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EDITORIALS

The need for a new generation of digital mental health tools to
support more accessible, effective and equitable care

The potential of digital mental health to increase access to and
quality of care has gained traction with the rise of smartphones
and accelerated with the spread of telehealth during the COV-
ID-19 pandemic. With at least 80% of the global population now
owning a device able to capture digital phenotyping signals, ana-
lyze data, and run mental health apps, excitement about the immi-
nent arrival of personalized, preventive and precision psychiatry is
understandable.

Yet, by nearly all outcome metrics, digital mental health is not
transforming care'. Whether measured in global trends of deaths
from suicide or rising rates of depression, especially among young-
er people who are often the first to use digital tools, it is clear that
the proclaimed paradigm shift is paused®. The very people who
require mental health care the most, underserved populations,
have not experienced arise in access or boon in outcomes, and the
burden of mental illness in low- and middle-income countries re-
mains as high as ever.

Billions of dollars of resources have been poured into health
apps, algorithms and devices with the assumption that later, with
a simple step, all people would “cross over” or “trickle across” the
digital divide and catch up. However, a variety of digital disparities
are now emerging, which are troubling but perhaps also address-
able. A focus on supporting digital literacy, improving privacy/
evidence for these tools, and creating clinical connections each
provides tangible steps for more equitable and impactful digital
mental health.

As smartphone penetration has accelerated in all countries
around the world, blaming the digital divide on a lack of access
to devices has become untenable. This narrative now covers lack
of Internet access, especially in rural areas. While this is indeed a
barrier still requiring work today?, it is one that can and will prob-
ably be quickly addressed. But, behind access to the Internet, lies
a more challenging first inequity - that concerning digital self-
determination.

Just as self-determination theory highlights the need for au-
tonomy, competence and connection for psychological thriving,
the same is necessary for any digital mental health tools, be they
anything from smartphone apps to virtual reality headsets. While
the data remain aloof as the topic has not yet been well explored,
digital self-determination and the related sub-component of
digital literacy remain underdeveloped in populations with the
greatest mental health needs”.

People may have a smartphone today, but there has not been
a concomitant investment in people themselves to ensure that
they can equitably engage and benefit from digital mental health
tools. Evidence that older adults may find digital health tools
more challenging, or that people from underserved backgrounds
may engage less certainly, reflects issues with flawed designs of
technology and a lack of community engagement, but may also
reflect deeper inequities around educational opportunities that
today’s digital mental health approaches have not yet addressed’.
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Digital self-determination also means that people may say “no”
to using technology for their mental health, and we should honor
their choices and voices. A leading reason why people often say
“no” is that today digital mental health tools have privacy practices
compounded by limited evidence of efficacy. One of the clearest
examples of inequity is the lack of privacy offered by most mental
health apps. A report by the Mozilla Foundation in March 2022
highlighted ongoing privacy risks among well-known mental
health apps. Around the same time in 2022, the suicide hotline
service Crisis Textline agreed to stop sharing users’ text messages
with an outside company after public outcry.

The finding that less than 15% of people in the US and UK are
willing to share anonymized personal health information with a
company for the purposes of improving health care provides a
tangible target for improvement®. The lack of trust engendered in
health care technology must be reversed, and this can occur with
better practices by app developers, demands for privacy by pa-
tients and clinicians, and regulation from governments. Without
trust, there is no health or mental health, and it is understandable
that people do not want their most private and vulnerable infor-
mation shared in today’s digital mental health ecosystem.

Furthermore, despite bold claims of efficacy on their websites,
most studies in the mental health field do not recruit or sample
from the patients with the highest unmet health care needs’.
This clear lack of representativeness may explain why many digi-
tal technologies fail to offer impressive results in the real world
when deployed outside clinical trial conditions. Digital mental
health tools need not be perceived as second-class treatments to
be utilized when a clinician is not available, but should strive for
excellence that exceeds current standards of care. A more subtle
but equally insidious bias rests in magnifying current inequalities
when machine learning or artificial intelligence algorithms are
trained on non-representative populations. As we think of the next
generation of studies that can help reverse inequities, it is critical
not to justify lower-quality research with the assumption that a
digital intervention is better than nothing. If people have a phone,
there are many free and effective interventions that can serve as
an active control condition (or a digital placebo) to enable actual
assessment of efficacy.

Coming to the third above-mentioned inequity, connections
matter. As isolation and loneliness are recognized as public health
threats, digital health tools will be most impactful when they help
people form strong social connections instead of motivating them
to continue focusing inward. The full potential of remote moni-
toring innovations, such as digital phenotyping and wearable
sensors, as well as digital behavioral interventions, can only be
realized when these are well integrated into care and treatment
plans. That means that apps, devices and programs must transfer
data to and from electronic medical records and that health work-
ers and their workflow must be part of the design process.

Yet, less than 25% of apps today even allow such interoperabil-



ityB, and, when supported at one major academic hospital, only
1% of people chose to link their app to their electronic health
record’. Related, clinicians need training and support to incorpo-
rate such new digital health tools. A new workforce will be neces-
sary, with a focus on peer support workers who may mirror the
populations that are most impacted by a lack of access to and/
or comfortability using technology, and who are ready to provide
digital skill training and support.

Achieving optimal health, including mental health, means that
we must address social/political determinants of health. Tech-
nology literacy now is considered a social determinant of health.
It also impacts important aspects of people’s lives, such as access
to competitive employment, education, and even supportive ser-
vices such as housing or access to other people, as clearly emerg-
ing during the COVID-19 pandemic. All of these aspects directly
impact mental health and are as critically important as any clini-
cal-focused use. Acknowledgment and integration of these social
determinants can make digital tools more relevant and useful to a
broader swath of the population with the highest need.

Thus, supporting digital self-determination should be the first
priority, as it will create demand for new privacy protections, in-
form how the next generation of evidence will generate the highest

quality of representative research, and ensure that new health care
services are created to serve people with the highest needs. Devel-
oping a new generation of digital mental health tools/services to
support more accessible, effective and equitable care is the true
innovation ready to be stoked today by each person who becomes
empowered to connect, set up, engage, start/stop, and demand
more from mental health technology.
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The drug treatment deadlock in psychiatry and the route forward

The US Food and Drug Administration (FDA) approved 12
new drugs in psychiatry during the decade 2011-2021 (www.fda.
gov/drugs/drug-approvals-and-databases). In comparison, it
approved 50 new drugs in neurology and 135 in oncology over
the same period. The FDA designated two new drugs as first-
in-class in psychiatry (lofexidine and brexanolone) in the most
recent reviewed period (2015-2021), compared to 13 in neurol-
ogy and 31 in oncology (www.fda.gov/drugs/development-
approval-process-drugs). These data highlight a dearth of new
drug treatments and novel mechanistic approaches across psy-
chiatry, both in absolute and comparative terms. They indicate
that psychiatry faces a deadlock in drug development.

One reason for this deadlock is represented by the challenges
of conducting clinical trials in psychiatry, due to factors such as
high placebo response rates in some disorders, as reviewed by
Correll et al' in this issue of the journal. These challenges mean
that trials have to be large and, consequently, expensive. Large
trials generally require many sites, but having more sites has
been associated with higher placebo response', meaning that
this solution may make the problem worse. Another factor is that
a number of drug companies - including Pfizer, Eli Lilly, Glaxo-
SmithKline and Astra-Zeneca - have largely stopped psychiatric
drug development. It should be no surprise then that there are
fewer new compounds coming through to approval in psychia-
try. Finally, it is striking that many of the psychiatric drugs cur-
rently in development target the same mechanisms as already
approved treatments, with few new classes of medications in the
pipeline.

In this situation, the first necessary step is to address some of
the challenges in conducting clinical trials in psychiatry. Instead
of adding more sites, a potential solution is to use fewer, higher
quality sites to minimize noise and reduce the placebo response
rate. Another is the use of digital technologies to provide both
better standardization of measures and more data. Smart de-
signs also offer the potential to make trials more efficient and in-
formative.

However, addressing these challenges will be of little use if
there are no new drugs to test. Companies need to be attracted into
psychiatry if we are to see the development of new treatments.
There is some light on the horizon: new companies are entering
psychiatry in some areas, notably in the development of seroto-
nin 2A receptor agonists, such as psilocybin for major depression
and related disorders. Investment in this area exceeded US$500
million in 2021°. This is encouraging, but needs to be replicated
in other areas of psychiatry if we are to see wholesale progress.

The investment in serotonin 2A receptor agonists is also strik-
ing in that it came after well over a decade of research into the
use of these compounds by academic groups®. This highlights the
synergism between academic research and drug development:
drug developers grow their ideas from mechanistic and clinical
understanding of disorder. It also illustrates the need for sus-
tained investment in translational research in psychiatry to sow
the seeds for future drug development. This requires the engage-
ment of governments and charitable funders. It is noteworthy, in
this respect, that both neurology and oncology have seen large-
scale, long-term research investment from charities such as Can-
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cer Research UK and the Michael J. Fox Foundation, which psy-
chiatry has not seen.

Another potential strategy is to form pre-competitive partner-
ships between companies and academia to generate the clinical
evidence in an area to guide future drug development. Govern-
ments and regulators could also incentivize companies to investin
psychiatric drug development through, for example, tax breaks or
longer patent recognition, in consideration of the challenges and
unmet need in psychiatry.

Much psychiatric drug development has been based on astute
clinical observation and empirical studies, followed by extensive
efforts to then develop related compounds. This has given us a
wide choice of medications for some conditions but few mecha-
nistically distinct treatments. We have harvested serendipity’s
bounty over many decades now and, it seems, there are few low-
hanging fruits left.

It is striking how much remains to be established about the
link between pathophysiology and psychiatric symptoms®#-*.
To develop mechanistically new treatment approaches, we will
need to advance understanding of the neurobiology underlying
psychiatric disorders; in particular, of the link between molecu-
lar processes and symptoms, to be able to identify new molecu-
lar targets for drugs. We also need to recognize that psychiatric
disorders usually involve multiple brain systems and show clini-
cal heterogeneity. Accordingly, successful treatment approaches
of the future may need to be promiscuous in their targets and/
or we will need to address clinical heterogeneity, for example by
subtyping disorders to particular systems that can be targeted by
more selective drugs®®. This will require investment in research
into neurobiology, for example in post-mortem or molecular im-
aging studies, and the link to psychological processes and social
factors.

We also need to understand the neurobiology underlying poor
response to existing treatments, not least because this is where
some of the greatest unmet needs lie”. This has not been a focus
for research traditionally, but evidence is beginning to accrue
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that there are neurobiological differences linked to poor treat-
ment response, for example in schizophrenia®®, that identify new
treatment targets’.

Greater understanding of the neurobiology underlying psychi-
atric symptom domains will support the development of biomark-
ers that can be used to identify the right patients in whom to test a
given drug, and to evaluate the effects of that drug. Furthermore,
we need preclinical models that reproduce the neurobiology seen
in patients. Back translation from patient findings, as has been
done for the elevated striatal dopamine synthesis capacity seen in
schizophrenia’, is one approach. Another is the use of stem cell
technologies that allow drugs to be tested in neurons derived from
patients.

Overall, whilst in the short term strategies can be implemented
to improve the design of clinical trials, ultimately much more re-
search into the neurobiology of psychiatric disorders will be need-
edifwe are to see the step-change in treatment approaches thathas
been observed in neurology and oncology.
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SPECIAL ARTICLE

New insights from the last decade of research in psychiatric genetics:
discoveries, challenges and clinical implications

Ole A. Andreassen"z, Guy FL. Hindley"3, Oleksandr Frei"4, Olav B. Smeland'?

'NORMENT Centre, Institute of Clinical Medicine, University of Oslo, Oslo, Norway; *Division of Mental Health and Addiction, Oslo University Hospital, Oslo, Norway; “Insti-
tute of Psychiatry, Psychology and Neuroscience, King's College London, London, UK; “Centre for Bioinformatics, Department of Informatics, University of Oslo, Oslo, Norway

Psychiatric genetics has made substantial progress in the last decade, providing new insights into the genetic etiology of psychiatric disorders, and paving
the way for precision psychiatry, in which individual genetic profiles may be used to personalize risk assessment and inform clinical decision-making.
Long recognized to be heritable, recent evidence shows that psychiatric disorders are influenced by thousands of genetic variants acting together. Most
of these variants are commonly occurring, meaning that every individual has a genetic risk to each psychiatric disorder, from low to high. A series
of large-scale genetic studies have discovered an increasing number of common and rare genetic variants robustly associated with major psychiatric
disorders. The most convincing biological interpretation of the genetic findings implicates altered synaptic function in autism spectrum disorder and
schizophrenia. However, the mechanistic understanding is still incomplete. In line with their extensive clinical and epidemiological overlap, psychiatric
disorders appear to exist on genetic continua and share a large degree of genetic risk with one another. This provides further support to the notion
that current psychiatric diagnoses do not represent distinct pathogenic entities, which may inform ongoing attempts to reconceptualize psychiatric
nosology. Psychiatric disorders also share genetic influences with a range of behavioral and somatic traits and diseases, including brain structures,
cognitive function, immunological phenotypes and cardiovascular disease, suggesting shared genetic etiology of potential clinical importance. Current
polygenic risk score tools, which predict individual genetic susceptibility to illness, do not yet provide clinically actionable information. However, their
precision is likely to improve in the coming years, and they may eventually become part of clinical practice, stressing the need to educate clinicians
and patients about their potential use and misuse. This review discusses key recent insights from psychiatric genetics and their possible clinical ap-

plications, and suggests future directions.

Key words: Genetics, genomics, psychiatry, precision medicine, common variants, rare variants, pleiotropy, polygenic risk score, nosology

(World Psychiatry 2023;22:4-24)

Psychiatric disorders are among the main causes of morbid-
ity' and mortality* worldwide, posing a substantial burden on
individuals and society. They typically begin in adolescence or
young adulthood and often have a chronic course, leading to
many years lived with debilitating illness. In addition, individu-
als with severe mental illness often have poorer socioeconomic
status™*, frequently experience stigma®, and have a higher occur-
rence of both substance use® and somatic disease’, all of which
negatively affect well-being and quality of life. The average life
expectancy of people with severe mental illness is estimated
to be approximately 10 years shorter compared to the general
population®®, with the excess mortality due to both physical
health causes, particularly cardiovascular disease”'’, and mental
health-related causes, such as suicide''.

As emphasized by the World Health Organization'?, there is
an urgent need to improve mental health care. Existing treatment
modalities may provide clinically meaningful effects in many
psychiatric disorders'*'*. However, treatment is rarely curative -
many patients experience relapses and unpleasant adverse ef-
fects, and lack of therapeutic response is common'*'®. Inade-
quate therapeutic options can largely be attributed to the limited
understanding of the causes of mental illness, despite decades
of intensive research. By the same token, psychiatric nosology
still relies on traditional diagnostic distinctions based on clinical
observations'”'®, In the two current leading diagnostic classifi-
cation systems, the International Classification of Diseases!” and
the Diagnostic and Statistical Manual of Mental Disorders'®, psy-
chiatric disorders are still primarily diagnosed according to their
signs and symptoms. There is a lack of objective biomarkers, in

contrast to most other medical fields, making clinical psychiatry
more susceptible to unwanted variability in both diagnostic and
therapeutic decision-making'®. Although the present diagnostic
categories have clinical utility, there is little evidence to suggest
that they represent truly discrete entities with natural bounda-
ries®®?!, as indicated by the high comorbidity and shared symp-
tomatology across different mental disorders****, and the high
heterogeneity within diagnostic categories®.

To improve the care and prevention of mental illness, a better
understanding of the underlying biological mechanisms is need-
ed. The intrinsic challenges in studying the living human brain
and the uncertain validity of animal models of mental illness™
have limited progress of biological research in psychiatry. As a
consequence, there have been no major therapeutic advances
in psychiatry in the past decades, and the potential new treat-
ment options that currently receive most attention represent re-
purposing of existing drugs such as ketamine®” or psychedelics.
However, the substantial heritability of psychiatric disorders® in-
dicates that genetic research could uncover otherwise inaccessi-
ble pathobiological insights, and could also aid in disentangling
environmental effects and gene-environment interplay.

Despite great expectations as DNA sequencing technologies
became more widely available over the course of the second half
of the 20th century, psychiatric genetics got off to something of
a false start in the 1990s and early 2000s. A series of findings us-
ing a candidate gene approach were subsequently shown to lack
reproducibility, reducing confidence that genetic research could
lead to the discovery of genes for mental illness®>*'. The major
turning points came with the sequencing of the human genome
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in 2003*, and the creation of reference datasets cataloguing hu-
man genetic variation across different populations®**, which
allowed for a systematic exploration of DNA sequence variants
linked to human traits and diseases.

Since then, there has been a steady and accelerating progress
in human genetics®, driven by a combination of technological in-
novation, more advanced statistical analytical tools, reduced costs
for genotyping and sequencing DNA, more precise knowledge
about the genome, and international collaboration. Psychiatric
genetics has been at the forefront of these efforts, recognizing
the need to assemble large-scale case-control cohorts of psychi-
atric disorders to reliably identify genetic variants, most of which
have very weak effects, which have gradually led to the discovery
of multiple genetic risk variants for mental illness®**". However,
while the last decade has brought major advances in our un-
derstanding of the genetic architecture of mental illness, these
discoveries have not yet been translated into improved care for
people with mental illness, which remains the key challenge for
the field.

Here, we aim to provide a comprehensive review of the ge-
netic risk underlying psychiatric disorders. We summarize what
we have learnt from genetic research in psychiatry during the
past decade, focusing on attention-deficit/hyperactivity disorder
(ADHD), anorexia nervosa, anxiety disorders, autism spectrum
disorder, bipolar disorder, major depressive disorder, obsessive-
compulsive disorder (OCD), post-traumaticstress disorder (PTSD),
schizophrenia, and Tourette’s syndrome. We also discuss how the
advances in genetics may enable precision medicine approach-
es, and we discuss future directions, challenges and opportuni-
ties.

DISSECTING THE GENETIC RISK OF MENTAL
ILLNESS

The nature vs. nurture debate on the causes of mental illness
is now understood to be a false dichotomy*®*, Variation in risk
of mental illness is neither solely due to variation in DNA or en-
vironmental factors, but both nature and nurture unequivocally
contribute in closely intertwined processes.

For millennia, it has been observed that mental illness tends to
run in families**!. This familial aggregation has since been con-
firmed by large-scale family and population-based studies. For
example, first-degree relatives of a proband with bipolar disorder
or schizophrenia have approximately 6-8 and 10 times higher risk
of developing these disorders, respectively, compared to relatives
without an affected family member*. Relatives of probands with
a psychiatric disorder also have increased risk of developing other
psychiatric disorders®, which indicates that familial risk of mental
illness transcends diagnostic categories, suggesting shared etiol-
ogy.

In the past 50 years, twin, adoption, family and population-
based studies of increasing quality have demonstrated that all ma-
jor psychiatric disorders have a substantial heritability, meaning
that a considerable proportion of the variation in risk of develop-
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ing mental illness is attributable to differences in genetic factors
between individuals?**. Environmental exposures, including
social determinants, also influence risk of illness along with
genetic factors®®, with the relative contributions varying across
disorders®. The etiology of psychiatric disorders may also be in-
fluenced by non-inherited somatic DNA variants accumulating
in brain tissue throughout development and ageing™, as well as
by stochastic variation in biological processes*’.

The estimated heritabilities are generally higher in psychot-
ic and neurodevelopmental disorders (74-85%)">*%*! than in
mood and anxiety disorders (37-58%)°>*® (see Figure 1), indi-
cating that a larger fraction of the variation in risk of developing
mood and anxiety disorders is explained by environmental fac-
tors. Note that the estimated heritability of a specific disorder can
vary between populations, due to population-specific variation
in genetic and environmental factors, and differences in pheno-
typic definitions such as diagnostic criteria.

Regardless of the heritability of a trait, identifying genetic risk
variants could potentially yield valuable insights into its etiol-
ogy by pointing to core biological mechanisms. In human DNA,
there are millions of genetic variants that differ between indi-
viduals and may confer risk or protect against illness®*. A genetic
variant may represent a difference in a single genomic position,
such as a single nucleotide polymorphism (SNP), in which a sin-
gle nucleotide in DNA differs between people, or larger struc-
tural changes such as copy number variants (CNVs), which are
deletions or duplications of genomic regions.

According to the frequency in a population of the less frequent
allele (termed the minor allele frequency, MAF), genetic vari-
ants are typically defined as common (MAF >1%), uncommon
(MAF 0.1-1%), rare (MAF <0.1%), and ultra-rare (MAF <0.001%),
although the exact definitions vary to some extent across studies.
In addition to inherited variants, newly occurred de novo muta-
tions in an individual may also influence risk of illness and po-
tentially exert large phenotypic effects.

Importantly, genomic findings in a given population cannot
be readily generalized to populations of other ancestries, since
the frequency of variants, their specific effect sizes, as well as the
non-random correlation pattern among variants (referred to as
linkage disequilibrium, LD) vary across ancestries, in addition to
the different environmental contexts>°.

COMMON VARIANTS

In the past decade, genome-wide association studies (GWAS)
have become the most successful approach to link genetic vari-
ants to human phenotypes®’. A GWAS systematically screens
millions of common genetic variants for association with a given
phenotype in a hypothesis-free manner, by comparing the fre-
quency of variants in cases vs. controls or across a continuous
measure. In order to conduct a GWAS, hundreds of thousands of
common genetic variants are genotyped in each individual par-
ticipant, using relatively inexpensive SNP arrays, and additional
genetic variants are imputed to generate complete genotypes for
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Figure 1 Estimates of twin-heritability (black) and single nucleotide polymorphism (SNP)-based heritability (grey) for major psychiatric disor-
ders. ADHD - attention-deficit/hyperactivity disorder, ANX - anxiety, ASD - autism spectrum disorder, BIP - bipolar disorder, DEP - depression,
OCD - obsessive-compulsive disorder, PTSD - post-traumatic stress disorder, SCZ - schizophrenia, TS - Tourette’s syndrome.

each individual.

After the first GWAS reporting significant variant associations
with a complex human phenotype was published in 2005°, the
number and sample sizes of GWAS have grown exponentially™.
At the time of writing, GWAS have identified associations be-
tween more than 400,000 common genetic variants and hun-
dreds of human traits and disorders according to the GWAS
catalog®, and the number is rapidly increasing. Note that GWAS
typically report trait-associated genomic loci, which are DNA
regions that involve multiple genetic variants highly correlated
with each other due to LD, wherein one or several variants may
independently influence the phenotype.

The ability of a GWAS to identify a trait-affecting genetic vari-
ant depends on the population prevalence of the variant, its
strength of association with the trait, and the statistical power of
the study, which corresponds to its sample size. Hence, as GWAS
samples increase in size, more genetic variants are discovered.
Since a GWAS scans a large number of SNPs, it is necessary to
control for multiple comparisons to avoid false positive findings,
which results in a stringent genome-wide significance threshold,
typically p<5x10°°. Moreover, since common genetic variants
have tiny effects (e.g., small differences in the frequency of risk
alleles between cases and controls), very large GWAS sample
sizes are needed to achieve sufficient statistical power to discov-

er SNPs passing the genome-wide significance threshold.

The ability of GWAS to discover SNPs also depends on the
unique characteristics of the common variant architecture un-
derlying a phenotype®'. This includes the polygenicity of the
phenotype, which refers to the number of common genetic vari-
ants influencing the phenotype, and the SNP-heritability, which
refers to the proportion of phenotypic variance explained by
common genetic variants. Estimates of SNP-heritability®** have
confirmed that part of the risk of developing psychiatric disor-
ders is captured by common genetic variation, with SNP-her-
itabilities ranging between 5 and 25% for ten major psychiatric
disorders® ™ (see Figure 1 and Table 1).

The estimated SNP-heritabilities for psychiatric disorders are
thus much lower than the estimated twin-heritabilities******, This
issue is often referred to as the “missing heritability” problem™,
and also applies to other behavioral and somatic phenotypes. This
problem is still not fully resolved, but may be explained by rare
variants which are not included in the standard GWAS, gene-gene
or gene-environment interplay, and inflated twin-heritability esti-
mates, possibilities which are not mutually exclusive™®, How-
ever, a recent study indicated pervasive downward bias of stand-
ard SNP-heritability estimates, suggesting that the SNP-heritabil -
ities of psychiatric disorders may in reality be higher than current
estimates’".
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Table 1 Summary of largest genome-wide association studies (GWAS) on major psychiatric disorders

Disorder Largest GWAS Cases Controls Ancestry GWAS loci SNP-heritability
ADHD Demontis et al®® 38,691 186,843 European 27 14%
AN Watson et al®’ 16,992 55,525 European 8 11%
ANX Levey et al® 175,163 (continuous - European 5 5.6%
measure)
ASD Grove et al* 18,381 27,969 European 5 11.8%
BIP Mullins et al®® 41,917 371,549 European 64 18.6%
DEP Levey et al™ 340,591 813,676 European 178 11.3%
0OCD Strom et al”® 14,140 562,117 European 1 16.4%
PTSD Stein et al”* 59,513 329,554 European 4 6.4%
SCzZ Trubetskoy et al** 76,755 243,649 European (86%), East Asian (10%), 287 24%
African American (3%) and
Latino (1%)
TS Yu et al” 4,819 9,488 European 1 21%

Risk loci identified at the genome-wide significance threshold. SN'P-heritability estimated using LD score regression. ADHD - attention-deficit/hyperactivity
disorder, AN — anorexia nervosa, ANX — anxiety, ASD — autism spectrum disorder, BIP — bipolar disorder, DEP — depression, OCD — obsessive-compulsive
disorder, PTSD — post-traumatic stress disorder, SCZ — schizophrenia, TS — Tourette’s syndrome.

One of the key insights emerging from GWAS is that most com-
plex human phenotypes are highly polygenic, influenced by thou-
sands of common variants with miniscule effects®®. Hence, there is
no single “disease-gene” for psychiatric disorders, but thousands
of genetic variants that act together and collectively influence risk
of illness. Given that most of these genetic variants are commonly
occurring, every human being has a genetic risk to each psychiat-
ric disorder, from low to high.

Compared to somatic phenotypes, both psychiatric disorders
and behavioral phenotypes generally have larger polygenicities
despite similar SNP-heritabilities®"®", This means that each
common variant tends to have smaller effects in behavioral than
somatic phenotypes. As a consequence, larger GWAS sample sizes
are needed to identify a comparable fraction of the common vari-
ant architectures underlying psychiatric disorders than somatic
disorders (see Figure 2). As an example, approximately one third of
the heritability of Crohn’s disease due to common genetic variants
has been identified by GWAS with 12k cases and 34k controls®.
In comparison, more than 10 times the number of GWAS partici-
pants are estimated to be needed to identify a similar proportion
of the common genetic variance underlying schizophrenia (see
Figure 2). Thus, given the high polygenicities of psychiatric disor-
ders, which likely reflect more complex and/or heterogenous ge-
netic etiologies, their GWAS discovery trajectories are still trailing
those of somatic traits and disorders by many years.

Large-scale international collaboration, with the Psychiatric
Genomics Consortium®' as the main driving force, has led to
the assembly of increasingly productive GWAS involving tens of
thousands of participants, discovering reproducible common
variant associations for most major psychiatric disorders® ™ (see
Table 1). In addition, several GWAS of other clinically relevant
phenotypes in psychiatry have been published in recent years,
such as treatment resistance in schizophrenia®, response to lith-
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ium®, antidepressant response®, suicide attempt®, cognitive
function®, insomnia®, risky behavior®®, mood instability®’, and
antisocial behavior”. Well-powered GWAS on substance use dis-
orders have also been conducted in recent years’"*2. However,
there is still a lack of sufficiently powered GWAS on personality
disorders™ and eating disorders, apart from anorexia nervosa®.
Overall, the common variant data on psychiatric disorders are
consistent with a liability threshold model, in which alarge num-
ber of risk alleles additively contribute to overall risk. Individual-
ly, the trait-associated common variants have minuscule effects
on risk of illness, with odds ratios generally below 1.2.

The most well-powered GWAS in psychiatry to date is on schiz-
ophrenia, comprising 76,755 cases and 243,649 controls, in which
287 distinct genomic loci harboring genome-wide significant
common variant associations were discovered®’. Despite this suc-
cess, the independent significant genetic variants still explain less
than 10% of the SNP-heritability of schizophrenia, indicating that
most of its common variant architecture remains to be identified
(see Figure 2). In other psychiatric disorders, GWAS have even
lower power, and the proportion of SNP-heritability explained by
genome-wide significant variants is correspondingly lower (see
Figure 2).

Estimates of polygenicity indicate that tens of thousands com-
mon genetic variants may influence each psychiatric disorder,
although there is a considerable margin of uncertainty in these
estimates®'. In a recent cross-disorder investigation of GWAS da-
ta, depression appeared to be more than twice as polygenic as
ADHD, possibly reflecting less biological heterogeneity in ADHD
than depression”. Note that the genetic investigation of depres-
sive disorders has focused on different phenotypic definitions,
owing to different case ascertainment. While major depressive
disorder refers to cases found to meet standard diagnostic cri-
teria after structured interviews by trained interviewers, the de-
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pression phenotype also includes self-reported treatment or
diagnosis of clinical depression, and is therefore less specific™.

RARE VARIANTS

In the past decade, rare and de novo sequence variants and
pathogenic CNVs have been implicated in most psychiatric dis-
orders, except for eating disorders and personality disorders.
Due to their low frequency, rare variants explain less heritability
in the population than common genetic variants. However, rare
variants may confer substantially higher risk of illness in the in-
dividual, due to more deleterious impact on protein function or
expression or, in the case of CNVs, by impacting several genes.

There is robust evidence that the burden of rare large-effect
variants is highest in neurodevelopmental disorders and psy-
chotic disorders, in particular in cases with intellectual disability
or developmental delay”'®. This is in line with the decreased
fecundity associated with neurodevelopmental and psychotic

disorders'”, which prevents genetic variants with large effects
on risk of illness from becoming common in the population.
Correspondingly, de novo variation, which on average has been
exposed to less selective pressure, shows more severe predicted
functional consequences than inherited variation'”.

Whole exome sequencing (WES) and whole genome sequenc-
ing (WGS) studies are generally underpowered to detect specific
rare single nucleotide variants (SNVs), given the rarity of these
variants. To circumvent this issue, a common approach is to
evaluate the burden of rare sequence variants in individual genes
by comparing cases and controls or using family-based designs.
To reduce the number of variants assessed, it is also common to
focus on exonic SNVs using WES data, thereby ignoring the vast
number of noncoding variants in WGS data.

WES studies in autism spectrum disorder®®'*>'%, ADHD®,
Tourette’s syndrome1°4, 0oCD'%, schizophreniags'gg'we’107, bipo-
lar disorder®®'® and major depressive disorder'® have revealed
an excess burden of ultra-rare protein-truncating and damaging
missense variants in genes under strong evolutionary constraint,
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and discovered many specific risk genes, in particular in autism
spectrum disorder®®'°*'% and schizophrenia®%*1%1%7,

The identified protein-truncating variants typically result in
partial or complete loss of protein function, while the missense
variants have a less deleterious impact. The evolutionary con-
strained genes have a high probability of being intolerant to loss-
of-function mutations, and are relatively depleted of equivalent
protein-disrupting variants in the general population''’. Recent-
ly, such genes have also been implicated by common variant
findings for schizophrenia'"'.

Rare CNVs at several loci have been robustly associated with
autism spectrum disorder'®, schizophreniam’113 and ADHD*,
while only a few specific CNVs have been implicated in OCD'"?,
Tourette’s syndromeue, major depressive disorder'*’, and bipo-
lar disorder''®, A CNV study in bipolar disorder found that only
cases with schizoaffective disorder, bipolar type were enriched
for CNVs'", further indicating that rare CNVs may play a larger
role in psychotic than mood disorders.

Despite potentially having very large effects, the penetrance
of rare pathogenic variants is incomplete, meaning that only a
fraction of carriers display a certain clinical outcome. Moreover,
carriers may present a wide range of health outcomes, depend-
ing on the individual’s DNA constitution, environmental stimuli,
and chance.

By integrating datasets on both rare and common genetic vari-
ants in autism spectrum disorder'?” and schizophrenia'®'?? it
has been demonstrated that genetic variation at both ends of the
allele frequency spectrum jointly influences risk of these disor-
ders in the same individuals. For instance, the clinical outcomes
of 22q11.2 deletions are highly heterogenous, including schizo-
phrenia, autism spectrum disorder, ADHD, cognitive dysfunction,
neurological disorders and somatic abnormalities'*. Among car-
riers of 22q11.2 deletions, a higher burden of common risk alleles
for schizophrenia was linked to higher risk of that disease'**. This
indicates that common genetic risk may modulate the penetrance
of rare variants such as the 22q11.2 deletion, and may eventually
help prediction of clinical outcomes such as psychosis in this pa-
tient group.

In autism spectrum disorder, a recent study demonstrated an
inverse correlation of the burden of rare and common genetic var-
iants among cases, indicating a spectrum of genetic risk among
cases, ranging between more monogenic to polygenic risk archi-
tectures'®. Moreover, different aspects of the common and rare
genetic risk were differently associated with clinical measures in
the disorder'*. This indicates that different genetic loadings may
map to different aspects of the phenotypic spectrum, pointing to
potential utility of genetic profiling in the clinic to facilitate more
personalized treatment.

EMERGING BIOLOGICAL INSIGHTS
One of the key aims of human genetics is to gain insights into

the underlying etiology of illness, which might inform the de-
velopment of new therapeutic interventions and help identify
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biomarkers. However, translating genetic findings into biological
mechanisms is not straightforward. To obtain a complete mech-
anistic understanding of a disorder’s genetic risk architecture, it
is necessary to: a) identify the specific causal variant underlying a
genetic signal; b) determine the functional impact of the genetic
variant; and c) determine how all of the genetic risk variants act
together to collectively influence biological pathways in specific
cell types, tissues and organs, across developmental stages, and
in concert with environmental factors'>*'*’, This is a tremendous
challenge, warranting comprehensive animal studies, cell-biolo-
gy experiments, and advanced computational approaches. The
current mechanistic interpretation is also limited by the incom-
plete understanding of the physiological role of most genes and
proteins, including how they interact in signaling networks and
pathways'?®,

Fine-mapping procedures, for example leveraging trans-an-
cestry tools'>, may help prioritize the most likely causal variants
in GWAS loci'*. However, the causal variant does not necessar-
ily affect the closest gene. A genetic variant may exert its pheno-
typic effect by disrupting a single protein structure and function,
or by regulating the expression of one or more genes locally or
over long genomic distances. Indeed, most GWAS associations
are detected in noncoding regions""'*, suggesting that most
common variants may exert their phenotypic effect through reg-
ulatory mechanisms, complicating mechanistic interpretation.
To help prioritize the most likely causal genes from GWAS loci,
algorithms integrating diverse functional resources have been
developed in recent years'>>'*,

The biological interpretation of rare variants largely depends
on the type of variant in question. Since most rare pathogenic
CNVs disrupt large genomic segments, often including many
genes, inferring their biological consequences is challenging. By
contrast, the identification of specific genes harboring rare cod-
ing variants in whole sequencing studies may provide more di-
rect mechanistic hypotheses about disease etiology.

To evaluate the biological implications of genetic findings,
it is common to evaluate whether the implicated risk genes are
enriched for expression in particular cell-types or tissues, and to
conduct gene-set analyses testing whether a group of genes are
enriched in predefined gene-sets based on their biological func-
tions'*’. Note that differences in methodology and power of the
genetic studies limit comparisons of gene-set enrichment results
across psychiatric disorders.

Expression analyses of GWAS data on schizophrenia
autism spectrum disorder'®, bipolar disorder®>*3¢, major de-
pressive disorder’'”, ADHD®, and anorexia nervosa®” have all
revealed enrichment of expression in human brain tissue, con-
firming the importance of brain-expressed genes in the etiology
of major psychiatric disorders. In general, the risk genes are glob-
ally expressed in the brain, with no major differential association
across brain regions, although the dorsolateral prefrontal cortex
(Brodmann area 9) consistently shows the strongest enrichment
of expression across psychiatric disorders®*®>%%707,

Furthermore, GWAS associations for schizophrenia64, bipolar
disorder®, depression” and ADHD® are enriched in genes high-

64,135
’



ly expressed in neurons, with no apparent enrichment in other
brain cells such as oligodendrocytes, astrocytes, endothelial
cells, microglia or neural stem cells. Using neuronal subtype spe-
cific expression data, GWAS analyses on schizophrenia, bipolar
disorder and ADHD implicated both excitatory and inhibitory
neurons®®*% For ADHD, GWAS associations were addition-
ally enriched for expression in dopaminergic midbrain neurons.
This is consistent with the link between ADHD and deficits in the
reward system, motor control and executive functioning, all of
which are under dopaminergic control®,

The recent GWAS associations for schizophrenia were strong-
ly enriched for genes with high expression in excitatory gluta-
matergic neurons in the cerebral cortex and the hippocampus
(pyramidal CA1 and CA3 cells, and granule cells of dentate
gyrus), and in cortical inhibitory interneurons®. While GWAS
associations for autism spectrum disorder were not significantly
enriched in any specific cell type'**, which likely reflects the low
power of relevant GWAS®, risk genes for autism spectrum disor-
der implicated by rare variants are enriched in genes highly ex-
pressed in both excitatory and inhibitory neurons in the human
cortex'>.

In schizophrenia, well-powered datasets on both common and
rare variants have allowed for a more comprehensive mechanistic
interrogation, with emerging biological convergence across both
ends of the allelic frequency spectrum® '3 Both rare and
common variant associations with schizophrenia have strongly
implicated genes influencing synaptic organization, differen-
tiation and signaling, at both presynaptic and postsynaptic loca-
tions®*'%1%° One of the gene sets most strongly associated with
schizophrenia is the targets of the fragile X mental retardation
protein (FMRP)'*'*? a protein that is highly expressed in neu-
rons, which binds mRNAs from multiple genes implicated in syn-
apse development and plasticity**.

The strongest common variant association with schizophrenia
is localized to the major histocompatibility complex (MHC)"*>'**
145, a genomic region that contains many genes linked to infection
and autoimmunity. A comprehensive analysis demonstrated that
part of the MHC association with schizophrenia is driven by struc-
tural variation in the gene C4, which encodes complement com-
ponent 4 (C4)'*. The complement system is part of the innate im-
mune system and also contributes to normal brain development by
eliminating immature synapses'*”'*®, Schizophrenia risk at C4 was
associated with greater expression of the C4 isotype C4A, which is
present at human synapses and neuronal components. In mice, C4
was shown to promote synapse elimination during development.
These findings indicate that at least part of the MHC association
with schizophrenia may implicate inappropriate synaptic matura-
tion'*®, However, note that the MHC risk locus onlyrepresents a mi-
nor part of the genetic risk architecture underlying schizophrenia.

Risk genes for schizophrenia implicated by both common and
rare variant studies are also linked to biological processes related
to excitability, in particular voltage-gated calcium channels, and
multiple neurotransmitters®1%¢'3 In a recent WES studywﬁ, two
of the ten implicated genes, GRIA3 and GRIN2A, encode recep-
tor subunits involved in glutamatergic neurotransmission. These

findings corroborate previous GWAS discoveries'*®, providing
support for the glutamatergic hypothesis of schizophrenia'*. An
analysis of the effects of schizophrenia-risk variants in neurons
derived from human induced pluripotent stem cells revealed a
synergistic effect on gene expression and synaptic function'*’,
emphasizing the importance of studying the combinatorial ef-
fects of risk variants to fully understand their biological conse-
quences.

Genes linked to ion channels, neurotransmitter receptors and
synaptic proteins have also been implicated in GWAS on bipolar
disorder®*%¢ and depressionm. However, since the GWAS dis-
coveries for these and other psychiatric disorders still trail those
for schizophrenia, the biological interpretation of these data is
less robust.

Risk genes for autism spectrum disorder, most of which are
implicated from rare variant studies, are strongly linked to syn-
aptic function as well as chromatin remodeling, which affect
the regulation of the expression of multiple other genes, thereby
complicating mechanistic interpretation®®'%*10>12315215¢ Apy ana]-
ysis of expression patterns of risk genes in autism spectrum dis-
order found that risk genes implicated by rare variants were
more strongly expressed during fetal development than those
implicated by common variants, which displayed relatively high-
er expression at later developmental stages'>’.

Among risk genes shared between schizophrenia, autism
spectrum disorder and developmental disorders harboring de
novo coding variants, a recent study demonstrated that the same
classes of mutations were generally involved'*. This finding sug-
gests that these overlapping genetic signals reflect shared biolog-
ical mechanisms, further supporting a continuum in the etiology
of these disorders, and impairment of neurodevelopment as part
of the etiology in schizophrenia'®.

Integrating GWAS and WES data on autism spectrum disor-
der has revealed insights into the gender differences in risk of
this disorder, which is diagnosed three to four times more often
in males than in females. Female individuals with the disorder
tend to have a higher burden of common and rare genetic vari-
ants than their male counterparts, indicating that a higher genet-
icloading is necessary to result in development of the condition
in females, in line with a female protective effect'®>'%, Moreover,
among parents of cases with autism spectrum disorder, who did
not have the disorder themselves, the mothers had significantly
higher polygenic risk for the disorder than the fathers. This sup-
ports the notion that females can accumulate more risk before
being diagnosed with autism spectrum disorder'®’. Despite
known gender differences in the risk for other psychiatric dis-
orders'®, current genetic data have not yet revealed convincing
insights that could explain these differences.

Gene-set analyses can also be applied to targets of existing
drugs, which may inform pharmacological research and reveal
opportunities for repurposing. Drugs supported by genetic evi-
dence appear to have a higher success rate in clinical develop-
ment'*®. Among 50 novel drugs approved by the US Food and
Drug Administration (FDA) in 2021, two-thirds were subsequently
shown to have some genetic support, although this approach is
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vulnerable to confirmation bias'®.

In the latest GWAS on bipolar disorder, common variant as-
sociations were enriched in targets of several classes of phar-
macological agents, including mood stabilizers, antipsychotics,
antiepileptics, and calcium channel blockers®. These findings
suggest that existing drugs in bipolar disorder have some biologi-
cal support based on genetic data, and have motivated efforts to
investigate the potential efficacy of calcium channel antagonists
in this disorder'®', with lamotrigine being an N-type calcium chan-
nel blocker widely used in treatment of bipolar type II disorder. A
recent WES study also found enrichment of rare damaging cod-
ing variants in calcium channel genes among individuals with
bipolar disorder'®,

An analysis of GWAS data on major depressive disorder revealed
enrichment of common variant associations in genes encoding
proteins targeted by antidepressant medication'*’. Another phar-
macological enrichment analysis implicated ten existing drugs,
three of which have been linked to depression (riluzole, cyclothi-
azide and felbamate), and four modulate estrogen (tamoxifen,
raloxifene, diethylstilbestrol, and Implanon - an etonogestril im-
plant)”. A recent systematic umbrella review of the relationship
between serotonin and depression did not find any genetic support
for a role of serotonin in depressionm. However, this conclusion is
premature, given that less than 10% of the genetic risk architecture
of depression is uncovered (see Figure 2), and even less is known
about its biological consequences, and the biological heterogeneity
between patients.

