1(4), 214-221 (1993).

Hansson T, Keller T, Spengler D. Mechanical behavior of the human lumbar spine. II. Fatigue strength during dynamic compressive

loading. /. Orthop. Res. 5(4), 479-487 (1987).

Liu YK, Njus G, Buckwalter J, Wakano K. Fatigue response of lumbar intervertebral joints under axial cyclic loading. Spine 8(8),
857-865 (1983).

Holm S, Holm AK, Ekstrém L, Karladani A, Hansson T. Experimental disc degeneration due to endplate injury. /. Spinal Disord. Tech.
17(1), 6471 (2004).

Jarraya M, Guermazi A, Lorbergs AL ez al. A longitudinal study of disc height narrowing and facet joint osteoarthritis at the thoracic and
lumbar spine, evaluated by computed tomography: the Framingham Study. Spine J. 18(11), 2065-2073 (2018).

Siemionow K, An H, Masuda K, Andersson G, Cs-Szabo G. The Effects of age, gender, ethnicity, and spinal level on the rate of
intervertebral disc degeneration. A review of 1712 intervertebral discs. Spine 36(17), 1333 (2011).

Videman T, Battié MC, Parent E, Gibbons LE, Vainio P, Kaprio J. Progression and determinants of quantitative magnetic resonance
imaging measures of lumbar disc degeneration: a five-year follow-up of adult male monozygotic twins. Spine 33(13), 1484-1490 (2008).

Teraguchi M, Yoshimura N, Hashizume H ez a/. Progression, incidence, and risk factors for intervertebral disc degeneration in a
longitudinal population-based cohort: the Wakayama Spine Study. Osteoarthritis Cartilage 25(7), 1122-1131 (2017).

Hassett G, Hart D, Manek N, Doyle D, Spector T. Risk factors for progression of lumbar spine disc degeneration: the Chingford Study.
Arthritis Rheum. 48(11), 3112-3117 (2003).

Garcfa-Cosamalén J, Del Valle ME, Calavia MG et al. Intervertebral disc, sensory nerves and neurotrophins: who is who in discogenic

pain? /. Anar. 217(1), 1-15 (2010).
Bogduk N. Practice guidelines for spinal diagnostic and treatment procedures. International Spine Intervention Society, (2013).

Lennard TA, Vivian DG, Walkowski SD, Singla AK. Pain Procedures in Clinical Practice E-Book. Elsevier Health Sciences, (2011).

10.2144/fs0a-2021-0155

Future Sci. OA (2022) FSO794 future science group


http://creativecommons.org/licenses/by/4.0/

24.

25.

26.

27.
28.

29.

30.
31.

32.

33.
34.

35.
36.

37.

38.

39.

40.
41.
42.

43.

44.

45.

46.

47.

48.

49.

50.
51.

Low-dose mesenchymal stem cell therapy for discogenic pain

Carragee EJ, Lincoln T, Parmar VS, Alamin T. A gold standard evaluation of the “discogenic pain” diagnosis as determined by
provocative discography. Spine 31(18), 2115-2123 (20006).

Longo UG, Papapietro N, Petrillo S, Franceschetti E, Maffulli N, Denaro V. Mesenchymal stem cell for prevention and management of
intervertebral disc degeneration. Stem Cells Int. 2012, 921053 (2012).

Taher F, Essig D, Lebl DR ez /. Lumbar degenerative disc disease: current and future concepts of diagnosis and management. Adv.

Orthap. 2012, 970752 (2012).
Barry FP. Biology and clinical applications of mesenchymal stem cells. Birth Defects Res. C Embryo Today 69(3), 250-256 (2003).

Arinzeh TL. Mesenchymal stem cells for bone repair: preclinical studies and potential orthopaedic applications. Foot Ankle Clin. 10(4),
651-665 (2005).

Noel D, Djouad F, Jorgense C. Regenerative medicine through mesenchymal stem cells for bone and cartilage repair. Curr. Opin.
Investig. Drugs 3(7), 1000-1004 (2002).

Caplan Al, Correa D. The MSC: an injury drugstore. Cell Stem Cell 9(1), 11-15 (2011).

Nakagami H, Morishita R, Maeda K, Kikuchi Y, Ogihara T, Kaneda Y. Adipose tissue-derived stromal cells as a novel option for
regenerative cell therapy. J. Atheroscler. Thromb. 13(2), 77-81 (2006).

Wu L, Leijten JC, Georgi N, Post JN, van Blitterswijk CA, Karperien M. Trophic effects of mesenchymal stem cells increase chondrocyte
proliferation and matrix formation. 7issue Eng. 17(9-10), 1425-1436 (2011).

Spees JL, Lee RH, Gregory CA. Mechanisms of mesenchymal stem/stromal cell function. Stem Cell. Res. Ther. 7(1), 1-13 (2016).

Djouad F, Bouffi C, Ghannam S. Mesenchymal stem cell: innovative therapeutic tools for rheumatic diseases. Nat. Rev. Rheumatol. 5,
392-399 (2009).

