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Abstract
Study Design: Post hoc comparison using single-site data from 4 multicenter randomized controlled trials.

Objectives: Discogenic back pain is associated with significant morbidity and medical cost. Several terminated, unreported
randomized controlled trials have studied the effect of intradiscal biologic injections. Here we report single-center outcomes
from these trials to determine if there is clinical improvement associated with these intradiscal injections.

Methods: Post hoc comparison was performed using single-site data from 4 similar multi-center randomized controlled trials. All
trials evaluated an injectable therapy (growth factor, fibrin sealant, or stem cells) for symptomatic lumbar disc disease with near-
identical inclusion and exclusion criteria. Demographics and patient reported outcomes were analyzed across treatment arms
postinjection.

Results: A total of 38 patients were treated with biologic agents and 12 were treated with control saline injections. There was a
significant decrease in visual analogue score (VAS) pain for both the investigational and saline groups up to 12 months post-
injection (P < .01). There was no significant difference in VAS scores between the saline and investigational groups at |2 months.
Similarly, there was significant improvement in patient-reported disability scores in both the investigational and saline groups at all
time points. There were no significant differences in disability score improvement between the saline and investigational treat-
ment groups at |2 months postinjection.

Conclusions: A single-center analysis of 4 randomized controlled studies demonstrated no difference in outcomes between
therapeutic intradiscal agents (growth factor, fibrin sealant, or stem cells) and control saline groups. In all groups, patient reported
pain and disability scores decreased significantly. Future studies are needed to evaluate the therapeutic benefit of any intradiscal
injections.
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Direct injection of active substances to slow or even reverse
intervertebral disc degeneration is a popular topic of research.’
Multiple trials studying biologic, cell-based, or scaffold-based
injectable therapies to treat discogenic back pain have been
initiated in the past decade.® Many investigational products
have had early promising results from preclinical and phase

Introduction

Low back pain is a leading cause of disability and morbidity in
the adult population, affecting approximately 80% of adults
within their lifetime.' Up to 40% of all low back pain is
believed to be primarily caused by degeneration of the inter-
vertebral disc, also known as discogenic pain.>* Currently,
there are no Food and Drug Administration—approved methods
for preventing or reversing intervertebral disc degeneration and
associated discogenic pain. Surgical interventions such as
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I/IT studies, prompting the initiation of large multicenter ran-
domized controlled studies.””'® To date, none of these biologi-
cal treatments for discogenic back pain have demonstrated
clinical superiority over placebo in these large randomized
controlled studies with regards to patient pain or function, and
many trials have been terminated. This may be related to inad-
equate efficacy of the investigational product, but it could also
be due to an “any-treatment” effect where outcomes are
improved with either the control or investigational agent.
Unfortunately, to our knowledge, no data from these termi-
nated trials has ever been published in the scientific literature
for analysis.

In this study, we utilize single-site data from 4 multicenter,
randomized, controlled trials to report patient outcomes after
intradiscal injection of saline placebo versus biologic investi-
gational treatments for discogenic low back pain. The purpose
of the study was to report saline-related outcomes from intra-
discal injection studies, as it is possible that the saline
“placebo” may have a therapeutic effect that has not been
previously quantified. Given that saline is used as a standard
control in ongoing and future studies, this study also aims to
report saline-related effects to help determine a minimum clin-
ical effectiveness threshold for future investigational agents to
surpass.

Methods
Study Design

A single-site post hoc comparison was performed utilizing
patient self-reported outcomes derived from 4 similarly
designed multicenter US FDA—-approved studies with enroll-
ment from 2006 to 2012. All four studies were prospective,
randomized, controlled, and double-blinded. Full multicenter
data was requested from each company behind the four trials,
but no company was willing to provide data, citing intellectual
property, legal, and fiscal concerns. Standard across the stud-
ies, patients were only included if they had symptomatic degen-
erative disc disease at lumbar levels of L1 to L5/S1, had a
positive provocative discography, and failed at least 3 months
of nonoperative treatment. The discography was performed by
1 of 2 board-certified physicians at a single institution who
participated in all four trials. Patients, both male and female,
ranged from 18 to 65 years of age, and were randomized into
placebo (saline) or investigational treatment (target growth
factor, cell based, or fibrin-based allograft) intervertebral disc
injection groups. All injections were performed under fluoro-
scopic guidance by an experienced physician blinded to the
treatment assignment. Each study protocol was approved by
the institutional review board at the study site. Both patients
and providers were blinded throughout the study period until
study termination. Individual study characteristics are detailed
in Figure 1 and Table 1.

