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Background: Lumbar disc herniation (LDH) occurs when the central disc material, primarily the
nucleus pulposus, is displaced beyond the outer annulus, compressing the spinal nerve roots. LDH
symptoms, including radicular leg pain, radiculopathy, and low back pain, are associated with
considerable disease burden and the significant utilization of health care resources.

Objectives: Provide overview of the current treatment landscape for LDH, identify unmet needs,
and describe emerging treatments.

Study Design: Narrative literature review.

Methods: A review of literature concerning available LDH treatments and associated outcomes
was conducted in PubMed to identify areas of unmet need. Some key words included “lumbar disc
herniation,” “radicular leg pain,” “sciatica,” “treatment,” “therapy,” and “burden.”
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Results: For patients who do not respond to conservative therapy, epidural steroid injections
(ESIs) are widely used for persistent LDH symptoms. While ESIs provide short-term improvements in
radicular pain, evidence that ESIs bestow sustained benefits is limited. ESIs are not approved by the
US Food and Drug Administration (FDA) and, in rare cases, carry risks of infection and neurological
injury, as well as the potential for long-term systemic effects of glucocorticoids. In cases when
nonsurgical treatment fails to relieve symptoms, lumbar discectomy can provide rapid pain relief;
however, in addition to the risk of intraoperative complications, the long-term consequences of
lumbar discectomy may include recurrent pain or herniation, revision discectomy, loss of disc height,
and Modic changes. Treatments for LDH in late-stage clinical development include sustained-release
ESI formulations and a novel agent for chemonucleolysis, a nonsurgical method of minimizing the
volume of the displaced nucleus pulposus. Emerging minimally invasive therapies that address
the underlying pathophysiology of the disease have the potential to bridge the gap between
symptomatic treatments and surgery.

Limitations: Because this paper was a narrative review, literature search and selection processes
were not systematic in nature. The evidence regarding the long-term efficacy of some treatments,
such as discectomy, was limited by the high rates of crossover between the treatment groups.

Conclusions: The lack of sustained benefits associated with ESIs and the risks associated with
surgery underscore the unmet need for novel, minimally invasive interventional therapies able to
address the underlying nerve root compression in LDH.

Key words: Lumbar disc herniation, radicular leg pain, lumbar radiculopathy, epidural steroid
injection, surgery, microdiscectomy, chemonucleolysis, condoliase, intradiscal therapy, minimally
invasive treatment
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umbar disc herniation (LDH) is considered the

most common cause of lumbar radiculopathy

(e.g., sciatica), accounting for an estimated 90%
of cases (1,2). LDH is defined as displacement of central
disc material (nucleus pulposus and/or annulus fibrosis)
beyond the normal margins of the intervertebral disc.
LDH presents clinically as radiculopathy when the
herniated material compresses or irritates the spinal
nerve roots, producing pain that radiates to the leg and
foot and can be associated with neurological signs and
symptoms (3,4). Patients with lumbar radiculopathy
experience more pain, greater disability, more use of
health care, and poorer quality of life than those with
nonspecific low back pain (5,6). Disc herniations are
considered contained when the outer annulus/posterior
longitudinal ligament is intact (e.g., protrusion,
subligamentous extrusion) or uncontained when such
covering is absent (e.g., transligamentous extrusion,
sequestration). Herniations are further classified based
on the shape of the displaced material (protrusion vs
extrusion; Fig. 1), discontinuity with the parent disc
(sequestration), and the location of the herniation
(7). The estimated prevalence of LDH is 1% to 3%,
occurring most commonly in people aged 30 to 50 years
(8,9). Approximately 95% of all disc herniations occur
at L4/L5 or L5/S1, with herniations above this level more
common in people over 55 years of age (10).

While many people with LDH will recover inde-
pendently of treatment (3), a subset of patients expe-
rience persistent radiculopathy that can be difficult to
manage (11). Symptomatic treatments, including epi-
dural steroid injections (ESIs), can provide short-term
pain relief but do not address the underlying cause of
radicular leg pain by decompressing the nerve root.
Surgery may resolve the underlying causes of LDH, but
such procedures come with risks of complication. Ulti-
mately, the optimal LDH treatment will be determined
on an individual basis through collaborative decision-
making between the patient and physician, since evi-
dence remains unclear as to which treatment course is
superior. There remains a significant unmet need for
nonsurgical, minimally invasive, safe interventions for
LDH that address the underlying nerve compression
and thus provide lasting relief from associated symp-
toms. In this narrative review, we will summarize the
current treatments for LDH, identify unmet needs in
LDH treatment, and discuss the evolving landscape,
including emerging LDH treatments that have the
potential to bridge gaps and expand the armamen-
tarium of LDH treatments.