The biological interpretation of genetic data is complicated by
the fact that genetic associations likely capture different types of
causal relationships, at least for highly polygenic complex phe-
notypes such as psychiatric disorders. The genotype-phenotype
associations detected in a GWAS can be decomposed into three
main sources: direct genetic effects, indirect genetic effects, and
confounding effects'®. The direct genetic effects represent the
causal effects of a genetic variant on a phenotype via biological
pathways. The indirect effects represent situations where a ge-
netic variant in an individual affects the phenotype in another in-
dividual through the influence on the environment, for example
via parental behavior. Parental genetic variants do not need to be
transmitted to the offspring to have an indirect genetic effect'®".
Confounding effects include assortative mating or population
stratification, which affect the distribution of genetic variants
within populations. The presence of confounding and indirect
genetic effects will impact analysis of genetic data, as they dilute
the genetic signal representing direct causative mechanisms.

Compared to standard population-based GWAS, family-based
GWAS are less likely to be affected by confounding and indirect
genetic effects. In a recent analysis of family-based and popula-
tion-based GWAS for 25 phenotypesl%, the GWAS estimates for
behavioral phenotypes, including depressive symptoms, were
found to be considerably smaller in family-based versus popu-
lation-based GWAS, while the GWAS estimates were similar for
somatic molecular traits such as C-reactive protein and lipids'®.
These findings indicate that a large part of the genetic associa-
tions for behavioral phenotypes may represent indirect or con-
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founding effects, warranting more research using large-scale
family-based GWAS on psychiatric disorders. It is not yet clear
how these different sources of genotype-phenotype association
may affect estimates of the polygenicity of a trait.

Another aspect complicating biological interrogation of psy-
chiatric disorders is that multiple potential causal biological
pathways may be involved'®. The clinical heterogeneity among
individuals with a given psychiatric disorder is likely mirrored
by biological heterogeneity of a similar extent. A case-control
GWAS, however, only represents the mean differences in genetic
associations between cases and controls. This summary measure
may therefore conceal biological differences among potential
subgroups of patients, who may have different clinical profiles
and respond differently to therapeutic interventions.

Furthermore, the extent to which genetic findings and their
biological consequences are generalizable across populations
remains to be clarified. This is a pressing issue in human ge-
netics, since most GWAS have been predominantly based on
individuals of European descent'®’, which is also the case in psy-
chiatric genetics (see Table 1). Genetic studies are often based
on one ancestral group to avoid mistaking systematic differences
between ancestries for genetic influences underlying a trait. The
lack of ancestral diversity also applies to functional genomic
datasets, such as tissue-specific gene expression, DNA methyla-
tion and chromatin interactions'®®*%° which are necessary to re-
liably interpret genomic data.

The transferability of genetic risk across populations may be
affected by differences in allele frequencies, correlation among
genetic variants (referred to as the LD structure), variation in the
functional impact of a genetic variant, and the overall differences
in genetic and environmental contexts. Moreover, the causes,
presentation and diagnosis of psychiatric disorders may differ
across populations'”’. A recent trans-ancestry GWAS analysis of
schizophrenia reported a genetic correlation of 0.98 between two
cohorts of East Asian and European descent, indicating that the
common variant architecture of the disease is fundamentally the
same in these two populations, despite differences in known en-
vironmental risk factors such as migration, urbanicity and drug
abuse'”". By contrast, a trans-ancestry GWAS analysis of major
depressive disorder reported a genetic correlation of only 0.41
between two cohorts of East Asian and European descent, indi-
cating larger differences in the genetic architecture underlying
the disorder in these two populations'”*. These findings suggest
that genetic heterogeneity across ancestries may differ across
psychiatric diagnoses, further emphasizing the importance of
prioritizing greater diversity in psychiatric genetics.

SHARED GENETIC INFLUENCES BETWEEN
MENTAL DISORDERS AND WITH OTHER TRAITS
AND DISEASES

Clarifying the nature of shared genetic influences between
psychiatric disorders and with other traits and diseases has be-
come an important research area in psychiatric genetics. This



research could inform ongoing processes aiming to reconcep-
tualize psychiatric nosology' ", increase the understanding
of the pervasive comorbidity and shared clinical features across
mental disorders®**, help disentangle heterogeneity within di-
agnostic categories and identify subgroups with similar clinical
features, and possibly reveal shared etiology with other traits and
disorders.

Given the high polygenicity of human traits and disorders and
the finite number of genetic variants, it follows that many genetic
variants are expected to influence more than one phenotype, a
phenomenon termed genetic pleiotropy' . Yet, the extent of ge-
netic pleiotropy revealed across human traits and disorders in re-
cent years has probably surpassed the expectations of many”””,
and itis becoming increasingly clear that the genetic relationship
between psychiatric disorders, and between psychiatric disor-
ders and other phenotypes, is more extensive and complex than
has been widely recognized®'**'7°,

Genetic influences of psychiatric disorders are shown to over-
lap with a wide range of brain-related and somatic human traits
and disorders, including cognitive traits®*'”"'*°, neurological
disorders*®! % substance use'®® and cardiovascular disease
and risk factors'*'%*, Among the many cross-trait genetic asso-
ciations, it is important to emphasize that psychiatric disorders
are also genetically linked to positive traits, which we believe is an
important message to communicate to patients and the public.
For example, risk for autism spectrum disorder is genetically cor-
related with higher educational attainment'** and better cognitive
performance®®, while risk for bipolar disorder and schizophrenia
is genetically correlated with higher levels of the personality trait
openness to experience'® and creaﬁvityl%.

Both common and rare genetic variants exert genetic pleiot-
ropy, but the phenomenon is more widely documented for com-
mon variants, due to the high number of well-powered GWAS
reporting common variant associations®. In a comprehensive
analysis of genetic pleiotropy across more than four thousand
GWAS, 90% of the genomic loci were associated with more than
one biological domain (e.g., a locus associated with both a psy-
chiatric and an immunological phenotype), and an even greater
proportion of loci had multi-trait associations within a biological
domain (e.g., a locus influencing two or more psychiatric disor-
ders)™. Since a locus may contain several genes and even more
SNPs, multidomain associations at the gene level (63%) and SNP
level (31%) were less abundant™. However, the extent of genetic
overlap is higher when SNPs not yet identified at the genome-
wide significance level are also included”®'*'’,

The assembly of well-powered GWAS on psychiatric disorders
(see Table 1) has enabled systematic comparisons of their unique
and shared genetic architectures. Even though most common
genetic variants for complex human phenotypes remain to be
identified®, genetic overlap between two phenotypes can be in-
vestigated at the genome-wide level by including the effects of all
or a subset of SNPs. The most commonly applied tools for this pur-
pose are polygenic risk scores (PRS)'**'%° and the bivariate exten-
sion of LD score regression®”.

In line with previous findings of shared genetic risk between

psychiatric disorders®’, an analysis of GWAS data from 25 com-
mon brain disorders demonstrated substantial pairwise positive
genetic correlations across psychiatric disorders, which exceed-
ed that which could be reasonably explained by potential diag-
nostic misclassification'®. In Figure 3, we provide an updated
overview of pairwise genetic correlations between major psychi-
atric disorders using the most recent GWAS available.

In comparison, there are markedly fewer and smaller pairwise
genetic correlations among neurological disorders'®, and be-
tween neurological and psychiatric disorders, although there are a
few exceptions'®*'®>?%%, This dissimilar pattern of pairwise genetic
correlations among neurological and psychiatric disorders may
indicate that the former represent more distinct genetic entities
than the latter'®, This is in line with the notion that neurologi-
cal diagnostic categories have a stronger biological foundation.
By contrast, genetic risk for psychiatric disorders evidently tran-
scends diagnostic domains, and these disorders are more geneti-
cally interconnected. As observed for common genetic variants,
rare CNVs and protein-truncating variants also show a high degree
of pleiotropy across the whole group of psychiatric disorders*®**
and with other brain-related traits such as epilepsy, developmen-
tal disorders and cognitive ability™****,

The emerging genetic data may be considered to be at odds
with the current diagnostic classification systems'”'?, in which
psychiatric disorders are considered categorically distinct from
one another”®. The genetic findings may thus be considered to
support efforts to reconceptualize psychiatric nosology in a more
dimensional framework®**?"", such as the proposed Hierarchical
Taxonomy of Psychopathology (HiTOP)'" or Research Domain
Criteria (RDoC)'™.

Geneticrisk for psychiatric disorders also overlaps with genet-
ic variation in behavioral traits’>?%, such as the Big Five person-
ality traits!®>2% general intelligence%, educational attainment®'°,
subjective well-beingzn, sleep patternsm’mz, and mental health
profiles in healthy individuals*"®, indicating that genetic risk for
mental illness is not categorically distinct from normality**.

A cross-disorder GWAS analysis of eight psychiatric disorders
using factor analysis and genomic structural equation model-
ling®"* indicated broader genetic domains that may underlie a
higher-order structure of psychopathology®'®. Using the same
analytical approach, a recent GWAS analysis of 11 psychiatric
disorders found evidence of four highly correlated groups of dis-
orders*'®. The first group was characterized by compulsive be-
haviors (anorexia nervosa, OCD and Tourette’s syndrome), the
second group by internalizing symptoms (anxiety disorder and
major depressive disorder), the third group by psychotic features
(schizophrenia and bipolar disorder), and the fourth group by
neurodevelopmental features (ADHD and autism spectrum dis-
order), surprisingly also including PTSD and problematic alcohol
use®'®. Interestingly, the cross-disorder GWAS analysis did not
find clear evidence that an underlying generalized liability to de-
velop psychopathology (the p factor*'”) could adequately explain
shared variance across psychiatric disorders'°.,

Cross-disorder PRS analyses present a similar picture. In line
with a dimensional model of psychopathology, patients with bi-
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Figure 3 Pairwise genetic correlations between major psychiatric disorders estimated using LD score regression. Significant genetic correla-
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disorder, BIP - bipolar disorder, DEP - depression, OCD - obsessive-compulsive disorder, PTSD - post-traumatic stress disorder, SCZ - schizo-
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polar disorder with a history of psychotic symptoms had a higher
schizophrenia PRS compared to those without such a history,
which was not driven by the presence of cases with schizoaffec-
tive subtype®'®. Similarly, a history of manic symptoms in schizo-
phrenia has been significantly associated with bipolar disorder
PRS*'#2Y9 indicating that genetic risk for mental illness influences
clinical subphenotypes across diagnostic categories.

There is also increasing evidence of genetic heterogeneity
among subtypes of mental disorders. For example, the genetic
risk underlying childhood ADHD and ADHD persistent in adults
is partially distinct, with a genetic correlation of 0.81?%°. A subse-
quent genetic dissection of three ADHD subgroups defined by
the age at first diagnosis (childhood, adult or persistent ADHD)
indicated further genetic differences, with the lowest pairwise ge-
netic correlation (rg=0.65) between childhood and late-diagnosed
ADHD?*', The ADHD subgroups also displayed different PRS as-
sociations with related traits and disorders, with late-onset ADHD
generally having the strongest associations, for example with high-
er risk of depression and insomnia, while childhood ADHD was
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most strongly associated with autism spectrum disorder®*'.

Analysis of bipolar disorder has also revealed genetic hetero-
geneity between subtypes, with a genetic correlation of 0.89 be-
tween type I and II"*. In line with their clinical profiles, bipolar
type Il disorder is more genetically correlated with major depres-
sion (rg=0.69) than with schizophrenia (rg=0.51), while bipolar
type I disorder is more genetically correlated with schizophrenia
(rg=0.71) than with major depression (rg=0.30)"*. These find-
ings clearly indicate that mood and psychotic disorders exist on
a continuum, both phenotypically*** and genetically.

Evaluating patterns of genetic overlap between psychiatric dis-
orders and other traits has also provided significant insights. This is
particularly relevant for bipolar disorder and schizophrenia, which
may in some cases be difficult to differentiate diagnostically. While
both disorders are associated with cognitive impairment, the cog-
nitive deficits are generally more pronounced in individuals with
schizophrenia®®. In line with these phenotypic associations, ge-
netic risk of both disorders extensively overlaps with cognitive
function, butin a different manner, where most schizophrenia risk



variants are associated with poorer cognitive performance, while
there is a balanced mix of bipolar disorder risk variants associated
with worse or better cognitive performance'”®. Hence, leveraging
genetic data on related traits may help distinguish the genetic ar-
chitectures of highly correlated psychiatric disorders, and point to
differences in their etiologies.

Additional work has indicated that the genetic overlap between
psychiatric disorders is even more extensive than expressed by
the pairwise genetic correlations’®'**17%21421% a5 depicted in Fig-
ure 4. A comprehensive analysis of the unique and shared com-
mon variant architectures between psychiatric disorders and
between psychiatric disorders and behavioral phenotypes indi-
cated substantial genetic overlap, with only a minority of trait-
specific variants, despite differences in genetic correlation®.

Widespread genetic overlap despite divergent genetic corre-
lations indicates that psychiatric disorders are predominantly
influenced by a set of highly pleiotropic genetic variants which
impact the risk of each disorder to a different degree and, in
some cases, in different directions'. This insight is consistent
with an integrated conceptualization of the neurobiology of psy-
chiatric disorders and related traits, in which multiple, overlap-
ping neurobiological mechanisms and systems are implicated
in the development of both mental disorders and normative
mental traits®. However, the extent to which indirect and direct
genetic effects differently contribute to pleiotropy across highly
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Figure 4 Extensive overlap in common genetic variants between men-
tal disorders beyond genetic correlation. The fraction of unique and
shared genetic architecture between pairs of the five psychiatric disor-
ders is estimated using MiXeR™®. The genetic correlations are estimat-
ed using LD score regression*”. The disorders represented by the left
circles of the Venn diagrams are listed in the horizontal axis, and right
circles are represented by disorders listed in the vertical axis. ADHD
- attention-deficit/hyperactivity disorder, ASD - autism spectrum dis-
order, BIP - bipolar disorder, DEP - depression, SCZ - schizophrenia.

polygenic phenotypes such as psychiatric disorders is currently
unknown, warranting more data from family-based studies.

The recent accumulation of large publicly available genotyped
neuroimaging samples through international initiatives such as
ENIGMA?** and population studies such as UK Biobank®**® has
provided new opportunities to study the shared genetic founda-
tions of human brain structure and psychiatric disorders. Global
measures of brain structure, such as cortical thickness and sur-
face area, have been shown to be highly heritable, with SNP-her-
itability estimates ranging from 25 to 35%>*°. However, they have
been found to be 4-5 times less polygenic than mental disorders,
indicating fundamental differences in their genetic architec-
tures™”’.

In particular, the genetic relationship between schizophrenia
and brain structural phenotypes has been extensively studied™ >,
owing to the well-powered GWAS data on that disorder. Despite
well-established findings of subtle brain structural abnormalities
in schizophrenia236'238, the genetic correlations between neuroim-
aging measures and schizophrenia have been absent or low*****,
Yet, despite a lack of genetic correlation, cortical thickness and sur-
face area are predicted to share almost all their common genetic
variants with schizophrenia, while a large majority of genetic vari-
ants associated with schizophrenia are not associated with corti-
cal structure®”’. The difference in the proportions of overlapping
genetic variants is explained by the large difference in polygenicity
of the brain imaging phenotypes and schizophrenia®’. Further, the
apparent contradiction of substantial genetic overlap despite mini-
mal genetic correlations is likely due to mixed directions of effect
among the shared variants, which cancel out the overall genetic
correlation'*®, Indeed, multiple specific genetic variants have been
discovered in recent years which are shared between schizophre-
nia and various brain morphology measures™’, including cortical
thickness and surface area®®’, volume of subcortical region5231'233,
intracranial volume®!, cerebellar volume®*, and brainstem struc-
tures*., Taken together, the emerging genetic data indicate a
complex genetic relationship between brain structural measures
and schizophrenia, and it remains unclear to what extent imaging
phenotypes can serve as endophenotypes that capture underlying
mechanisms with greater biological specificity.

An important limitation of most studies of genetic overlap is
the ambiguity regarding the direction of causality and whether
the detected overlap implies shared biological mechanisms. A
given shared genetic association may reflect so-called “horizon-
tal” or biological pleiotropy, in which a variant influences two
phenotypes through independent molecular mechanisms;
“vertical” or mediated pleiotropy, in which a variant influences
a trait, and this trait causally affects another trait; or “spurious”
pleiotropy, in which a variant is falsely assumed to influence
two traits, for example due to statistical association between two
nearby variants in strong LD with each other™.

Mendelian randomization attempts to directly address the
question of causality by testing for evidence of a causal relation-
ship between the genetic factors associated with a given “expo-
sure” and a given “outcome” (vertical pleiotropy). For example,
Mendelian randomization has provided several intriguing find-
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ings regarding the link between inflammation and the etiology of
psychiatric disorders. Genetically determined level of C-reactive
protein was shown to have a potentially protective effect on schiz-
ophrenia risk®*. This finding was replicated in a recent analysis®*!
using the most recent schizophrenia GWAS®, although a signifi-
cant causal relationship was only present when controlling for
body mass index and circulating interleukin 6 (IL-6) and its recep-
tor™*!.

In another Mendelian randomization study, IL-6 itself has
been shown to exhibit a potentially causal association with grey
matter volume across multiple cortical regions, and to interact
with a network of co-expressed genes in the medial temporal
gyrus which were found to be differentially expressed in schizo-
phrenia, autism spectrum disorder and epilepsy**>. IL-6 receptor
levels have also been implicated in the risk for depression®* and
suicidality**, although less is known about putative causal rela-
tionships with bipolar disorder.

Interestingly, in Mendelian randomization studies focusing
on immune disorders rather than biomarkers, several psychiatric
disorders where found to have a causal effect on immune disor-
ders, rather than the other direction, including a causative effect
of major depressive disorder on asthma and of schizophrenia
on ulcerative colitis>*®. Nonetheless, while these findings have
contributed to the growing evidence base for a possible causal
association between inflammatory phenotypes and psychiatric
disorders, Mendelian randomization is still based on statistical
inference, and it is important to control for the extensive “hori-
zontal” pleiotropy observed between mental traits and disorders.
Thus, the validity of Mendelian randomization findings require
further investigations via in vitro, in vivo, and interventional
studies.

The assembly of large-scale biobanks harboring rich pheno-
typic data can be leveraged to discover connections between ge-
netic markers and traits, for example using the phenome-wide
association study (PheWAS) approach to systematically investi-
gate trait-associations with a given PRS**®. A PheWAS study in-
vestigating the link between schizophrenia PRS and electronic
health record data in 106,160 patients across four large US health
care systems in the PsycheMERGE Network reported that schiz-
ophrenia PRS was not only associated with psychiatric pheno-
types such as diagnosis of schizophrenia and substance use, but
with several non-psychiatric phenotypes, including a negative
association with obesity*"’. The inverse genetic association be-
tween schizophrenia risk and obesity has been confirmed by
other genetic studies'®, indicating that the increased body mass
index observed in schizophrenia patients is likely due to non-
genetic factors such as antipsychotic medication.

Another PheWAS study on 325,992 participants in the UK
Biobank reported significant associations between schizophre-
nia PRS and multiple psychiatric and non-psychiatric conditions
and measures, including poorer overall health ratings, more
hospital inpatient diagnoses, and more specific disorders (mus-
culoskeletal, respiratory and digestive diseases, varicose veins,
pituitary hyperfunction, and peripheral nerve disorders)***.
Although some of these PRS trait-associations may be conse-
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quences of having schizophrenia or related psychiatric disor-
ders, the studies indicate that the genetic risk for schizophrenia
also affects a wide range of somatic conditions.

Finally, a similar PheWAS study of 382,452 patients in the Psy-
cheMERGE Network investigated the relationship between de-
pression PRS and 315 clinical laboratory measurements**, A
replicable yet modest association was found between higher poly-
genic burden of depression risk variants and increased levels of
white blood cells, even after controlling for a diagnosis of depres-
sion and anxiety. In line with a neuroinflammation model”® a po-
tential causal link between white blood cells and depression was
supported by mediation and Mendelian randomization analyses,
indicating that higher genetic risk underlying depression may acti-
vate the immune system, possibly contributing to the risk of devel-

oping the disorder™’.

CLINICAL APPLICATIONS

Despite significant progress over the last decade in our under-
standing of the genetic foundations of psychiatric disorders, clini-
cal translation remains conspicuous by its absence. Nevertheless,
genetic-based prediction and stratification offers a promising ave-
nue towards improved patient outcomes in the coming decades™".
Chip-based genotyping is relatively affordable, while the price for
whole-genome sequencing continues to fall*®2. What's more, ge-
netic testing only needs to be performed once in a person’s lifetime,
and genotyping data can be used on multiple occasions for multi-
ple different purposes. However, several major challenges need to
be overcome before this translates into a clinically viable tool which
benefits patients, including improving predictive accuracy, ena-
bling discrimination between diagnostic categories or clinically ac-
tionable decisions, ensuring equal predictive performance across
ancestral groups, and guarding against significant ethical concerns.

The main focus of research into genetic-based prediction has
centered around PRS. This uses existing genetic data to construct
an individualized risk score for a given trait or disorder, calcu-
lated as the sum of pre-defined risk alleles weighted according
to each allele’s effect on the phenotype, typically estimated by
a GWAS?*®, The accumulation of massive case-control sam-
ples alongside PRS-method improvement has recently led to
the development of PRS-based tools with clinically meaningful
predictive accuracy in several common medical conditions®*?,
including cardiovascular disease®>**, type 1 diabetes mellitus*”
and cancers*****®, However, even considering the improved pre-
dictive performance of the latest PRS tools, current PRSs for ma-
jor psychiatric disorders are far from achieving equivalent levels
of prediction®®?%,

For schizophrenia, which possesses the most well-powered
GWAS to date, the best performing PRS method explained just
8.5% of the variance in liability for the disease, falling to 7.3%
when non-European ancestry cohorts were included®. The in-
sufficient predictive accuracy of the schizophrenia PRS is further
demonstrated by an area under the receiver operating charac-
teristic curve (AUROC) of 0.72%*, while an AUROC above 0.8 is



considered to indicate good discriminative ability*>. Other psy-
chiatric disorders lag even further behind, with the AUROC for
major depressive disorder and bipolar disorder PRS being 0.57
and 0.65, respectively®'*”. At the current levels of explained vari-
ance, this means that most individuals in the top PRS centiles for
a given mental disorder will not develop that disorder and the
majority of people who do develop mental disorders have PRS
centiles closer to the median®®. As a result, current PRSs for psy-
chiatric disorders show poor potential for screening purposes
in the general population, and do not yet have a role in genetic
counselling. PRS has currently a larger potential for screening of
some common medical conditions?®*%*®, as exemplified by the
MyGeneRank application®".

Since the predictive accuracy of PRS is also dependent on the
prevalence of the disorder in the sample tested, the utility of psy-
chiatric PRSs will vary depending on the context in which they
are applied®®. Although psychiatric disorder PRSs are far from
being able to accurately predict a given disorder in the general
population®®, they may provide greater clinical utility if used in
clinical populations for which the pre-test probability that an in-
dividual will experience a mental disorder is higher. For exam-
ple, PRS may be useful to predict risk of developing psychosis in
individuals who carry large-effect rare variants, such as carriers
of 22q11.2 deletion. Approximately 20-25% of 22q11.2 deletion
carriers develop schizophrenia®*****, Among carriers of 22q11.2
deletion, schizophrenia prevalence was 9% vs. 33% in the lowest
and highest deciles of the schizophrenia PRS, respectively124, in-
dicating potential utility for informing clinical decision-making
in the near future for this patient group. Among individuals at
clinical high risk of developing psychosis followed over a 2-year
period, addition of schizophrenia PRS to an existing calculator
slightly improved prediction of psychosis*®. Use of disorder-
specific PRS at this stage may be useful for informing decisions
relating to the level of follow-up required or whether or not to
initiate psychotropic medication. This may also be relevant for
other patient groups, such as those presenting with depressive
symptoms, for whom the clinical trajectory is highly variable and
is associated with differences in genetic risk for major depressive
disorder”®.

There is currently only limited evidence to support the hypoth-
esis that disorder-specific PRSs are associated with treatment re-
sponse for either depression or psychosis®*"*%, Alternatively, it
may be possible to develop PRSs tailored for specific treatment
decisions. High rates of non-response among patients taking
both antidepressant and antipsychotic medications mean that
tools which effectively predict treatment response could have a
significant impact on patient outcomes®***”’, For example, the
early identification of patients with treatment-resistant schizo-
phrenia requiring clozapine is a prime candidate for a treat-
ment-focused PRS. Approximately 30-40% of individuals with
schizophrenia do not respond to two first-line antipsychotics, but
half of this group respond to clozapine®”’. A case-case GWAS of
treatment responding vs. resistant patients found that treatment
resistance was minimally but detectably heritable (hZSNP:1-4%)
and that a PRS derived from this GWAS was weakly predictive of

clozapine use in an independent sample®*.

Genetic prediction may also be helpful for identifying individu-
als who do not respond to pharmacological treatment whatsoever
or are likely to develop specific side effects related to psychotropic
medication®”%. In the coming years, large-scale, genotyped pre-
scription registries such as FinnGen”, in addition to deeply
phenotyped clinical samples, will offer new opportunities to in-
vestigate the genetics of non-response and adverse drug reactions.

As the predictive ability of PRS largely depends on the power
of the genetic study it is derived from, the performance of PRS is
likely to improve in the coming years due to significant increases
in sample sizes, better phenotyping procedures and further meth-
odological refinements®**°****, However, PRS performs poorly
when applied to admixed individuals or individuals of other
ancestries than the cohort the PRS was initially derived from®°.
Since most GWAS are based on European individuals, the poor
cross-ancestry performance of PRS represents a major challenge
to ensure equitable health benefits of its potential clinical imple-
mentation.

The high degree of genetic and symptomatic overlap across
diagnostic categories and the lack of “gold standard” diagnos-
tic tests also represent a unique challenge within psychiatry as
opposed to other medical specialties, for which screening is al-
ready a part of routine clinical pathways. Given that the choice
of psychotropic medication is often driven by diagnosis, a lack
of discriminatory ability across disorder-specific PRSs may limit
their clinical utility. This feeds into a wider question about the
validity of the diagnostic categories themselves. Psychiatric dis-
orders are highly heterogenous and overlapping, both clinically
and neurobiologically, which may limit the predictive capability
of PRSs based on the current diagnostic criteria***”, This repre-
sents somewhat of a “catch-22” scenario, since PRS performance
is dependent on statistical power and the largest samples to date
are based on the prevailing diagnostic system, with limited phe-
notypic data available for large proportions of the subcohorts
comprising these large-scale GWAS®”. With increasing recogni-
tion of the need to prioritize more deeply phenotyped samples,
this is likely to shift in the coming years.

It is also possible that the genetic overlap across diagnostic
categories could be leveraged to improve prediction of individu-
als with psychiatric disorder compared to healthy controls, even
if this is at the cost of discriminating between different diagno-
ses. A recent study combined multiple disorder-specific PRSs to
improve prediction of mood disorders, anxiety, ADHD, autism
spectrum disorder and substance use disorders*”®. This raises
the possibility that distinct types of PRS may be applied in the
future depending on the clinical question, either to maximize
prediction of psychiatric disorder as opposed to its absence, or to
maximize discrimination across diagnostic categories, alterna-
tive subphenotypes, or treatment options.

While psychiatric PRS is still some way from being applied
clinically, advances in non-psychiatric PRS may provide more im-
mediate benefits for individuals with psychiatric disorders. Car-
diovascular disease and its metabolic risk factors are significantly
more prevalent among psychiatric patients and are the single larg-
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est cause of death in these patients®”’. A study in the UK Biobank
showed that applying a cardiovascular disease PRS in addition
to standard risk prediction for people at intermediate risk could
prevent 7% more cardiovascular disease events than the standard
screening approach®®. So, while it is feasible to incorporate PRS
for cardiovascular disease into routine clinical practice for the gen-
eral population, this may provide particular benefit for psychiatric
patients®,

Despite the fact that PRSs are currently not deemed to be clini-
cally useful, patients can already acquire their own PRS profile
themselves at relatively low cost through direct-to-consumer
genotyping companies. Although these companies do not rou-
tinely offer PRS for psychiatric disorders, individuals can down-
load their own raw genotypes and use complementary websites
to compute PRS for additional phenotypes of their choice. While
this may help to democratize access to health information and
increase patients’ ability to take ownership for their health, these
services are variably regulated across countries®”, and the in-
formation provided to help consumers accurately interpret their
results varies greatly”®. Given the common misconception that
genetic testing is deterministic, this could leave consumers at risk
of misinterpreting their results, which may lead to harmful out-
comes.

Moreover, interpreting PRS results requires an understanding
of the difference between relative risk and absolute risk, which
may not be intuitive. For example, in the latest schizophrenia
GWAS®, being in the top PRS centile was only associated with an
odds ratio of 5.6 relative to the rest of the sample. Hence, an indi-
vidual in the top PRS centile for schizophrenia without any other
risk factors is more likely to not develop the disease than get the
disorder, due to the low lifetime risk of schizophrenia.

Arecentnews article described a particularly concerning exam-
ple of consumer use of PRS, in which a couple used a company
called Genomic Prediction Inc. to perform PRS-based screening of
embryos derived by in vitro fertilization®®'. The couple then used
a third-party service to compute PRS for schizophrenia and intel-
ligence and selected their embryo based on these scores. Not only
does this raise major ethical concerns given the association with
eugenics and ableism, but the fact that the PRS for schizophre-
nia is associated with positive traits such as increased openness
to new experiences'* and creativity'*® emphasizes that selection
based on tools with limited predictive ability for traits which are
still poorly understood and subject to stigma and discrimination
could result in unintended and unwanted consequences®®*2*,
Researchers affiliated with Genomic Prediction Inc. have since
constructed a polygenic health index by combining PRS for 20 im-
pactful disease conditions, including schizophrenia®®°.

Overall, the rapid methodological developments, increasing
availability, and public and clinical interest in genetic predic-
tion tools highlight the need for greater oversight and regulation
in this emerging new interface between science, commerce, and
the rights of the individual. Given the impact on medicine, imple-
mentation of PRS at different levels (e.g., embryo selection, risk
screening in the population, informing clinical decision-making)
requires a broader debate in society and the general public.
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CHALLENGES AND OPPORTUNITIES FOR
PROGRESS AND FUTURE IMPACT

Despite the substantial progress in the discovery of genetic
variants influencing risk of mental illness in the last decade,
psychiatric genetics is still in its early stages, and the genetic
findings have not yet been translated into better mental health
care. Most genetic risk variants affecting major psychiatric dis-
orders remain to be uncovered (see Figure 2), and several psy-
chiatric disorders still lack sufficiently powered genetic data. To
maintain progress in the field, it is necessary to continue assem-
bling large-scale samples of people with psychiatric disorders,
including measures of the progression and severity of illness
and treatment response. To this end, international coopera-
tion is the best way forward®**?*®, with support from national
cohorts such as UK Biobank??®, FinnGen*”, iPSYCH?*" and de-
CODE*.

It is increasingly recognized that integrated analysis of the full
range of genetic variation'>** is necessary to provide a com-
prehensive understanding of how genetic variants influence
risk of illness and underlie different clinical profiles, warranting
greater use of sequencing technologies. Moreover, the present
genetic findings have disproportionally been based on individu-
als of European descent, and are only partially transferrable to
other ancestral groups, due to differences in genetic and envi-
ronmental contexts'®*'%%17 resulting in poorer performance of
genomic prediction tools®****?*!, To ensure that the expected
health benefits from the developments in human genetics are
equitable, it is imperative to prioritize ancestral diversity of both
genomic and functional genomic data resources in the coming
years, which requires a concerted global effort' %, New ini-
tiatives have been established to improve recruitment of diverse
samples'®"2%%% and to develop better trans-ancestry prediction
methods, with promising results in several complex human dis-
orders®**2%,

Psychiatric disorders are multifactorial. The impact of indi-
vidual genetic risk depends on the psychosocial setting of the
individual, and this must be taken into account to ensure further
progress in the field. To obtain a more complete understanding
of the underlying causes of psychiatric disorders and account
for the substantial individual variation, deeper phenotyping
and incorporation of demographic and environmental data is
needed. It is, therefore, necessary to go beyond unidimensional
case-control studies based on diagnostic categories and adopt
a multi-modal analytical framework, that incorporates clinical
characteristics, genetic information, blood biomarkers, neuro-
imaging measures, electronic health record data, lifestyle factors,
demographic data and environmental factors in a systematic
manner. This will be expensive and requires extensive data har-
monization, which again calls for coordinated, international col-
laborations®”’.

Multi-modal integration is also likely to offer the best route
to clinical utility for genomic precision medicine approaches”.
Since most current PRSs are derived from common genetic
variants, which explain relatively small proportions of the total



variance in liability for a given disorder, the predictive capac-
ity of PRSs will be inherently limited without the integration of
other sources of information. The large number of genetic vari-
ants affecting complex human phenotypes in a highly unspecific
manner”**® emphasizes the need for application of frameworks
for quantitative analysis of big data®""®*%3"! Building on the
ever-increasing amount of psychiatric genetic data, it is possi-
ble to develop mathematical modeling approaches*” that can
leverage multidimensional, longitudinal and multimodal data,
which may increase etiological insights and set out the roadmap
towards precision medicine approaches in psychiatry®".

In contrast to many other human disorders, psychiatric dis-
orders typically emerge during formative years of childhood,
adolescence and early adulthood”, and they often persist
throughout life. However, most of the large-scale health cohorts
in the world - such as the UK Biobank®®, the Rotterdam study3°3,
and the Framingham Heart Study** - have focused on cardio-
vascular disease and chronic illnesses that affect older people,
recruiting participants from middle age (from 45-50 years old),
several decades after most psychiatric disorders have emerged.
Thus, it has become increasingly apparent that birth cohorts
with longitudinal follow-up assessments are required to provide
insights into the etiology of psychiatric disorders and to facilitate
prospective studies of the premorbid phase of these disorders.
While there are some long-standing birth cohorts with approxi-
mately 15,000 participants (e.g., Avon Longitudinal Study of Par-
ents and Children3°5), larger samples are needed. To the best of
our knowledge, there are currently only four large birth cohorts,
the Norwegian Mother and Child study®”, the Danish National
Birth Cohort®”, the Jiaxing Birth Cohort®®, and the China Birth
Cohort®®, with more than 100,000 children in each. Longitu-
dinal samples, covering the sensitive periods of childhood and
adolescence, may allow investigations of time of onset, disease
trajectories, as well as the interplay between genetic variants
and environmental and sociodemographic factors®'?. Here, the
large Nordic and Chinese lifespan samples with genetics and
real-world data from registries and hospital records will be valu-
able. Such samples can be used to investigate environmental
stressors - e.g., the effect of COVID pandemic®'' - and to study
gene-environmental interplay at sensitive periods during devel-
opment.

The pace of research on human genetics will accelerate over
the next decade, and eventually lead to clinical implementation
of genetics in more areas of health care, beyond current applica-
tions such as neonatal screening, tumor sequencing and diag-
nostics of rare Mendelian diseases®***'. The public interest in the
field will likely increase in parallel with the incremental genetic
discoveries, with an increased demand for regulation of services
using individual genetic data. Although it is still unclear how hu-
man genetics may be implemented in mental health care, it is
important that the new knowledge about psychiatric genetics
becomes an integral part of the training of health care profes-
sionals in psychiatry, which is currently not the case in many
countries'?, to enable clinicians to reliably return genetic find-
ings to patients and their relatives.

CONCLUSIONS

In the past decade, we have witnessed a series of breakthroughs
in psychiatric genetics, driven by progressively larger samples and
more advanced technologies and analytical methods, providing
new insights into the genetic etiology of psychiatric disorders. It is
now clear that thousands of common variants with small effects,
as well as rare genetic variants with larger effects, collectively influ-
ence the risk of psychiatric disorders. A large proportion of these
genetic risk variants influence multiple psychiatric disorders, as
well as other behavioral and somatic traits and disorders, indicat-
ing a shared genetic basis. However, the biological consequences
of these genetic risk variants are still poorly understood.

Psychiatric genetics is still in its early stages, but holds prom-
ise of improving mental health care, in particular through refine-
ment of the diagnostic classification system, discovery of novel
therapeutic targets and biomarkers, and paving the way for pre-
cision psychiatry.
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The alliance in mental health care: conceptualization, evidence and
clinical applications
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The concept of alliance reflects the collaborative relationship between a clinician and a patient, defined as consisting of three elements: a) the agreement
on the goals of treatment; b) the agreement on a task or series of tasks; ¢) the development of a bond. Although much of the theory and research on the
alliance comes from the domain of psychotherapy, the concept is applicable to any practice involving a person seeking help and a socially sanctioned
healer. An extensive research evidence suggests that the alliance (typically measured at the third or fourth session) is a robust predictor of the outcomes
of various forms of psychotherapy, even when prior symptom improvement and other factors are considered. Both the clinician and the patient bring
to the therapy situation different capacities to form an alliance. Factors concerning the patient include, among others, the diagnosis, attachment history
and style, motivation, and needs for affiliation. However, the benefits of the alliance have been found to be mostly due to the therapist's contribution, in
particular his/her facilitative interpersonal skills, including verbal fluency, communication of hope and positive expectations, persuasiveness, emotional
expression; warmth, acceptance and understanding; empathy, and alliance rupture-repair responsiveness. Placebo studies have allowed to experimen-
tally manipulate aspects of the relationship between a therapist and a patient in non-psychotherapy contexts. In these settings, two components of the
relationship have emerged: an emotional one (involving being cared for and understood by the clinician) and a cognitive one (including the belief in the
competence of the therapist to select and administer an effective treatment). Here we propose a model that describes three pathways through which the
alliance creates benefits, named CARE (caring, attentive, real and empathic), EXPECTANCY, and SPECIFIC. Although research and clinical attention have
mostly focused on the alliance between a clinician and a patient in face-to-face interactions, there is preliminary evidence concerning the alliance between
patients and other clinic staff; systems of care, or the program in Internet-mediated services. These new research areas clearly require further development.

Key words: Alliance, relationship, bond, expectations, treatment goals, competence, warmth, empathy, placebos, trust
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In many instances, there is a propensity for humans to disre-
gard phenomena that permeate everyday life. For example, we
converse using language much of the day without paying it the
least regard. Of course, we become acutely aware of language
when confronted with an unusual situation, such as an interaction
with a person with aphasia, when interacting with others who are
using an unfamiliar language, or when having to pick our words
carefully in a challenging situation. Yet language, when examined,
is exceedingly complex and is studied and understood from a va-
riety of perspectives, including linguistics, psychology, neurosci-
ence, anthropology, sociology, and literature. Language is vital to
human life - without it, humans could not exist.

The alliance is the “language” of mental health care. To varying
degrees, it is present in all interactions between a clinician and a pa-
tient but, like language, it is typically ignored until it is disrupted or
vanishes. Examining the alliance from multiple perspectives unveils
its nature and highlights aspects of it that could lead to improved
quality of care.

In this paper, we trace the historical roots of the alliance con-
cept, and provide a definition of it. We then review the evidence
related to the alliance, which demonstrates its importance for the
outcomes of mental health treatments. These discussions lead to
a presentation of the psychological mechanisms that explain how
the alliance produces benefits, and of clinical applications, in-
cluding some recent developments which involve systems of care.

HISTORICAL ROOTS AND DEFINITION OF THE
ALLIANCE CONCEPT

The concept of the alliance is usually traced to E. Bordin’s sem-
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inal 1979 paper entitled The Generalizability of the Psychoanalytic
Concept of the Working Alliance'. Bordin intertwined two psy-
choanalytic threads. The first involved the relationship between
the analyst and the patient’s rational ego as well as the notion of a
therapeutic contract>*. The second borrowed the psychoanalytic
concept of the “real relationship’, which is the transference-free
relationship between the patient and the analyst"”.

Bordin’s contribution was to weave the two threads together to
define a concept that he labeled the working alliance, which ap-
plied to all forms of psychotherapy as well as to other relationships
that involved a person seeking help and a person designated as a
helper. He defined the alliance as containing three elements: a) the
agreement on the goals of treatment; b) the assignment of a task or
series of tasks; and c) the development of a bond. Several of the is-
sues discussed by Bordin over a half century ago remain central to
current discussions of the alliance.

The title of Bordin’s paper mentioned generalizability to em-
phasize that the importance of the alliance was not limited to
psychoanalysis. Indeed, he stated: “I propose that the working
alliance between the person who seeks change and the one who
offers to be a change agent is one of the keys, if not the key, to the
change process... A working alliance between a person seeking
change and a change agent can occur in many places besides the
locale of psychotherapy. The working alliance can be defined and
elaborated in terms which make it universally applicable”" P*°%,
Accordingly, his model is often referred to as trans-theoretical, al-
though he did not use that label. However, he did emphasize that
aspects of the alliance will depend on the nature of the treatment
used to create change. That is, the nature of the alliance and how
it leads to improved outcomes depends on the particular treat-
ment.
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The expression agreement on the goals of treatment suggests
to many that the therapist and the patient explicitly discuss the
goals of treatment, coming to an agreement, after which the treat-
ment can begin. However, it rarely happens this way. It seems
that experienced therapists in high-alliance and successful cases
rarely explicitly discuss the very specific goals of treatment, al-
though they do induce a future orientation through various tech-
niques®’. This raises the question of what is meant by goals of
treatment, particularly the level of specificity of such goals.

As Bordin discussed, the choice of therapist and therapy de-
termines much about the goals of treatment. Treatment by a psy-
choanalyst or a psychodynamically oriented therapist “rests on
the mutual agreement that the patient’s stresses, frustrations and
dissatisfactions are to a significant extent a function of his own
ways of thinking, feeling and acting”"?***, but this understanding
may not be realized until therapy has progressed for some time.
On the other hand, cognitive and behavior therapists direct at-
tention toward more concrete and circumscribed goals related to
behavior, cognitions, emotions and values. Some therapies em-
phasize character or personality change, while others are focused
on symptoms or well-being. The goals for a patient receiving psy-
chopharmacological treatment will be typically focused on symp-
toms of the disorder.

Clearly, agreement on goals is not a simple matter. The use of
the terms goals and agreement on goals suggest to many a degree
of specificity; alternative language could refer to general aims of
treatment and clarification of aims of treatment. Moreover, as
any clinician knows, what the patient identifies as problematic
in his/her life may change as therapy provides insight or under-
standing. Further complicating the situation, patients may report
that they have come to an agreement on the goals of therapy in
the absence of any discussion of goals’, suggesting that an im-
plicit understanding might be sufficient. Anyway, the degree to
which psychotherapy is focused on the patient’s perceived prob-
lems is related to the efficacy of the treatment®.

