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ARTICLE INFO ABSTRACT
Keywords: Objective: Patients with Major Depressive Disorder (MDD) who fail to achieve satisfactory benefits with existing
Major depressive disorder antidepressants have limited treatment options. This study assessed the safety and efficacy of a novel non-

External combined occipital and trigeminal
afferent stimulation

Randomized clinical study
Neuromodulation therapy

invasive brain neuromodulation therapy which delivers external Combined Occipital and Trigeminal Afferent
Stimulation (eCOT-AS) as a therapeutic option for MDD.

Methods: 124 adults with MDD who failed to respond to antidepressants and with a baseline Hamilton Depression
Rating Scale (HDRS21) score >20 were enrolled in a randomized, double-blind, sham-controlled, multicenter
study of self-administered daily active or sham eCOT-AS (n = 62 per arm) for eight weeks. The double-blind
phase was followed by an 8-week active open label phase. HDRS17 was used to assess outcomes.

Results: Baseline depression scores were similar for both groups and reflected moderate to very severe depression.
After 8 weeks of treatment, the adjusted mean HDRS17 improvement in the active treatment group was 8.62
points versus 6.01 for sham (p = 0.0196). Compared to sham treatment, participants receiving active treatment
had significantly higher remission rates (21.3 % vs 6.0 %, p = 0.027) and achieved significantly more shifts to
lower HDRS17 depression severity categories. Participants further improved during the subsequent eight weeks
of open-label active stimulation with a mean reduction of almost 10 points from baseline and achieved a
remission rate of 32 %. The treatment was well-tolerated with generally mild and transient adverse events.
Conclusion: This home-based brain neuromodulation system is safe and effective in treating depression. These
findings support eCOT-AS as a promising new adjunct therapy for MDD patients with nonresponse to

antidepressants.
1. Introduction [1]. Globally, it is estimated that there were 332 million cases of
depressive disorders in 2021 [2]. In the United States, MDD is the most
Major depressive disorder (MDD) is characterized by persistent prevalent and disabling of the depressive disorders, affecting more than
feelings of sadness, hopelessness, and loss of interest in daily activities 20 % of adults at some point during their lifetime [3]. In the European
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Union, the lifetime prevalence of MDD has been estimated at 12.8 % [4].

Unfortunately, the occurrence of a partial response or treatment
failure is a common clinical challenge [5]. It is estimated that approxi-
mately 20-40 % of patients with MDD episodes do not achieve a clinical
response to currently available antidepressant therapy [6]. A
meta-analysis estimated overall remission rates for active interventions
to be 50 %67 % [7]. Patients with MDD who fail to respond to anti-
depressant treatment pose a difficult challenge for mental health clini-
cians [8].

Treatment-resistant depression (TRD) is defined by the persistence of
significant MDD symptoms despite one or more adequate antidepressant
trials. Treatment-intolerant depression is a term used to characterize
MDD in patients who experience significant antidepressant side effects
that preclude titration to a minimally adequate dose or treatment for
minimally adequate duration. Both TRD and treatment-intolerant
depression have been managed by nonpharmacologic device-based
treatments [9,10] such as electroconvulsive therapy (ECT), surgically
implanted cervical vagus nerve stimulation (VNS), and transcranial
magnetic stimulation (TMS), but each of these has features that limit
their access and/or acceptability. Additional treatment options are
clearly needed, especially for patients who live far from treatment
centers, or who cannot drive to clinics or devote the time needed for
treatment due to jobs, childcare, or other obligations. At-home, self-use
therapy might improve accessibility for patients who struggle with
traditional treatment barriers.

External combined occipital and trigeminal afferent stimulation
(eCOT-AS) is a novel approach to non-invasive neuromodulation for
depression. Occipital nerve stimulation (ONS) has shown to enhance
cerebral blood flow in the region of the dorsal rostral pons [11], a critical
area for regulating mood, arousal and autonomic function. The dorsal
rostral pons contains the locus coeruleus (LC), the primary source of
norepinephrine in the brain [12], which regulates arousal, attention,
and stress-factors frequently dysregulated in depression [11]. Signifi-
cant changes also occur in the anterior cingulate cortex (ACC), an area
linked to mood disorders especially in the processing of negative emo-
tions and cognitive control of affective responses [11]. Similarly, tri-
geminal nerve stimulation (TNS) has been shown to influence brain
regions associated with depression through its afferent projections to the
nucleus tractus solitarius (NTS), which plays a crucial role in autonomic
regulation and stress response, and by interacting with the locus
coeruleus (LC), reticular activating system (RAS), a network responsible
for wakefulness and emotional responsiveness, and the raphe nuclei
(RN), the primary source of serotonin in the brain [13,14]. The rationale
for combining occipital and trigeminal nerve stimulation stems from the
overlapping and complementary roles these nerve pathways play in
modulating key brain regions associated with MDD. Proliv’MRx (Neu-
rolief, Ltd, Netanya, Israel) is a novel wearable device designed for
at-home or in-clinic use and self-administration. It includes a headset
that delivers electrical pulses through three output channels and six
surface electrodes acting concomitantly on peripheral branches of both
the occipital and trigeminal nerves. A small feasibility study (data not
published) of eCOT-AS in depressed patients suggested this mechanistic
rationale was promising for investigation in a large, rigorously
controlled trial.