Study A involved a 0.5 mL injection of a growth factor
treatment (BMP-7/OP-1, Stryker), at concentrations of 0.1,
0.5, 1, and 2 mg/0.5 mL or control for 1-level lumbar

discogenic pain. The randomization scheme was 4:1 of experi-
mental to control. Inclusion criteria included 6 months of
chronic low back pain, 3 months of pain unresponsive to non-
operative care, and a positive provocative discography. Visual
analogue scale for low back pain (VAS) and Oswestry Disabil-
ity Index Questionnaires (ODI) were administered preinjection
and at follow-up visits conducted up to 104 weeks (not listed in
ClinicalTrials.gov).

Study B involved injection of up to 4 mL of an allograft
biologically active fibrin sealant treatment (Biostat, Spinal
Restoration) or control into 1-level intervertebral lumbar dis-
cogenic pain. The randomization scheme was 3:1 of experi-
mental to control. Inclusion criteria included 6 months of
chronic low back pain, 3 months of pain unresponsive to non-
operative care, and a positive provocative discography. VAS
and Roland-Morris Disability Questionnaire (RM) scores were
designated as secondary endpoints at 26 weeks. Follow-up was
conducted up to 78 weeks (ClinicalTrials.gov NCT01011816).

Study C involved injection of 1 mL of a 1.0 mg growth
factor treatment (thGDF-5, Depuy Synthes) or placebo for
injection in 1-level degenerative disc disease. The randomiza-
tion scheme was 2:1 of experimental to control. Inclusion cri-
teria included persistent back pain with at least 3 months of
nonsurgical therapy, and a positive provocative discography.
Clinical outcome measures of VAS and ODI were administered
preinjection and at follow-up up to 12 months (ClinicalTrials.
gov NCT01124006).

Study D involved injection of 2 mL of cell-based stem cell
treatment (MPC-06-ID, Mesoblast) of 1 of 2 cell quantities
(6 million, 18 million cells) in hyaluronic acid (HA), HA car-
rier control, or saline control in 1-level degenerative disc dis-
ease. The randomization scheme was 3:1 of experimental to
control. Inclusion criteria were 6 months of chronic low back
pain, 3 months of failed nonoperative therapy, and radiologic
changes in disc hydration at the symptomatic level. VAS and
ODI were obtained at preinjection and at follow-ups of up to
36 months (ClinicalTrials.gov NCT01290367).

Data Collection

For each patient, details were prospectively recorded regarding
patient demographics, medical history, surgical history, radio-
graphic imaging, pain scores, and disability scores. A telephone
interview was conducted to determine the current status on
each patient regarding any additional treatment since the initial
study injection. The telephone interview collected retrospec-
tive data and was not part of the original randomized controlled
study designs. Across all studies, pain was assessed with the
VAS (0-100 scale with 100 being the most severe pain). Patient
disability was assessed according to either the ODI (0-50 scale
with 50 indicating maximum disability) or the RM (0-24 scale
with 24 indicating maximum disability). For the grouped
cohort analysis, the ODI and RM scores were converted into
a 0-100 percentage scale utilizing the “proportional
recalculation” method."' The radiographic grading of disc
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disease was assessed according to the modified Pfirrmann
grading scale.'?

Statistical Analysis

The Wilcoxon signed rank test was used to compare paired
outcomes. Multiple variable analysis of variance (ANOVA)
was applied to specific outcome score measures with a group-
ing factor for treatment (saline vs investigational treatment)
and a repeated factor for outcome score over time (eg, 12
months vs pretreatment) controlling for age, gender, and spe-
cific study. Survivorship of the intradiscal injection as a func-
tion of time was expressed by using Kaplan-Meier estimates,
with further surgery as the failure event. Statistical analyses
were performed using SAS 9.4 (SAS Institute). For all analy-
ses, probability values P < .05 were considered statistically
significant.

Results

As a single-site institution involved in all 4 described multi-
center studies, there were 38 patients who were treated with
investigational agents and 12 patients who were treated with a
control saline injection into the targeted intervertebral disc. The
saline-injected patients included 4 patients from study A, 3
from study B, 2 from study C, and 3 from study D. Preinjection
patient demographics for the grouped saline and investigational
treatment arms are presented in Table 2. There were no

Table I. Individual Single-Center Study Characteristics for 4
Intradiscal Randomized Controlled Studies.