The second element of the alliance, as formulated by Bordin,
is therapist’s assignment of tasks. Bordin was clear that the choice
of therapeutic tasks is not unilaterally made by the therapist and
presented to the patient, and noted that “collaboration between
patient and therapist involves an agreed-upon contract”" P?*%,
However, he recognized that the choice of therapist determined
the range of tasks that would be utilized in therapy.

The particular tasks assigned by therapists will be different
across orientations. For example, a patient presenting to a bio-
logically oriented psychiatrist will not be surprised to receive a
prescription for psychotropic medication, and the patient’s task
will involve taking the medication as prescribed. Thus, the pa-
tient has expectations about the nature of the tasks that will be
assigned, which predisposes to collaboration and creates expec-
tations for the outcomes of the therapy, thereby increasing its ef-
fectiveness, as will be discussed later® .

Despite the frequent citation of Bordin when discussing the al-
liance, the assignment of tasks element of the alliance is common-
ly referred to as agreement on the tasks of treatment, although it
is important to remember the asymmetric relationship in mental
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health care, where the clinician has a particular expertise and var-
ious therapeutic skills that influence the tasks of treatment. As will
be discussed, the clinician’s persuasiveness and verbal fluency
increase collaboration between the clinician and the patient. That
is, the manner in which the clinician explains the treatment influ-
ences the degree to which the patient believes that the treatment
will be effective.

The bond between the clinician and the patient is the least well
defined and understood of the three elements of the alliance, and
is the most controversial. According to Bordin, goal setting and
collaboration on the tasks of treatment “appear intimately linked
to the nature of the human relationship between therapist and
patient”"P***, Calling the third therapeutic element the bond con-
veys the idea that it is linked to the relationship, but there are two
central ways that the bond has been discussed in the literature.

First, the bond has been conceptualized as the “real relation-
ship’, which refers to the collaborative quality of a genuine, car-
ing, unconditional and understanding stance of the clinician,
something akin to C. Rogers’s “core conditions”'%. Such a collab-
orative relationship quality can be healing in and of itself, as dis-
cussed later. A second interpretation of the bond is one of trust:
for example, does the patient sufficiently trust that the clinician
has the expertise to be helpful, so that the patient is willing to en-
gage in the difficult and sometimes distressing work involved in
the treatment? The former is oriented toward the person of the
clinician, and the latter toward the competence of the clinician.
Both aspects are valuable, but the distinction is important.

Moreover, the nature of the bond might well depend on the
nature of the treatment, the treatment stage, and the patient’s
characteristics, as noted by Bordin: “Some basic level of trust
surely marks all varieties of therapeutic relationships, but when
attention is directed toward the more protected recesses of inner
experience, deeper bonds of trust and attachment are required
and developed... One bond may not necessarily be stronger than
the other, but they do differ in kind”" P***,

There is a characteristic of the alliance that separates it from
all, or almost all, other healing concepts. The alliance is, by defi-
nition, a dyadic concept. The alliance is created by the work that
the clinician and the patient do together. Other therapeutic con-
cepts involve conditions created or actions taken by the clinicians,
although patients will be affected by or react to such conditions
and actions differently. Consider empathy: a therapist can offer
an empathic response to a patient after the patient describes a
difficult event in his/her life, and such a response can be seen as
empathic regardless of how the patient receives, understands and
is affected by the response. By definition there is no “alliant-ic”
therapist response, as alliance is created in the dyadic interaction
and is a phenomenon that occurs as a consequence of the thera-
pist and patient interaction.

As such, both participants contribute to the alliance. The thera-
pist creates the conditions under which the alliance will develop,
but importantly patients perceive this as having a collaborative
quality. The ontological distinction between the alliance and oth-
er therapeutic factors has been highlighted most convincingly by
R. Hatcher'3, who emphasized that the alliance is a collaborative
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construct. The dyadic nature of the alliance is central to under-
standing its role in leading to effective treatment.

Although Bordin’s discussion of the alliance was ground-break-
ing and his ideas have persisted, there have been theoretical vari-
ations on his conceptualization, one of which offers particularly
important insights. L. Luborsky and A.O. Horvath'*'® discussed
the alliance from a variety of perspectives, including its psychody-
namic origins, its Rogerian client-centered relational aspects, the
social influence concept, and the pan-theoretical perspective.

From these multiple perspectives, two types of alliance were
identified as well as a sequencing of these types over the course
of treatment. Luborsky suggested that the alliance is a dynamic
rather than a static entity, responsive to the changing demands
of different phases of therapy. Type 1 alliance is “based on the
patient’s experiencing the therapist as supportive and helpful
with himself as a recipient”; Type 2 alliance is “a sense of working
together in a joint struggle against what is impeding the patient...
on shared responsibility for working out treatment goals... a
sense of ‘we-ness” ' P*%, According to Luborsky, Type 1 alliance
is more evident in the beginning of therapy, and Type 2 more
typical of later phases of treatment.

Although much of the theory and research on the alliance comes
from the psychotherapy domain, the conceptis applicable, as Bor-
din emphasized, to any practice involving a person seeking help
and a socially sanctioned healer. Accordingly, we will discuss al-
liance with a psychotherapist and then expand the concept by
discussing other domains, including psychiatry, medicine and
placebos, among others.

As the alliance became to be seen as central to mental health
treatments, researchers needed to have a reliable and valid way to
measure it. We now discuss several of the measures of the alliance.
Because the alliance is a dyadic phenomenon, respondents using
these instruments are giving their own sense of the alliance. Con-
sequently, clinicians and patients typically assess identical items,
butrate the alliance as they perceive it. The clinician and the patient
may not perceive the alliance similarly, as each rates the alliance fil-
tered through his/her own lens and interpretation of the interaction.
There are some instruments in which an observer rates the alliance,
providing an outsider’s perspective, although observers are still rat-
ing on the basis of their perspective of a dyadic construct.

MEASUREMENT OF THE ALLIANCE

Measurement of interpersonal perceptions of individuals in a social
context has been a lasting challenge in psychological sciences®8"' "%,
For example, a person may love his/her partner but, at the same
time, his/her evaluation will also consider how much it feels that this
kind of love is reciprocated®®'¥*°, Evaluating the alliance needs to
consider the relationship of two persons as well as the two persons,
as individuals, with individual characteristics. According to Kenny’s
social relations model?!, the evaluation focuses on three compo-
nents: perceiver, target and relationship.

Alliance scores are thus based on the two actors and their gen-
eral rating tendencies as well as their perceptions of the other
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and the relationship'®. More specifically, alliance is assessed by
particular measures completed by raters (patient, therapist, or
sometimes an observer) evaluating a relational phenomenon at
aparticular time in therapy. The majority of studies assessing the
alliance refer to overall reports at the end of a session (item ex-
amples: “I feel that my therapist appreciates me”; “As a result of
these sessions I am clearer as to how I might be able to change”;
“I believe the way we are working with my problem is correct”).
These items do provide a more general alliance evaluation across
sessions, and they are not focused on a particular intervention
or time during a session. There is some empirical indication that
the alliance assessed at post-session is rated somewhat higher
than the alliance immediately before the next therapy session,
even though no additional interaction occurred®.

Four post-session alliance measures - the California Psycho-
therapy Alliance Scale (CALPAS)®, the Helping Alliance Ques-
tionnaire (HAQ)*, the Vanderbilt Psychotherapy Process Scale
(VPPS)®, and the Working Alliance Inventory (WAI)* - are used
in approximately two-thirds of the alliance-outcome studies.
Over time, there has been a trend toward developing and using
shorter versions of these measurement instruments. About 70%
of the published papers in the past decade have used an invento-
ry based on WAI items'®. Separate versions for patient, therapist
and observer ratings have been developed. Each of the above-
mentioned four core instruments has demonstrated acceptable
internal consistency, in the range of .81 to .87 (Cronbach’s alpha).

Various studies of the factor structure of the measures range
from multiple factors to more coordinated perceptions across
the alliance elements (e.g., coordinated view of tasks, goals and
bond®#?"). The shared variance of alliance across measures and
evaluators is low, indicating that there is much uniqueness in the
alliance ratings of particular evaluators,

Despite these issues of measurement, the evidence for the im-
portance of the alliance converges across raters, measures and
assessment times, and how the alliance is involved in producing
therapeutic benefits is in many ways unambiguous.

EVIDENCE FOR THE BENEFITS OF THE ALLIANCE

A search for the term “alliance” in the titles of articles indexed
in the PsycINFO database yields approximately 5,000 publica-
tions that deal with the alliance in the sense used here. Consist-
ent with Bordin’s observation that the alliance spans an array
of healing settings, the concept is also referenced in medicine
(>900 hits in PsycINFO), social work (>800 hits), nursing (>200
hits), school counseling (>600 hits), and pharmacotherapy (>100
hits). The emphasis on the alliance is also central in the emerging
patient-centered care movement™.

In this section, we review the evidence for the benefits of the
alliance. It will be clear that making valid conclusions from the
available research is challenging, because the alliance is com-
plex and designing research to investigate it is difficult. There are
threats to validity to each alliance study as well as to all studies
using a particular design. To rule out various threats, the design

27



of the studies has evolved. The evidence produced by the stud-
ies also reveals important aspects of the alliance, showing that
research and theory development go hand-in-hand.

Due to the volume of the alliance research, various meta-analy-
ses have been conducted, the results of which will be cited to sum-
marize the evidence. For various critical issues, particular studies
will be discussed.

The association between the alliance and outcomes of
treatment

At the most basic level, if the alliance is an important aspect
of mental health care, then the alliance measured during the
course of therapy should predict the final outcomes of treatment.
Said another way, the stronger the alliance, the better the out-
comes of treatment.

The first study that investigated the association of the alliance
with outcomes was a doctoral dissertation by A.O. Horvath in 198 1%
who studied 29 patients receiving various types of treatment. The
alliance was measured by the WAI (rated by both patient and
therapist) early in therapy, and outcomes were measured by the
Psychotherapy Questionnaire (also rated by both patient and
therapist). Across the various measures, the alliance-outcome
correlation was .49, suggesting a rather strong association.

By 1991, there was a sufficient number of studies (i.e., 24) to
conduct a meta-analysis of the alliance-outcome association.
The typical study measured the alliance early in treatment (at the
third or fourth session) and then the correlation of the alliance
score with outcomes as a criterion variable was calculated. The
results of this meta-analysis®' are presented in Table 1. The 24
studies involved 1,148 patients and yielded an aggregate correla-
tion of .26, which is generally considered of moderate size. When
converted to standardized mean difference (SMD), the effect was
.54, which would be regarded as sizable and clinically important.
This effect size indicates that seven percent of the variability in
outcomes (i.e., R?) is due to the alliance. Although this may not
appear impressively large, there is no variable measured early in
therapy, except for initial severity of the patient’s condition, that
predicts the outcomes better than the alliance.

The number of studies examining the correlation between the

alliance and outcomes has remarkably increased over the years.
Four additional meta-analyses have been conducted since 1991°*
35 whose results are summarized in Table 1. Clearly, the range of
the aggregate correlation of alliance with outcomes exceeds .20,
and in the most recent and comprehensive meta-analysis ap-
proaches .30. Due to the number of studies (almost 300) and
number of patients (over 30,000) within the studies in the most
recent meta-analysis35, it is safe to conclude that there is a robust
association between alliance and outcomes of psychotherapy. In-
deed, the standard error of estimate for the aggregate correlation
of .28 was approximately .011.

Importantly, the association of the alliance between the thera-
pist and youth is also predictive of outcomes®. Furthermore, the
alliance is associated with outcomes also in marital, family and
group therapy, although in these cases there are multiple alliances
to consider®”®,

The adage that “correlation does not mean causation” provides
a cautionary note to making claims about the alliance from these
meta-analyses, even if they are comprehensive and precise. How-
ever, research has burgeoned to address many of the threats to the
validity of the conclusion that the alliance is a central therapeutic
factor, and also provides clinical insight into how the alliance is
therapeutic. We now briefly review this additional evidence.

Is the alliance an epiphenomenon of early symptom
change?

The correlation between the alliance and outcomes discussed
earlier involves a measurement of the alliance early in therapy,
typically at the third or fourth session. The alliance, it is thought,
cannot be validly assessed earlier, because it is a dyadic construct
that needs sufficient clinician-patient interaction to develop.
However, by the time the alliance is measured, many patients will
have experienced a significant decrease in distress®>*°, which
has generated two conjectures about early treatment gains.

The first conjecture, put forth by DeRubeis et al*' among oth-
ers, is that the specific treatment actions create early change, and
it may well be that the patients who have experienced significant
benefits early in treatment will tend to rate all aspects of the
treatment favorably, including the alliance, and will have better

Table 1 Summary of meta-analyses of the correlation of alliance and outcome

Population N. studies N. patients  Aggregate correlation (r) Equivalent SMD R?
Horvath & Symonds®! Adults 24 1,148 .26 .54 .07
Martin et al*? Adults 79 4,770 22 45 .05
Horvath & Bedi* Adults 100 5,741 21 43 .04
Horvath et al* Adults 190 17,422 28 .58 .08
Fliickiger et al®® Adults 295 >30,000 .28 .58 .08
Karver et al*® Children and adolescents 43 3,447 .20 .40 .04
Friedlander et al*’ Couples and families 40 4113 30 62 .08

SMD - standardized mean difference
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final outcomes. In this case, it could be said that the alliance is a
consequence of the benefits of treatment. This epiphenomenon
argument has been proposed as an explanation for the alliance-
outcome correlation and to suggest that the alliance may not be
an important therapeutic factor'.

The second conjecture is that early treatment progress is due
to remoralization, a tenet of the psychotherapy model proposed
by J. Frank'’. Remoralization is related to the patient taking action
to solve his/her problems (i.e., partake in psychotherapy) as well
as to the expectation that the treatment will be effective (which is
intimately tied to the agreement about the goals of treatment and
the acceptance of the therapeutic tasks, and to the unconditional
acceptance by a clinician who shows understanding and caring).
In the former epiphenomenon case, it is the specific treatment ac-
tion itself that results in symptom change** as well as a strong alli-
ance, whereas in the latter it is the engagement in the therapeutic
process and feeling accepted by the clinician that is important™.

The evidence for these two conjectures partially clarifies their
relative validity44. The first issue, which has been examined quite
extensively, is whether the alliance is predictive of the outcome
of therapy beyond the early progress of treatment observed be-
fore the alliance was measured. Indeed, there are other process-
es occurring in therapy prior to alliance measurement that might
generate higher alliance ratings and better treatment outcomes,
such as adherence to the treatment protocol and therapist com-
petence at delivering the treatment. Moreover, there are several
characteristics of patients that might present confounds, such as
patient personality, demographics, and context (racial, ethnic or
cultural variables), as well as the initial severity of the patient’s
condition.

Over the years, there have been several attempts to statistical-
ly control for patient characteristics and early processes. Recent-
ly, a meta-analysis examined studies that partialled out factors
occurring before measurement of the alliance and found that
the alliance-outcome correlation was not attenuated by these
factors®®. Thus, there is evidence that the alliance is not simply
an epiphenomenon of factors occurring before it is measured.
However, early symptom change also predicts the final outcomes
of therapy"® and mediates change*”*®, a result which beseeches
further investigation of how symptom change and alliance are
related over the course of treatment.

An advance in statistical methods has clarified to some extent
the alliance-symptom association. The evidence discussed up to
now is known as a between-patient effect. The alliance-outcome
correlation is a bivariate statistic indicating that, with patients for
whom the rated alliance is larger than for other patients, the out-
come is better than for other patients. Such statistics say nothing
about the temporal aspects of the alliance. An important ques-
tion is whether the level of the alliance for a particular patient at
a particular session is followed subsequently by a reduction in
symptoms for that patient. Conversely, is a reduction of symp-
toms followed by an increase in the rated alliance? Such ques-
tions are answered by a within-patient analysis*®. This analysis
requires that the two variables are assessed at regular intervals
over the course of therapy (i.e., a longitudinal design)®.
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Increasingly, researchers have examined alliance and symptoms
over the course of psychotherapy, providing a sufficient number
of longitudinal studies to be meta-analytically synthesized™. The
meta-analysis examined 17 primary studies of the alliance and
symptoms over the course of the first phase of treatment, which
was designated as the first seven sessions. A between- and within-
patient analysis was conducted with the data from each primary
study, and the results from the 17 studies were then aggregated,
yielding several informative findings.

First, early alliance was related to the level of symptoms at post-
treatment, consistent with the meta-analyses reviewed earlier.
Second, at the within-patient level, the relative level of the alliance
for a patient predicted the subsequent level of symptoms, but as
well the relative level of symptoms for a patient predicted subse-
quent level of the alliance. That is, there is a reciprocal relationship
between alliance and symptoms as treatment unfolds during the
initial phase. The reciprocal relationship between alliance and
symptoms was stronger for patients with stronger alliance relative
to other patients, whereas it was stronger for patients with lower
symptom level than for other patients. The results of this meta-
analysis demonstrate that the alliance is not simply a consequence
of symptom improvement, but suggest that symptom improve-
ment and alliance work synergistically.

Whose contribution (therapist or patient?) to the alliance
mostly leads to change?

The alliance is a dyadic construct that reflects the interaction
between a therapist and a patient. However, each of the partici-
pants brings to the therapy situation different capacities to form
an alliance®"*2. Patients have, for example, varying attachment
histories, attachment styles, motivation, and needs for affiliation
- all these factors may affect the strength of the alliance. Similar-
ly, therapists will differ in their ability to form alliances with pa-
tients®"**. The correlation of the alliance with outcomes is what
is called a total correlation®, in that it ignores that the phenom-
enon under investigation is due to two sources. When the total
correlation is disaggregated, there are two possibilities.

First, it might be the patient contribution to the alliance that is
more important for the outcomes of therapy. For example, a pa-
tient may have a secure attachment style, lack of stress in life (e.g.,
adequate economic resources and social support), no comorbid
personality disorder, and be motivated to reduce his/her distress.
This patient would likely form a good alliance with the therapist
and would likely have relatively satisfactory outcomes. If this were
the case over a sample of such patients, there would be a positive
correlation of alliance with outcomes, and this correlation would
be due primarily to the patient’s capacity to form an alliance.

On the other hand, if some therapists are able to form better
alliances than others, then it could well be that therapists who
are able to form strong alliances across a range of patients also
produce better outcomes. In this case, there would be a strong
total correlation, but this would be mostly due to the therapist
contribution to the alliance. Of course, the total correlation could

29



be due to both the therapist and the patient contribution.

Disaggregating the total correlation into therapist and patient
contributions is possible with multilevel modeling, that takes
into consideration that the patients (level 1) are nested within
therapists (level 2). For example, Baldwin et al®' disaggregated
the total alliance-outcome correlation, which allowed identifica-
tion of whose contribution to the alliance was mostly associated
with outcomes. They examined the outcomes of 331 patients
who were treated by 80 therapists. The outcomes of therapy were
measured by the Outcome Questionnaire 45 (OQ-45) at baseline
and termination, and alliance was measured by the WAI early in
therapy from the patients’ perspective.

The total correlation of WAI and post-treatment OQ-45 was
-.24 (negative because lower OQ scores indicate better out-
comes). When the baseline OQ-45 score was included in the
model as a covariate, the total correlation was -.21. These total
correlations were approximately equal to the values estimated in
various meta-analyses®>**. Using multilevel models that disag-
gregated the patient and therapist contribution to the alliance,
it was found that the therapist contribution to the alliance pre-
dicted outcomes (y,, = -0.33, p<0.01), but the patient contribu-
tion did not (y,, = -0.08, not significant).

The differential effectiveness of therapists has been labeled
therapist effects™. A therapist who generally forms stronger al-
liances with his/her patients than other therapists also generally
has better outcomes than other therapists. However, an appar-
ently surprising result of Baldwin et al’s study’' was that patients
with a stronger alliance with that particular therapist did not
have better outcomes than the same therapist’s other patients
with a lower alliance.

To understand this result, consider a chronically depressed pa-
tient with a comorbid Cluster B personality disorder, who has a
difficult attachment history, an insecure attachment style, and little
social support. This patient’s alliance with a therapist who generally
forms strong alliances will likely be weak relative to the other pa-
tients of that therapist. However, this alliance will likely be stronger
than it would have been had this patient been treated by another
therapist. This patient is accustomed to having a chaotic relation-
ship with everyone in his/her world and here is a therapist who is
able to form with him/her a relatively stable relationship, albeitless
strong than with other patients. This stronger alliance than usual
for this patient will generate positive outcomes.

There have been several investigations that have disaggregat-
ed the patient and therapist contributions to the alliance, some
of which have replicated Baldwin et al’s findings and some oth-
ers have not’’. However, two meta-analyses have examined the
corpus of alliance-outcome correlation by utilizing an innovative
method. Del Re et al*>*® examined several potential moderators
of the alliance-outcome correlation, and found that a significant
moderator was the patient-to-therapist ratio (i.e., the number of
patients in each study divided by the number of therapists). It
was found that the lower that ratio, the higher the alliance-out-
come correlation. This result, which remained significant even
when several potential covariates were controlled, confirms the
significance of therapists’ impact on the alliance-outcome rela-
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tionship.

That the benefits of the alliance are mostly due to the thera-
pist contribution raises the fundamental question of what are the
characteristics and actions of therapists who form strong allianc-
es across a range of patients. Psychotherapy research has shown
that the age, ethnicity, gender, profession of therapist, therapist’s
theoretical orientation, therapist’s experience, size of therapist’s
caseload, self-reported social skills on a valid inventory, and ex-
pert interviewer’s rating of trainees’ clinical skills, do not differen-
tiate more effective from less effective therapists®. The strongest
predictor of effectiveness is a set of interpersonal skills of the
therapists displayed in interpersonally challenging situations®”*,

In Anderson et al's study’, the facilitative interpersonal skills
of the therapist were the only factor accounting for variability of
therapy outcomes. These skills included verbal fluency; thera-
pist communication of hope and positive expectations; per-
suasiveness; emotional expression; warmth, acceptance and
understanding; empathy; alliance bond capacity; and alliance
rupture-repair responsiveness. Anderson et al>*®° as well as oth-
ers” assessed the interpersonal skills of psychotherapy trainees
and were able to use these skills to predict therapy outcomes two
to five years in the future.

Does the alliance differ among various forms of
psychotherapy?

According to Bordin', the alliance is important for all healing
practices involving a person seeking help and a clinician offer-
ing help, although he recognized that the nature of the alliance
might be different among the various therapies. Plumbing the
depths of the psyche in psychoanalysis might well require a dif-
ferent type of alliance than exposure for a socially anxious pa-
tient in cognitive-behavior therapy (CBT), although both tasks
can be extremely demanding emotionally.

The most basic question is whether the alliance predicts out-
comes across various types of therapy. In their meta-analysis,
Fliickiger et al*> examined the size of the correlation for different
treatments, including CBT, counseling, psychodynamic therapy,
humanistic therapy, interpersonal therapy, and unspecified and
eclectic therapies. They found no statistically significant differ-
ences in the size of the correlation among the various treatments,
which indicates that the magnitude of the impact of alliance is
high for all psychotherapies. This result is in line with Bordin’s
suggestion that alliance is vital for change in all psychotherapies,
and indeed in all healing practices. However, it is important to
examine Bordin’s conjecture that the nature of the alliance may
be different among various treatments.

There are several investigations that shed light on the nature of
the alliance in different treatments. Webb et al®' examined data
from two randomized trials of cognitive therapy (CT) for depres-
sion, with WAI measured early and later in therapy. Early in ther-
apy, only the agreement on tasks and goals of therapy predicted
depression symptom change, whereas the bond factor did not.
Later in therapy, the bond factor, as well as the agreement on goals
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and tasks, predicted symptom change. These results suggest that
in CBT the goals and tasks dimensions of the alliance are more
important than the bond dimension in the critical early phase of
therapy.

Hagen et al™ disaggregated the therapist and patient contribu-
tions to the alliance in exposure and response prevention treat-
ment for obsessive-compulsive disorder. They found that the
therapist contribution to the goals and tasks dimensions predicted
outcomes, but the therapist contribution to the bond dimension
did not. This result suggests again that the bond dimension isnot as
important in CBT, but it also corroborates the notion that the thera-
pist contribution to the alliance (here only to the goals and tasks
aspects) is what is important to the outcomes of the treatment.

The impact of the bond dimension on the outcome of psycho-
dynamic psychotherapy and of CT for patients with Cluster C per-
sonality disorders was investigated by Ulvenes et al*®. They found
that, in psychodynamic psychotherapy, therapist’s avoidance of
affect negatively influenced symptom reduction and suppressed
the relation of bond to that reduction. In contrast, in CT, thera-
pist’s avoidance of affect was positively related to both the forma-
tion of the bond and to symptom reduction. Thus, the impact of
the bond dimension is different in the various forms of psycho-
therapy, and this dimension interacts with therapeutic actions.

Clearly, the alliance is important across therapies, but exactly
how it works in various treatments is complex and needs further
investigation.
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How are characteristics of the patients related to the
alliance-outcome correlation?

Are there patient variables that affect the size of the alliance-
outcome correlation? There is reason to expect that the patient’s
diagnosis might be relevant in this regard. For example, the al-
liance, which depends on agreement on the goals and tasks of
therapy, may not be strong for a patient who is ambivalent about
change®, such as in substance use disorders and eating disor-
ders®®%®. Furthermore, a patient with attachment difficulties may
have problems to form an alliance; therefore, treatment may not
progress adequately, unless the relationship with an empathic
therapist provides an attachment corrective experience® result-
ing in therapeutic benefits.

Fliickiger et al*® examined the size of the alliance-outcome cor-
relation across various diagnoses and reported several informative
findings. For eating disorders, the alliance-outcome correlation
was smaller than it was generally (r=.15 vs. r=.28 in general). Some
experts in the field have gone so far as to affirm that the alliance
is relatively unimportant in the treatment of patients with eating
disorders®”. However, a meta-analysis® suggested that the alliance
has a stronger relationship to outcomes in younger (vs. older) pa-
tients, over and above the variance shared with early symptom
improvement, and that early alliance shows a greater association
with outcomes in non-behavioral therapies than in those with a
strong behavioral component. Clearly, the role of the alliance in
the treatment of eating disorders is complex and not well under-
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stood.

A second diagnosis where the alliance-outcome is attenuated
relative to other diagnoses is substance use disorders (r=.14).
Similar to those with eating disorders, patients with substance
use disorders may have difficulties to agree on the goals and
tasks of therapy. However, there is evidence that adding motiva-
tional interviewing to CBT in the presence of ambivalence and
resistance to treatment® " can improve the alliance and the out-
comes in these patients’".

Many of the outcome-alliance correlation studies of substance
use disorders have been conducted in the US, and the samples
contained a high proportion of patients from racial/ethnic mi-
nority groups, particularly African Americans. There is evidence
that cultural micro-aggressions perceived by the patient during
therapy are negatively associated with psychological well-being,
and that the alliance mediates this relationship72. Here, the al-
liance may well be the consequence of a therapy process (e.g.,
perceived cultural micro-aggressions), which leads to a further
discussion of the mechanisms involved in the alliance as well as
of the therapist actions that may lead to stronger alliances.

A third diagnosis that is theoretically and clinically interesting
is personality disorder. In Fliickiger et al's meta-analysis®, the
alliance-outcome correlation for borderline personality disorder
(r=.32) and other personality disorders (r=.32) was larger than
the average correlation across various diagnoses (r=.28), but the
differences were not statistically significant. A large variability
was observed: the alliance-outcome correlation for borderline
personality disorder in the nine relevant studies ranged from
r=.00 to r=.78. This variability suggests that the alliance in per-
sonality disorder is particularly complex.

It would be informative to examine other characteristics of pa-
tients that moderate aspects of the alliance-outcome association.
As an example, Zimmermann et al” found that the bond feature
of the alliance was not predictive of outcomes among patients
with sufficient social support, whereas it was a strong predictor
in patients with little social support. Further research is clearly
warranted in this area.

Are there methodological aspects that affect the size of
the alliance-outcome correlation?

There are a number of methodological threats to the validity
of the alliance-outcome association. It may well be that the rater
of the alliance makes a difference in the size of the correlation.
Typically, in the alliance-outcome studies, the outcome meas-
ures are rated by the patient, so it might be that, if the patient
also rates the alliance, the correlation might be larger because of
method variance. However, Fliickiger et al's meta-analysis® did
not find significant differences based on who made the rating,
although there was a trend, when observers rated the alliance,
for the correlation to be slightly lower. Similarly, there were no
differences in the alliance-outcome correlation due to who rated
the outcomes. So, it seems that method variance is not a major
threat to the validity of the association between the alliance and
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outcomes.

We have reported that the alliance measured early in treat-
ment predicts outcomes, which is the typical study method.
However, there are studies that measure the alliance mid-treat-
ment or near the end of treatment (e.g., the last three sessions).
The correlations for early, mid and late assessment were r=.22, .21
and .30, respectively. Itis not surprising that the alliance measured
late in therapy is a stronger predictor of outcomes, as variables
measured proximally tend to have a larger effect than variables
measured distally, regardless of what psychological variables are
being assessed. What is important to reiterate here is that the alli-
ance measured early in treatment is predictive of outcomes.

Previously we discussed several alliance measures. Although
all of them have demonstrated adequate reliability and valid-
ity, itis informative to determine whether the various measures
produce different magnitudes of alliance-outcome correlation.
Fliickiger et al's meta-analysis® found no differences in the al-
liance-outcome correlation among the various alliance assess-
ment instruments. In terms of outcomes, there was a slightly
larger alliance-outcome correlation for broader outcome meas-
ures, such as quality of life, than for disorder-specific symptom
measures. Furthermore, there was no difference in the size of the
alliance-outcome correlation depending on whether the data
were derived from randomized trials or from naturalistic settings.

It appears that the alliance is a robust predictor of treatment
outcomes, regardless of many factors that might have mitigated
the size of the correlation. The alliance is associated with outcomes
controlling for early symptom change; the level of the alliance at
each session predicts subsequent level of symptoms in longitudi-
nal analyses; and the therapist contribution to the alliance predicts
outcomes. On the basis of this evidence, it can be argued that the
alliance is clearly an important therapeutic factor. Nevertheless,
there is a perspicuous limitation to the evidence cited: this evi-
dence heretofore is correlational. It is true that major threats to the
causal validity of the alliance have been addressed and adequately
ruled out, yet experimental evidence would be needed to bolster
a causal relationship between the alliance and outcomes. In psy-
chotherapy, it is unethical to randomly assign patients to levels of
the alliance as well as pragmatically difficult to design therapies
with different levels of the alliance. However, in medicine and par-
ticularly in placebo studies, experimental designs have been used
to examine various aspects of the relationship between the clini-
cian and the patient. That evidence will now be reviewed.

ALLJIANCE IN MEDICINE AND PLACEBO STUDIES

Up to now our focus has been on the alliance in psychothera-
py, but, as Bordin' discussed, the alliance is germane to all heal-
ing practices that involve a clinician and a patient. The nature of
the alliance depends on the particular healing practice. Moreo-
ver, various healing practices use the term alliance without much
thought about the classical definition of the concept.

Our review of research in medicine and placebo studies will
demonstrate the importance of the alliance and its generalizabil-
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ity to practices other than psychotherapy. We begin with a gen-
eral discussion of healing, as this discussion will clarify the role of
the alliance in non-psychotherapy contexts.

Natural, specific and contextual effects

When exposed to disease or trauma, human healing is com-
posed of three effects: natural, specific and contextual™™.

Biological mechanisms have evolved to protect humans from
disease and enable the organism to heal (e.g., blood coagula-
tion, immune functions, barriers such as the skin). Healing that
occurs as a result of these defenses is called natural healing”.
Natural effects refer to the change in the patient’s status due to
the natural course of disease as impacted by these defenses.

Specific effects are those due to the particular treatment ad-
ministered to a patient with a given diagnosis. The medicine or
procedure addresses a particular biological deficit or process,
resulting in patient cure or improvement. A patient with a gastric
ulcer will respond to a course of antibiotics and proton pump in-
hibitors. Cataract surgery will restore vision, which would have
progressively failed without intervention (i.e., natural healing is
insufficient in this case). Specific effects compose what is gener-
ally referred to as modern or Western medicine.

The final component of healing involves contextual effects.
These effects are due to a number of psychosocial factors, including
patient expectations, symbolic meaning of a healing setting (e.g., a
physician’s white coat, syringes, diplomas on the wall), the relation-
ship between the healer and the patient, and conditioned respons-
es to various medications or procedures’*"®"", These psychosocial
factors are closely related to the factors that have been identified as
generating the placebo response™®®, However, contextual effects
in medicine are not placebo effects, because no placebo has been
administered. They have been called placebo-like effects®'.

There are two critical points to make here. First, the contextual ef-
fects are, to varying degrees, present in all healing practices, includ-
ing medicine, psychiatry and psychotherapy, contributing to healing
experienced by the patient. Second, the alliance is the backbone of
the contextual factors - the various contextual factors are, in one way
or another, wired to the alliance as conceptualized by Bordin’.

We now review the literature in medicine that establishes the
importance of the relationship for healing. The term alliance is
rarely used in this literature and, when it is, it is often misused.
Nevertheless, this literature confirms experimentally the impor-
tance of the alliance and adds to our understanding of it. We will
use the generic term relationship and make reference to the alli-
ance for particular studies.

Alliance in somatic medicine
There is a limited number of experimental studies in medi-
cine that have examined variables related to the relationship.

This is due to two factors: first, there is little interest in medicine
in establishing the importance of the relationship for producing
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health outcomes; second, it is difficult to manipulate relation-
ship in medical settings.

In the studies that do examine the relationship in medical set-
tings, this is often discussed as consisting of two components: an
emotional and a cognitive one™®®. The emotional component
corresponds to the “real relationship” conceptualization of the
bond, comprising warmth, empathy and genuineness. The cogni-
tive component is usually described as “information gathering,
sharing medical information, patient education, and expectation
management”gz’ Pl andis conceptualized as effective communica-
tion about the disorder and the treatment.

There is an unstated assumption that an effective communi-
cation will lead to belief in the treatment and to belief that the
clinician has the technical expertise to produce positive out-
comes, which are similar to aspects of the alliance, particularly
the emphasis on agreement on goals and on the component of
bond oriented toward the competence of the clinician.

Di Blasi et al”® found 25 randomized controlled trials (RCTs)
exploring the effects of contextual factors, although most of them
examined the extent to which the clinicians provided information
about the treatment. Clinicians who attempted to influence pa-
tient’s beliefs about the treatment achieved better outcomes. No
studies examined the effects of emotional care only, but four tri-
als evaluated the combination of providing information and emo-
tional care. The results of these studies suggested that providing
information in a warm and accepting way produced better health
outcomes than a neutral situation. The authors concluded: “Prac-
titioners who attempted to form a warm and friendly relationship
with their patients, and reassured them that they would soon be
better, were found to be more effective than practitioners who
kept their consultations impersonal, formal, or uncertain””® P70,

Kelley et al*” meta-analyzed medical studies that manipulated
the clinician-patient relationship and used validated or objective
health outcomes. The results indicated that better relationship
conditions produced better health outcomes than poorer rela-
tionship, although the effect was small (SMD=0.11). The authors
concluded: “This systematic review and meta-analysis of RCTs
suggests that the patient-clinician relationship has a small, but
statistically significant effect on healthcare outcomes.... rela-
tively few RCTs met our eligibility criteria, and... the majority of
these trials were not specifically designed to test the effect of the
patient-clinician relationship on healthcare outcomes”* P,

Thus, the experimental evidence for a relationship effect in
medicine is sparse and the quality of evidence available is rela-
tively poor. On the other hand, there are several well-conducted
and informative experimental studies of relationship variables
using placebos.

Placebos
Placebos are substances or procedures without ingredients
that should, from a biological perspective, affect the health status

of an individual®, They are designed to resemble the verum (i.e.,
the treatment under investigation) in every way except the pres-
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ence of the therapeutic ingredients. They may consist of sham
pills, inoculations, creams or surgery.

Placebos have demonstrated effects on subjective outcomes
(e.g., pain ratings) as well as creating physiological changes for
a variety of conditions, including pain (acute, chronic as well
as experimentally induced), Parkinson’s disease, menopausal
symptoms, irritable bowel syndrome, headaches, osteoarthritis,
respiratory illnesses, and mental disorders (primarily anxiety
and depression)™®°,

The effects of placebos “depend on a person’s psychological
and brain responses to the treatment context, which influence
appraisals of future well-being””® P”® (emphasis added). The
treatment context includes the relationship between the patient
and the clinician, the information about the intervention that
is communicated to the patient, the physical healing space, the
healing rituals, and cultural beliefs about healing and healers.
These psychosocial factors create in the patient the experience
of being cared for and understood by the clinician, and the ex-
pectation that the treatment delivered by that particular clini-
cian will be effective. Placebo effects can be induced without
a face-to-face interaction, say by written materials, or by prior
conditioning”"*®, The placebo studies we will review first are
those in which aspects of the relationship were experimentally
manipulated.

Kaptchuk et al® explored if augmenting the therapeutic rela-
tionship would increase the placebo response for the treatment
of irritable bowel syndrome. The placebo was sham acupunc-
ture (the needles did not pierce the skin although they provided
the sensation of doing so). The first arm was usual treatment by
the physician, but no sham acupuncture. In the second arm,
the patient received sham acupuncture twice a week for three
weeks, with the acupuncturist who explained the acupuncture
procedure but did not exhibit warmth or caring (called a limited
interaction). In the third condition, called the augmented inter-
action, the same procedure was implemented, but with a 45 min
interaction prior to the first sham acupuncture session, includ-
ing questions about the patient’s symptoms, curiosity about the
effects of irritable bowel syndrome on functioning, and inquiries
about how the patient understood the cause and meaning of the
syndrome. In this condition, the acupuncturist did not provide
any advice, treatment or coping strategies.

The results of the study showed that the limited interaction
procedure was superior to treatment-as-usual with regard to re-
duction of symptom severity, relief from distress, global improve-
ment, and quality of life, but the augmented interaction provided
additional benefit on all outcomes. According to the authors,
“the magnitude of non-specific effects in the augmented arm
is not only statistically significant but also clearly clinically sig-
nificant in the management of irritable bowel syndrome”®® P,
supporting the notion that the relationship effect on healing is
clinically important. In this study, the actions in the augmented
interaction condition resemble those associated with the bond,
although there were some actions that might be associated with
agreement on goals (e.g., talking about the symptoms that were
distressing).
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Notably, a follow-up analysis®® showed that there were differ-
ences between acupuncturists in patient improvements. Indeed,
after controlling for treatment condition (augmented vs. limited)
and patient characteristics, acupuncturists accounted for an ad-
ditional 6.9% of the variance in outcomes. In contrast, after con-
trolling for acupuncturist and patient characteristics, treatment
condition accounted for 3.0% of outcome variance. So, the effect
attributable to different acupuncturists was more than twice as
large as the effect attributable to treatment condition (augment-
ed vs. limited), supporting the psychotherapy evidence about
the role of the interpersonal skills of the therapist in shaping the
alliance-outcome correlation.

In a study of pain intensity and pain sensitivity of patients with
chronic back pain, Fuentes et al*® explored how the “alliance”
augmented the effect of both placebo and verum. Patients re-
ceived either active interferential current therapy (IFC, the verum)
or sham IFC in conjunction with either a limited relationship or
an enhanced relationship, which the authors labelled as “alli-
ance” In the limited relationship condition, the practitioners in-
troduced themselves and explained the purpose of the treatment,
whereas in the other condition “the therapeutic interaction was
enhanced through verbal behaviors, including active listening
(i.e., repeating the patient’s words, asking for clarifications), tone
of voice, nonverbal behaviors (i.e., eye contact, physical touch),
and empathy”®” P*®_ Again, the clinician actions were oriented
toward the “real relationship” conceptualization of the bond. The
clinicians left the room during the procedure in the limited rela-
tionship condition, but they remained in the enhanced condition.
For both the verum and the placebo, the augmented relationship
condition produced superior outcomes relative to the limited
relationship condition. The authors concluded: “The context in
which physical therapy interventions are offered has the potential
to dramatically improve therapeutic effects”*" P47,

As mentioned previously, there is a conjecture that the thera-
peutic relationship in medicine is composed of two components,
emotional and cognitive’***"', Howe et al”* examined physician
warmth and perceived competence, two characteristics that map
onto the emotional and cognitive components of the relation-
ship. In their study, the participants were given a physical exami-
nation, which was explained to the participants as a screen for a
subsequent purported medical study. The examination included
measurement of vital signs, respiration, as well as a skin prick
“allergy test” In actuality, the skin was pricked with histamine,
which caused a reaction in all participants. The participants were
informed that this outcome disqualified them from the subse-
quent study, and they were administered a cream, which they
were told would attenuate the skin irritation. The cream was a
placebo (i.e., contained no antihistamine). These procedures
were executed in four conditions: warmth (high vs. low) crossed
with competence (high vs. low). High warmth involved an in-
viting office furnishing (e.g., posters with calming images) and
physician use of the participant’s name and warm nonverbal
behavior (eye contact, proximal seating, and smiling facial fea-
tures), whereas the low warmth condition did not include these
features. In the high competence condition, the physician was
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verbally fluent (e.g., gave a confident and cogent explanation
of various procedures), the tests were administered efficiently
without mistakes, and the examination room was well organized,
whereas the low competence lacked these features. The diameter
of the wheal (circle of irritated tissues) on the skin and the rate
of change in diameter were the outcome measures. The wheal
diameter decreased most rapidly and the final wheal diameter
was smallest in the high warmth/high competence condition,
whereas the wheal diameter decreased most slowly and the final
wheal diameter was largest in the low warmth/low competence
condition. The results of the mismatched conditions (low com-
petence/high warmth and high competence/low warmth) were
intermediate between the low/low and high/high conditions,
indicating that warmth and competence both contributed to the
response to placebo. In this study, the warmth and perceived
competence of the clinician affected the physiological response
to the administered histamine, experimentally establishing rela-
tionship effects.

Czerniak et al”® manipulated the relationship between healer
and recipient in relation to pain tolerance. An actor portraying
a physician administered placebo cream to healthy volunteers
who participated in a cold-pressor test. In one condition, the
“physician” portrayed a traditional doctor-patient relationship
and in the other the “physician” role emphasized “attentiveness
and strong suggestion, elements... present in ritual healing”®> .
Pain tolerance was assessed before and after placebo adminis-
tration. In the enhanced relationship condition, participants
showed greater change in pain tolerance after administration.
The authors concluded that a “structured manipulation of phy-
sician’s verbal and non-verbal performance, designed to build
rapport and increase faith in treatment, is feasible and may have
a significant beneficial effect on the size of the response to pla-

cebo analgesia”® P2,

Implications of medical and placebo research for
understanding the alliance

The design of the above experimental studies establishes the
importance of the relationship in healing. Whereas the previ-
ously reviewed alliance-outcome studies were correlational, the
placebo studies (and some medical studies) have experimentally
manipulated the relationship. Furthermore, placebos are inert
and therefore an interaction of the relationship with specific ef-
fects is ruled out. Moreover, some of these studies establish that
the relationship between healer and patient does not simply
have an effect on the patient’s subjective experience, as an effect
on physiology was also demonstrated (e.g., the size of the wheal
created by histamine).