The objective of this prospective, randomized, double-blind, multi-
center, sham-controlled study was thus to assess the safety and efficacy
of the Proliv’™Rx system for treating adults with MDD and depressive
symptoms that were intolerant of or resistant to antidepressant medi-
cation treatment.

2. Methods
2.1. Study overview

This was a randomized, double-blind, controlled, multi-center study
followed by an open-label, active treatment phase. The trial called the
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“MOOD” study (ClinicalTrials.gov ID: NCT04279522) was conducted
from September 2021 to June 2024 at 13 clinical centers in the USA and
Israel. This was a non-significant risk (NSR) study conducted in accor-
dance with 21 CFR part 812 and ISO14155 and approved by the Israeli
Ministry of Health and the participating site’s ethics committees. An
independent Data Monitoring Committee (DMC) reviewed participant
safety and study progress. Participants were required to be on stable
antidepressant regimens for >4 weeks prior to randomization.
Throughout the three study phases (screening, double-blind, and open-
label phase; see Supplemental Fig. S1), participants continued the same
stable antidepressant pharmacotherapy regimens they were taking prior
to enrollment.

Patients were recruited through social media advertisements,
physician referrals and the sites’ patient databases. Site personnel pre-
screened potential participants, and those meeting inclusion and
exclusion criteria underwent additional on-site screening. Following
written informed consent, participants were assessed for eligibility
through the Structured Clinical Interview for DSM-V Axis I disorders
(SCID) [11, the C-SSRS evaluation of suicidality, and a review of medical
and psychiatric histories.

Participants were randomly allocated 1:1 through an interactive web
response system to active or sham groups, with group assignment
masked from the participants and clinical staff, including the certified
clinical rater. Participants were equipped with their allocated device
and cellular application. Training was performed by the study central
trainer, who was also blinded to the treatment assignment. During the 8-
week double-blind phase, participants were instructed to self-administer
treatments twice daily, with each session lasting 40 min, 5-7 days per
week. This treatment schedule was designed with dosing flexibility to
accommodate real-world conditions and to facilitate use of the device
with maximal convenience to the participants. Adherence data for all
participants were viewable on the central dashboard throughout the
study. Those who completed at least 70 % of the prescribed stimulation
time during the double-blind phase were invited to enter the open-label
phase and received an active device. Treatment regimens for the 8-week
open-label phase were based on the patient’s remission status at the end
of the double-blind phase; remitted participants were assigned a
schedule of less frequent “maintenance” treatment consisting of 40-min
sessions, 3-4 times per week. All others continued the same treatment
regimen used in the double-blind phase. Follow up assessment visits
occurred every 4 weeks until week 16.

2.2. Study subjects

Eligible participants were 22-70 years old, with a primary diagnosis
of unipolar MDD as confirmed by SCID interview and with duration of
the current depressive episode up to 3 years. The study protocol
permitted the enrollment of a younger population cohort (18-22 years
old), however, only 2 participants in this age range ultimately partici-
pated in the study; they were therefore excluded from the efficacy an-
alyses but included in the reported safety data. Antidepressant treatment
resistance during the current episode was assessed using the study-
specific Antidepressant Treatment Resistance Form (ATRF) [15].
Eligible participants either did not respond, or had an insufficient
response to, at least one and up to four adequate trials of antidepressant
medications. Additionally, participants were considered eligible if they
had undergone at least two inadequate antidepressant medication trials
in the current episode, as assessed by the Antidepressant Treatment
Intolerance form (ATIF), with trial inadequacy due to poor tolerability.
Participants were required to have a Hamilton Depression Rating Scale
(HDRS) 21-item score >20 and to be undergoing concurrent treatment
with antidepressant medications at a stable daily dose for 4 weeks prior
to randomization and throughout the study (See Supplemental for
Inclusion/Exclusion Criteria).
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2.3. Study device and treatment parameters