Experimental
Characteristics (SD) Saline (SD)
Mean age, years 39.1 (11.3) 433 (11.5)
% males 81.5% (39.3) 60% (51.6)
Mean body mass index, kg/m? 26.0 (4.8) 25.9 (5.3)
Mean levels treated 1.1 (0.3) 1.0 (0.0)
Mean baseline visual analogue score 68.5 (17.1) 74.7 (19.8)
Mean baseline disability % 45.1% (17.6) 50.1% (11.9)

significant differences in patient demographics between the 2
cohorts.

Individual Study Results

In study A, there were 15 patients injected with an experimen-
tal growth factor treatment and 4 patients injected with saline.
Over 24 months, the mean VAS decreased from 61.7 to 48.8
(P = .17) in the experimental group and decreased from 61.5 to
32.3 (P = .37) in the saline group (Figure 2a). The mean ODI
increased from 19.4 to 19.7 (P = .92) in the experimental group
and decreased from 22.0 to 17.3 (P = .57) in the saline group
(Figure 3a). There was no significant improvement seen in pain
or disability scores within 2 years with either injection.

In study B, there were 10 patients injected with an experi-
mental fibrin sealant and 3 patients injected with saline. Over
24 months, the mean VAS significantly decreased from 78.6 to
47.3 (P < .01) in the experimental group and decreased from
80.2 to 14.0 (P < .01) in the control group (Figure 2b). Com-
pared with the fibrin sealant group, patients in the control group
reported significantly improved pain scores at 6 months (9.2 vs
55.8, P = .02), 12 months (11.7 vs 51.1, P = .03), and
24 months (14.0 vs 47.3, P = .04). The mean RM significantly
decreased from 14.2 to 8.9 (P = .05) in the experimental group
and decreased from 14.3 to 5.0 (P < .01) in the saline group
(Figure 3b). The control group reported significantly improved
disability scores compared with the investigational group at
6 months (3.3 vs 9.9, P = .13) and 12 months (2.3 vs 9.6,
P < .14), but this effect was not sustained by 24 months.

In study C, there were 3 patients injected with an experi-
mental growth factor treatment and 2 patients injected with
placebo. Over 12 months, the mean VAS decreased from
69.0 to 34.7 (P = .19) in the experimental group and decreased
from 86.0 to 18.0 (P = .02) in the placebo group (Figure 2c).
The mean ODI decreased from 25.0 to 13.7 (P = .09) in the
experimental group and decreased from 24.5 t0 9.0 (P = .14) in
the control injection group (Figure 3c). There was no signifi-
cant difference in the amount of pain or disability improvement
between the experimental and control groups.

In study D, there were 10 patients injected with an experi-
mental mesenchymal precursor cell solution and 3 patients

Table 2. Preinjection Patient Demographics for the Grouped Saline and Investigational Treatment Arms.

Study A Study B Study C Study D
Growth factor  Control  Active fibrin ~ Control Growth factor ~ Control Mesenchymal Control
BMP-7 saline sealant saline rhGDF-5 saline stem cells saline

Injected volume, mL 0.5 Up to 4 | 2
Patients, n 15 4 10 3 3 2 10 3
No. of levels injected

| 13 4 6 3 3 2 10 3

2 2 0 4 0 0 0 0 0
Levels injected

L3-4 0 0 2 I 0 2 | 0

L4-5 7 3 5 0 2 0 4 2

L5-SI 10 I 7 2 | 0 5 |
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Figure 2. Mean visual analogue scale (VAS) pain score changes (and 95% Cls) over time for the experimental therapeutic and saline placebo
groups for study A, B, C, and D. Asterisk (*) denotes statistical significance between arms at certain time points. Plus (+) denotes statistical

significance compared to baseline value.

injected with saline control. Over 12 months, the mean VAS
decreased significantly from 66.5 to 21.8 (P < .01) in the
experimental group and decreased from 81.3 to 33.5
(P = .06) in the saline injection group (Figure 2d). The mean
ODI decreased significantly from 20.0 to 9.3 (P < .01) in the
experimental group and decreased from 26.7 to 12.0 (P = .05)
in the saline injection group (Figure 3d). There was no signif-
icant difference in the amount of pain or disability improve-
ment between the mesenchymal injection and control groups.