A second consideration is how the relationship in these stud-
ies maps onto the alliance. As mentioned, in the medical context,
two aspects of the relationship have been emphasized: a) warmth,
caring, trust and understanding (emotional component), and b)
competence and conveyance of information (cognitive compo-
nent). These two dimensions need further clarification. Clearly,
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the first aspect maps well onto the “real relationship’, which to
many is the essence of the bond feature of the alliance. This as-
pect has obviously an emotional dimension. The second aspect is
not simply conveying information in a clear and cogent manner.
The relationship enhances the persuasive salience of the informa-
tion, thereby influencing the patient to believe that the treatment
will effectively remediate distress and restore health®*°. In this
way, the patient comes to believe that goals can be accomplished
through adherence to the recommended actions. Thus, this sec-
ond aspect of the medical interaction maps onto agreement on
goals as well as assignment of tasks of treatment.

Howe et al’! authored an article on the above two dimensions of
the relationship with the memorable title When Your Doctor “Gets
it” and “Gets You”: The Critical Role of Competence and Warmth
in the Patient-Provider Interaction. Actually, the two factors con-
verge with various theoretical and empirical claims, starting from
J. Frank’s classic discussion of psychotherapy as an example of the
universe of healing practices'**”*. The belief in the healing myth
and ritual, central to Frank’s exposition, is essentially the belief
that the clinician understands the nature of the problem, will ad-
minister a treatment that will be remedial to the problem, and has
the competence to administer the treatment. On the other hand,
Frank also discussed the importance of the patient’s belief that the
clinician understands, cares for, and will make extraordinary ef-
forts to assist him/her (i.e., the bond that is created).

Over the years, there have been many relationship concepts
discussed in the literature. Recently, Norcross and Lambert'® pub-
lished an anthology of meta-analyses on relationship factors in
psychotherapy, including the alliance itself (as measured by the
instruments discussed earlier), collaboration, goal consensus, em-
pathy, positive regard and affirmation, congruence/genuineness,
cultivating positive expectations, real relationship, and treatment
credibility, all of which were associated with better outcomes. Clear-
ly, these constructs are not independent, which raises the question
about what latent factors underlie the various relationship con-
structs.

Finsrud et al'”' conducted a study to identify the latent factors
of various relationship constructs. In this study, a large sample
(N=332) of patients undergoing intensive psychotherapy for a va-
riety of disorders completed at each session a compressive meas-
ure of the relationship, with items assessing agreement on goals,
agreement on tasks, expectations, treatment credibility, thera-
pist empathy, and perceptions of therapist expertise. The results
yielded two factors, which were invariant over the course of treat-
ment and were validated across subsamples. These two factors
were described as “confidence in the therapist” and “confidence
in the treatment’; which mirror the two factors discussed by Howe
et al’! and are consistent with the theoretical positions of Bordin!,
Frank'®*"* Horvath and Luborsky14, and Wampold44’102.

It appears that the alliance is not distinct from other relation-
ship concepts that have been discussed and investigated. As
well, the various relationship constructs, including the alliance,
might best be considered as being composed of two factors: be-
ing cared for and understood by the clinicians (corresponding to
Bordin’s bond), and belief in the competence of the therapist to
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select and administer an effective treatment (corresponding to
Bordin’s agreement on goals and therapist’s assignment of tasks).
We have previously reported the evidence suggesting that in
psychotherapy the benefits of the alliance are mostly due to the
therapist contribution, in particular the facilitative interpersonal
skills of the therapist®”. This has been confirmed in healing con-
texts other than psychotherapy. In the context of a double-blind
RCT'®'™, psychiatrists administered either an antidepressant
or placebo “plus minimal supportive therapy’, which involved a
warm, empathic and caring atmosphere, but no advice or cop-
ing strategies. The antidepressant was found to be superior to pla-
cebo, accounting for about 3% of the variability in outcomes'**,
However, differences in outcomes due to psychiatrists themselves
accounted for about 9% of that variability'®. The more effective
psychiatrists delivering placebo had better outcomes than the
less effective psychiatrists delivering antidepressant medication.
Because this was a double-blind RCT, the difference among the
psychiatrists was likely due to what took place in the clinical man-
agement, supporting the role of clinicians’ interpersonal skills.

Alliance in other contexts and beyond the
therapist-patient dyad

There is evidence to support the idea that face-to-face inter-
action is not needed to develop a collaborative relationship. For
example, various Internet-based therapies have been developed,
most of which are variations of CBT (IBCT)'%. These therapies
involve the following components. First, the patient is screened
to ensure that his/her problem is consistent with the goals and
tasks of the treatment. Second, the therapist, through asynchro-
nous text messages, orients the patient to the program, describ-
ing the sequence of modules to be completed. The modules
mirror the components of the CBT for the particular disorder.
Third, after each module is completed, the patient answers an
essay question, and the therapist provides a brief personalized
comment on patient progress (although there are efforts to use
artificial intelligence to provide this feedback). Meta-analytic
evidence indicates that IBCT is as effective as face-to-face CBT
for various psychiatric and somatic conditions'®.

In these Internet-based therapies, the assessed alliance be-
tween the patient and the clinician/program, despite the distal
and short interaction, is reported to be correlated with outcomes.
For example, Zalaznik et al'””, examining the alliance with the
program and with the therapist in ICBT for panic disorder, found
that patient-rated alliance with the program predicted treatment
outcomes, whereas alliance with the therapist predicted adher-
ence to treatment. There have been two meta-analyses of the
association of the alliance and outcomes in electronically medi-
ated treatments, and both detected an effect comparable to face-
to-face psychotherapy*>'®,

The findings with Internet-based therapies suggest that the
concept of alliance extends beyond the individual clinician and
applies to a program or treatment and the context in which it is
implemented. A patient’s belief that the treatment will be effec-
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tive for the disease or distress he/she is experiencing (agreement
about goals and tasks of treatment) seems to be forged by multi-
ple factors other than the clinician.

This system perspective is supported by other mental health
care findings. Wampold and Brown'® studied the variability of
outcomes due to psychotherapists in a naturalistic study in man-
aged care. Consistent with the previously reported therapist ef-
fects studies, about 5% of the variability in the outcomes was due
to the therapists: some of them consistently achieved better out-
comes than others. Of these therapists, fifteen had 586 patients
who began pharmacotherapy with a psychiatrist. A remarkable
finding was that the patients of the most effective psychothera-
pists had the largest medication effects, even though the psycho-
therapists had no or little contact with the psychiatrist. Thus, the
relationship between the patient and the psychotherapist, and the
expectations for medication that were created therein, affected
the outcomes of care from a different mental health professional.

Further evidence for system effects comes from a meta-analy-
sis by Falkenstrom et al*'® based on 19 studies that examined the
variability in the outcomes of mental health treatments due to
organizational differences. They found that “all studies showed
some evidence for organization effects, and there was some evi-
dence for organizational climate and culture explaining differ-
ences in outcome”''* P (emphasis added).

The alliance, and in particular its component related to con-
fidence in the treatment, is influenced by many contextual vari-
ables. The relationship between the clinician and the patient is
the most proximal place for the alliance to be formed. This level
of understanding has attracted the greatest attention, theoreti-
cally, clinically and empirically. However, the context where the
treatment takes place also contributes to the alliance.

It has been speculated that a high prestige clinic will increase
belief in the efficacy of a treatment®. There is also evidence that
the climate and culture of the clinic matter, most likely at least in
part by creating an organization where therapists can thrive''’.
Furthermore, it is a mistake to assume that the treating clinician

is the only influencer in such organizations. Patients interact on
the phone, through email, and in person with non-clinician staff.
Do these interactions communicate warmth, caring, respect as
well as competence? As well, how a patient perceives a clinician
and the treatment being offered may well depend on the pa-
tient’s interaction with other clinicians.

It is important to consider the context in which a treatment is
delivered, with attention to the alliance of the patient with other
clinicians and the clinic staff, as well as to aspects of the physical
space and clinic reputation. Mental health services are increas-
ingly being delivered electronically, and patients use various
Internet-based mediated services not involving a face-to-face in-
teraction with a clinician; nevertheless, as the research suggests,
the alliance with the program and a presumed clinician is criti-
cal to the optimal effectiveness of such programs. Clearly, more
research into how consideration of the alliance in such programs
can improve outcomes is needed.

MECHANISMS OF THE ALLIANCE AND CLINICAL
ACTIONS

We will discuss now how the alliance might be healing and
what might promote clinically a strong alliance. We describe
three pathways to healing, each involving the alliance, which are
shown in Figure 1.

The caring, attentive, real and empathic (CARE) pathway

The CARE pathway has been described in several ways. In Bor-
din’s' conceptualization of the alliance, this pathway is described
as the bond. In the medical literature, it is often called the emotion-
al component of the relationship ®®. In placebo studies, the terms
warmth® and interpersonal healing” have been used. The thera-
pist actions associated with this pathway have been labeled as

ACTIONS PATHWAYS
Support, empathy, caring, Bond
understanding, reassurance, > CARE OUTCOMES
trust, warmth, genuineness
r
Hope bonding Well-being,
X values
; Goals,
Verbal fluency, persuasion, b EXPECTANCY T
competence > \
r 3
Plausibility,
adherence, \ Svmptc‘)ms,
] engagement suffering
Repairing alliance ruptures, /
re-establishing goals and tasks, SPECIFIC

meta-communication

Figure 1 Three pathways to healing involving the alliance
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support, empathy, reassurance, warmth, caring, and non-transfer-
ence-based real relationship, among others. The question is: what
about these therapist actions leads to healing? Here we tentatively
suggest a few mechanisms that underlie this pathway to healing.

When patients present to a clinician for treatment, they often
experience emotional distress that originates from the disorder,
disease or injury. A pain in the gut may create fear of cancer; a
diagnosis of Parkinson’s disease may lead to depression due to an
understanding of the progressive nature of the illness. The clini-
cian, through his/her empathic and reassuring behavior, reduces
the patient’s emotional distress.

Humans are a social species, and rely on the assistance of oth-
ers for survival'®**'2113 Individuals without adequate social
support and connection will not flourish, particularly when un-
der threat. Lack of exercise, smoking, obesity, excessive drinking,
and environmental pollution increase the risk of morbidity and
mortality; interestingly, loneliness is a greater risk for mortality
than any of these factors''*''>, A warm and understanding cli-
nician may well provide emotional support to patients who lack
social connection, perceive themselves as lonely, or who feel that
those close to them do not understand their problems. In mental
health care, the clinician - with some exceptions - is available,
in an understanding way, at each and every session, regardless
of what the patient discloses and however shameful, fearful or
difficult the material may be. With increased pressure to expand
services, the time spent with each patient is becoming shorter,
which increases the need to focus on the relationship.

Patients’ emotional dysregulation negatively affects mental and
physical health, and consequently several mental health treat-
ments are focused on reducing this dysregulation. In these inter-
ventions, the locus is typically the patient. For example, meditation
is predicated on assisting the patient regulate his/her emotions.
However, there is evidence that emotion regulation is an uncon-
scious dyadic process, in that the presence of an intimate other can
attenuate arousal and distress through a process that is referred to
as co-regulation, social regulation, or interpersonal emotion regu-
lation''*'*®, Dyadic emotion regulation “refers to the process by
which relationship partners form a dyadic emotional system in-
volving an oscillating pattern of affective arousal and dampening
that dynamically maintains an optimal emotional state”''® P22,

Co-regulation between intimates has been investigated experi-
mentally. In a study of maritally satisfied women, it was found that
holding the hand of their husbands reduced arousal in a stressful
situation in comparison to holding the hand of a stranger or not
holding anyone’s hand; furthermore, the more maritally satisfied
the women were, the greater the effect''”. In psychotherapy, inter-
personal co-regulation has been detected in moment-to-moment
emotional states of the patient and therapist'?*'?!, Indeed, the
beneficial effects of empathy in medicine have been attributed to
co-regulation**"'%%,

The CARE pathway is not focused on particular patient prob-
lems and should have its effect primarily on the general well-being
of the patient. This was evident in the study on irritable bowel syn-
drome we discussed earlier, as the largest effect of the enhanced
therapeutic relationship was on the quality of life outcome®.
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The EXPECTANCY pathway

Expectations have a strong influence on our experience of the
world, particularly our expectations of our internal sensations,
both physical and mental”®™123, For example, taste aversions,
which have evolved to protect organisms from ingesting harmful
substances and which are easily conditioned, can be influenced
in humans by expectations'**'*,

The influence of expectations on well-being is established most
persuasively in the placebo literature, where placebo administration
influences health outcomes. Placebos “depend on a person’s psy-
chological and brain responses to the treatment context, which
influence appraisals of future well-being””®P™ (emphasis added).
The effects of placebos on mental disorders are well document-
ed'*’. The EXPECTANCY pathway will affect primarily symptoms
(or, more accurately, it will affect the purported outcomes of the
treatment on which the clinician and patient agree).

There are many ways to acquire expectations. As discussed
earlier, placebo effects can be generated without face-to-face inter-
actions®* %, However, an effective and efficient way to create expec-
tations is through verbal persuasion®. The verbal transmission of
information about healthy behaviors is important in everyday life,
aswell as in health settings. Wampold™ describes how the expecta-
tion that inserting a metal object into an electrical socket will create
a painful shock is unlikely to have been acquired through classical
conditioning or vicarious learning. Most people have learned not to
insert metal objects into electrical sockets by being told by someone
they trust, most likely a parent, that this was a dangerous practice.

Indeed, as Lieberman® pointed out, “our brains are designed to
be influenced by others” That is, patients are wired to believe in the
explanations provided by a clinician, particularly if the clinician is
perceived to be competent and expert and the patient trusts that
the therapist is acting in his/her best interest. As shown in Figure 1,
expectations are created by both the “warmth” and the “compe-
tence” dimensions of Howe et al’s conceptualization®. Attention
to how the clinician informs the patient about the disorder and the
persuasiveness of the explanation of the treatment to be delivered
are critical aspects of mental health care.

The SPECIFIC pathway

To varying degrees, the specific ingredients of mental health
and in general medical treatments have an effect on the disor-
ders. For both psychotropic medications and psychotherapies,
there is a debate about the size of this effect**'*"'?®, This debate
is orthogonal to the discussion of the alliance, as the alliance is
necessary in most cases for the specific effects to occur. Without
an agreement about the goals and tasks of therapy as well as a
trusting relationship, the patient is unlikely, or at least less likely,
to be engaged in and adhere to the treatment.

In medicine, there is evidence that physician’s communica-
tion is associated with patient’s adherence'**'*’, In the schema
of Figure 1, it is conjectured that expectations partially mediate
the relationship between clinician’s actions and the specific ef-
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fects. Agreement about the tasks of therapy implies that the patient
believes that the treatment will be effective, which is essentially
expectations.

There is one complication of the distinction between specific
effects and the alliance, not emphasized heretofore. To this point
the alliance has been treated as a static entity - measurement of
the alliance at a particular point in time is associated with symp-
toms, say at another time. However, the alliance is not stationary,
but rather oscillates over the course of a session, between sessions,
and over the course of therapy. Relational psychodynamic ap-
proaches to psychotherapy consider the alliance a specific effect,
in that the development of the alliance over the course of therapy
is therapeutic in and of itself’>'*'"'*, The primary mechanism is
that disordered relationships underlie mental disorders and that
the creation of a strong relationship with the therapist is repara-
tive. Moreover, according to this school, there will be inevitable
relationship disruptions in therapy, often called “ruptures’; due to
the difficult work, and addressing these issues is therapeutic, as it
models how strong interpersonal bonds are negotiated.

Whether one agrees with this approach or not, it is clear that ad-
dressing ruptures in the alliance is critical, as unaddressed prob-
lems will lead to decrements in the bond and in agreement about
the goals and tasks of therapy. There is relatively strong meta-ana-
Iytic evidence that “repairing ruptures” in psychotherapy is asso-
ciated with better outcomes'*'. Such repairs can be addressed by
renegotiating the goals and tasks of therapy or by meta-communi-
cation about the patient-clinician relationship**"®,

Interdependence of pathways

In the previous discussions of the alliance and how it relates
to outcomes, it is clear that there are reciprocal and interdepend-
ent effects. For example, over time alliance predicts subsequent
symptoms, and level of symptoms predicts the alliance®. As well,
expectations reflected by agreement on goals and tasks predict
final outcomes, but alliance mediates the effects of outcome
expectations at the beginning of therapy and final outcomes*.
Feeling cared for and understood by a trustworthy clinician will
increase expectations. In Figure 1, we have shown various recur-
sive effects. The pathways to healing are presented as a means to un-
derstand the complexity of how the alliance can be therapeutic.

CONCLUSIONS

The alliance, a concept that originated with Bordin’s® discus-
sion in 1979, has been generally accepted and empirically es-
tablished in psychotherapy, and, as Bordin predicted, is now ac-
knowledged as a therapeutic factor in any healing setting. A pa-
tient who has a warm, understanding, caring and empathic clini-
cian, and who perceives that the treatment offered by the clinician
will effectively remediate distress and restore health, will have bet-
ter treatment outcomes. Understanding how the alliance works
and using the interpersonal skills needed to produce a strong al-
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liance will improve outcomes, in psychotherapy, in other mental
health care, and most likely in all healing contexts.

Despite the rather extensive research on the alliance, there are
anumber of areas that need further exploration. There is evidence
to suggest that a set of facilitative interpersonal skills demonstrat-
ed by the therapist in challenging interpersonal situations creates
stronger alliances and better outcomes. However, there is a need
for further research on how these skills should be applied in dif-
ferent contexts as well as with different patients. It is important to
be cognizant that some patients will respond to the same thera-
peutic action differently. A patient with attachment difficulties,
who has difficulty decoding emotions in interpersonal situations,
or who is culturally different from the clinician, may respond in
ways different from what the clinician routinely expects.

It was beyond the scope of this paper to discuss whether the
interpersonal skills are born or made. There is evidence that the
interpersonal skills of psychotherapy trainees at the beginning of
training predict outcomes several years later’®, suggesting that
these skills are formed before an individual receives training for
professional practice. However, from studies of expert perfor-
mance®'¥ there is also evidence that therapists can deliberate-
ly practice interpersonal skills and improve performance!'"%13,

Research and clinical attention have mostly focused on the al-
liance between the clinician and the patient in face-to-face inter-
actions. However, there is preliminary evidence concerning the
alliance of patients with other clinic staff, systems of care, or the
program in Internet mediated services. Those involved in the de-
sign and delivery of mental health services, whether in person or
delivered electronically, should attend to how the alliance can be
strengthened in ways that improve the quality of care. Education
and training of mental health professionals need to incorporate
deliberate efforts to utilize what is known about the alliance, in
order to foster the development of the interpersonal skills nec-
essary for these professionals to form strong alliances across a
range of patients.
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PERSPECTIVES

Accelerating Medicines Partnership® Schizophrenia (AMP® SCZ):
developing tools to enable early intervention in the psychosis

high risk state

Schizophrenia is a severe mental illness that presents with pos-
itive, negative and cognitive symptoms and ranks among the
top 15 leading causes of disability worldwide'. Signs of risk for
developing this illness can occur months to years before diagno-
sis. This early period, referred to as the clinical high risk (CHR)
for psychosis state, reflects a time during which attenuated psy-
chotic symptoms, marked declines in social and role functioning,
help-seeking behavior, and non-psychotic comorbidity are noted.
Intervention in the CHR state can prevent future illness-related dis-
ability®.

Longitudinal studies of CHR individuals show that, at two-
year follow-up, approximately 20% transition to psychosis®, 41%
undergo remission?, but many of the remainder experience sig-
nificant symptoms and problems in functioning®. Studies are
underway to establish risk calculators and biomarkers that can
help identify CHR individuals who are most likely to convert to
psychosis, but more work is needed to develop tools that use
mechanistic input to stratify CHR populations by predicted clini-
cal outcomes beyond psychosis’. The CHR stage represents a
unique opportunity to develop interventions guided by such
tools, focused on reducing conversion to psychosis and improv-
ing long-term functional outcomes.

Aimed at capitalizing on this opportunity, the Accelerating
Medicines Partnership® Schizophrenia (AMP® SCZ) is a large
international collaboration to develop algorithms using a set of
clinical and cognitive assessments, multi-modal biomarkers,
and clinical endpoints that can be used to predict the trajecto-
ries and outcomes of CHR individuals and advance the testing
of pharmacological interventions for CHR individuals in need.
The goal is to accurately predict which individuals are likely to
remit, experience an acute psychotic episode, or have intermedi-
ate outcomes that feature persistent attenuated psychotic and/
or mood symptoms along with functional impairment. The algo-
rithms will have the potential to serve as early indicators of treat-
ment efficacy in CHR persons.

The AMP SCZ partnership, managed by the Foundation for the
National Institutes of Health (FNIH), brings together a breadth
of scientific and regulatory expertise and lived experience from
the partners: the US National Institute of Mental Health (NIMH),
the US Food and Drug Administration (FDA), and the Euro-
pean Medicines Agency (EMA); private industry (Boehringer
Ingelheim; Janssen Research & Development; Otsuka Pharma-
ceutical Development & Commercialization); non-profit and
patient advocacy organizations (American Psychiatric Associa-
tion Foundation; National Alliance on Mental Illness; One Mind;
Schizophrenia & Psychosis Action Alliance); and a charitable
foundation (Wellcome). The partnership will contribute $117.7
million over 5 years ($99.4 million from NIMH, $7.5 million from
industry, and $10.8 million from non-profit organizations) to sup-
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portimplementation of the program.

The AMP SCZ program is composed of two Research Net-
works - the Psychosis-Risk Outcomes Network (ProNET) at Yale
University, and the Trajectories and Predictors in the CHR for
Psychosis Population: Prediction Scientific Global Consortium
(PRESCIENT) at the University of Melbourne/Orygen - and a
Data Processing, Analysis and Coordination Center (DPACC) at
Harvard Medical School®. ProNET and PRESCIENT form a har-
monized research network focused on CHR individuals: identi-
fying biological markers, clinical endpoints, and other measures
that predict disease trajectory and outcomes for this group. The
DPACC is responsible for managing, processing, disseminating,
archiving and analyzing AMP SCZ data, which will be rapidly
disseminated and made accessible to all qualified researchers
and the public within the NIMH Data Archive’.

The AMP SCZ research network will recruit a large cohort
(N=1,977) of individuals between the ages of 12 and 30 years
who meet CHR criteria - based on the Positive SYmptoms for
CAARMS Harmonized with SIPS (PSYCHS) interview, a new
psychometric instrument for defining CHR and associated out-
comes - and healthy controls (N=640) across 42 sites from 14
countries (US, Canada, UK, Spain, Italy, Switzerland, The Neth-
erlands, Germany, Denmark, Australia, Singapore, South Korea,
Chile and China). CHR participants will complete screening,
baseline assessments, and a battery of follow-up assessments
across 24 months. Healthy controls will complete screening and
baseline assessments, and a subset (approximately 5 per site) will
complete month 2, 12 and 24 visits.

The CHR cohort and healthy controls will be assessed with
a core set of measures at baseline and 2 months post-baseline,
with additional assessments completed at other timepoints.
CHR subjects will be assessed longitudinally for up to 2 years.
Subjects who develop their first episode of psychosis (“convert-
ed” cases) over the course of study participation will continue to
be followed and assessed as scheduled. Measures will include
clinical and cognitive assessments; neurophysiology, neuroim-
aging, genetics and fluid biomarkers; speech and facial expres-
sion (audio/video recording); and digital assessments®.

The digital assessments will collect active (e.g., daily survey on
social interactions and feelings of connectedness) and passive
(e.g., time spent sleeping, number of texts and phone calls received
or made; time participants spend in green space, home, school,
exercising, therapy visits, and social relationships) data, along with
an automated assessment of social and community functioning
from global positioning system (GPS) data. Through the digital
measures, AMP SCZ will be able to assess bio-psycho-social data
in CHR individuals and elucidate their role in affecting trajectories
which could be targeted by psychosocial interventions.

The primary endpoint of interest is conversion to psychosis by
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24-month follow-up as defined by psychosis threshold criteria
on the PSYCHS. Secondary clinical endpoints of interest include
remission or recovery of CHR state, and non-conversion/non-
remission. Clinical outcomes of interest cover multiple domains
such as attenuated positive symptoms, mood and anxiety, psy-
chosocial functioning, and persistent negative symptoms®.

The biomarker data collected by ProNET and PRESCIENT will
be analyzed by the DPACC to develop multi-modal prediction
models and risk calculators by drawing on recent theoretical and
methodological advances (e.g., dynamic prediction, probabilis-
tic multimodal modeling). These models will leverage existing
prediction models in the field’ and guide selection and stratifica-
tion of CHR participants for future clinical trials based on the pri-
mary endpoint of interest. For example, stratification can identify
a subset of CHR participants who are at higher risk of developing
psychosis relative to the rest.

The developed tools may have clinical utility in decision making
about stepping interventions up or down as risk is assessed over
time (clinical trajectory, treatment response) and in response to in-
coming biomarker information. Some tools, such as the risk calcu-
lators, will prioritize the less invasive and more readily available bio-
markers for prediction, to enable clinical tools that could be used in
community-based settings and are more tolerable by subjects. The
novel prediction models generated for the AMP SCZ dataset will be
tested using cross-validation approaches designed to improve gen-
eralizability of the derived algorithms to other CHR cohorts.

By integrating the strengths of multiple international stake-
holders, sharing discoveries openly, and priming future research,
the AMP SCZ program aims to catalyze advances in knowledge
about the CHR population to enable intervention at the earliest

stages of schizophrenia, with the goal of maximizing functional
outcomes for CHR patients.

Linda S. Brady', Carlos A. Larrauriz, AMP SCZ Steering Committee
'National Institute of Mental Health, Bethesda, MD, USA; “National Alliance on Mental
lllness, Arlington, VA, USA
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A critical assessment of NICE guidelines for treatment of depression

The UK National Institute for Health and Care Excellence (NICE)
recently updated its recommendations for the treatment of de-
pression'. This effort has many strengths, including the meticulous
documentation of the process; systematic reviews, meta-analyses
and cost-effectiveness analyses; and inclusion of stakeholder com-
ments that feed into the guidelines. Here we attempt a constructive
critical appraisal of areas where future improvements for this but
also for other similar initiatives are feasible, with a special focus on
psychotherapies for depression.

We first notice that the methods and analyses of the NICE
guidelines were not subjected to formal external peer review for
any of the addressed questions. Asking stakeholders for com-
ments is welcome, but it is unlikely to be equally rigorous, leaving
it to the guideline committee how these comments are consid-
ered. External peer review is recommended as a default quality
standard for treatment guidelines®.

Furthermore, study protocols were pre-registered only for some
conditions (e.g., for new episodes of depression and treatment-
resistant depression), but not for others (including chronic de-
pression, depression with personality disorder, and psychotic
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depression). Pre-registering should be established as a default stan-
dard in guidelines for all reviewed conditions.

For the primary analysis concerning new episodes of depres-
sion, network meta-analysis (NMA) was chosen'. NMA has the
advantage of incorporating both direct and indirect evidence,
but complex assumptions need to be fulfilled, and the level of ev-
idence provided is still debated®. For these reasons, NMA results
and the derived inferences require extra caution.

For treatment ranking, the guideline committee primarily fo-
cused on effect sizes from NMA treatment comparisons with place-
bo or treatment-as-usual, and compared these effect sizes between
treatments. From these comparisons, the committee concluded
that some treatments appeared to be “more effective” than others’.
For most treatments, however, the differences between treatment
and control effect sizes were below the minimal clinically signifi-
cant difference defined by the committee (standardized mean dif-
ference, SMD >0.5 or <-0.5)". This applies to comparisons between
individual cognitive or cognitive-behavioral therapy (CT/CBT), in-
dividual interpersonal therapy (IPT), individual problem solving,
individual short-term psychodynamic psychotherapy (STPP), and
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group behavior activation. Thus, with only subtle effect size differ-
ences, treatment ranking carries large uncertainty. Furthermore,
assuming differences between two treatments if one of them shows
descriptively a larger effect size than the other compared to a control
condition, without comparing them directly, should be avoided™.

The guideline committee reported head-to-head comparisons
of active treatments only in a supplement. These comparisons
show that, in more severe depression, the differences between
individual behavioral therapy, individual CBT, individual IPT
and individual STPP are neither statistically nor clinically signifi-
cant (SMDs <0.50)". In less severe depression, only a few clinical-
ly significant differences were found: for example, in a pairwise
comparison, STPP was statistically and clinically significantly
superior to counselling (SMD=-0.61, 95% CI: -1.05 to -0.17), but
was ranked below counselling.

Thus, the committee’s conclusions about differences in effi-
cacy between active treatments are not consistent with its own
head-to-head comparisons. They are also not compatible with in-
dependent peer-reviewed evidence of no substantial differences
in efficacy between psychotherapiesS. The committee, however,
erroneously interpreted this independent evidence® as confirm-
ing its treatment ranking"® P'%*, In summary, procedures for
treatment ranking need to be pre-defined, and subtle differences
below the threshold of clinically meaningful values should not
be overstated.

In principle, possible allegiance and conflicts of interests need
to be controlled for? for example by including methodologists, pa-
tients, and different-field experts, and by limiting the involvement
of field specialists to a consultation role’®. Avoidance of stacking is
also essential, ensuring that guideline developers do not have an
over-representation of believers in one or another treatment mo-
dality®.

The guideline committee based the hierarchy of treatment rec-
ommendations on both efficacy and cost-effectiveness, which is
useful in trying to optimize the use of treatments for conditions
with high prevalencel. For cost-effectiveness, however, peer re-
views and pre-registration are missing. Moreover, the cost-effec-
tiveness literature is notoriously replete with biases. This further
complicates matters in a field such as depression where the pri-
mary studies are often also biased (e.g., sponsor bias in phar-
macotherapy trials and allegiance bias in psychotherapy trials).
Furthermore, the studies used by the committee for cost-effective-
ness analysis did not cover all relevant treatment types. For those
not covered, it is not clear whether cost-effectiveness estimates
are valid. Additional cost-effectiveness analyses commissioned
by the committee were based on the NMA treatment-control ef-
fect sizes shown above to be questionable, which further limits
the derived treatment ranking.

Another challenge is whether extrapolations from new epi-
sodes of depression to other conditions are valid, when there is
no solid evidence for these other categories of depression. For
example, in depression with personality disorder, the committee
recommends combining antidepressants and psychotherapy.
For the choice between psychotherapies, readers are referred
to the treatments for new episodes of depression. Then, for pa-
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tients not sufficiently responding to pharmacotherapy alone,
switching to psychotherapies listed for new episodes of more
severe depression is recommended as one option. In reviewing
new episodes of depression, however, the committee excluded
depression with personality disorder and treatment-resistant de-
pression. Thus, the committee’s ranking of psychotherapies for
new episodes of depression may not be valid for these other con-
ditions. Finally, for the cost-effectiveness of chronic depression
and depression with personality disorder, the committee also
used the economic data for new episodes of depression.

As another problem, the guideline committee found the qual-
ity of studies to be quite low. The committee tried to adjust re-
sults for bias, but a pre-registered threshold analysis for assessing
confidence in recommendations was not carried out. Quality of
evidence was evaluated narratively using the GRADE system, but
without assessing confidence. Assessing confidence in evidence
is essential for guidelines®.

The committee also draws an arbitrary distinction between the
more complex forms of depression, which not only reduces gener-
alizability to clinical practice but appears to have led to the ex-
clusion of relevant studies. Available randomized controlled tri-
als have not clearly distinguished between chronic depression and
treatment-resistant depression. For chronic depression, the com-
mittee recommends CBT, antidepressants or their combination®.
However, these recommendations do not take into account the
evidence for STPP and long-term psychodynamic therapy in treat-
ment-resistant depression and in depression with personality
disorder”®, conditions highly associated with chronic depression.
Guidelines need to avoid arbitrary distinctions of disorders.

Moreover, the committee did not sufficiently consider the limi-
tations of the available evidence?, especially the limited remission
rates (about 30%) of short-term psychotherapies (4-20 sessions),
with SMDs of 0.30°. Aggravating this problem, most effect sizes of
short-term treatments are not stable at follow-up'. Especially for
chronic depression, success rates may be improved with longer-
term treatments’. The committee, however, considered long-term
treatments only as an option for depression with personality dis-
order.

Finally, an explicit link between evidence and recommen-
dations is missing®. We acknowledge that the evidence in this
field is uncertain, and this may be the reason why the commit-
tee found it “difficult... to link the recommendations directly
to the NMA results” " PP4366 and based its recommendations
ultimately on “clinical experience”l’B’ P86 However, it is unclear
whether clinical experience can offer any solid guidance when
treatment differences are modest, uncertainty is high and bias is
substantial. Guidelines should fully admit this uncertainty and
avoid over-simplified, over-confident recommendations®.
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Cyberbullying: next-generation research

Cyberbullying, or the repetitive aggression carried out over elec-
tronic platforms with an intent to harm, is probably as old as the
Internet itself. Research interest in this behavior, variably named,
is also relatively old, with the first publication on “cyberstalking” ap-
pearing in the PubMed database in 1999.

Over two decades later, the broad contours of the problem
are generally well understood, including its phenomenology,
epidemiology, mental health dimensions, link to suicidality, and
disproportionate effects on minorities and individuals with de-
velopmental disorders'. Much remains understudied, however.
Here we call for a “next generation” of research addressing some
important knowledge gaps, including those concerning self-
cyberbullying, the bully-victim phenomenon, the bystander role,
the closing age-based digital divide, cyberbullying subtypes and
how they evolve with technology, the cultural specificities of cy-
berbullying, and especially the management of this behavior.

Defined as the anonymous online posting, sending or other-
wise sharing of hurtful content about oneself, “self-cyberbullying”
or “digital self-harm” has emerged as a new and troubling mani-
festation of cyberbullying. Rather than a fringe phenomenon,
self-cyberbullying is thought to affect up to 6% of middle- and
high-school students?. Is this a cry for help by someone who might
attempt “real” self-harm or even suicide if not urgently treated? Is
it “attention-seeking” in nature, meant to drive Internet traffic in
a very congested social media landscape where it can be hard to
get noticed and where “likes” are the currency of self-worth? Re-
search is needed to better characterize self-cyberbullying, includ-
ing how it relates to depression and offline self-harm and suicide.

The bully-victim phenomenon refers to the permeable bound-
aries between roles that can make it relatively easy for a cyber-
bullying victim to become a cyberbully and vice versa. Unlike
traditional bullying, visible markers of strength are not a require-
ment in cyberbullying. Assuming the identity of the cyberbully is
known, all that the victims need to attack back and become cy-
berbullies themselves is a digital platform and basic digital know-
how. Do cyberbullying victims feel in any way “empowered” by
this permeability, as some do express in clinical settings? And does
knowledge that perpetrators can be attacked back have any deter-
rent effect on them, or is the bi-directional violence that can ensue
an unmitigated race to the bottom that further impairs well-being?

What of the bystander role? Depending on the platform, the
audience witnessing a cyberbullying attack can potentially be lim-
itless - attacks that go viral are an extreme example of this. While
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this can magnify the humiliation inflicted on the victim, it also in-
troduces the possibility of enlisting bystanders to protect victims
and push back against perpetrators. Research examining how to
leverage bystanders as part of anti-cyberbullying interventions
would have significant management and public health utility.

Recent scholarship has brought attention to cyberbullying be-
yond the young age group. What had been called the “digital di-
vide”, which in this context refers to the notion that children and
adolescents are more active online and therefore at higher risk,
has narrowed to the point where a significant risk of cyberbully-
ing now appears to exist among college students and perhaps
adults overall. Cyberbullying is no longer a middle- and high-
school problem, as suggested by a 30-country United Nations-
sponsored survey that recruited nearly 170,000 youth up to 24
years of age and found that 33% of them had been victims of that
behavior®. To better protect against cyberbullying and imple-
ment age-appropriate interventions, new research should bet-
ter delineate the upper limits of the high-risk cyberbullying age
bracket, if they exist.

There is also insufficient research into the culturally-specific
dimensions of cyberbullying. Co-authoring analyses reveal that
the most influential cyberbullying scholarship comes from the
US, and that the top 5 universities in publication productivity
are in the European Union*. Given the different relationship to
violence across cultures and the diverging definitions of, and
reactions to, trauma worldwide, a broader culturally-centered
research perspective is essential for a more thorough under-
standing of cyberbullying’s global impact.

As we “zoom out” and investigate across cultures, we should
also “zoom in” on the specific cyberbullying behavior. Are all cy-
berbullying attacks similar in terms of prevalence, perpetrator and
victim profiles, short- and long-term consequences, and manage-
ment strategies? Several forms of cyberbullying have been iden-
tified®, but their similarities and differences require elucidation, es-
pecially as technology continues to change and new forms emerge.
Therefore, future research should compare diverse behaviors, such
as cyberstalking, “excluding” (deliberately leaving someone out),
“doxing” (revealing sensitive information about the victim), “frap-
ing” (using the victim’s social media account to post inappropri-
ate content under the victim’s name), “masquerading” (creating a
fake identity with which to attack the victim), “flaming” (posting
insults against the victim), and sex-based cyberbullying through
the non-consensual sending of sexual text messages or imagery.
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To better understand and address cyberbullying, we must explore
its existing subtypes - some of which have only been described in
blogs - and, as technology evolves, its emerging forms.

Most urgently, the lack of agreement upon “best practices” for
the management of cyberbullying must be remedied. Expanding
access to psychiatric and psychological care - given the mental
health dimension of cyberbullying - is imperative, as is a better
understanding of school-based interventions, which remain the
most popular management approach.

Data from school-based studies suggest that programs which
adopt a broad, ecological approach to the school-wide climate
and which include specific actions at the student, teacher and
family levels are more effective than those delivered solely
through classroom curricula or social skills trainings®. However,
the best meta-analytic evidence for school-based programs dem-
onstrates mostly short-term effects’, while long-term data sug-
gest small benefits®. Further, success appears more likely when
programs target cyberbullying specifically as opposed to general
violence prevention’, and when they are delivered by technolo-
gy-savvy content experts as opposed to teachers®. Evidence also
suggests that programs are most successful when they provide
informational support through interactive modalities (e.g., peer
tutoring, role playing, group discussion), and when they nurture
stakeholder agency (e.g., offer quality teacher training programs,
engage parents in program implementation)’.

Future research into cyberbullying management should ex-
pand on these findings and examine how management interfa-
ces with the legislative process and with law enforcement when it

comes to illegal behavior, including privacy breeches and serious
threats.

Much has been learned about cyberbullying, but much remains
to be explored. The knowledge gaps are all the more challenging
given that Internet-related technologies evolve at a breakneck
pace and in a way that reveals new exploitable vulnerabilities. A-
long with the previously cited statistic that no less than 33% of
young people worldwide have been victimized®, this should give
the field added urgency to “keep up” and investigate some under-
studied areas that are critical to a more nuanced understanding of
cyberbullying and its effective management.
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The role of gamification in digital mental health

In the face of high unmet mental health needs and overbur-
dened mental health systems, scalable approaches to increase use
of evidence-based interventions are essential. Smartphone apps,
e-therapies and other digital interventions offer promise in this
regard.

Digital interventions can be effective for a range of clinical dis-
orders. These tools, particularly those that can be used without
clinical support, can have enormous reach'. However, early opti-
mism that they could be placed online, optimally utilized by those
who need them, and thereby improve population mental health,
has not been realized. Both the uptake of tools and sustained en-
gagement with them have often been disappointing".

More sophisticated efforts, in both systems around digital in-
terventions and features within the digital tools themselves are
required. Promising areas in systems around the tools include
improved public messaging, clinician training, and embedding
tools within clinical, educational or workplace settingsl. In terms
of improving digital interventions themselves, there is potential
in further increasing appeal (so that people are willing to try the
tools), improving usability (thus addressing the major reason
for early disengagement in apps) and enhancing “stickiness” By
“stickiness’; we mean the degree to which users’ adherence or en-
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gagement is supported by aspects of the intervention itself, rather
than relying on their personal effort or external support. A key op-
portunity for both appeal and stickiness is increased use of gami-
fication.

Gamification refers to the use of features from gaming in con-
texts that are not games as such>*. Commonly used features in-
clude small achievable challenges (often building toward larger
objectives), rapid feedback or rewards, and personalization. Other
features include unpredictability, increasing complexity, narra-
tive, themes or imaginary settings, opportunities to choose and
explore, and social interaction or competition>*.

Gamification can allow users to test and rehearse skills in a safe
yet responsive environment, offer extrinsic motivation, and sup-
port intrinsic motivation (e.g., by noticing progress)°. It often in-
cludes elements of user control, supporting a sense of autonomys,
and may facilitate a sense of flow or immersion, important for en-
joyment and sustained attention’. From step counters to super-
market loyalty schemes, gamification has burgeoned with the de-
velopment of digital technologies.

Within the field of digital psychiatry, gamification offers three
key areas of potential®. First, an appeal or attractiveness poten-
tial. Games are among the most popular forms of entertainment
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globally, reaching a hugely diverse audience. Far from the popular
stereotype of gaming as a teenage male phenomenon, the average
gamer is over 30 years old and 45% are female. A gamified inter-
vention may be more appealing to some users than traditional
models due to fun elements. Gamification might also reduce bar-
riers to therapy such as stigma and help-negation®. Second, gami-
fication may offer potential for alternative mechanisms of change
to those emphasized in more traditional approaches. For exam-
ple, facilitating the visualization of complex ideas, such as nega-
tive thoughts, and allowing manipulation of such images. Third,
gamification offers an engagement potential, keeping users en-
gaged in the tool longer than they otherwise might be, via the use
of rewards, fun and other features, meaning that users get a higher
“dose” of the intervention®.

While gamification has been used in diverse areas, there is lit-
tle evidence to date in psychiatry. A meta-analysis did not identify
higher adherence or impact for gamified compared to non-gam-
ified apps for depression®, and there is a lack of recent evaluative
reviews®. Reviews are hampered by heterogeneity and lack of spec-
ificity about gamification processes and by time delays between
rapidly changing digital approaches and publication of trials.
However, studies have reported that gamified mental health op-
tions are appealing for some users. Young adults with internal-
izing symptoms selected a game promoted as a mental health
intervention over an entertainment game’ and, in a community
sample, many adolescents considered gamified interventions
appealing®. That said, the latter study reported polarized views:
some adolescents advised that gamification might be trivializing
of their distress and highlighted the need for choice in digital ap-
proaches®.

