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Abstract 
Using pre-treatment biomarkers to guide patients to the preferred antidepressant medication 
treatment could be a promising approach to enhance its current modest response and remission 
rates. This open-label prospective study assessed the feasibility of using such pre-treatment 
biomarkers, by using previously identified EEG features (paroxysmal activity; alpha peak fre- 
quency; frontal alpha asymmetry) to inform the clinician in selecting among three different an- 
tidepressants (ADs; escitalopram, sertraline, venlafaxine) as compared to Treatment As Usual 
(TAU). EEG data were obtained from 195 outpatients with major depressive disorder prior to 
eight weeks of AD treatment. Primary outcome measure was the percentage change between 
before and after treatment on the Beck Depression Inventory-II (BDI-II). We compared TAU and 
EEG-informed prescription through AN(C)OVAs. Recruitment started with patients receiving TAU 
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to establish baseline effectiveness, after which we recruited patients receiving EEG-informed 
prescription. 108 patients received EEG-informed prescription and 87 patients received TAU. 
Clinicians and patients were satisfied with the protocol. Overall, 70 (65%) of the EEG-informed 
clinicians followed recommendations (compared to 52 (60%) following prescriptions in the TAU 

group), establishing feasibility. We here confirm that treatment allocation informed by EEG 

variables previously reported in correlational studies, was feasible. 
© 2020 Published by Elsevier B.V. 

1

T
a
d
f  

2
fi
r
t
2

e
m
t
c
a
p

c
t
W
d
w
o
(
t
g

g
p
e
e
s
t
T
f
t
p
s
h
S
r
i
p
t
a
a
f
t
t

a
g
a

t
i
h
a
A
i
a

s
d
E
A
i
i
n
E
a
p
o

2

2

T
c
t
p
J
T
p
I  

s
D  

w
w  

s  

i
c
w  

s
a

M
r
w
a
p

. Introduction 

he treatment of major depressive disorder (MDD) is char- 
cterized by modest response and remission rates, while the 
isease affects increasing numbers of people worldwide, 
rom 183 million in 2005, to 216 million in 2015 ( Vos et al.,
016 ). Clinical efficacy ranges from 37% remission after a 
rst antidepressant (AD) prescription to declining remission 
ates of respectively 31%, 14%, and 13%, after each consecu- 
ive AD trial, including augmentation strategies ( Rush et al., 
006 ). 
One way to improve response and remission rates in the 

arly AD treatment steps for MDD is to better target the 
edications to particular patients. In that regard, iden- 
ification of pre-treatment biomarkers which can inform 

hoices between or among treatments offers a promising 
pproach, although a need for replication and out of sam- 
le validation have been suggested ( Widge et al., 2019 ). 
To develop such biomarkers, the iSPOT-D research group 

ollected pre-treatment EEG data (International Study 
o Predict Optimized Treatment; Saveanu et al., 2015 ; 
illiams et al., 2011 ). The initial phase of the study ran- 
omized 1008 patients with non-psychotic MDD to eight 
eeks of treatment with either escitalopram, sertraline 
r venlafaxine-XR. Overall response (62%) and remission 
46%) rates did not distinguish among these three medica- 
ion groups, indicating comparable clinical efficacy on the 
roup-level based on randomized treatment allocation. 
Furthermore, several EEG parameters were investi- 

ated as predictors for response and remission (using 
re-registered hypotheses). Three promising biomarkers 
merged that seemed to inform which patients are pref- 
rentially served by which AD medication, as both drug- 
pecific as well as drug-class specific predictors, opening up 
he possibility for EEG-guided treatment (or stratification). 
he first was frontal alpha asymmetry (FAA): Right FAA was 
ound to be related to response and remission (and left FAA 
o non-response and non-remission) to the SSRIs escitalo- 
ram and sertraline in females only. No such effect was ob- 
erved for the SNRI venlafaxine ( Arns et al., 2016 ). A post- 
oc simulation showed that assigning patients to an SSRI or 
NRI merely based on their FAA, resulted in a 7-14% higher 
emission rate ( Arns et al., 2016 ). This study replicated find- 
ngs of Bruder et al. (2001) . The second biomarker was alpha 
eak frequency (APF): A low APF was associated with bet- 
er response to sertraline and no effects for escitalopram 

