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Obsessive-Compulsive Disorder (OCD) is characterized by intrusive, anxious thoughts with
repetitive, ritualized behaviors, and has negative impacts on family relationships and social
life. Its lifetime prevalence is estimated to be 2-3% [1]. Cognitive and behavioral therapy and
selective serotonin reuptake inhibitors are the standard treatments for OCD; nevertheless,
despite these treatments, between 25 and 40% of patients display persistent symptoms
leading to severe functional disability [2]. Neurosurgical treatment targeting different parts
of the orbito-fronto-striato-thalamo-cortical circuit has been proposed for the most severe
and refractory forms, including both gamma knife non-invasive stereotactic lesions and
invasive deep brain stimulation (DBS) [3] (Supplementary Information). However, the long-
term efficacy (> 3 years) and safety of DBS for OCD is not fully reported. We prospectively
followed 14 OCD patients treated with subthalamic DBS (STN-DBS, STOC study) for 46
months [4] (ClinicalTrials.gov Number: NCT00169377) (Supplementary Information). The
primary outcome was the change in the total Yale Brown Obsessive Compulsive Scale (Y-
BOCS) score between inclusion (baseline) and month 46 with STN-DBS, or month 34 in the
case of missing data at month 46 (Supplementary Figure 1). We also assessed others
psychiatric symptoms, global functioning and tolerance (Supplementary Information) [4].
Twelve patients completed the follow-up study (Supplementary Figure 1). The Y-BOCS total
score between inclusion (baseline) and the end of the follow up period showed a median
decrease of 15.5 points (IQR=-31 to -6), with a median change of 50% (IQR=-86.1 to -19.4%,
Table 1). At the final follow-up, 11 patients (92%) were considered at least partial
responders (>25% of Y-BOCS decrease) and 9 (75%) full responders (>35% of Y-BOCS
decrease) (Table 1). The Y-BOCS score was also significantly improved at month 46
compared to month 16 (Table 1) and decreased by an average of 1 (SE=.04) point per year

between month 16 and month 46 (Time effect p=0.027, Supplementary Figure 2). At the end



of the follow-up period (month 46), the compulsion, obsession, anxiety and depression
scores, but also global functioning and social and family life subscores were significantly
improved (Supplementary Table 1). We found a significant positive relationship between the
severity of OCD at month 46 and the age at onset (r=0.61, p=0.045, Supplementary Figure 3)
with early onset patients having fewer OCD symptoms with STN stimulation. During the
follow-up, the medication had not changed significantly (not shown) but stimulation voltage
was significantly increased (p=0.042, Supplementary Table 2). Twenty-three serious adverse
events occurred, 5 being transient and related to STN-DBS (hypomania, impulsivity,
dysarthria or fall) and 18 related to the disease (increased anxiety and obsessive and
compulsive symptoms, and major depressive episodes with suicide attempts, Supplementary
Table 3). Our results show that STN-DBS can effectively treat OCD symptoms in severe and
refractory patients over a period more than 3 years, with a 53% decrease in OCD severity
and 11 out of 12 patients being considered responders at the final assessment with
improvements in global functioning and social life. The fact that DBS of other limbic
structures within the cortico-basal ganglia circuitry, such as the nucleus accumbens and the
bed nucleus of the Stria terminalis, induce a median decrease in Y-BOCS scores of 45%, with
two thirds of responders, favors the hypothesis that modulation of the neuronal activity
within the limbic basal ganglia circuitry by DBS leads to OCD reduction [5]. In our patients,
we observed a continuous and progressive significant improvement with time,
concomitantly with increased DBS voltage. This suggests that a certain threshold of electric
charge is needed to obtain an optimal outcome, but also that chronic and continuous STN-
DBS might promote brain plasticity with additional improvement over time. Such plasticity
phenomena have been suggested to explain the long-term results for GKC treatment [6].