Conservative Therapy

First-line treatment for radicular leg pain caused
by LDH is conservative care for a minimum of 4 to 6
weeks (12,13). Approximately 90% of patients with
LDH will have their symptoms resolve spontaneously
or with conservative care (13,14). Most patients begin
with a combination of nonpharmacological and phar-
macological treatment approaches (15). Nonpharma-
cological management strategies include rest, physical
therapy, massage, acupuncture, chiropractic spinal
manipulation therapy, and transcutaneous electrical
nerve stimulation (TENS) (13). These commonly used
interventions have limited high-quality evidence to
support their effectiveness for lumbar radiculopathy
(14,16).

Pharmacologic treatments for LDH symptoms in-
clude nonsteroidal anti-inflammatory drugs (NSAIDs),
anticonvulsants (e.g., gabapentin), antidepressants,
opioids, and benzodiazepines. While most pain medi-
cations have been evaluated in clinical trials, evidence
of their efficacy remains limited due in part to variabil-
ity in the quality of trials and study parameters (17). A
Cochrane review based on predominantly low-quality
randomized controlled trials (RCTs) found that NSAIDs
were no more effective than placebos in reducing ra-
dicular leg pain or disability. Several small trials of low
methodological quality suggested NSAIDs were more
effective than placebos on patient-reported global
improvement (18). Adverse effects of NSAIDs are typi-
cally mild but include gastrointestinal problems (18).
While some guidelines recommend anticonvulsants
for the treatment of chronic neuropathic pain (19),
more recent guidelines specific to sciatica and LDH do
not recommend gabapentinoids (3,20). Several clinical
trials, including a recent RCT (21), found no benefit
associated with the use of anticonvulsants for lumbar
radiculopathy (17). Concerns have been raised over the
growing abuse and misuse of gabapentinoids, which
are frequently prescribed off-label (22). While opioids
provide short-term pain relief, evidence on the benefits
of long-term opioid administration is lacking. Opioids
should be used cautiously given their high risk of abuse
and dependence and the high rate of opioid-related
deaths in the US (10,23,24). Side effects of opioids
include nausea, vomiting, constipation, drowsiness,
memory loss, and dizziness (17,19,25). Recently, the UK
National Institute for Health and Care Excellence (NICE)
recommended against the use of gabapentinoids, ben-
zodiazepines, or opioids for sciatica, given the insuf-
ficient evidence of effectiveness and the potential lon-
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ger-term harms associated with those medications (20).
Although conservative management is recommended
as the initial treatment for lumbar radiculopathy, the
available evidence from systematic reviews and RCTs
has not revealed a consistently efficacious conservative
treatment (17,26).

Epidural Steroid Injections

When conservative therapy is ineffective, multiple
clinical practice guidelines and pain societies recom-
mend ESls as a potential treatment for persistent lum-
bar radiculopathy (10,19,27). The total number of ESls
performed annually in the US is estimated to exceed 9
million (28,29). Corticosteroids exert anti-inflammato-
ry effects through a variety of mechanisms, including
the inhibition of pro-inflammatory cytokine activity (9).
ESls are performed using a variety of methods, and the

including loss of vision, stroke, paralysis, and death (32).
The FDA requires a class label warning on injectable
corticosteroid products stating that “serious neurologi-
cal events, some resulting in death, have been reported
with epidural injection of corticosteroids” and that the
“safety and effectiveness of epidural administration of
corticosteroids have not been established and cortico-
steroids are not approved for this use” (33).

While there is consensus that ESls provide rapid
short-term pain relief, the long-term efficacy of ESls for
lumbar radicular pain is still a subject of debate and may
depend on evidence synthesis methodology (34,35). Re-
cently, a Cochrane systematic review and meta-analysis
of placebo-controlled RCTs in patients with radicular
leg pain concluded that there was moderate quality
evidence that ESIs were more effective than placebos
in reducing leg pain and disability over the short term

risks of ESlIs vary de-

pending on the steroid

preparation and ap- A

proach to the epidural
space (9,30).