nd venlafaxine ( Arns et al., 2017 ). The third biomarker was 
bnormal EEG activity: abnormalities like isolated epilepti- 
orm discharges (IEDs) were associated with non-response 
o escitalopram and venlafaxine, and no such effect for ser- 
raline ( Arns et al., 2017 ). In addition, EEG normalization 
15 
fter eight weeks on sertraline mediated AD response, sug- 
esting sertraline specifically worked on the reported EEG 

bnormalities ( van der Vinne et al., 2019a ). 
In summary, our prior work revealed drug-specific (ser- 

raline), drug class-specific (selective serotonin reuptake 
nhibitor (SSRI) vs. serotonin norepinephrine reuptake in- 
ibitor (SNRI)) and sex-specific EEG parameters that could 
id in resolving the heterogeneity in clinical response to 
Ds, and that could be used to choosing among ADs, go- 
ng from a stepped-care approach to a biomarker-informed 
pproach. 
In order to determine whether medication could be pre- 

cribed based on these baseline EEG biomarkers, we con- 
ucted a prospective feasibility trial, in which we compared 
EG-informed treatment recommendation with Treatment 
s Usual (TAU). We report our findings in developing and 
mplementing this clinical decision-making tool and provid- 
ng power calculations to inform future clinical trials. Our 
ull hypothesis was that clinical response is not worse for 
EG-informed treatment allocation, compared to TAU. If, 
lternatively, EEG-informed prescription was better, we ex- 
ected group differences to be small, given the comparison 
f two active treatments. 

. Experimental procedures 

.1. Design 

his was an open-label, naturalistic study, which was deliberately 
hosen to mimic real-world practice, with the aim of optimizing 
he translatability to real world settings. We investigated 195 out- 
atients with non-psychotic MDD, recruited between June 2015 and 
uly 2019 in an outpatient clinic in Leeuwarden, the Netherlands. 
he primary diagnosis of nonpsychotic MDD was confirmed by a 
sychiatrist or specialized clinical psychologist, according to DSM- 
V criteria, and a score ≥14 on the Dutch 21-item Beck Depres-
ion Inventory Second Edition (BDI-II-NL, Beck et al., 1996 ; Van der 
oes, 2002 ). Only data from patients who were prescribed with ADs
ere included. All MDD patients were allowed to enter the study 
hen already on an AD (since Van der Vinne et al. (2019b) demon-
trated that the predictive value of FAA was not influenced by med-
cation status). Only patients wishing to change their AD were in- 
luded in the effectiveness study, therefore treatment response 
as recorded for only those who started a(n) (new) AD after EEG as-
essment. Patients signed an informed consent and data were coded 
nonymously. 
To establish baseline effectiveness, recruitment started with 

DD patients who had not received EEG-informed prescription, and 
eceived TAU. Once the biomarker algorithm based on our prior 
ork was finished, we began to recruit patients for the second 
rm – those who were to receive EEG-informed prescription (see 
aragraph 2.2). After eight weeks of AD treatment, all patients 
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Fig. 1 Decision tree used for EEG-informed treatment allocation and clinical decision making. In the first step, sertraline was 
advised when a patient displayed subclinical abnormal EEG activity (IEDs or slowing of the EEG), or an alpha peak frequency (APF) 
below 8 Hz. For the second step, males were advised to start escitalopram (male response rates in Arns et al. (2016) revealed the 
best effect of escitalopram, regardless of FAA). For females, escitalopram or sertraline were advised for a right-sided FAA, and 
venlafaxine was advised when a left-sided FAA was observed. 
∗1 patient had both EEG slowing and suspected IEDs. 
∗∗4 patients had both a slow APF and EEG slowing/suspected IEDs. 
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ere tested again using the BDI-II. Both EEG assessments and week- 
 measurements were completed at a priori defined dates. Patients 
ho did not complete eight weeks of treatment within the defined 
eriod, were excluded from analyses. Both dropouts and different 
ecruitment periods accounted for different subsample sizes. As 
art of our feasibility report, we discuss reasons for dropout ex- 
ensively in paragraph 3.2 and supplement S1. 