The system used in this study (Proliv’™Rx; Neurolief, Ltd., Netanya
Israel) is a non-invasive, wearable neuromodulation therapy device
intended for patient self-administration. The headset has three pairs of
integrated output electrodes which contact the patient’s scalp on the
forehead and occiput and apply stimulation to the occipital and tri-
geminal nerve branches, which conduct electrical pulses to the brain-
stem and to higher brain regions involved in mood regulation (Fig. 1).
Forehead electrodes stimulate the trigeminal nerve branches (supraor-
bital and supratrochlear, bilaterally) and the occipital electrodes stim-
ulate the two greater occipital nerve branches. The device interacts with
a cellular application installed on the user’s smartphone to provide
treatment parameters, user guidance and troubleshooting. The system
also includes a digital platform that collects and analyses device data,
enabling remote monitoring of patient’s adherence and progress.

Active devices administered symmetrical biphasic wave forms with
phase duration of 130-300 ps, 80 Hz pulse frequency, and peak output
current up to 6.7 mA (trigeminal branches) and up to18 mA (occipital
branches). The stimulation parameters were optimized based on find-
ings from a prior unpublished feasibility study and clinical testing, to
effectively recruit the six targeted nerve branches while maintaining
patient comfort. Sham devices administered symmetrical biphasic
waveforms with 100 ps phase duration, 0.33-Hz frequency and peak
output current up to 5 mA (trigeminal) and up to 10 mA (occipital) for 3
min, then gradually decreased to 0.2 mA throughout the remaining
treatment duration. Active and sham devices appeared identical and
discontinued treatment after 40 min.

2.4. Blinding

Treatment allocation was masked from the study participants, study
teams (including raters who performed efficacy outcome measure), and
the Sponsor’s employees. Participants were instructed not to disclose
any details about their treatments during rating sessions, and to report
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all adverse events to the clinical site team or the central trainer and not
to the blinded study rater. Devices in both study groups looked the same
and were provided in the same packaging bearing the same labeling. A
brief period of active eCOT-AS at relatively lower intensities produced
scalp sensations during sessions with the sham device, as described
above. Participants completed a blinding assessment questionnaire after
they were randomized, trained on the device, and were observed
administering a stimulation session with their device by the central
trainer at the second visit; response options were “sham/placebo,”
“don’t know,” or “active.”

2.5. Efficacy assessments

Clinician- and patient-reported MDD severity measures included the
17- and 21-item HDRS, the Montgomery-Asberg Depression Rating Scale
(MADRS), and the Clinical Global Impressions scales for illness severity
(CGI-S) and improvement (CGI-I). The blinded clinical raters at each site
were required to pass a study-specific certification program developed
to ensure rater competency and reliability. Efficacy ratings were
administered at baseline and every 4 weeks. The Quality of Life Enjoy-
ment and Satisfaction Questionnaire (Q-LES-Q) was administered at
baseline, week 8, and week 16. The primary efficacy endpoint was
HDRS17 total score change from baseline to week 8. Secondary efficacy
endpoints were HDRS17 response and remission rates at week 8 and
MADRS total score change from baseline to week 8. Response was
defined as at least 50 % decrease from baseline in HDRS17 total score,
and remission was defined by HDRS17 score <7. Additional efficacy
outcomes included the change in HDRS21 scores, proportion of partic-
ipants achieving clinically substantial improvement in HDRS17 scores
(>7-point reduction) [16] and the shift in HDRS17 severity categories
[16]. In addition, change was assessed in CGI-S, CGI-I scores and the
Q-LES-Q scores over time.
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Fig. 1. The External Combined Occipital and Trigeminal Afferent Stimulation (eCOT-AS) Device System
Fig. 1 Legend: The eCOT-AS (ProliviMRx) System used in the study (Neurolief Ltd).
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2.6. Safety

The incidence of adverse events (AEs) and serious adverse events
(SAEs) was evaluated, with each event rated as mild, moderate, or se-
vere. Relatedness of each event to the device was rated as not or unlikely
related, possibly, probably, or definitely related.

2.7. Statistical analyses

The sample size was calculated to test the null hypothesis with 80 %
power at a 5 % level of significance. The calculated sample size was 124
randomized adults to allow for 53 evaluable participants per treatment
group, anticipating a 15 % drop out rate.

The intent-to-treat (ITT) analysis set included all adult participants
who received at least one treatment as assigned. The modified intent-to-
treat (mITT) analysis set included ITT participants who completed the
minimal stimulation time required by the protocol for the double-blind
phase and had no post-randomization exclusion criteria. The mITT set
was analyzed as treated. The mITT participants without major protocol
deviations comprised the per-protocol (PP) set; there was only one
participant with a major protocol deviation - change of more than 25 %
in antidepressant medication dosage - reported during the double-blind
phase.

