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ABSTRACT

Introduction Depression is among the most widespread
psychiatric disorders in France. Psychiatric disorders are
associated with considerable social costs, amounting to
€22.6billion for treatment and psychotropic medication

in 2011. Treatment as usual (TAU), mainly consisting of
pharmacotherapy and psychotherapy, is effective for

only a third of patients and in most cases fails to prevent
treatment resistance and chronicity. Transcranial direct
current stimulation (tDCS) consists in a non-invasive and
painless application of low-intensity electric current to the
cerebral cortex through the scalp. Having proved effective
in depressed patients, it could be used in combination with
TAU to great advantage. The objective is to compare, for
the first time ever, the cost-utility of tDCS-TAU and of TAU
alone for the treatment of a depressive episode that has
been refractory to one or two drug treatments.

Methods and analysis This paper, based on the DISCO
study protocol, focuses on the design of a prospective,
randomised, controlled, open-label multicentre economic
study to be conducted in France. It will include 214 patients
with unipolar or bipolar depression, assigning them to two
parallel arms: group A (tDCS-TAU) and group B (TAU alone).
The primary outcome is the incremental cost-effectiveness
ratio, that is, the ratio of the difference in cost between
each strategy to the difference in their effects. Their effects
will be expressed as numbers of quality-adjusted life-
years, determined through administration of the EuroQol
Five-Dimension questionnaire over a 12-month period to
patients (EQ-5D-5L). Expected benefits are the reduction of
treatment resistance and suicidal ideation as well as social
and professional costs of depression. Should depression-
related costs fall significantly, tDCS might be considered an
efficient treatment for depression.

Ethics and dissemination This protocol has been
approved by a French ethics committee, the CPP-—Est IV
(Comité de Protection des Personnes—Strasbourg). Data
are to be published in peer-reviewed medical journals.

Strengths and limitations of this study
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» The DISCO study protocol is the first economic eval-
uation comprising a comparative cost-utility analy-
sis of transcranial direct current stimulation (tDCS)
plus treatment as usual (TAU) versus TAU alone, for
the treatment of depression.

» The study will yield new information to improve pri-
mary care of patients with non-resistant unipolar or
bipolar depression.

» It has one of the longest follow-ups in brain stimu-
lation research.

» The DISCO study is flexibly designed, calling for ad-
ministration of tDCS at a frequency varying with the
needs of individual patients—as opposed to apply-
ing a rigid timepoint protocol—which better reflects
actual clinical practice and is of greater benefit to
both patients and study centres.

» As a real-life study, the study does not involve
changes in current patient treatments.

Trial registration number RCB 2018-A00474-51;
NCT03758105

INTRODUCTION

Background and rationale

Major depressive disorder (MDD) is one of
the most widespread psychiatric disorders
worldwide. It has an estimated prevalence
of 5%-12% in the French population' *
and a substantial impact on patients’ health
and quality of life. A systematic analysis of
the Global Burden Study in 2010 revealed
that unipolar depression represents the
second greatest cause of the increase of
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years lived with disability and that its prevalence had not
declined over the preceding 20 years despite therapeutic
advances.” Psychiatric disorders also have a considerable
socioeconomic cost: in 2011, treatments and consump-
tion of psychotropic drugs in France accounted for
€22 6billion, or 16% of total health expenditures there.
Despite appropriate treatments, 30%-40% of patients
suffering from MDD show no improvement.* Only a third
of patients achieve clinical remission after one antide-
pressant drug treatment step, while up to four treatment
steps are necessary to reach clinical remission for approx-
imately 70% of patients.” Moreover, an increased risk
of relapse is reported for those who require more than
one drug treatment to achieve remission.” ® Treatment
resistance is defined as the failure to achieve remission
after at least two different antidepressant administration
phases at an effective dosage over a period of 6 weeks. In
these cases, higher dosages may be necessary, as well as
combination and augmentation strategies.”" In 63% of
patients, the failure of drug treatments can be explained
by poor compliance," which in turn is often related to
tolerability: approximately 85% of patients taking sero-
tonin reuptake inhibitors present at least one adverse
effect at the beginning of the treatment.'"” Therefore,
improving tolerability and acceptability of antidepressant
treatments is paramount.