.2. EEG-informed protocol vs. TAU 

atients had to meet a DSM-IV classification for non-psychotic de- 
ression, and a BDI-score ≥14. For those receiving EEG-informed 
rescription (for a full decision tree also see Fig. 1 ), the EEG out-
ome was shared with the designated nurse practitioner or psychia- 
rist. Together with the patient, it was decided whether the advice 
as to be followed. The clinician’s decision on whether to follow 

he advice was leading, and the EEG recommendation was not bind- 
16 
ng. Without informed consent, the advice was still offered, but 
ata were not recorded for scientific purposes nor included in this 
eport. 
In case of TAU, AD choice resulted from the prescriptive de- 

isions of a psychiatrist or nurse practitioner. In case of a first
epressive episode, the prescription of an AD was based on na- 
ional guidelines for prescribing first-choice ADs. In case of a 
ecurrent depression, applicable national guidelines were fol- 
owed. Where available, information on earlier (un-)successful 
rug treatments of either the patient or first-degree relatives was 
onsidered. 
Treatment and progress were monitored. BDIs were filled out at 

xed times: at intake, prior to each form of medical treatment, and
ight weeks after each started medication. Registration of clinical 
atient data consisted of the following variables: previous treat- 
ents, current and possible previous diagnoses/classifications, EEG 

advice) outcome, medication during EEG, following or ignoring the 
dvice, which AD was prescribed, which psychological treatment 
as followed, and all BDI measurements. 
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.3. Pre-treatment assessments 

EG recordings were performed using a standardized methodology 
nd platform (Brain Resource Ltd., Australia). Details of this pro- 
edure ( Arns et al., 2016 ) and of its reliability have been published
lsewhere ( Paul et al., 2007 ; Williams et al., 2005 ). In summary, pa-
ients were seated in a sound and light attenuated room. EEG data 
ere acquired from 26 channels: Fp1, Fp2, F7, F3, Fz, F4, F8, FC3, 
Cz, FC4, T3, C3, Cz, C4, T4, CP3, CPz, CP4, T5, P3, Pz, P4, T6, O1,
z and O2 (ANT Waveguard-cap; NuAmps; 10-20 electrode interna- 
ional system). EEG was assessed for two minutes with eyes open 
EO, with the patient asked to fixate on a red dot on the screen)
nd two minutes with eyes closed (EC). The patient was instructed 
o remain relaxed for the duration of the recording. The opera- 
or did not intervene when drowsiness patterns were observed in 
he EEG. Data were referenced to averaged mastoids with a ground 
t AFz. Horizontal eye movements were recorded with electrodes 
laced 1.5 cm lateral to the outer canthus of each eye. Vertical eye
ovements were recorded with electrodes placed 3 mm above the 
iddle of the left eyebrow and 1.5 cm below the middle of the left
ottom eyelid. Skin resistance was < 10K Ohms for all electrodes. 
he sampling rate of all channels was 500 Hz. A low pass filter with
n attenuation of 40 dB per decade above 100 Hz was employed 
rior to digitization. 

.4. EEG processing 

EG processing was conducted similarly to Arns et al. (2016) , and 
erformed by Brain Resource. In summary, data were (1) filtered 
0.3–100 Hz and notch); (2) EOG-corrected using a regression-based 
echnique similar to that used by Gratton et al. (1983) ; (3) seg- 
ented in 4-s epochs (50% overlapping) and an automatic dearti- 
acting method was applied. This EEG processing pipeline was 
lso validated against an independent manual-processing pipeline. 
he screening for subclinical EEG abnormalities was performed by 
rained psychologists (NvdV and MA), according to methods de- 
cribed in Arns et al. (2017) . Eyes closed awake EEG data were ex-
mined for the presence of any focal or generalized slowing (EEG 

lowing). Diffuse slowing was recorded if the background frequency 
as consistently below the alpha range ( Niedermeyer, 2005 ). Fo- 
al slowing was recorded if rhythms slower than alpha (theta or 
elta, i.e. < 8 Hz) were consistently detected in a particular lo- 
ation ( Krauss et al., 2010 ). Epileptiform or paroxysmal activity 
ere defined as any EEG pattern (with or without a sharp con- 
our) that emerges and disappears paroxysmally from the ongoing 
ackground activity (Niedermeyer, 2005). Non-paroxysmal, focal or 
eneralized, slow wave activity were continuously recorded (note 
hat records were almost entirely fully awake records) with some 
axing and waning ( Sharbrough, 2005 ). Finally, the presence of any 
f the so-called controversial waveforms (e.g., wicket spikes) was 
lso recorded. These waveforms are paroxysmal but are of uncer- 
ain significance ( Boutros et al., 2014 ). When an EEG provided in- 
onclusive patterns or events, a board-certified neurologist/clinical 
europhysiologist was consulted (MvP). EEGs of patients with TAU 
ere not analyzed. 
Choosing biomarkers for the protocol was based on the robust- 

