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Degenerative cervical myelopathy (DCM) is the leading cause of spinal cord dysfunction in
adults, representing substantial morbidity and significant financial and resource burdens.
Typically, patients with progressive DCM will eventually receive surgical treatment. None-
theless, despite advancements in pharmacotherapeutics, evidence for pharmacological
therapy remains limited. Health professionals from various fields would find interest in
pharmacological agents that could benefit patients with mild DCM or enhance surgical out-
comes. This review aims to consolidate all clinical and experimental evidence on the phar-
macological treatment of DCM. We conducted a comprehensive narrative review that pres-
ents all pharmacological agents that have been investigated for DCM treatment in both hu-
mans and animal models. Riluzole exhibits effectiveness solely in rat models, but not in
treating mild DCM in humans. Cerebrolysin emerges as a potential neuroprotective agent
for myelopathy in animals but had contradictory results in clinical trials. Limaprost alfadex
demonstrates motor function improvement in animal models and exhibits promising out-
comes in a small clinical trial. Glucocorticoids not only fail to provide clinical benefits but
may also lead to adverse events. Cilostazol, anti-Fas ligand antibody, and Jingshu Keli dis-
play promise in animal studies, while erythropoietin, granulocyte colony-stimulating factor
and limaprost alfadex exhibit potential in both animal and human research. Existing evi-
dence mainly rests on weak clinical data and animal experimentation. Current pharmaco-
logical efforts target ion channels, stem cell differentiation, inflammatory, vascular, and
apoptotic pathways. The inherent nature and pathogenesis of DCM offer substantial pros-
pects for developing neurodegenerative or neuroprotective therapies capable of altering dis-
ease progression, potentially delaying surgical intervention, and optimizing outcomes for
those undergoing surgical decompression.

Keywords: Intervertebral disc degeneration, Cervical cord, Erythropoietin, limaprost-alfa-
dex, Glucocorticoids, Riluzole
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INTRODUCTION

Globally, degenerative cervical myelopathy (DCM) is the lead-
ing cause of spinal dysfunction in adults over the age of 55.!
Given an increasingly aging population, and a growing aware-
ness about the condition,” global health care systems should an-
ticipate a rise in patients presenting with DCM.? Therefore, DCM
leads to various significant problems not only for the patients
but also from the perspective of healthcare, society, and econo-
my, affecting the quality of life of many patients, many of whom
are still in the workforce.*

Although the natural history of DCM in individual patients
is variable and unpredictable, it is usually characterized by pro-
gression of the associated symptoms.>® However, the disease
may demonstrate long quiescent periods, especially in patients
with mild DCM.” Thus, pharmacological management could
be implemented in patients with mild and stable myelopathy or
with paraclinical findings associated with the development or
worsening of myelopathy to delay or halt the progression of the
symptoms.>® Indeed, optimizing the pharmacologic manage-
ment of DCM could also be attractive for elderly or high-risk
surgical patients or patients who do wish to undergo surgery.’
As a principle, surgery should ideally become the last resort,
whereas currently, it is often considered the main treatment.

Surgical decompression remains the gold standard in the man-
agement of moderate to severe cases of DCM that have not re-
sponded to conservative management, with the aim of relieving
symptoms and preventing further injury.'® Nevertheless, despite
appropriate surgical intervention, some patients may be left
with permanent neurological disability due to preoperative ir-
reversible injury to the spinal cord.'""* Additionally, some pa-
tients may experience postoperative worsening due to neuroin-
flammation and reperfusion injury, leading to suboptimal re-
covery after decompression surgery."”” Therefore, the develop-
ment of pharmacotherapy that could complement surgical de-
compression for DCM and optimize outcomes holds significant
clinical importance.

However, despite such clinical potential, the evidence for
nonsurgical management or adjuvant pharmacological therapy
in DCM remains scarce. Nonetheless, this topic has piqued the
interest of researchers from various fields, physicians from dif-
ferent specialties, and a large patient population. The objective
of this study is to provide a detailed review of the current evi-
dence regarding the pharmacological therapy of DCM. To our
knowledge, this is the only review that comprehensively pres-
ents all pharmacological agents investigated for the treatment
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of DCM in both humans and animals.

METHODS

This narrative review was conducted by searching PubMed,
Embase, Scopus, and Cochrane databases from inception to
April 2022. The following keywords were used in various com-
binations: cervical spondylotic myelopathy, CSM, degenerative
cervical myelopathy, DCM, spinal cord compression, neuro-
protective, regenerative, neuroregenerative, reparative, neurore-
parative, drugs, pharmaceutical, substance, medication, nonste-
roidal, and steroids. English-language full-text studies were in-
cluded if they involved a pharmacological component in the
management of DCM in humans or animals. We chose the fol-
lowing exclusion criteria: publications that were not peer-re-
viewed, in vitro studies, articles that were not original studies
(e.g., case reports, published congress abstracts, reviews), stud-
ies that did not report neurological/functional outcomes, and
studies on medications or dietary supplements that were not
clearly defined (e.g., active ingredients and their dose). Two au-
thors (MG and MVA) screened all studies independently and
in duplicate by title and abstract. Studies meeting all inclusion
criteria were subsequently screened by their full-text in a simi-
lar fashion. The reference lists of the included articles were
cross-referenced to identify additional articles. Data were ex-
tracted from the included studies in duplicate (JJL and MG) us-
ing a standardized charting template, which included the fol-
lowing information: author/year, study design, aim, population,
drug/dosage/administration, outcomes, potential biases/limita-
tions, and level of evidence (using Levels of Evidence for Thera-
peutic Studies from the Centre for Evidence-Based Medicine).
For animal studies, the extracted data included animal model
and pathology findings in addition to the aforementioned de-
tails. Studies were subsequently aggregated into their respective
pharmacological agents, and were screened for dosages, adverse
events, significant improvement in Japanese Orthopaedic As-
sociation (JOA) score, level of evidence (Table 1)/sample size,
and strength of evidence."