Combined Cohort Analysis

In the combined cohort analysis of all patients across the
4 studies, there was a significant decrease in VAS pain in both
the investigational (baseline 68.5, 3-month 47.4, 6-month
44.9, 12-month 40.88, all Ps < .01) and saline-injected
control groups (baseline 74.7, 3-month 40.6, 6-month 24.3,
12-month 29.6, all Ps < .01, Figure 4). The saline-injected
cohort reported significantly more VAS pain improvement at
6 months compared with the investigational group (67.5%
decrease vs 34.5%, P = .02), but by 12 months there was
no significant difference in pain reduction between the saline
and investigational treatment groups (60.3% decrease vs
40.3%, P = .29).

Similarly, there was significant proportional improvement
in adjusted patient-reported disability scores in both the
investigational (baseline 45.1, 3-month 35.4, 6-month 31.4,
12-month 31.5, all Ps < .03) and saline-injected control groups
(baseline 50.1, 3-month 30.6, 6-month 22.1, 12-month 20.9, all
Ps < .01, Figure 5). There were no significant differences in
disability score improvement between the saline and investiga-
tional treatment groups up to 12 months postinjection (58.2%
decrease vs 30.3%, P = .19).

Analysis of sustained treatment was obtained by follow-up
phone calls to determine if any further treatment had occurred
after study completion (Figure 6). At 2-year follow-up, 100%
of saline-injected patients demonstrated sustained treatment
without requiring further interventions, while investigational-
injected patients were at 84% sustained. Between 3 and 4 years,
both the saline-injected (75%) and investigational (74%)
groups had similar survival rates, while between 7 and 8 years,
the saline-injected patients were 75% surgery-free, while the
rate for investigational-treated patients declined to 50%.

Discussion

Low back pain due to intervertebral disc disease represents a
significant health and societal burden.'® The treatment of
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discogenic back pain remains challenging, leading toward
novel regenerative strategies to reduce pain and improve qual-
ity of life."*!> Current efforts in developing injectable intradis-
cal therapies can be broadly categorized into 2 strategies: disc

Figure 5. Mean adjusted disability score changes (and 95% Cls) over
time for the grouped experimental therapeutic cohort and grouped
saline cohort. Asterisk (*) denotes statistical significance between
arms at certain time points. Plus (+) denotes statistical significance
compared with baseline value.

augmentation and disc repair.” Disc augmentation involves
adding material to the diseased nucleus, which can be biologi-
cally inert (eg, synthetic polymer) or biologically active (eg,
fibrin sealant).®'® Disc repair strategies focus on enhancing the
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repair and regenerative capability of the diseased nucleus, and
encompass growth factor therapy, gene therapy, and cell-based
therapy (eg, chondrocytes and stem cells).®!° To date, there are
no FDA-approved intradiscal therapies for discogenic back
pain, and there are no large randomized trials that have shown
clinically significant improvement with any investigational
biological injectable.

In this study, we utilized single-site data to report data from
4 multicenter, randomized, controlled trials investigating
experimental intradiscal injectable therapies. Experimental
treatments investigated in these 4 studies included fibrin sea-
lants, growth factors, and stem cells. Each of these studies were
terminated and results have not previously been reported in the
literature, presumably due to nonsuperiority of the investiga-
tional agent compared with control. Our results indicate that
patients reported significantly improved pain and disability
scores after intradiscal injection, regardless of injection with
experimental therapeutic or saline control solution. From these
four studies there is an apparent “any-treatment” effect after
intradiscal injection, where outcomes are similarly improved
with both the control and investigational agent.

Here, we report for the first time, control outcomes for
injectable biologic intradiscal therapies, which are important
to understand and may affect future study design. Control
groups are critical in assessing new therapies and establishing
a “null” baseline. While the patients treated with experimental
therapeutics achieved impressive reductions in pain (40.3%)
and disability scores (30.3%) at 1-year follow-up, the patients
injected with saline control also demonstrated robust improve-
ments in pain (60.3%) and disability (58.2%). Independent of
the underlying reasons for this finding, understanding the
response of the saline-injected patients may help future inves-
tigational studies define a threshold of improvement needed to
exceed. Recently published preliminary pilot studies of multi-
ple investigational intradiscal therapies under investigation

have declared success with pain and disability improvements
from 30% to 62%.7%1718 Future phase I/II studies may need to
demonstrate pain and disability score improvements in excess
of 60% as a new threshold for success, prior to initiating large
phase III trials with saline-injected controls.