ess and suitability suggested by earlier findings. Other proposed 
iomarkers were not chosen because of various reasons. Ros- 
ral anterior cingulate cortex (rACC) theta related to symptom 

mprovement ( Pizzagalli et al., 2001 ; 2018 ) was not replicated 
 Arns et al., 2015 ). Furthermore, the EMBARC trial demonstrated 
hat rACC theta was not specific in response prediction, since 
t was associated with both sertraline as well as placebo re- 
ponse ( Pizzagalli et al., 2018 ). EEG vigilance measures from 

lbrich et al. (2016) were not implemented because the full details 
ere not available yet at the time of initiating this study. 
17 
To determine EEG-informed prescription to AD, we employed the 
lgorithm displayed in Fig. 1 . In summary, EEGs showing abnormal 
ctivity conform Arns and colleagues Arns et al. (2017) received 
ertraline. When EEGs were deemed normal, FAA was assessed 
hrough the formula ( F 4 − F 3 ) / ( F 4 + F 3 ) , utilizing corresponding 
lectrodes conform the 10-20 system. Females with right-sided FAA 
eceived either escitalopram or sertraline. Those with left-sided 
AA received venlafaxine. Males received escitalopram after both 
utcomes: Arns et al. (2016) showed the best response and remis- 
ion rates for this AD in males, regardless of FAA lateralization. 

.5. Statistics 

linical response was determined after eight weeks treatment with 
he improvement as assessed by the BDI-II as primary outcome mea- 
ure. The %BDI change from baseline to week-8 was chosen for anal-
ses due to its normal distribution (as opposed to the non-normally 
istributed absolute difference). Remission was defined as a BDI- 
I score ≤12 and response was defined as a ≥50% reduction after
ight weeks. Differences in age, sex, depression severity at base- 
ine, and whether psychotherapy supplemented medication, were 
ested using one-way ANOVA or non-parametric tests, depending on 
istributions or variable type (continuous or binomial). When group 
ifferences were significant, the respective variable was added to 
he main analysis as covariate or fixed factor, depending on its na-
ure. 
The main analysis consisted of a univariate ANOVA, for investi- 

ating group differences in %BDI-II change. Significant effects were 
omplemented with Cohen’s d effect size and Number Needed to 
reat (NNT, http://www.clincalc.com ), based on %BDI-II change. In 
ddition, odds ratios (ORs) were calculated for group differences 
n remission and response rates. Given this feasibility trial was 
xpected to have insufficient statistical power to distinguish the 
roups and we had clear a priori expectations of the direction of ef-
ects ( Ruxton and Neuhäuser, 2010 ), one tailed statistics were used
o prevent overlooking relevant findings that require further inves- 
igation in future trials. Statistical significance was therefore set at 
 < .10. Statistical power analyses to inform future trials were per- 
ormed to derive minimum sample sizes for adequate study power 
 http://www.clincalc.com ). 

. Results 

 total of 122 MDD patients who completed both base- 
ine and week-8 assessment and met inclusion criteria, 
ere included in our analyses, 70 with EEG-informed pre- 
cription and 52 controls with TAU. Dropout reasons and 
ttrition are reported in great detail in supplement S1. 
able 1 shows demographic and clinical information for in- 
luded patients. There were no differences between the 
wo treatment groups regarding age (Mann–Whitney U ), sex 
nd concurrent psychotherapy ( χ2 ). Patients with TAU had 
ignificantly higher BDI scores at baseline than those with 
EG-informed prescription (Mann–Whitney U, p = .048). 
able 2 contains all feature outcomes that were used for 
xecuting the protocol. 

.1. Feasibility 

or an extensive qualitative analysis of the study’s feasi- 
ility, we refer to supplement S1. In general, both clinicians 

http://www.clincalc.com
http://www.clincalc.com
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Table 1 Demographic features of the two patient groups. 