RESULTS

1. Riluzole

Moon et al."” demonstrated that riluzole administration
(8 mg/kg intraperitoneal once a day [QD]) significantly im-
proved gait performance and sensory symptoms in a rat model
of DCM induced by a titanium screw-based chronic compres-
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Table 1. Levels of evidence for therapeutic studies from the
center for evidence-based medicine (http://www.cebm.net)

Level Type of evidence

1A Systematic review (with homogeneity) of RCTs

1B Individual RCT (with narrow confidence intervals)

1C  All or none study

2A Systematic review (with homogeneity) of cohort studies

2B Individual cohort study (including low quality RCT, e.g.,
< 80% follow-up)

2C “Outcomes” research; ecological studies

3A  Systematic review (with homogeneity) of case-control studies
3B Individual case-control study

4 Case series and poor quality cohort and case-control study

Expert opinion without explicit critical appraisal or based on
physiology bench research or “first principles”

RCT, randomized controlled trials.

sion device (p < 0.05). Karadimas et al.'® examined the effects of
postoperative riluzole administration in a rodent model of
DCM. Rats with DCM demonstrated a transient postoperative
neurological deterioration similar to what is observed in some
patients, suggesting that ischemia-reperfusion injury may oc-
cur after decompression surgery. Riluzole administration dem-
onstrated a decrease in oxidative stress and postoperative de-
cline of gait parameters after decompression surgery in the
DCM rat model. Riluzole-treated rats displayed a significantly
lower proportion of 8-0xoG DNA-positive cells (indicating oxi-
dative damage) in vitro (p <0.05).

Rajasekaran et al.”” conducted a clinical trial to evaluate the
effectiveness of riluzole administration in patients with mild
forms of DCM. Thirty patients with modified JOA (mJOA)
scores > 13 were recruited for this double-blinded, placebo-
controlled randomized controlled trial. The study group was
administered riluzole (50 mg orally twice a day [PO BID]) for a
period of one month while the placebo group was administrat-
ed vitamin B complex tablets. The patients were assessed with a
new magnetic resonance imaging (MRI) and diffusion tensor
imaging and clinical scores. There was no significant change in
the clinical outcome scores and diffusion tensor indices of pa-
tients treated with riluzole as a standalone pharmacotherapeu-
tic agent after one month. The strength of evidence' of this
study was considered moderate.

The most significant clinical trial investigating the efficacy of
perioperative riluzole administration is the CSM-PROTECT
trial.”® This international, double-blinded, randomized phase 3
clinical trial was conducted by 16 university-affiliated centers in
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Canada and the United States. Patients aged 18 to 80 years with
moderate to severe DCM as characterized by mJOA scores of 8
to 14 were included in this trial. A total of 290 patients were
randomized. Patients randomized to the study group were ad-
ministered riluzole (50 mg PO BID) 14 days preoperatively and
28 days postoperatively. The primary endpoint was change in
mJOA score from baseline to 6 months in the intention-to-treat
population, defined as all patients who have undergone ran-
domization and surgical decompression. There was no signifi-
cant difference between the riluzole and placebo groups in
mJOA scores at 6 months of follow-up (p=0.14). Therefore,
adjuvant treatment with riluzole in the perioperative setting did
not improve functional recovery beyond decompression sur-
gery alone for patients with moderate to severe DCM in this
study.® The strength of evidence of this study was considered
moderate.

2. Cerebrolysin

Allam et al.”” conducted a prospective randomized control
trial to evaluate the effect of cerebrolysin as a treatment modal-
ity for DCM. A group of 192 patients with moderate to severe
DCM who refused surgery were subdivided blindly into 2 equal
groups. The study group received 5 weekly parenteral injection
of cerebrolysin (5 mL) for a total duration of 4 weeks while the
control group received a placebo injection. Both groups also re-
ceived a single daily dose of celecoxib during the treatment
(200 mg PO daily). The JOA score was recorded at 1, 3, and
6 months. Over the 6-month study period, the mean JOA score
of patients in the group that received the cerebrolysin injection
improved from 11.5+ 1.2 to 13.9 + 1.3 while the mean JOA score
of the placebo group increased from 11.3+1.2 to 11.8 + 1.23 with
statistically significant differences when comparing the mean
JOA recovery rate between the 2 groups at 1, 3, and 6 months
(p<0.0001). Also, no reported cases of neurologic deterioration
over 6 months of follow-up were recorded in the cerebrolysin
group. The strength of evidence of this study was considered
high.

A prospective randomized control trial was conducted re-
cently to determine the value of perioperative cerebrolysin ad-
ministration.” Sixty patients who underwent surgical decom-
pression for DCM were divided into 2 groups. One group was
administered a daily preparation of cerebrolysin for 21 days
postoperatively while the second group was administered a pla-
cebo. The mJOA score, visual analogue scale (VAS) and an as-
sessment of hand power and sensation were used to assess each
group. The trial failed to identify any significant difference in
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postoperative mJOA and VAS scores between the 2 groups but
demonstrated an improved hand function in the cerebrolysin
group at 1 year (p=0.03). In addition, the group outlined that
only 2 minor adverse effects were reported in the group that
was administered their preparation of cerebrolysin. The strength

of evidence of this study was considered moderate.

3. Limaprost Alfadex

A study by Kurokawa et al." demonstrated that limaprost al-
fadex improved the motor function in a rodent model of cervical
myelopathy. An expandable polymer was implanted under the
C5-6 laminae of rats to develop compression-induced cervical
myelopathy. Twice daily limaprost administration (300 pg/kg
PO BID at a concentration of 60 pg/mL) resulted in a signifi-
cant increase in forced locomotion capability, measured via
forelimb stride length, in the treated rats when compared with
the control group (p <0.05).

A clinical trial was conducted by Sugawara et al.*' to investi-
gate the potential benefits of limaprost alfadex in patients with
DCM. A group of 21 patients with mild DCM managed non-
operatively were treated with an oral dose of 15 pg of limaprost
alfadex daily for 3 months. The treatment resulted in an improve-
ment in mJOA scores and grip and release count at 1 month
that were maintained at 3 months (p=0.017 and p=0.001, re-
spectively). The mean mJOA score improved by 1.30 points and
the mean grip and release improved from 17.8 to 22.6 over the
3-month period. However, there was no control group in this
trial. A phase 3 prospective randomized double-blinded clinical
trial on the efficacy of oral limaprost administration following
surgery for cervical myelopathy is currently being conducted
by the Seoul National University Hospital (ClinicalTrials.gov
Identifier: NCT02125981). The strength of evidence of this study
was considered moderate.