Despite the wide
use of corticosteroids,
the US Food and Drug
Administration (FDA)
has not approved them
for epidural adminis-
tration. Risks of ESls in-
clude the potential for
infection from contam-
inated sources as well

as serious neurological

injury due to needle @

placement. In 2002
and 2012, multistate
outbreaks of fungal
meningitis and other
infections were caused
by the contamination
of methylprednisolone
acetate preparations
produced in com-
pounding pharmacies
(29,31). In 2014, the
FDA warned that injec-
tion of corticosteroids

into the epidural space
may result in rare but
serious adverse events,

Fig. 1. Schematic representation of a normal disc and types of disc herniation. A) Normal disc.
B) Protrusion. C) Extrusion. D) Sequestration.
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of 3 months (35). The short-term effects were modest
(< 10 points on a 0-100 scale), and ESIs were not more
effective than placebos at reducing leg pain in the in-
termediate (> 3 to < 12 months) or long term (> 12 to
30 months). Other systematic reviews of RCTs assessing
the efficacy of ESls as treatments for LDH or sciatica gen-
erally reported similar findings of greater small, short-
term improvements in leg pain and/or disability than
were seen with placebos (36-38). In a re-evaluation of
the same trials reviewed by the Oliviera et al Cochrane
study, Manchikanti et al used a different methodology
and defined local anesthetics as “active controls” rather
than “true placebos” (34). Based on a single-arm meta-
analysis of 4 active-controlled trials, Manchikanti et al
concluded that there was moderate evidence of im-
provement in pain and disability at the 6- and 12-month
follow-ups with both ESIs and local anesthetics and with
local anesthetics alone (34). Another systematic review
of RCTs found that ESls (as opposed to control injections)
provided a weak surgery-sparing effect in the short term
but not the long term (39), a finding consistent with the
perception of ESIs’ benefits as transient.

Few studies have examined longer-term outcomes
(> one year) of ESIs in patients with LDH who have no
other concomitant spinal pathologies. In a small RCT
follow-up study of patients with LDH-caused radicular
pain who received transforaminal ESIs after not re-
sponding to conservative care, the majority of patients
(77%) experienced a recurrence of pain at the 5-to-9-
year follow-up (40). AlImost a quarter of patients (23%)
reported receiving additional transforaminal ESIs, and
almost half (49%) underwent spine surgery (40). As
was consistent with these findings, in a large claims
database study of LDH patients who received lumbar
ESls, 34% received a second ESI within 6 months, and
44% received a second ESI by 5 years (41). Addition-
ally, 13.5% of patients with LDH progressed to surgery
within 6 months of the index ESI (41). An analysis of
patients with radicular pain who received repeat trans-
foraminal ESIs (2-3 injections within 12 months) found
a decrease in effectiveness with subsequent injections
relative to the index injection (42). While limited, the
available evidence on long-term outcomes of ESls for
LDH patients does not suggest that the procedures of-
fer sustained benefits.

The overall complication rate of fluoroscopically
directed lumbar ESls is low (< 1%) (43,44). Most com-
plications are considered minor, including vasovagal
reactions, exacerbation of pain, headache, and dural
puncture (43,45). Serious complications of permanent

neurological injuries following ESls are rare and lim-
ited to case reports. Among lumbar ESls, paraplegia
was reported most extensively in association with
the transforaminal approach, and all cases involved
particulate steroids (45). In collaboration with an FDA
Safe Use Initiative, a multidisciplinary group of experts
introduced safeguards in 2015 to reduce the risk of
severe neurological complications. As a result, recom-
mended practices include radiographic guidance with
appropriate lateral or oblique views to mitigate the risk
of intravascular injections. For lumbar transforaminal
injections, a nonparticulate steroid (dexamethasone)
was recommended as a first-line agent, although par-
ticulate steroids were acceptable in certain situations,
such as when a patient failed to improve after the in-
troduction of nonparticulate formulations (45).

Systemic absorption of glucocorticoids after an
ESI poses additional risks, including hypothalamic-
pituitary-adrenal (HPA) axis suppression, immunosup-
pression, elevated blood glucose levels, and deleteri-
ous effects on bone health (46,47). ESI injections have
been shown to reduce serum cortisol for several weeks
after injection (48,49). The extent of HPA axis sup-
pression differs by corticosteroid type, with some less
water-soluble formulations (e.g., methylprednisolone)
causing a 41% reduction 3 weeks after a single ESI
(49). Evidence from large national database studies of
Medicare patients (> 65 years) who underwent lumbar
decompression surgery suggests that preoperative
lumbar ESls increase the risk of postoperative infections
(50,51). Patients who received ESI within one month of
lumbar decompression surgery had a threefold higher
risk of postoperative infection, while those receiving
lumbar ESI one to 3 months before surgery had an al-
most doubled risk of infection compared with matched
controls who did not receive lumbar ESls (51).

