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1. Introduction

Abstract

Background: FErenumab has proven efficacious in treating migraine headache.
Temporomandibular disorder (TMD) is a painful disorder which has high co-occurrence
rates with migraine. We hypothesized that erenumab-aooe may also be beneficial in
reducing pain in TMD-related myalgia. Methods: This phase Il randomized placebo-
controlled clinical trial evaluated the safety and efficacy of the off-label use of erenumab
in reducing TMD-related pain. The TMD diagnosis was established using the Diagnostic
Criteria for Temporomandibular Disorders. The primary outcome was pain interference
as assessed by the 0-to-10-point Brief Pain Inventory (BPI). Secondary outcomes were
depression, anxiety and somatic symptoms; jaw function; and percent of days taking
pain medication. Subjects were randomized at baseline to receive either erenumab 140
mg or placebo administered subcutaneously every 4 weeks for a total of five treatments.
Outcome assessments were conducted at baseline, 4, 8, 12, 16, 20 and 24 weeks. Results:
Thirty subjects were enrolled with 15 randomized to each treatment group. Baseline pain
was mild (BPI interference of 2.19; BPI severity of 2.95). There were no significant
treatment effects at any time points with the between-group BPI interference at 24
weeks being —0.19 (95% confidence interval —1.94 to 1.56; p = 0.82). The outcomes
were similar between erenumab and placebo for all outcomes except the Patient Health
Questionnaire 4-item scale (PHQ-4) which showed that depression/anxiety symptoms
were modestly worse (p = 0.03) in the erenumab group. Five participants withdrew
during the trial (4 in erenumab arm, 1 in placebo arm). Conclusions: Erenumab was
not efficacious in reducing TMD myalgic pain in this phase II trial of 30 subjects
with relatively mild pain. Clinical Trial Registration: The study was registered in
clinicaltrials.gov (ID: NCT04884763).
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Aimovig® (erenumab-aooe) is a first in class Food and Drug
Administration (FDA)-approved human monoclonal antibody
for the prevention of migraine in adults. It selectively tar-
gets and blocks the calcitonin gene-related peptide (CGRP)
receptor, disrupting a key component of migraine pathophys-
iology [1]. Several studies have provided evidence of the
safety and efficacy of erenumab in reducing the frequency of
migraine compared to placebo [2, 3]. Furthermore, an open-
label longer-term study found that erenumab was safe and
well-tolerated with a safety profile consistent with shorter-
term placebo-controlled studies through 5-years of treatment
[4]. Erenumab has rapidly become a widely accepted prescrip-
tion drug for the prevention of migraine, including episodic

migraine and chronic migraine along with other anti-CGRP
monoclonal antibody-based therapies [5, 6].

Temporomandibular disorder (TMD) is known to be co-
morbid with the medical diagnosis of chronic migraine [7, &].
Temporomandibular disorder (TMD) is a common condition
that may affect up to a third of the general population [9].
TMD is the most common orofacial pain condition of non-
dental origin [10]. Additionally, TMD has a major adverse
impact on health-related quality of life [ 11, 12] as well as health
care costs [13]. There is increasing interest in the concept of
Chronic Overlapping Pain Conditions (COPCs), which include
TMD, fibromyalgia, irritable bowel syndrome, vulvodynia,
chronic fatigue syndrome, interstitial cystitis/painful bladder
syndrome, endometriosis, chronic tension-type headache, mi-
graine headache, and chronic lower back pain that may have
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increased pain sensitivity as well as common genetic and
biopsychosocial factors [14].

During 2018-2019, shortly after the commercial release of
erenumab, one of the authors (HCA) used erenumab to treat
5 patients with chronic severe TMD pain and a history of
migraine headaches. Four of these patients had substantial
reductions in pain following this off-label administration of
erenumab. These promising treatment results were the impetus
for the pilot trial reported in this paper.

Chronic migraine is thought to originate within the trigemi-
novascular pathway (TGV) [15, 16]. TMD is also consid-
ered to originate within the TGV [17]. Thus, our working
hypothesis is that a CGRP receptor antagonist for treatment of
chronic migraine will also be effective in reducing TMD pain
and related symptoms. The purpose of this proof-of-concept
study was to evaluate the safety and efficacy of erenumab in re-
ducing Temporomandibular Disorder (TMD) pain compared to
placebo. The study design was a phase I randomized placebo-
controlled clinical trial. We postulated that erenumab would
be superior to placebo in reducing pain intensity/severity over
20 weeks. Secondary outcomes included depression, anxiety
and somatic symptoms; jaw function; and percentage of days
taking pain medication.

2. Methods

2.1 Study participants
2.1.1 Inclusion criteria

Eligible participants included adults (age 18 to 59 years) who
were diagnosed as having pain-related TMD using the diag-
nostic criteria (DC/TMD) for “myalgia”, recommended by the
International RDC/TMD Consortium Network and Orofacial
Pain Special Interest Group [18]. Eligible participants also
had to have a history of head, face, neck, and/or shoulder pain
for longer than 3 months; a good knowledge of the English
language; and if taking prescription pain medication, a stable
dose regiment for at least 2 months prior to the screening visit.