4. Glucocorticoids

Vidal et al.** conducted a study to assess the efficacy of peri-
operative methylprednisolone in enhancing neurological recov-
ery and to evaluate its effect on the inflammatory response fol-
lowing decompression in an animal model of DCM. DCM was
induced in a C57BL/6 mice model using an aromatic polyether
material implanted underneath the C5-6 laminae to cause pro-
gressive compression of the spinal cord due to focal ossification.
Decompressive surgery was conducted 12 weeks post-initial
implantation. The mice in the trial group received one dose of
methylprednisolone half an hour before surgical decompression
and at 2 weeks after the decompression. This study demonstrat-
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ed that methylprednisolone improved locomotor recovery with-
out affecting the composition of circulating white blood cells
(p<0.05). Histological assessment of the spinal cords showed
significant neuronal preservation (p < 0.05).

Human trials have examined the role of glucocorticoids as an
adjunct to decompressive surgery. Blume et al.>* conducted a
retrospective cohort study of patients undergoing posterior de-
compression and instrumentation of the cervical spine for DCM
to investigate the effect of intraoperative dexamethasone. A
40-mg dose of intravenous (IV) dexamethasone was adminis-
tered intraoperatively at the discretion of the senior surgeon. A
total of 49 patients were recruited for the study and 25 patients
received an intraoperative dose of dexamethasone. Patients were
assessed pre- and postoperatively using the Neck Disability In-
dex (NDI) and the mJOA score and there was no significant
difference in the baseline scores between the 2 groups prior to
surgery. No significant differences were observed between the 2
groups in terms of NDI and mJOA scores at follow-up. Fur-
thermore, a significantly higher rate of wound infections was
detected in the group that received intraoperative dexametha-
sone (p=0.021). The strength of evidence of this study was
considered moderate.

Lastly, a randomized controlled trial by Jeyamohan et al.**
aimed at comparing the effectiveness of intraoperative dexa-
methasone administration (0.2 mg/kg IV intraoperatively) on
the incidence of postoperative swallowing and airway compro-
mise also examined the effects on functional outcomes (includ-
ing mJOA scores) and fusion rates. Patients who underwent
multilevel anterior cervical discectomy and fusion (ACDF)
were randomly assigned to receive intraoperative and postop-
erative doses of dexamethasone or normal saline and a placebo.
The authors demonstrated that intraoperative administration
of dexamethasone did not lead to a significant difference in
mJOA scores. Moreover, dexamethasone administration signif-
icantly delayed fusion rates at 6 months (p=0.048) without af-
fecting the long-term fusion rates at 12 months (p=0.57). The
strength of evidence of this study was considered moderate.

5. Erythropoietin

A recent study by Tanaka et al> demonstrated that erythro-
poietin (EPO) improved the motor function in a rodent model
of cervical myelopathy. An expandable polymer was implanted
under the C5-6 laminae of rats to develop compression-induced
cervical myelopathy. EPO administration started 8 weeks after
the insertion of the polymer and motor function was assessed
after surgery. Motor neurons and apoptotic cell death were eval-
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uated with immunohistochemistry. Results from this study dem-
onstrated that rats treated with high-dose EPO maintained bet-
ter motor function in strength (p <0.0001). EPO also suppressed
neuronal apoptotic cells and significantly prevented the loss of
motor neurons (p <0.0001).

A second study by Eryilmaz and Farooque® investigated the
therapeutic effects of the combination of EPO and methylpred-
nisolone in the prevention of ischemia-reperfusion injury fol-
lowing decompression in patients with DCM. This randomized
controlled study included 110 patients who underwent surgical
decompression for DCM. The treatment group received 30 mg/
kg of methylprednisolone and 3,000 U/kg of EPO intravenously
30 minutes prior to the start of their spinal decompression sur-
gery while the control group only received 30 mg/kg of methyl-
prednisolone without EPO. This study reported a statistically
significant (p <0.001) increase in quality of life parameters, i.e.,
all dimensions of the World Health Organization Quality of
Life assessment instrument (WHOQOL-100), in the group of
patients who had also received EPO. Additionally, the JOA
score improved significantly in the EPO group after surgery
compared to the control group (p=0.025). The EPO group had
a preoperative JOA score of 10.25+1.72 (control: 10.31 +£2.05)
and increased to 18.43+2.81 (control: 15.06+2.93) 3 months
postoperatively. A significant decrease in the levels of interleu-
kin (IL)-1p and IL-8 3 months after the treatment was also not-
ed in the EPO group (p=0.028 and p =0.026, respectively). The
strength of evidence of this study was considered high.

These recent findings suggest that EPO may prove beneficial
in the management of DCM. Nonetheless, EPO’s therapeutic
applications may be limited by its hematological adverse effects,
such as red blood cell proliferation, high blood pressure, and
prothrombotic properties. As a result, EPO derivatives that re-
tain cytoprotective and neuroprotective effects with minimal
erythropoietic activity have been developed.””

6. Cilostazol

Yamamoto et al.”’ investigated the neuroprotective effects of
cilostazol on cervical myelopathy using a rat model of chronic
cervical cord compression. Cord compression was induced us-
ing a chronic compression device of thin polyurethane sheets
that gradually expanded over 48-72 hours by absorbing water
after being surgically implanted under the C5-6 laminae. Cilo-
stazol was orally administered (30 mg/kg PO) to the treatment
group prior to the implantation of the device and continuing
for the total trial period of 25 weeks, while the control group
was administered vehicle solution under the same protocol. Re-
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sults demonstrated that cilostazol preserved forepaw grip
strength and forced running capability 25 weeks postimplanta-
tion of the device (p<0.05). In addition, histopathological ex-
amination of the cervical spinal cords demonstrated that the
drug helped preserve anterior horn motor neurons in the C5-6
spinal cord segments (p <0.05).

7. Jingshu Keli

Using a rat model of cervical myelopathy, Yan et al.* demon-
strated that rats fed Jingshu Keli (JSKL) 4.8 g/kg daily from day
7 to day 28 postoperatively recovered better gait performance
than the control group (p <0.001). Moreover, the active ingre-
dients in JSKL, ginsenoside Rb1 (GRb1), and notoginsenoside
R1 (NGR1), decreased neuronal excitability through modula-
tion of K+ (Kir) channels by reducing the frequency of action
potentials and hyperpolarizing the resting membrane potential
(p<0.05). This led to decreased levels of mechanical and ther-
mal pain at 21 days in the JSKL group (p<0.001 and p <0.05,
respectively). Although this study was conducted in a small
group of rats (n=40), further studies should elaborate on tradi-
tional Chinese herbs and other alternative medicines that can
be beneficial in animal studies, and ultimately in humans.