ESls have been shown to affect glucose homeosta-
sis in individuals with and without diabetes (47). In a
small prospective study of patients with type 1 or type 2
diabetes, ESlI administration resulted in a significant but
transient increase (79%) in blood glucose levels (52).
In addition, it is well established that oral and intra-
venous (IV) glucocorticoids suppress bone formation,
accelerate bone loss, and increase the risks of fractures
and osteoporosis (46,53). While ESIs involve systemic
exposure to a far lesser extent than do oral and IV glu-
cocorticoids (46), several studies suggest that ESIs may
have detrimental effects on bone health. Patients who
received lumbar ESIs had a greater risk of vertebral
fracture than did propensity score-matched controls
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who did not receive lumbar ESIs (54). Additionally, a
small prospective, controlled study recently found that
postmenopausal women who received ESIs showed
significant and sustained reductions in bone formation
markers than did controls for up to 12 weeks (48).

Patients who receive repeat ESIs may face ad-
ditional risks of prolonged or cumulative exposure. A
large retrospective study showed that each successive
lumbar ESI significantly increased the patient’s risk of
vertebral fracture (relative risk of 1.21 vs. matched con-
trols) (54). Complementing these findings, postmeno-
pausal women who received repeat ESIs within one
year showed greater suppression of the bone forma-
tion marker procollagen type | N-terminal propeptide
(P1NP) than did those who received a single injection
(48). In addition, repeat fluoroscopic procedures could
increase cumulative radiation exposure, which could
in turn potentially increase the risk of cancer (55,56).
While the available data are limited, these findings
support a cautious approach to ESls, particularly in
patient populations at greater risk for systemic effects,
such as people with diabetes and postmenopausal
women. Additional well-controlled studies are needed
to better understand the systemic effects and potential
long-term sequelae of ESls, especially considering their
relatively short-term benefits.

Surgery

When nonsurgical treatment fails to relieve LDH
symptoms (as happensin ~10% of cases), lumbar discec-
tomy is an effective procedure in which removal of the
herniated disc and/or disc fragments decompresses the
neural structures and thus relieves radicular leg pain
(57,58). While at least 6 weeks of conservative care are
recommended before considering surgery (13), there is
no consensus for the optimal timing of the discectomy
(1,59). One exception is cauda equina syndrome, a rare
complication of LDH that is an absolute indication for
immediate surgical intervention (60). Another excep-
tion is patients with drop foot, since they have been
noted to experience better outcomes when surgical
intervention occurs earlier (61).

Evidence from RCTs indicates that discectomy pro-
vides a greater reduction in leg pain than does nonsur-
gical treatment, but these benefits diminish over time
(58). Several randomized trials comparing surgery with
conservative care found that surgery improved leg pain
in the short term (62,63). Early surgery (i.e., 6-12 weeks
after symptom onset) is associated with faster short-
term pain relief compared to conservative treatment,

but the outcomes are similar by the one-year follow-up
(59,64). In patients with a longer duration of LDH symp-
toms (4-12 months), conventional microdiscectomy was
superior to nonsurgical care at improving leg pain at
the 6-month follow-up (65). Long-term outcomes of
discectomy are less clear, since high rates of crossover
between discectomy and nonoperative groups (40%-
50% at 8 years) have complicated the interpretation
of results (66). In the 8-year follow-up of the SPORT
trial, Lurie et al did not observe significant differences
between discectomy and nonoperative care in the in-
tent-to-treat analysis for primary outcome measures of
pain, physical function, or disability. The surgery group
did report more favorable outcomes in the discomfort
caused by the sciatica, satisfaction with symptoms, and
self-rated improvement (66).

Open microdiscectomy is considered the gold stan-
dard for removing disc herniations and is the most com-
monly performed surgical procedure for LDH (67). Dur-
ing a conventional open microdiscectomy procedure,
the patient is under general anesthesia, and a small
vertical incision is made in the lower back. Under micro-
scopic magnification, surrounding muscles, ligaments,
and/or bone (laminotomy) are spread or removed to
facilitate the removal of the herniated fragment. Less
invasive surgical approaches have been developed to
reduce iatrogenic damage to muscles, ligaments, and
other structures. Tubular discectomy uses a muscle-split-
ting tubular retractor system through a small incision,
while endoscopic disc surgery requires the percutane-
ous introduction of a thin tubular device containing
the optical system and a working channel (68,69). Both
tubular and endoscopic lumbar discectomy have been
found to produce clinical results comparable to con-
ventional open microdiscectomy, since approximately
77% to 85% of patients treated with any of these
techniques were considered to have recovered from
leg pain (69,70). Some studies have found endoscopic
discectomy to be associated with shorter hospital stay
and shorter operating times, but high-quality studies
are lacking (70,71).