The mITT set served as the principal analysis set for the primary,
secondary, and other efficacy endpoints. Primary and secondary end-
points were also conducted on the ITT and PP sets as sensitivity analysis
and to show consistency of study results. Safety assessments were per-
formed on the ITT set. Two-sample t-tests or the Wilcoxon rank sum test
were used for continuous variables, as appropriate. Chi-squared or
Fisher’s exact tests were used for categorical outcomes, as appropriate.

For the primary efficacy analysis, the change from baseline HDRS17
scores at week 8 was compared using a mixed model for repeated
measures analysis of covariance (MMRM ANCOVA) model with treat-
ment group, visit, treatment group by visit interaction, with baseline
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HDRS17 and treatment site entered as fixed-effects covariates. Baseline
HDRS17 scores were entered as a continuous variable to minimize the
potential for co-linearity. This same model was repeated with HDRS21
and MADRS data for endpoint analyses. HDRS17 shifts between severity
categories was compared between the study groups with a Cochran-
Armitage trend test. Cohen’s D was calculated as well as a measure of
the clinical effect size [17] for the change from baseline HDRS17 at week
8, where ES = difference between LSpeans/Pooled SD of baseline
HDRS17 score.

3. Results

Among 186 individuals screened, 124 were found eligible and ran-
domized to active or sham groups (n = 62 each) and received at least one
device treatment, comprising the ITT analysis set. The modified ITT
(mITT) set included 97 participants, 47 in the active arm and 50 in the
sham control arm, who completed the double-blind phase with the
required minimum stimulation time. Participant disposition is presented
in Fig. 2.

There were no significant baseline differences in demographics or
clinical characteristics between the treatment groups (Tables 1 and 2),
with both groups having predominantly females and a mean age of 47.9.
Mean duration of the current episode was longer than 1 year for both
groups, with a mean of approximately two antidepressant failures in the
current episode. Mean baseline scores (HDRS21 = 23.34 and CGI-S =
4.8) reflect moderate to severe depression.

3.1. Efficacy outcomes

MDD symptom improvement (HDRS17 decrease) observed at week 8
was significantly greater (p = 0.0196) for the active treatment group
(8.62 points) than the sham group (6.01 points), with a therapeutic gain
of 2.61 points (mITT; see Table 3 and Fig. 3). The calculated Cohen’s D
and effect sizes at week 8 were 0.74 and 0.88, respectively, representing
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Fig. 2 Legend: ITT, intent-to-treat sample; mITT, modified intent-to-treat sample; PP, per-protocol sample; WC, withdrew consent; LTFU, lost to follow-up; DD, device
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1698



L.L. Carpenter et al.

Brain Stimulation 18 (2025) 1695-1704

Table 1 Table 3
Baseline demographics and clinical characteristics (mITT sample). Primary and secondary efficacy end points (mITT).
Active (n = Sham (n=50) p- Active Sham Difference p-Value
47) value* (active-sham)
Gender Male, n (%) 12 (25.5) 12 (26.0) 0.9580 HDRS17 Change -8.62 -6.01 -2.61[-4.79;  0.0196"
Female, n (%) 35 (74.5) 37 (74.0) - from Baseline [-10.30; [-7.65; -0.43]
Race American - 1(2.0) 0.8887 LSmeans [CI] —6.93] —4.37]
Indian, n (%) HDRS17 Response 31.9% (15/ 180%(9/ 13.9% 0.1125"
Asian, n (%) 2(4.3) 1(2.0) - Rate 47) 50)
African 2 (4.3) 2 (4.0) - HDRS17 Remission  21.3% (10/ 6.0 % (3/ 15.3 % 0.0273"
American, n (%) Rate 47) 50)
Caucasian, n (%) 36 (76.6) 35 (70.0) - MADRS Change -10.18 —8.09 —2.09 [-5.46; 0.2203"
Not reported, n - 1(2.0) - from Baseline [-12.74;- [-10.60;- 1.28]
(%) LSmeans [CI] 7.62] 5.58]
Other®, n (%) 7 (14.9) 10 (20.0) - a
Age (years), mean (SD) 48.8(13.05)  47.1(12.95)  0.5056 . Repeated measures ANCOVA.
BMI (kg/m?), mean (SD) 29.11 (7.85) 28.15 (6.94) 0.5235 Chi-square.
Education (years), mean (SD) 15.7 (2.09) 16.3 (3.90) 0.4162
Employment Full-time 16 (34.0) 18 (36.0) 0.4552 active treatment followed by 8 weeks open-label) was associated with
Status Part-time 5(10.6) 5(10.0) - . . .
Unemployed 11 23.4) 16(320) - sustained and enhanced antidepressant effect over time. The HDRS17
Self-employed 3 (6.4) 6 (12.0) _ scores continued to improve, eventually reaching a mean 9.78 point
Homemaker 2 (4.3) 2 (4.0) - reduction from baseline (p < 0.0001) (see Table 4 and Fig. 3). HDRS17
ge}tlired : gg-g f E‘z‘-gg - response rates also increased over time, reaching 48.8 % at week 16 and
ther X . - . . o . .
Head Circumference (cm), mean 56.84 (1.90) 56.60 (2.04) 0.5567 reflecting significant 1ncre1.‘nenta1 increase (p = 0.0215) from week 8 to
(SD) week 16 (see Table 4 and Fig. 5). Among 28 non-responders at the end of