Transcranial direct current stimulation (tDCS) is a
treatment technique consisting in the non-invasive and
painless application of low-intensity electric current
to the cerebral cortex through the scalp. No longer
confined to the research setting, tDCS is now being used
in everyday clinical practice and at new facilities entirely
dedicated to psychiatric neuromodulation.' It is a non-
pharmacological psychiatric therapy that has proven
effective in patients with MDD'* as well as those with
other psychiatric and neurological conditions, including
obsessive-compulsive disorder,”” schizophrenia,'® post-
traumatic stress disorde]r,17 addiction,18 autism spectrum
disorders'’ and dementia.”’

According to Canadian Network for Mood and Anxiety
Treatments MDD management guidelines, tDCS’s sister
technique, repetitive transcranial magnetic stimulation
(rTMS), has already reached the highest level of evidence
of efficacy (level 1) in patients not responding after
administration of one antidepressant.”’ Compared with
rTMS, tDCS is less studied but has the advantage of being
easier to perform and less expensive.*

It has been demonstrated that patients with depres-
sive disorder present hypofunction and cerebral abnor-
malities of the dorsolateral prefrontal cortex,” which
can be reversed by means of anodal (excitatory) tDCS.**
Most meta-analyses show that active tDCS is significantly
more effective than sham tDCS in terms of MDD patient
response and remission rates.” >’ Although tDCS has also
proved effective in treatmentresistant depression,’ ™
the level of resistance is predictive of the degree of tDCS
efficacy. It would thus appear that tDCS is ideally for
use in patients with depressive disorder with a low level

of resistance to pharmacological treatment.”” ** To date,
most studies evaluating tDCS treatment have focused
on unipolar depression.”™™ Nevertheless, a recent
meta-analysis including 13 studies showed a significant
decrease of depression after tDCS treatment in bipolar
depression.™ Interestingly, certain depressive symptoms
were associated with a better response to tDCS treat-
ment.” Moreover, although tDCS represents a promising
alternative treatment for depression but its popularity
was lower than other neurostimulation therapies, its long-
term efficacy has yet to be fully demonstrated.*” A study
highlighted that 45% of patients were still in remission
3 months after 10 sessions of tDCS and that the relapse
rate seemed to increase with the interval between tDCS
sessions.”’ Recent recommendations call for more studies
with maintenance tDCS® and long-term evaluation of
the effect of tDCS in patients with depressive disorder.**
To date, no study has compared the long-term efficacy
of TAU-tDCS and TAU-only treatments. We hypothe-
sise that, in comparison with TAU alone, TAU-tDCS in
patients with unipolar and bipolar depression at the early
stages of an episode (one or two treatment failures) is
cost-effective, preventing greater depression, optimising
healthcare resource consumption and costs, improving
patients’ quality of life and allowing them to resume work
sooner.

Objectives and trial design

The main purpose of this randomised controlled open-
label study is to perform a cost-utility analysis comparing
tDCS-TAU (group A) and TAU-only (group B) treat-
ments over 12 months in patients suffering from unipolar
or bipolar depression after one or two antidepressant
failures during the current episode, from a societal
perspective. This will involve calculating the incremental
cost-effectiveness ratio (ICER), which is the ratio of the
difference in cost between each strategy to the difference
in their effects, as expressed in quality-adjusted life-years
(QALYs) measured by the EuroQol Five-Dimension ques-
tionnaire (EQ-5D-5L) (https://euroqol.org/).

Secondary outcomes to be evaluated are as follows:

For both groups at 12 months: response and remission
rate; relapse rate and survival without relapse; progres-
sion of the depressive state; cognitive performance; drug
tolerability; suicide attempt rate and suicide rate; changes
in instructions concerning medication and declared
medication compliance.

For both groups at 5 years: budget impact analysis
from the point of view of the National Health Insurance
(NHI) to evaluate the financial impact of tDCS through
different scenarios including the diffusion percentage of
the technology and its reimbursement.

For group A only, at 12 months, response rate at end
of tDCS treatments; annual number of tDCS sessions
needed to maintain response; duration of tDCS response
after initial treatment and after following ones: tDCS
compliance, tolerability and security; patient’s accept-
ability of tDCS and how it is administered; identification
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Selection (D_;)

Inclusion and exclusion criteria
Information and consent

!