The benefits of discectomy must be weighed
against the risks of long-term consequences, such as
recurrence of pain, and surgical complications. Meta-
analyses have shown that overall complication rates are
approximately 13% to 17% for open microdiscectomy,
13% to 21% for microendoscopic discectomy, and 6%
to 11% for percutaneous microdiscectomy (72,73). The
most common intraoperative complication of discecto-
my is durotomy (dural tearing), which occurs at report-
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ed rates of 1.3% to 3.5% when primary discectomies
are performed (74). Additional complications include
wound complications (e.g., infection), hematoma, new
or worsening neurological deficit, and nerve injury (72).
Long-term consequences of discectomy include
the recurrence of pain, reherniation, and reopera-
tion, as well as related structural changes such as loss
of disc height and Modic changes. Approximately a
quarter (23%-28%) of patients will experience chronic
back or leg pain following lumbar discectomy (3),
which is sometimes referred to as “failed back surgery
syndrome” (FBSS) (75). The reported incidence of re-
current disc herniation varies between 1% and 27%,
depending on herniation type, surgical technique, and
duration of follow-up (74,76,77). In a prospective cohort
study of patients undergoing first-time discectomy for
radiculopathy, 10% experienced a symptomatic same-
level recurrent LDH requiring reoperation (77). Greater
annular defect area and having a lower proportion of
disc volume removed are associated with greater risk
of symptomatic recurrent disc herniation (74,76,77).
Lumbar discectomy is also associated with higher rates
of subsequent lumbar fusion, with population-level
claims data showing that 8.5% of patients who receive
a lumbar discectomy undergo lumbar fusion within 10
years of the discectomy. Individuals who had undergone
a lumbar discectomy were almost 3 times more likely to
receive lumbar fusion than those with a lumbar diagno-
sis who had not undergone a lumbar discectomy (78).
Tissue damage caused by the surgical procedure
may increase spinal instability and/or accelerate disc de-
generation, which may contribute to chronic pain (69).
Discectomy is consistently associated with reductions
in postoperative disc height (79,80), with one study
showing over half of patients experiencing > 25%
disc height loss within 2 years of surgery (77). Greater
volume of disc removal is associated with accelerated
disc height loss (77), suggesting a trade-off between
limiting reherniation risk and maintaining disc height
in determining the optimal amount of material to
remove during discectomy (80). Discectomy is also as-
sociated with endplate degeneration as measured by
Modic changes, which are changes in vertebral bone
marrow signal intensity seen on T1- and T2-weighted
magnetic resonance imaging (MRI) scans. In a small
prospective study of patients who received a microd-
iscectomy, Modic type 2 or 3 endplate changes were
twice as frequent at the 2-year follow-up as they were
before surgery (79). Disc height loss and Modic changes
have been proposed as potential pain generators based

on observed correlations, although the mechanisms
underlying these associations are not yet understood
(79-81). Two meta-analyses have concluded that Modic
changes do not significantly impact clinical outcomes
after lumbar surgery (75,82). The clinical significance of
disc height loss and Modic changes remains unclear.

Several preoperative prognostic factors for out-
comes of lumbar discectomy have been identified.
Notably, prolonged symptom duration is associated
with worse outcomes. A post hoc analysis of the SPORT
trial found that the persistence of symptoms for over
6 months was associated with worse outcomes in both
surgical and nonsurgical groups (83). Corroborating the
SPORT findings, 2 systematic reviews concluded that
longer symptom duration negatively impacted discec-
tomy outcomes, based on results from 6 to 9 studies
(75,84). This association between shorter duration of
symptoms and superior outcomes suggests that earlier,
targeted interventions to decompress the nerve roots
may improve outcomes for patients with LDH.

Preoperative predictors of positive post-discectomy
outcomes include younger age, better mental health
status (75), and a preponderance of radicular leg pain
as opposed to back pain (85). Herniation type has also
been shown to impact postsurgical outcomes. In a pro-
spective study of a young, active population, patients
with sequestered or extruded LDH had better pain and
disability outcomes after receiving a discectomy than
did those with contained LDH (85). Having an intact
annulus fibrosis has also been associated with worse
postoperative outcomes (75). Additionally, smoking
is associated with a poorer post-discectomy progno-
sis, including a reduced rate of return to work/duty
(75,85). While there is some conflicting evidence on the
impact of obesity on postoperative clinical outcomes
(75), obese patients who receive a discectomy appear
to show similar treatment effects to those exhibited
by nonobese patients (86,87). However, obese patients
have longer operation times, greater intraoperative
blood loss, and longer length of hospital stay than do
nonobese patients (86). Recently, a meta-analysis found
that receiving preoperative ESIs within one month of
lumbar spine decompression surgery was associated
with a 0.6% greater risk of postoperative infection
(compared to that of patients who received no ESls
within one month) (88). Collectively, the evidence in-
dicates that discectomy provides immediate relief from
LDH, but these benefits must be considered against the
risk of complications, potential long-term consequenc-
es, and declining effectiveness over time.
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Other Treatments