@ 14 participants self-reported their race as Hispanic; *t-test or chi-square
comparing groups, as appropriate.

Table 2
MDD Treatment History and Baseline Depression Severity (mITT sample).
Active (n = Sham (n = p-
47) 50) Value®

Age at Onset of first MDD Episode 25.3 (13.40) 26.5 (13.91) 0.6574
(Years), Mean (SD)

Lifetime # MDD Episodes, Mean (SD) 9.2 (8.47) 10.1 (9.24) 0.6006

Current Episode Duration (Months) 13.8 (8.25) 14.2 (7.45) 0.7915
Mean (SD)

Failed Adequate Trials in Current 1.7 (0.89) 1.9 (0.89) 0.2269
Episode, Mean (SD)

Inadequate/Intolerable Trials in 0.1 (0.49) 0.1 (0.50) 0.9025
Current Episode, Mean (SD)

Antidepressant Medication in Current 47 (100) 50 (100) 1.000
Episode, n (%)

TMS in current episode, n (%) 1(2.1) 6 (12.0) 0.1126

Psychotherapy in current episode, n 30 (47) 31 (62.0) 0.8521
(%)

Other treatment in current episode, n 121 3(6.0) 0.6178
(%)

HDRS17 total score, Mean (SD) 21.6 (2.87) 22.1 (3.07) 0.4251

HDRS21 total score, Mean (SD) 23.1 (3.03) 23.6 (2.99) 0.4201

MADRS total score, Mean (SD) 29.7 (5.47) 30.4 (5.04) 0.5030

CGI-Severity Rating, Mean (SD) 4.8 (0.69) 4.8 (0.56) 0.8304

@ t-test or chi-square comparing groups, as appropriate.

a medium to large effect size. The 2.61-point group difference, along
with the medium to large effect size, reflects a clinically and statistically
significant greater improvement for the active group.

Secondary endpoints and additional analyses also showed numerical
advantage for active treatment. Week 8 response rates were higher for
the active compared to sham group (31.9 % vs. 18.0 %) and yielded an
odds ratio (OR) of 2.1, though this difference did not reach statistical
significance (p = 0.1125) (see Table 3 and Fig. 4).

Remission rates were significantly higher in the active (21.3 %) than
sham group (6.0 %) (p = 0.0273), with active treatment 4.2 times more
likely to produce remission at week 8 (see Table 3 and Fig. 4). The
adjusted mean MADRS decrease of 10.18 points in the active group
surpassed the 8.09-point MADRS reduction in the sham group, reflecting
a therapeutic gain of 2.09 points.

Continuous 16 weeks of active treatment (8-week double-blind phase

1699

the double-blind phase who entered the open-label phase, 9 (32.1 %)
became responders by week 16 (95 % CI, 15.88 %-52.35 %). Eleven of
13 double-blind phase active group responders (84.6 %) maintained
their response status through week 16 (Supplemental Table $6). Though
not statistically significant (p = 0.2329), remission rates increased from
22.2 % (week 8) to 31.7 % (week 16) (Fig. 5). Eight of 32 double-blind
phase non-remitters (25 %) achieved remission at week 16 (95 % exact
CI, 11.46 %-43.40 %) (Supplemental Table S7).

Shifts in the proportion of subjects falling into HDRS17-based
depression severity categories were consistent with the primary find-
ings of the study, i.e., greater shifts to lower depression severity cate-
gories in the active than sham group (p = 0.0136). At week 8, 51 % of
active and 26 % of sham group participants had HDRS17 scores cate-
gorized as “remission” or “mild”. A downward shift of two or more
categories was observed for 45 % of active and 20 % of sham partici-
pants, with a continued shift toward lower severity categories with
ongoing active treatment. After 16 weeks of active treatment, 56 % were
categorized as “remission” or “mild” severity (Fig. 6).

