Identifying Biomarkers of TMS Response in Major Depressive Disorder
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1 Introduction

Major Depressive Disorder (MDD) is a highly prevalent
disease, with almost one in five people experiencing at
least one episode over their lifetime (Malhi and Mann
(2018))). An acute episode is characterized by symptoms
of depressed mood and/or anhedonia (loss of interest
and pleasure), accompanied by different manifestations
of emotional, neurovegetative and neurocognitive
symptoms. These clinical subtypes do not translate
into clear treatment paths, often resulting in patients
going through multiple different therapies without
remission. It is therefore of interest to find objective,
measurable biological parameters (“biomarkers”) of the
heterogeneous underlying pathology to inform treatment
choice.

In recent years, transcranial magnetic stimulation (TMS)
has emerged as a promising MDD therapy, however,
response rates vary substantially across patients. The
aim of this project is to first review the current evi-
dence for biomarkers for treatment response in MDD,
with a particular focus on TMS, and then propose an in-
tegrated functional magnetic resonance imaging (fMRI)
task paradigm combination capable of probing the rele-
vant brain circuitry to identify biomarkers.

2 Methods

This study is structured in two phases. In the first
phase a literature review was performed, focusing on
neural networks/circuits, treatment types for MDD,
resting-state and task fMRI and potential regions of
interest (ROIs) for treatment response prediction. Sub-
sequently, emphasis was shifted to fMRI-based MDD
biomarkers, especially for TMS, using review papers
and meta-analysis as well as individual empirical studies
identified via web of science and PubMed.

In the second phase, three task paradigms were selected
based on the literature review. Together, these paradigms
should probe relevant ROIs and brain functions impli-
cated in MDD. Finally, the paradigms will be imple-
mented and tested for feasibility in 2 healthy volunteers
on a 3 T MRI scanner at Medical University of Vienna.

3 Preliminary Results

So far, the most studied treatment type in terms of
biomarkers are antidepressants, but there is increasing

interest in predictors for psychotherapy and neuro-
modulation. Neuroimaging biomarkers can be defined
either in the form of (de)activations of specific re-
gions or in terms of functional connectivity (FC).
Resting-state fMRI typically looks at FC during rest,
and is of interest in a clinical context, because the
subject does not need to comply with strenuous tasks.
However, predictive performance of FC-based metrics
has been limited, suggesting that it may be necessary
to include task fMRI, which allows us to analyze brain
activity under specific cognitive or emotional conditions.

On a network level, the cognitive control network
(CCN) and the default mode network (DMN) are most
strongly implicated for differentiating between biolog-
ical phenotypes of MDD and possibly also to predict
treatment response (Pilmeyer et al.| (2022)). Specific
ROIs are the anterior cingulate cortex (ACC) and the
dorsolateral prefrontal cortex (dIPFC). Hypofunction
in the left dIPFC and altered connectivity to the rostral
ACC has been associated with increased response
to TMS, whereas intact connectivity seems to be an
indicator for pharmacological treatment, indicating that
different neural subtypes may favor specific treatments.

Based on these findings, we propose to combine the
task paradigms N-back, Go/No-go and a combination of
Emotional Faces with Self-referential processing. These
paradigms target diverse symptoms of MDD and have
been linked to treatment prediction in prior studies.

4 Discussion

Current evidence suggests a combined resting-state
and task fMRI approach to identify treatment-specific
biomarkers. The proposed task combination is designed
to probe complementary cognitive and affective net-
works implicated in MDD and TMS response. This may
improve identification of treatment-specific biomarkers
and thus could be included in future TMS studies.
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