TAU EEG-informed Total 

n 52 70 122 
Females n (%) 25 (48%) 44 (62%) 69 (57%) 
Average age (years M(SD)) 37.2 (14.54) 40.3 (14.85) 38.9 (14.74) 
BDI-II baseline (M(SD)) 35.4 (9.61) 31.7 (10.56) 33.3 (10.28) 
Supplemented psychotherapy 42 (71%) 50 (71%) 82 (71%) 

TAU = treatment as usual, BDI-II = Beck’s Depression Inventory II. 

Table 2 Feature prevalence in the EEG-informed group. 

Suspected IEDs and/or 
EEG slowing ( n ) 

APF (Hz; M, SD) Slow APF 
< 8 Hz ( n ) 

FAA (M, SD) FAA left-sided 
/right-sided ( n ) 

Total ( n ) ∗∗∗

Total 12 ∗ 9.58 (1.29) ∗∗ 12 −0.0132 (0.057) 34/16 70 
Female 8 9.50 (1.36) ∗∗ 7 −0.0178 (0.057) 23/8 44 
Males 4 ∗ 9.72 (1.17) 5 −0.0057 (0.057) 11/8 26 

∗ 1 subject showing both. 
∗∗ Excluding 1 patient with a low voltage EEG: no alpha activity was visible. 
∗∗∗ Total n is less than the enumeration of the features in the respective rows: 4 subjects have both a slow APF and suspected IED/EEG 

slowing (2 females, 2 males). 
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nd patients were satisfied with the new protocol. The prac- 
ical implementation in the regular logistics of this Dutch 
ental health outpatient clinic proved to be feasible. Out 
f 195 initially included patients, we were able to analyze 
22 (70 EEG-informed, 52 TAU). Attrition was mostly due to 
atients not filling out questionnaires at week 8 (10%), and 
atients stopping taking the AD (6%), which was not specific 
o the EEG-informed group. Other specific attrition reasons 
or the EEG -informed group were choosing a different AD 

ue to earlier experience with the advised AD (4%), wanting 
o remain with their current AD, which was not the advised 
D (3%), and the clinician choosing a different AD (5%). 

.2. Treatment outcome 

he EEG-informed prescription group demonstrated signifi- 
antly better response (%BDI-II change) relative to the TAU 

roup (F(1,120) = 5.235, p = .024), with a small to medium 

ffect size of d = 0.42 and NNT of 8. A sensitivity analy- 
is with the addition of covariate baseline BDI-II score to 
he model, yielded the same significant effect (F(1,119) 
 4.612, p = .034) with the covariate itself being non- 
ignificant (F(1,119) = 0.321, p = .572). Treatment outcome 
an be found in Table 3 . Interestingly, in the EEG- informed 

roup the representation of the three ADs was quite com- 
arable on the group level ( n = 22–24 per AD) and clini- 
al benefit per individual drug was also quite comparable 
range: 35.1–38.5% BDI-II change, not significantly differ- 
nt between drug groups), similar to the iSPOT-D study. See 
able 3 . 

ntention to treat analysis 
ith large dropout rates in both groups, we performed an 

ntention to treat (ITT) analysis ( n = 195). All dropout pa- 
ients were assigned their baseline BDI-II value and thus 
ssigned scores of 0% change on BDI, response and remis- 
ion. Repeating the treatment outcome analyses yielded 
18 
imilar group difference for %BDI change (F(1,193) = 3.726, 
 = .022). 

.3. Future sample size calculation 

tatistical power calculation showed that with an alpha set 
n 5%, a power of 85%, and an enrollment ratio of 1:1.2 
TAU:EEG-informed, based on current subsample sizes) a to- 
al of at least 213 participants would be required to have 
ufficient statistical power (97 patients with TAU and 116 
atients with EEG-informed prescription). This was based 
n the primary outcome measure, percentage improvement 
n the BDI-II. 

. Discussion 

e sought to prospectively test three previously identified 
EG biomarkers using a feasibility trial. The implementa- 
ion of the EEG-informed medication prescription algorithm 

roved feasible. The algorithm was sufficiently practical 
nd satisfactory. The involved professionals were motivated 
o follow instructions and advice. It led to EEG-based pre- 
cription in 99 of 108 patients who received an EEG advice 
89%), of which treatment outcome was known in 70 pa- 
ients (65%). Major reasons for attrition were not specific to 
he EEG-informed algorithm, but related to patients not fill- 
ng out questionnaires at week 8 (10%) or patients stopping 
aking the AD (6%). Most prominent attrition rates specific 
o the EEG-informed procedure comprised 12 subjects (11%) 
ho either chose a different AD due to earlier experience 
ith the advised AD, wanted to remain with their current 
D which was not the advised AD, or for whom the clinician 
hose a different AD. 
EEG-informed prescription resulted in significantly im- 

roved effectiveness with a small to medium effect size 
 d = 0.42), with response rates increasing from 27% to 39%, 
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Table 3 Treatment outcomes for the two patient groups. 