The proportion of participants achieving clinically substantial
improvement in HDRS17 score (>7-point reduction) at week 8 was
significantly higher in the active group (61.7 %) than in sham (32.0 %)
(p = 0.0034) (Fig. 4 and Table S5), producing an odds ratio of 3.4 and
number needed to treat (NNT) of 3.4. With continued (open label) active
treatment, the clinically substantial improvement rate further increased
to 70.7 % (week 8 vs. week 16, p = 0. 2293) (Table 4 and Fig. 5).

Relative to sham, active treatment was associated with greater
symptom reduction as measured by the CGI-S, CGI-I, and HDRS21 scores
as well as by greater increase in quality of life (Q-LES-Q) (Supplemental
Tables S1, S2, S3, and S4). Continued active treatment during the open
label phase was associated with further clinical improvement over time
as reflected by CGI-S, CGI-I and Q-LES-Q (Supplemental Tables S8, S9,
§10, and S11).

A subgroup analysis of the primary efficacy endpoint produced a
non-significant (p = 0.8657) treatment-by-study site interaction when
tested in the primary analysis model at a 10 % significance level, con-
firming consistent treatment effects across study sites.

3.2. Integrity of the blind

Blinding integrity was maintained, with 89.69 % of subjects (87/97)
unable to correctly identify their treatment assignment. Correct guesses
were observed in 6 % (3/50) of the sham and 14.89 % (7/47) of the
active group, confirming effective blinding. Subjects’ treatment
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Fig. 4 Legend: Bars reflect percent (+SE) of the active and sham groups (mITT sample) achieving each outcome at the end of the 8-week blinded phase.

Table 4
Outcomes following double blind phase and during open-label phase (mITT).
Week 8 Week 12 Week 16 p-value
(week
8-16)
HDRS17 change —8.36 -9.50 —9.78 0.1105"
from baseline, [-10.37; [-11.67; [-12.21;
LSmeans [CI] —6.35] —7.32] —7.34]
HDRS17 Response 31.1%(14/ 46.5%(20/ 48.8%(20/ 0.0215"
Rate 45) 43) 41)
HDRS17 Remission 22.2%(10/ 25.6%(11/ 31.7%(13/  0.2329"
Rate 45) 43) 41)
HDRS17 Clinically 62.2% (28/ 60.5 % (26/ 70.7 % (29/ 0.2293"
Substantial 45) 43) 41)
Improvement

@ Repeated Measures ANCOVA.
Y GEE model.

perceptions did not affect study outcomes. Inclusion of this parameter as
a covariate in the primary model yielded a type III p-value of 0.0245,
indicating that, irrespective of group assignment, correct guesses were
associated with greater improvement. However, the week 8 treatment
effect remained consistent across subgroups, as supported by a non-
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significant three-way interaction (visit x treatment x correct guess, p
= 0.295).

3.3. Safety outcomes

The investigational system demonstrated an acceptable safety pro-
file, with 51 reported adverse events rated as definitely, probably, or
possibly related to the study device: 25 (15.87 %) in the active group, 6
(8.20 %) in the sham group, and 20 (10.31 %) during the open-label
phase. Three subjects withdrew consent due to worsening depression
during the double-blind phase (2 from active, one from sham). One
subject was discontinued by the investigator for the same reason during
the open-label phase; this event was rated as severe and possibly related.
The only other severe adverse event was the worsening of sciatica
(active treatment, deemed definitely unrelated). One subject from the
sham group and three from the active treatment group withdrew due to
headache or migraine, prompting review of the device use instructions
and renewed emphasis on subject instructions for titrating the stimula-
tion intensity within a comfortable level. No unanticipated serious
adverse events were reported (Table 5), no subjects were discontinued
due to elevated suicide risk, and there were no unanticipated serious
adverse device effects.
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100%

——
Uk mémvery ion
0% 32%
Severe / Very
severe depression 81%
50%
30%
Mild / No
32% depression
= 21%
Mild / No
0% i 0% S
dep Baseline Week 8 Week 16

B very severe [l Severe [l Moderate Mild Normal

Fig. 6. HDRS17 Depression Severity Category Shifts from Baseline to Week 16 in Participants who Received Only Active Treatment (mITT)

Fig. 6 Legend: Shift in HDRS17 depression severity categories from baseline to 8 weeks (blinded phase active group, n = 47) and 16 weeks (after 8 weeks open-label
treatment; n = 41). Depression severity categories 1-5 were defined according to HDRS17 score range as follows: 5 = Very severe (26-52); 4 = Severe (20-25); 3 =
Moderate (14-19); 2 = Mild (13-8), and 1 = Remission (0-7).