Additional treatments are primarily used for disc
degeneration and chronic low back pain, the latter of
which has a more heterogeneous etiology than radicu-
lar leg pain. Spinal cord stimulation (SCS), also known
as neuromodulation, is indicated for treatment-
refractory chronic pain, including persistent spine
pain syndrome (PSPS), previously failed back surgery
syndrome (FBSS) and chronic neuropathic pain (89,90).
SCS involves implanting a pulse generator device that
sends electrical pulses to the spinal cord with the aim
of interrupting pain signals to the brain. While SCS
placement is associated with complications, such as
infection, hardware malfunction, and lead migra-
tion, technological advances in miniaturization and
battery-free implants are expected to address some of
these issues (90).

Another strategy to disrupt the transmission of pain
signals from the spinal cord to the brain involves apply-
ing radiofrequency energy to ablate the nerve thought
to be the pain source. Intraosseous radiofrequency
ablation of the basivertebral nerve has been shown
to reduce disability more successfully than does sham
control, with statistically significant improvements at
3-month (91) and 5-year follow-ups (92) in patients with
chronic low back pain. Specifically, radiofrequency abla-
tion of the basivertebral nerve is indicated for chronic
(> 6 months) low back pain that has not responded to >
6 months of conservative care and demonstrates Modic
type 1 or type 2 changes on an MRI scan (93).

Regenerative medicine approaches, including
platelet-rich plasma (PRP) and mesenchymal stem cell
(MSCQ) injections, aim to repair spinal pathology with
autologous or allogeneic biologics. While few RCTs
have investigated the safety and efficacy of intradis-
cal regenerative therapies, PRP and/or stem cells are
used in the treatment of spinal pain caused by LDH
(67,94). The FDA has not approved any regenerative
medicine products for the treatment of an orthope-
dic condition but has granted Regenerative Medicine
Advanced Therapy (RMAT) designations to several
investigational cell-based regenerative therapies, in-
cluding rexlemestrocel-L (i.e., allogeneic mesenchymal
precursor cells derived from human bone marrow) for
chronic low back pain and injectable disc cell therapy
(IDCT [rebonuputemcel], allogeneic discogenic pro-
genitor cell therapy) for symptomatic lumbar degen-
erative disc disease. Other intradiscal injectates used
for discogenic low back pain include fibrin and methy-
lene blue (67).

Emerging Treatments

Several emerging therapies for radicular leg pain
secondary to LDH are expected to improve the treat-
ment landscape over the next few years, including novel
ESI formulations and the resurgence of chemonucleoly-
sis (Table 1). To mitigate safety concerns associated with
particulate steroids, SP-102 was developed as a novel
formulation of a soluble glucocorticoid, dexametha-
sone (10 mg), in an injectable viscous gel designed to
extend residency time at the injection site (95). A phase
1/2 study (NCT03613662) demonstrated that SP-102 was
well tolerated and that a repeat dose did not appear to
have cumulative effects on HPA suppression (95). Re-
cently, a phase 3 trial of SP-102 (NCT03372161) met its
primary endpoint of improving average daily leg pain
to a greater extent than did a placebo at 4 weeks post-
injection in patients with lumbosacral radicular pain.
SP-102 has been granted fast-track designation by the
FDA and, if approved, would be the first corticosteroid
approved for epidural injections. In Australia, another
dexamethasone formulation designed for extended
release via transforaminal ESI, SX600, completed a
phase 1/2 clinical trial evaluating the proportion of
patients who experienced a > 50% improvement in
mean worst daily leg pain 60 days after the injection
(NCT03952377).

