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Inhibition of Neurogenic Inflammatory Pathways 
Associated with the Reduction in Discogenic Back Pain

Jose A. Canseco1,2, Hannah A. Levy2,3, Brian A. Karamian1,2,4, Olivia Blaber2, Michael Chang2,  
Neil Patel2, John Curran2, Alan S. Hilibrand1,2, Gregory D. Schroeder1,2, Alexander R. Vaccaro1,2,  

Dessislava Z. Markova2, David E. Surrey5, Christopher K. Kepler1,2

1Department of Orthopaedic Surgery, Rothman Institute, Philadelphia, PA, USA
2Department of Orthopaedic Surgery, Thomas Jefferson University, Philadelphia, PA, USA

3Department of Orthopaedic Surgery, Mayo Clinic, Rochester, MN, USA
4Department of Orthopaedic Surgery, University of Utah, Salt Lake City, UT, USA

5Department of Physical and Rehabilitative Medicine, Rothman Institute, Philadelphia, PA, USA

Study Design: Retrospective cohort study.
Purpose: This study aimed to determine whether the initiation of anti-calcitonin gene-related peptide (CGRP inhibitor) medication 
therapy for migraines was also associated with improvements in back/neck pain, mobility, and function in a patient population with 
comorbid degenerative spinal disease and migraine.
Overview of Literature: CGRP upregulates pro-inflammatory cytokines such as tumor necrosis factor-α, interleukin-6, brain-derived 
neurotrophic factor, and nerve growth factor in spinal spondylotic disease, which results in disc degeneration and sensitization of 
nociceptive neurons. Although CGRP inhibitors can quell neurogenic inflammation in migraines, their off-site efficacy as a therapeutic 
target for discogenic back/neck pain conditions remains unknown.
Methods: All adult patients diagnosed with spinal spondylosis and migraine treated with CGRP inhibitors at a single academic insti-
tution between 2017 and 2020 were retrospectively identified. Patient demographic and medical data, follow-up duration, migraine 
severity and frequency, spinal pain, functional status, and mobility before and after the administration of CGRP inhibitors were col-
lected. Paired univariate analysis was conducted to determine significant changes in spinal pain, headache severity, and headache 
frequency before and after the administration of CGRP inhibitors. The correlation between changes in the spinal pain score and func-
tional or mobility improvement was assessed with Spearman’s rho.
Results: In total, 56 patients were included. The mean follow-up time after the administration of CGRP inhibitors was 123 days for 
spinal pain visits and 129 days for migraine visits. Back/neck pain decreased significantly (p<0.001) from 6.30 to 4.36 after starting 
CGRP inhibitor therapy for migraine control. As recorded in the spine follow-up notes, 25% of patients experienced a functional im-
provement in the activities of daily living, and 17.5% experienced mobility improvement while taking CGRP inhibitors. Change in back/
neck pain moderately correlated (ρ=−0.430) with functional improvement but was not correlated with mobility improvement (ρ=−0.052).
Conclusions: Patients taking CGRP inhibitors for chronic migraines with comorbid degenerative spinal conditions experienced sig-
nificant off-target reduction of back/neck pain.
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Introduction

Back and neck pain are leading causes of medical burden, 
economic cost, and disability in the United States, with a 
lifetime prevalence of 60%–80% and 20%–70%, respec-
tively [1]. Intervertebral disc (IVD) degeneration has been 
implicated in back/neck pain and is believed to have mul-
tifactorial etiology. The decline in nutrient supply, altered 
extracellular matrix composition, endplate calcification, 
mechanical damage, and genetics have all been associated 
with IVD degeneration [1,2]. Despite the immense bur-
den of spinal degenerative diseases, current treatment op-
tions to address discogenic pain including oral analgesic 
therapy, physical therapy, acupuncture, and corticosteroid 
injections have demonstrated minimal efficacy [1,3]. Sur-
gical interventions for degenerative disc conditions asso-
ciated with back pain rarely result in the full resolution of 
back/neck pain [4]. Accordingly, no current standard has 
been established for treating discogenic spinal pain that 
predictably results in clinical improvement [1,5].