Table 5
Summary of treatment-related adverse events.
Active Sham Open-Label
# Reported # Incidence  # Reported # Incidence  # Reported # Incidence
Events Participants Events Participants Events Participants
Burning sensation 1 1 1.59 % - - - - - -
Headache 19 5 7.9 % 2 2 3.27 % 12 5 5.15 %
Migraine 1 1 1.59 % 1 1 1.64 % - - -
Pain & discomfort 1 1 1.59 % - - - 1 1 1.03 %
Redness/indentation on - - - 1 1 1.64 % - - -
forehead
Scalp itching 1 1 1.59 % - - - - - -
Skin irritation/erythema 1 1 1.59 % - - - 1 1 1.03 %
Stinging sensation 1 1 1.59 % - - - - - -
Unpleasant sensation during - - - - - - 3 2 2.06 %
treatment
Worsening depression - - - 1 1 1.64 % 1 1 1.03 %
symptoms
Pressure in ears - - - 1 1 1.64 % - - -
Intermittent body aches & - - - - - - 2 2 2.06 %
headaches
4. Discussion occipital and trigeminal afferent stimulation (eCOT-AS) for the
adjunctive treatment of adults with MDD who failed to achieve satis-
We conducted a multisite, randomized, double-blind clinical trial to factory improvement from antidepressant medications. Compared to
investigate a novel home-use device that employs external combined sham stimulation, after 8 weeks of double-blind treatment, subjects
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receiving eCOT-AS treatment had a significantly higher rate of remis-
sion, showed significantly greater reductions in depression symptoms,
and achieved significantly more shifts to lower depression severity
categories. All depression outcomes continued to improve after an
additional 8 weeks of open-label treatment. Treatment with the eCOT-
AS device was well tolerated and associated with high acceptability.
Blinding procedures were effective, and adverse events were generally
mild and transient, with no unanticipated treatment-related serious
adverse events.

Currently available clinic-based neurostimulation treatments like
ECT and TMS are known to be effective for MDD but are difficult to
access for patients who cannot get to specialty clinics with the frequency
and regularity required. There currently are no home-use prescription
devices available for MDD. Several devices categorized as cranial elec-
trotherapy stimulators (CES) are marketed in the United States for
depression, but none have proven antidepressant efficacy with rigorous
clinical trials such as the one we report here with the eCOT-AS device.
Since FDA reclassification of CES devices in 2019, those devices are no
longer indicated for treating depression (https://www.govinfo.gov/co
ntent/pkg/FR-2019-12-20/pdf/2019-27295.pdf). Considering the con-
venience associated with self-administration in a patient’s home envi-
ronment, the novel eCOT-AS device we investigated represents a
potentially important new therapy for treatment-resistant MDD. As a
prescription-based device therapy, it will still require regular outpatient
monitoring of the patient’s clinical status, but it is compatible with
remote healthcare delivery models. Functions of the device’s accom-
panying mobile application include troubleshooting assistance, sum-
marizing treatment adherence and usage data, and collecting patient-
reported outcome measures.

This trial met its prespecified primary endpoint, demonstrating a
statistically significant and clinically meaningful improvement in
depression symptoms. A mean 8.62-point reduction in baseline HDRS17
scores followed 8 weeks of active treatment while a 6.01-point reduction
was observed in the sham group, translating to 2.61-point therapeutic
gain and effect size of 0.88. Secondary efficacy measures consistently
showed a numerical advantage for active treatment over sham, though
some did not reach statistical significance. For example, 31.9 % of active
and 18.0 % of sham-treated subjects were responders at week 8,
reflecting a substantial therapeutic gain for active stimulation. Depres-
sion severity shifts, as represented by change in HDRS17 scores, pro-
vided further collateral evidence of the benefit of active eCOT-AS.