A promising approach for directly relieving LDH
nerve root compression and its associated symptoms
is chemonucleolysis, a nonsurgical method of dis-
solving the herniated disc material by injecting an
enzyme into the disc. First described by Smith in 1964,
chemonucleolysis was initially performed using the
enzyme chymopapain, a non-specific protease derived
from the papaya plant. Chymopapain showed a high
success rate (82%) over a placebo in a randomized,
double-blind study and was granted FDA approval in
1982 (96,97). Chymopapain was widely used in North
America, Europe, Australia, and Korea to treat LDH
effectively (97-99). The most serious adverse reaction
to the enzyme was anaphylaxis, which occurred in ap-
proximately 0.5% of patients, and could be mitigated
with prior testing for allergic sensitivity to papain
(papaya) (97). A meta-analysis of RCTs concluded that
there was strong evidence that chemonucleolysis with
chymopapain was more effective than the placebo was,
while discectomy was more effective than was chemo-
nucleolysis with chymopapain (1). The manufacture of
chymopapain was discontinued around 1999 (100), and
thus chymopapain was withdrawn from the market for
nonscientific commercial reasons (i.e., reasons other
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Table 1. Clinical trials for LDH and radicular symptoms.

Agent Condition Proposed MOA ROA Status Location NCT ID
SP-102 Lumbosacrz.al radicular | Extended-release d'exa.methasone .EPldu.ral Phase 3 Us NCT03372161
pain (glucocorticoid) injection completed
SX600 Radicular pain Extended-release d.exa-methasone T.ranstfafnm-al Phase 1/2 Australia | NCT03952377
secondary to LDH (glucocorticoid) epidural injection | completed
SI-6603 Radicular leg pain Enzyme degrades GAGs to reduce Intradiscal Phase 3
(condoliase) secondary to LDH disc volume injection completed us NCT03607838
Oxygen- LDH Oxygen-ozone reduces disc volume Iptrad{scal Not Europe NCT02525120
ozone injection approved
STA363 Radiculopathy dueto |y, ic acid reduces disc volume Intradiscal Phase Ib 1 1nd | NCTO6022263
LDH injection ongoing
Gelified Lumbar d}scogenlc Ethanol dehyc.lratlon of NP to Iflt.radl.scal PosF—CE France NCT03415828
ethanol pain reduce disc volume injection surveillance
Neuropathic pain .
KLS-2031 from lumbosacral Gene therapy T'ransfo%‘afmnlal Phase 1/2 Us NCT04238793
. epidural injection | completed
radiculopathy

CE, Conformité Européenne; GAGs, glycosaminoglycans; LDH, lumbar disc herniation; MOA, mechanism of action; NP, nucleus pulposus; ROA,

route of administration.

than safety and effectiveness) (99,101). Currently, no
chemonucleolytic drug is approved in the US, leaving a
gap in the treatment armamentarium.

In response to the need for a chemonucleolytic
treatment, a phase 1b study (NCT06022263) is ongoing
in Poland to evaluate the intradiscal injection of STA363
(lactic acid mixed with the contrast agent iohexol) for
the treatment of LDH-caused radiculopathy. In a similar
manner to chymopapain, STA363 is hypothesized to re-
duce disc volume in patients with moderately degener-
ated discs and disc intensity on T2-weighted MRI scans.
The effect of lactate on glycosaminoglycans (GAGs) has
been verified in rat nucleus pulposus cells (102), and
the acidity of STA363 likely contributes to disc dehy-
dration, since the synthesis of proteoglycans in human
discs ex vivo is inhibited by low pH (103).

SI-6603 (condoliase), a novel chemonucleolytic and
minimally invasive drug, was approved in Japan in 2018
and recently completed a US phase 3 trial (NCT03607838)
in patients with LDH. As opposed to the nonspecific pro-
teolytic activity of chymopapain, condoliase (chondroi-
tin sulfate ABC endolyase) is a GAG-degrading enzyme
isolated and purified from the gram-negative bacillus
Proteus vulgaris (104). By specifically degrading the
GAGs (particularly chondroitin sulfate) of proteoglycans
abundant in the nucleus pulposus, condoliase is thought
to reduce water retention in the nucleus pulposus,
decreasing intradiscal pressure and nerve root compres-
sion, and thereby relieving pain while leaving surround-
ing tissues largely unaffected (105-107).