Studies have investigated conservative therapies aimed 
at disrupting the natural history of discogenic pain. Ap-
proaches targeting IVD regeneration including stem cell-
based therapy preliminarily showed improvements in 
discogenic lower back pain in animal models and human 
trials [6]. Moreover, emerging research to characterize 
cytokines and inflammatory mediators contributing to 
discogenic degeneration has elucidated additional targets 
for novel therapeutics. Specifically, cytokines such tumor 
necrosis factor-alpha (TNF-α) and interleukin-1 beta (IL-

1β) and the pro-inflammatory neuropeptide substance P 
(SP) have been observed to contribute to inflammation 
at the level of IVD cells [7,8]. However, early clinical tri-
als aimed at inflammatory mediator blockade involving 
pathways with these targets have produced inconclusive 
results [9,10]. In 2017, the Food & Drug Administration 
(FDA) approved a new class of biologic injectable mono-
clonal antibodies that target the inhibition of calcitonin 
gene-related peptide (CGRP)-associated neurogenic 
inflammation for the treatment of episodic or chronic 
migraine headaches [11]. CGRP is found in abundance at 
the interface between blood vessels and unmyelinated (C) 
and thinly myelinated (Aδ) sensory nerve fibers and up-
regulates pro-inflammatory mediators such as TNF-α, IL-
6, brain-derived neurotrophic factor (BDNF), and nerve 
growth factor (NGF) in IVD cells resulting in further IVD 
degeneration and sensitization of nociceptive neurons 
(Fig. 1) [11,12].

The IVD stores of CGRP suggest that it may be signifi-
cantly involved in IVD degeneration and symptoms of 
discogenic back pain. CGRP inhibitors are currently ap-
proved by the FDA for use only in intractable migraine 
[13]. Accordingly, this study investigated the potential 
therapeutic off-target effects on the spine using a patient 
population with comorbid degenerative spinal diseases 
and migraines managed with CGRP inhibitors. Thus, this 
study aimed to determine whether the initiation of CGRP 
inhibitor therapy for migraine was also associated with 
improvements in back/neck pain, mobility, and function.

Degenerated intervertebral disc Perivascular nerve terminals Dorsal root ganglion

Fig. 1. Calcitonin gene-related peptide (CGRP) inflammatory cascade in the degenerating disc. IL-6, interleukin-6; TNF-α, tumor necrosis factor-alpha; BDNF, brain-
derived neurotrophic factor; NGF, nerve growth factor.

Vasodilation
Peripheral sensitization
Inflammation
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Materials and Methods

1. Patients

After the approval by the institutional review board of 
Thomas Jefferson University Hospital (IRB no., 20E.085), 
all patients aged >18 years with concomitant spinal degen-
erative conditions and migraine at a single academic insti-
tution between 2017 and 2020 were retrospectively identi-
fied. The IRB approval waived the need for patient consent 
as the study was a minimal-risk non-interventional study. 
All patients had evidence of spinal spondylosis or IVD of 
the cervical, thoracic, or lumbar spine and were identified 
according to the International Classification of Diseases 
10th revision (ICD-10) codes (Supplement 1). Patients 
were included based on the presence of comorbid mi-
graine diagnosed by a neurologist and treated with CGRP 
inhibitors, including erenumab, fremanzumab, galca-
nezumab, and ubrogepant (Supplement 1). Additional 
inclusion criteria required complete patient demographic 
profiles, medication lists, neurology and spinal encounter 
notes, and quantitative metrics of the spinal and migraine 
severity or frequency before and after the initiation of 
CGRP inhibitors. All patients with cervicogenic headache, 
previous (within 5 years before the study period) or active 
malignancy, or those with the initiation of or increased 
dosing of opioid medications over the study interval were 
excluded. The spinal exclusion criteria were asymptom-
atic incidentally detected degenerative spinal conditions 
without clinical follow-up and transient back/neck pain 
managed exclusively in the primary care setting or any 
history of spinal surgery before or during the study pe-
riod. Patients were also excluded if CGRP inhibitors were 
not administered to control their migraines or if there was 
evidence of gaps in receiving CGRP inhibitors according 
to prescription records.

