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ABSTRACT

Affective disorders are common, complex disorders represent-
ing one of the major challenges to global health in the 21st
century. To mitigate the burden of disease, substantial public
health efforts need to be undertaken since research on the
causes and adequate treatment requires multidisciplinary ap-
proaches. These should integrate translational, and clinical
research, aided by technological advancements in collecting
and analysing comprehensive data. Here we present the ration-
ale, concept, mission and vision of the recently founded Na-
tional Centre of Affective Disorders (NCAD) in Germany. NCAD
founding partners build on their previous successful coopera-
tion within the German Research Network for Mental Disorders
funded by the Federal Ministry of Education and Research
(BMBF). They form an internationally pre-eminent network of
integrative excellence, leading in science and contributing sig-
nificantly to the improved care of affective disorder patients.
The partners will provide complementary structures and in-
novative methods across the entire translational continuum
from bench to clinical and real-world settings. The vision of the
NCAD is to foster cross-disciplinary research from basic neuro-
science to public mental health by close translational collabo-
ration between academia, non-university research institutions,
and international partners, including industry, to deliver cut-
ting-edge research, innovative clinical services and evidence-
based training to young clinicians and scientists. The mission
is to accomplish research in a highly translational manner, es-
pecially with respect to clinical studies in a trans-sectoral way.
This approach aims to ensure continuous improvement in the
treatment and care provided to patients and an interdiscipli-
nary environment for high-level research and education in af-
fective disorders.
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Introduction

Affective disorders (AD) are common complex disorders that cause
anincreasing burden onindividuals and their families. They repre-
sent one of the greatest challenges to global health in the 21st cen-
tury and impose substantial economic costs to societies due to di-
rect health care costs and productivity losses [1-5]. Common mis-
diagnoses, lack of, or insufficient access to treatment are leading
causes for inappropriate or delayed intervention with devastating
consequences such as worse functional outcome, elevated risk of
suicide, and inferior response to biological and psychological inter-
ventions [6, 7]. To mitigate the burden of these disorders, substan-
tial public health efforts need to be undertaken because research
on the causes and adequate treatment requires multidisciplinary
approaches, integrating basic brain and life sciences into clinical
research, aided by technological advancements in collecting and
analysing comprehensive data.

Burden of disease

The group of affective disorders mainly comprise the severe men-
talillnesses (SMI) major depressive disorder (MDD) and bipolar dis-
order (BD) as core diagnoses, that extend to other disorders, such
as schizoaffective disorder and milder, sub-threshold disorders such
as dysthymia. Moreover, anxiety disorders (ANX) should be ad-
dressed within the affective disorder spectrum for shared patho-
physiology, risk constellations, and comorbidity.

Together, they are amongst the most common diseases world-
wide, major depressive disorder being the leading cause of disabil-
ity and affecting ca. 5 million patients every year in Germany alone.
Accordingly, MDD is the most important single disorder with re-
spect to inpatient healthcare cost and the second most important
disorder with respect to sick leave days (depression accounting for
114 sick leave days per 100 person-years in Germany; https://www.
dak.de/dak/download/gesundheitsreport-2017-2108948.pdf).
While MDD has a lifetime prevalence of approx. 25 % in females,
and 12 % in males [4], BD has a sex-balanced population lifetime
prevalence of around 1-2 % [8]. Suicide, the most detrimental out-
come of affective disorders, is the second most frequent cause of
death in the age group of 15 to 45 years; in Germany, annually ap-
proximately 10,000 people die because of suicide. Despite huge
efforts, this number remained stable during the last 15 years in
contrast to a steady decline during the previous decades (> Fig. 1)
highlighting the need for novel and more efforts to lower this toll
of affective disorders. Also, life expectancy is significantly de-
creased in MDD and BD by about 10 years, even if premature death
due to suicide is accounted for [9, 10]. Moreover, parental affective
disorders and anxiety disorders in the perinatal period are com-
mon, with 10-15 % of mothers and about 5 % of fathers being af-
fected, resulting in negative effects not only in the parents but also
in the development of the exposed children [11-13]. This calls for
preventive measures in this vulnerable group. These numbers il-
lustrate the huge importance of affective disorders regarding so-
cio-economic costs, years of life lost due to disability, mortality,
and, more importantly, individual suffering of patients and their
relatives.
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> Fig. 1 Absolute number of annual suicide cases in Germany
(Source: destatis.de [2]).