Caplan Al Adult mesenchymal stem cells for tissue engineering versus regenerative medicine. J. Cell. Physiol. 213, 341-347 (2007).

Leung VY, Aladin DM, Lv F ez al. Mesenchymal stem cells reduce intervertebral disc fibrosis and facilitate repair. Szem Cells 32(8),
2164-2177 (2014).

Meisel HJ, Siodla V, Ganey T, Minkus Y, Hutton WC, Alasevic OJ. Clinical experience in cell-based therapeutics: disc chondrocyte
transplantation: a treatment for degenerated or damaged intervertebral disc. Biomol. Eng. 24(1), 5-21 (2007).

Orozco L, Soler R, Morera C, Alberca M, Sanchez A, Garcfa-Sancho J. Intervertebral disc repair by autologous mesenchymal bone
marrow cells: a pilot study. Transplantation 92(7), 822-828 (2011).

Yoshikawa T, Ueda Y, Miyazaki K, Koizumi M, Takakura Y. Disc regeneration therapy using marrow mesenchymal cell transplantation:
a report of two case studies. Spine 35(11), E475-E480 (2010).

Mesoblast. Positive spinal disc repair trial results using Mesoblast adult stem cells. Global Newswire, (2014).
Wu T, Song HX, Dong Y, Li JH. Cell-based therapies for lumbar discogenic low back pain. Spine 43(1), 49-57 (2018).

Lalu MM, McIntyre L, Pugliese C ez al. Safety of cell therapy with mesenchymal stromal cells (SafeCell): a systematic review and
meta-analysis of clinical trials. PLoS ONE 7(10), e47559 (2012).
Provides a meta-analysis of 36 mesenchymal stem cells (MSC) trials (over 1000 participants).

Peeters CM, Leijs MJ. Safety of intra-articular cell-therapy with culture-expanded stem cells in humans: a systematic literature review.

Osteo Cartilage 21(10), 1465-1473 (2013).

Provides a systematic review of over 800 procedures utilizing MSCs. Both reference 42 and 43 provide helpful safety information
on a larger scale for MSC treatment.

Pittenger MF, Mackay AM, Beck SC ez a/. Multilineage potential of adult human mesenchymal stem cells. Science 284(5411), 143—-147
(1999).

De Ugarte DA. Comparison of multi-lineage cells from human adipose tissue and bone marrow. Cells Tissues Organs 174(3), 101-109
(2003).

Kern S, Eichler JS, Kluter H. Comparative analysis of mesenchymal stem cells from bone marrow, umbilical cord blood, or adipose

tissue. Stem Cells 24(5), 1294—1301 (2006).

Zuk PA, Zhu M, Mizuno H ez al. Multilineage cells from human adipose tissue: implications for cell-based therapies. 7issue Eng. 7(2),
211-228 (2001).

Izadpanah R, Trygg C, Patel B ¢t al. Biologic properties of mesenchymal stem cells derived from bone marrow and adipose tissue. /. Cell.
Biochem. 99(5), 1285-1297 (2006).

Kim ], Kang JW, Park JH ez 4/. Biological characterization of long-term cultured human mesenchymal stem cells. Arch. Pharm. Res.
32(1), 117-126 (2009).

Wang Y, Han Z, Song Y, Han ZC. Safety of mesenchymal stem cells for clinical application. Szem Cells Int. 2012, 652034 (2012).

Ra JC, Shin IS, Kim SH et al. Safety of intravenous infusion of human adipose tissue-derived mesenchymal stem cells in animals and
humans. Stem Cells Dev. 20(8), 1297—-1308 (2011).

Research Article

future science group

10.2144/fs0a-2021-0155



Research Article  Bates, Vivian, Freitag et al.

52.

53.

54.
55.

56.

57.

58.

59.

60.

61.

62.

63.
64.
65.
66.
67.
68.
69.

70.

71.

72.

73.

74.

75.

76.
77.
78.

79.

80.

81.

Kumar H, Ha DH, Lee EJ ez al. Safety and tolerability of intradiscal implantation of combined autologous adipose-derived mesenchymal
stem cells and hyaluronic acid in patients with chronic discogenic low back pain: 1-year follow-up of a Phase I study. Stem Cell. Res. Ther.
8(1), 1-14 (2017).

Shows promising results for ADMSCs at high cell concentrations utilizing hyaluronic acid (HA).

Freitag J, Wickham J, Shah K, Li D, Norsworthy C, Tenen A. Mesenchymal stem cell therapy combined with arthroscopic abrasion
arthroplasty regenerates cartilage in patients with severe knee osteoarthritis: a case series. Regen. Med. 15(8), 1957-1977 (2020).

Messingham M], Arpey CJ. Update on the use of antibiotics in cutaneous surgery. Dermatol. Surg. 31, 1068—1078 (2005).

Martinello T, Bronzini I, Maccatrozzo L et al. Canine adipose-derived mesenchymal stem cells do not lose stem features after a long-term
cryopreservation. Res. Vet. Sei. 91(1), 18-24 (2011).