Finally, even though ablative neurosurgery such as GKC may have some advantages over DBS
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and be seen as a "quick-fix", “minimal-invasiveness” and “low-cost” paradigm [7], DBS has
the advantage of being able to be continuously adapted to the patients’ condition to obtain
the best effects for each individual and thus based on a "adjustability" paradigm [7]
(Supplementary Information). It is, however, a “high-cost” procedure, with the need for
prolonged hospitalization, regular outpatient visits and neurostimulator replacements. In
our study, the fact that these beneficial effects were obtained with low voltage and that no
stimulator replacement was needed during the follow-up period would suggest that STN-
DBS is less expensive with high cost-effectiveness compared to other DBS procedures [8].
One patient (P12) showed no OCD reduction over the course of the study, and in the two
patients who withdrew during the follow-up study (PO5 and P14) there was no significant
improvement. This is unlikely to have been related to the electrode placement, because the
therapeutic contacts were correctly located within the associative-limbic part of the STN in
all patients (Supplementary Figure 4). This suggests that about 20% of our patients are
unresponsive to STN-DBS, as also previously reported with other DBS targets [5]. Four of our
12 patients (33%) developed hypomania and impulsivity and 3 patients (23%) attempted
suicide, with concomitant stimulation-induced impulsivity, acute alcoholism or increased
anxiety, depressive signs and/or OCD. This rate of psychiatric signs is high in comparison to
that previously reported for STN-DBS in Parkinson’s disease (PD) [9], but similar to that
reported with DBS of the nucleus accumbens or Stria terminalis in OCD patients [5]. This
suggests that the occurrence of these psychiatric signs could result from DBS of these limbic
structures [10], but also from an aggravation of the disease in these severe and refractory
OCD patients [1]. In conclusion, the findings from this 46-month follow-up study
demonstrate that STN-DBS represents a new therapeutic option for severe and refractory

OCD, with a very high response rate, good long-term outcome and improvement in global



functioning, social and familial disability, providing a multidisciplinary approach to optimize
stimulation parameter settings and minimize potential side-effects. Larger studies are now

needed to assess the health-economic benefits of STN-DBS and to compare this treatment

with other stimulation targets, with the use of study designs taking into account the

advantages of DBS’s adaptability.
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Table 1. Changes in OCD severity (Y-BOCS) after STN-DBS in 14 patients.

Y-BOCS Score Difference in Y-BOCS scores
Patient | Center | Sex | Age Month | Month | month 46 vs month 46 vs

Baseline
No. No. 16 46 baseline month 16

(%) (%)

01 1-1 M |36 31 13 7 -24 (-77%) -6 (-46%)
02 1-2 F 37 |34 15 11 -23 (-67%) -4 (-27%)
03 1-3 M |56 |31 9 9 -22 (-71%) 0 (0%)
05 2-2 F (49 |28 31 _ _ _
072 6-2 M |34 |35 29 252 -10 (-29%)° -4 (-14%)
08 7-1 M |29 27 15 12 -15 (-56%) -3 (-20%)
09 8-1 M |53 |37 28 22 -15 (-41%) -6 (-21%)
10 9-1 F |45 |30 13 15 -15 (-50%) 2 (+15%)
11 9-2 M |50 |35 26 26 -9 (-26%) 0 (0%)
12 9-3 F 47 |31 25 25 -6 (-19%) 0 (0%)
13 10-1 M |39 |38 23 22 -16 (-42%) -1 (-4%)
14 10-2 M |51 |35 35 _ _ _
15 10-3 F 43 |36 7 5 -31 (-86%) -2 (-29%)
16 10-4 F 42 |32 20 16 -16 (-50%) -4 (-20%)
Mean 43.8 | 32.4 209 |15.4 |[-16.8 |(-51.2%) |-2.3 (-13.8%)
SD 7.6 |3.6 8.5 7.0 7.1 (21.2%) | 2.6 (16.7%)

Y-BOCS total score on a scale of 0 to 40, higher scores indicate greater severity. Difference
and percentage of changes (%) between month 46 and baseline (inclusion); and between
month 46 and month 16. Negative value indicates improvement. Y-BOCS: Yale Global and
Brown Obsessive Compulsive Score. 2 This patient was assessed at month 34. P04 (2-1) and

P06 (5-1) were not included in the long-term follow-up study.