TAU EEG-informed Total 

n 52 70 122 
BDI-II baseline to week 8 35.4–27.1 31.7–20.2 33.3–23.1 
% BDI-II change (below per medication and per sex (in italic)) 23.9% ∗ 36.8% ∗ 31.3% 
Escitalopram 34.3% ( n = 20 ) 35.1% ( n = 24 ) 
Sertraline 23.5% ( n = 8 ) 38.5% ( n = 24 ) 
Venlafaxine 18.1% ( n = 8 ) 36.7% ( n = 22 ) 
Duloxetine 10.2% ( n = 6 ) −
Bupropion 1.0% ( n = 2 ) −
Fluoxetine 25.5% ( n = 2 ) −
Nortriptyline addition 10.0% ( n = 2 ) −
Vortioxetine 36.0% ( n = 2 ) −
Mirtazapine addition 26.0% ( n = 1 ) −
Paroxetine -7.0% ( n = 1 ) −
Female/Male 28.7%/19.4% 38.3%/34.3% 

Normal EEG – 37.9%/36.1% 

Abnormal EEG – 39.2%/29.3% 

Remission 17% 29% 24% 
Female/Male 16%/19% 32%/23% 

Response 27% 39% 34% 
Female/Male 28%/26% 39%/38% 

TAU = treatment as usual, BDI-II = Beck’s Depression Inventory II. 
∗ p < .05 
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emission rates increasing from 17% to 29%, and an NNT of 
. 
The TAU group presented with significantly higher base- 

ine BDI scores. However, this is unlikely to affect the above 
onclusion, since baseline BDI did not interact with the per- 
entage BDI change. This is in line with a large meta-analysis 
y Guo and colleagues showing a uniform effect of ADs, de- 
pite baseline severity differences (2020). Furthermore, if 
igher baseline severity would have any effect, more room 

or improvement would be expected with a regression to the 
ean in the TAU group ( Mora et al., 2011 ). This would be ex-
ected to be seen in Food and Drug Administration phase II 
nd III trials already ( Khan et al., 2002 ). Since we found an
pposite effect, the lack of covariate influence implies even 
ess likely that the group difference at baseline affected our 
ain outcome. 
To acquire sufficient statistical power for determining 
eaningful group differences in future controlled trials, we 
ave established that it is feasible to recruit patients in new 

rials. Power calculation indicated that future trials using 
linical improvement on the BDI-II over an 8-week period 
f treatment as their primary endpoint, would require 218 
atients. These numbers refer to patients with analyzable 
ata, given the attrition rate of 35%. Attrition rates in fu- 
ure trials will presumably be lower, given the naturalistic 
haracter of our study, and the average of 30% in a large 
eview of AD trials ( Woolley et al., 2009 ). Assuming an at- 
rition rate of 30% suggests a future trial sample of 311 pa- 
ients. 
This first evidence from a prospective replication study, 

rovides the first steps to a future where EEG biomarkers 
an be used to inform clinical decision making, in this case 

reatment selection. s

s

19 
Recently, this particular application of EEG biomarkers 
as questioned, for publication bias, lack of proper repli- 
ation studies, and out of sample validation ( Widge et al., 
019 ). The present results provide the first prospective 
est of a priori defined EEG biomarkers, and thus provide 
trong evidence for the clinical use of these biomarkers, 
hich should be confirmed in future controlled randomized 
ontrolled studies. In addition to the presence of EEG 