In the face of interest but limited evaluative literature, it is use-
ful to consider illustrative examples. Gamification techniques have
been widely used in mental health tools. Here we outline two con-
trasting examples: Headspace, one of the most popular mental
well-being apps, and SPARX, a cognitive behaviour therapy (CBT)-
based treatment for adolescent depression.

Headspace is a meditation app boasting tens of millions of down-
loads. While it does not look like a game, it uses multiple gamifica-
tion features®. Content comprises short chunks that build into larger
achievements; targets and progress are shown clearly; and “badges”
for activities are immediate. Other features common to gamifica-
tion include a colourful aesthetic, optional notifications, minimal
text, animations and social influence. As an often underrecognized
but important feature of gamification, Headspace provides exten-
sive yet simple choices and opportunities for user control’. While
there are few trials of Headspace for psychiatric disorders, it is one
of the most downloaded mental well-being apps in the world® and
has among the highest retention rates of these®, demonstrating both
phenomenal appeal and good “stickiness”. There are no direct com-
parisons to consider how much these are due to gamification, and
Headspace also utilizes other features such as a large promotions
budget. However, gamification features are integral in this app.
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SPARX is an unguided computerized CBT program offered in
a game-like format. It makes extensive use of metaphor and story
to allow users to discover and rehearse therapeutic content in a
playful manner, and then reflect on skills and their use in real life
with an animated virtual therapist. Gamification features include
narrative, imaginary settings, opportunities to explore, puzzles,
reward “mini-games”, and playful quizzes. SPARX was not inferi-
or to treatment-as-usual for depressive symptoms in a large trial’.
Retention rates were good in studies, and adolescents reported
that game features were helpful for engagement’. However, once
implemented outside of research settings in New Zealand, reten-
tion has been lower, and adolescents have commented on the
need for updates in line with expectations of commercial games®.
Interestingly, while New Zealand adolescents advised that SPARX
is suitable for younger teens, a Japanese version of SPARX has
been most widely used by adult men®.

These examples illustrate that, far from being only for the young,
or for non-clinical use, gamified interventions can engage adults
and offer evidence-based treatment. As well as these examples,
there are many other instances of gamification in digital mental
health®*”. However, the literature is at an early stage. It would be
premature to claim major impact or failure for gamification in psy-
chiatry. There are also specific challenges, including high expecta-
tions of gaming in accordance with the high budgets involved in
many computer games, and, on the other hand, expectations of
non-playful interventions for serious needs. While we have men-
tioned that gamification might support motivation, external re-
wards can undermine internal motivation if not used carefully”.
Future research should explore these questions and examine the
impact of specific gamification features, make stronger use of
gamification theory, and consider audience segmentation and the
importance of user preferences**°.

It is critical to expand scalable approaches to improving men-
tal health. Digital tools offer extraordinary potential for this. How-
ever, the appeal and stickiness of digital tools must be addressed.
Gamification offers promise for increasing appeal and engage-
ment and should be pursed alongside other opportunities.
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FORUM —THE FUTURE OF PSYCHOPHARMACOLOGY: NEW PROMISING TARGETS
AND CURRENT TRENDS IN CLINICAL TRIALS

The future of psychopharmacology: a critical appraisal of ongoing
phase 2/3 trials, and of some current trends aiming to de-risk trial
programmes of novel agents
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The timely as well as effective and safe
treatment of mental disorders is a key focus
in medicine, due to the early onset of these
disorders, and their severity, chronicity and
major effects on multiple biopsychosocial
aspects of human life'*. Clinicians, pa-
tients, family members and the society at
large have substantial interest in the avail-
ability of new treatment options that have
greater, broader or more specific efficacy
and similar or enhanced tolerability com-
pared to already available agents, ideally
also involving new mechanisms of action
that may help personalization of treat-
ment®”.

Pharmacological approaches to men-
tal disorders were initially mostly the out-
come of observation and serendipitous
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discoveries, also informed by substances
that could alter mental states and lead to
addiction. In the 1950s and 1960s, there
was a steep increase in the availability of
pharmacological agents that were helpful
in improving mental health by reducing
symptoms of multiple psychiatric dis-
orders. Most of the finer understanding
of brain mechanisms involved in men-
tal illness generation was derived from
inductive reasoning, i.e., the effect of a
medication on the brain was observed, the
mechanism of action of the drug was stud-
ied in animal and human models, and the
insights were used as the basis for hypoth-
esizing biological underpinnings of mental
disorders.

In that sense, psychopharmacology is

essentially a symptom-based discipline.
This approach is further related to the fact
that our systems for classifying mental ill-
ness consist of patterns of often co-occur-
ring and/or connected symptoms, which
are elevated to the status of disorders as
long as they lead to distress or dysfunction
and are not due to the effects of a substance
or a medical condition. This classification
is not related to an underlying biology of
the identified disorders. Comorbidities are
very common and medications often do
not work in a substantial number of people
with a given diagnosis and/or have pleio-
tropic and non-specific effects, working
for more than one disorder. Recognizing
these shortcomings of current nosological
systems, alternative approaches are being
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proposed®°, but are not adopted in the clin-
ical and regulatory classification and drug
approval process.

Moreover, the pharmacological nomen-
clature has remained arcane, being only
rarely or incompletely related to the mecha-
nisms of action of medications, as is com-
mon in medicine to characterize drug class-
es. Instead, medications are usually named
after their firstindication. This has given rise
to a terminology that can confuse patients,
family members, clinicians and even regu-
lators*!. For example, the so-called anti-
psychotics are approved for such diverse in-
dications as schizophrenia, bipolar mania,
bipolar depression, major depressive dis-
order, tic disorder, and irritability associated
with autism'®>'; and have been also found
effective for anxiety, insomnia, agitation/ag-
gression, obsessive-compulsive disorder
(OCD), and post-traumatic stress disorder
(PTSD)". Similarly, the so-called antide-
pressants have been approved for major
depressive disorder, various types of anxiety
disorders, and OCD; and are used clinically
also for bipolar depression and insomnia,
among other conditions'*'*'>',

This diagnostically non-specific, pleio-
tropic use of medication classes is certainly
in part due to the complexity and overlap
of the biological mechanisms underlying
behavioral, emotional and cognitive mani-
festations. At the same time, medications
often do not impact a single biological sys-
tem, but have a variety of biological effects,
that would need to be dissected further
and may be dose-dependent. For example,
quetiapine, one of the most prescribed so-
called antipsychotics, is more frequently
administered in combination with other
drugs than in monotherapy for psychosis,
and is more often used for mood, anxi-
ety and sleep disorders than for psychotic
symptoms. The use of quetiapine for such
diverging diagnoses and symptoms is
linked to the fact that the main pharma-
codynamic effect of this medication varies
according to the dose at which it is admin-
istered"’. For example, at low doses (25-50
mg/day), it acts as an antihistaminic, which
can help treat anxiety, insomnia and agita-
tion/tension. At medium doses (150-300
mg/day), it turns out to have alpha-2 ad-
renergic receptor blocking and noradren-
aline-reuptake inhibiting activity, making
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ituseful as a treatment for major depressive
disorder and bipolar depression. At high-
er doses (450-600 mg/day and above), its
postsynaptic dopamine antagonism be-
comes relevant, makingit useful for the treat-
ment of psychosis and mania.

This disorder-driven approach to psy-
chopharmacology is shared by regulatory
bodies. Thus, for example, a medication
initially marketed for a given disorder may
automatically get a black box warning when
it becomes indicated for another disorder,
even though the safety risk data motivating
that warning apply to a pharmacologically
entirely different drug class, and no such
risk has been described for that medica-
tion. This carry-over effect has occurred, for
instance, for all dopamine receptor block-
ers and partial dopamine agonists with
respect to the risk of suicide, when they re-
ceived regulatory approval by the US Food
and Drug Administration (FDA) for major
depressive disorder, although the relevant
(possibly medication-related) data in ado-
lescents and young adults'®"® were restrict-
ed to traditional “antidepressants” that are
monoamine reuptake inhibitors or modu-
lators.

The neuroscience-based nomenclature
initiative has been to some extent help-
ful in trying to refine our pharmacological
terminology, bringing to bear the knowl-
edge that we have so far in order to classify
medication classes and members of each
class®*,

At the core of state-of-the-art testing of
the risks and benefits of a new molecular
entity in psychopharmacology are ran-
domized controlled parallel-group clini-
cal trials. However, multiple hurdles in trial
design and conduct may interfere with the
development of molecular entities show-
ing promise in phase 1 and 2 trials, when
they are tested in increasingly large phase 3
trial programmes. Relatively recent failures
concerning medications for schizophre-
nia have included pomaglumetad for total
symptoms>*®, encenicline for cognitive
symptoms>**", and bitopertin for negative
symptoms”®*, Similarly, multiple drug de-
velopment failures on the translational tra-
jectory from phase 1 and 2 into phase 3 trials
have involved drugs targeting dementia®'.

Reasons for these failures may be relat-
ed to the true inefficacy of a drug, its toxic-

ity profile, insufficiently understood dose-
response relationships, unknown patient
factors, but also the limited knowledge of
the biological mechanisms underpinning
mental disorders, which prevents the iden-
tification of potentially relevant subgroups.
An additional factor involved is the increas-
ing placebo response across multiple men-
tal disorders, whose reasons remain insuf-
ficiently understood®**.

After many decades with few, if any, dis-
coveries of novel effective targets beyond
enhancing serotonin and noradrenaline or
blocking postsynaptic dopamine transmis-
sion for the treatment of mental disorders,
some advances have recently occurred. Medi-
cations with more recent regulatory ap-
proval have targeted the melatonin®!, orex-
in®2, GABA-A®*, 0pioid45’46 and N-methyl-
D-aspartate (NMDA)*"* receptor systems,
the vesicular monoamine transporter-2
(VMAT-2) for tardive dyskinesia®®, and in-
verse agonism of 5-HT2A receptors™. Fur-
thermore, there is currently a renaissance of
exploiting mechanisms of action of psyche-
delics, attempting to isolate their benefi-
cial effects without their short- or longer-
term risk of brain harm or addictive poten-
tial®"%%. Nonetheless, there is great concern
that many, if not most, of the currently stud-
ied drugs with new mechanisms of action
may not pass through the “valley of death”
of their phase 2 and, especially, phase 3 de-
velopment.

In this paper, we first provide an over-
view - based on a systematic search in clin-
icaltrials.gov and clinicaltrialsregister.eu
(BudraCT) - of medications with innova-
tive mechanisms of action that are under-
going phase 2 or 3 testing for the treatment
of a main mental disorder in adults, such
as schizophrenia, bipolar disorder, major
depressive disorder, anxiety and trauma-
related disorders, substance use disorders,
and dementia, highlighting those agents
that are seen as having the most promise
(as emerging from documented superiority
over placebo, magnitude of the observed
effect, and demonstration of requirements
for safety and tolerability). We then criti-
cally discuss the ongoing developments in
clinical trial methodology, design and con-
duct that need to be considered in depth
when developing and testing pharmaco-
logical agents for the treatment of men-
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tal disorders, in order to de-risk trial pro-
grammes of novel agents or known agents
for novel psychiatric indications.

OVERVIEW OF MEDICATIONS
UNDERGOING PHASE 2 AND 3
CLINICAL TRIALS

Schizophrenia

Agents in development for the treat-
ment of schizophrenia target directly or
indirectly, among others, the cannabinoid,
cholinergic, dopamine, estrogen, GABA,
glutamatergic, histamine, inflammatory,
immunological, ion channel, melatonin,
noradrenaline, opioid, phosphodiesterase,
serotonin, sigma, and trace amine associ-
ated receptor (TAAR) systems (see Table 1
and supplementary information). Across
176 identified phase 2 or 3 trials, only 12
molecules that were tested in 42 trials have
so far outperformed placebo on primary
outcomes in 13 positive trials (see Table 1).

For total symptoms of schizophrenia,
a 5-week phase 2 trial (NCT03697252)
showed that KarXT (containing a fixed
combination of the muscarinic M1/M4 ago-
nist xanomeline plus the non-centrally act-
ing anticholinergic trospium chloride),
given twice daily, outperformed placebo
(effect size = 0.75), without relevant cardio-
metabolic or neuromotor adverse effects,
but with some modest and mostly time-
limited anticholinergic adverse events™>’.
In August 2022, positive topline results for
the primary outcome total Positive and
Negative Syndrome Scale (PANSS) score
(effect size = 0.61) and secondary outcomes
have been released for the first of two simi-
larly designed, placebo-controlled phase
3 studies in patients with acutely exacer-
bated schizophrenia (NCT04659161). The
second phase 3 trial of KarXT in monother-
apy vs. placebo (NCT04738123), as well as
one 6-week trial in patients with residual
positive symptoms testing KarXT in an aug-
mentation design (NCT05145413), are on-
going.

Moreover, in a small, 6-week, phase 1B
study (which is therefore not included in
Table 1), emraclidine, an M4 positive allos-
teric modulator, also separated from place-
bo both in the 20 mg bid and 30 mg qd dose
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arms (NCT04136873). Results are being fol-
lowed up in two 6-week phase 2 trials test-
ing 10 mg and 30 mg qd (NCT05227690) as
well as 15 mg and 30 mg qd (NCT05227703)
vs. placebo.

Ulotaront, a TAAR-1 and 5-HT1A agonist,
outperformed placebo in a 4-week, phase 2
trial in patients with schizophrenia aged 40
or younger and with no more than two prior
lifetime hospitalizations for exacerbation of
schizophrenia, without relevant neuromo-
tor or cardiometabolic adverse effect risk
(NCT02969382)%. Three additional placebo-
controlled trials are ongoing (NCT04825860,
NCT04072354, NCT04092686), extending
the age until 65 years and being less restric-
tive about prior number of hospitalizations.
Additionally, ralmitaront, a TAAR-1 par-
tial agonist, is undergoing phase 2 testing
(NCT04512066, NCT03669640).

Brilaroxazine, a D2, D3, D4, 5-HT1A, 5-
HT2A partial agonist, and 5-HT2B, 5-HT6,
5-HT7 antagonist, was superior to placebo
in a 4-week phase 2 trial (NCT01490086)
% anda phase 3 trial has recently started
(NCT05184335). Two phase 3 trials (NCT03
893825, NCT03503318) have been complet-
ed for a novel subcutaneous once monthly
and every two months injected long-act-
ing formulation of risperidone, TV-46000,
confirming the efficacy of other formula-
tions of this drug in the acute treatment
and relapse prevention of schizophrenia.

Raloxifene, an estrogen receptor modu-
lator, improved PANSS total, general and
negative symptoms in a phase 3 trial in post-
menopausal women with schizophrenia
(NCT01573637)%, but another phase 3 trial
showed inferior efficacy compared with
placebo (NCT01280305)°". Melatonin also
improved PANSS total symptoms more than
placebo in a phase 2 trial (NCT01593774)%

For positive symptoms (co-primary out-
come), a phase 2 trial (NCT02006628) show-
ed that adjunctive cannabidiol outperform-
ed placebo after six weeks of treatment®,
Whileasignificantdifferencewas alsoreport-
ed for Clinical Global Impression - Severity
(CGI-S), cannabidiol was not superior to pla-
cebo regarding total symptoms (co-primary
outcome). Finally, estradiol outperformed
placebo on PANSS positive symptoms after
eight weeks of treatment in a phase 2 trial
(NCT03848234)%.

For negative symptoms of schizophre-

nia, the 5-HT2A inverse agonist/antago-
nist pimavanserin (approved for Parkin-
son’s disease psychosis and under review
for dementia-related psychosis) had one
positive phase 2 study with regards to the
primary outcome, Negative Symptom As-
sessment-16 (NSA-16) total scale change,
but without greater improvement versus
placebo in CGI-S and other negative symp-
tom assessment scales (NCT02970305)%.

Targeting schizophrenia patients with
residual psychotic symptoms, a phase 3 tri-
al reported no improvement of total symp-
toms with adjunctive pimavanserin in the
entire sample, but there were favorable re-
sults in the approximately 80% European
subsample, and significant improvements
in negative symptoms and CGI-S in the to-
tal sample (NCT02970292).

Roluperidone, a 5-HT2A and sigma-2
receptor antagonist, had one successful
phase 2 trial (EU2014-004878-42) for nega-
tive symptoms%, albeit in the context of an
unusually low placebo response. The sub-
sequent phase 3 trial (NCT03397134) was
suggestive of efficacy, but missed statistical
significance versus placebo in the intent-
to-treat analysis®’. A potential complica-
tion is that this drug has been tested only in
monotherapy, i.e., in patients with schizo-
phrenia who were off traditional dopamine
receptor blockers or partial agonists, with-
out documentation that it is effective on
total and positive symptoms.

Concerning cognitive dysfunction in
schizophrenia, a phase 3 clinical trial pro-
gramme follows up on a successful phase
2 study with BI 425809 (NCT02832037), a
glycine transporter-1 inhibitor, that outper-
formed placebo at week 12 on MATRICS
Consensus Cognitive Battery®, but not on
the Schizophrenia Cognition Rating Scale
(SCoRS), which measures functional im-
pact of cognitive improvement, a required
co-primary endpoint for regulatory ap-
proval of agents targeting cognitive dys-
function in schizophrenia.

Regarding the management of adverse
events of already approved antipsychotics
in schizophrenia, glycopyrrolate (a mus-
carinic receptor antagonist) improved sial-
orrhea more than placebo in a phase 2 trial
(EU2012-002299-15)%.

While a number of trials targeting mul-
tiple mechanisms of action are ongoing or
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Table 1 Medications for schizophrenia with positive results in phase 2 or 3 randomized controlled trials

Duration NCT/EudraCT
Drug Mechanisms of action Control (weeks) Phase number Status Results
BI 425809 Glycine transporter-1 Placebo 26 3 NCT04860830 R No results available
BI 425809 inhibitor Placebo 26 3 NCT04846868 R No results available
BI 425809 Placebo 26 3 NCT04846881 R No results available
BI 425809 Placebo 12 2 NCT03859973 R No results available
BI 425809 Placebo 26 3 EU2020-003726-23 (0] No results available
BI 425809 Placebo 12 2 NCT02832037 C Superior on cognition
Brilaroxazine Dopamine-5-HT partial Placebo, 4 2 NCT01490086 C Superior (PANSS)
agonist, 5-HT antagonist Aripiprazole
Brilaroxazine Placebo 4 3 NCT05184335 R No results available
Cannabidiol Multiple (among others, Placebo 26 2 NCT02926859 ANR No results available
Cannabidiol binds to CB1/CB2 Placebo, 4 2 NCT02088060  ANR No results available
receptors, activates Olanzapine
5-HT1A receptors, P
Cannabidiol antagonizes alpha-1 Placebo 10 2 NCT02504151 ANR No results available
Cannabidiol adrenergic and mu. Placebo 8 3 NCT04411225 R No results available
opioid receptors, inhibits
Cannabidiol synaptosomal uptake of Risperidone 7 2 NCT04105231 R No results available
Cannabidiol noradrenaline, Placebo 12 2 NCT04421456 R No results available
dopamine, serotonin and
Cannabidiol GABA) Placebo 6 2 NCT02006628 C Superior on PANSS positive,
CGI-S
Estradiol Estrogen receptor agonist Placebo 8 3 NCT03848234 C Superior on PANSS positive
Estradiol Placebo 16 3 NCT04093518 R No results available
Glycopyrrolate Muscarinic receptor Placebo 1 3 EU2012-002299-15 C Superior on sialorrhea
antagonist
Melatonin Melatonin receptor Placebo 24 4 NCTO01431092 C Data available for a subsample
agonist of 48 participants
Melatonin Placebo 8 2 NCT01593774 C Superior on PANSS total
Pimavanserin 5-HT2A inverse agonist/ Placebo 26 3 NCT04531982 R No results available
Pimavanserin antagonist Placebo 6 3 NCT02970292 c No effect on PANSS total
Pimavanserin Placebo 26 2 NCT02970305 C Superior on NSA-16
Pimavanserin Placebo 26 3 EU2016-003437-18 C No results available
Raloxifene Estrogen receptor Placebo 24 3 NCTO01573637 C Superior on PANSS total,
modulator negative, general
Raloxifene Placebo 12 3 NCTO01280305 C Inferior on PANSS total
Raloxifene Placebo 12 4 NCTO03418831 C No results available
Raloxifene Placebo 12 4 NCT02354001 C No results available
Raloxifene Placebo 12 4 NCT01481883 R No results available
Raloxifene Placebo 12 3 NCT03043820 R No results available
Roluperidone 5-HT2A and sigma-2 Placebo 12 2 EU2014-004878-42 C Superior on negative symptoms
Roluperidone receptor antagonist Placebo 12 3 NCT03397134 C No difference in intention-
EU2017-003333-29 to-treat analysis, superior on
negative symptoms in modified
intention-to-treat analysis
TV-46000 (subcutaneous Dopamine antagonist Placebo 56 3 NCT03893825 C Superior in acute and
risperidone) long-term treatment
TV-46000 (subcutaneous Placebo 108 3 NCT03503318 C Superior on relapse prevention
risperidone)
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Table 1 Medications for schizophrenia with positive results in phase 2 or 3 randomized controlled trials (continued)

Duration NCT/EudraCT
Drug Mechanisms of action Control (weeks) Phase number Status Results
Ulotaront TAAR-1/5-HT1A agonist Quetiapine XR 52 3 NCT04115319 R No results available
Ulotaront Placebo 4 2 NCT02969382 C Superior on PANSS total
Ulotaront Placebo 6 2/3 NCT04825860 R No results available
Ulotaront Placebo 5 3 NCT04072354 R No results available
Ulotaront Placebo 6 3 NCT04092686 R No results available
Xanomeline + Trospium M1/M4 muscarinic Placebo 5 2 NCT03697252 C Superior on PANSS total
Chloride (KarXT) agonist, peripheral
Xanomeline + Trospium T Scarinic antagonist Placebo 5 3 NCT04738123 R No results available
Chloride (KarXT)
Xanomeline + Trospium Placebo 5 3 NCT04659161 C Superior on PANSS total
Chloride (KarXT)
Xanomeline + Trospium Placebo 6 3 NCTO05145413 R No results available

Chloride (KarXT)

NCT/EudraCT number — number in clinicaltrials.gov or clinicaltrialsregister.eu, R — recruiting, O — ongoing, C — completed, ANR — active, not recruiting,

TAAR-1 — trace amine-associated receptor-1, PANSS — Positive and Negative Syndrome Scale, CGI-S — Clinical Global Impression - Severity, NSA-16 — Negative
Symptom Assessment-16. Results without information on statistical significance are classified among “results not available”.

have been completed without available re-
sults (see supplementary information), the
currently most promising targets for schiz-
ophrenia appear to be M1/M4 muscarinic
receptor agonism, M4 muscarinic positive
allosteric agonism, TAAR-1 agonism, and
dopamine-serotonin partial agonism/ser-
otonin antagonism. Due to mixed/incon-
clusive findings, questions remain about
5-HT2A inverse agonism/antagonism for
negative and residual psychotic symptoms,
and 5-HT2A/sigma-2 antagonism for neg-
ative symptoms, as well as about glycine
transporter-1 inhibition for improvement
of cognitive dysfunction, that is required to
also significantly improve functionality to
gain regulatory approval.

Bipolar disorder

Agents in development for the treat-
ment of bipolar disorder target directly or
indirectly, among others, the cholinergic,
dopamine, GABA, glutamatergic, inflam-
matory, immunological, ion channel, me-
latonin, neurotrophic, noradrenaline, and
serotonin systems (see Table 2 and supple-
mentary information). Across 38 identified
trials, only six molecules that were tested in
11 trials outperformed placebo on primary
outcomes in six positive trials (see Table 2).

For bipolar depression, N-acetyl cysteine
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(a glutathione precursor) plus acetylsali-
cylic acid, added to treatment-as-usual,
outperformed placebo regarding response
in one phase 2 trial (NCT01797575)". Fur-
thermore, non-racemic amisulpride (SEP-
4199) was superior to placebo at 6 weeks on
the Montgomery-Asberg Depression Rating
Scale (MADRS) in the US, European Union
and Japanese cohorts, at doses of 200 or 400
mg/day’""%. Adjunctive armodafinil, an R-
enantiomer of modafinil, was associated
with a significantly greater reduction in the
30-item Inventory of Depressive Symptom-
atology, Clinician Rated (IDS-C) total score
at week 8 in one phase 3 trial vs. placebo
(NCT01072929), but two other phase 3 trials
(NCT01072630 and NCT01305408) did not
confirm this superiority”* ™.

D-cycloserine (an NMDA antagonist)
plus lurasidone outperformed lurasidone
plus placebo after an initial ketamine in-
fusion in reducing depressive symptoms
in severely depressed patients with bipo-
lar disorder (NCT02974010)"°. Moreover,
adjunctive infliximab - a tumor necrosis
factor-alpha (TNF-a) inhibitor - was supe-
rior to placebo regarding depressive symp-
toms in a phase 2 trial (NCT02363738), yet
with no difference regarding treatment re-
sponse’” ", Interestingly, secondary analy-
ses suggested higher efficacy in subjects
with childhood maltreatment. Ketamine
outperformed placebo in a phase 2 trial

targeting suicidal ideation (NCT01944293).

We did not identify any positive ran-
domized controlled trial (RCT) for treatment
of acute mania or for the maintenance treat-
ment of bipolar disorder.

While a number of trials targeting mul-
tiple mechanisms of action are ongoing or
have been completed without available re-
sults (see supplementary information), the
currently most promising targets for bipolar
depression are dopamine antagonism plus
5-HT7 antagonism, non-steroidal anti-in-
flammatory action plus glutathione precur-
sor activity, NMDA receptor antagonism,
and TNF-« inhibition. Notably, neither
bipolar mania nor bipolar disorder main-
tenance are currently relevant targets in
drug development, and the most promis-
ing agents for bipolar depression are all re-
purposed from different existing indications.

Major depressive disorder

Agents in development for the treatment
of major depressive disorder target directly
orindirectly, among others, the cannabinoid,
cholinergic, dopamine, estrogen, GABA, glu-
tamatergic, inflammatory, immunological,
ion channel, neurotrophic, noradrenaline,
opioid, peroxisome proliferator-activated
receptor, serotonin, sigma, TAAR, and sub-
stance P systems (see Table 3 and supple-
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Table 2 Medications for bipolar depression with positive results in phase 2 or 3 randomized controlled trials

Duration NCT/EudraCT
Drug Mechanisms of action Control (weeks) Phase number Status Results
N-acetyl cysteine + Glutathione precursor + Placebo 16 2 NCT01797575 C Superior on response
Acetylsalicylic acid NSAID
Amisulpride, Dopamine/5-HT7 Placebo 6 2 NCT03543410 C Superior on depressive
non-racemic antagonist symptoms
Armodafinil Sympathomimetic Placebo 8 3 NCT01072630 C No difference
Armodafinil Placebo 8 3 NCT01072929 C Superior on depressive
symptoms
Armodafinil Placebo 8 3 NCT01305408 C No difference
D-cycloserine + NMDA antagonist + Lurasidone + 6 2 NCT02974010 C Superior on depressive
Lurasidone dopamine antagonist Placebo symptoms
Infliximab TNF-« inhibitor Placebo 12 2 NCT02363738 C Superior on depressive
symptoms
Ketamine NMDA antagonist Midazolam 28 3 NCT04939649 R No results available
Ketamine Placebo 2 2 NCT05004896 NYR No results available
Ketamine Midazolam 2 2 EU2016-002068-14 C No results available
Ketamine Midazolam 1 day 2 NCT01944293 C Superior on suicidal ideation

NCT/EudraCT number — number in clinicaltrials.gov or clinicaltrialsregister.eu, R — recruiting, C — completed, NYR — not yet recruiting, NSAID — non-steroidal

anti-inflammatory drug, NMDA — N-methyl-D-aspartate, TNF-a — tumor necrosis factor alpha. Results without information on statistical significance are classi-

fied among “results not available”.

mentary information). Across 177 identified
trials, 19 molecules that were tested in 43
trials outperformed placebo on primary out-
comes in 19 positive trials (see Table 3).

Cariprazine, a D3-preferring D3/D2 par-
tial dopamine agonist with antagonist activ-
ity at 5-HT2B and 5-HT2A receptors, is cur-
rently under FDA review as augmentation in
major depressive disorder, following a posi-
tive phase 3 trial (NCT03738215) and one par-
tially positive phase 2 trial (at 2-4.5 mg/day,
but not at 1-2 mg/day) (NCT01469377)%°,
alongside a negative trial (NCT03739203).
Lurasidone, a 5-HT2A-D2 antagonist with
5-HT7 antagonism, was superior to pla-
cebo in a phase 3 trial of subjects with ma-
jor depressive disorder and mixed features
(NCT01421134)%.

The extended release (ER) formulation
of levomilnacipran, a serotonin-noradren-
aline reuptake inhibitor, outperformed pla-
cebo in a phase 3 trial (NCT01377194)%,
although the switch to levomilnacipran ER
was not superior to quetiapine plus antide-
pressants in another phase 3 trial (NCT
02720198). Pimavanserin, a 5-HT2A antag-
onist/inverse agonist, had a positive phase
2 sequential parallel comparison design
study (positive in stage 1+2 and 1, but not
in stage 2) as augmentation in major de-
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pressive disorder (NCT03018340)%, fol-
lowed by a negative standard phase 3 study
(NCT03968159) compared to placebo.

With the FDA approval of intranasal es-
ketamine® and the widespread off-label
use of racemic ketamine, both intravenous-
ly and intranasally, for resistant depres-
sion®*® the field of psychopharmacology
has seen a renewed focus on the develop-
ment of antidepressant therapies that mod-
ulate the glutamatergic system.

One such agent is AXS-05, the combina-
tion of dextromethorphan with low-dose
bupropion, whose pharmacological actions
are non-competitive NMDA receptor an-
tagonism, sigma-1 receptor agonism, nico-
tinic acetylcholine receptor antagonism,
and inhibition of serotonin, noradrenaline
and dopamine transporters. In two phase
2 trials, AXS-05 was superior to low-dose
bupropion®” (NCT03595579) or to placebo
(NCT04019704) on the MADRS at week 6,
leading to FDA approval for major depres-
sive disorder in August 2022. For treat-
ment-resistant depression, AXS-05 showed
in a one-year study significantly delayed
time to relapse (primary outcome) and de-
creased relapse rate (secondary outcome)
(NCT04608396); however, it did not sepa-
rate from bupropion 150 mg/day in a 12-

week study (NCT02741791).

A second anti-glutamatergic agent is es-
methadone, an NMDA receptor antagonist
with very weak opioid mu agonism, which
is being developed as an augmenting agent
in treatment-resistant depression, following
a positive phase 2 trial (NCT03051256)%.
The phase 3 programme is ongoing, with
three 4-week placebo-controlled studies
(NCT04855747, NCT05081167, NCT04688
164). A single dose of rapastinel, a NMDA
partial agonist, was superior to placebo,
when given at 5 or 10 mg, but not 1 mg, in
a phase 2 trial (NCT01234558)*°, but three
phase 3 trials were negative (NCT02951988,
NCT02943564, NCT02943577).

There has also been significant interest
in GABAergic modulation for the treatment
of depression. Following FDA approval of
the intravenous GABA-A receptor positive
allosteric modulator brexanolone in post-
partum depression®®, the orally adminis-
tered zuranolone, which is also a neuroac-
tive steroid binding to GABA-A receptors,
is being developed for both postpartum
depression and major depressive disorder.
Zuranolone had a positive phase 2 study in
severe postpartum depression, despite a
large placebo response (NCT02978326)%.
A second trial for postpartum depression is
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Table 3 Medications for major depressive disorder with positive results in phase 2 or 3 randomized controlled trials

Duration
Drug Mechanisms of action Control (weeks) Phase NCT number Status Results
Ayahuasca 5-HT multimodal Placebo 1 2 NCT02914769 C Superior on HAM-D
modulator, TAAR-1 and
sigma-1 agonist
Botulinum toxin type A Acetylcholine release Placebo 12 2 NCT01392963 C Superior on HAM-D
neurotoxin complex inhibitor
Buprenorphine + Samidorphan Kappa opioid agonist + mu Placebo + Antidepressant 4 2 NCTO01500200 C Superior on HAM-D
+ Antidepressant opioid antagonist (only 2 + 2 mg/day)
Buprenorphine + Samidorphan Placebo + Antidepressant 6 3 NCT02218008 C Superior on MADRS
+ Antidepressant
Buprenorphine + Samidorphan Placebo + Antidepressant 6 3 NCTO03188185 C No difference
+ Antidepressant
Buprenorphine + Samidorphan Placebo + Antidepressant 6 3 NCT02158546 C No difference
+ Antidepressant
Buprenorphine + Samidorphan Placebo + Antidepressant 5 3 NCT02158533 C No difference
+ Antidepressant
Dextromethorphan + NMDA antagonist, sigma-1 Bupropion SR 6 2 NCT04971291 R No results available
Bupropion (AXS-05) agonist, nicotinic acetyl-
Dextromethorphan + choline receptor antagomst, Bupropion 12 3 NCT02741791 C No superiority for
. 5-HT/noradrenaline/ .
Bupropion (AXS-05) . treatment-resistant
dopamine reuptake depression
inhibitor P
Dextromethorphan + Placebo 52 2 NCT04608396 C Delayed time to
Bupropion (AXS-05) relapse
Cariprazine + Antidepressant ~ Dopamine D3/D2 partial ~ Placebo + Antidepressant 8 2 NCTO01469377 C Superior on MADRS
agonist, serotonin at week 8 (only 2-4.5
antagonist mg/day)
Cariprazine + Antidepressant Placebo + Antidepressant 6 3 NCT03738215 C Superior at week 6
Cariprazine + Antidepressant Placebo + Antidepressant 6 3 NCT03739203 C No difference
Esmethadone + Antidepressant NMDA antagonist Placebo + Antidepressant 3 2 NCT03051256 C Superior on MADRS
at week 2
Esmethadone + Antidepressant Placebo + Antidepressant 4 3 NCT04855747 R No results available
Esmethadone + Antidepressant Placebo + Antidepressant 4 3 NCTO05081167 R No results available
Esmethadone + Antidepressant Placebo+ Antidepressant 4 3 NCT04688164 R No results available
Estradiol + Progesterone Estrogen receptor agonist, Placebo 52 2/3  NCT01308814 C Superior on CES-D
progesterone receptor
agonist
Ezogabine Opening of neuronal Placebo 5 2 NCT03043560 C Superior on MADRS
voltage activated potassium
channels
Levomilnacipran ER 5-HT/noradrenaline Quetiapine + 8 3 NCT02720198 C No difference
reuptake inhibitor Antidepressant
Levomilnacipran ER Placebo 8 3 NCTO01377194 C Superior on MADRS
Lurasidone 5-HT7, 5-HT2A and Placebo 6 3 NCT01421134 C Superior on MADRS
dopamine antagonist
Metformin + Fluoxetine AMP-activated protein kinase Placebo + Fluoxetine 12 172 NCT04088448 C Superior on HAM-D
Naltrexone + Antidepressant  Opioid receptor antagonist ~ Placebo + Antidepressant 3 2 NCTO01874951 C Superior on MADRS
but not on HAM-D
Nitrous Oxide Inhalation anesthetic Placebo 1 2 NCT03283670 C Superior on HAM-D
Nitrous Oxide Placebo 1 2 NCT02139540 C Superior on depressive
symptoms at 24 hours
Nitrous Oxide Placebo 2 2 NCT03932825 C No results available
Nitrous Oxide Placebo 4 2 NCT03869736 NA No results available
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Table 3 Medications for major depressive disorder with positive results in phase 2 or 3 randomized controlled trials (continued)

Duration
Drug Mechanisms of action Control (weeks) Phase NCT number Status Results
Pimavanserin + Antidepressant ~ 5-HT2A inverse agonist/  Placebo + Antidepressant 5 2 NCTO03018340 C Superior on HAM-D
antagonist (stage 1 and 1+2, not
stage 2)
Pimavanserin + Antidepressant Placebo + Antidepressant 5 3 NCTO03968159 C No difference
Pioglitazone + Citalopram + PPARY agonist Placebo + Citalopram + 6 2/3  NCT01109030 C Superior on response
Chlordiazepoxide Chlordiazepoxide (HAM-D)
Psilocybin 5-HT1A/5-HT2A agonist Waitlist 8 2 NCTO03181529 C Superior on GRID-
HAM-D
Psilocybin Escitalopram 6 2 NCT03429075 C No difference
Psilocybin Placebo 5 2 NCT03715127 O No results available
Psilocybin Placebo 8 2 NCT04989972 O No results available
Psilocybin Ketamine 26 2 NCT03380442 (0] No results available
Psilocybin Placebo 4 2 NCT04620759 O No results available
Psilocybin Niacin 1 2 NCT04630964 O No results available
Psilocybin Niacin 7 2 NCTO03866174 O No results available
Psilocybin + Psychological Placebo + Psychological 3 2 NCT04959253 (0] No results available
therapy therapy
Psilocybin Placebo 4 2 NCT05259943 O No results available
Psilocybin + Psychological Nicotinamide + 6 2 NCT04670081 O No results available
therapy Psychological therapy
Rapastinel + Antidepressant NMDA partial agonist Placebo + Antidepressant 3 3 NCT02932943 C No difference
Rapastinel Placebo 1 dose 2 NCTO01234558 C Superior (5-10 mg, not
1 mg)
Rapastinel Placebo 52 3 NCT02951988 C No difference
Rapastinel + Antidepressant Placebo + Antidepressant 6 2 NCTO01684163 C No results available
Rapastinel Placebo 3 3 NCT02943564 C No difference
Rapastinel Placebo 3 3 NCT02943577 C No difference
Zuranolone (30 mg/day) GABA-A receptor positive Placebo 7 3 NCT02978326 C Superior for postpartum
allosteric modulator depression on HAM-D
at day 15
Zuranolone Placebo 2 3 NCT04442503 NYR No results for
postpartum depression
available
Zuranolone (30 mg/day) Placebo 2 2 NCT03000530 C Superior for major
depression on HAM-D
at day 15
Zuranolone (20 mg/day and Placebo 2 3 NCT03672175 C No superiority on
30 mg/day) HAM-D at day 15
Zuranolone (50 mg/day) Placebo 2 3 NCT04442490 C Superior for major
depression on HAM-D
at day 15
Zuranolone (50 mg/day) + Placebo + Antidepressant 2 3 NCT04476030 C Superior for major
Antidepressant depression on HAM-D
at day 3 (primary
endpoint), but not
day 15

NCT number — number in clinicaltrials.gov, R — recruiting, C — completed, O — ongoing, NYR — not yet recruiting, NA — not available, NMDA — N-methyl-D-
aspartate, PPARy — peroxisome proliferator-activated receptor gamma, TAAR-1 — trace amine-associated receptor-1, HAM-D — Hamilton Depression Rating
Scale, MADRS — Montgomery-Asberg Depression Rating Scale, CES-D — Center for Epidemiological Studies-Depression Scale. Results without information on
statistical significance are classified among “results not available”.
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awaiting results (NCT04442503).

In patients with major depressive disor-
der, one study of zuranolone at 30 mg/day
(NCT0300530) met the primary endpoint
on the Hamilton Depression Rating Scale
(HAM-D) on day 15®. Another monotherapy
study of the drug at 50 mg/day (NCT04
442490) also met the primary endpoint of
superiority vs. placebo on the HAM-D at
day 15. However, high placebo response
accounted for a negative study at day 15
for zuranolone 20 mg/day and 30 mg/day,
despite superiority over placebo on the
HAM-D in the 30 mg/day arm at days 3, 8
and 12 (NCT03672175). In a phase 3 trial
(NCT04476030), zuranolone 50 mg/day
co-initiated with a standard antidepres-
sant was superior to placebo on HAM-D
total score at day 3 (primary endpoint), and
throughout the 2-week treatment period
(key secondary endpoint), but not at day
15, confirming an effect in speeding up of
efficacy.

Other mechanisms of action are also
being pursued. For example, pioglitazone,
an agonist of the peroxisome proliferator-
activated receptor gamma, plus citalopram
plus chlordiazepoxide was superior to pla-
cebo in a phase 2/3 study (NCT01109030)
regarding treatment response based on
HAM-D scores®. Naltrexone, an opioid
receptor antagonist, plus antidepressants
was superior to placebo plus antidepres-
sants in a phase 2 trial in preventing relapse
or symptom recurrence on the MADRS, but
not the HAM-D (NCT01874951)®.

The combination of buprenorphine, a
kappa opioid agonist, with the opioid mu an-
tagonist samidorphan as adjunctive treat-
ment in major depressive disorder was su-
perior to placebo in two trials (phase 2:
NCT01500200; phase 3: NCT02218008)",
but not in three other phase 3 trials (NCT0
3188185, NCT02158546, NCT02158533)
96,97 without significant separation of bu-
prenorphine alone from placebo in a meta-
analysis™.

Ezogabine, which induces the opening
of neuronal voltage activated potassium
channels, was superior to placebo on the
MADRS in a phase 2 trial (NCT03043560)™.
Botulinum toxin type Aneurotoxin complex,
an acetylcholinerelease inhibitor, was supe-
rior to placebo in a phase 2 trial (NCT0139
2963)'%. The anaesthetic nitrous oxide was
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superior to placebo at 24 hours in a phase
2 study (NCT02139540), and at 2 hours, 24
hours, and 1 week in another phase 2 trial
(NCT03283670)'".

Psychedelics are also being investigated
increasingly, with positive findings in phase
2 trials of Ayahuasca (5-HT2A partial ago-
nism, affinity for multiple other 5-HT recep-
tors, TAAR-1 agonism, sigma-1 agonism)
(NCT02914769)"% and psilocybin (5-HT2A
agonism) (NCT03181529)'®®. Psilocybin was
also found to be not inferior to escitalopram
in a phase 2 trial (NCT03429075)'*,

The combination of metformin (glucose-
lowering, insulin-sensitizing) and fluoxetine
(selective serotonin reuptake inhibitor) was
superior to placebo plus fluoxetine on the
HAM-D in a phase 1/2 trial (NCT04088448)
105, Finally, transdermal estradiol plus inter-
mittent micronized progesterone (NCT01308
814) was more efficacious than placebo in
preventing the development of clinically
significant depressive symptoms among ini-
tially euthymic peri-menopausal and early
post-menopausal women in a phase 2/3
study'®.

While a number of trials targeting mul-
tiple mechanisms of action are ongoing or
have been completed without available re-
sults (see supplementary information), the
currently most promising targets for ma-
jor depressive disorder appear to be D3/
D2 partial agonism with 5-HT2A/B antag-
onism, D2/5-HT2A/5-HT7 antagonism, 5-
HT2A antagonism/inverse agonism, NMDA
receptor antagonism and partial agonism,
sigma-1 receptor agonism, nicotinic acetyl-
choline receptor antagonism, GABA-A re-
ceptor positive allosteric modulation, per-
oxisome proliferator-activated receptor gam-
ma agonism, opening of neuronal voltage
activated potassium channels, acetylcho-
line release inhibition, and 5-HT2A ago-
nism.