10
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Appendix A. Supplementary material

Supplementary Information
Methods
Participants

Fourteen patients with severe and refractory OCD were included in this long-term study
(Supplementary Figure 1). They had previously been enrolled in the double-blind phase of a research program
(STOC study) between January 2005 and April 2006 which aimed to assess the effects of 3 months of STN-DBS
on OCD severity [1]. Inclusion criteria were the presence of OCD, diagnosed according to the Diagnostic and
Statistical Manual of Mental Disorders, revised text (DSM IV-TR),[2] with a score on the Yale-Brown Obsession
and Compulsion Scale (Y-BOCS)[3] of more than 25 (on a scale from 0 to 40 - with lower scores indicating less
severe symptoms), a disease duration of over 5 years, a score on the Global Assessment of Function (GAF)[4]
score of less than 40 (on a scale from 1 to 90 with higher scores indicating higher levels of functioning), a score
for illness severity on the Clinical Global Impression (CGI)[5] scale of more than 4 (on a scale of 1 to 7, with higher
scores indicating greater disease severity), and a lack of response to both drug therapy after adequate
administration of at least three serotonin reuptake inhibitors (SSRIs) and cognitive-behavioral therapy; normal
cognitive status (a score of > 130 on the Mattis Dementia Rating Scale-MDRS, range 0 to 144, with lower scores
indicating more severe dementia) [6]; normal findings on the magnetic resonance brain imaging (MRI) and no
contraindications to surgery or anesthesia [1]. Exclusion criteria were the presence of any comorbid psychiatric
disorder in axes | and Il of the DSM IV-TR, current severe major depressive episode with a Montgomery and
Asberg Depression Scale (MADRS)[7] score of more than 20 (on a scale from 0 to 60, with higher scores indicating

greater severity of depressive symptoms) and a risk of suicide (a score >2 on MADRS item 10).

Study design
The initial study used a randomized, double-blind, cross-over design with two 3-month phases (active
versus sham stimulation) separated by a one month washout period (Supplementary Figure 1) [1]. At the end of

the randomized crossover period (month 10), stimulation was initiated in all patients (month 10 —



Supplementary Figure 1). All of these were offered the opportunity to be included in a prospective open design
study after at least 6 months with active stimulation (month 16, Supplementary Figure 1). Full clinical
assessments were performed at months 16, 22, 34 and 46 (Supplementary Figure 1). The trial was conducted at
10 academic centers in France in accordance with the Declaration of Helsinki ethical rules and was approved by
the ethics committee of Paris lle-de-France (ClinicalTrials.gov Number: NCT00169377). All patients provided
written informed consent before enrolment. A clinical assessment was performed at each visit, as per trial
protocol, by a psychiatrist, a neuropsychologist and a neurologist. Any new symptom or worsening of a pre-

existing symptom was classified as an adverse event.

Outcomes

The percentage of full responders was evaluated, and defined as a decrease in the YBOCS score of more than
35% between inclusion and month 46 (or the last assessment), a decrease of 25% being considered a partial
response [8].

The secondary outcomes were the changes on the following scales (see below): obsessions and
compulsions YBOCS subscales, GAF, CGI, MADRS, Brief Anxiety Scale (BAS) [9], Hospital Anxiety and Depression
Scale (HADS) [10], Maudsley Obsession Compulsion Inventory (MOCI) [11], Social Adjustment Scale Self-
Reported (SAS-SR) [12], Short-Form Health Survey (SF-36 physical and mental subscales) [13], Sheehan Disability
Scale (SDS work, social life and family life subscales) [14], Stroop interference scale, verbal fluency, Trail making
test (A, B, A-B) [15], Starkstein [16] and Robert [17] apathy scales, facial emotion recognition [18] at the end of
the follow-up period (month 46 or last assessment) in comparison to inclusion, and at the end of the follow-up
period in comparison to the start of the open-label period (month 16). The change in the total Y-BOCS score and
in the stimulation settings (pulse width, frequency, voltage) between the start (month 16) and the final
assessment of the follow-up period were also evaluated.