The Diagnostic Criteria for Temporomandibular Disorders
Symptom Questionnaire and DC/TMD Examination Form was
used to confirm the TMD diagnosis [19]. To meet the diag-
nostic criteria for TMD Myalgia (IDC-9 729; ICD-10 M79.1),
subjects must have had a history of pain of muscle origin that
was affected by jaw movement, function or parafunction, and
demonstrated replication of this pain with provocation testing
of the masticatory muscles [18]. No minimum pain threshold
was used for eligibility because the DC/TMD criteria require
documentation of pain but no specific level of pain severity.
The criteria included having a positive history for both pain in
the jaw, temple, in the ear, or in front of ear and pain modified
with jaw movement, function or parafunction. During clinical
examination, subjects must have had a confirmation of pain in
the temporalis or masseter muscle(s) and report familiar pain
in the temporalis or masseter muscle(s) with at least one of
the following provocation tests: palpation of the temporalis or
masseter muscle(s) or maximum unassisted or assisted opening
movement(s).

2.1.2 Exclusion criteria

Subjects that met any of the following exclusion criteria were
not eligible: (1) lacking stable bilateral posterior occlusion; (2)
currently using a complete maxillary or mandibular prosthetic
denture; (3) currently undergoing TMD treatment elsewhere
(exception is subjects undergoing TMD treatment involving
the use of oral orthotics for a minimum of 3 months prior to
screening can be considered eligible for the study); (4) started
orthodontic treatment during the 3 months prior to Screening;
(5) currently included in other experimental protocols within
the last 30 days or 5 half-lives before enrollment; (6) currently
pregnant, planning to become pregnant or breastfeeding; (7)
allergic to erenumab or any of the ingredients in Aimovig®
(acetate, polysorbate 80 and sucrose); (8) allergic to rubber or
latex; (9) having 8 or more migraine days during the past 4
weeks; (10) started receiving massage, acupuncture or physical
therapy treatment of the head, neck or shoulders during the
previous 3 months prior to Screening; (11) history of unstable
or acute severe non-head, neck or shoulder pain; (12) history
of traumatic brain injury; (13) history of surgical treatment
or recommended surgical treatment for TMD; (14) history of
ongoing, unresolved disability litigation; (15) history of drug
abuse; (16) started treatment for moderate to severe sleep
apnea requiring continuous positive airway pressure (CPAP)
or oral mandibular repositioning appliance during the previ-
ous 3 months prior to Screening; (17) history of previously
receiving erenumab-aooe or other anti-CGRP pathway ther-
apies, including anti-CGRP pathway treatments; (18) history
of chronic constipation and/or using medication associated
with decreased gastrointestinal motility; (19) history of un-
controlled hypertension or risk factors for hypertension; (20)
anything that would place the subject at increased risk or
preclude the individual’s full compliance with or completion of
the study (e.g., medical condition, laboratory finding, physical
exam finding logistical complication).

2.1.3 Enrollment procedures

Participants were recruited from November 2021 through July
2023 using fliers and advertisements placed in the Indiana Uni-
versity (IU) School of Dentistry (IUSD) and other locations on
the Indiana University Purdue University Indianapolis (IUPUI)
campus including IU Health facilities. We also used social
media advertisements. Persons responding to an advertisement
were given a brief description of the study and asked a series
of questions related to the inclusion/exclusion criteria using an
institutional review board (IRB) approved phone script. Those
who were and appeared to meet the study requirements were
scheduled for a screening visit at the Oral Health Research
Institute (OHRI). A Study Dentist qualified to diagnosis TMD
reviewed the potential subject’s health history, medications
and TMD history for the inclusion and exclusion criteria.

2.2 Treatment
2.2.1 Treatment arms

Patients were randomized at baseline to one of the two treat-
ment arms:

e Arm A: erenumab 140 mg subcutaneous, administered
every four weeks for a total of five treatments.



e Arm B: placebo subcutaneous, administered every four
weeks for a total of five treatments.

Randomization was stratified based on sex into two groups
using block randomization based on a schedule provided by
the study statistician. Subjects, investigators, and study staff
remained blinded to the identity of the treatment from the time
of randomization until database lock. The randomization code
was kept strictly confidential, and the identity of the study drug
treatments concealed using identical packaging and labeling.

2.2.2 Dispensing of study drug

The study sponsor provided the active and placebo free
of charge through the Investigator Sponsored Studies
(ISS) Program (CAMG334AUSO1T). The investigational
products (erenumab and placebo) were supplied in prefilled
syringes, using identical packaging and labeling and shipped
through ISS to the unblinded IU Health Investigational Drug
Services Pharmacy. The IU Health Pharmacy dispensed
the investigational products according to a randomization
schedule provided by the study statistician. Doses were
administered in the upper arm, thigh, or abdomen by a study
dentist qualified in subcutaneous drug administration.