bnormality favoring response to sertraline ( Arns et al., 
017 ), we previously have demonstrated that the degree 
f EEG normalization after eight weeks of treatment with 
ertraline, mediated clinical response ( van der Vinne et al., 
019a ). These results suggest that sertraline impacts mech- 
nistically on this EEG abnormality, i.e., by possibly having 
ild anticonvulsant properties. From a neurochemical per- 
pective, it has been reported that sertraline, relative to 
ther SSRIs, has the most pronounced dopamine transporter 
DAT) inhibitory activity ( Sanchez et al., 2014 ). Kanekar 
nd colleagues also suggested a differential working mech- 
nism in sertraline compared to other ADs, considering the 
ncreased inhibition of DAT by sertraline ( Kanekar et al., 
018 ). Another explanation can be found in the possi- 
le seizure prevention of sertraline through decrease in 
erebral presynaptic Na + and Ca 2 + channel permeability 
 Aldana and Sitges, 2012 ; Sitges et al., 2016 ; Sitges et al.,
016 ). Since these properties were not investigated in 
scitalopram or venlafaxine, a proper comparison cannot 
e made. Future studies should investigate the exact 
eurobiological underpinnings further. 
For the neurobiological underpinnings of FAA, the ques- 

ion is which role it has in the functional networks involved 
n depression, especially as a reflection of deeper nodes 
uch as the subgenual anterior cingulate and other limbic 
tructures. Given that FAA was associated to blood-oxygen- 



N. van der Vinne, M.A. Vollebregt, A.J. Rush et al. 

l
e
fl
a
m
e
c
i
d
i
p
F

d
a
t
w
o
u
s
a
(
a
b
e
l
o
c
a
b
t
E
t
V
c
t
c
(
c
i

4

T
E
i
p
p
e
a
o
H
o
c
d

R

T

C

W
p
p

p
p
l
t

f
t
m
c
A
i
a
m
i
t
t
p

C

A
s
J
O
s
a
D
d
U
o
M
a
a
A
M

d
G
(
l
d
t
s
g
m
n

t

A

W
w

evel-dependent (BOLD) activity in the left amygdala and 
motion regulation ( Zotev et al., 2016 ), FAA might re- 
ect fronto-amygdala network activity. Previously reported 
mygdala AD response patterns ( Carceller et al., 2018 , in 
ice; Sheline et al., 2001 in humans) as well as sex differ- 
nces within the amygdala ( Douillard-Guilloux et al., 2017 ), 
ould help explain the sex-specific ability of FAA in predict- 
ng treatment outcome. The evidence however, remains in- 
irect. The lack of multimodal studies that provide insight 
nto causal relationships currently limits our ability to ex- 
lain the relevant underlying neural circuitry behind the 
AA-SSRI-response association. 
An important limitation of this study, is the lack of ran- 

om assignment to the groups, and possible non-specific 
nd/or expectancy effects. Allocated patients were aware 
hat the prescribed medication was based on their EEG, 
hich could have favored the EEG-informed arm. On the 
ther hand, the results derived from this naturalistic set- 
p are more likely to generalize to clinical practice. Future 
tudies should employ a randomized design where patients 
re unaware of how their assignment to treatment was done 
e.g. TAU vs. EEG-informed). And longer follow-up periods 
re needed since non-specific (placebo) effects are usually 
rief. Furthermore, although we found no covariate influ- 
nce of the significantly higher depression severity at base- 
ine in the TAU arm, baseline differences could still bias 
ur results. Such a bias can be reasoned by the notion that 
linical observations sometimes suggest that patients with 
 more severe depression are harder to treat, which should 
e taken into consideration. Another limitation is the fact 
hat patients were allowed to be on medication when their 
EG was measured. While it has been shown that medica- 
ion status does not influence the FAA biomarker ( van der 
inne et al., 2019b ), this has not been investigated for EEGs 
ontaining abnormalities or a low APF. Results are never- 
heless promising, given our preliminary effect size of 0.4, 
ompared to placebo controlled effect sizes of ADs of 0.3 
 Cipriani et al., 2018 ). Further investigation in prospective 
linical trials of this EEG-informed medication prescription 
s warranted. 

. Conclusions 

o the best of our knowledge, this was the first prospective 
EG biomarker-based allocation feasibility study in MDD us- 
ng a priori defined EEG biomarkers. Our proposed protocol 
roved to be feasible, with more symptom improvement in 
atients allocated to ADs based on specific EEG biomark- 
rs (FAA, APF, and paroxysmal activity). This improvement 
pproached a medium effect size, despite the comparison 
f different patient groups taking the same AD treatments. 
ence, it is very promising to follow up with clinical trials, 
n the road to personalized treatment, that might be pre- 
eded by EEG-informed treatment allocation as an interme- 
iate step. 
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