The Yale Brown Obsessive Compulsive Scale (YBOCS) indicates the severity of obsessive-compulsive
symptoms with ten sub-items; five for obsessive thoughts and five for compulsions, with the total score ranging
from 0 to 40 [3]. The Global functioning evaluation scale (GAF) assesses the level of psychological, social and
professional functioning on a hypothetical continuum ranging from 1 (representing the most seriously ill
individual) to 90 (representing an individual who is virtually free of symptoms or with very minimal symptoms

and who functions satisfactorily within their social environment or family) [4]. The scale is divided into 9 equal



intervals ranging from 1 to 10, 11 to 20, 21 to 30, etc.... The Global Clinical Impression Scale (CGl) provides an
initial overall severity score from 0 to 7, at baseline, and the overall improvement obtained from the patient
throughout the study [5]. The Comprehensive Psychopathological Rating Scale (CPRS) [19], a 67-item scale,
provides quantitative assessment of the whole psychopathology. Two sub-scores are extracted: the
Montgomery and Asberg Depression Rating Scale (MADRS)[7] that explores depressive symptomatology with
scores ranging from 0 to 60 and the Brief Anxiety Scale (BAS)[9] that represents a dimensional measure of
generalized anxiety with scores ranging from 0 to 70. The Hospital Anxiety and Depression scale (HADS) is a self-
assessment questionnaire for monitoring anxiety and depressive symptom occurrences from the patient's
perspective [10]. HADS is a fourteen-item scale that generates ordinal data. Seven of the items relate to anxiety
and seven relate to depression. The Maudsley Obsessional Inventory (MOCI) is a self-assessment questionnaire
for monitoring obsession and compulsion symptoms that comprises 30 items using a true/false format with 4
subscales for checking compulsions, washing/cleaning compulsions, slowness and doubting [11]. The social
adaptation scale (SAS) evaluates social adjustment, with 51 items, classified into five sections: work, social life
and leisure, conjugal life, interaction with children [12]. Each item is rated from 1 to 5 (excellent to poor) allowing
an estimate of efficiency. The self-administered version was used (SAS-SR) [20]. The Short Form Health Survey
(SF-36) is a 36-item, patient-reported survey of patient health [13]. It consists of eight scaled scores, which are
the weighted sums of the questions in their section [21]. Each scale is directly transformed onto a 0-100 scale
on the assumption that each question carries equal weight. The lower the score the greater the disability. The
higher the score the lower the disability i.e., a score of zero is equivalent to maximum disability and a score of
100 is equivalent to no disability. The Sheehan Disability Scale (SDS) is a 5 item self-report tool that assesses
functional impairment in work/school, social life, and family life [14]. Each domain is assessed using a modified
visual analog scale from 0 (no disability) to 10 (severe disability). The neuropsychological assessment included
the STROOP interference test, a neuropsychological test that measures the effect on reaction time of
incongruence between words and printed colors. It was used to examine impulsiveness, being considered as a
lack of ability to inhibit interference between words and printed colors. We also examined semantic verbal
fluency and the Trail making test [15]. Apathy was assessed using the Starkstein fourteen-item scale, (range 0 to
42) with higher scores indicating greater apathy and a score of 14 used as the pathological cut-off [16], and the
Apathy Inventory (for global assessment of apathy and separate assessment of emotional blunting, lack of

initiative, and lack of interest) [17] scales. Lastly, the facial emotion recognition test was performed including



eight facial emotions: happiness, sadness, fear, anger, surprise, disgust, neutral; each being rated from 0 to 100

[18].

Imaging data processing

The position of the electrode was confirmed by post-operative CT-scanning or MRI and visualized with atlas-
based neuroimaging [22,23]. For this purpose, the post-operative images were superimposed on the stereotactic
preoperative MRI. The MR images were resliced along the AC-PC plane together with the contours of atlas
structures in 3 orthogonal standard planes (sagittal, coronal, and axial). The electrodes and stimulating contact
artefacts were visible on the CT-scan images and individually reconstructed within the basal ganglia atlas space

(Supplementary Figure 4).