Inclusion and Randomisation (Do)

Verification of consent and criteria, clinical examination,
medical history, pharmaceutical treatments for depression,
mood (Montgomery-Asberg Depression Rating Scale, Clinical
Global Impression-Severity, Beck Depression Inventory),
quality of life (EuroQol Five-Dimension questionnaire), and
cognition (Montreal Cognitive Assessment)

=

Group A: tDCS-TAU treatment Group B: TAU-only treatment
(15 tDCS sessions over 3 weeks)
N =107 patients N =107 patients

l l

Follow-up at M, i.e. 1 month after Dy; M, (only for group A); Ms; Mg; My; and M,

* pharmaceutical treatments
* mood: Montgomery-Asberg Depression Rating Scale, Beck Depression
Inventory, Clinical Global Impression—Severity

+ quality of life: EuroQol Five-Dimension questionnaire

* cognition: Montreal Cognitive Assessment

+ loss of productivity: Work Productivity and Activity Impairment

* recourse to psychologists, home services, and caregivers
Figure 1 Design of DISCO protocol. D , day n; M_, month n;
tDCS, transcranial direct current stimulation; TAU, treatment

as usual.

of response predictors and impact of tDCS implementa-
tion on healthcare organisation.

METHODS AND ANALYSIS

Study setting and recruitment

This is an ongoing, prospective, open-label, multicentre,
randomised controlled study that shall recruit a total of
214 patients referred by either private or hospital psychi-
atrists previously informed about the study, randomly
assigning half the patients to group A (experimental
tDCS-TAU treatment) and half to group B (TAU-only
treatment) for the purpose of comparison (figure 1).
The study sponsor is Nantes CHU (Nantes University
Hospital) in France. Patients will be included and treated
at 12 centres in France. The study started in February
2019 and is planned to be completed in February 2022.

Inclusion criteria

All 214 patients must be over 18 years, present with a
unipolar or bipolar depressive episode, as defined by the
diagnostic criteria of the fifth edition of the Diagnostic
and Statistical Manual of Mental Disorders,** score >15
on the Montgomery—Asberg Depression Rating Scale
(MADRS) and have failed to respond to one or two
antidepressant drugs taken in succession or combina-
tion during the current episode. Each subject must be
able to understand information given, make decisions,
participate willingly, complete required questionnaires,
take orally administered medication independently or
with assistance throughout the study period and go to
the study centre for follow-up visits. If patients agree to

participate, they must give verbal consent to the medical
investigator.

The current ‘pragmatic’ recruitment (ie, inclusion/
exclusion criteria) is sufficiently broad to include a large
representative sample of patient suffering from depres-
sion eligible to tDCS treatment.

Exclusion criteria

Patients may not be enrolled in the study if they have
received electroconvulsive therapy or rTMS during the
current episode; are suffering a major depressive episode
with mixed or psychotic symptoms; are schizophrenic; are
addicted to any substance except nicotine; are epileptic;
have undergone neurosurgery or have a significant neuro-
degenerative disease; suffer from a severe or progressive
somatic disease; have a pacemaker, an intracerebral
implant containing metal, or another device or condi-
tion contraindicating tDCS administration; are pregnant
and nursing women or women of childbearing age who
are not using contraception; are enrolled in another
interventional clinical trial; are minors or persons whose
freedoms are restricted due to a legal or administrative
decision or who are hospitalised without their consent,
under guardianship or are unable to agree with longitu-
dinal follow-up.

Study process

During the screening visit, patient information and verbal
consent are obtained, patients are checked against inclu-
sion and exclusion criteria and a psychiatrist performs a
clinical evaluation (table 1). Medical research teams are
in charge of enrolment and assignment of each partici-
pant to group A or B.

Inclusion visit and randomisation (day 0)

During the baseline inclusion visit, 1 week before the first
tDCS session, patients are again checked against inclu-
sion and exclusion criteria. They are then assigned to two
groups through permuted block randomisation using a
computer program and their electronic case report forms
while stratifying by centre. No other variable is taking into
account for the randomisation.

Follow-up

Investigators will meet study participants from both
groups 1, 6 and 12 months after randomisation (M, M,
and M, in table 1). Group A patients will have an addi-
tional visit at M,, 4 weeks after the end of the initial 3-week
round of tDCS sessions. Those group A patients who have
responded to tDCS but whose condition is worsening at
M, will be offered an additional tDCS round, while those
who have not responded will revert to the TAU for their
respective study centres. In addition to follow-up visits,
patients will receive phone calls at M, and M,.