8. Granulocyte Colony-Stimulating Factor

Yoshizumi et al.** conducted a study on a rat spinal cord com-
pression model. They administered granulocyte colony-stimu-
lating factor (G-CSF) 15 mg/kg daily for 5 days subcutaneously
to the treatment group and normal saline to the control group
and found that the control group had significantly less motor
neurons after treatment compared to the G-CSF group (p <
0.001). Moreover, measured using TUNEL (terminal deoxynu-
cleotidyl transferase-mediated deoxyuridine triphosphate-bio-
tin nick end labeling) staining, G-CSF significantly decreased
the number of apoptotic cells at 8 weeks (p < 0.05).

In a phase I and Ila prospective clinical trial, Sakuma et al.”
observed improved muscle function (p <0.01), touch (p <0.05),
and pain sensation (p <0.05) in a cohort of 15 patients with wors-
ening symptoms of compressive cervical myelopathy. These pa-
tients were administered G-CSF 10 ug/kg once daily for 5 con-
secutive days. Mean JOA recovery rates at 1 and 6 months after
administration were 49.9% + 15.1% and 59.1% + 16.3%, respec-
tively, where recovery rates were defined as (postoperative score—
preoperative score/full score-preoperative score) x 100 (%).
White blood cell count increased to more than 22,700 cells/mm’
after G-CSF therapy. No serious adverse events occurred dur-
ing or after treatment. However, these results should be inter-
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preted with caution as this was an open-label trial without a
control group. The strength of evidence of this study was con-
sidered very low.

The restorative function of G-CSF holds great promise as it
promotes neural tissue repair and it reduces cell death, hence
an ideal candidate for DCM patients. Use of G-CSF in the clini-
cal setting is still in the early stages of research. Rigorous pro-
spective trials are needed to assess the safety profile, efficacy,
and optimal dosing regimens of G-CSF in humans.

9. Anti-Fas Ligand Antibody

Yu et al."* performed a postmortem human tissue study to
investigate the pathology and apoptotic mechanisms in human
DCM and the therapeutic potential of anti-Fas ligand antibody
in a mouse model. In the postmortem samples of patients with
DCM, they showed increased Fas-mediated apoptosis of neu-
rons and oligodendrocytes and an increase in inflammatory
cells. To demonstrate the therapeutic potential of an anti-Fas li-
gand antibody, they administered anti-Fas ligand antibody
(MFL3) at 50 mg intraperitoneally twice weekly for 4 weeks in
Twy/Twy (tiptoe-walking-yoshimura) mice. Treatment de-
creased neural inflammation mediated by macrophages and
activated microglia, glial scar formation and caspase-9 activa-
tion. Furthermore, the treatment promoted dramatic functional
neurological recovery.

The antiapoptotic property of an anti-Fas ligand antibody
represents a viable therapeutic direction in DCM patients. Al-
though these results seem promising in attenuating proinflam-
matory pathways and neural degeneration in DCM, the recom-
mended posology of anti-fas ligand antibody remains unknown
as administration in DCM patients has yet to be conducted.

Characteristics of the included studies evaluating the phar-
macological agents in humans and animals can be found in Ta-
bles 2 and 3, respectively.

DISCUSSION

Herein, we present the first comprehensive review of phar-
macological agents for the management of mild DCM. Several
findings were reported, including the following: (1) riluzole is
not effective for treating mild DCM in humans, but only in rat
models; (2) cerebrolysin shows potential as a neuroprotective
agent for myelopathy, but its effectiveness in DCM patients
should be further investigated; (3) limaprost alfadex has dem-
onstrated motor function improvement in animal models and
has promising results in a small clinical trial; (4) glucocorticoids
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not only failed to offer clinical benefits, but may have also led
to adverse events; (5) cilostazol, anti-Fas ligand antibody, and
Jingshu Keli have shown promise in animal studies, while EPO,
G-CSE and limaprost alfadex, in both animal and human stud-
ies. Overall, only weak clinical evidence and animal studies are
available. Thus, these results have yet to be validated in large
scale studies that provide a high level of evidence.

Research on the pharmacological management of patients
with DCM might have multiple relevant clinical applications.
Most patients present a progressive deterioration or a stepwise
decline in their neurological function that may be characterized
by significant periods of symptom stability.** Also, previous re-
ports have suggested similar results between patients with mild
DCM treated conservatively and in those treated with surgical
decompression.” Moreover, the AO Spine North America and
Cervical Spine Research Society guidelines suggest offering ei-
ther surgical intervention or a supervised trial of structured re-
habilitation for patients with mild DCM, with surgery recom-
mended in cases of neurological deterioration or lack of im-
provement.® In addition, symptomatic radiculopathy, presence
of MRI cervical cord hyperintensity, prolonged motor evoked
potentials and somatosensory evoked potentials, and electro-
myographic findings of anterior horn cell lesions have been as-
sociated with development of myelopathy in asymptomatic pa-
tients.’ Furthermore, circumferential cord compression on axial
MR, a deformity of the spinal cord due to compression with an
acute-angled lateral corner (one or both sides), abnormally in-
creased range of preoperative neck and head motion, lower
segmental lordotic angle, segmental instability, and reduced di-
ameter of the cerebrospinal fluid column have been correlated
with further worsening of myelopathy.” Thus, neuroprotective
substances that prevent the progression of the disease or pro-
mote neuro-regeneration might be a reasonable alternative in
the future for the aforementioned categories of patients (i.e.,
patients with findings associated with the development or
worsening of myelopathy or patients with mild and stable my-
elopathy). However, it is important to stress that pharmacologi-
cal treatment is far yet from being a main treatment for DCM,
especially for patients with moderate or severe DCM, where
surgical intervention is recommended based on moderate qual-
ity evidence and a strong recommendation.®

Furthermore, surgical management remains indicated in pa-
tients with moderate to severe forms of DCM.* However, some
patients may present neurological deterioration after surgical
decompression. Up to 11.6% of patients who undergo decom-
pression for DCM may experience deterioration of their neuro-
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logical function in the immediate postoperative period.* In ad-
dition, data from the recent AO Spine North America CSM
study demonstrated that 9.3% of patients exhibited postopera-
tive functional decline and that 44% of operated patients were
left with significant neurological deficits 6 months after sur-
gery.'® Therefore, adjunct medical therapy that could improve
or optimize the outcomes of patients undergoing surgical de-
compression would be valuable.