Anxiety and trauma-related disorders

Agentsin development for the treatment
of anxiety and trauma-related disorders
target directly or indirectly, among others,
the cannabinoid, cholinergic, dopamine,
GABA, glucocorticoid, glutamatergic, me-
latonin, noradrenaline, oxytocin, serotonin,
and substance P systems (see Table 4 and

supplementary information). Across 98
identified trials, only nine molecules that
were tested in 31 trials outperformed pla-
cebo on primary outcomes in 18 trials (see
Table 4).

In PTSD, intranasal oxytocin was more
effective than placebo on amygdala connec-
tivity in a phase 2 trial (EU2012-001288-58),
and 3,4-methylenedioxy-methampheta-
mine (MDMA)-assisted psychotherapy (via
release of serotonin and noradrenaline) was
superior to placebo on characteristic symp-
toms in four phase 2 trials (NCT00090064,
NCT01211405, NCT01793610, NCT00353
938) and one phase 3 trial (NCT03537
014)'%" although in one trial (NCT017936
10) the superiority was not observed in in-
tent-to-treat analysis.

In panic disorder, d-cycloserine (NMDA
co-agonist) as augmentation of exposure
therapy outperformed placebo on neuro-
cognitive processing in a phase 2 trial (NCT
01680107)“5. In social anxiety disorder,
one phase 2 trial showed that d-cycloserine
as augmentation of cognitive behavioral
therapy (CBT) outperformed placebo (NCT
02066792)'16119, although two other studies
were negative (NCT00633984, NCT00128
401)120-122‘

In generalized anxiety disorder, ABIO
08/01 (a selective inhibitor of GABA- and
glutamate-gated chloride channels) out-
performed placebo on CGI in a phase 3
trial (EU2006-003643-23). Agomelatine
(melatonin receptor agonist) was superior
to placebo on relapse rate in one phase 3
trial (EU2006-005674-47), and on anxiety
symptoms in two phase 3 trials (EU2004-
002577-23, EU2009-013789-17). Pregabalin
(voltage-gated calcium channel modula-
tor) was more efficacious than placebo
on anxiety symptoms in two phase 3 trials
(EU2006-006339-31, EU2004-001500-13).
Quetiapine extended-release (histamine
antagonist, alpha-2 antagonist, noradren-
aline reuptake inhibitor) was superior to pla-
cebo in two phase 3 trials on anxiety symp-
toms (EU2005-005054-46) and relapse rate
(EU2005-005055-18). Finally, SR58611A
(selective beta-3 adrenoceptor agonist) re-
duced anxiety symptoms more than pla-
cebo in a phase 3 trial (NCT00266747), and
vortioxetine (multimodal serotonergic mod-
ulator) prevented relapse in one phase 3
trial (EU2008-001673-15).
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Table 4 Medications for anxiety and trauma-related disorders with positive results in phase 2 or 3 randomized controlled trials

NCT/EudraCT
Drug Mechanisms of action Control Duration Phase number Status Results
Post-traumatic stress disorder (PTSD)
Intranasal oxytocin Oxytocin receptor agonist Placebo 12 2 NCT04523922 R Results not available
Intranasal oxytocin Placebo 10 2 NCT04228289 R Results not available
Intranasal oxytocin Placebo 6 2 EU2012-003072-39 R Results not available
Intranasal oxytocin Placebo 1 dose 2 EU2012-001288-58 C Superior effect on amygdala
connectivity
MDMA 5-HT, dopamine, Placebo 8 2 NCT00090064 C Superior on PTSD symptoms and
noradrenaline releaser response
MDMA Placebo 4 2 NCTO01211405 C Superior on PTSD symptoms
MDMA Placebo 4 2 NCT01793610 C Superior on PTSD symptoms
per-protocol, not significant in
intention-to-treat
MDMA Placebo 3 2 NCT00353938 C Superior on PTSD symptoms
MDMA Placebo 18 3 NCT03537014 Superior on PTSD symptoms
MDMA Placebo 18 3 NCT04077437 Results not available
Panic disorder
D-cycloserine NMDA receptor agonist Placebo 1 dose 2 NCT 01680107 C Superior effect on both threat bias
and amygdala response
D-cycloserine Placebo NA 2 EU2010-021198-35 C Results not available
D-cycloserine Placebo 56 2 EU2011-001398-19 C Results not available
Social anxiety disorder
D-cycloserine NMDA receptor agonist Placebo 12 3 NCT02066792 C Superior on anxiety symptoms
D-cycloserine Placebo 13 3 NCT00633984 C No difference
D-cycloserine Placebo 12 2 NCTO00515879 C Results not available
D-cycloserine Placebo 12 2 NCT00128401 C No difference
Generalized anxiety disorder
ABIO 08/01 Inhibition of GABA- and Placebo 8 3 EU2006-003643-23 C Superior on CGI
glutamate-gated chloride
channels
Agomelatine Melatonin receptor agonist Placebo 26 3 EU2006-005674-47 C Superior on relapse rate
Agomelatine Placebo 12 3 EU2004-002577-23 C Superior on anxiety symptoms
Agomelatine Citalopram 12 2 EU2012-003699-37 C Not inferior on anxiety symptoms
Agomelatine Placebo 12 3 EU2009-013789-17 C Superior on anxiety symptoms
Pregabalin Voltage-gated calcium Placebo 8 3 EU2006-006339-31 C Superior on anxiety symptoms
Pregabalin channel inhibitor Placebo 8 3 EU2004-001500-13  C Superior to placebo on anxiety
symptoms
Quetiapine fumarate  Histamine, dopamine, 5-HT, Placebo 8 3 EU2005-005054-46 C Superior on anxiety symptoms
Quetiapine fumarate noradrenalig:nrtnultimodal Placebo 52 3 EU2005-005055-18 C Superior on relapse rate
SR58611A Noradrenergic agonist Placebo 10 3 NCT00252343 C Results not available
SR58611A Placebo 8 3 NCT00266747 C Superior on anxiety symptoms
EU2005-003181-41
Vortioxetine 5-HT multimodal agent Placebo 24 3 EU2008-001673-15 C Superior on relapse rate

NCT/EudraCT number — number in clinicaltrials.gov or clinicaltrialsregister.eu, R — recruiting, C — completed, NA — not available, MDMA - 3,4-methylenedi-

oxy-methamphetamine, NMDA — N-methyl-D-aspartate, CGI — Clinical Global Impression. Results without information on statistical significance are classified

among “results not available”.
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Notably, no promising treatment was
identified for OCD.

While a number of trials targeting mul-
tiple mechanisms of action are ongoing or
have been completed without available re-
sults (see supplementary information), the
currently most promising targets for anxi-
ety and trauma-related disorders appear
to be serotonin release (MDMA) for PTSD,
and glutamate agonism for panic and so-
cial anxiety disorder. For generalized anxie-
ty disorder, several candidate mechanisms
have been identified, including GABA- and
glutamate-gated chloride channel inhibi-
tion, melatonin receptor agonism, volt-
age-gated calcium channel modulation,
histamine antagonism, alpha-2 antago-
nism, noradrenaline reuptake inhibition,
selective beta-3 adrenoceptor agonism,
and multimodal serotoninergic modula-
tion. This promise reflects the capacity of at
least some of these mechanisms to impact
extinction-related processes.

Substance use disorders

Agents in development for the treatment
of substance use disorders target directly or
indirectly, among others, the cannabinoid,
cholinergic, dopamine, GABA, glucocorti-
coid, glutamatergic, histaminergic, inflam-
matory, insulin, ion channel, melatonin,
neurokinin, noradrenaline, opioid, orexin,
oxytocin, phosphodiesterase, peroxisome
proliferator-activated receptor, serotonin,
and vasopressin systems (see Table 5 and
supplementary information). Across 185
identified trials, ten molecules that were
tested in 17 trials outperformed the control
condition on primary outcomes in 12 posi-
tive trials (see Table 5).

Many agents outperforming placebo in
phase 2/3 clinical trials are repurposed
medications already approved for another
indication. For alcohol use disorder, these
include baclofen (GABA agonist), with one
positive phase 3 trial (NCT01711125)'% on
time to lapse and relapse and percentage
of abstinent participants; gabapentin (volt-
age-gated calcium channel modulator) in
one phase 2 trial (NCT02349477)'** on
“proportion with heavy drinking”; ibudilast
(phosphodiesterase 4 inhibitor and toll-
like receptor-4 antagonist, used in the treat-
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ment of asthma) in one phase 2 trial (NCT
03489850)'** again on “proportion with
heavy drinking”; and ketamine (NMDA an-
tagonist) in one phase 2 trial (NCT0264931)
126 regarding days of abstinence.

For methamphetamine use disorder, a-
gents with positive placebo-controlled phase
2 trials include mirtazapine (alpha-2-ad-
renergic, histamine-1,5-HT2A/Cand 5-HT3
antagonist) (NCT01888835)'*, and the
combination of naltrexone (opioid antago-
nist) and extended-release bupropion (nor-
adrenaline-dopamine reuptake inhibitor,
nicotinic receptor antagonist, non-selective
serotonin reuptake inhibitor and sigma-1
receptor agonist) (NCT03078075)'?%, both
on the number of substance-positive urine
samples.

Inamphetamine use disorder, sustained-
release methylphenidate (noradrenaline
and dopamine reuptake inhibitor) reduced
the number of substance-positive urine sam-
ples vs. placebo among dependent individ-
uals with comorbid attention-deficit/hyper-
activity disorder in a phase 2 trial.

For cocaine use disorder, drugs outper-
forming controls include AFQ056 (metabo-
tropic glutamate receptor antagonist) on the
proportion of cocaine use days in a phase 2
trial (NCT03242928); ketamine (NMDA an-
tagonist) on motivation to quit cocaine and
on cue-induced craving in a phase 2 trial
(NCT01790490)'%; and zonisamide (volt-
age-sensitive sodium channel blocker and
allosteric GABA receptor agonist) on Visual
Analog Questionnaire in a phase 1/2 trial
(NCT01137890),

For nicotine use disorder, the combina-
tion of zonisamide plus varenicline was
superior on self-reported smoking and ni-
cotine withdrawal, but not on biochemi-
cally verified smoking, in a phase 1/2 trial
(NCT01685996)"°. For opioid use disorder,
positive findings are available for cortisol
on craving in users with low, but not me-
dium or high, daily heroin intake in a phase
2 trial (NCT01718964)"".

While a number of trials targeting mul-
tiple mechanisms of action are ongoing
or have been completed without available
results (see supplementary information),
the currently most promising targets for
substance use disorders appear to be cal-
cium channel modulation, GABA agonism,
phosphodiesterase 4 inhibition, toll-like

receptor 4 antagonism and glutamate an-
tagonism for alcohol use disorder; opioid
antagonism, multimodal adrenergic and
serotonergic modulation, and noradrena-
line/dopamine reuptake inhibition for am-
phetamine/methamphetamine use disor-
der; glutamate antagonism and sodium
channel blockade for cocaine use disorder;
sodium channel blockade for nicotine
use disorder; and glucocorticoid receptor
agonism for opioid use disorder. However,
positive results have mainly involved medi-
cations already marketed for other disor-
ders, while novel mechanisms of action have
yielded much less positive results, despite
strong ongoing efforts.

Dementia

Agents in development for the treatment
of dementia-spectrum disorders target di-
rectly or indirectly, among others, the cho-
linergic, dopamine, GABA, glucocorticoid,
glutamatergic, histaminergic, immunolo-
gical, inflammatory, insulin, ion channel,
neuroprotection, phosphodiesterase, per-
oxisome proliferator-activated receptor, ser-
otonin, and sigma systems; and additionally
include vaccines against beta-amyloid or
tau protein, mesenchymal stem cells, and
antibodies (see Table 6 and supplementary
information). Across 265 identified trials,
only 14 molecules that were tested in 27 tri-
als outperformed placebo on primary out-
comes in 15 trials (see Table 6).

Among trials targeting cognition or dis-
ease-modifying markers, positive phase 2
trials included those investigating acitretin
(retinoid X receptor agonist) (NCT01078168),
insulin glulisine (insulin signaling inhibi-
tor) (NCT01436045), neflamapimod (MAP
kinase inhibitor) (NCT04001517), ORM-
12741 (selective antagonist of alpha-2C
adrenoceptors) (NCT01324518)'%, sargra-
mostim (granulocyte-macrophage colony-
stimulating factor) (NCT01409915)"*, and
rasagiline (monoamine oxidase-B inhibitor)
(NCT02359552)"*.

Among trials aiming to improve behav-
ioral and psychiatric symptoms in people
with dementia, brexpiprazole, a dopamine
partial agonist (NCT01862640, phase 3)%
dextromethorphan/quinidine, a sigma-1 ag-
onist/NMDA antagonist/multimodal agent
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Table 5 Medications for substance use disorders with positive results in phase 2 or 3 randomized controlled trials

Duration NCT/EudraCT
Drug Mechanisms of action Control (weeks)  Phase number Status Results
Alcohol use disorder
Baclofen GABA agonist Diazepam 1 3 NCT03293017 R Results not available
Baclofen Placebo 12 3 NCTO01711125 C Superior on time to lapse and
relapse and percentage abstinent
Gabapentin Voltage-gated calcium Placebo 24 2 NCT02349477 C Superior on proportion with
channel modulator heavy drinking
Gabapentin Placebo 9 2 NCT03205423 ANR Results not available
Gabapentin XR Placebo 25 2 NCT02252536 C Results not available
Ibudilast Phosphodiesterase 4 Placebo 2 2 NCT03489850 C Superior on proportion with
inhibitor and toll-like heavy drinking
Tbudilast receptor-4 antagonist Placebo 12 2 NCT03594435 R Results not available
Ketamine NMDA antagonist Placebo 24 2 NCT02649231 C Superior on days abstinent
Amphetamine/ methamphetamine use disorder
Mirtazapine Alpha-2 adrenergic, Placebo 24 2 NCT01888835 C Superior on substance-positive
histamine-1, 5-HT2A/C and urine samples
Mirtazapine >-HT3 antagonist Placebo 18 3 NCT02541526  NA Results not available
Naltrexone + Opioid receptor antagonist Placebo 12 3 NCT03078075 C Superior on substance-positive
Bupropion ER + noradrenaline/dopamine urine samples
reuptake inhibitor
Sustained-Release Noradrenaline/dopamine Placebo 24 2 EU2006-002249- C Superior on substance-positive
Methylphenidate reuptake inhibitor 35 urine samples
Cocaine use disorder
AFQO056 Metabotropic glutamate Placebo 14 2 NCT03242928 C Superior (proportion of cocaine
receptor antagonist use days)
Ketamine NMDA antagonist Lorazepam 1 day 2 NCT01790490 C Superior on motivation to quit
cocaine and on cue-induced
craving
Zonisamide Voltage-gated sodium Placebo 5 1/2 NCTO01137890 C Superior on Visual Analog
channel blockade, allosteric Questionnaire
GABA receptor agonism
Nicotine use disorder
Zonisamide + Voltage-gated sodium Placebo 10 1/2 NCTO01685996 C Superior on self-reported
Varenicline channel blockade, allosteric smoking, nicotine withdrawal,
GABA receptor agonism but not on biochemically verified
smoking
Opioid use disorder
Cortisol Glucocorticoid receptor Placebo 1 2 NCT01718964 C Superior on craving in users with

agonist

low daily heroin intake

NCT/EudraCT number — number in clinicaltrials.gov or clinicaltrialsregister.eu, R — recruiting, C — completed, ANR — active, not recruiting, NA — not available,

NMDA - N-methyl-D-aspartate. Results without information on statistical significance are classified among “results not available”.

(NCT01584440, phase 2)**%; and the CB1/2
partial agonist nabilone (NCT02351882,
phase 2/3)"*" each improved agitation. Ad-
ditionally, AVP-786 (deuterated form of dex-
tromethorphan/quinidine) improved agi-
tation in one phase 3 trial (NCT02442765),
but not in another one (NCT02442778)".
Furthermore, two orexin receptor 1 and 2
antagonists - lemborexant (NCT03001557,
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phase 2)"* and suvorexant (NCT02750306,
phase 3)'*° - improved restlessness and
sleep, respectively.

AXS-05, the combination of dextrome-
thorphan with low-dose bupropion - whose
pharmacological actions are non-compet-
itive NMDA receptor antagonism, sigma-1
receptor agonism, nicotinic acetylcholine
receptor antagonism, and inhibition of sero-

tonin, noradrenaline and dopamine trans-
porters - was found superior to placebo on
agitation in a phase 2/3 trial (NCT032265
22)'*! withanothertrial ongoing(NCT0479
7715).

Pimavanserin, a 5-HT2A receptor anta-
gonist/inverse agonist, with lesser activity
as a 5-HT2C antagonist/inverse agonist,
outperformed placebo for relapse of de-
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Table 6 Medications for dementia with positive results in phase 2 or 3 randomized controlled trials

Duration
Drug Mechanisms of action Control (weeks) Phase NCT number Status Results
Acitretin Retinoid X receptor agonist Placebo 4 2 NCT01078168 C Superior on cerebrospinal fluid
soluble alpha-cleaved amyloid
precursor protein concentration
Insulin glulisine Insulin receptor agonist Saline 0.14 2 NCT01436045 C Superior on cognitive performance
Neflamapimod MAP kinase inhibitor Low dose 12 2 NCT02423122 C Results not available
Neflamapimod Low dose 12 2 NCT02423200 C Results not available
Neflamapimod Placebo 24 2 NCT03402659 C Results not available
Neflamapimod Placebo 13 2 NCT03435861 R Results not available
Neflamapimod Placebo 16 2 NCT04001517 C Superior on neuropsychological
symptoms
ORM-12741 Alpha-2C adrenoceptor Placebo 12 2 NCTO01324518 C Superior on cognition
ORM-12741 antagonist Placebo 12 2 NCT0247119  C Results not available
Rasagiline MAO-B inhibitor Placebo 24 2 NCT02359552 C Superior on FDG-PET measures
and quality of life
Sargramostim Granulocyte-macrophage Placebo 20 2 NCTO01409915 C Superior on MMSE
Sargramostim colony-stimulating factor Saline 30 2 NCT04902703 NYR Results not available
AVP-786 NMDA antagonist, sigma-1 Placebo 12 3 NCT02442778 C Not superior on agitation
AVP-786 receptor agonist Placebo 12 3 NCT02442765 C Superior on agitation
AVP-786 Placebo 12 3 NCT03393520 (0] Results not available
Dextromethorphan + NMDA antagonist, sigma-1 ~ Buproprion + 5 2/3 NCT03226522 C Superior for agitation
Bupropion (AXS-05) agonist, nicotinic Placebo
Dextromethorphan + acetylchp line recep 'tor Placebo 26 3 NCT04797715 O No results available
Bupropion (AXS-05) antagonist, serotonin/
noradrenaline/dopamine
reuptake inhibitor
Brexpiprazole Dopamine partial agonist Placebo 12 3 NCT01922258 C No difference
Brexpiprazole Placebo 12 3 NCT01862640 C Superior in improving agitation
Dextromethorphan/  NMDA antagonist, sigma-1 Placebo 6 3 NCT03854019 R Results not available
quinidine receptor agonist
Dextromethorphan/ Placebo 10 2 NCT01584440 C Superior on aggression and
quinidine agitation
Lemborexant Orexin receptor antagonist Placebo 4 2 NCT03001557 C Superior on restlessness
Nabilone Cannabinoid receptor partial Placebo 14 2/3 NCT02351882 C Superior on agitation
Nabilone agomist Placebo 8 3 NCT04516057 R Results not available
Pimavanserin 5-HT inverse agonist/ Placebo 6 2 NCT02035553 C Superior on psychotic symptoms
Pimavanserin antagonist Placebo 26 3 NCT04797715 C Superior on relapse of psychosis
Suvorexant Orexin receptor antagonist Placebo 4 3 NCT02750306 C Superior on total sleep time

NCT number — number in clinicaltrials.gov, R —recruiting, C — completed, O — ongoing, NYR — not yet recruiting, NMDA — N-methyl-D-aspartate, MAO —
monoamine oxidase, FDG-PET — 18F-fluorodeoxyglucose-positron emission tomography, MMSE — Mini Mental State Examination. Results without informa-
tion on statistical significance are classified among “results not available”.

mentia-related psychosis in one phase 2
(NCT02035553)"*%* and one phase 3 trial
(NCT03325556)"*.

While a number of trials targeting mul-
tiple mechanisms of action are ongoing
or have been completed without available
results (see supplementary information),
the currently most promising targets for de-
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mentia appear to be retinoid X receptor an-
tagonism, insulin signaling inhibition, MAP
kinase inhibition, selective antagonism of
alpha-2C adrenoceptors, and granulocyte-
macrophage colony-stimulation. Dopamine
partial agonism, sigma-1 agonism/NMDA
antagonism, and CB1/2 partial agonism
appear to be promising mechanisms to

improve agitation, and orexin receptor in-
hibition to improve restlessness and sleep.
For dementia-related psychosis, 5-HT2A
inverse agonism/antagonism has shown
promising results.

However, itis difficult to predict the most
promising pharmacological targets for the
treatment of the core features of dementia,
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and in particular of Alzheimer’s disease. Al-
though a substantial proportion of ongoing
trials test anti-amyloid and, more recently,
anti-tau treatments, all phase 2 and 3 tri-
als in this area have not shown statistical
significance on their primary outcomes,
except for one phase 3 trial, albeit only in
sub-analyses, leading to the controversial
approval of aducanumab'®. Therefore,
there is scant available evidence to suggest
that the ongoing trials of anti-amyloid and
anti-tau treatments will be successful. Anti-
inflammatory, metabolic, neuroprotective
and cholinergic targets are all viable, but
have not been substantially researched.

TRENDS AIMED TO DE-RISK
TRIAL PROGRAMMES OF NOVEL
AGENTS

The previous overview of the currently ac-
tive phase 2 and 3 clinical trials of new phar-
macotherapies for the main mental disor-
ders indicates that a large number of chemi-
cal entities and potentially useful mecha-
nisms of action are undergoing testing. This
large activity and investment are motivated
and justified by the frequency and impact of
the targeted mental health conditions.

However, many, if not most, of these pro-
grammes will not yield an approved medi-
cation that can be used in clinical care. Why
is this so? What must we learn and consider
and what can be done to minimize the fail-
ure rate? What follows is a critical discussion
of the basic tenants, challenges, opportuni-
ties and potential solutions with regards
to clinical trial methodology, conduct and
interpretation. This analysis should help
inform future psychopharmacological
research with the aim to de-risk trial pro-
grammes of novel agents or of known agents
for novel psychiatric indications, increasing
their chances of success.

Validity and power of clinical trials

Over the past 70 years, psychopharma-
cology trials have evolved considerably'*.
The RCT has become the cornerstone of
clinical research aimed at obtaining regula-
tory approval for pharmacological agents. It

is meant to provide consumers (clinicians,
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policy makers, patients, families, other re-
searchers) with an accurate assessment of
the efficacy/effectiveness and safety of a
treatment in a population of patients at risk
for or with a disorder.

Since a misleading answer may cause
harm, the prime consideration in RCTs is
validity, i.e., minimizing the probability of
amisleading endorsement of an ineffective
or unsafe treatment. The usual criterion is
that a treatment endorsement must be
true “beyond reasonable doubt’;, with less
than a 5% chance of being wrong. How-
ever, consumers also have a major stake
in rapid identification of safe and effective
treatments, as do researchers who conduct
RCTs and their funders. Thus, power is also
important, i.e., the probability of endorse-
ment if the treatment is indeed effective
and safe enough in that population to war-
rant clinical use.

The foundation on which every RCT is
based is a priori exploration. This process
includes a review of the research literature
concerning the disorder or target symp-
tom of interest, those liable to that disorder,
treatments already available and their ef-
fectiveness and safety. It includes relevant
results of studies on animals, pre-post or
case-control studies on patients, and post-
hoc exploration of previously performed
relevant RCTs. Finally, pilot studies may be
performed to assess the feasibility or viabil-
ity of the strategies considered for the pro-
posed RCT. Important information gleaned
from pilot studies include target engage-
ment (if a biological effect is hypothesized
via specific mechanisms), patient selection
and possibly patient enrichment for the
studied mechanism or increase in treat-
ment effect, optimal trial duration, treat-
ment doses, need for dose titration, selec-
tion of assessments with maximum preci-
sion and sensitivity to change, and poten-
tially required stratification of factors that
may affect treatment efficacy or safety and
that need to be balanced between treat-
ment groups. The strongest the rationale for
the RCT, the more de-risked the trial will be.

This sequential process is necessary for
three reasons. First, it allows the formu-
lation of the a priori hypothesis, i.e., the
statement of what it is exactly hoped the
RCT will prove (recorded in RCT registra-
tion), that, if true, would lead to regulatory

drug approval and advance clinical deci-
sion-making. Second, it is unethical to ran-
domize patients unless the RCT research-
ers are in “clinical equipoise’, i.e., there
must be a rationale and empirical justifica-
tion for thinking that the hypothesis may
be true and important, but also reasonable
doubt as to whether it is true or not. Ethi-
cal issues stem primarily from a concern
about putting the burden of participation
on patients in an RCT with little hope of ad-
vancing clinical knowledge, either because
the hypothesis is unlikely to be true or be-
cause it has already been shown to be true
without reasonable doubt. Another reason
for the clinical equipoise is methodological
in nature. There are scores of decisions that
researchers must make in the conduct of an
RCT. If they already “know” the “right” an-
swer, they are likely (consciously or uncon-
sciously) to bias decisions in the direction
of their “right” answer, increasing the risk
of an invalid RCT. Third, the best choice for
every one of those scores of decisions de-
pends on what is known from a priori ex-
ploration. The more the information from
careful exploration guides the RCT design,
the greater the validity and power of that
RCT.

Adaptive trial designs

Several aspects of the trial design can
affect the chances of finding significant dif-
ferences between active and control arm.
Traditional non-adaptive trial designs that
do not account for evidence generated by
the initial stages of the trial, and apply a
one-design-fits-all-trial-stages approach,
miss the low hanging fruit of adapting ran-
domization and analytic plans based on
accruing data generated by the trial itself'*’.
By contrast, trials should be “adaptive by
design” rather than being characterized by
post-hoc protocol deviations'*"'*®, Early
learning stage trials (e.g., minimally effec-
tive or toxicity dose) are typically necessary
before confirmatory trials, that are instead
needed for drug approval from regulatory
agencies. The earlier trials need stronger
control for type II error (false negatives),
and less so for type I errors (false positive),
which are instead crucial in phase 2 and 3
trials.
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One aspect that can be adapted in terms
of design is drug dose. Typically, drug dose
is set a priori, and tested in different arms,
with many patients exposed to drug doses
that are not effective, and not necessar-
ily safe. Being able to identify the optimal
dose of a medication as soon as possible
in an RCT is important, because it could
minimize exposure to medication doses
that are not effective and potentially not
safe, reduce RCT duration, and decrease
costs. The continual reassessment method
is a Bayesian approach leveraging dose-
response curves to identify the maximum
tolerated dose (MTD), allowing to prompt-
ly set dose around MDT during early stages
of trial. MTD design is frequently used in
oncology and neurology (in particular in
studies on stroke), but it can be adapted to
needs of any field'**'*°. The need of identi-
fying MTD, as opposed to a priori estimat-
ing it, has the additional benefit of avoiding
expensive and frequently underpowered
trials with multiple arms with different
doses. However, there are additional chal-
lenges when dose-response-based adap-
tive designs are implemented in efficacy
and approval-aiming trials, given that fre-
quently a dose range, rather than a single
dose, more appropriately meets real-world
patients’ needs.

A second aspect that can be adapted is
randomization. While randomization ac-
counts for allocation bias with large sample
size, it does not warrant balance in arm as-
signment across differentlevels of variables
that are potentially influencing safety or
efficacy. Hence, potential unbalanced dis-
tribution of moderators/mediators of the
outcome of interest can affect the whole
trial success. To overcome this limitation,
covariate adaptive randomization can be
applied, which randomizes allocation
within matched levels of putative prognos-
tic factors'"'*%, Additional randomization
adaptive designs exist, including response
adaptive randomization design, or Bayes-
ian adaptive randomization, which how-
ever are more prone to type I error*>'*,

One further potentially adaptive trial
key element is the sample size'**. Sample
size needs to be as large as possible to war-
rant enough statistical power to avoid type
II error, and has to account for attrition
rates, but also has to consider associated
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costs and duration, which linearly increase
with the number of people to be recruited.
While there is a type I error risk when using
treatment-arm information to recalculate
sample size, a masked (or unmasked) inter-
nal pilot method that only uses first-stage
nuisance parameters can be used in phase
2 and 3 trials.

A fourth trial aspect that can be adapted
by design is narrowing population charac-
teristics, to identify subgroups of patients
likely benefitting from a treatment. While
including selected participants based on
specific and not necessarily frequent char-
acteristics goes in the opposite direction of
inclusivity and representativeness of trial
population, this so-called “enrichment” de-
sign has great value in late learning stages,
consistent with the concept of precision
medicine. The main downfall of enrich-
ment design is that it yields poorly gener-
alizable findings, and there are also con-
cerns about their replicability in real-world
confirmatory pragmatic trials, with the risk
of type I error'®. Trials already tend to se-
lect partially representative samples'*®, on
whom then a “super selection” would be
operated. Hence, enrichment trial designs
tend to be restricted to pharmacogenetic
studies™”.

However, enriched sample selection can
also be useful for proof of concept and fast-
fail trials whereby data are used to make a
decision as to whether and how or in whom
to continue the drug development process
of a given molecule. Successful applications
of this approach have included the test-
ing of the TAAR-1 agonist ulotaront in pa-
tients <40 years old and with no more than
two hospitalizations for an exacerbation of
schizophrenia, i.e. patients with less dopa-
mine system alterations due to prior treat-
ment and/or the underlying illness (see
the previous overview of clinical trials on
schizophrenia).

It is unclear, however, to what degree
effect size and sample size calculations
need to be adjusted when expanding the
population to be more inclusive and less
enriched. Post-hoc analyses of a phase 2
placebo-controlled trial in Alzheimer’s
dementia-related psychosis (see the previ-
ous overview of clinical trials on dementia)
found that response to pimavanserin was
enhanced in patients with greater baseline

psychosis scores®3. On the other hand, for
Parkinson’s disease-related psychosis, re-
sponse to pimavanserin was greater in pa-
tients with greater cognitive impairment'®,
Similarly, post-hoc analyses of phase 2 tri-
als of BI 425809, a glycine transporter in-
hibitor under investigation for cognitive
dysfunction in schizophrenia, indicated
greater response to drug in patients receiv-
ing not more than one concurrent antipsy-
chotic, with more negative symptoms and
not receiving concurrent benzodiazepines,
and with the 10 mg dose in females and in
patients aged 38 years or younger, a schizo-
phrenia illness duration of 5-10 years, and
worse baseline cognition®. Such data cre-
ate decision points as to whether a trial pro-
gramme should always target the entire pop-
ulation with a given illness, where the effect
size may be diluted, or whether it would not
be safer and, ultimately, more cost-effective
to obtain approval for a more restricted sub-
sample with the greatest chance of success.
If data indicate viability of the treatment for
the entire or a more expanded patient sam-
ple, such trials could be performed after-
wards.

Moreover, enrichment designs can base
their randomization on previous response,
as occurs in trials conducted in stabilized
patients who are randomized to continu-
ation of study drug or a switch to placebo.
Duration and degree of stability and re-
lated placebo relapse rates are important
considerations when designing such trials,
as shorter durations and less complete re-
mission increase the likelihood of relapse,
particularly in the placebo arm. However,
one also needs to guard against spurious
relapses due to rebound and withdrawal
phenomena upon rapid drug discontinu-
ation'*®, which naturally occur less readily
the longer the half-life of a given medica-
tion is'®’. Furthermore, in bipolar disorder,
illness polarity of the pre-stabilization ill-
ness phase is largely predictive of the po-
larity of the next episodelel, which needs
to be considered when designing relapse
prevention trials. Although such enrich-
ment has been criticized as a limitation'%,
it matches and informs clinical care where
those patients are continued on mainte-
nance therapy who have responded to and
tolerate the medication.

In addition to the adaptive randomiza-
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tion outlined above, an additional strategy
for randomization of patients is having a
lead-in phase with single-blind placebo,
open-label medication or double-blind pla-
cebo, basing randomization on response
during this lead-in phase. In the placebo
run-in stage, patients are treated with pla-
cebo, and then only those not responding to
placebo are randomized to either placebo or
active treatment. This design has been im-
plemented in augmentation studies of anti-
depressants with second-generation anti-
psychotics for patients with major depression
and suboptimal response to antidepres-
sants'®, in which those improving too much
during the single-blind dose optimization
phase were excluded from the randomiza-
tion.

While a large number of trials adopted
the single-blind placebo lead-in period as
a form of full enrichment of the trial in pla-
cebo non-responders, this enrichment has
failed to show benefits, as suggested by a
meta-analysis of 101 antidepressant trials'®*
and recently replicated in a meta-analysis
of 347 antidepressant trials, of which 174
used a single-blind placebo run-in peri-
0d'®. Single-blind placebo and open-label
medication lead-in phases are inferior to
other enrichment study designs, such as se-
quential parallel design'®, and have longer
duration and higher costs. Accounting for
costs, sample size, and duration of trials, the
sequential parallel design may to be more
effective for phase 3 trials aiming to regula-
tory approval'®.

As we have seen in the previous over-
view of clinical trials on major depressive
disorder, sequential parallel comparison is
a study design that attempts to overcome
limitations of placebo lead-in stages'®"""".
Trials are structured in two stages, and can
be conducted with one randomization, if
the trial has two arms, or two randomiza-
tions if three arms are used (one active, two
placebo). Participants are first randomized
to placebo (stage 1). Then, non-responders
to placebo are re-randomized again to the
two treatment options (stage 2), in case of
two arms trials. If a three arms trial is con-
ducted (one active arm, two placebo arms),
placebo non-responders of both placebo
arms are assigned to active treatment, or
placebo. Data are analyzed from the first
randomization, as well as from the second
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randomization'”?, and they are pooled in
the same analysis generating one p value. It
has been estimated that with this design it
is possible to keep the same level of power
conducting trials with 20% to 50% fewer in-
dividuals'™.

Finally, “adaptive seamless designs” are
trial designs that attempt to conduct one
multi-phase trial, as opposed to multiple
separate learning and confirmatory trials.
This design can reduce the time from phase
1 to phase 3 trials aiming to regulatory ap-
proval, implementing continuous recruit-
ment, with intense monitoring and data
analysis that can inform adaptive dose,
randomization, and sample size. However,
there are concerns regarding the risk of type
I error in this type of design'™.

Despite adaptive designs, trials often fail.
The worst-case scenario, which is far from
rare, is recruiting a quite large amount of
participants, e.g. 500 patients, exposing them
to experimental medications, with potential
safety issues and important costs, but ulti-
mately observing no significant differences
between medication and placebo. Stop-
ping for futility is an important design that
can terminate trials prematurely as soon
as there is evidence of no significant effect
of the interventions versus the control'”.
Several methods have been proposed to
a priori define optimal futility thresholds,
that can be applied to different study de-
signs, including sequential trials with one
ormore endpoints'**'”’. Stopping for futility
trials based on issues with the drug, selected
doses, target population or assessments, al-
lows to terminate trials early that are bound
to ultimately fail, protecting many patients
from potential adverse events of experimen-
tal medications, and saving cost and time
in case the failed trial informs an improved
study design and/or trial conduct'”®.

A recent study investigating the poten-
tial of adaptive design trials has been sub-
mitted to the European Medicines Agency
(EMA). Out of 59 adaptive design trials, 30
actually started, 23 were concluded, nine
had a significant treatment effect, and four
led to a market authorization'”. Impor-
tantly, only 18 trials actually implemented
the adaptive elements, which might sug-
gest challenges in implementation of these
elements. On the other hand, of these 18
trials, 11 were concluded, and six had sig-

nificant findings, which points to the poten-

tial of adaptive designs'”>. Most frequently

adapted elements were dose selection, sam-

ple size re-assessment, and stopping for fu-
175

tility"™.

Placebo response and drug-placebo
difference

While the ingredients driving placebo
effect can be studied and have the poten-
tial to identify safe therapeutic elements
that can be exported into clinical care®,
high placebo response is a plague that af-
fects RCTs across different mental disor-
ders®**®** In fact, it has been suggested
that some major pharmaceutical compa-
nies have diminished their investment in
developing medications for mental dis-
orders because of the challenges in signal
detection due to higher than expected pla-
cebo responses.

Many regulatory agencies (such as the
FDA and the EMA) as well as research-
ers have taken the position that to assess
the efficacy of a new treatment for many
mental disorders is not possible without a
placebo-controlled design. Needless to say,
this guidance has had enormous impact on
drug development. Consequently, every
psychotropic medication that has been ap-
proved for the treatment of a mental disor-
der in either the US or Europe in the past 30
years has been assessed in placebo-con-
trolled clinical trials.

This practice has been challenged by
the increasing reluctance of clinicians'”
and patients'®*'®! to participate in such
studies. In addition, ethical committees in
many countries are making it increasingly
difficult to conduct placebo-controlled clin-
ical trials. Of course, when these studies are
allowed, riskminimization procedures must
be in place. At the same time, studies in re-
cent years have found large dropout rates
in trials utilizing placebo controls'®?, as
well as a decrease of the placebo-drug dif-
ference'®'® largely driven by increasing
placebo effects without similar degrees of
increased drug effects.

The placebo response has increased over
a period of many years in conditions such
as depression, while the drug response has
not'®, In an analysis that included 167 dou-
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ble-blind RCTs with 28,102 (mainly chronic)
participants, it was reported that, of the re-
sponse predictors analyzed, 16 trial charac-
teristics changed over the decades'®®. How-
ever, in a multivariable meta-regression,
only industry sponsorship and increasing
placebo response were significant modera-
tors of effect sizes. Drug response remained
stable over time.

The magnitude of placebo effect is larger
in trials on depressive disorder, bipolar de-
pression and mania, and smaller in trials
on schizophrenia®®*, Nevertheless, pla-
cebo effect has been increasing not only
in depression® but also in schizophrenia
over the past 24 years'®, and is a major ob-
stacle for developing novel medications®.
Indeed, placebo response is particularly
high in trials sponsored by the industry™.
For example, analyses of schizophrenia
trials indicated an increase in total psycho-
pathology improvement over 45 years of
12.3 points for placebo, while the increase
was of merely 1.2 points for antipsychotic
agents'®, Similarly concerning increases in
placebo response in regulatory schizophre-
nia trials have been reported by the FDA,
indicating that dropout rates also increased
in parallel, with greater dropout rates in US-
based studies'®.

Having a large placebo response fatally
reduces the chances of finding significant
differences with the experimental arm. In
pharmacological clinical trials of depres-
sion, it has been shown that critical placebo
response rates are 30% and 40% for mono-
therapy and augmentation, respectively'".
Above these thresholds, chances of positive
trials dramatically worsen'®".

Trial design, treatment, population and
study conduct characteristics that are as-
sociated with placebo effects have been
extensively studied, and several variables
have been identified as being consistently
associated with increased drug-placebo
difference across different mental disor-
ders. These factors should be considered
carefully when designing trials aiming to
increase the likelihood of success, i.e., sepa-
ration from placebo. For example, an open-
label lead-in phase before double-blind
randomization increases placebo effect™,
A second factor is poor recruitment with
invalid baseline assessment and caseness
ascertainment. On the other hand, more
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severe symptoms at baseline are associated
with lower placebo response and greater
drug-placebo difference in trials testing an-
tidepressants for depressive disorders'** as
well as in schizophrenia trials, independent
of year of the study®”. However, when aim-
ing for adequately high baseline symptom
severity, one needs to consider artificial
baseline symptom severity inflation due
to wash-out or rebound phenomena, or to
rater bias aiming to include patients above
a certain minimum illness severity'®"'%*
194

Greater improvement versus placebo in
acutely exacerbated and more severe cases
may be achieved more quickly, allowing for
shorter trials to separate from placebo'®>'%,
On the other hand, separation from place-
bo regarding negative symptoms, remission
of symptoms or functional recovery may re-
quire longer trial designs. Therefore, the tar-
geted outcome needs to be taken into con-
sideration when setting symptom severity
and trial duration parameters for trials.

Since some factors that increase the pla-
cebo response may also increase response
to the experimental arm, ultimately having
no net effect on the chances of a trial suc-
cess, or may even increase drug response
to a greater degree, it is most important to
assess factors from the viewpoint of de-
creasing or increasing the drug-placebo
difference. The largest evidence synthesis
to date has shown that factors moderating
larger drug-placebo differences in schizo-
phrenia trials were smaller sample size, less
study sites, less active study arms, more pa-
tientsrandomized to placebo, use of the Brief
Psychiatric Rating Scale (BPRS) instead of
the later introduced PANSS, longer wash-
out period, longer study duration, shorter
duration ofillness, and younger age'®*'¥". In
multivariable meta-regression analyses, the
only remaining predictors of greater drug-
placebo difference included lower placebo
response and non-industry sponsorship,
which is associated with a lower likelihood
of having trial design features that have
been associated with greater placebo ef-
fects'®”. The fact that placebo response is
inflated when randomizing more patients
to the active arm and less to the placebo
arm, as shown in depression198 and schizo-
phrenia'®, is probably due to expectations

of improvement' 2,

Population, recruitment

The results of every clinical trial apply to
the population represented by the sample,
not beyond. For instance, the results of an
RCT conducted in patients with early-stage
Alzheimer’s disease do not necessarily ap-
ply to the prevention of that disease in at-
risk individuals or those with minimal cog-
nitive impairment, or to those at middle or
late stages of the disease. For ethical rea-
sons, one cannot include those unwilling
to consent to participate, or patients who
are likely to be harmed by participation.
Otherwise, to which population the RCT
researchers intend their conclusions to ap-
ply determines inclusion/exclusion crite-
ria, clearly stated and consistently applied.

Moreover, the results of any RCT do not
necessarily apply to every subgroup of the
population sampled. If a treatment is shown
highly effective in the population sampled,
there may yet be a minority subgroup in
which the treatment is ineffective or toxic. If
an RCT detects little or no treatment versus
control difference, the population may split
into two subgroups, in one of which treat-
ment is more effective and safe, while in the
other control is more effective and safe, can-
celling each other in the total population®”.

Patients included in trials for schizo-
phrenia are usually not representative of
the real-world population seen in everyday
clinical practice. Moreover, trial and popu-
lation characteristics have changed over
time'®®. For instance, patients with schizo-
phrenia that are typically eligible in trials
have less physical comorbidities, less psy-
chiatric comorbidities, and less suicidal be-
haviors'*®. Overall, only one patient out of
five real-world patients with schizophrenia
would be eligible to be recruited in a ran-
domized controlled trial'*®.