A more thorough understanding of this “any-treatment”
effect is needed. Whether this is due to placebo effect, thera-
peutic effect of saline, or simply due to the natural history of
discogenic back pain needs to be determined by future studies.
One possible explanation is that the vast majority of low back
pain, especially acute pain, resolves without invasive treat-
ment.'” However, as the 4 studies in this trial involved patients
with chronic discogenic pain refractory to conservative treat-
ment, the natural history of chronic discogenic back pain is not
well understood. Peng et al*® reported that only 13% of patients
with chronic discogenic pain reported improvement after
4-year follow-up. In contrast, Smith et al*! reported that 68%
of patients with chronic discogenic pain improved at a mean
follow-up of 5 years. The median age in these studies was
relatively low, likely due to lumbar spondylosis as an exclusion
criterion, which may have selected a younger population that
has a higher chance of natural resolution of pain. Future intra-
discal studies would be wise to include a no-treatment arm or a
sham-injection arm, to help differentiate between these possi-
ble effects.

While speculative, it is possible that intradiscal saline has a
therapeutic effect that has not been previously quantified in the
literature. One hypothesis is the dilution of pro-inflammatory
mediators within the degenerated intervertebral disc.”*** Sal-
ine may also dilute the presence of growth factors such as FGF-
2 and TGF-f, which promote proliferation and extracellular
matrix synthesis linked to painful disc fibrosis and degenera-
tion.”>** Intradiscal injections of saline in a rabbit model have
been shown to decrease intradiscal pressure, potentially pro-
viding another mechanism behind the therapeutic effect of sal-
ine.?” The inherent analgesic effect of saline has been
postulated in many other fields, including studies on intra-
articular injections for knee osteoarthritis and intrathecal ther-
apy for neuropathic pain.?®28

Another potential explanation for this “any-treatment”
effect is that the improvements in pain and disability are simply
due to a placebo effect. In fact, the magnitude of the placebo
response in randomized controlled studies has seemingly
increased over the past decade, making it increasingly difficult
to interpret the effect of new medications and treatments.?*="
The placebo mechanism is complex and multifactorial, stem-
ming from an interplay of social, psychological, and patient-
specific factors. Intradiscal injection trials may be at inherent
risk of increased placebo response, as high patient baseline pain
and invasive procedures are known risk factors for placebo
response.?’*? Numerous studies involving lumbar injections
for radicular back pain, which share similar baseline patient
pain scores and procedures to discogenic pain studies, demon-
strate significant improvement in the control groups.**-°
Future studies should include a no-treatment arm to help
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differentiate between the placebo effect, therapeutic effect of
saline, and the natural history of discogenic back pain.

The authors acknowledge the limitations of this study. First,
this is a combined analysis of single-site data across 4 separate
but similar multicenter, randomized, controlled trials. Ideally,
the entire dataset from each trial would be available for report-
ing to improve the sample size and avoid statistical errors.
However, this was the only way to report this important data
from these 4 studies, as none of the companies behind these
studies would allow the entire datasets to be made available.
Further, although the sample size is relatively large in compar-
ison with other reports on intradiscal therapy, the study may be
underpowered for statistical significance in some variables
owing to the small patient cohorts. We encourage the investi-
gators of each trial to report their entire trial results for future
clarification. Furthermore, while we demonstrate improve-
ments in patient reported outcomes in both the investigational
and control cohorts, the reason behind this improvement cannot
be determined at this time. The strengths of the study include
the use of patients with a single diagnosis, at a single institu-
tion, enrolled in prospective randomized trials with near-
identical inclusion criteria, treated in a blinded fashion.

In conclusion, a single-center analysis of 4 randomized con-
trolled studies demonstrated no difference in outcomes
between therapeutic intradiscal agents (growth factor, fibrin
sealant, or stem cells) and the control saline arm. In all groups,
patient reported pain and disability scores decreased signifi-
cantly. This is a single-center analysis and may be underpow-
ered, and the authors encourage the investigators of each trial to
release full results for complete analysis. Future studies are
needed to evaluate the therapeutic benefit of any intradiscal
injections.
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