The pathophysiology of DCM is complex and diverse. Multi-
ple mechanisms are thought to be responsible for the neuronal
loss, axonal degeneration and myelin impairment seen in
DCM.”” Mechanical compression of the spinal cord can lead to
inflammation, ischemia and apoptosis resulting in spinal cord
dysfunction.® In addition, histological and immunohistochem-
ical studies in rodents have demonstrated that immediate neu-
rological decline after decompression may be initiated by an
ischemia-reperfusion injury and immune reaction in the spinal
cord.'**” Rapidly released cytokines perpetuate the inflammato-
ry response after decompression.”” Furthermore, rat spinal
cords demonstrate an increase in oxidative stress after decom-

pression. Fig. 1 summarizes the common mechanisms of action
of the abovementioned medications.

Riluzole (2-amino-6(trifluoromethoxy)benzothiazole; Rilutek,
Sanofi-Aventis Inc., Paris, France) is a sodium channel/gluta-
mate blocker from the benzothiazide group that is the first and
only drug approved for the management of amyotrophic lateral
sclerosis (ALS) in the United States. Studies have suggested a
key role of sodium and glutamate mediated cellular injury in
models of spinal cord compression.* Therefore, it was hypoth-
esized that riluzole could slow the neurodegeneration process
of motor neurons via sodium channels and by decreasing gluta-
mate mediated excitotoxicity."*** Cerebrolysin is a mixture of
peptides derived from enzymatic lysis of porcine brains prod-
ucts. Its pharmacodynamics are similar to endogenous neuro-
trophic factors, and it can readily cross the blood-brain barri-
er."! Cerebrolysin has demonstrated its neuroprotective poten-
tial through its action on cellular structural integrity and neu-
rogenesis and has been studied in patients with neurological
disorders such as dementia, stroke, and traumatic brain inju-
ry.** Limaprost alfadex is an oral prostaglandin E1 analog that

Anti-oxidant
EPO

Stem cell
differentiation
G-CSF

lon channel
inhibition
Riluzole, JSKL via

NGR1 and GrB1 \V 4

Anti-platelet aggregation

Limaprost alfadex, cilostazol

Anti-inflammatory
Dexamethasone, EPO,
methylprednisone, anti-
Fas ligand antibody

. Anti-apoptosis
’ EPO, anti-Fas
ligand antibody

Vasodilation

Limaprost alfadex, cilostazol

Fig. 1. Target mechanisms of current pharmacological agents used for the treatment of degenerative cervical myelopathy. EPO,
erythropoietin; G-CSE, granulocyte colony-stimulating factor; JSKL, Jingshu Keli; NGR1, notoginsenoside R1; GrB1, ginsen-

oside Rb1.
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has vasodilatory and antithrombotic properties. Its use was ap-
proved for the treatment of lower extremity ischemic symptoms
and neurogenic claudication secondary to lumbar spinal steno-
sis.* Glucocorticoids are a potent class of anti-inflammatory
and immunosuppressive drugs. Their action on the glucocorti-
coid receptor mediates multiple pathways that suppress the in-
flammatory response. Steroids are commonly used in the man-
agement of metastatic spinal cord compression.*”* Therefore, it
was hypothesized that steroids could help mitigate the potential
postsurgical inflammatory response and spinal cord reperfu-
sion injury following decompressive surgery in patients with
DCM.*?* EPO is a glycoprotein cytokine secreted mainly by
the kidney in response to hypoxia that stimulates erythropoie-
sis. In addition, EPO protects tissue from ischemia and reperfu-
sion injury, has antiapoptotic effects and improves regeneration
after injury.* In the past 2 decades, several studies have demon-
strated its neuroprotective benefits in cerebral infarction, brain
trauma, and acute spinal cord injuries. In hypoxic conditions,
endogenous EPO is secreted by astrocytes in response to low
oxygen partial pressure and may act on neurons as an impor-
tant paracrine neuroprotective mediator of ischemic precondi-
tioning. Locally produced EPO may also protect the neural tis-
sue by promoting angiogenesis.***'

Cilostazol (6-[4-(1-cyclohexyl-1H-tetrazol-5-yl) butoxy]-3,4-
dihydro-2-(1H)-quinolinone) is a potent phosphodiesterase in-
hibitor that suppresses platelet aggregation and acts as a direct
arterial vasodilator. Its use has been approved in the U.S. Food
and Drug Administration and in many Asian countries for the
management of intermittent claudication.”>** Moreover, nerve
conduction velocity and blood flow were significantly higher
with the administration of cilostazol to a canine model with
cauda equina compression.* In addition, cilostazol has demon-
strated its neuroprotective effect by reducing the size of ischemic
brain infarction in a rat model of cerebral ischemia through in-
hibition of apoptotic and oxidative cell death.” JSKL is a tradi-
tional Chinese herbal formula. Previous research demonstrated
that some active ingredients of the formula could alleviate pain
through the modulation of ion channels. Its active components,
NGR1, and GRb1, can suppress voltage-gated K+ channels™
and activate chloride channels,” respectively. G-CSF is a cyto-
kine that promotes differentiation of cells in the neutrophil lin-
eage. It mobilizes bone marrow cells to the peripheral circula-
tion. It has shown to restore damaged spinal cord tissue and it

has recovered neural function in rats*>*

and mice.” Fas, also
known as Fas antigen or CD95, is a cell surface protein involved

in cell death. When it binds to its ligand, FasL, caspases are acti-
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vated to promote apoptosis. Elevated expression of Fas was as-
sociated with neural apoptosis and release of proinflammatory
cytokines in a rat model.*