Unmet needs in affective disorders: the rationale for
coordinated efforts

Neuroscience has made tremendous progress in the last 50 years
to uncover the functioning of neurons and their circuits on the
micro- and meso-scale. But this progress has yet to be translated
into advances within the field of mental disorders, which holds true
for diagnostic as well as all therapeutic pillars. Diagnoses of men-
tal disorders still rely on operationalized, “atheoretical” diagnostic
systems such as Diagnostic and Statistical Manual of mental disor-
ders (DSM) and International Classification of Disease (ICD): what-
ever iteration is looked at, diagnoses (that did not substantially
change in the field of affective disorders during the last 40 years)
are made upon checking and adding individual symptoms, which
are explicitly not mapped onto biological mechanisms. Affective
disorders especially are considered as a highly heterogeneous
group of disorders, encompassing a variety of (neuro)-biological
mechanisms, complex genetics, and a plethora of environmental
influences [14-16]. Given this complexity, any attempt to uncover
disease mechanisms by simply using DSM or ICD criteria is there-
fore doomed to fail. This especially speaks to the face validity of
animal models; given that e. g., MDD is a heterogeneous group of
disorders, there is no simple animal model of MDD. Importantly,
almost all of the animal models studied feature trait-like abnormal-
ities while affective disorders are prototypically episodic, i. e., they
are state-like disorders. As a consequence of the flawed symptom-
based approach to uncover disease mechanisms (by studying DSM-
defined phenotypes), the pathophysiology of the most common
disorder - or rather, group of disorders — worldwide remains elu-
sive. We are left with numerous proposed pathomechanisms that
have not been convincingly unified or assigned to a given patient
at the individual level. Therefore, we are stuck with decade-old
treatments. With respect to psychopharmacological therapy, an-
tidepressants that primarily target the monoaminergic transmit-
ter system were developed 70 years ago and thereafter, only have
beenrefined [17]. Likewise, lithium, the first-line prophylaxis ther-
apy for BD in most guidelines, has been in use for many decades
now, with no other mood stabilizer as effective [18]. Recently,
esketamine was introduced in the treatment of MDD [19], and
some psychedelic compounds are in late clinical development, such
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as psilocybin [20]; yet again, these compounds were synthesized a
century ago and extensively been tested in the 1960s. The most
effective therapy in (especially treatment-resistant) MDD, namely
electro-convulsive therapy (ECT), has been developed in the 1930s
and is still commonly used; other neuro-stimulatory treatments
such as repetitive transcranial magnetic stimulation (rTMS) and
transcranial direct current stimulation (tDCS) have failed to dem-
onstrate equal efficacy [21-23]. Finally, cognitive-behavioural ther-
apy (CBT), the best evaluated and most frequently used psycho-
therapy method used in AD, dates back to the 1960s as well. The
so-called “third wave of psychotherapy” incorporates approaches
such as mindfulness and radical acceptance, which follow philo-
sophical concepts that can be traced back thousands of years but
as well do not target specific neural mechanisms [24, 25]. There is
a striking discrepancy between the prevalence and clinical rele-
vance of affective disorders and the apparent lack of novel and bet-
ter treatments, especially regarding treatment-resistant patients
or with respect to the safety profile.