Results
Of the 16 patients that performed the double-blind randomized phase of the study, two patients withdrew
before the beginning of the follow-up study and 14 patients were enrolled in the long-term follow-up study
(Supplementary Figure 1). Three of the 14 patients could not be evaluated at 46 months: one patient (P07)
missed the assessment with last follow-up at 34 months; one patient was explanted at his request due to
absence of effect (P14, month 20); one patient (PO5) was lost to follow-up at month 22 after stimulation had
been switched off with no evidence of improvement (Supplementary Figure 1). Finally, assessments with
subthalamic stimulation were obtained in 11 out of 14 patients (79%) at month 46, and 12 out of 14 patients
(86%) at months 16, 22 and 34.

We found a significant positive relationship between the severity of OCD at month 46 and the age at
onset (r=0.61, p=0.045, Fig. S3) with early onset patients having fewer OCD symptoms with STN-DBS. No
significant relationship was found between the severity of OCD at month 46 and age at time of surgery,

MADRS and BAS at month 46.

Discussion
Gamma knife capsulotomy (GKC) was employed from the 1970s and showed OCD symptom
improvement but with major side effects including executive impairments [24,25] which led to its abandonment.

More recently, GKC has been employed to target the anterior limb of the internal capsule (ALIC) with a significant



50% decrease in OCD severity found in 55 patients 3 years after surgery, with 37 patients being considered full
responders (>35% improvement). This procedure was well tolerated with no significant neuropsychological side
effects [26]. However, a legitimate concern persists regarding the ethical basis, acceptability and potential
impact of ablative neurosurgery on psychiatric patients [27].

In our patients, we also observed a continuous and progressive significant improvement with time, with
a larger effect of STN-DBS on OCD symptoms 46 months after surgery as compared to 16 months. This might
indicate that chronic and continuous STN-DBS promotes brain plasticity thus leading to additional improvements
over time. In accordance with this hypothesis, a progressive improvement over time after STN-DBS with no
significant increase in electric charge has been recently reported in patients with dystonia [28]. Such plasticity
phenomena have also been suggested to explain the long-term results for GKC treatment [25]. Interestingly,
concomitant with this progressive decrease in OCD severity we needed to significantly increase the DBS voltage.
This would imply that a certain threshold of electric charge is needed to obtain an optimal outcome. Again, this
highlights the major advantage of DBS, i.e. the possibility of continuously modifying the stimulation parameters
over time in accordance with patients’ condition to obtain the best effects for each individual. The reversibility
of the procedure is also of great importance, clinically in case of major side effects, but also scientifically to
explore the relevance of different targets [29] and the physiology basis of the disease [30]. Finally, even though
ablative neurosurgery such as GKC may have some advantages over DBS as a general method of treatment for
some psychiatric patients, particularly those who may not be able to commit to long-term follow-up. This might
be seen as a "quick-fix", “minimal-invasiveness” and “low-cost” paradigm [31], whereas DBS is understood as
being based on a "adjustability" paradigm [31] but is a “high-cost” procedure, with the need from prolonged
hospitalization, regular outpatient visits and neurostimulator replacements [24]. In our study, the fact that these
beneficial effects were obtained with low voltage and that no stimulator replacement was needed during the
follow-up period could suggest that STN-DBS is less expensive with high cost-effectiveness compared to other
DBS procedures [32]. Finally, up to now and with the current stage of our knowledge, each paradigm seems
associated with a different set of costs and benefits for a particular patient [31]. However, the improvement of
DBS procedures, including directional stimulation to improve anatomical accuracy of the stimulation with
therapeutic window widening [33], rechargeable batteries, and the development of closed-loop systems with
adaptive stimulation linked to brain activity [34], will allow us to further adapt the treatment to the anatomy

and physiology of an individual patient, with better cost-effectiveness in the future.