Study products were stored and handled according to label-
ing instructions and stored in a secure area of the IU Health
Investigation Drug Services Pharmacy to which only the phar-
macy staff had access. The IU Health Pharmacy maintained
records documenting the receipt, use, loss or other disposition
of the products on the electronic Investigational Agent Ac-
countability Record. The clinical site, OHRI, working with
the pharmacy also maintained a Drug Administration Form
documenting the date and time of transport to the blinded site
staff, the date and signature of the blinded site staff receiving
the study drug, the date and time the study drug was received
from the pharmacy, the date and time the study drug was
administered, and the randomized injection site body location
noted by the study dentist. These procedures coupled with
the use of identical prefilled syringes for the erenumab, and
placebo groups assured blinding of the study subjects, investi-
gators, research staff and outcome assessors.

2.3 Study outcomes

At Baseline and Weeks 4, 8, 12, 16, 20 and 24 subjects were
instructed to complete patient-reported outcomes regarding
pain and other TMD-relevant symptoms. The outcome mea-
sures were based on consensus recommendations for research
assessments in chronic pain and TMD research [19, 20].

The primary study outcome was the Brief Pain Inventory
(BPI) pain severity scale which rates the severity of pain on
4 items (current, worst, least and average pain in past week)
[21-23]. Each item is rated on a 0 (no pain) to 10 (pain as
bad as you can image) scale. The BPI pain severity score is
the average of the items and ranges from 0 to 10, with higher
scores representing greater pain interference.

Three other pain outcomes were assessed. The Brief Pain
Inventory (BPI) pain interference scale rates pain-related in-
terference in 7 areas (mood, physical activity, work, social
activity, relations with others, sleep, and enjoyment of life).
Each item is rated on a 0 (does not interfere) to 10 (completely
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interference) scale [21]. The BPI pain interference score is the
average of the items and ranges from 0 to 10, with higher scores
representing greater pain interference. The Patient Global
Impression of Change (PGIC) assesses change in pain on a
7-item Likert scale where 1 = much better; 2 = moderately
better; 3 = a little better; 4 = no change; 5 = a little worse;
6 = moderately worse; 7 = much worse [24]. Daily use of pain
medications was tracked each month by asking how many days
medications were taken for TMD-related pain.

Depressive and anxiety symptoms were assessed by the
Patient Health Questionnaire (PHQ-4) which comprises 2 de-
pression items and 2 anxiety items [25—27]. Individuals are
asked how much they have been bothered by each of the
symptoms during the past 2 weeks on a scale of 0 (not at all) to
3 (nearly every day). The PHQ-4 total score ranges from 0 to
12 with higher scores representing more severe symptoms. Jaw
function was assessed with the Jaw Function Limitation Scale
(JFLS-8) which asks the level of limitation during the past
month in 8 activities (chew tough food; chew chicken; eat soft
food requiring no chewing; open wide enough to drink from a
cup; swallow; yawn; talk; smile) [28, 29]. Each item is scored
from 0 (no limitation) to 10 (severe limitation). The JFLS-8
score is the average of the 8 items and ranges from 0 to 10, with
higher scores representing greater jaw functional impairment.
The Somatic Symptom Scale (SSS-8) asks how much each of
8 common physical symptoms have bothered the individual
during the past 7 days on a 5-point Likert scale ranging from
0 (not at all) to 4 (very much) [30]. Total scores range from 0
to 32 with higher scores representing higher somatic symptom
burden.

2.4 Safety monitoring

Adverse events were assessed and documented at each follow-
up visit. This study was conducted in compliance with the
US Code of Federal Regulations (CRF) governing informed
consent, the IRB, and Investigator conduct. This study was
performed according to Good Clinical Practice for research.
Standard operating procedures for the trial were on file with the
Quality Assurance staff of the Oral Health Research Institute.
All study staff who had direct contact with subjects were
required to review the WARNINGS AND PRECAUTIONS for
Hypersensitivity Reactions, Constipation with Serious Com-
plications and Hypertension found in Section 5 of the US
Prescribing Information (USPI) for Aimovig.

2.5 Statistical analysis

A sample size of 12 subjects per group has been suggested for
pilot studies to evaluate feasibility and to estimate group means
and standard deviations (SD) for future study planning [31,32].
Based on two-sided paired #-tests and two-sample #-tests, all
conducted at a 5% significance level, this pilot study had 80%
power to detect effect sizes of 0.9 for changes over time within
groups and effect sizes of 1.2 for differences between groups.
To account for dropout, the study enrolled 15 subjects per
group, for a total of 30 subjects.

Mixed model repeated measures (MMRM) analysis was
used to evaluate changes over time in the BPI pain and BPI
interference scores, JFLS-8, PHQ-4 total score, PHQ-4 anxi-
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ety, and depression scores, SSS-8 Scale, and PGIC pain change
within and between treatment groups. The MMRM included
factors for treatment group, time, and their interaction. The
MMRM also included sex as a covariate due to stratification by
sex in the randomization. A two-sided 5% significance level
was used for all tests without multiplicity adjustment between
multiple endpoints.