The degree of symptom benefit observed in this study is comparable
to or greater than other reported technology-based treatments for MDD.
While systematic analysis of antidepressant treatment response is
beyond the scope of this report, general observations based on assess-
ment of similar trials provide valuable insights. For example, a pivotal
randomized controlled trial (RCT) of TMS conducted by Levkovitz and
colleagues in a similar study population reported a medium effect size of
0.76 based on the mean change in HDRS21 scores [18]. While O’Rear-
don et al. [19] did not describe an effect size in their pivotal randomized
TMS trial for TRD, they reported a smaller therapeutic gain, i.e., a
5.1-point score reduction in HDRS17 scores in the active treatment
group versus 2.9 points in the sham control group. The participants in
our trial were receiving active or sham eCOT-AS as an adjunct to their
stable antidepressant regimens. Notably, in RCTs evaluating TMS as an
adjunct to pharmacotherapy in subjects with pre-treatment MDD
severity comparable to our study sample, the therapeutic gains in
HDRS17 scores were a modest ~1-point difference between active and
sham arms [20,21]. The results of the current study may also be inter-
preted in the context of the reported effect sizes generated by antide-
pressant medication trials. A 1.8-point HDRS17 benefit was found for
antidepressant medications over placebo in a meta-analysis which
included unpublished trial data obtained from the US Food and Drug
Administration [22]. Similarly, there was only a 1.7-point benefit in
HDRS17 scores for aripiprazole over placebo when it was investigated as
an adjunctive treatment to antidepressant medications for MDD [23].
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These comparisons bolster confidence in the clinical meaningfulness of
our results.

An important clinical question that arises with all device-based
neuromodulation therapies is how many sessions are needed to maxi-
mize acute course outcomes. Several large TMS studies have demon-
strated that some TRD patients require relatively longer acute courses to
achieve response [24,25]. Similarly, in the open-label phase of this
study, we observed increasing rates of response and remission over time
with additional weeks of active stimulation. Improvements in week 8
HDRS17 were durable over time during 16 weeks of active treatment,
and depressive symptoms continued to improve with scores eventually
reaching a mean reduction of almost 10 points from baseline.
Longer-term follow up data and trials that investigate maintenance
regimens, acute eCOT-AS re-treatment, and mechanistic endpoints will
be helpful to inform patient care regimens with this new device system.

The safety profile of the eCOT-AS system was favorable, as all
adverse events reported in this study were anticipated and generally
mild and transient, with no serious unanticipated device-related adverse
effects. No instances of seizure, hypomania, agitation, negative cogni-
tive effects or treatment-emergent insomnia were reported. Headaches
and application site discomfort, which occurred predominantly in the
active treatment group, were anticipated events and in all cases were
largely resolved during the study. Treatment was well-tolerated and
associated with high acceptability as reflected by 97 % compliance with
the daily treatment regimen.

Despite the rigorous design and execution of this study, several
limitations should be acknowledged. While the blinding procedures
appeared effective, response to sham stimulation may have reflected
expectation effects associated with use of a novel device and an intensive
schedule of treatment administration. The open-label phase of the study
also introduced potential bias, as both participants and investigators
were aware of the treatment allocation, which may have influenced
outcome reporting. It is possible that further gains observed in the group
that continued with active stimulation reflected natural symptom fluc-
tuation over time, but the consistency we observed between the open-
label and double-blind phases supports the robustness of the findings
and suggests a meaningful effect under real-world conditions. Another
potential limitation is that this study excluded individuals with more
than four prior antidepressant treatment failures. As a result, the
generalizability of the findings to patients with more extensive treat-
ment resistance may be limited. Finally, the study’s treatment period
was limited to 16 weeks, precluding the evaluation of the durability and
long-term sustainability of treatment effects beyond this timeframe.

Symptom remission is the ultimate goal of treating depression, given
the implications for daily functioning and long-term prognosis [8]. The
proportion of subjects achieving remission was 3.5-fold greater for
active eCOT-AS than sham treatment at the end of the double-blind
phase, with relative remission rates (21.3 % versus 6.0 %) similar to
those described in TMS controlled trials enrolling a similar patient
population [18,19,26]. Furthermore, among subjects who received
continuous active treatment for 16 weeks, we observed 25 % achieving
remission status for the first time and a total of nearly 32 % achieving
remission by week 16. Patients remained on their antidepressant
medication during the trial. Further study is needed to determine if
eCOT-AS works as well in medication-free patients, or if it might help
patients taper off their medications. As a home-based treatment,
eCOT-AS has the potential to benefit a large segment of this patient
population and is thus an important new therapy for treating MDD with
access expanding beyond the clinic.

5. Conclusions

The eCOT-AS system is a non-invasive, well-tolerated, self-
administered device-based therapy designed for home use. It demon-
strated substantial clinical benefits in MDD patients, providing effective,
durable responses and remission from depression symptoms.


https://www.govinfo.gov/content/pkg/FR-2019-12-20/pdf/2019-27295.pdf
https://www.govinfo.gov/content/pkg/FR-2019-12-20/pdf/2019-27295.pdf
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