The findings from this 46-month follow-up study confirm that STN-DBS represents a new therapeutic
option for severe and refractory OCD, with a very high response rate, good long-term outcome and improvement
in global functioning, social and familial disability, providing a multidisciplinary approach to optimize stimulation
parameter settings and minimize potential side-effects. Larger studies are now needed to assess the health-
economic benefits of STN-DBS and to compare this treatment with other stimulation targets, with the use of

study designs taking into account the advantages of DBS’s adaptability [35].
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—H 1 Withdrew before the procedure

Y
17 Treated with STN-DBS

1 Withdrew from the blinded phase of the trial
—»| before randomization:
1 Infection leading to material removal

Y

16 Randomized and included in the primary
analysis (month 3 to month 10)

1 Stimulation switched off at month 10
B 1 Withdrew before beginning of the long-term
phase of the trial
1 Infection leading to material removal

h 4

14 Included in the long-term follow-up study with
STN DBS (month 16)

2 Withdrew before the month 22 assessment
> 1 Requested explantation at month 20
1 Loss of follow-up after stimulation was
switched off at month 22
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12 Evaluated at month 22

Y

12 Evaluated at month 34

1 Withdrew before end of the long-term phase

——»| of the trial

1 Missed the last assessment

v

11 Evaluated at month 46

Supplementary Figure 1. Trial profile

The study included a randomized double-blind crossover design period (months 3 to 10, with two 3-month
phases separated by a 1-month washout period), followed by an open-label period of 36 months. Patients were
evaluated at inclusion (baseline), less than 2 months before surgery; 3 and 10 months after surgery, at the
beginning and end of the double-blind period, respectively; and 16, 22, 34 and 46 months after surgery during

the open-label period.
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Supplementary Figure 2. Changes in OCD severity in 14 patients during the open-label follow-up period of STN-
DBS.

Panel A shows the mean (xSD) scores on the Yale-Brown Obsessive-Compulsive Scale (Y-BOCS). Data are shown
at the time of inclusion in the study (l), at months 10, 16, 22, 34 and 46 of the follow-up. Panel B shows the
individual Y-BOCS scores during the follow-up period. 2 p<.05 compared to month 46, p=0.027 Time effect during
the 16 to 46 Month period (linear trend).
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Supplementary Figure 3. Relationship between effects of subthalamic stimulation on OCD severity and age at

onset.

Relationship between the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) at month 46 with subthalamic

stimulation and age at onset of OCD.
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Supplementary Figure 4. Location of stimulating electrodes in responder and non-responder OCD patients to
STN-DBS.

Panel A shows the positions of the electrodes and stimulating contacts (yellow cylinders) within the atlas space
inthe 11 responder patients. Panel B shows the positions for the 3 non-responder patients (P12, P05, P14). Note
that in the 3 non-responder patients the stimulating contacts were bilaterally localized as in the 11 responder

patients, within the anterior (associative-limbic) part of the STN.
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Supplementary Table 1. Changes in OCD severity, global health functioning, anxiety, depression, quality of life, neuropsychological status and facial emotion recognition in

OCD patients after long-term STN-DBS

Scale Inclusion Month 16 Month 46 Change between | p Value for Change between p Value for
Inclusion and treatment Month 16 and treatment
Month 46 effect?® Month 46 effect®

Y-BOCS

Overall score 33 [31-36] 18 [13 - 26] 15 [9-22] -15 | [-22--9] <.001 -3 [-4-0] 0.055

Compulsion subscale 17 [15-18] 9 [6-12] 8 [5-12] -6 [-10--6] .001 0 [[3-1] .84

Obsession subscale 17 [15-19] 9 [7 —14] 7 [4-11] -8 [-12 —-4] <.001 -2 [-3--1] .001
GAF 35 [30-35] 55 [53 -59] 65 [55—70] 30 [20--35] <.001 12 [2-15] .004
CGl 6 [6-71 4 [4-5] 4 [3-5] -2 [-3--2] <.001 -1 [(1-0] 18
MADRS 13 [6—16] 7 [3-11] 5 [1-10] -7 [-12 --2] .066 -1 [-5--1] .027
BAS 13 [9-17] 8 [4-11] 4 [2-12] -8 [-10--1] 12 -2 [-5-1] .18
HADS-anxiety 16 | [13-18] 9 [7-12] 7 [4-12] -7 [-9 —-6] <.001 -2 [(3-0] 18
HADS-depression 12 [9-13] 4 [1-38] 3 [1-11] -5 [-8 —-2] .002 -1 [-3-0] .53
SAS-SR 3 [2-3] 2 [2-2] 2 [2-2] 0 [-(1-0] .041 0 [0-0] .29
SF-36