Some studies on the pharmacotherapy of DCM did not eval-
uate any neurologic/functional outcome, but some findings
which might be worthy of further investigation. To characterize
the effect of glucocorticoids on the postsurgical systemic in-
flammatory response, Demura et al.*" investigated the relation-
ship between perioperative steroid administration and IL-6 se-
rum levels in patients with cervical myelopathy treated by lami-
noplasty. The study concluded that preoperative administration
of dexamethasone attenuates the systemic inflammatory reac-
tion to surgery, as demonstrated by decreased postoperative
IL-6 levels. Neurotrophic factors play an important role in cell
survival and have an antiapoptotic activity on neurons.®**
Uchida et al.*** have conducted studies on the applications of
neurotrophins in the treatment of DCM. Most of their research
was completed using a Twy mouse; a naturally existing mutant
rodent that develops spontaneous calcification at the C1-2 ver-
tebral level, which mimics significant compression of the spinal
cord between C2 and C3 segments with aging. The above re-
search team successfully achieved adenovirus vector (Adv) me-
diated transfer of the brain-derived neurotrophic factor (BDNF)
to the spinal accessory motor neurons between C1 and C3. They
also demonstrated that the number of anterior horn neurons
was significantly higher in the Adv-BDNEF-transfected mice

compared to the control.”

Two years later, the same team re-
peated their adenovirus-mediated retrograde transfer with the
neurotrophin-3 gene. Once again, mice transfected with the
Adv-NT-3 gene showed enhanced survival of anterior horn
neurons in the Twy mice chronic cord compression model.®
Further immunohistochemical studies in 2012 revealed that
there was a significant decrease in apoptosis and an increased
presence of neurons and oligodendrocytes in the spinal cords
of the Adv-BDNF transfected mice.*

Several other substances have been investigated in relevant
conditions and it may be reasonable to investigate their use re-
garding DCM. Through a rodent model of compressive thorac-
ic myelopathy, Holly et al.®® demonstrated that rats fed a diet
rich in docosahexaenoic acid and curcumin (DHA-Cur) main-
tained significantly higher tissue concentrations of spinal cord
BDNF both at the level of compression and in the region of
lumbar enlargement than those that did not receive dietary
treatment. An animal model of DCM underwent either a diet
rich in DHA and curcumin or a standard Western diet.”® The
omega-3 fatty acid DHA has demonstrated therapeutic poten-
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tial secondary to its effects in decreasing inflammation and
providing building material to plasma membranes and to its ef-
fects on overall neuronal function.”” Curcumin is a naturally
occurring chemical compound found in turmeric, which has
anti-inflammatory and antioxidant properties.”””" Together,
they might have beneficial effects on neuronal function. Gait
analysis revealed significantly improved function in the DHA-
Cur group. Moreover, levels of syntaxin-3 were elevated, and
levels of lipid peroxidation (4-HNE) were decreased in the
DHA-Cur group, suggesting the neural repair potential of this
dietary regimen in DCM.

It has been suggested that autophagy promotes neuronal sur-
vival under hypoxic conditions.” The expression levels of p62,
ubiquitinated proteins, and LC3 in mice models of spinal cord
compression were examined by Tanabe et al.”> and p62 was ex-
pressed in neurons, axons, astrocytes, and oligodendrocytes
under hypoxic stress. These results suggested according to the
authors that autophagy induction can be another potential
therapeutic target for patients with spinal cord compression or
DCM that has not been further investigated so far.

The most common mechanisms implicated in the pathobiol-
ogy of DCM encompass apoptosis, inflammation, and vascular
changes.” Considering the vascular nature of DCM, one study”
examined if renin-angiotensin system inhibitors or other anti-
hypertensors were associated with preoperative functional sta-
tus and imaging markers of spinal cord compression. In their
retrospective study of 266 patients, 37 patients were taking an-
giotensin-II receptor blockers, 44 were taking angiotensin-con-
verting enzyme inhibitors, and 61 were taking other medica-
tions. Patients with hypertension presented with poor preoper-
ative neurological status measured using mJOA and Nurick
scores (p<0.01). Moreover, patients with hypertension who
were treated with renin-angiotensin system inhibitors (specifi-
cally, angiotensin-II receptor blockers) had decreased T2-weight-
ed signal intensity change compared to the untreated patients
without hypertension (p=0.04).

Ossification of the posterior longitudinal ligament (OPLL) is
a disease that can lead to DCM. Recent studies have demon-
strated that the use of H,-receptor antagonists, that are primari-
ly used in the treatment of gastroesophageal reflux disease, may
also be effective in treating heterotopic ossification.”*”> The
therapeutic potential of famotidine was evaluated with a mice
model for OPLL.” The results of this study showed that admin-
istration of famotidine suppressed the progression of the ossifi-
cation and reduced mortality when administered early in the
development of the ossification. Furthermore, Liu et al.”” exam-
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ined the suppression by famotidine of osteogenic differentia-
tion in mesenchymal stem cells in patients with OPLL. Patients
with DCM and OPLL were treated with famotidine and their
ligamentum flavum was later collected during cervical spine
surgery. Famotidine at a dose of 100 nM for 3 weeks strongly
suppressed mRNA production of multiple osteogenic markers
by the mesenchymal stem cells.

While the discussed treatments have potential benefit in the
treatment of DCM, they are associated with side-effects and
adverse events that should be thoroughly considered. For in-
stance, Riluzole may cause dizziness, gastrointestinal distur-
bances, hepatotoxicity, and asthenia in ALS.”® Moreover, its ad-
ministration requires careful monitoring since it can induce
hypersensitivity reactions.” Limaprost, an oral prostaglandin
E1 analog, has been associated with gastrointestinal disturbanc-
es, flushing, and vertigo.* Its vasodilatory effects requires care-
ful monitoring in patients with underlying cardiovascular con-
ditions. The use of glucocorticoids, notably dexamethasone in
the context of DCM, is accompanied by immunosuppression,
delayed wound healing, blood glucose elevations, and a de-
crease in bone mineral density.*"* Its administration signifi-
cantly delayed fusion rates at 6 months in a randomized con-
trolled trial of patients undergoing ACDE* While EPO exhibits
antiapoptotic effects, its administration increases the risk of hy-
pertension, thrombosis, hyperviscosity, and anaphylactic reac-
tions.** Although Cilostazol has demonstrated neuroprotective
effects in animal models, its systemic vasodilatory mechanisms
can lead to serious adverse events, including headaches, palpi-
tations, and diarrhea.® Its antithrombotic properties increase
bleeding risks, which can be a concern in the perioperative set-
ting of a patient with DCM. The adverse events reported in the
included human studies are outlined in Table 4. Overall, the
risk-benefit ratio of the pharmacological interventions is a
complex interplay of their therapeutic benefits against their
side-effects profiles. While animal models provide valuable in-
sight into the neuroprotective properties of these drugs, the
translation of these findings to human subjects requires rigor-
ous clinical trials to ascertain their efficacy and safety profiles.
Moreover, the majority of findings in human subjects stem from
clinical trials with short follow-up or small sample size. To prop-
erly inform clinical decisions for the pharmacological treatment
of DCM, larger clinical trials with diverse populations are war-
ranted.