Such limited representativeness of phase
2 and 3, placebo-controlled trials in the
field of schizophrenia applies also to other
conditions, including mood disorders*"
and substance use disorders, due to simi-
larly restricted inclusion criteria and also
to the fact that patients need to be capable
of giving informed consent. This limited
representativeness puts emphasis on the
importance of well-designed phase 4 stud-
ies that aim to test not if, but in whom and
under which circumstances a medication
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works. It would be helpful if certain regula-
tory minimal standards and requirements
for phase 4 studies could be attached to ap-
proval of a new medication. While current
post-approval requirements are generally
restricted to additional indications (e.g., re-
lapse prevention trials, pediatric trials) or
safety assessments/risk mitigation meas-
ures, it would be desirable and welcome if a
set of standards for phase 4 trials aiming at
testing generalizability or utility in certain
patient subgroups could be developed and
applied.

Another relevant problem is inflation of
symptoms at baseline. This can derive from
several factors. First, symptoms do vary
through the natural course of a disease, and
can be reactive to stressful stimuli, such as
routine disruption or anticipation of novel
scenarios. Participating in a clinical trial
can certainly come with stress, and so at the
baseline assessment a person might show
inflated symptoms, that can then regress to
the mean once the trial environment and
visits have become the new “normal” An-
other explanation can be the need of sites
to recruit patients, that can produce, even
not deliberately, higher symptoms ratings
atbaseline.

Several strategies can be implemented
to optimize patient representativeness, and
reduce symptom inflation at baseline. First,
to reduce the risk of including “profession-
al” trial participants, chronically unstable
instead of acutely exacerbated patients, or
those with unclear diagnosis and treat-
ment history, it may be advisable to require
medical records documenting at least the
recent past in those not recruited from reg-
ular clinical care settings. Second, relaxing
to some degree inclusion criteria, without
increasing risk to study participants or the
integrity of the study, by allowing partici-
pants with a certain set of physical or psy-
chiatric comorbidities, would make recruit-
ment easier, and the trial more pragmatic
and clinically useful, potentially decrease
placebo response, and allow greater adher-
ence to equity, diversity and inclusion prin-
cipl 5202205

Retention is also part of recruitment, i.e.,
the continual “recruitment” of patients into
staying in the study. Retention is crucial to
minimize loss of data, that may actually be
missing not at random, and to retain suffi-
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cient statistical power needed to test the hy-
pothesis. Of note, exit strategies and lined
trial phases may affect retention vs. drop-
out from the trial. For example, if exit strat-
egies are too lenient or have too much ap-
peal (e.g., open extension study with free
treatment), more patients than necessary
may drop out. If, on the other hand, exit
strategies are too strict, patients may be
kept in the study longer than they should.
Thus, it is important to balance the desire
for low dropout with need for patient safety
by permitting more rescue strategies within
the study that are transient and/or do not
compromise the outcome. However, one
may want to limit rewarding dropout and
roll-over options into next/additional study
phases.

Sites

Trials are typically conducted across mul-
tiple sites, to allow timely recruitment of
sufficiently large samples. However, hav-
ing a high number of sites does not come
without downfalls. First, sites are frequently
incentivized to recruit, and have pressure
to recruit, which can lead to inclusion of
inappropriate patients with regards to diag-
nosis, duration of exacerbation, or baseline
severity. The more sites participate in a tri-
al, the higher the heterogeneity, the higher
the chance of poor quality of trial proce-
dure compliance, including randomiza-
tion, blinding and ratings, and the harder
the quality control.

Dropping sites with poor recruitment
early, as well those sites showing abnormal
placebo response, can mitigate the impact
of this heterogeneity. Second, sites should
be certified, re-certified, and strictly moni-
tored, with rater retraining being offered
or raters being dropped in case of signs
of inconsistent ratings. Third, since the
number of sites moderates larger placebo
response, having fewer highly efficient
and high-quality sites as opposed to many
poorly efficient sites is preferable. Moreo-
ver, in situations where multiple trials with
multiple molecules are being conducted at
similar times, competition over eligible pa-
tients can be a problem. In such situations,
itis possible that patients required for trials
with more restrictive criteria regarding ill-

ness duration or severity, comorbidities or
comedications are steered preferentially
toward those trials, so that some of such
patients are removed from the other trials.

Lacking objective “laboratory” tests and
biomarkers, we rely on the participant’s
subjective report, and on the training of
assessors as well as their reliability with
other assessors in the same trial. Given the
number of sites often involved in such tri-
als, how realistic is it to expect true inter-
rater reliability to be established and main-
tained? Yet, inter-rater reliability contrib-
utes to statistical power.

Reliability training is almost always per-
formed only on the ratings of interviews
conducted by an expert with a model pa-
tient, thereby creating an ideal situation
that allows for time-efficient rater training.
The skill to elicit the information that is to
be rated is left out, which can create seri-
ous issues with the actual elicitation of valid
data. Thus, raters should also be trained
and assessed in the elicitation, not only the
rating procedures. Furthermore, as there
can be rater drift over time, trainings need
to be repeated throughout often long trial
programmes.

Centralized raters were introduced with
the goal of addressing these issues, by uti-
lizing live, two-way videos to vastly reduce
the number of required raters and enable
ongoing calibration of reliability****"". In
addition, providing such external assess-
ment and adjudication of patient eligibil-
ity is intended to help reduce misaligned
incentives in determining patient eligi-
bility and the phenomenon of baseline
inflation**®, Although such methods can
provide advantages, there are limitations
as well, including the lack of information
gathered in a direct encounter.

The introduction of new technologies
holds enormous promise for making such
processes more reliable, continuous, appli-
cable in the real world, and cost-effective.
For example, language processing and
speech analysis®***'° and analyses of facial
expression®"! could be very informative in
conditions such as schizophrenia, mania
and depression, or even in such domains
as agitation and negative symptoms. At
the same time, ecological momentary as-
sessment can provide repeated sampling
of subjects’ current behaviors and experi-
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ences in real time, in their natural environ-
ments*'**"3, Such a strategy can minimize
recall bias and maximize ecological valid-
ity. The use of smartphones and wearable
devices can provide objective information
on geolocation, activity levels, frequency
and timing of social interactions, sleep
and other measures of interest to clinical
trialists®!, including medication assump-
ti 0n215,216.

The integration of digital phenotyping,
as well as symptom efficacy and tolerability
surveillance using passively collected data,
have been underexploited in both the se-
lection of adequate patients as well as the
ongoing assessment of outcomes through-
out clinical trials and drug discovery and
development in psychiatry. These mod-
ern technologies provide unprecedented
opportunities and need to be explored as
supportive, key secondary, or even primary
outcomes for regulatory approval trial pro-
grammes. Moreover, as patient-reported
outcomes as well as functional endpoints
gain traction, digital assessments are go-
ing to provide more continuous, reliable
and real-world data that can be used to as-
sess the value of a new treatment versus the
appropriate control condition.

Assessment and outcomes

Raters should administer scales and
measures that are clinically relevant, that
are meaningful for the patient, that are not
too time consuming, and that are broadly
used in the field (also to allow evidence
synthesis efforts). Special attention should
be given to the time of the assessment, in
particular - but not only - with cognitive
symptoms, due to diurnal variation of the
performance®"’.

Assessment should be ideally repeated
over time, to feed analyses with richer
data. For example, to compare treatment
vs. control on change in severity over eight
weeks, one could measure only the end-
point, or the change in severity between
baseline and the endpoint, or the slope of
severity over the eight weeks, or one could
dichotomize any of these possibilities,
which would all be valid choices. Using the
endpoint or pre-post change is generally
not the best choice, as, with dropout, the
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endpoint is the time point most likely to be
missing. Instead, the slope (say, over weeks
0, 1, 4, 8) is a better choice, since this is a
linear combination of the repeated severity
measures, which increases the reliability of
the outcome measure (hence power). The
availability of repeated measures over time
also improves imputation, better protect-
ing validity. However, requiring measures,
say, daily over eight weeks, rather than only
at four time points, may erase such advan-
tages by encouraging dropout and missing
data. A balance between the burden on pa-
tients and the needs of the research must
always be considered and tailored to the
research question at hand.

More than one outcome in a trial is de-
sirable, as one outcome only can hardly
provide a comprehensive clinical picture,
yet adjusting for multiple comparisons in
the statistical analyses is needed in case
that more than one primary outcome is be-
ing assessed or in case that inferential sta-
tistical testing is desired even of key sec-
ondary outcomes. For secondary and ex-
ploratory, hypothesis-generating outcomes
and those requiring a lot of multidimen-
sional data, such as for functioning, mod-
ern tools including digital phenotyping and
ecological momentary assessment can be
of great value and should be progressively
introduced in assessment of trials®'®%%,
Digital phenotyping and ecological mo-
mentary assessments can be repeated mul-
tiple times, and can be even continuous in
case of passive monitoring. To what degree
interactive digital phenotyping may affect
placebo response is still unclear, and wheth-
er a digital outcome parameter could be-
come a primary outcome leading to ap-
proval of a medicine will need to be seen,
but is not beyond the realms of feasibility
and validity. Additionally, monitoring of
physiologic parameters is a potential can-
didate tool to facilitate measurement of ob-
jective response, biomarkers of subgroups
with better response, or target engagement.

Beyond secondary and exploratory out-
comes that can be manifold but should be
assessed with minimal patient time and
burden, the most salient problem, howev-
er, is multiplicity for the primary outcome
measures in an RCT. The goal of an RCT
is to recommend one treatment over the
other in the population sampled: one de-

cision. Having multiple primary outcome
measures that give conflicting answers un-
dermines the purpose of the RCT. With one
primary outcome, the chance of a false pos-
itive with usual approaches is less than 5%.
With two independent primary outcomes,
the chance of one or more false positives
is 10%; with three it is 14%, ever increas-
ing the chance of a misleading conclusion.
If there is adjustment for multiple testing,
using a significance level lower enough for
each outcome, so that the overall chance of
afalse positive result is less than 5%, there is
aloss of power, a greater risk of a failed RCT,
and still, conflicting results on the multiple
tests.

An RCT should have one and only one
primary outcome measure, but that may
be a composite measure. Ideally, with that
measure presented for two patients in the
population, clinicians should be able to un-
equivocally recognize which (if either) had
the better clinical outcome. For example,
the decrease of symptoms over treatment
might be an acceptable outcome measure.
However, if patients develop serious health
problems due to treatment or control, that
is not a sufficient primary outcome mea-
sure. Ideally, the appropriate outcome mea-
sure should reflect a benefit-to-harm bal-
ance. If there are several independent bene-
fits and several independent harms of con-
cern, the outcome of treatment is the cu-
mulative effect on the patient of whatever
the benefits and harms experienced®®.
Benefits and harms ideally should some-
how be considered jointly, with the effect
of treatment indicated by the total effect on
the patient, not the separate effects on mul-
tiple outcome measures>. By the same
token, if symptom severity is measured
weekly over, say, eight weeks of treatment,
the impact of treatment should not be sep-
arately assessed at each week, but some
composite measure (e.g., the trend of the
severity over time) should be used.

Finally, dichotomization of an ordinal
outcome is always a poor choice. For exam-
ple, if “success” were defined by a >50% de-
crease in symptoms over the eight weeks, a
patient with a 51% decrease in symptoms
has the identical outcome to another with
a100% decrease, while a patient with a 49%
decrease is considered the same as one
with 0% decrease or an increase. Moreover,
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two patients, one with 49% and one with
51% decrease, are considered as different
from each other as one with 0% and anoth-
er with 100% decrease. Consequently, there
is a significant risk for misclassification and
a major loss of power with dichotomiza-
tion?; sample sizes may have to be dou-
bled or tripled to have the same power as
that from using the ordinal or continuous
outcome. To make matters worse, different
choices of cut-point may change the con-
clusions. The “costs of dichotomization”
have long been recognized™?, but are often
ignored. However, it is possible to turn a
dichotomized outcome, such as response
or relapse, into a scaled outcome, by esti-
mating the time to an event. Although this
approach increases the statistical power,
nevertheless, the decision about the spe-
cific definition and cut-points involved in
the definition of the categorical outcome
remain.

Statistical analyses

The success of a trial, and approval of
a medication to treat a given disease, also
largely depend on the results of the statisti-
cal analyses. These analyses, if wrong, even
in presence of a sound design, can jeop-
ardize a large amount of work and invest-
ments. Hence, adopting appropriate statis-
tical approaches that minimize type I and II
error chances is paramount.

One of the aspects in statistical analyses
is how they are adjusted for multiple test-
ing. One commonly used method is the
most conservative Bonferroni correction,
that divides the alpha=0.05 by the num-
ber of statistical tests. However, a number
of related and different methods exist that
should be considered®*. Such methods
also include hierarchical testing in case
multiple secondary outcomes are sub-
jected to inferential statistics, whereby out-
comes are ordered based on importance or
likelihood of success and then each tested
at p<0.05, stopping all further testing once
the next a priori selected outcome does
not reach that statistical threshold.

Another important aspect in statistical
analyses is how covariates are handled. Base-
line factors that identify subgroups in which
treatment effects are different are “modera-
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tors of treatment outcome” in that popula-
tion**. What the results of an RCT demon-
strate is what would happen if everyone in
the population sampled were given treat-
ment rather than control. If there are mod-
erators known a priori, that affects sam-
pling decisions. For example, if it is already
known from previous research that a treat-
ment is effective only for women and not
for men, further research on that treatment
would focus on women. If there is only
suggestive evidence that sex might moder-
ate treatment outcome, the RCT might be
stratified by sex, with adequate representa-
tion of males and females, to test the a priori
hypothesis that sex moderates treatment
outcome and to estimate separate effect
sizes for women and for men.

Some researchers would throw sex in as
a covariate in a linear model “just in case”
If sex is irrelevant to the outcome, the treat-
ment effect tested and estimated is exactly
the same one as when the covariate is not
included, but with a loss of power and pre-
cision. Conversely, if sex moderates treat-
ment outcome, and the interaction term is
omitted (as it often is), the effect size tested
and estimated is uninterpretable. Only if
it is known a priori that the treatment vs.
control effect is the same for males and fe-
males, is the treatment effect size meaning-
ful, representing the common effect size for
males and females in that population.

The situation worsens when there are mul-
tiple covariates entered into a linear model
“just in case’, that are correlated with each
other (collinear), and the interactions of
each covariate with the treatment or with
each other are incorrectly assumed to be
zero, or it is incorrectly assumed that each
has a linear effect on the outcome. If any
of these assumptions is wrong, the RCT
validity and power will be compromised.
Yet, many published RCTs enter multiple
covariates into their models without a ra-
tionale or justification, under a misappre-
hension that “controlling for” factors by
adding in covariates “justin case” improves
RCT results. Instead, each covariate to be
used in a RCT analysis should be explicitly
mentioned in the a priori hypothesis and
registration, and the rationale and justifica-
tion for each should be presented in both
the proposal and the resulting paper. How
covariates are to be included must be spec-

ified and justified in the analysis plan, and
the sample size increased to accommodate
the consequent loss of power.

Another important aspect of statistical
analyses is imputation. Imputation is need-
ed to conduct intention-to-treat or modi-
fied intent-to-treat analyses where patients
are included who have treatment exposure
and at least one post-baseline assessment.
Intention-to-treat analyses are more repre-
sentative of the overall efficacy/acceptabil-
ity ratio of an experimental treatment, as
opposed to “completer” analyses that are
conducted on selected “ideal” patients who
likely benefitted the most from that medi-
cation. In fact, completer analyses violate
the randomization principle and are to be
avoided.

Various imputation methods exist to
handle missing data. The simplest meth-
od is last-observation-carried-forward.
However, this method assumes no further
change after dropout and disadvantages
the group in which there is earlier and
more discontinuation in terms of efficacy,
but also reduces the time for cumulative
adverse effects in that study arm. A now fre-
quently used alternative is the mixed model
for repeated measures (MMRM), a popular
choice for randomized trials with longitudi-
nal continuous outcomes. In MMRM anal-
yses, the results from patients staying in
the study longer are used to model the es-
timated change after study discontinuation
based on trajectories of patients with simi-
lar initial symptom change. However, as
patients completing trials on placebo may
be systematically different from those who
do not, especially if they drop out for inef-
ficacy, MMRM models may overestimate
placebo effects, which may be another rea-
son for increasing placebo effects in more
recent years, when MMRM analyses have
become the standard data method in RCTs.

Another potentially important issue is
whether the assumption that data are miss-
ing at random, which underlie all standard
data analytic techniques, is true. Given that
efficacy and tolerability differences be-
tween study arms may significantly affect
missingness of data, especially in longer-
term studies with higher dropout rates,
non-random missingness can significantly
affect the results. Thus, it is important to
check if data are in fact missing at ran-
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dom and to employ different data analytic
techniques if this assumption is violated,
such as selection models or pattern mix-
ture models®* %’ which is rarely done, but
which can affect the results and interpreta-
tion of the study.

DISCUSSION

Clinical trials are the cornerstone of cur-
rent evidence-based medicine. The field
has evolved, and increasingly complex as
well as simplified clinical trial designs have
been developed. Designs range from effec-
tiveness trials with maximized internal va-
lidity but limited external generalizability,
to large simple trials that maximize external
validity but have reduced precision. In the
case of non-randomized trials, large na-
tionwide database studies can aid hypoth-
esis generation, but are insufficient to allow
making causal inferences. Data analytics
have equally evolved and are now very so-
phisticated, and it has become increasingly
important to choose the most appropri-
ate statistical analysis plan for a given trial
design, research question and attempt at
minimizing type [ and/or type II error.

In drug development and for regula-
tory approval purposes, randomized, pla-
cebo-controlled, parallel-design trials are
the main vehicle. They include placebo-
controlled trials for the approval of acute
treatments as well as placebo substitution
trials for the approval of maintenance in-
terventions. Increasingly, an active control
(not comparison) arm is included in order
to test the integrity of the study, which ena-
bles to distinguish between negative trials
(the established medication does separate
from placebo, while the experimental drug
does not) from failed trials (neither the
experimental nor the established medica-
tion separate from placebo). Moreover,
comparison with an established “common
comparator’, either as part of the placebo-
controlled phase 3 trial programme or of
phase 4 studies, will gain traction to go
beyond common symptom and adverse
effect outcomes to include also quality of
life and/or functional endpoints, on which
the new medication can demonstrate sta-
tistically and clinically relevant advantages.
Indeed, patient-reported subjective well-
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being and quality oflife, caregiver/observer
reports and functional outcomes, which
may be captured more objectively and com-
prehensively in the living world environ-
ment via digital assessments, have become
increasingly relevant.

However, in mental health, novel psy-
chopharmacological mechanisms of action
that effectively and safely treat common
and often severely impairing mental disor-
ders have remained extremely scarce, and
many initially promising trial programmes
ultimately failed. Clinical trials in psychi-
atric disorders have been challenged by
issues around recruitment of a sufficiently
large and representative sample of patients,
within a reasonable amount of time, fulfill-
ing strict inclusion criteria to answer a giv-
en question. However, sample sizes have
increased, especially in phase 3 trials, due
to a disproportionate increase in placebo
response with relatively little increase in
drug response over the past few decades.

When targeting outcomes beyond symp-
toms, including quality of life and function-
ality in multiple relevant domains - self-care,
social interactions, leisure time activities,
and educational/work performance - medi-
cations mostly “only” prepare the brains of
people with mental disorders to have the
potential to function better, without putting
their increased or restituted “capacity” into
action. In order to translate the improved
symptomatic status into action and also im-
prove measurable “performance’; designs
that combine drugs with psychosocial inter-
ventions may need to be considered more,
especially when targeting complex cogni-
tive, behavioral and functional outcomes. As
a matter of fact, when seeking approval for
the pharmacological treatment of cognition
in schizophrenia, a functional co-primary
outcome is required demonstrating that the
statistically significantly improvement in
cognitive performance has real-world im-
pact on behavior and functioning.

The rapid evolution of widely available
and scalable digital technology holds enor-
mous promise to enhance the precision
and granularity as well as the temporal cov-
erage of the assessment of symptoms and
behavior in people before and during treat-
ment with a tested pharmacological entity
or its control. Such digital phenotyping can
be helpful to measure symptoms more com-

prehensively and with more precision and
ecological validity, including their vari-
ability over time and in relationship to in-
ternal and external contexts. Moreover,
digital tools can provide more reliably and
objectively assessments of cognitive, aca-
demic, behavioral and social functioning.
Inasmuch as passive instead of interactive
digital monitoring in applied, concerns
about increased placebo effects via digital
engagement should be mitigated.

The overview of ongoing phase 2 and 3
trials that we present in this paper has some
limitations. First, although we attempted to
be inclusive in the identification of phar-
macological agents with novel mecha-
nisms of action, or already known agents
targeting a currently unapproved men-
tal condition, we may have missed some
agents. The exclusion of eligible agents may
have been due to our restricting the search
to the US and European clinical trials reg-
isters, so that agents and trial programmes
not registered yet may have been missed.
Moreover, there may be trial programmes
and agents in other than the US and Eu-
ropean trial registries that we did not sur-
vey. Additionally, some agents that might
have been approved for another condition
or age group may have been classified as
phase 4 trials and missed. Furthermore, as
the field of psychopharmacology is a highly
dynamic and evolving one, new agents and
targets may have been identified since our
last search date. Second, we may have list-
ed drugs and targets that have since been
dropped and trial programmes that have
been discontinued. However, as clinical
trial registries are updated on a voluntary
basis, this information may have been ac-
tually not available. On-time updating of
the records by sponsors would be desir-
able. Third, although we attempted to clas-
sify the mechanisms of action of emerging
and newly tested psychopharmacological
agents, for some of them insufficient infor-
mation was available, so that they may not
have been classifiable or may even be (par-
tially) incorrectly classified. Hence, as fur-
ther information about the specific mecha-
nisms of action of individual pharmacolog-
ical treatments emerge, our classifications
may need to be updated or corrected.

In conclusion, the development and ap-
proval process for new pharmacological
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agents that target medical conditions is
complex, and this complexity and the relat-
ed perils of failure may be even enhanced
when targeting mental disorders. The infor-
mation contained in this paper aims to pro-
vide practical knowledge on issues related
to clinical trial methodology and imple-
mentation that need to be considered and
weighed, with their relative pros and cons,
serving as a roadmap that targets success-
ful approval of new agents for the treatment
of mental disorders.

Additionally, in taking stock of the cur-
rent drug development targets and re-
lated mechanisms of action aimed at the
treatment of the main mental disorders in
adults, we aimed to provide an overview
of the most promising molecules that the
field should observe, learn from and, pos-
sibly, pursue further, should specific agents
under development successfully progress
through their phase 2 and 3 programs and,
ultimately, lead to regulatory approval.

It is hoped that, in ten years from now,
multiple new drug targets will become
available, ideally for each of the reviewed
main mental disorders, allowing clinicians
to improve outcomes of many patients who
are currently still only sub-optimally man-
aged with the currently available agents,
so that not only impact on symptoms and
tolerability are increased, but also subjec-
tive well-being, quality of life and social
functioning can be improved more and in
sustainable ways.
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COMMENTARIES

All levels of the translational spectrum must be targeted to advance
psychopharmacology and improve patient outcomes

Correll et al' correctly state that many
psychiatric disorders remain insufficiently
treated despite advances in psychophar-
macology, and attribute this to the limited
knowledge of pathophysiology of these dis-
orders, the lack of biological markers pre-
cluding tailored treatment selection, the
few mechanistic targets for treatment de-
velopment, and the challenges with clinical
trial design and conduct. Here I address the
chasms at the various levels of the transla-
tional spectrum that should be targeted
through innovations in order to advance
psychopharmacology and improve out-
comes for patients.

Drug discovery in psychiatry has been
mostly driven by the pharmaceutical in-
dustry. The discovery of selective serotonin
reuptake inhibitors and second-generation
antipsychotics ushered in a “new era” of
psychopharmacology in 1980s and 1990s.
However, these drugs and their modifica-
tions, while claiming to provide better safety
and tolerability, primarily targeted mono-
aminergic systems, similar to tricyclic an-
tidepressants and first-generation antipsy-
chotics. Any attempts to develop new drugs
with novel targets, such as metabotropic
glutamate receptors, CRF1 receptors, and
tackykinin NK1 receptors, were met with
failures.

As the pipeline for drug development
in psychiatry was drying out, many major
pharmaceutical companies announced
ceasing further investments in this area,
citing “very low probability and dispropor-
tionately high cost for attaining success”>.
Indeed, it takes nearly nine years to bring
a psychotropic drug to the market, and the
likelihood of drug approval in psychiatry -
which includes success in all phases of de-
velopment leading to regulatory approval
- is only 6.2%, which is the lowest amongst
non-oncology diseases®. Thus, novel strate-
gies to enhance success of drug discovery in
psychiatry are urgently needed.

Pre-clinical assays - such as forced swim
test and chronic mild stress, as well as
stimulant induced locomotor activity and
reduced prepulse inhibition - have been
used to screen drugs for prediction of an-
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tidepressant and antipsychotic activity, a-
long with positron emission tomography
(PET) studies in humans to estimate recep-
tor occupancy in order to determine ap-
propriate dosing for therapeutic efficacy.
These strategies have worked well in gen-
eral for drugs that targeted the monoamin-
ergic systems. However, drugs with actions
on novel targets (such as NK1 receptors,
CRF1 receptors and glutamatergic system),
while demonstrating activity in some pre-
clinical assays, did not succeed in phase
3 clinical trials. The general consensus is
that newer pre-clinical tests that have bet-
ter construct and predictive validity are ur-
gently needed.

Attempts to improve construct validity
by developing mouse models with knock-
out of genes implicated in schizophrenia
have not proven to be helpful in consistently
detecting drugs with antipsychotic activity” .
Whether CRISPR-based gene editing to cre-
ate knockout animal models might be more
useful remains to be seen. Similarly, human
induced pluripotent stem cells and brain
organoids are being used to screen drugs
for their effects in disease relevant cells, but
their full potential is yet to be documented.

Phenotypic screening has been more suc-
cessful than target-based approaches for
drug development in central nervous sys-
tem disorders. To this end, PsychoGenics
has developed a phenotypic drug discov-
ery platform called SmartCube, which uses
a target-agnostic approach to screen com-
pounds. This automated testing platform,
through its customized hardware, presents
a sequence of challenges to a mouse, col-
lects massive amounts of data points, and
uses proprietary machine learning algo-
rithms to detect the potential for efficacy of
compounds. SEP-363856 (ulotaront) was
developed using this platform,; it has trace
amine-associated receptor 1 (TAAR-1) and
serotonin 5-HT1A receptor agonistic prop-
erties, and has shown efficacy in a phase 2
clinical trial for schizophrenia® . The results
of the phase 3 trials for this drug, and the
efficacy of other compounds identified us-
ing this platform for other indications, will
indicate whether it represents a significant

advance over the previous models.

The success rate in phase 2 trials for drugs
tested for psychiatric disorders is only 24%,
which is the lowest among 14 disease ar-
eas’. Further, many psychotropic drugs that
succeed in phase 2 fail in phase 3 trials. Cor-
rell et al' outline various reasons for such
outcomes and suggest use of adaptive trial
designs and strategies for minimizing pla-
cebo response to reduce the risk of failure.

Given that a high placebo response is a
major contributor to failed trials, setting a
priori a threshold for excluding all patients
from centers with an improbable placebo
response might be worth considering. In ad-
dition, academia must work in close collab-
oration with the industry to develop innova-
tions in trial designs, and conduct in-depth
analyses to take lessons from failed trials
which will inform further drug develop-
ment. For instance, the first trial of caripra-
zine for bipolar depression® failed due to a
high placebo response rate of 60%. Knowl-
edge from this and other trials was used to
design subsequent phase 2/3 studies, all of
which were positive, leading to cariprazine’s
approval by the US Food and Drug Admin-
istration (FDA)". Despite a signal for efficacy
in post-hoc analyses, a similar strategy was
not pursued for agomelatine, which also had
a60% placebo response rate in a bipolar de-
pression trial®. This illustrates the impact of
business decisions by the industry on drug
development in psychiatry.

While development of new drugs with
novel mechanisms of action would be a
welcome addition to the therapeutic arma-
mentarium, there are limitations to the gen-
eralizability of data from randomized pla-
cebo-controlled trials. Real-world data com-
ing from a variety of sources must be gath-
ered in order to understand the effectiveness
of treatments and tailor them to the needs
of each individual. Most currently approved
treatments for various psychiatric indica-
tions work for about 50% of patients, but
there is little information to guide clinicians
with regards to what treatment is most like-
ly to work for which patient, and, if the first
treatment is ineffective, what is the next most
appropriate intervention.
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Thus, there is an urgent need to incor-
porate approved treatments into real-world
clinical practice protocols/algorithms, simi-
lar to cancer treatment protocols, to gener-
ate evidence and move the field towards
precision psychiatry. Such efforts could be
further bolstered by using learning health
care systems in clinical practice settings
and collecting data that could be analyzed
for discovery of biomarkers that predict re-
sponse to each treatment.

Moving along the translational spec-
trum, patients need to access care, and evi-
dence-based treatments need to be used ap-
propriately by clinicians. Although several
evidence-based treatment options exist for
some psychiatric disorders, such as major
depressive disorder, unfortunately only 8%
to 33% of patients with this disorder use
mental health services, and only 3% to 23%

receive minimally adequate treatment”. Fur-
ther, even in developed countries such as the
UK, adherence to evidence-based care path-
ways for treatment of depression is poor, with
many patients not receiving guideline-con-
cordant care. In order to address this transla-
tional chasm, governments mustinvest funds
to bolster mental health services and support
education aimed at addressing stigma. More-
over, health care organizations must make
every effort to establish an infrastructure
that promotes and supports evidence-based
practices to optimize outcomes.

In conclusion, innovations need to oc-
cur at all levels of the translational spectrum
to advance psychopharmacology and im-
prove patient outcomes.

Lakshmi N.Yatham

University of British Columbia, Vancouver, BC, Canada
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Key considerations for clinical trials in psychopharmacology

The thoughtful review by Correll et al'
explores the status of drugs for mental dis-
orders with new mechanisms of action cur-
rently in testing, and details obstacles to
developing such medications. The authors
examined established clinical registries and
identified ongoing clinical trials of agents
that showed the most promise “as emerging
from documented superiority over placebo,
magnitude of the observed effects, and dem-
onstration of requirements for safety and tol-
erability” In aggregate, the list of agents is
quite encouraging. The paper, however, does
not cover negative trials, although the field
can learn much from well-conducted trials
of drugs that did not separate from placebo;
such studies can rule out a specific target,
thereby potentially eliminating the unnec-
essary pursuit of a pathway unlikely to be
fruitful.

The most useful part of the paper is the
discussion by this group of well-known in-
vestigators of ongoing developments in
clinical trial methodology, design and con-
duct that should be carefully considered
when developing and testing pharmaco-
logical agents for the treatment of mental
disorders. These recommendations, which
could be used to de-risk trial programs of
novel or repurposed agents, are state-of-the-
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art and should, if possible, be incorporated
as much as possible into planned future tri-
als. While all of these suggestions are very
thoughtful, I particularly wish to expand
upon two: the importance of early phase 2
proof-of-concept studies and of identifying a
treatment’s precise mechanism of action.

A key and largely unaddressed issue in
clinical trials is the ever-increasing place-
bo-response rates and the resulting dimin-
ishment of drug-placebo differences in ef-
ficacy over time. As Correll et al point out,
solutions such as increasing sample size
and adding more study sites have not im-
proved our ability to discern drug efficacy
versus placebo, though they have increased
the cost of conducting such studies.

In this context, although adequately pow-
ered phase 2 and 3 studies are certainly ne-
cessary at some point, the importance of
smaller, well-controlled and well-conducted
phase 2A studies should not be minimized.
Such studies have the potential to identify
an important efficacy signal that would
then allow investigators to move forward
more confidently with larger and more
costly phase 2 studies. As a key example,
one of the pivotal studies in the US Food
and Drug Administration (FDA)'’s approval
of valproate for mania included 36 partici-

pants (N=17 valproate, N=19 placebo)®. A
more recent example concerns the approv-
al of brexanolone for postpartum depres-
sion: one of the first reports was a case se-
ries of only four women®, and a subsequent
small randomized trial had only 21 partici-
pants with postpartum depression (N=10
brexanolone, N=11 placebo)*. Ketamine
provides another key example: the initial
study investigating racemic ketamine’s an-
tidepressant effects was a small, controlled
trial of seven participants with major de-
pression, followed by a second study of 17
participants with treatment-resistant de-
pression”®. Despite their small size, these
two studies were influential in the develop-
ment and ultimate FDA approval of esketa-
mine for treatment-resistant depression.
These examples underscore how astute
clinical observation and small, well-de-
signed, proof-of-concept studies provide
a useful strategy for de-risking any novel
agent’s path to approval. Findings from
small early trials can inform go/no-go deci-
sions regarding whether to move forward
with larger, well-powered phase 2 studies
with effect sizes large enough to survive the
elevated placebo rates associated with mov-
ing from experimental settings to real-world
studies. This approach is of considerable in-
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terest to a clinical neuroscience industry that
seeks to de-risk failures occurring during
phases 2 and 3”. In addition, early proof-of-
concept studies help identify critical feasi-
bility, safety and design issues before jump-
ing into larger and costlier phase 2 and 3
studies.

Correll et al correctly identify the consid-
erable discrepancy between indication-
based nomenclature and the clinical use of
psychotropics. They further note that phar-
macological nomenclature is arcane and
does not completely relate to mechanisms
of action. Important recent efforts have led
to the creation of a neuroscience-based no-
menclature for psychotropics®. Multiple in-
ternational societies and scientific organi-
zations have joined these efforts. Likewise,
journals, book publishers and academic
curricula have begun to refer to psychotrop-
ic medications based on their presumed
mechanisms of action. Such important ef-
forts are likely to facilitate scientific commu-
nication and move drug development for-
ward. Nevertheless, our knowledge of drug
mechanisms is still in its infancy, and no-
menclature is likely to change with new in-
sights or findings. In other words, any given
medication’s presumed mechanism of ac-
tion is a rapidly evolving concept.

Ketamine provides a salient example.
Specifically, ketamine is an N-methyl-D-
aspartate receptor (NMDAR) antagonist.
While this mechanism is relevant to keta-
mine’s anesthetic properties, the degree to
which it underlies its antidepressant prop-
erties is a topic of much debate, with evi-
dence on both sides. This question is vital
because, if NMDAR antagonism does not
underlie ketamine’s antidepressant effects,
then the field - which seeks to develop a
safer alternative to ketamine - should cease
chasing a target unlikely to be relevant.

Indeed, multiple NMDAR antagonists
have demonstrated no antidepressant ef-
ficacy in treatment-resistant depressiong,
though some such agents remain in play,
including the recently approved AXS-05
(dextromethorphan +bupropion). Although
its maker has described NMDAR antago-
nism as AXS-05’s primary mechanism of
action, it should be noted that this drug s al-
so a sigma-1 agonist, a nicotinic acetylcho-
line receptor antagonist, and a serotonin/
noradrenaline/dopamine reuptake inhibi-
tor. To date, no significant studies have ex-
plored which of these mechanisms might
be the most relevant. Because AXS-05 is dis-
tinct from most currently available antide-
pressants, exploring its relevant mechanisms
of action may provide novel targets to pur-
sue in clinical trials.

An important limitation to progress in
this area, however, is that the field has few
ways to identify more precise, mechanisti-
cally-relevant biomarkers, although some
promising ones are currently under investi-
gation. To date, many of our proposed ther-
apeutic targets were identified via in vitro
or in vivo non-human assays, so our ability
to assess whether a suspected mechanism
of action is relevant or not remains limited.
For example, no suitable positron emission
tomography (PET) ligands are yet available
to study potential NMDAR antagonists, even
though two NMDAR antagonists, esketa-
mine and AXS-05, are FDA-approved to
treat depression.

In conclusion, Correll et al’s review
thoughtfully addresses some of the pitfalls
associated with current methods for devel-
oping pharmacological treatments with a
novel mechanism of action. The solutions
that the authors propose are likely to in-
crease the availability of novel treatments
for our patients, some of which will hope-

fully be more effective than available ones.
Nevertheless, despite the new targets in the
pipeline, it should be noted that, with a few
key exceptions (ketamine, brexanolone), no
new treatment developed in the past sev-
eral decades for any psychiatric condition
has proven significantly superior to existing
treatments in the sense of being disease-
modifying. In this context, reverse engineer-
ing of the new treatments that are identified
asunique in some aspects, such as ketamine
- that is, using them as tools to better under-
stand the cellular and molecular mecha-
nisms of the specific disorder under study
- might offer the opportunity to develop
more effective next-generation treatments.
Indeed, such work is already underway.

Carlos A. Zarate Jr
National Institute of Mental Health, Bethesda, MD, USA
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Real changes can enhance information yield on novel
psychopharmacologic agents

The excellent review of current efforts
and issues in the field of psychopharmacol-
ogy produced by Correll et al' does not, un-
fortunately, provide much that would con-
vince skeptical decision makers that the fu-
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ture of psychopharmacology will look that
much different from the past. I write from
the perspective of selection of compounds
and mechanisms for clinical development
as well as of implementation of clinical stud-

ies across phases 1-3, both from the indus-
try and the US National Institute of Mental
Health (NIMH) vantage points. As both a
past decision maker and a current advisor,
I will focus on what I believe has greatest
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promise for the future of psychopharma-
cology over the next five to ten years.

Three thematic areas are implicit in Cor-
rell et al’s review: a) what have we learned
that is most useful in terms of design and
implementation of clinical trials which her-
ald a better future?; b) what should we do to
de-risk both compound selection and dose
setting for clinical trials that will improve
productivity in terms of knowledge gained
as well as advancing compounds?; ¢) what
impact is likely to derive from emerging
technologies provided by such US National
Institutes of Health (NIH)-funded efforts as
the Brain Initiative?, and from utilization of
remote technologies to passively and active-
ly monitor participants in studies?

In the review, what seems to be the ba-
sis for identifying promising compounds is
that there is a positive phase 2 study. Given
the history of positive phase 2 studies that
do not lead to successful phase 3 develop-
ment, most decision makers would not see
that these are any more promising than those
that have failed in the past. What would be
more convincing is evidence of what we
have learned that can make future phase 2
trials more informative and predictive. For
instance, an analysis showing that use of
adaptive designs resulted in more efficient
and successful drug development programs,
or even a post-hoc analysis showing some
common flaws in failed phase 3 programs
that would allow focus on one or a limited
number of variables that could be better
managed.

One trial design element that is cited as
having been shown not to work, based on
meta-analyses of trials dating back to 1994
and recently confirmed, the single-blind
lead-in, provides an excellent example of
how advances can be made when data are
shared. The field might be able to align on
eliminating other wasteful practices if there
were some way to share relevant data from
as many as possible well-powered trials
conducted over the last decade, whether
or not they resulted in approval by the US
Food and Drug Administration (FDA). Such
an effort could include NIH-funded studies
as well. One current effort to generate sup-
port for this kind of data sharing is provided
by a panel on this topic scheduled for an up-
coming meeting of the International Society
for CNS Clinical Trials and Methodology.
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The point made in the review that “the
strongest the rationale for the randomized
controlled trial (RCT), the more de-risked
the trial will be”’ raises the question of what
constitutes a strong rationale, given a histo-
ry of rationales - such as the one for target-
ing amyloid in Alzheimer’s disease - not so
far delivering after cumulative investments
in the billions of dollars.

Although questions remain, I believe that
having solid information on the relation-
ship between a dose of a potential new drug
and the degree to which it interacts with its
primary site(s) of action in the brain and can
be linked to downstream changes in brain
function will allow future clinical trials to be
better interpreted. One would lower risk of
failure by avoiding compounds without ro-
bust translational pharmacokinetic-phar-
macodynamic (PK/PD) brain effect data. In-
deed, a recent analysis of industry success
rates of compounds that had full target en-
gagement packages across therapeutic ar-
eas reported that 12 of 14 yielded positive
proof-of-concept studies, with eight advanc-
ingto phase 3, versus none of 12 compounds
for which evidence of target engagement
was weak or missing”.

As a corollary, since animals do not pro-
vide true models of syndromal clinical brain
conditions (except perhaps drug depend-
ence), the future is likely to use evidence of
effects on some domains in an animal assay
that might be translated into humans for ei-
ther abroadly defined syndromal disorder or
adomain of function, as a core part ofbuild-
ing the rationale for advancing a mechanism
and/or compound. Such is the potential ben-
efit of building out the Research Domain
Criteria approach®.

As an example, the so-called Fast-Fail ap-
proach piloted by the NIMH®, which com-
plements approaches being taken with in-
dustry to generate rationales to pursue a do-
main such as cognitive impairment in schiz-
ophrenia, has shown promise. A specific
kappa opiate receptor antagonist, for which
brain receptor occupancy data were avail-
able, was investigated in terms of potential
for the domain of anhedonia. The drug was
shown to positively affect a reward task-
associated functional magnetic resonance
imaging (fMRI) signal and to specifically
improve severity of apathy in a group of in-
dividuals with DSM depression and anxiety

spectrum disorders®. This finding was seen
as de-risking future studies, and led to large
pharma investment in a phase 2 trial fol-
lowed by a just initiated phase 3 program
(NCT03559192 and NCT05518149).

This approach goes beyond examples of
selecting subsets of a DSM diagnosed group,
such as failure to respond to standard treat-
ments, or restricting subjects to those below
a certain age and fewer hospitalizations, as
noted for the positive phase 2 trial of ulo-
taront in schizophrenia. For novel mecha-
nisms, as part of a de-risking strategy, one
should first show whether any effect can
be detected on some domain of function.
Then, one should decide what syndromal
disorder(s) might best benefit from the
compound.

This domain approach might also help
de-risk compounds with three or more phar-
macological mechanisms that might be af-
fected in humans, which are problematic
in terms of demonstrating target engage-
ment across dose ranges. A functional brain
measure that translates from animals to hu-
mans, or even one with some degree of “face
validity” in humans, can be applied to any
molecule, whatever its mix of known mech-
anisms, or even initially unknown mecha-
nisms. For compounds such as ulotaront, a
promising antipsychotic discovered with a
phenotypic assay battery (Smart Cube)’, a
functional brain measure can potentially be
used to set doses in humans prior to identi-
fication of molecular mechanisms and de-
velopment of specific target engagement
tools. Assessment of brain function prior to
clinical testing is likely to become more and
more part of psychopharmacology.

The utility of emerging methods, such as
differentiating pluripotent cells from indi-
viduals into a neuronal type in which com-
pounds can be tested prior to be adminis-
tered, to see if some functional effect detect-
able in vitro predicts activity in humans, re-
mains to be demonstrated. Nonetheless, if
early reports of predicting aspects of lithium
response in cells from bipolar patients® gen-
eralize to drug response predictions, this
approach may become an important addi-
tion to the future of psychopharmacology.