Physical health NAP 54 | [40 - 56] 51 | [44 -56] - - -1 [-6 —4] .85

Mental health NA 32 [26 - 42] 43 [32 - 49] - - -3 [-17 - 2] .34
SDS

Work 10 [10-10] 6 [4-7] [4-8] -3 [-5--1] .004 0 [-2-2] 912

Social life [8-10] 5 [3-6] [2-28] -4 [-7--1] .002 -1 [-2-2] .89

Family life [8-9] 5 [2-7] [2-9] -2 [-6 —-1] .001 0 [-2-3] .75
STROOP Interference -4 [-5-3] 0 [-11-+6] -4 [-6 -2] -2 [-7-8] .61 -4 [-8 -1] .28
Verbal fluency (2 min) 52 [42 -70] 50 [46-62] 58 [48 — 83] 5 [-2-9] 34 5 [0-7] A1
TMT-A 42 [34 - 55] 35 [26 —36] 27 [20-41] -13 | [-18 —-6] .016 -3 [-8 —4] .33
TMT-B 114 | [76-141] | 73 [57-104] | 79 [56-108] | -19 | [-36--6] .068 -2 [-17 - 24] .97
TMT A-B 62 [45-72] 39 [24 - 69] 52 [37 -67] -8 [-23 -5] .16 8 [-9 -20] .55
Apathy
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Starkstein scale NA 7 [6-12] 8 [4-13] - - 1 [-5-4] .88
Robert scale NA 0 [0-15] 0 [0-11] - - 0 [-7-2] 44
Facial emotion recognition
Happy 100 | [100-100] | 100 | [19-100] 100 | [85-100] | O [0-0] 1.00 0 [0-7] .28
Sad 64 [43 -71] 57 [8 —86] 71 [57 —86] 14 [0-15] 22 14 [-14 -29] .095
Fear 57 [43 —-78] 71 [5—86] 57 [29 —89] 0 [-29-42] .97 14 [0-29] .027
Anger 78 [57 - 86] 71 [15-100] | 71 [42-100] |-1 [-28 —14] .58 0 [0-14] 37
Surprise 93 [71-100] |71 [14-100] | 85 [71-100] | O [-14 -0] 71 4 [0-29] .078
Disgust 86 [86—-100] | 86 [14 -100] 100 | [85—-100] | 7 [-1-15] A5 1 [0-15] 34
Neutral 86 [85—-100] 100 | [19-100] | 89 [85—-100] | O [0-14] 43 0 [0-14] .55

Values are median [IQR 25%-75%].

Y-BOCS= Yale and Brown Obsessive Compulsive Scale, range is 0 to 40, with higher scores indicating worse function. This scale comprises

obsession, compulsion and overall severity subscales; GAF= Global Assessment Functioning, range is 1 to 90, with higher scores indicating better global functional status; CGI =
Clinical Global Impression, range from 1 to 7, with higher scores indicating greater severity of the disease; MADRS = Montgomery and Asberg Rating Scale, range from 0 to 60,
with higher scores indicating greater severity of depressive symptoms; BAS = Brief Anxiety Scale, range from 0 to 60, with higher scores indicating greater severity of
symptoms of anxiety; HADS = Hospital Anxiety Depression Scale, with anxiety and depression subscales, range from 0 to 21, with higher scores indicating greater severity of
symptoms of anxiety and depression; SAS-SR= Social Adjustment Scale Self-Report with five sections: work, social life and leisure, conjugal life, interaction with children. Each
item is rated from 1 to 5 (excellent to poor); SF-36 = Short Form Health Survey (35), with physical and mental health scores, range from 0 to 100, with higher scores indicating
lower disability; SDS= Sheehan Disability Scale; TMT= Trail Making Test; The STROOP interference test, no range, higher scores indicate higher impulsivity. P values correspond
to the statistical significance for changes between inclusion and Month 16; and between Month 16 and Month 46. ®The change in the Y-BOCS was the primary outcome

criterion. All other analyses were prespecified secondary outcomes. °NA: not available.
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Supplementary Table 2. Parameter settings chosen during the open-label period (M16-M46).