The balance of evidence surrounding riluzole’s efficacy re-
mains uncertain. While preclinical studies, such as those by
Moon et al.” and Karadimas et al."® have shown neurological
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improvements in rodent models, these findings have not been
consistently replicated in human trials. Most notably, the CSM-
PROTECT™ trial and the double-blinded, placebo-controlled
randomized controlled trial by Rajasekaran et al."” did not dem-
onstrate clinical neurological improvement following adminis-
tration of riluzole. Thus, its clinical applicability remains uncer-
tain, requiring further investigation.

The optimal clinical use of cerebrolysin in the context of DCM
remains controversial. Allam et al."” demonstrated significant
improvement in JOA scores over a 6-month period for the
nonoperative management of DCM. However, Sharma et al.”
did not find significant differences in perioperative JOA and
VAS scores. There was improvement in hand function at one
year. Considering the conflicting results in these randomized
controlled trials, careful consideration must be taken whether
cerebolysin is administered in a perioperative or nonoperative
context. Future studies should elaborate on the optimal condi-
tions of its administration in DCM patients.

Consistent findings across human studies indicate either im-
provement or worsening of functional outcomes with each
medication. However, studies using glucocorticoids for the
management of neurological symptoms presented conflicting
results.”*** Two™** of these studies were used in the perioper-
ative setting and observed no significant difference in myelopa-
thy neurological symptoms scores between groups adminis-
tered with the glucocorticoid (dexamethasone). However, the
third study used a glucocorticoid (methylprednisolone) in com-
bination with EPO preoperatively and found a significant im-
provement in JOA score and 40-point rating scale compared to
the control group. Thus, the effects of the glucocorticoid could
be masked by the EPO in this study. Glucocorticoids suggest
improvement in locomotor recovery postdecompression sur-
gery in animal models.”> However, such neurological benefits
lack applicability in the clinical setting, as demonstrated by a
retrospective cohort study” and a randomized controlled trial**
Glucocorticoids delayed fusion rates at 6 months and increased
surgical wound infection rates. Considering the systemic side-
effects associated with glucocorticoids and its inability to pro-
vide neurological improvement to DCM patients, caution is
advised, especially in patients managed operatively.

Limaprost alfadex improved motor function in rodent mod-
els'" and in a phase 3 randomized double-blinded clinical trial*!
The results from the latter study should be interpreted with cau-
tion considering the small sample size and the absence of con-
trol group. The current evidence supports continued investiga-
tion (a phase 3 double-blind randomized control trial is cur-
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rently underway [ClinicalTrials.gov Identifier: NCT02125981]).

EPO has demonstrated neuroprotective effects in both ani-
mal and human studies. Clinical trials showed improved quali-
ty of life outcomes and JOA scores when combined with meth-
ylprednisolone following decompression surgery in DCM pa-
tients. The combination with methylprednisolone is a confound-
ing factor, however, regarding the efficiency of EPO per se.

Cilostazol has shown significant preservation of motor func-
tion and neural tissue integrity in preclinical studies. These find-
ings suggest that this pharmacological agent holds promise for
DCM in animal models. To our knowledge, there are no clinical
trials in human subjects that evaluate its efficacy, thus lacking
in clinical applicability. Similarly, JSKL exhibits neuroprotective
and analgesic effects in animal models, but lacks evidence in
humans. Anti-Fas ligand antibody also lacks trials in humans.
Only a postmortem' and a preclinical mouse study® of anti-
Fas ligand antibody demonstrated a reduction in inflammation
and an improvement in neurological recovery.

G-CSF restored damaged spinal cord tissue and recovered
neural function in rats**® and mice.” It was demonstrated in a
phase I and ITa* clinical trial that G-CSF improved motor and
sensory outcomes in patients with worsening symptoms of com-
pressive cervical myelopathy. However, this was an open-label
trial without a control group and a small sample size (cohort of
15 patients).

Of the treatment regimens that demonstrated significant im-
provement in mJOA score, administration of EPO with meth-
ylprednisolone was supported by level 1B (individual random-
ized controlled trial with narrow confidence interval) and high
strength of evidence, limaprost alfadex by level 2B (cohort study
with small sample size) and moderate strength of evidence.
G-CSF was supported by level 4 (case series) and very low strength
of evidence. Regarding cerebrolysin, one study demonstrated
significant improvement in mJOA (level 1B [individual ran-
domized controlled trial with narrow confidence interval] and
high strength of evidence), and another did not demonstrate
functional improvement (level 2B [randomized controlled trial
with a small sample size] and moderate strength of evidence).
The pharmacological agents that did not demonstrate improve-
ment in mJOA score were supported by either level 1B (riluzole)
or 2B (riluzole, cerebrolysin, glucocorticoids) studies with mod-
erate strength of evidence. Fig. 2 graphically represents the level
of evidence pyramid, with EPO combined with methylprednis-
olone demonstrating the highest level of evidence with func-
tional improvement, followed by limaprost alfadex and cere-
brolysin.
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EPO (with methylprednisolone)

Limaprost alfadex
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Cerebrolysin

Glucocorticoids

Cilostazol
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\ Anti-Fas ligand antibody /

Absence of clinical study

Fig. 2. Strength of evidence and reported functional improvement of human and animal studies. EPO, erythropoietin; G-CSE
granulocyte colony-stimulating factor; JSKL, Jingshu Keli; JOA, Japanese Orthopaedic Association.

The level of evidence of the included studies was classified
according to the Levels of Evidence for Therapeutic Studies from
the Centre for Evidence-Based Medicine (https://sebm.net).
The appraisal is outlined in Table 4 with the criteria for levels of
evidence in Table 1. We summarized the level and strength of
evidence and the functional outcome improvement of the dis-

cussed pharmacological agents in Fig. 2.