3. Results

3.1 Subject enroliment

Thirty-two individuals met the inclusion/exclusion criteria.
Two individuals who qualified for the study were never ran-
domized to study treatment; one decided not to continue and
the other due to scheduling issues. A total of 30 subjects, 26
females and 4 males (equally balanced between erenumab and
Placebo groups), median age of 34 years old (range 21 to 58
years old) were randomized into the study. Table | summarizes
demographic characteristics of the sample. The mean BPI
interference and severity scores were in the mild range (2.19
and 2.95, respectively).

Twenty-two subjects completed the study (10 Erenumab;
12 Placebo). Fig. | shows the participant flow in this ran-
domized trial. Four subjects in the erenumab group withdrew
from the study for the following reasons: constipation, which
was considered by the PI to be definitely associated with the
investigational product; concern about hypertension; family
issues; and desire to donate plasma. One subject in the Placebo
group withdrew from the study because the treatment was not
improving pain. Three subjects were lost to follow-up after
repeated attempts to contact them. There were no gender
differences between treatment groups and no differences in the
percentage of subjects seen at each follow-up visit between
groups.

3.2 Efficacy outcomes

The study findings are presented for the primary outcome of
pain interference and the secondary pain outcomes of pain
severity and global change in pain in Fig. 2. There were no

significant differences in pain outcomes between treatment
arms. In the small subset of 7 subjects (4 on erenumab, 3 on
placebo) who had more than mild pain (i.e., BPI >4), pain
outcomes were similar. Table 2 summarizes findings for all
study outcomes. Overall, the outcomes were similar between
erenumab and placebo for all outcomes except the PHQ-4
which showed that depression/anxiety symptoms were mod-
estly worse in the erenumab group. Although between-group
PHQ-4 differences were not significant at all 7 timepoints, the
overall effect using repeated measures analysis was significant
(p =0.032).

3.3 Safety evaluations

Eleven potential study-related adverse events (AEs) were re-
ported in 6 subjects (5 in erenumab arm and 1 in placebo
arm). These 11 AEs included irritation at injection site (2
erenumab, 2 placebo), myalgia (1 erenumab,1 placebo), nau-
sea (2 erenumab), constipation (1 erenumab), drowsiness (1
erenumab) and COVID-19 symptoms (1 placebo).

4. Discussion

The findings of this randomized controlled pilot study do not
support the premise that erenumab is beneficial in reducing
facial, jaw or TMD pain intensity/severity in individuals with
pain using the diagnostic criteria (DC/TMD) for “myalgia”.
This finding was consistent for the primary outcome measure
pain interference using the Brief Pain Inventory (BPI) as well
the secondary pain-related measures BPI pain severity, global
improvement in pain (PGIC), jaw function limitation (JFLS-8),
somatic symptom severity (SSS-8), and days of use of TMD
pain-specific medication per month.

There are several possible reasons for the lack of benefit
of erenumab compared to placebo for pain. Firstly, study
participants had only relatively low levels of pain at baseline;
both groups had a mean pain score <3 which, on a 0 to 10
numeric rating scale, indicates mild pain [33]. This could have
created a floor effect in our study’s ability to show a reduction
in pain. It is possible that erenumab’s separation from placebo
might differ in patients with more severe TMD myalgic pain.

TABLE 1. Baseline characteristics of study participants.

Total Sample

Characteristic (n = 30)
Age, mean (SD) 34.8 (8.6)
Sex, n
Female 26
Male 4
Race, n
White 28
Black 2
Ethnicity, n
Not Hispanic 22
Hispanic 8

SD: standard deviations.

Erenumab Arm Placebo Arm
(n=15) (n=15)
349 (8.9) 34.7 (8.5)
13 13
2 2
14 14
1 1
10 12
5 3
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32 Eligible Individuals

!

—» 2 Declined Participation

30 Randomized Subijects

15 Erenumab

15 Placebo

At 4 weeks

At 4 weeks

12 assessed (analyzable)
3 withdrawn/lost to followup

At 16 weeks
11 assessed (analyzable)
4 withdrawn/lost to followup

At 24 weeks
10 assessed (analyzable)
5 withdrawn/lost to followup

15 assessed (analyzable)
0 withdrawn/lost to followup

At 16 weeks
13 assessed (analyzable)
2 withdrawn/lost to followup

At 24 weeks
12 assessed (analyzable)
3 withdrawn/lost to followup

FIGURE 1. Participant flow in the randomized trial.

Notably, all secondary scales had relatively low scores at
baseline suggesting a sample with mild overall symptoms and
good jaw function. Secondly, the placebo response may be
particularly high in some TMD patients and, in a small sample,
might have contributed to our null findings [34]. Thirdly, it
may be that our hypothesis was incorrect that erenumab would
be beneficial in TMD pain because of its comorbidity with
migraine and potential shared pathways.