The study will last 36 months, including 24 months
for enrolment and 12 for treatment and longitudinal
follow-up. Patients who drop out of the study will be
offered TAU. Drop-out dates and reasons will be recorded.
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Assessments

The following information will be recorded during the
baseline visit (D),): sociodemographic data (age, gender,
laterality, professional status and marital status), medical
history (duration of illness, duration of the current
episode and psychiatric, addictive or somatic comorbid-
ities), and current treatment.

Quality of life will be assessed with the EQ-5D-5L ques-
tionnaire at D, M,, M;, M,,; during group A M, follow-up
consultations and at M, and M, by phone. MADRS, Beck
Depression Inventory and Clinical Global Impression—
Severity scores will be collected at D, M, M, (group
A only), M, and M,,. Additional MADRS scores will be
collected at the start and end of any additional round of
tDCS sessions for group A patients who have relapsed. The
Montreal Cognitive Assessment will be administered at D,
M,, My and M,,. Acceptability and tolerability of tDCS will
be assessed by visual analogue scale and Comfort Rating
Questionnaires, respectively, following the initial round of
tDCS sessions (at M,). Drug treatment compliance will be
evaluated at D and M, using the Medication Adherence
Rating Scale, Compliance Rating Scale and Brief Medica-
tion Questionnaire. Compliance with the tDCS treatment
plan will be evaluated by recording the actual number of
tDCS sessions completed. At each visit, investigators will
record any side effects and changes in treatment since the
previous visit in the electronic case report form.

The cost-utility analysis will be performed with a soci-
etal perspective (ie, the broadest perspective), which
means that costs to all stakeholders (NHI, hospitals,
clinics, private insurances, patients) will be considered.
Health services for all reasons will be included. Elements
that may contribute to explain the differential in costs
between the two groups are inpatient and outpatient
health resources consumed, like outpatient psychiatric
consultations, diagnosis-related groups, length of hospi-
talisations, pharmacotherapies, travel for medical care,
medical imaging, laboratory analyses, nursing care,
recourse to a psychologist or psychotherapist. Recourse
to formal care (time spent by caregivers or home services)
or informal care (time spent by relatives help), duration
of work stoppage, loss of production capacity at the soci-
etal level and responses to Work Productivity and Activity
Impairment questionnaires will also be collected. Data
about the consumption of medical resources for which
French NHI base prices exist will be extracted from
the French National Health System Database (NHSD)
(Systeme National des Données de Santé), which incor-
porates the French hospital expenditure database. Other
resources consumed that are not covered by the NHI
system will be collected via patient diaries fulfilled by
the patient and reported into an electronic case report
form. A microcosting approach will be used to evaluate
the production cost of a tDCS session for the hospital; it
will cover 15 ‘first sessions’ and the 15 ‘following sessions’
of tCDS in three centres participating in the study. The
microcosting will consider time spent by staff, resources
used including tDCS medical device.

When patients come in for follow-up visits, a survey
on organisational impact (secondary end point) will
be administered to each participating hospital team.
The organisational impact will be assessed according to
criteria extracted from the evaluation grid developed by
Roussel et al.*

We will carry out a 5-year budget impact analysis from
the point of view of the NHI to evaluate the financial
impact of tDCS through different scenarios, including
the diffusion percentage of the technology and its reim-
bursement. To do this, we will assume a closed cohort
over a year and use the 1year management cost obtained
in the cost-utility analysis.

Interventions

Two kinds of tDCS stimulator will be used in this study:
the Soterix (Soterix Medical, New York, USA) and Sooma
(Sooma Oy, Helsinki, Finland) devices, both of which
bear CE product conformity marks. Units will be equally
distributed between the 12 study centres. The montage
allows for anodal stimulation of the left dorsolateral
prefrontal cortex and cathodal stimulation of the right
orbitofrontal cortex.?* On D,, 1week after randomisa-
tion, group A patients will commence an initial round of
30min 2-mA tDCS treatment sessions every weekday for
3 weeks (15 sessions total). If they respond to tDCS but
have relapsed, they will be offered an additional round
of tDCS sessions following the M, assessment. If they are
not responsive to tDCS, their respective centres are free
to apply any therapeutic strategy.