Goh BC, Thirumala S, Kilroy G, Devireddy RV, Gimble JM. Cryopreservation characteristics of adipose-derived stem cells:
maintenance of differentiation potential and viability. /. Tissue Eng. Regen. Med. 1(4), 322-324 (2007).

Dominici M, Blanc K, Mueller I ez 2/. Minimal criteria for defining multipotent mesenchymal stromal cells. The international society for

cellular therapy position statement. Cyzotherapy 8(4), 315-317 (20006).

Karcioglu O, Topacoglu H, Dikme O, Dikme O. A systematic review of the pain scales in adults: which to use? Am. /. Emerg. Med.
36(4), 707-714 (2018).

Dworkin RH, Turk DC, Farrar JT et al. Core outcome measures for chronic pain clinical trials: IMMPACT recommendations. Pain
113(1-2), 9-19 (2005).

Guy W. ECDEU assessment manual for psychopharmacology. US Department of Health, Education, and Welfare, Public Health Service,
(1976).

Salaffi F, Stancati A, Silvestri CA, Ciapetti A, Grassi W. Minimal clinically important changes in chronic musculoskeletal pain intensity
measured on a numerical rating scale. Eur. /. Pain 8(4), 283-291 (2004).

Farrar JT, Young Jr JP, LaMoreaux L, Werth JL, Poole RM. Clinical importance of changes in chronic pain intensity measured on an
11-point numerical pain rating scale. Pain 94(2), 149-158 (2001).

Lovibond SH, Lovibond PF. Manual for the depression anxiety stress scales. Psychology Foundation of Australia, Sydney (1995).
Fairbank JC, Pynsent PB. The Oswestry disability index. Spine 25(22), 2940-2953 (2000).

Fairbank J, Couper J, Davies J, O’Brien J. The Oswestry low back pain disability questionnaire. Physiotherapy 66(8), 271-273 (1980).
Group TE. EuroQol-a new facility for the measurement of health-related quality of life. Health Policy 16(3), 199-208 (1990).

Brooks R, Group E. EuroQol: the current state of play. Health Policy 37(1), 53-72 (1996).

Rabin R, Charro Fd. EQ-SD: a measure of health status from the EuroQol Group. Ann. Med. 33(5), 337-343 (2001).

Asher AM, Oleisky ER, Pennings JS ¢z al. Measuring clinically relevant improvement after lumbar spine surgery: is it time for something

new? Spine J. 20(6), 847-856 (2020).

Bombardier C, Hayden ], Beaton D. Minimal clinically important difference. Low back pain: outcome measures. /. Rheumatol. 28(2),
431-438 (2001).

Copay AG, Glassman SD, Subach BR, Berven S, Schuler TC, Carreon LY. Minimum clinically important difference in lumbar spine
surgery patients: a choice of methods using the Oswestry Disability Index, Medical Outcomes Study questionnaire Short Form 36, and
pain scales. Spine J. 8(6), 968-974 (2008).

Maughan EF, Lewis JS. Outcome measures in chronic low back pain. Eur. Spine J. 19(9), 14841494 (2010).

VanHorn TA, Knio ZO, O’GARA TJ. Defining a minimum clinically important difference in patient-reported outcome measures in
lumbar tubular microdecompression patients. Int. J. Spine Surg. 14(4), 538-543 (2020).

Karppinen J, Shen FH, Luk KD, Andersson GB, Cheung KM, Samartzis D. Management of degenerative disk disease and chronic low
back pain. Orthap. Clin. North Am. 42(4), 513-528 (2011).

Zhao L, Manchikanti L, Kaye AD, Abd-Elsayed A. Treatment of discogenic low back pain: current treatment strategies and future
options—a literature review. Curr. Pain Headache Rep. 23(11), 86 (2019).

Tenny S, Gillis CC. Annular Disc Tear. StatPearls Publishing, Treasure Island (FL) (2017).
Manchikanti L, Hirsch JA. An update on the management of chronic lumbar discogenic pain. Pain Manag. 5(5), 373-386 (2015).

Urits I, Capuco A, Sharma M ez al. Stem cell therapies for treatment of discogenic low back pain: a comprehensive review. Curr. Pain

Headache Rep. 23(9), 1-12 (2019).

Manchikanti L, Cash KA, McManus CD, Pampati V. Fluoroscopic caudal epidural injections in managing chronic axial low back pain
without disc herniation, radiculitis, or facet joint pain. /. Pain Res. 5, 381 (2012).

Nakashima H, Kawakami N, Tsuji T ez a/. Adjacent segment disease after posterior lumbar interbody fusion. Spine 40(14), E831-E841
(2015).

Chakravarthy K, Chen Y, He C, Christo PJ. Stem cell therapy for chronic pain management: review of uses, advances, and adverse
effects. Pain Physician 20(4), 293-305 (2017).

10.2144/fs0a-2021-0155

Future Sci. OA (2022) FSO794 future science group




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