Unexpectantly, there were worse results for erenumab com-
pared to placebo for depression and anxiety based on the
Patient Health Questionnaire (PHQ-4). This isolated finding
should be put in the context of what is known about the

psychological effects of erenumab in previous trials for mi-
graine as well as post-marketing data. Firstly, the severity of
depression and anxiety symptoms was relatively low. PHQ-4
scores of 3—5 are considered mild [25], and scores were <3
in both groups at baseline and never rose above 4.4 in the
erenumab group at any assessment. Secondly, the between-
group differences at most follow-up time points were only
mildly statistically significant which is important because mul-
tiple secondary outcomes were tested. Thus, it is possible the
single secondary outcome differing between groups represents
a chance finding. Thirdly, data regarding the psychological
effects of erenumab are inconclusive. Data from trials have
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FIGURE 2. Mean (adjusted for sex) Brief Pain Inventory (BPI) Interference and Severity scores and Patient Global
Impression of Change (PGIC) scores with 95% CI by treatment group.



TABLE 2. Outcome comparisons by treatment arm (adjusted for sex)*.

Outcome (scale range) Week Mi;er(l;?;/ibCI)
BPI interference (0—10)
0 22(1.2,3.2)
4 1.3(0.4,2.2)
8 1.1 (0.3, 2.0)
12 0.9(0.3,1.4)
16 1.2 (0.2, 2.3)
20 1.1(0.3,1.9)
24 1.2 (0.1, 2.5)
BPI severity (0-10)
0 2.7(1.7,3.7)
4 2.0 (0.9, 3.1)
8 1.7 (0.7, 2.7)
12 2.0(1.1,3.0)
16 2.1(1.0,3.2)
20 1.7 (0.8, 2.7)
24 2.0 (0.9, 3.1)
Jaw function limitation scale (0—10)
0 1.7 (0.9, 2.4)
4 1.0 (0.3, 1.8)
8 0.8 (0.2, 1.4)
12 0.8 (0.2, 1.3)
16 1.0 (0.2, 1.8)
20 0.5(-0.2,1.7)
24 0.9 (0.2, 1.7)
PHQ-4 (0-12)
0 2.6(1.2,3.9)
4 3.4(1.8,5.1)
8 2.9(1.6,4.2)
12 4.2 (2.0,6.3)
16 2.9 (1.2,4.5)
20 44(2.4,6.5)
24 3.6(2.2,5.0)
SSS-8 (0-32)
0 6.2 (3.4,8.9)
4 7.2 (4.1,10.2)
8 6.2 (3.7, 8.7)
12 7.8 (4.9, 10.7)
16 6.8(3.7,9.9)
20 6.5 (3.3, 10.0)
24 6.7 (3.5,9.9)
Patient global impression of change (1-7)
4 3.5(2.8,4.2)
8 3.7(2.9,4.5)
12 3.5(2.6,4.4)
16 3.52.7,44)
20 3.5(2.6,4.4)
24 3.7(2.9,4.5)
Medicine for jaw pain % d/mon
4 18.6 (—0.3, 37.4)
8 11.2 (-7.1, 29.6)
12 12.0 (-6.7, 30.6)
16 13.1 (=7.2,33.4)
20 23.0(0.8,45.1)
24 13.7 (=5.2, 32.6)

Placebo
Mean (95% CI)

2.0 (1.0, 2.9)
1.3(0.5,2.2)
1.2 (0.5, 2.0)
0.9 (0.4, 1.4)
1.4 (0.4, 2.4)
1.0 (0.2, 1.7)
1.4 (0.2,2.7)

2.6 (1.6, 3.6)
1.7 (0.7, 2.8)
1.7 (0.8, 2.7)
1.3(0.4,2.1)
1.7 (0.7, 2.8)
1.4 (0.6, 2.3)
1.5 (0.5, 2.6)

1.8 (1.0, 2.5)
1.3 (0.5, 2.0)
1.1 (0.5, 1.7)
0.7 (0.2, 1.2)
1.0 (0.3, 1.7)
0.5 (-0.1, 1.1)
1.2 (0.5, 1.9)

2.0 (0.7, 3.4)
1.5 (0.0, 3.1)
1.1 (-0.1, 2.4)
1.8 (0.2, 3.8)
1.7 (0.1,3.2)
1.6 (0.3, 3.5)
1.0 (-0.3,2.3)

8.0 (5.2, 10.7)
5.4(2.5,8.2)
4.5(2.1,6.8)
5.4(2.7, 8.0)
7.5 (4.6, 10.4)
6.7 (3.9, 9.6)
5.5(2.5, 8.5)

3.7 (3.1, 4.4)
3.9 (3.1,4.6)
3.6(2.8,4.3)
3.8 (3.0, 4.6)
3.6 (2.8, 4.4)
3.6 (2.8, 4.3)

10.1 (6.6, 26.8)
9.1 (-7.2,25.4)
9.4 (~7.2,25.9)
9.8 (~8.4,27.9)
5.4 (-14.4,25.2)
6.6 (—10.2, 23.5)

Difference
Mean (95% CI)

0.2 (-1.1, 1.6)
0.0 (-1.2, 1.1)
—0.1 (1.1, 0.9)
0.0 (0.7, 0.6)
02 (-15,1.2)
0.2 (-0.9, 1.2)
0.2 (-1.9, 1.6)

0.1(-1.2, 1.4)
0.3 (-1.1, 1.6)
~0.1(-1.2, L.1)
0.8 (-0.3, 1.8)
0.3 (-1.0, 1.7)
0.3 (0.8, 1.4)
0.5 (-0.9, 1.8)