The case for precision medicine: identifying
mechanisms is essential for targeted treatment

In recent years, the approach of “precision medicine” has gained
increasing attention, mainly driven by progress in oncology and
immune-mediated disorders. Precision medicine is "a medical
model that proposes the customization of healthcare, with medi-
cal decisions, treatments, practices, or products being tailored to
the individual patient, instead of a one-drug-fits-all model. In pre-
cision medicine, diagnostic testing is often employed for selecting
appropriate and optimal therapies based on the context of a pa-
tient’s genetic content or other molecular or cellular analysis”
[26,27]. This directly points to the necessity of Predictive Markers
(PM) that can govern the choice for the right treatment and pre-
dictors for the course of illness as well as therapy response. Such
PM could comprise genetics, peripheral fluid biomarkers, brain im-
aging from several modalities, and objective behavioural assess-
ment by using digital tools such as smartphone-sensor combina-
tions (ecological momentary assessment, EMA: “digital phenotyp-
ing”) to name but a few. However, such PMs crucially depend on
the knowledge of underlying disease mechanisms, which are
flagged by the respective marker (set), and respond to targeted
treatments. As laid out above, such disease mechanisms cannot be
identified if DSM- or ICD-diagnoses are exclusively used as defining
criteria, as many pathomechanisms converge to an affective disor-
ders syndrome. Rather, more fundamental biologically defined
phenotypes should be taken as a starting point. The Research Do-
main Criteria initiative, proposed a few years ago [28], was the first
step in this direction but has not yet been stringently applied to
generate novel treatments. An alternative scenario is to begin with
one of the proposed pathomechanisms of affective disorders, de-
velop PM based thereon (which will likely cut across current diag-
nostic boundaries) and design fitting treatment studies. For in-
stance, assuming that low-grade inflammatory processes underly
some forms of affective disorders, anti-inflammatory compounds
have repeatedly been tested for their efficacy in MDD and BD, with
mixed outcomes [29, 30]: this is not surprising given that mainly
DSM criteria were applied for study intake, but not an inflammato-
ry biomarker profile as it should have been done following the logic

of precision medicine. To conduct such studies, large patient num-
bers are needed both to filter out those displayed by a pathologi-
cal biomarker profile, as well as institutions that are able to apply a
wide variety of biomarker tests in a clinical research setting.

Understanding and addressing the trajectories of
early-onset disorders

AD result from complex vulnerability and risk factor constellations
including familial, genetic and environmental (e. g., perinatal, early
adversity, and life events) as well as individual neurobiological fac-
tors [31,32]. They often evolve from unspecific symptoms as well
as preceding syndromes and conditions (such as anxiety, attention-
deficit hyperactivity disorder (ADHD), affective dysreqgulation, and
substance use) or evolve from an asymptomatic at-risk stage to the
emergence of prodromal (affective) symptoms in adolescence or
early adulthood, leading to the first episode of MDD or mania, and
eventually to an unpredictable, relapsing course with poor psycho-
social functioning throughout the lifespan [33, 34]. The descriptive
developmental trajectories of emerging psychopathology and an-
tecedent disorders have been identified from prospective-longitu-
dinal population-representative or offspring studies. However, the
exact underlying mechanisms of symptom progression remain far
from conclusive. Furthermore, there are currently no models link-
ing symptom development and outcome with neurobiological un-
derpinnings throughout adolescence and early adulthood. This may
at least partly be because, during the past decades, clinical and
basic research increasingly began to disperse with researchers
working mainly in either field, which reduced communication be-
tween basic and clinical scientists. The development of sophisti-
cated techniques, and the increasing number of complex technol-
ogies and data analyses, resulted in the specialisation of research-
ers and fragmentation into different research disciplines. Since
findings from single disciplines are difficult to integrate into multi-
disciplinary, translational frameworks, there is an urgent need for
educating a new generation of specifically trained clinician-scien-
tists that are able to overcome this fragmentation and turn research
into balanced translational efforts. Also, the establishment of a
translational research net- and frameworks of sufficient size and
capabilities is necessary to address these knowledge gaps.