In phase 2/3 and phase 3 clinical trials in Japan,
condoliase administration demonstrated a clinically

significant improvement in leg pain over a placebo in
patients with contained LDH (i.e., protrusion or sub-
ligamentous extrusion) who failed to improve after >6
weeks of conservative treatment prior to trial enroll-
ment (106,108). In the Japanese phase 3 trial, clinically
significant improvements emerged 2 weeks after con-
doliase injection and were sustained for the duration
of the study, one year after condoliase administration.
In addition, significant improvements associated with
condoliase (over those associated with a placebo) were
observed in worst back pain, disability (Oswestry Dis-
ability Index [ODI] score), the straight-leg raise (SLR)
test, and quality of life measures (the physical compo-
nent of the 36-ltem Short Form Health Survey [SF-36])
(108). Condoliase was well tolerated in the Japanese
phase 2/3 and phase 3 studies, with no instances of
anaphylaxis, neurologic sequelae, or death (106,108).
In a long-term follow-up study of the Japanese condo-
liase clinical trials, the one-year postinjection surgical
intervention rates were 8.5% for the condoliase group
and 16.7% for the placebo group, and the 6-year surgi-
cal intervention rates were 13.4% for the condoliase
group and 20.7% for the placebo group (109).

Other chemonucleolytic therapies are in various
stages of development, mostly outside of the US. One
example is oxygen-ozone therapy, in which a mixture
of oxygen and ozone gas is administered intradiscally
with the aim of reducing the herniated disc volume.
Ozone gas is highly unstable and generally requires
caution for medical use. Using a novel oxygen-ozone
generator system, a pilot, prospective, noninferior-
ity RCT in Europe (NCT02525120) recently found that
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oxygen-ozone injections were noninferior to microdis-
cectomy in improving radicular leg pain at a 6-month
follow-up. Patients who received oxygen-ozone injec-
tions had faster procedure time and shorter discharge
time than did those who received a discectomy, and
71% of patients who received oxygen-ozone therapy
avoided a discectomy at the 6-month follow-up (110).

Another chemonucleolytic therapy, radiopaque
gelified ethanol, was introduced to the European
market in 2007 and re-obtained a Conformité Europée-
nne (CE) mark in 2017. Gelified ethanol is believed to
degrade the GAGs of the nucleus pulposus, resulting
in dehydration and decompression of the disc. While
some observational studies reported high success rates
with gelified ethanol (111), especially when adminis-
tered with intra-articular steroids (112), another small
clinical study found high rates of treatment failure
(113). A post-market clinical follow-up study compar-
ing the effects of gelified ethanol to those of steroids
on patients with lumbar discogenic pain is ongoing in
France (NCT03415828).

In addition, a gene therapy to treat neuropathic
pain caused by lumbosacral radiculopathy is in devel-
opment. KLS-2031 is a combination gene therapy com-
prising recombinant adeno-associated viruses (AAVs)
expressing glutamate decarboxylase 65 (GAD65), glial-
cell-derived neurotrophic factor (GDNF), and interleu-
kin-10 (IL-10), delivered by transforaminal injection to
the dorsal root ganglion. This therapy has demonstrat-
ed analgesic effects in a rodent model of nerve injury
(114). KLS-2031 has recently completed a first-in-human
phase 1/2 clinical trial in patients with neuropathic pain
from lumbosacral radiculopathy (NCT04238793) and
been granted fast-track designation by the FDA.

Limitations

This review paper has several limitations. Inherent
to narrative reviews, literature search and selection
processes were not systematic in nature and may not
have included all relevant literature on these topics.
In addition, the evidence regarding the long-term ef-
ficacy of some treatments, such as discectomy, is limited
by high rates of crossover between treatment groups

CONCLUSIONS

In the treatment armamentarium for persistent
LDH, there is a gap between approaches focused on
symptom relief, such as conservative care and ESls,
and more invasive surgical approaches that relieve
the pressure on the spinal nerves. Although they

have not received FDA approval, lumbar ESls provide
short-term pain relief but negligible long-term benefit.
For patients with refractory LDH symptoms who are
candidates for surgery, discectomy is effective in reliev-
ing pain in the short term, but the benefits appear to
diminish over time. While the risk of surgical complica-
tions associated with lumbar EDIs is low, a substantial
portion of patients who undergo these treatments ex-
perience recurrent pain, require revision surgery, and/
or show spinal structural changes of unknown clinical
significance. Prolonged LDH symptom duration alone
is associated with worse outcomes, suggesting that
prompt, longer-lasting treatment of persistent radicu-
lar pain may be beneficial. Emerging therapies with
promising safety profiles and longer-term benefits may
help close the gap in the LDH treatment landscape.
Among emerging therapies that are in late-stage de-
velopment, novel ESI formulations have the potential
to offer patients another symptomatic treatment for
LDH, while chemonucleolysis with condoliase could of-
fer a minimally invasive alternative to discectomy that
addresses the underlying LDH disease process. New
minimally invasive treatment options, including those
that address underlying disease pathophysiology, may
improve outcomes for patients with LDH and address
unmet therapeutic needs.
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