~0.1 (1.1, 0.9)
0.2 (-1.2,0.8)
—0.3 (-1.1,0.5)
0.1 (-0.6,0.7)
0.0 (-1.0, 1.0)
0.0 (—0.8, 0.8)
0.2 (-1.2,0.7)

0.5(-1.1,2.2)
1.9 (0.1, 3.9)
1.8(0.2,3.3)
2.4 (-04,5.2)
1.2 (0.9, 3.3)
2.8(0.2,5.4)
2.6 (0.9, 4.2)

~1.8(-5.2, 1.6)
1.8 (1.9, 5.4)
1.8 (-1.0, 4.5)
2.5(-0.9, 5.9)

~0.7 (—4.4,3.1)

—0.3 (—4.0, 3.4)
1.2 (2.7, 5.1)

~0.3 (-1.0, 0.5)
—0.2 (1.1, 0.8)
~0.1 (~1.1, 1.0)
~0.3(~1.3,0.7)
—0.1 (1.1, 1.0)
0.1 (0.8, 1.0)

10.9 (3.8, 25.7)
5.6 (~10.9,22.2)
7.6 (-11.3,26.5)
1.2 (~17.7, 20.0)
12.1 (9.5, 33.7)
6.0 (—11.7,23.7)
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p-value

0.71
0.96
0.86
0.99
0.79
0.78
0.82

0.87
0.71
0.93
0.14
0.60
0.57
0.47

0.80
0.64
0.43
0.82
0.97
0.97
0.61

0.51
0.06
0.03
0.09
0.24
0.04
0.003

0.28
0.33
0.21
0.14
0.71
0.89
0.54

0.46
0.73
0.92
0.58
0.91
0.76

0.14
0.49
0.41
0.90
0.26
0.49

*Higher score is worse for all scales. Difference = placebo minus erenumab score. BPI: Brief Pain Inventory,; CI: confidence
interval;, PHQ: Patient Health Questionnaire; SSS: Somatic Symptom Scale.
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not found it to be a common adverse event, and there is
some evidence from other studies that erenumab might even
be beneficial for depression and anxiety [35]. In the post-
marketing setting, there is a slight increase in the reporting of
depression and anxiety with erenumab compared to other acute
or preventive migraine treatments [36]. It should be noted,
however, that findings from disproportionality analyses do not
confirm causality. Importantly, 3 systematic reviews have not
found psychological symptoms to differ between erenumab
and placebo [37-39]. Thus, a large body of evidence including
Phase III trial data coupled with extensive post-marketing
surveillance do not indicate that erenumab has psychoactive
effects.

The most important study limitation is the generally mild
level of pain and other secondary outcomes at baseline which
reduced the amount of improvement that could be detected
(i.e., afloor effect). Second, the primary outcome was assessed
with one of the most commonly recommended general pain
measures. Measuring TMD-specific pain may have also been
informative.

5. Conclusions

In conclusion, erenumab compared to placebo was not effec-
tive in reducing pain in a small pilot trial of patients with TMD
with low pain intensity. Whether the medication might be
beneficial in patients with more severe pain requires further
research. For now, the use of erenumab in treating TMD-
related pain in the absence of comorbid chronic migraine
cannot be recommended.

AVAILABILITY OF DATA AND MATERIALS

The data presented in this study are available on reasonable
request from the corresponding author.

AUTHOR CONTRIBUTIONS

HCA, KK and DTZ—designed the research study; wrote the
manuscript. HCA, AGG, LCG and DTZ—performed the
research. GJE—analyzed the data. All authors read and
approved the final manuscript.

ETHICS APPROVAL AND CONSENTTO
PARTICIPATE

This study was approved by the Indiana University Institu-
tional Review Board (# 10005). An informed consent form
was obtained from all participants. The study was registered
in clinicaltrials.gov (ID: NCT04884763).

ACKNOWLEDGMENT

Not applicable.

FUNDING

This study was funded by Amgen through Investigator
Sponsored  Studies (ISS) Program (study number
CAMG334AUSOIT).

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

11l Hargreaves R, Olesen J. Calcitonin gene-related peptide modulators—the
history and renaissance of a new migraine drug class. Headache. 2019; 59:
951-970.

2l Fernandez-Bravo-Rodrigo J, Cavero-Redondo I, Lucerén-Lucas-Torres
M, Martinez-Garcia I, Flor-Garcia A, Barreda-Hernandez D, et al.
Real-world effectiveness and safety of erenumab for the treatment of
migraine: a systematic review and meta-analysis. European Journal of
Pharmacology. 2024; 976: 176702.

I3l Bomtempo FF, Rocha RB, Cenci GI, Nager GB, Telles JPM. Long-

term safety and effectiveness of erenumab in patients with migraine:
a systematic review and single-arm meta-analysis. Clinical Drug
Investigation. 2023; 43: 45-59.

14l Ashina M, Goadsby PJ, Reuter U, Silberstein S, Dodick DW, Xue F, et
al. Long-term efficacy and safety of erenumab in migraine prevention:
results from a 5-year, open-label treatment phase of a randomized clinical
trial. European Journal of Neurology. 2021; 28: 1716-1725.