LIMITATIONS AND FUTURE DIRECTION

Despite the promise of the pharmacological treatment op-
tions for DCM, several limitations hinder the widespread adop-
tion of these treatments. First, half of the studies investigating
therapeutic drugs for the treatment of DCM are in animal mod-
els. Although this is a pivotal step before pursuing clinical trials
in humans, the current studies in humans only include small
sample sizes and/or short follow-up, which compromised the
reliability of the results. While animal models provide a setting
for preliminary experimentation of new pharmacological agents,
the results from these studies present several clinical drawbacks.
Pharmacokinetics differ between humans and animals, making
it more challenging to evaluate potential side-effects in animal
studies. Moreover, the pathophysiology of DCM differs between
humans and animals, including variations in the composition
of peripheral leucocytes.”” Additionally, the presence of comor-
bidities can confound results in human trials, considerations
for which are generally less extensive in animal studies. The
generalizability of lower quality evidence presents an obstacle
in translating scientific findings into clinical practice. That said,
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these results should be interpreted with caution due to the po-
tential presence of significant intrinsic bias within each study.
Also, the variation in study settings is significant; some studies
present results in the perioperative setting, while others do not
take surgery into consideration. By aggregating these studies,
we aimed to provide a comprehensive overview of the available
evidence for clinicians to appraise and tailor to their practice. In
addition, these studies in humans often lack control groups or
standardized comparators. Second, the studies investigating the
pharmacological treatment of DCM have different endpoints
since the medication is initiated at different periods (e.g., pre-
operative, postoperative, etc.) and different kinds of evaluation.
Third, the safety profiles of the available drugs and their inter-
actions are not fully elucidated. As demonstrated in preclinical
studies, intrinsic patient characteristics can alter the therapeutic
mechanism of a given medication. Lastly, the lack of standard-
ized treatment protocols and guidelines for the medical man-
agement of DCM impedes evidence-based practices. Address-
ing these limitations will be critical to translating experimental
findings to clinical practice for patients with DCM.

Our review highlights the heterogeneity in clinical outcomes
observed in DCM studies. Future trials should aim to standard-
ize clinical endpoints and incorporate patient-reported outcomes
to facilitate a comprehensive evaluation of these interventions.
Considering the extensive array of potential drugs available for
the management of DCM, maintaining consistent outcomes
will enable more robust comparisons among the drugs. Also,
considering the potential variations in how these drugs interact
with DCM patients, there is a need for rigorous pharmacoki-
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netic and pharmacodynamic studies to understand the inter-
play of genetic predispositions and drug response. Only after
the efficacy and safety profiles of these drugs have been estab-
lished in large trials should standardized treatment protocols
and guidelines be developed through consensus among experts
and evidence-based practice.

Current guidelines® recommend the surgical management of
patients with moderate (mJOA 12-14) to severe (mJOA <11)
DCM, while there is controversy surrounding the management
of patients with mild DCM (mJOA 15-17). Considering that
the pathophysiology of DCM is so diverse, several treatment
modalities have been conceived. That said, other than standard
pain management and physical rehabilitation, no standardized
guidelines on the nonoperative management of DCM exist. The
discussed pharmacological agents were evaluated either in the
perioperative or the nonoperative setting. In the nonoperative
setting, limaprost alfadex (15 ug PO QD for 3 months; level 2B
and moderate strength of evidence) and cerebrolysin (5 mL in-
tramuscularly QD for 5 days/wk for 4 weeks; level 1B and high
strength of evidence) could be recommended. EPO combined
with methylprednisolone (3,000 U/kg IV EPO and 30 mg/kg
IV of methylprednisolone 30 minutes preoperatively decom-
pression; level 1B and high strength of evidence) could be rec-
ommended in the perioperative setting, while its effects in the
nonoperative setting have not been studied.

For patients with mild DCM, it would be of interest to know
whether pharmacologic treatment delays or prevents the need
for surgery. Furthermore, it is important to elaborate on the
postoperative effects of these drugs on patients. Exploring wheth-
er the pharmacologic treatment under investigation delays the
clinical manifestations of DCM in patients with concordant ra-
diologic or neurophysiologic findings is of significant interest.

CONCLUSION

This article presents a comprehensive review of the current
status of evidence regarding the pharmacological management
of DCM. Efforts aim at addressing inflammatory, vascular, and
apoptotic pathways. EPO (combined with methylprednisolone),
limaprost alfadex and G-CSF report neurological improvements
in patients with DCM. Studies administering riluzole or cere-
bolysin present conflicting results. Glucocorticoids should be
avoided as they increase infection rates and delay fusion. Anti-
Fas ligand antibody, cilostazol, and JSKL have demonstrated
promising results only in animal models. Further translational
research ought to be conducted under multidisciplinary collab-
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orations utilizing molecules that have demonstrated therapeutic
potential in animal models. Additionally, robustly designed
clinical studies are imperative to thoroughly explore the clinical
outcomes associated with the aforementioned medications.

NOTES

Conflict of Interest: The authors have nothing to disclose.

Funding/Support: This study received no specific grant from
any funding agency in the public, commercial, or not-for-profit
sectors.

Author Contribution: Conceptualization: MG; Data cura-
tion: JJL, MG, SM, MVA; Formal analysis: JJL, MG; Methodol-
ogy: JJL, MG, CS, MHW, JDG, PJ, JAO, GK, AKD; Project ad-
ministration: MG, CS, MHW, JDG, PJ, JAO, GK, AKD; Visual-
ization: JJL, SM, NAS, MVA; Writing - original draft: JJL, MG,
SM, WAM, NAS, MVA; Writing - review & editing: CS, MHW,
JDG, PJ,JAO, GK, AKD.

ORCID
Jordan J Levett: 0000-0002-1999-2017
Miltiadis Georgiopoulos: 0000-0001-8656-1412
Andreas K. Demetriades: 0000-0002-2004-9448

Acknowledgements

“With profound grief and sorrow, we regret to inform you
that our co-author and friend Dr. Georgios Klironomos passed
away unexpectedly on August 24, 2023, at the young age of
48 years. Before I present a short professional biography of Dr.
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