Many cases of affective disorders are precursors earlier in life.
These include e. g., ANX or ADHD [35, 36]. The latter is the most
common neurodevelopmental disorder, with a worldwide preva-
lence between 5 and 8 % in children and 3 % in adults, and charac-
terized by a high rate of comorbid somatic and mental disorders
[37]. ANXinvolves separation anxiety, selective mutism, and social
anxiety disorder starting in childhood and adolescence, and panic
disorder/agoraphobia and generalized anxiety disorder beginning
in early adulthood. At an annual prevalence of 14 %, they are the
most common group of mental disorders [38]. The comorbidity
rate of ANX and ADHD with affective disorders is about 50 % up to
70% [39,40]. These early-onset disorders are, therefore, entry
points into a negative mental health trajectory, and prevention,
early detection, and treatment of ADHD and ANX may impede the
later development of affective disorders and their detrimental con-
sequences. Importantly, this opens opportunities for early prima-
ry, secondary, and tertiary prevention if the sequence of ADHD/
ANX to affective disorders is considered as a developmental process
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rather than mere comorbidity of distinct phenotypes. Such a devel-
opmental staging model conceptualizes a patient journey begin-
ning with being “at-risk” (either genetically, or environmentally, or
both), then developing unspecific and common sub-threshold
symptoms in early childhood to further continue in neuro-psycho-
developmental disorders. Later, affective disorders add to the dis-
ease burden which can progress into severe, chronic, and treat-
ment-resistant forms of the disease, suicide being the most fatal
outcome [41]. Implementing early detection (using PM) and pre-
cisely timed preventive measures against disease progression and
harnessing resilience against various forms of environmental in-
sults will, therefore, have a huge and lasting impact on mental
health at the population level [42]. Targeted, escalated treatments
in later stages will prevent more severe, chronic, or even lethal tra-
jectories, as illustrated in » Fig. 2, which charts neuronal and brain
development against the disease trajectory of a fictitious patient
from being at-risk to suffering from chronic affective disorders [43].
Examples of such secondary and tertiary prevention are interven-
tions to prevent depression recurrence and, therefore, suicide [44].
Especially in primary, but also secondary prevention, resource-
friendly digital health interventions can address the huge unmet
need in these prevalent disorders, while Predictive Markers can di-
rect more complex therapies (novel and selective drugs, non-inva-
sive brain stimulation) to more severely ill patients. Moreover, there
is enormous progress integrating novel therapeutic approaches
such as virtual reality and App-based interventions onto modern
psychotherapy concepts [45-48].

The question as to how environmental risk factors interact with
biological subtypes of these early-onset disorders to result in dis-
ease progression calls for longitudinal studies incorporating multi-

modal data. Given the huge impact on individual suffering, socio-
economic cost, and the incapacitating effect of AD, prevention of
disease progression however has an enormous effect on general
mental health and enables a large number of affected patients to
unleash their full potential, therefore justifying the effort to con-
duct longitudinal studies.

The National Centre for Affective Disorders (NCAD):
mission and vision

To reach the respective goals, large and longitudinally studied co-
horts and intervention trials are needed to chart affective disorders
over the lifespan, appreciating their heterogeneity and applying a
precision medicine model, which is needed to develop more tar-
geted and more effective treatments. Such a demanding task calls
for collaboration, as no single site will be able to recruit sufficiently
sized samples on its own. In addition, mechanistic heterogeneity
calls forin-depth knowledge, expertise and methodological capa-
bilities that require experts from many fields. The previous success-
ful cooperation within the consortia BipoLife [49-51], OptiMD and
ProtectAD [52], funded by the German Ministry of Research and
Education (BMBF), and the DFG funded networks FOR2107 [53], is
an excellent starting point to build the National Centre for Affec-
tive Disorders (NCAD) in Germany. The vision of NCAD is to re-
duce the burden imposed by ADs via targeted prevention and
treatments. To do so, its primary aim is to foster research in affec-
tive disorders with special emphasis on MDD, BD, treatment-resist-
ant depression, suicidality and ANX. The full severity and chronic-
ity spectrum from milder forms of the disease, mainly seen in pri-
mary care, to severe and chronic courses, is covered by these
approaches. NCAD is complemented by graduate schools and re-
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> Fig. 2 Hypothetical trajectory of MDD over the lifespan.
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» Fig. 3 NCAD’s structure and fields of work.

search units funded by the German Research Foundation (DFG) as
well as international research networks, established within the Ho-
rizon 2020 framework of the European Commission.