Patient M16 M22 M34 M4e6

Right Left Right Left Right Left Right Left

c \" c Vv c \" C Vv c \" C Vv c \" C \"
01 2 2 1 2 2 2 1 2 2 2.05 1 2.05 2 2.05 1 2.05
02 0 2 1 2 0 2.2 1 2.2 0 2.2 1 2.2 0 2.3 1 2.3
03 1 13 1 1.7 1 1.35 1 1.75 1 1.35 1 1.75 1 13 1 1.7
07 1 33 2 33 1 33 2 33 1 33 2 33 _ _ _ _
08 3 3 NS NS 3 3 NS NS 1 2.3 NS NS 1 2.3 NS NS
09 0 1.8 0 2 1 2.2 1 2.4 1 2 0 2 0 2.3 1 2.4
10 1 2.4 0-1 2.6 1 2.3 0-1 2.6 1 2.3 0-1 2.6 1 2.3 0-1 |26
11 0-1 1.55 1 1.8 0-1 1.6 1 1.85 0-1 1.7 1 1.95 0-1 | 1.7 1 1.95
12 2 2.35 2-3 2.4 0 2.7 0 2.7 0-1 2.35 0-1 2.35 0-1 | 2.35 0-1 | 2.35
13 1 1 1 1 1 1.3 1 1.3 1 1.2 1 1.2 1 1.2 1 1.2
15 2 4 2 4 2 4 2 4 2 4 2 4 2 4 2 4
16 1 1 1 1.3 1 1 1 1.3 1 1.2 1 1.5 1 13 1 1.5
Median (V) 1.9 2.2 2.2 2.2 21 2.1 2.2° 232
IQR 1.7to 2.5 1.5t03.0 1.6t0 2.8 1.8to0 2.7 1.7to0 2.3 1.9to 2.5 1.8t02.4 1.5t02.3

C: negative contact; V: voltage (Volts). In all cases, the case was positive, the frequency of stimulation 130 Hz, and the pulse width 60 ps.

2 the values for patient 7 obtained at month 34 were included in the statistical analysis.
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Supplementary Table 3. Adverse events

Adverse events

Serious (n=23)?

Non-Serious (n=32)

No. of events

Stimulation-related

Fall with shoulder luxation 1 (P03) 0

Hypomania 3 (P9 and P11) 0

Impulsivity 1(P11) 4 (P11, 12 and P13)
Dysarthria 0 2 (P12)

Dyskinesia 0 2 (P12)
Disease-related

Depression 6 (P03, P05, P08, P10and P11) | O

Increased anxiety 2 (P08 and P11) 3 (P16)

Increased OCD

5 (P10, P12 and P13)

5 (P12 and P16)

Suicide attempt

3 (P10, P13 and P16)

0

Insomnia 0 1 (P09)
Others

Parkinsonian syndrome 1(P12) 0
Lumbar-sciatica with motor deficit | 1 (P16) 0

Fall while cycling 0 1(P02)
Urinary incontinence 0 1(P12)
Finger mycosis 0 1(P09)
Thoracic pain from unknown cause | 0 1(P10)
ol v g 1610
Biceps tendinitis 0 1(P10)
Knee surgery for arthritis 0 1(P11)
Dyspnea 0 1(P11)
Asthma 0 2 (P13)
Cephalalgia 0 1(P13)
Acute alcohol intoxication 0 1(P13)
Lumbar-sciatica 0 1 (P16)
Colonic polyp resection 0 1(P10)
Scalp paresthesia 0 1(P13)

@ An adverse event was considered as serious if the patient required hospitalization, if sequelae were present, if

the event induced vital distress, or if the clinician considered the event to be serious.
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