TAU is defined as a wide range of standard and avail-
able treatments for major depressive and bipolar disor-
ders, such as psychotherapy, medications and non-invasive
brain stimulations.

Outcomes
The primary end pointin our studyis the ICER, comparing
tDCS-TAU and TAU-only treatments for unipolar and
bipolar depression, from a societal perspective, at M,
ICER =

Costsipes+TAUarm — COSESTAUarm
OQALYs:pcs+1AUarm — QALYSTAUarm

With COStSLDCS+TAL‘ arm
per patient in each arm.
Wlth QALYS tDCS+TAU arm
per patient in each arm.
QALYs will be determined using EQ-5D-5L question-
naires administered at seven time points. QALYs will be
calculated using area under the curve methodology®
and the weighting coefficients that will be provided soon
in France for the EQ-5D-5L. If they are not available at
the time of analysis, a mapping between EQ-5D-3L and
EQ-5D-5L will be achieved in order to get relevant weights.
The cost-utility analysis will be performed in accordance
with French Health Authority (HAS) recommendations.®
Direct costs will be included in the primary analysis
taking into account all stakeholders (NHI, hospitals,
private insurance companies, patients and caregivers) to
acquire the desired societal perspective. In a secondary

and Costs,,,, - mean direct costs
arm

and QALYs,, . . mean QALYs
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analysis, direct and indirect costs will be included. While
direct costs relate to the resources needed for the produc-
tion of the interventions being studied, other resources
may be made unavailable because of the mortality and/
or morbidity. These lost resources, as productivity loss,
are included as indirect costs. The 12-month period
following randomisation affords time to estimate the
impact of tDCS on patient quality of life and costs during
depressive episodes, detect relapses or recurrences and
identify potential medication complications. No cost or
QALY discount will be applied given the duration of this
period.

Cost estimation will follow three steps: (1) identification
and quantification of resources consumed, (2) determi-
nation of unit costs for resources and (3) multiplication
of resource quantities by corresponding unit costs to
estimate total costs. Resources used will be determined
using the French NHSD and recorded on participants’
electronic case report forms. Direct costs will be deter-
mined by applying NHI base prices. Costs of psychologist
appointments and home services—as these are assigned
no NHI base prices—will be determined using the
national mean fee and national mean cost, respectively.
Indirect costs, as reflected by loss of production during
work stoppage and responses to Work Productivity and
Activity Impairment questionnaires, will be evaluated by
applying a national mean wage to work stoppage dura-
tions (human capital approach). Informal care will be
valued by applying the national mean cost for domestic
helpers to the time spent by caregivers.

Statistical methods

Sample size calculation

To our knowledge, no published study has evaluated the
quality of life, healthcare resource consumption and costs
associated with tDCS treatment for depression, meaning
there is no precedent for establishing the number of
subjects needed for our study with the formula by Glick.*®
We therefore determined this number using a clinical
efficacy criterion.

We hypothesised tDCS-TAU response rate of 60% at
M1214 *"and a TAU-only response rate of 40%.° Assuming
a 5% (two-tailed) type I error, a power of 80% and an
attrition rate of 10%, a total of 214 subjects are required
(107 subjects per arm) according to SAS software V.9.4.

Principal end point: cost-utility analysis

The principle of ‘intention to treat’ will be applied when
performing the costutility analysis. Where necessary,
missing data will be imputed. Data extracted from the
French NHSD are considered as complete and do not
necessitate imputation, but missing data from QALYs
and costs (only for the non-reimbursed health resources)
will be imputed with multiple imputations by chained
equations (MICE), according to the method proposed
by Faria et al.®® Analyses with and without imputed data
will be presented. The primary analysis will be the analysis
with imputed data.

Costs per patient will be presented in each arm in a
table, disaggregated in cost items (eg, hospitalisations,
medical visits, drugs, etc) with their mean and 95% CIL.
The total mean costs, total mean QALYs, mean life years
gained per patient in each arm and the differences in
costs and in QALYS between groups will be presented
in another table with their mean and 95% CI. The
ICER will be presented in this latter table. The 95% CIs
will be calculated (two possible approaches to do so: by
non-parametric bootstrapping® or seemingly unrelated
regression (SUR)).* If the baseline quality of life differs
between groups A and B, adjustment will be performed
(two possible approaches to do so: either in the SUR,
or in the regression that is performed before bootstrap-
ping). Results will be tabulated.