Patient demographic and medical data including age, 
sex, race, smoking status (never, former, and current), 
body mass index (BMI), Charlson comorbidity index 
(CCI), history of depression, anxiety, or fibromyalgia, and 
duration of the clinical follow-up of the spine and mi-
graine following the initiation of CGRP inhibitor therapy 
were obtained via chart review. The primary results were 
back/neck pain scores, measured on a 0–10 scale, before 
and after the initiation of CGRP inhibitors. Pain scores 
were obtained from the institution’s recording software 
(Epic Systems, Verona, WI, USA). Migraine severity (0–10 

scale) and frequency of symptoms (days per week) were 
extracted from neurology encounter notes. In cases where 
patients attended multiple spine- and migraine-related 
clinical appointments after the initiation of CGRP inhibi-
tors, the post-scores were extracted from the greatest 
possible follow-up duration. Individual patient delta (∆) 
outcome scores were calculated by subtracting their pre-
therapy score from the post-therapy score, with therapy 
being the initiation of CGRP inhibitors.

Functional and mobility status was determined at each 
spine visit from chart review. The degree of impairment 
in activities of daily living (ADLs) was assessed through 
the same metrics as the physical component score ques-
tionnaires. Mobility was evaluated through the Physical 
Mobility Scale (PMS) based on patient history or physi-
cal examinations. Improvement in function and mobility 
between spine clinical visits was determined by decreased 
impairment in one or more ADLs and one or more point 
increases in PMS, respectively.

2. Statistical analysis

Paired univariate analysis was conducted to determine 
significant changes in spinal pain, migraine severity, and 
migraine frequency before and after the initiation of the 
CGRP inhibitor therapy. The correlation between the ∆ 
spinal pain score and functional or mobility improvement 
were assessed using Spearman’s rho (ρ) coefficient. Spear-
man’s rho was interpreted as follows: 0–0.20 as negligible 
correlation; 0.21–0.40, weak correlation; 0.41–0.60, mod-
erate correlation; 0.61–0.80, strong correlation; and 0.81–
1.00, very strong correlation. All statistical analysis was 
performed with the RStudio ver. 4.0.2 (RStudio, Boston, 
MA, USA). A p-value <0.05 was considered statistically 
significant.

Results

Patient identification according to inclusion/exclusion cri-
teria is presented in Fig. 2. A total of 56 patients were in-
cluded. The mean follow-up times following initiation of 
CGRP inhibitor therapy were 123 and 129 days for spinal 
and migraine visits, respectively. The mean patient age was 
55 years, and 85.7% were women and 14.3% were men of 
Caucasian (82.1%), African American (12.5%), and other 
(5.4%) descents (Table 1). Regarding smoking status, 
51.8%, 8.9%, and 39.3% of the patients were nonsmokers, 
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current smokers, and former smokers, respectively. The 
mean BMI and CCI were 28.3 and 1.2, respectively. In the 
overall cohort, the incidence rates of depression, anxiety, 
and fibromyalgia were 41.1%, 51.8%, and 41.1%, respec-
tively (Table 1).

With regard to spinal visits, back/neck pain decreased 
significantly (p<0.001) from 6.30 to 4.36 after starting 
CGRP inhibitor therapy for migraine control (Table 2). 
As recorded in the spine follow-up notes, 25% of the pa-
tients experienced functional improvement in ADLs and 
17.5% experienced mobility improvement while taking 
CGRP inhibitors (Table 3). A change in back/neck pain 
demonstrated a moderate correlation (ρ=−0.430) with 
functional improvement. However, changes in spinal pain 
scores were not correlated (ρ=−0.052) with improvements 
in mobility (Table 3). Regarding clinical neurology visits, 
migraine severity (pre with 6.34 versus post with 5.42, 
p=0.007) and frequency (pre with 5.16 versus post with 
3.31, p=0.004) decreased significantly following the initia-
tion of CGRP inhibitor therapy (Table 4).