The mission of the NCAD is to accomplish research in a highly
translational manner, with structures that enable rapid conduct of
translational clinical studies using academic as well as industry
frameworks in a reliable way. To do so, the NCAD aims to extend
existing and implement joint phenotyping protocols (including
EMA approaches), biobanks with common standard operating pro-
cedures and a common recruitment pipeline. Coming along with
that, the NCAD will set up a contractual template to speed up reg-
ulatory processes and legal negotiations, which are currently often
time-consuming. In doing so, the NCAD shall be the major hub to
conduct academic investigator-initiated trials (IIT), and the main
partner to be approached by industry to conduct phase II, -1l and
-IV clinical studies in affective disorders. Importantly, studies are
not limited to drug trials but also include well-controlled studies
on neurostimulation and psychotherapy, where the lack of high-
level evidence from well-controlled trials is most evident. The NCAD
comprises leading German institutions in the field of affective dis-
orders. Itis an excellent platform for translational approaches and
effective recruitment for clinical studies through this unique coop-
eration.

Basic research at NCAD aims to identify the mechanisms driv-
ing the aetiology and development of affective disorders from
school age to adulthood and their progression into chronic, severe
stages of the disease. As mentioned above, currently applied diag-
nostic systems fall short in defining biological disease entities.
NCAD will go beyond traditional classifications, thereby benefiting
from extensive local experience in fundamental cognitive, affec-
tive, and social neuroscience research. In that way, NCAD strives to
define mental disorders as a group of diseases that follow distinct
trajectories in probabilistic ways. The integration of highly complex
data (genetics and other omics approaches, neuroimaging, neu-

- Sham-controlled psychotherapy RCT
- Neurostimulation

- Prevention

- Diet, exercise, lifestyle etc.

ropsychology, deep behavioural phenotyping) using state-of-the-
art computational methods is essential to overcome un-mechanis-
tic disease definitions imposed by current classifications.
However, the NCAD goes beyond being a clinical-translational
research collaboration by also reaching out to the general public,
patient organisations and learned societies. To do so, it closely col-
laborates e. g., with the German Depression Foundation (Stiftung
Deutsche Depressionshilfe) or the German Society for Bipolar Disor-
ders (Deutsche Gesellschdft fiir Bipolare Stérungen, DGBS). The goal
is to be the central contact point in Germany when it comes to
translational studies in affective disorders in Germany (> Fig. 3).
Also, NCAD will interact with international learned societies to dis-
seminate findings and to integrate its research on the internation-
allevel. Furthermore, the education of a new breed of clinical-trans-
lational clinician-scientists is also one of the core missions of NCAD.
Currently, the NCAD comprises eight academic centres with
prominent expertise in affective disorders and their precursor dis-
orders ADHD and ANX, namely the University Hospitals Bochum,
Dresden, Erlangen, Frankfurt, Marburg, Miinster, Regensburg, and
Wiirzburg. The NCAD provides all clinical and research infrastruc-
tures (> Table 1) which are necessary to conduct basic research, as
well as to recruit large numbers of patients suffering from affective
disorders into PM and other clinical studies and trials both in an ac-
ademic as well as the commercial framework. The NCAD is there-
fore Germany’s main collaboration partner to conduct research on
affective disorders and constitutes a multi-centre research frame-
work which is urgently needed given the challenges outlined above.
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