For the decision criteria of cost-effectiveness, we arbi-
trarily chose a value of €50 000/ QALY because a threshold
value for a QALY has yet to be recommended in France.
This value seems to be acceptable in France. Results will
also be presented using an acceptability curve showing
the probability that tDCS-TAU is cost-effective compared
with TAU-only treatment using several values of societal
willingness to pay for a QALY. A sensitivity analysis will be
performed to assess the robustness of the results, through
variation of some relevant parameters (eg, national mean
fees, national mean costs, respectively for psychologist
visits or home services).

Clinical end points: quality of data collected, population analysed
and statistical methods

Data will be reviewed at the end of the study, prior to
statistical analysis. The aim will be to identify the progress
made and potential problems, and to classify any minor
or major deviations.

The primary analysis population will be the ‘intention-
to-treat population’, consisting of all the randomised
patients. In addition, a sensitivity analysis will be conducted
on the ‘per-protocol’ population, which includes patients
who most closely adhere to the protocol (compliance
with inclusion and non-inclusion criteria, lack of major
protocol deviations and availability of primary end point
data).

Descriptive analysis of the data collected during each
patient’s evaluation will be performed up until the
final evaluation. Both subject groups will be analysed
at D, (baseline) and M,,. Continuous variables will be
described using quartiles, means, SD and extreme values,
while frequencies and percentages will be used for quali-
tative variables.

Remission, response and relapse rates (and their corre-
sponding 95% CIs) at M,, for groups A and B will be
compared using the generalised linear model (logistic
model) and considering study centre to be a random
factor (randomisation stratification factor). Relapse-
free survival rates until M, will be estimated using the
Kaplan-Meier method and compared between two groups
through the log-rank test using stratification by study
centre. Sustainability (or maintenance) of the therapeutic

6
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response over time will be assessed through Cox multivar-
iate analysis.

Changes in MADRS, Clinical Global Impression—
Severity and Montreal Cognitive Assessment scores for
both groups between D and M,, will be compared using
linear mixed regression models and making study centre
a random factor. The model will be adjusted according
to D, scores. M, scores, only available for group A partici-
pants, will not be included.

Pharmacological treatment modifications and side
effects will be described and compared by participant
group using a x” test (or Fisher’s exact test, if appropriate).
The numbers and percentages of suicidal attempts for
each group will be compared using Fisher’s exact test.

Medication Adherence Rating Scale, Compliance
Rating Scale and Brief Medication Questionnaire scores
for each group at M,, will be compared using linear
mixed regression models and making study centre a
random factor. Non-compliance percentages will also be
determined for both groups.

For all outcomes, mean differences between the two
groups, and the corresponding 95% ClIs, will be reported.
The following criteria will be described at D, and M,, for
group A patients: tDCS response rate; number of tDCS
rounds prescribed; efficacy and side effects of each tDCS
round; compliance rate and the acceptability of the
procedure, measured using the visual analogue scale.

Missing data will be described for both groups. If
required, imputation will be performed for missing data
on clinical response, remission and relapse. First, it will
be assumed that the patients concerned exhibited no
response, remission or relapse. Second, sensitivity anal-
yses will be performed using MICE on the basis of main
patient characteristics. For clinical criteria other than
response, remission and relapse, there will be no impu-
tation. Secondary clinical outcomes (MADRS, Clinical
Global Impression-Severity and Montreal Cognitive
Assessment scores) will not be imputed because they are
analysed using a repeated measures mixed model that is
robust to missing data.

Analyses will be performed with SAS statistical software
(SAS Institute). Statistical tests will be two-sided, and p
values <0.05 shall be deemed statistically significant.

Patient and public involvement
There was neither patient nor public involvement in the
development of this study protocol.

ETHICS AND DISSEMINATION

Consent

Information about the study’s aim and procedures is
provided to all volunteer participants both verbally and
in writing. Patients must provide oral consent to partic-
ipate in the study. They are informed that participation
is voluntary and that they may withdraw their consent at
any time.

Dissemination policy
Data from the study will be published in a peer-reviewed
medical journal.