Discussion

CGRP inhibitors have proven efficacy for the acute and 
preventative treatment of migraine through the mitiga-

tion of neurogenic inflammation; however, their off-site 
efficacy as a therapeutic target for degenerative back and 
neck pain remains unknown [14]. Accordingly, this study 
sought to determine whether patients with spinal spon-
dylosis and concurrent migraine diagnosis experience 
improvement in their back/neck pain and functional level 
upon the initiation of CGRP inhibitor therapy. The results 
of this study suggest that the initiation of CGRP inhibi-
tors resulted in significant back/neck pain reduction in 
patients with degenerative spinal conditions.

CGRP is a 37-amino acid neuropeptide that binds to a 
unique cell surface heterodimeric receptor composed of re-
ceptor activity modifying protein one and calcitonin recep-
tor-like receptor to mediate nociception and somatic pain 
pathways in the central and peripheral nervous systems 
[11,12]. CGRP and its receptors are abundant perivascular-
ly and act via cyclic adenosine monophosphate-triggered 
vasodilatory pathways to precipitate endothelium-derived 
nitric oxide (NO) smooth muscle relaxation, vascular per-
meability, and inflammatory infiltration [11,12]. Further-
more, CGRP is a critical mediator of spinal inflammatory 
pathways to perpetuate neurogenic inflammation and per-
sistent nociception [11,15]. In this study, CGRP inhibitors 
act as monoclonal antibodies to directly antagonize the 
CGRP ligand or receptor [14,16].

Fig. 2. Patient cohort generation according to inclusion/exclusion criteria. CGRP, calcitonin gene-related peptide. 

45,429 Patients with migraine diagnosis

517 Patients with degenerative spinal disease and migraines taking anti-CGRP medication 

169 Patients with spine or migraine scores documented 

56 Patients with meeting inclusion/exclusion criteria

7,627 Patients with migraine and degenerative spinal disease 8,164 Patients with migraines taking anti-CGRP medication 

33 Patients with pre- and post-CGRP spine metrics

29 Patients with documented function and mobility status

28 Patients with pre- and post-CGRP migraine metrics

No spinal conditions Not taking anti-CGRP

No outcomes documented

• Insufficient follow-up
• Malignancy

• Spine surgery
• Narcotic initiation
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In spinal spondylotic disease, discogenic cells (nucleus 
pulposus and annulus fibrosis), neutrophils, macrophages, 
and T cells produce high levels of pro-inflammatory 
molecules, including IL-1 α/β, IL-2, IL-4, IL-6, IL-8, IL-
10, IL-17, TNF-α, IFN-γ, chemokines, and prostaglan-
din E2 (PGE2), to mediate matrix degradation [17]. The 
structural defects in the extracellular matrix increase the 

risk of disc herniation and can lead to a feedback cycle of 
increased immune cell activation/infiltration, nerve irrita-
tion, and neovascular and nociceptive fiber growth arising 
from the dorsal root ganglion (DRG) that can potentiate 
pain signals to the IVD through the sinuvertebral nerves 
[17]. In this inflammatory milieu, infiltrating cells release 
neurotrophins NGF and BDNF, which are associated with 
pain-generating cationic channels at the DRG level [17]. 
CGRP is intimately linked with the local release of NGF 
and BDNF and is upregulated in models of nerve damage 
and inflammatory change (Fig. 1) [18]. Evidence suggests 
that CGRP may be coproduced with the tachykinin SP, a 
known paracrine and autocrine mediator of degenerative 
disc disease (DDD), leading to the upregulation of IL-1β, 
IL-6, and IL-8 in the nucleus pulposus and annulus fibrosis 
cells [19]. Additionally, local delivery of TNF-α inhibitors 
in a rat DDD model suppressed CGRP immunoreactiv-
ity in DRG neurons, underscoring the interrelationship 
between IVD degeneration and CGRP neuronal activation 