151" Haghdoost F, Puledda F, Garcia-Azorin D, Huessler EM, Messina R,

Pozo-Rosich P. Evaluating the efficacy of CGRP mAbs and gepants for

the preventive treatment of migraine: a systematic review and network

meta-analysis of phase 3 randomised controlled trials. Cephalalgia. 2023;

43: 3331024231159366.

Oliveira R, Gil-Gouveia R, Puledda F. CGRP-targeted medication in

chronic migraine-systematic review. The Journal of Headache and Pain.

2024; 25: 51.

Dibello V, Lozupone M, Sardone R, Ballini A, Lafornara D, Dibello A, et

al. Temporomandibular disorders as contributors to primary headaches:

a systematic review. Journal of Oral & Facial Pain and Headache. 2023;

37: 91-100.

18] Yakkaphan P, Smith JG, Chana P, Renton T, Lambru G. Temporo-

mandibular disorder and headache prevalence: a systematic review and

meta-analysis. Cephalalgia Reports. 2022; 5: 25158163221097352.

Durham J, Aggarwal VR, Davies S, Harrison S, Jagger R, Leeson R, et

al. Temporomandibular disorders (TMDs): an update and management

guidance for primary care from the UK Specialist Interest Group in

Orofacial Pain and TMDs (USOT). Royal College of Surgeons of

England: London. 2013.

101 Ryan J, Akhter R, Hassan N, Hilton G, Wickham J, Ibaragi S.
Epidemiology of temporomandibular disorder in the general population:
a systematic review. Advances in Dentistry & Oral Health. 2019; 10:
555787.

111 AlSahman L, AlBagich H, AlSahman R. Oral health-related quality
of life in temporomandibular disorder patients and healthy subjects—a
systematic review and meta-analysis. Diagnostics. 2024; 14: 2183.

112l Neves D, Blanco Rueda JA, Caramelo F, Rodrigues MJ, Lopez-Valverde
N. Impact of chronic painful temporomandibular disorders on quality of
life. Journal of Oral & Facial Pain and Headache. 2024; 38: 9097.

1131 Yost O, Liverman CT, English R, Mackey S, Bond EC. Temporomandibu-
lar disorders: priorities for research and care. National Academies of
Science Press: Washington, DC. 2020.

14 Maixner W, Fillingim RB, Williams DA, Smith SB, Slade GD.
Overlapping chronic pain conditions: implications for diagnosis and
classification. The Journal of Pain. 2016; 17: T93-T107.

[15] Noseda R, Burstein R. Migraine pathophysiology: anatomy of the
trigeminovascular pathway and associated neurological symptoms,
cortical spreading depression, sensitization, and modulation of pain. Pain.
2013; 154: S44-S53.

[6

3

191


https://clinicaltrials.gov/

[16]

[17]

[18]

[19]

120]

[21]

122]

123]

[24]

127]

128

Iyengar S, Johnson KW, Ossipov MH, Aurora SK. CGRP and the
trigeminal system in migraine. Headache. 2019; 59: 659—681.

De Leeuw R, Klasser GD. Orofacial pain: guidelines for assessment,
diagnosis, and management. 6th edn. Quintessence Publishing Company:
Batavia. 2018.

Schiffman E, Ohrbach R, Truelove E, Look J, Anderson G, Goulet
JP, et al.; International RDC/TMD Consortium Network, International
association for Dental Research; Orofacial Pain Special Interest Group,
International Association for the Study of Pain. Diagnostic criteria for
temporomandibular disorders (DC/TMD) for clinical and research appli-
cations: recommendations of the International RDC/TMD Consortium
Network* and Orofacial Pain Special Interest Group®. Journal of Oral &
Facial Pain and Headache. 2014; 28: 6-27.

Ohrbach R. Diagnostic criteria for temporomandibular disorders assess-
ment instruments. 2014. Available at: https://www.webcitation.
org/6dBvdLXj7 (Accessed: 24 October 2024).

Kroenke K, Krebs EE, Turk D, Von Korff M, Bair MJ, Allen KD, et
al. Core outcome measures for chronic musculoskeletal pain research:
recommendations from a Veterans health administration work group. Pain
Medicine. 2019; 20: 1500-1508.

Reed DE, Stump TE, Monahan PO, Kroenke K. Comparable minimally
important differences and responsiveness of brief pain inventory and PEG
pain scales across 6 trials. The Journal of Pain. 2024; 25: 142—-152.
Selvam K, Kumar JA, Lakshmi SJ, Balasubramanian SK. Brief pain
inventory and mcgill pain questionnaire in assessing the patients with
temporomandibular joint disorders—a cross-sectional study. Journal of
Indian Academy of Oral Medicine and Radiology. 2024; 36: 362-365.
Jumbo SU, MacDermid JC, Kalu ME, Packham TL, Athwal GS, Faber
KJ. Measurement properties of the brief pain inventory-short form (BPI-
SF) and revised short mcgill pain questionnaire version-2 (SF-MPQ-2)
in pain-related musculoskeletal conditions: a systematic review. The
Clinical Journal of Pain. 2021; 37: 454-474.