DISCUSSION

The current challenges faced in the treatment of depres-
sive disorders are to reduce relapses, recurrences and
chronicity, and to optimise the consumption of health-
care resources for the management of depression. To
meet these challenges, the prevention of pharmacolog-
ical resistance and the promotion of adherence through
better treatment tolerability, acceptability, feasibility and
accessibility to patients as a first resort are paramount.
Non-invasive brain stimulation, through techniques such
as r'TMS and tDCS, are recognised as effective thera-
peutic alternatives for the treatment of depressive disor-
ders, boasting high levels of adherence and tolerability
in comparison with pharmacological treatments. The
r'TMS procedure has proved more effective than antide-
pressants after a first treatment failure for MDD in newly
diagnosed patients or at least two well-conducted anti-
depressant treatments.”” > To date, no cost-effectiveness
study has been conducted for tDCS in depression,
although there have been cost-effectiveness studies that
compared rTMS with medication® " and with electrocon-
vulsive therapy.”® *® The tDCS procedure has the advan-
tage of being easier to perform and less expensive than
rTMS.* In two previous studies assessing the production
costs of rTMS and tDCS (respectively) for the treatment of
depression, we found tDCS to be less expensive.” % The
DISCO study protocol is the first economic evaluation to
use cost-utility analysis for the comparison of tDCS-TAU
and TAU-only treatments in patients with depression. The
French government has yet to determine a base price for
tDCS procedures. In a preliminary paper, we estimated
that the hospital production cost of a tDCS treatment
for depression is €1555.60 per patient.”> DISCO will use
microcosting to more accurately estimate this production
cost.

This study will compare the costs of tDCS-TAU and
TAU-only treatments by calculating volumes of resources
consumed, determining the unit costs of these resources
and multiplying the calculated volumes by the unit costs.
To evaluate the overall cost of depression, estimation of
direct medical and technical costs will not suffice because
the indirect costs are not trivial and cannot be ignored.
Thus, DISCO will address direct costs through its primary
analysis and indirect costs through a secondary analysis,
in accordance with HAS recommendations.* To estimate
indirect costs, the study will consider loss of production
due to work stoppage—applying the human capital
approach—and responses to Work Productivity and
Activity Impairment questionnaires data on the involve-
ment of caregivers will also be collected through elec-
tronic case report form questionnaires, to measure the
informal costs of depression.
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From a clinical perspective, DISCO will offer new
insights concerning primary care of patients with non-
treatment-resistant unipolar or bipolar depression.” **
It also boasts one of the longest follow-ups among brain
stimulation studies.”

As any cost-effectiveness study protocols, DISCO strives
to reflect clinical realities. The long-term effects of tDCS
in depression are still poorly understood. In one study,
3 months after a 10-session tDCS treatment programme,
45% of the patients were still in remission.*' It appears
that depression relapse rates are higher when protocols
call for entailing weekly session at a bi-monthly rate,”” *®
and when treatment resistance are higher at baseline.”
More recent publications therefore recommend studies
with longer follow-ups®* and maintenance tDCS.*” One of
the secondary aims of DISCO is to determine the number
of tDCS sessions needed to maintain remission in patients
with depressive disorder responding to an initial round
of tDCS sessions in combination with TAU. Further tDCS
sessions will only be offered if patients respond to tDCS
and then relapse. This flexible design, tailored to partic-
ipants’ unique needs, more closely models real clinical
practice than a rigid timepoint protocol, and it benefits
both patients and study centres.

As a real-life study, DISCO does not call for changes
in current treatments. Furthermore, adjuvant tDCS has
shown the potential to synergistically increase the efficacy
of both pharmaceutical (including antidepressant) and
non-pharmaceutical treatments.*” >

In conclusion, we assume that the addition of tDCS will
offer greater efficacy than the usual treatments alone—
as reflected by quality of life, number of hospitalisations,
drug consumption, and societal repercussions. If our
main hypothesis is confirmed, this study will provide
evidence in support of tDCS as an add-on treatment for
patients with non-treatmentresistant depression, and it
will demonstrate—for the first time ever—that it is an
efficient and effective therapeutic strategy. This would in
turn offer justification for government reimbursement
of tDCS procedures in France—and perhaps in other
countries.

Trial status
Patient recruitment is in progress.
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