Table 1. Patient cohort demographics with degenerative spinal disease and 
migraine diagnoses

Characteristic Value

Mean age (yr) 55.0

Race (%)

Caucasian 82.1

African American 12.5

Other   5.4

Sex (%)

Female 85.7

Male 14.3

Smoking status (%)

Never 51.8

Former 39.3

Current 8.9

Mean body mass index (kg/m2) 28.3

Mean Charlson comorbidity index   1.2

Depression (%)

Yes 41.1

No 58.9

Anxiety (%)

Yes 51.8

No 48.2

Fibromyalgia (%)

Yes 41.1

No 58.9

Mean duration of spine FU after anti-CGRP medication (day) 123.0

Mean duration of migraine FU after anti-CGRP medication (day) 129.0

FU, follow-up; CGRP, calcitonin gene-related peptide.

Table 3. Change in spinal symptoms before vs. after anti-calcitonin gene-
related peptide medication initiation (N=29)

Spinal symptoms % Correlation with Δ pain score (ρ)

Functional ADLs  -0.430a)

Improvement 25.0

No improvement 75.0

Mobility -0.052

Improvement 17.5

No improvement 82.5

Functional improvement: decrease in impairment on any question of Pain 
Catastrophizing Scale questionnaire. Mobility improvement: one or more point 
increase on Physical Mobility Scale.
ADLs, activities of daily living.
a)Indicates moderate correlation.

Table 4. Migraine symptoms before vs. after anti-calcitonin gene-related pep-
tide medication initiation (N=28)

Migraine parameter Mean value p-value

Severity 0.007*

Pre 6.34

Post 5.42

Δ Severity -0.92

Frequency (day/wk) 0.004*

Pre 5.16

Post 3.31

Δ Frequency -2.09

*p<0.05.

Table 2. Discogenic spinal pain before vs after anti-calcitonin gene-related 
peptide medication initiation (N=33)

Spinal parameter Mean value p-value

Pre pain score 6.30 <0.001*

Post pain score 4.36

Δ Pain Score -1.94

*p<0.05.
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[20]. Therefore, the antagonism of the CGRP ligand or re-
ceptor was postulated to suppress inflammatory cytokine 
and neurotrophin response implicated in the aforemen-
tioned pathogenesis of DDD and associated pain.

Despite the persistent need for novel treatments for dis-
cogenic back/neck pain, previous clinical trials to thera-
peutically inhibit known spinal inflammatory mediators 
have obtained mixed results that have yet to change treat-
ment approaches. In cellular models of DDD, antagonism 
of various inflammatory cytokines, neurotrophins, and 
tachykinins successfully attenuated IL and matrix metal-
loproteases (MMT) expression [21,22]. Numerous stud-
ies have reported that the coincubation of disc cells with 
TNF-α, IL-1β, IL-17, or SP in the presence of their cor-
responding antagonists demonstrated significant reduc-
tions in NO, PGE2, cycloxgenase-2, IL-1β, IL-6, IL-8, and/
or MMT compared with incubation with the particular 
inflammatory mediator alone [22]. The successful mitiga-
tion of discogenic degeneration attributed to inflamma-
tory marker inhibitors in vitro directed clinical trials to 
determine the effectiveness of monoclonal antibodies an-
tagonizing TNF-α, NGF, and IL-6 for lower back pain [23]. 
Investigations of TNF-α inhibitors, including intravenous 
infliximab and epidural etanercept therapies, for the treat-
ment of sciatica revealed statistically significant pain re-
duction at 1–3 months and increased return to work at 3 
months compared with controls [24]. However, when in-
tradiscal etanercept therapy was initiated in the treatment 
of discogenic back pain and lumbosacral radiculopathy, 
no differences in pain or disability scores were identified 
between the treatment and placebo groups at the 1-month 
follow-up [25]. In several trials exploring the intravenous 
administration of tanezumab, as NGF inhibitor, to treat 
chronic lower back pain found that decreased pain in-
tensity and disability after 6 and 18 weeks compared with 
naproxen and placebo [26]. This class of medications has 
been largely abandoned because of safety concerns where 
paresthesias, arthralgias, and osteonecrosis have been as-
sociated with high tanezumab doses [27]. Recent investi-
gations have demonstrated significantly an increased risk 
of rapidly progressive osteoarthritis that often requires 
total joint arthroplasty in the tanezumab versus placebo 
groups [28,29]. Finally, the intradiscal injection of IL-6 
receptor antibody, tocilizumab, for discogenic back pain 
demonstrated significant reductions in pain and disability 
index scores at 2 and 4 weeks relative to control [9]. To 
address neurogenic inflammation in DDD, the short-term 