Kroenke K, Evans E, Weitlauf S, McCalley S, Porter B, Williams T, et
al. Comprehensive vs. assisted management of mood and pain symptoms
(CAMMPS) trial: study design and sample characteristics. Contemporary
Clinical Trials. 2018; 64: 179-187.

Kroenke K, Spitzer RL, Williams JBW, Lowe B. An ultra-brief screening
scale for anxiety and depression: the PHQ-4. Psychosomatics. 2009; 50:
613-621.

Wicke FS, Krakau L, Léwe B, Beutel ME, Bréhler E. Update of the
standardization of the patient health questionnaire-4 (PHQ-4) in the
general population. Journal of Affective Disorders. 2022; 312: 310-314.
Kazlauskas E, Gelezelyte O, Kvedaraite M, Ajdukovic D, Johannesson
KB, Boéttche M, et al. Psychometric properties of the Patient Health
Questionnaire-4 (PHQ-4) in 9230 adults across seven European countries:
findings from the ESTSS ADJUST study. Journal of Affective Disorders.
2023; 335: 18-23.

Ohrbach R, Granger C, List T, Dworkin S. Preliminary development and
validation of the jaw functional limitation scale. Community Dentistry

129]

[30]

[31]

32]

133]

[34]

135]

136

137]

138]

139]

83

and Oral Epidemiology. 2008; 36: 228-236.

Yap AU, Lei J, Liu C, Fu KY. Characteristics of painful temporomandibu-
lar disorders and their influence on jaw functional limitation and oral
health-related quality of life. Journal of Oral Rehabilitation. 2024; 51:
1748-1758.

Hybelius J, Kosic A, Salomonsson S, Wachtler C, Wallert J, Nordin S,
et al. Measurement properties of the patient health questionnaire-15 and
somatic symptom scale-8: a systematic review and meta-analysis. JAMA
Network Open. 2024; 7: €2446603.

Julious SA. Sample size of 12 per group rule of thumb for a pilot study.
Pharmaceutical Statistics. 2005; 4: 287-291.

Cocks K, Torgerson DJ. Sample size calculations for pilot randomized
trials: a confidence interval approach. Journal of Clinical Epidemiology.
2013; 66: 197-201.

Woo A, Lechner B, Fu T, Wong CS, Chiu N, Lam H, et a/. Cut points for
mild, moderate, and severe pain among cancer and non-cancer patients:
a literature review. Annals of Palliative medicine. 2015; 4: 176-183.
Porporatti AL, Costa YM, Réus JC, Stuginski-Barbosa J, Conti PCR,
Velly AM, et al. Placebo and nocebo response magnitude on temporo-
mandibular disorder-related pain: a systematic review and meta-analysis.
Journal of Oral Rehabilitation. 2019; 46: 862-882.

de Vries Lentsch S, van der Arend BW, de Boer I, van Zwet EW,
MaassenVanDenBrink A, Terwindt GM. Depression and treatment
with anti-calcitonin gene related peptide (CGRP) (ligand or receptor)
antibodies for migraine. European Journal of Neurology. 2024; 31:
¢16106.

Sessa M, Andersen M. New insight on the safety of erenumab: an analysis
of spontaneous reports of adverse events recorded in the US Food and
Drug administration adverse event reporting system database. BioDrugs.
2021; 35: 215-227.

Tepper SJ, Sheikh HU, Dougherty CO, Nahas SJ, Winner PK, Karanam
AK, et al. Erenumab dosage for migraine prevention: an evidence-based
narrative review with recommendations. Headache. 2022; 62: 420-435.
Lattanzi S, Brigo F, Trinka E, Vernieri F, Corradetti T, Dobran M, et al.
Erenumab for preventive treatment of migraine: a systematic review and
meta-analysis of efficacy and safety. Drugs. 2019; 79: 417-431.

Zhu C, Guan J, Xiao H, Luo W, Tong R. Erenumab safety and efficacy in
migraine: a systematic review and meta-analysis of randomized clinical
trials. Medicine. 2019; 98: e¢18483.

How to cite this article: Harold C. Avila, Kurt Kroenke,
George J. Eckert, Ana G. Gossweiler, Lorena del Carmen
Galvez, Domenick T. Zero. A randomized, double blind,
placebo-controlled pilot study to assess the efficacy of erenumab
in individuals with temporomandibular disorder. Journal of
Oral & Facial Pain and Headache. 2025; 39(2): 75-83. doi:
10.22514/jofph.2025.027.



https://www.webcitation.org/6dBvdLXj7
https://www.webcitation.org/6dBvdLXj7

	Introduction
	Methods
	Study participants
	Inclusion criteria
	Exclusion criteria
	Enrollment procedures

	Treatment
	Treatment arms
	Dispensing of study drug

	Study outcomes
	Safety monitoring
	Statistical analysis

	Results
	Subject enrollment
	Efficacy outcomes
	Safety evaluations

	Discussion
	Conclusions