analgesic effects exhibited in select trials of inflammatory 
mediator antagonists inspire the investigation of novel off-
target applications of CGRP inhibitors.

This retrospective analysis utilizes a readily available 
patient population that received CGRP inhibitors for mi-
graine control and had a concomitant degenerative spinal 
diagnosis. In this small patient cohort, the initiation of 
CGRP inhibitors led to a significant reduction in back/
neck pain that may be attributed to the off-site efficacy of 
CGRP blockade to reduce cytokine production, inflam-
matory infiltration, and neovascularization and neoneu-
ralization at the level of the spinal disc and DRG. Fur-
thermore, the correlation between decreased spinal pain 
and increased function suggests that patients who benefit 
from CGRP inhibition in the spine are more likely to ex-
perience improvement in the quality of life. On average, 
the analyzed patients also experienced significant reduc-
tions in migraine severity and frequency, demonstrating 
the expected response to the on-label medication usage 
previously associated with >50% reduction in monthly 
migraines in 50% of the patients [30]. More studies on pa-
tients with both migraine and degenerative spinal condi-
tions should attempt to identify whether hyper-responders 
to CGRP inhibitors also experience the greatest improve-
ment in back/neck pain. Moreover, the findings of this 
retrospective cohort study necessitate further exploration 
in prospective and interventional studies to determine the 
effectiveness of CGRP blockade in all patients with DDD.

This study has limitations, including those inherent to a 
retrospective cohort study. The narrow inclusion criteria 
of patients currently taking CGRP inhibitors and receiv-
ing nonoperative care for spinal spondylosis at a single in-
stitution represent only a subset of individuals that could 
benefit from novel biologic therapies for DDD. The small 
cohort size and variations in the frequency of patient 
follow-up did not enable analyses regarding the rate of 
back/neck pain reduction or the relationship between im-
provement in spinal and migraine conditions. Although 
patients were systematically enrolled based on the ICD-10 
codes corresponding to spinal spondylosis with or with-
out instability or stenosis, spinal diagnostic imaging was 
unavailable for all patients, and the cohort size limited 
the stratified outcome analysis based on the spinal diag-
nosis. Given that patients undergoing spinal surgery were 
excluded, the potential effects of nonoperative treatment 
modalities on back/neck pain remain uncontrolled for in 
this study. Furthermore, the lack of consistent patient out-
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come assessment at the spinal follow-up limits the quan-
tification of functional and disability improvement upon 
the initiation of CGRP inhibitor therapy. Finally, prescrip-
tion records may only approximate patient adherence to 
CGRP inhibitor therapy.

Conclusions

Patients on CGRP inhibitor therapy for the treatment of 
intractable migraine with comorbid degenerative spinal 
conditions experienced significant off-target back/neck 
pain reduction. Future interventional studies must explore 
the effectiveness of this novel class of medications in all 
patients with discogenic back/neck pain that is recalci-
trant to standard nonoperative therapies.
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