Similarly, by then we should have enough
experience to know if remote measures that
can be gathered passively on a device or
those resulting from approaches such as eco-
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logical momentary assessments are more
sensitive in terms of picking up systematic
drug effects than traditional types of clinical
measures. It seems likely that atleast some of
these assessments will reveal drug effects on
one or another variable that we do not cur-
rently capture with existing methods.

In summary, beyond what is recommen-
ded by Correll et al’s review, I predict that
the near future of psychopharmacology will
include a greater emphasis on target engage-
ment PK/PD studies that can be translated
from animals to humans, a focus on func-

tional domains as a core part of building the
rationale for advancing a mechanism or a
compound, and the development of means
for all interested parties to have access to
relevant data to decide on design elements
that influence signal detection in a trial.

William Z. Potter
Independent Expert, Philadelphia, PA, USA
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Will digital technology address the challenges of drug development

in psychiatry?

Pharmacotherapy is likely to remain a
mainstream treatment for many mental
disorders. A great deal has been learned
about psychotropic medications in the
past 70 years, and treatment efficacy has
improved significantly. However, pharma-
cotherapy is generally limited to sympto-
matic relief and cannot provide a cure. In
addition, only a certain proportion of pa-
tients are able to achieve remission and/
orrecovery, and the complete disappear-
ance of symptoms remains a distant goal.

The accurate allocation of patients to the
most appropriate treatment option based
on a deeper understanding of pathophysi-
ology is now needed, along with the devel-
opment of drugs with novel mechanisms
of action. In other words, we need to realize
“precision medicine” within psychiatry. To
this end, conducting better clinical trials by
solving current problems, thereby enabling
the faster delivery of new drugs to patients,
is important. The extensive review by Cor-
rell et al' provides very broad and detailed
information regarding the above-mentioned
issues and carefully explains what is need-
ed to move forward.

As they mention, the lack of sample rep-
resentativeness in clinical trials, the strong
(and increasing yearly) placebo response,
the high dropout rate, and the varying reli-
ability of severity assessments are of par-
ticular concern. Digital phenotypes derived
from personal digital devices® seem to have
ample potential to address these problems.
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This potential could be further enhanced
by successfully combining new ways of de-
livering health care using communication
technologies such as telemedicine.

Clinical trials often require patients to
travel long distances and to make frequent
hospital visits, which may reduce the like-
lihood of trial success. Promoting decen-
tralized clinical trials, i.e., systems that al-
low patients to participate in a trial without
necessarily coming to the hospital, would
facilitate patient recruitment and prevent
dropouts. The use of digital data to quanti-
fy the severity of symptoms in an objective
manner could also reduce variations in as-
sessments made at different clinical sites.
Frequent assessments are a major burden
on patients, but by utilizing ecological mo-
mentary assessment via passive monitor-
ing, a method that is becoming increasing
feasible®, therapeutic benefits that were
previously difficult to detect might become
identifiable. Given the potential of such
digital technologies, it seems likely that
many currently unmet needs will be ad-
dressed. However, the story is not that sim-
ple, and this is not a task that can be com-
pleted overnight.

A potentially important question in the
use of these digital tools is whether they
can assess a patient at a level similar to that
of a skilled evaluator meeting the patient in
person and taking the time to assess his/
her psychopathology. There are many dif-
ferent types of digital phenotypes, ranging

from those in which the patient actively
provides input on his/her condition (called
active data) to passive data, such as sensor
data, that do not require the patient’s ac-
tive involvement. The latter provide a wide
range of information, including data that
can be collected from a smartphone such
as geographic range of activity, call logs,
text input and search logs, as well as data
that can be collected from a wearable de-
vice, such as acceleration which can be
translated into activity, sleep rhythm, heart
rate (or pulse rate), and skin conductance.
Furthermore, passive data can be obtained
through smart speakers, cameras, or some
other devices, for example patient lan-
guage as quantified by natural language
processing, speech rate, acoustics of speech,
facial expression, posture and body move-
ment.

Even ifthese data could objectively quan-
tify a patient’s behaviour and/or autonomic
nervous system activity, they would not elicit
the patient’s thoughts or moods and could
only serve as surrogate markers. Many stud-
ies have reported that it was possible to dis-
tinguish between patients with mental dis-
orders and healthy volunteers®, or detect
early sign of relapse® with a relatively high
degree of accuracy from these data, but
there is still large room for improvement.
Even when a pathological feature can be
identified, it is often unclear whether it is a
state or a trait marker”.

Many of these predictive models utilize
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machine learning, but it should be noted
that, although this technique may fit the
specific population from which the data
were obtained, the generalizability of find-
ings may not always be high. In addition,
determining how to accommodate differ-
ences across patients’ lifestyles is especially
important: the identification of digital phe-
notypes common to patients across cultures
might be difficult.

Nonetheless, the advancement of the
above technologies and the accumulation
of the relevant knowledge may benefit not
only clinical trials but also real-world clini-
cal practice. Gold-standard evaluations may
be difficult to perform in time-constrained
clinical settings, but “measurement-based
psychiatry” could be delivered more easily
with those technologies. In fact, commer-
cially available wearable devices can al-
ready quantify sleep and activity, and some
practitioners may be using such data to treat
patients. Specifically, the accumulation of
longitudinal data on individual patients
would be useful for identifying changes
over time. A large cohort study that collects
digital data would allow to identify which
patients with which digital phenotypes re-
spond to which treatments. As a result, the
selection of drugs with the greatest likeli-
hood of being effective for individual pa-
tients might become possible.

Concerns about the use of digital tools
in clinical practice should also be consid-
ered. The questioniswhatkind oflong-term
changes might occur as face-to-face treat-
ment is replaced by the use of information

and communication technology and digital
tools. One often discussed issue is the digi-
tal divide, i.e., the risk that those who are
unable to successfully use digital tools will
be left out of health care’. Since the COV-
ID-19 pandemic, psychiatric care has been
delivered almost entirely remotely in some
countries, but it is necessary to investigate
whether this has the same therapeutic ef-
fect as face-to-face care. A large body of evi-
dence already shows that telemedicine is
no less effective than face-to-face care, but
it remains unresolved whether this is true
even for long-term treatment over multiple
yearsg. Furthermore, there is a chance that
the focus will shift to improving digital de-
vice-derived outcomes rather than actual
patient recovery, if treatment effects are as-
sessed using digital phenotypes rather than
humans.

Aswe accumulate digital phenotypic da-
tain the future, it will be important to study
how these data are connected to pathophys-
iology. For example, studies that explore the
relationship between brain functional con-
nectivity and digital phenotypes would be
useful. If a treatment has been identified that
is effective for a specific pattern of functional
connectivity, digital phenotyping may be
able to identify the patients who are the best
candidates for that treatment.

Even if the above-mentioned hurdles are
overcome and a regulatory-accepted digi-
tal methodology is developed, there is no
guarantee that such a methodology would
be the best way to quantify mental disor-
der symptoms over the long term. Sens-

ing technology and analytical methods are
constantly evolving, and they can quickly
become obsolete. The continued use of
once-established standards for many years
might nullify the advantages of digital tech-
nologies’.

In conclusion, a great potential seems to
have emerged from the use of digital tech-
nologies to foster the progress of psycho-
pharmacology. Interdisciplinary research and
development with the goal of actually im-
proving the outcomes of people with mental
disorders are nowneeded.

Taishiro Kishimoto

Hills Joint Research Laboratory for Future Preventive Medi-
cine and Wellness, Keio University School of Medicine,
Tokyo, Japan
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Ongoing phase 2/3 trials of psychotropic drugs: is help finally

on the way?

In their comprehensive review, Correll
etal' identify four important problem areas
that have slowed the development of bet-
ter pharmacological treatments for people
suffering from serious mental disorders,
such as schizophrenia, major depressive
disorder and bipolar disorder. These im-
pediments include the limited knowledge
of the pathophysiology of these disorders;
the lack of biological markers to stratify pa-
tient groups and individualize treatment se-
lection; a restricted number of potential-
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ly relevant mechanisms of action for novel
drug development; and a variety of method-
ological problems that impair signal detec-
tion in randomized controlled trials (RCTs).

The review is divided into two segments,
one summarizing current research on prom-
ising drugs being studied in phase 2 or 3
trials, and the other reviewing methodo-
logical refinements that might improve the
validity and efficiency of clinical research.
In this piece, [ will largely focus on the areas
that I know best, though the authors’ review

of recent developments in the treatment of
dementia provides a sobering summary of
just how much more work there needs to be
done.

For acute treatment of schizophrenia and
related disorders, the authors identified 176
trials of a diverse group of compounds, large-
ly targeting non-dopaminergic mechanisms.
They found that only about one quarter of
these RCTs had reported results and, a-
mong these, only about one quarter demon-
strated efficacy on the primary dependent
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measure. Further, they determined that only
ahandful of these drugs had progressed to
phase 3.

Two of the most interesting drugs that
have moved on to phase 3 are KarXT, which
is a fixed combination of xanomeline - a
muscarinicM1/M4 agonist - and the periph-
erally acting anticholinergic trospium chlo-
ride?, and ulotaront, the first trace amine-
associated receptor 1 (TAAR-1) agonist to
show efficacy in a placebo controlled trial®.
Despite their substantial differences, both
drugs are particularly noteworthy because
of the absence of extrapyramidal and meta-
bolic side effects. If efficacy and safety are
confirmed in the next phase of larger scale
studies, these compounds could go a long
way towards addressing critical unmet
needs, by virtue of having novel mechanisms
of action and more favorable tolerability
profiles. Unfortunately, the review alsodoc-
uments that another important unmet need
in this area of therapeutics, namely treat-
ment of negative symptoms, has not yield-
ed much in the way of truly novel and prom-
ising developments.

Itwas not too long ago that the process of
discovery of truly novel drugs for treatment
of major depressive disorder seemed like an
exercise in futility, as one after another drug
with theoretically relevant mechanisms of ac-
tion failed to delivery significant clinical ef-
fects. Whata difference adecade can make!
The authors identified nearly 180 trials and
found that 19 out of 43 RCTs had reported
significant effects.

The serendipitous observation thatintra-
venous ketamine - at sub-anesthetic doses
- could have rapid and large antidepressant
effects stimulated a wave of drug develop-
ment focused on glutamatergic neurotrans-
mission. The paradigm-changing nature of in-
travenous ketamine therapy extended be-
yond its mode of delivery and the rapidity of
effects: this is a controlled substance, yet its
antidepressant effects, which typically per-
sist for 3-5 days, extend long after the intoxi-
cating effects have dissipated.

It was also noteworthy that the dissocia-
tive and euphorogenic effects of intravenous
ketamine were not closely linked to the likeli-
hood of symptom improvement, which fur-
ther suggested that the properties that lead
to drug misuse or abuse are not essential to
its antidepressant effects*. Nevertheless,
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there was considerable caution about the po-
tential risks of this treatment, and nearly 20
years elapsed between the first observations
of antidepressant effects and the approval
by the US Food and Drug Administration
(FDA) of the first treatment directly resulting
from this line of research.

Beyond harvesting the “low hanging
fruit’) i.e. other modes of administration of
ketamine and commercialization of its ste-
reoisomers (S- and R-ketamine), research
has also focused on other molecules that
modulate glutamatergic neurotransmis-
sion, including a proprietary combination
of dextromethorphan - the ancient cough
suppressant - and bupropion®. This medi-
cation has recently been approved by the
FDA for treatment of major depressive dis-
order, becoming the first orally adminis-
tered treatment in this line of therapeutics.
A second orally administered medication,
esmethadone®, is now in phase 3. Interest-
ingly, despite its lineage, this last drug is
essentially devoid of opioid activity.

Another line of research explored the ther-
apeutic implications of the observation
that GABAergic neurons modulate gluta-
matergic neurotransmission. Demonstra-
tion that a short course of intravenous treat-
ment with the neurosteroid brexanolone,
an allosteric modulator of GABA-A, could
produce rapid antidepressant effects in wo-
men with postpartum depression quick-
ly led to identification of a closely related
compound, zuranolone, suitable for oral ad-
ministration. Importantly, though the origi-
nal discovery plan of these compounds was
directed at postpartum depression, it was
quickly recognized that this mechanism
of action was relevant to treatment of de-
pression in both men and women’. Of ad-
ditional interest is the possibility that these
treatments are suitable for intermittent or
periodic treatment.

Interestingly, whereas the antidepres-
sant effects of the treatments reviewed above
appear to be unrelated to their potentially
intoxicating or psychotomimetic effects,
the fact that ketamine is a controlled sub-
stance may have helped open the door to
reexamination of the therapeutic poten-
tial of hallucinogens such as psilocybin®.
In this case, the intensity of the “psyche-
delic” experience is thought to be essential
to the antidepressant effect, as is the belief

- on clinical/experiential grounds - that
the “trip” should be carefully guided to
maximize the clinical benefit. As few safety
concerns have emerged to date from phase
2 and early phase 3 studies of psilocybin, it
may be that the field will need to wait until
post-marketing for more rigorous studies
to examine the amount and content of the
adjunctive psychotherapeutic support nec-
essary for an optimal result.

In contrast to developments in schizo-
phrenia and major depressive disorder, the
authors were unable to identify any drugs
currently in development for either acute
treatment of mania or prophylaxis of bipo-
lar disorder. Of course, it is almost axiomat-
ic that, once a compound has established
efficacy for treatment of acute schizophre-
nia, interest in its use in mania will follow.
Moreover, they identified no compounds
in phase 3 for treatment of bipolar depres-
sion. That said, the regulatory pathway of
lurasidone and, more recently, lumetap-
erone illustrates that drugs such as KarXT
and ulotaront may hold promise for people
with bipolar depression, as might drugs
such as zuranolone and esmethadone.

The second segment of Correll et al’s pa-
per provides an excellent summary of some
of the most recent strategies used to im-
prove signal detection in clinical trials. As
diagnostic heterogeneity, imprecision of
measurement, and various factors that in-
flate the impact of placebo-expectancy ef-
fects on RCT outcomes, will continue to be
away of life for researchers for the foresee-
able future, it is wise to incorporate as many
of the authors’ recommendations as practi-
cable in the next generation of research.

Ibelieve that our best hope for improved
signal detection is the establishment of net-
works of rigorously trained and monitored
investigators working together with access
to populations of “real-world patients’, in
a manner analogous to the way that our
peers working in cancer treatment have
collaborated for the past few decades.

Michael E. Thase

Perelman School of Medicine, University of Pennsylvania,
Corporal M. Crescenz Veterans Affairs Medical Center,
Philadelphia, PA, USA
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The future of psychopharmacology: challenges beyond efficacy and

tolerability

The paper by Correll et al' provides a
comprehensive and timely overview of re-
cent developments in psychopharmacolo-
gy and offers hope for much needed break-
throughs after a period of stagnation in the
field. It also considers some of the major
challenges slowing further progress, includ-
ing our limited understanding of the neu-
robiological underpinnings of psychiatric
disorders and the difficulties encountered
in designing and conducting trials that are
able to adequately assess treatment effects
on thoughts, emotions and behaviour.

From the first serendipitous discoveries
of compounds with psychotropic effects to
modern-day targeted drug development,
advances over the years have been con-
siderable, to the extent that we now have
agents with at least some beneficial effect
for most psychiatric disorders. In particular,
the introduction of fluoxetine more than
three decades ago heralded an era of drug
design aimed at specific neurotransmitter
pathways, with an upsurge of interest in
psychopharmacology by the pharmaceuti-
cal industry, clinicians and the general pub-
lic. Numerous new agents were introduced,
and their therapeutic indications broaden-
ed.

These new treatments have not only
strengthened the armamentarium of clini-
cians, but also fundamentally transformed
our conceptualization of psychiatric disor-
ders®. Consequently, the role of the psychia-
trist has changed, and medication manage-
menthas become a central function of clini-
cal care. As such, an extensive knowledge of
psychopharmacology is now a prerequisite
for practicing psychiatrists. The danger
here, of course, is that the other essential
components of clinical care are neglected,
and we become regarded as little more than
“pill pushers” The challenge, particularly in
busy clinical settings, is to balance medica-
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tion management with a patient-centred ap-
proach to care, in order to establish the best
possible therapeutic alliance, which in turn
enhances treatment engagement and med-
ication adherence’.

After the initial euphoria accompanying
the Prozac era came the realization that our
expectations had been unrealistic. The newer
generation of psychotropic drugs displayed
at best only subtle efficacy advantages over
their predecessors, and, while the novel phar-
macological profiles effectively addressed
adverse effects of the older agents, a new set
of tolerability and safety concerns emerged.
Over the past two decades, there has been
a steady decline in the number of new psy-
chotropic drugs introduced, mainly due to
market saturation, escalating costs and the
influx of generics*.

We have witnessed a substantial waning
of enthusiasm, and many of the pharma-
ceutical companies have withdrawn from
psychotropic drug development. However,
this has also forced those of us in the field
to re-think our approach - to target novel
mechanisms and to design clinical trialsin a
way that they are more likely to demonstrate
efficacy advantages. Consequently, several
promising new agents have progressed to
the stage of clinical development, as high-
lighted in Correll et al’s paper. Hopefully,
some of these agents will be introduced to
clinical practice in the near future, with the
potential of not only providing us with more
and better options for treating our patients,
but also to advance our understanding of the
pathophysiology of these disorders.

There are important considerations in
the pharmacological treatment of psychi-
atric disorders that go beyond the efficacy
and tolerability of the compounds. In order
to be effective, most pharmacological inter-
ventions for psychiatric disorders require
continuous treatment over a protracted per-

iod. As is the case with all chronic treat-
ments, non-adherence is a major consider-
ation®. However, with many psychiatric dis-
orders, the problem is further compound-
ed by impairment of insight. This is the case
particularly with psychotic disorders and
cognitive disorders. In psychosis, insight im-
pairment is characterized by illness una-
wareness and failure to recognize the need
for treatment. These features have enor-
mous implications when considering treat-
ment options and in shared decision-mak-
ing processes. In such cases, the burden of
responsibility for ensuring adherence to
treatment should not be left with the pa-
tient. This aspect has been recognized by
some pharmaceutical companies, which
have invested much effort into the devel-
opment of ways of providing treatment that
are more likely than oral medications to
provide assured, uninterrupted delivery. In
this regard, long-acting injectable formula-
tions have received the most attention.

There are also ethical and philosophical
considerations in relation to the ongoing
development of new psychopharmacologi-
cal agents. It could be argued that the costs
of developing new and better agents are
not justified if they are inaccessible to the
majority of individuals who would benefit
from their use. This is increasingly the case,
and not just in low- and middle-income
countries. Even in more developed settings,
the exorbitant costs of some newer psycho-
tropic drugs have placed them beyond the
reach of many.

On the other hand, the alternative ethi-
cal argument is that the best available treat-
ments should be made accessible to all. In-
deed, as stipulated in the constitution of
the World Health Organization, access to
the highest attainable standard of health
care is one of the fundamental rights of
every human being®. Unfortunately, in the
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real world, this is not the case, particularly
for mental health’. Across vast popula-
tions, mental health literacy is rudimentary
and health care services inaccessible. The
enormous treatment gap in these settings
is surely an indictment of modern global
health care. So, rather than questioning the
need for psychotropic drug development,
we should be encouraging those who con-
tinue to search for new and better agents -

but at the same time we should be champi-
oning for their greater availability to those
inneed.
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Clinical trials of novel psychotropic agents: some caveats

In their paper, Correll et al' present pro-
posals for strategies to “de-risk” trials of nov-
elpsychotropic agents. However, several of
their suggestions may inadvertently increase
the risk that clinical trials be uninformative,
especially when considering requirements
for drug approval. Here we provide our per-
spective on their advice.

The authors begin their “de-risking” ad-
vice with some foundational concepts relat-
ed to validity, power, and a priori hypothesis
generation. They go on to discuss the impor-
tance of “clinical equipoise” in randomized
controlled trials. This emphasis is reason-
able. Without clinical equipoise, trials are
vulnerable to bias and are more difficult to
interpret. For example, the enthusiasm for
psychedelic drug development from both
the lay press and investigators may contrib-
ute to difficulties separating drug effect from
expectation bias.

Correll et al subsequently offer sugges-
tions for modifying trial designs in an at-
tempt to avoid failed studies. One recom-
mendation is to consider adaptive trial designs
whereby the beginning of the trial informs its
later stages. The US Food and Drug Admin-
istration (FDA) has published a guidance for
industry on the use of adaptive trials*. Com-
pared with a traditional clinical trial, patients
enrolling at the start of an adaptive clinical
trial may not have the same experience as
those enrolling later in the trial (e.g., possible
doses). This may lead to challenges in inter-
preting the trial results. Further, although
adaptive trials may be designed to maximize
the possibility of quickly detecting efficacy
with limited enrollment, more subjects may
still be needed to characterize safety. A posi-
tive adaptive trial may not translate into ap-
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proval if there are safety signals that must be
explored in larger or longer studies. Spon-
sors considering adaptive studies in phase
3 should discuss their plans with regulatory
authorities before implementation.

Phase 2 is an important part of dose ex-
ploration. Correll et al suggest using adap-
tive trials to determine the maximum toler-
ated dose (MTD) and prevent “expensive
and underpowered multi-armed studies’.
However, as they later acknowledge, there
are challenges to using an MTD when a dose
range may be required. The MTD as deter-
mined early in a study may not translate to
the optimum dose, considering benefit-risk,
as the study progresses.

A Phase 2 program examining several
doses based on phase 1 data (e.g., receptor
binding, tolerability) need not be adequate-
ly powered to demonstrate safety and effi-
cacy for each arm. It is meant to inform a
phase 3 program. Sponsors sometimes de-
sign phase 2 studies with characteristics of
adequate and well-controlled investigations
in hopes that a positive trial may be used to
support a marketing application. However,
ifthere are dosing, endpoint, population or
safetyissues, thisapproach mayultimately
prove more costly.

The paper’s discussion of precision medi-
cine versus generalizability is important. We
acknowledge that particular mechanisms
of action may have benefits particularly ap-
plicable to subpopulations, and that en-
riched trials may improve the chance of de-
tecting an efficacy signal. However, devel-
opment programs should focus not on arti-
ficially narrowed populations, but on a pop-
ulation widely inclusive of those likely to re-
ceive benefit.

A reasonable starting point for separat-
ing promising subgroup effects from post-
hoc artifact is biological plausibility. Al-
though a collection of clinical characteris-
tics could be representative of a biological
construct, there is a public health interest in
determining what that underlying construct
is. The authors suggest that positive studies
from an enriched population could lead to
an approval for use of the drug in a subpop-
ulation, with studies of a broader popula-
tion deferred to post-approval. However, in
the absence of a biologically plausible sub-
group definition supported by strong scien-
tific understanding, we do not support this
approach. Sponsors should explore scientif-
ically justified potential subgroups in phase
2, refer to the appropriate guidance®, and
discuss plans with regulatory authorities.

Placebo lead-in studies have often not
met expectations in psychiatric disorders.
Sequential parallel design remains an un-
proven alternative to traditional placebo
lead-in strategies. As with adaptive trials
in general, there are significant challenges
in interpreting the results of such studies.
There is not a standard method for analyz-
ing the results of sequential parallel design
studies, and employing such a design in
phase 3 entails risk on the part of a sponsor.
Sponsors considering sequential parallel
design should discuss this with regulatory
authorities.

Correll et al state that “FDA...[has] taken
the position that to assess the efficacy of a
new treatment for many mental disorders
is not possible without a placebo-controll-
ed design”, This is not accurate*’, The Code
of Federal Regulations, Title 21 (section 314.
126)° describes the characteristics of an
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adequate and well-controlled clinical in-
vestigation, and specifically mentions other
types of controls - such as active treatment
concurrent control and no treatment concur-
rent control - in addition to placebo concur-
rent control. Placebo-controlled trials are
often favored and chosen by sponsors be-
cause they typically produce the most read-
ily interpretable results.

Regarding generalizability of clinical tri-
al results, Correll et al note that many “real
world” patients would not qualify for phar-
maceutical trials because of comorbidities.
Sponsors should be prepared to justify their
exclusion criteria, focusing on comorbidities
that are expected to complicate interpreta-
tion of the study or decrease the likelihood
of detecting an effect (e.g., active substance
use disorders). The paper suggests requiring
post-marketing studies to examine drug ef-
ficacy in “real world” patients; however, the
FDA does not have the statutory authority to
require such studies’.

Correll et al describe scenarios in which
rapid recruitment may impact study qual-
ity. Baseline symptom inflation and diag-
nostic imprecision may speed recruitment
but will also make demonstrating efficacy
more difficult. Although small sites may be
a source of heterogeneity, they may simply
be recruiting judiciously. Therefore, we rec-
ommend caution regarding the suggestion
to drop poorly recruiting sites early in the

study.

We agree that some new technologies
might have the potential to improve as-
sessments; however, before incorporating
novel assessments (e.g., digital endpoints),
we recommend that sponsors submit sup-
portive evidence that the technology is fit-
for-purpose. For example, a computerized
system for assessing patient speech may
seem to be an improvement on established
subjective clinician ratings. However, it is
the subjective clinical ratings which would
have been tied to dysfunction and progno-
sis. Unless the computerized system also
reflects dysfunction and prognosis, it may
not be fit-for-purpose. Additionally, spon-
sors should ensure that including technol-
ogy does not discourage or prevent certain
groups from enrollment or introduce unan-
ticipated biases.

Sponsors should discuss novel statisti-
cal approaches with regulatory authorities
prior to starting clinical trials. Regarding the
suggestion to use an endpoint that reflects
symptom course over time (rather than at
discrete time points), this may or may not be
acceptable for a given trial. Such averaged
endpoints may reflect improvement at the
start of a trial that is lost as the trial progress-
es, leading to questions about the durability
of effect.

Before attempting something novel in a
development program, sponsors should

meet with regulatory authorities, which can
often refer companies to pertinent publish-
ed guidances, help think through regulatory
requirements, and use experience from oth-
er programs to offer recommendations.
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Tough times never last too long: the future of psychopharmacology

The progress of psychopharmacology has
witnessed very different scenarios over the
past seven decades. Obviously, the greatest
impact occurred with the introduction of the
first effective medications, such as chlor-
promazine, imipramine, lithium and benzo-
diazepines'. Further refinements based on a
better understanding of the pharmacologi-
cal mechanisms behind those serendipitous
findings led to drugs that were friendlier in
terms of tolerability. Now, hopefully, we may
be entering a new era with more innovative
and personalized therapies.

After three decades of “me-too” drugs,
the business profits from that drug develop-
ment model are now exhausted, and practi-
cally all those drugs have become generic.
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This has given an unprecedented push to
the search of alternative targets and mecha-
nisms of action. The paradox is that this is
happening in the context of recent cuts in
the investment of big pharma companies in
neuroscience. However, smaller companies
and bio-techs have taken over, and there is
a bunch of promising novel drugs for the
management of schizophrenia, depression,
and stress-related disorders, as very well
discussed by Correll et al®.

The situation is somewhat less optimistic
for bipolar disorder and addiction, where re-
purposing is the rule rather than the excep-
tion. Some of the promising agents for these
indications will only get approved if they are
successful for their primary indication, for

example schizophrenia®. However, it has to
be considered that, in many countries, there
are no incentives for secondary indications
(they require further investment in clinical
trials and sometimes they imply price or re-
imbursement cuts that companies prefer to
avoid).

No one knows at present time how many
of the new drugs that are at late stages of de-
velopment will reach the market, but there
are good reasons to be optimistic that atleast
afewwill make it and may be available to pa-
tients with mental disorders soon. In schizo-
phrenia, the new mechanisms not involving
dopamine antagonism or modulation may
provide opportunities to non-responders
to the traditional treatments, and to tackle
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orphan dimensions such as negative symp-
toms. In depression, practically all novel
therapies have in common a fast onset of
action, which may save lives by reducing
suicide risk and improve the quality of life of
patients since treatment start, especially for
those in whom the conventional treatments
failed. New drugs, combined with some par-
ticular forms of adjunctive psychotherapy,
may make a difference for those suffering
from post-traumatic stress disorder.

Further aspects that may foster optimism
are the progress associated with the classifi-
cation of psychopharmacologic agents’, and
the focus on transdiagnostic targets®, such
as emotional dysregulation and cognitive
impairment. Finally, advances in the im-
plementation of precision psychiatry® may
provide further opportunities to explore bio-
marker-based targets rather than traditional
clinical endpoints.

Nevertheless, some hurdles are still there.
An obvious one is the increasing difficulties
in signal detection with placebo-controlled
trials” and the limited alternatives to place-
bo-controlled designsg, as well as problems
related to the representativeness of the pa-
tients enrolled in those trials and the gener-
alizability of the findings’. Regulatory agen-
cies are not consistent across the world in
their requirements for marketing approval
of medications, and this carries increased
costs and inequalities. The stigma associat-
ed with psychiatric conditions is still a major
cause of shortage of investments in research
as compared to other areas of medicine, de-
spite the huge prevalence of these disorders.

Precision psychiatry will hopefully evolve
over the present decade, but will likely pose
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novel challenges. Health care access is still
an issue in many parts of the world, and this
is particularly true for mental illness. The
benefits of precision psychiatry and novel
treatments, with their associated increased
costs, may not be available for all, and cause
further inequities. Given the high preva-
lence of psychiatric disorders, governments
will likely face huge budget and reimburse-
ment challenges as diagnostic and thera-
peutic progress makes the care of the men-
tally ill increasingly expensive.

I'am not particularly confident that there
will be a perfect correlation between bio-
markers and deep clinical phenotyping in
psychiatry, although there is plenty of room
for improvement in performing thorough
psychopathological assessments in large
samples of patients and including that infor-
mation in the current clinically poor datasets
of big consortia of genetics (e.g., Psychiatric
Genetics Consortium) and neuroimaging
(e.g., ENIGMA). But even if so-called “mo-
lecular psychopathology” ends up being too
unspecific, there is hope that future biomark-
ers may be better correlated with function-
ing, making their use fruitful as relevant treat-
ment targets. The rise of digital tools may be
instrumental in this regard, yielding objec-
tive behavioral data for the assessment and
monitoring of personalized outcomes. This
would be relevant not only for clinical trial
design, but also for clinical practice.

The future of psychopharmacology de-
pends on this, but also on establishing syn-
ergies with other treatment modalities, such
as neuromodulation and advanced psycho-
therapies. Hence investments, either from
public or charity budgets, and ideally from

both, are urgently needed in psychiatry and
related disciplines. Large population data-
sets, covering the whole life span, need to be
deeply studied with all the available relevant
tools and technology, as defined by consen-
sus of worldwide experts. This is the time to
make a real step further, filling the gaps de-
scribed by Correll et al, and pursuing better
health and justice for the mentally ill.

Efforts in searching better diagnosis and
treatment of psychiatric disorders should
go hand in hand with better health care ac-
cess, early intervention initiatives, preven-
tion, and promotion of mental health in the
general population. The future of psycho-
pharmacology is unequivocally linked to
the future of psychiatry as a discipline. The
stigma associated to mental disorders and
to pharmacological tools for the disorders
of the brain is perhaps the greatest barrier
to overcoming these tough times, which
should notlast too long.

Eduard Vieta
Institute of Neuroscience, Hospital Clinic, University of Bar-
celona, IDIBAPS, CIBERSAM, Barcelona, Catalonia, Spain

1. VietaE. Rev Psiquiatr Salud Ment 2020;13:1-4.
Correll CU, Solmi M, Cortese S et al. World Psy-
chiatry 2023;22:48-74.

3. Gimenez-Palomo A, Vieta E. Eur Neuropsycho-
pharmacol 2022;62:4-6.

4. Zohar J, Levy DM. Eur Neuropsychopharmacol
2022;57:36-8.

5.  Solmi M, Bodini L, Cocozza S et al. Eur Neuro-
psychopharmacol 2020;41:16-27.

6. VietaE. Rev Psiquiatr Salud Ment 2015;8:117-8.

7. Huneke NTM. Eur Neuropsychopharmacol 2022;
62:7-9.

8. Similon MVM, Paasche C, Krol F et al. Eur Neu-
ropsychopharmacol 2022;60:91-9.

9. Taipale H, Schneider-Thoma J, Pinzén-Espinosa
J et al. JAMA Psychiatry 2022;79:210-8.

DOI:10.1002/wps.21066

85



RESEARCH REPORT

Impact of mental disorders on clinical outcomes of physical diseases:
an umbrella review assessing population attributable fraction and
generalized impact fraction
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Empirical evidence indicates a significant bidirectional association between mental disorders and physical diseases, but the prospective impact of men-
tal disorders on clinical outcomes of physical diseases has not been comprehensively outlined. In this PRISMA- and COSMOS-E-compliant umbrella
review, we searched PubMed, PsycINFO, Embase, and Joanna Briggs Institute Database of Systematic Reviews and Implementation Reports, up to
March 15, 2022, to identify systematic reviews with meta-analysis that examined the prospective association between any mental disorder and clinical
outcomes of physical diseases. Primary outcomes were disease-specific mortality and all-cause mortality. Secondary outcomes were disease-specific
incidence, functioning and/or disability, symptom severity, quality of life, recurrence or progression, major cardiac events, and treatment-related out-
comes. Additional inclusion criteria were further applied to primary studies. Random effect models were employed, along with I statistic, 95% predic-
tion intervals, small-study effects test, excess significance bias test, and risk of bias (ROBIS) assessment. Associations were classified into five credibility
classes of evidence (I to IV and non-significant) according to established criteria, complemented by sensitivity and subgroup analyses to examine the
robustness of the main analysis. Statistical analysis was performed using a new package for conducting umbrella reviews (https://metaumbrella.org).
Population attributable fraction (PAF) and generalized impact fraction (GIF) were then calculated for class I-IIl associations. Forty-seven systematic
reviews with meta-analysis, encompassing 251 non-overlapping primary studies and reporting 74 associations, were included (68% were at low risk of
bias at the ROBIS assessment). Altogether, 43 primary outcomes (disease-specific mortality: n=17; all-cause mortality: n=26) and 31 secondary outcomes
were investigated. Although 72% of associations were statistically significant (p<0.05), only two showed convincing (class I) evidence: that between
depressive disorders and all-cause mortality in patients with heart failure (hazard ratio, HR=1.44, 95% CI: 1.26-1.65), and that between schizophrenia
and cardiovascular mortality in patients with cardiovascular diseases (risk ratio, RR=1.54, 95% CI: 1.36-1.75). Six associations showed highly sug-
gestive (class 1I) evidence: those between depressive disorders and all-cause mortality in patients with diabetes mellitus (HR=2.84, 95% CI: 2.00-4.03)
and with kidney failure (HR=1.41, 95% CI: 1.31-1.51); that between depressive disorders and major cardiac events in patients with myocardial infarc-
tion (odds ratio, OR=1.52, 95% CI: 1.36-1.70); that between depressive disorders and dementia in patients with diabetes mellitus (HR=2.11, 95% CI:
1.77-2.52); that between alcohol use disorder and decompensated liver cirrhosis in patients with hepatitis C (RR=3.15, 95% CI: 2.87-3.46); and that
between schizophrenia and cancer mortality in patients with cancer (standardized mean ratio, SMR=1.74, 95% CI: 1.41-2.15). Sensitivity/subgroup
analyses confirmed these results. The largest PAFs were 30.56% (95% CI: 27.67-33.49) for alcohol use disorder and decompensated liver cirrhosis in patients
with hepatitis C, 26.81% (95% CI: 16.61-37.67) for depressive disorders and all-cause mortality in patients with diabetes mellitus, 13.68% (95% CI:
9.87-17.58) for depressive disorders and major cardiac events in patients with myocardial infarction, 11.99% (95% CI: 8.29-15.84) for schizophrenia
and cardiovascular mortality in patients with cardiovascular diseases, and 11.59% (95% CI: 9.09-14.14) for depressive disorders and all-cause mortal-
ity in patients with kidney failure. The GIFs confirmed the preventive capacity of these associations. This umbrella review demonstrates that mental
disorders increase the risk of a poor clinical outcome in several physical diseases. Prevention targeting mental disorders - particularly alcohol use
disorders, depressive disorders, and schizophrenia - can reduce the incidence of adverse clinical outcomes in people with physical diseases. These
findings can inform clinical practice and trans-speciality preventive approaches cutting across psychiatric and somatic medicine.

Key words: Mental disorders, physical diseases, outcomes, disease-specific mortality, all-cause mortality, trans-speciality prevention

(World Psychiatry 2023;22:86-104)

Both physical diseases and mental disorders contribute sig-  eases, and diabetes are accountable for more than 50% of global
nificantly to the increasing burden on health care systems world-  deaths', while mental disorders are the third leading cause of dis-
wide'?. Cardiovascular diseases, cancer, chronic respiratory dis- ~ ease burden, with depressive disorders accounting for 37% of all
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years of life lost to disability, followed by anxiety disorders (23%)
and schizophrenia (12%)>.

The Cartesian dichotomy of mental disorder-physical disease
is challenged by empirical evidence from primary studies®, meta-
analyses®’, and umbrella reviews®® showing significant prospec-
tive associations between the two realms. For instance, individu-
als with schizophrenia, compared to the general population, have
a higher incidence of metabolic and cardiovascular diseases and
of cancer®'3; those with mood disorders are at higher risk of de-
veloping cancer and diabetes mellitus”'*; and those with border-
line personality disorder have a higher risk to develop a gastro-
intestinal disease, arthritis and chronic pain. Moreover, mental
disorders have been found to increase the burden of physical dis-
easele,lS,lG‘

Neurobiologically, the core mechanisms that are likely to drive
the neuroprogression of mental disorders - such as inflamma-
tion, oxidative stress, apoptosis, and mitochondrial dysfunction
- overlap with the mechanisms driving somatoprogression'’.
Moreover, mental disorders interfere with adherence to healthy
behaviors and treatment'®, Consequently, the occurrence of
mental disorders often worsens the prognosis of physical diseas-
es. For example, depressive and anxiety disorders are associated
with a higher mortality risk in people with cancer'**, cardiovas-
cular diseases®??, chronic obstructive pulmonary disease®, and
diabetes mellitus?**. The recent COVID-19 pandemic has also
indicated that mental disorders are associated with higher dis-
ease severity and mortality®®*®,

Despite this accumulating evidence, studies concerning the
impact of mental disorders on clinical outcomes of physical dis-
eases are often restricted to small sets of associations, sometimes
with conflicting results, and therefore hold limited clinical rele-
vance’. Relevant confounders, such as differences in diagnostic
methods, the timing of the diagnosis of mental disorders® and the
effect of psychiatric medications'?, have not been systematically
controlled for. Furthermore, the observed associations have gen-
erally not been appraised using established classification criteria
to grade the credibility of the evidence and control for several types
of biases.

Another limitation is that the reported associations are not di-
rectly informative for clinical practice. For example, it is unclear
to what extent preventive approaches for mental disorders could
reduce the incidence of clinical outcomes of physical diseases. To
address this question, it is essential to quantify the proportional
reduction of disease that would occur if a given risk factor is elimi-
nated (population attributable fraction, PAF)*, or partially re-
duced (generalized impact fraction, GIF)***, in a specific popula-
tion. To our knowledge, no study has estimated the meta-analytic
PAF or GIF of the most robust associations between mental dis-
orders and clinical outcomes in patients with physical diseases.

This is the first umbrella review comprehensively summarizing
the evidence concerning the prospective impact of mental disor-
ders on clinical outcomes of physical diseases using established
classification criteria of evidence that address multiple biases® %,
controlling for relevant confounders, and estimating the related
meta-analytic PAF and GIE Providing a solid and rigorous synthe-
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sis of this evidence is crucial to promote sound etiopathological
research and to implement effective preventive strategies cutting
across psychiatry and somatic medicine®.

METHODS

We followed the Preferred Reporting Items for Systematic Re-
views and Meta-analyses (PRISMA) 2020 statement’’ and the
Conducting Systematic Reviews and Meta-Analyses of Observa-
tional Studies of Etiology (COSMOS-E) guidelines®. The study pro-
tocol is available at the Center for Open Science (https://osf.io/
dt4fu).

Search strategy and selection criteria

We systematically searched PubMed, PsycINFO, Embase, and
Joanna Briggs Institute Database of Systematic Reviews and Im-
plementation Reports from inception to March 15, 2022, to identify
systematic reviews with meta-analysis that examined the prospec-
tive association between any mental disorder and clinical out-
comes of physical diseases. Primary outcomes were disease-spe-
cific and all-cause mortality. Secondary outcomes were disease-
specific incidence, functioning and/or disability, symptom sever-
ity, quality oflife, recurrence and progression, major cardiac events,
and treatment-related outcomes.

Categories of mental disorders were stratified according to the
corresponding ICD-10 diagnostic blocks, in line with previous
studies®**’, and defined by standard diagnostic criteria or require-
ments (i.e., any version of the ICD or the DSM), or established di-
agnostic research criteria (e.g., Research Diagnostic Criteria*"), or
validated assessment instruments with cut-offs that map onto dis-
crete ICD/DSM diagnoses (e.g., Patient Health Questionnaire*?).

We focused on categories of physical diseases associated with
the highest burden according to the 2019 Global Burden of Dis-
ease Study' and other recent studies'": cardiovascular diseases
(e.g., coronary heart disease), chronic respiratory diseases (e.g.,
chronic obstructive pulmonary disease), neurological diseases
(e.g., multiple sclerosis), nutritional and metabolic diseases (e.g.,
obesity), endocrine system diseases (e.g., diabetes mellitus), kid-
ney diseases, neoplasms, digestive diseases (e.g., liver cirrhosis),
infectious diseases (e.g., human immunodeficiency virus, HIV in-
fection), and musculoskeletal diseases (e.g., low back pain).

As a search strategy, we combined key terms and Medical Sub-
ject Headings (MeSH) terms related to these categories of mental
disorders and physical diseases with terms related to the clinical
outcomes of interest and to systematic reviews or meta-analyses
(full details are described in supplementary information). The ref-
erence lists of the records identified during the screening process
were also searched. Four independent investigators screened the
records based on title and abstract reading. After excluding those
that were not relevant, the full texts of the remaining records
were further assessed for inclusion. Any discrepancy was solved
through discussions with a fifth senior investigator.
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We included: a) systematic reviews with meta-analysis of ob-
servational studies with a prospective design, with meta-analytic
summary estimates derived from at least two primary studies; b)
primarily investigating the association between mental disorders
and clinical outcomes of physical diseases (defined as above); c)
published in English.

We excluded: a) systematic reviews without meta-analysis; b)
systematic reviews with meta-analysis of individual participant
data or network meta-analysis; c) systematic reviews with meta-
analysis of randomized controlled trials, interventions, study de-
signs other than prospective (cross-sectional and retrospective
case-control studies are subject to recall bias and reverse causali-
ty); d) meta-analyses of data not identified via systematic reviews;
e) meta-analyses mixing mental disorders and physical diseases
without providing distinguishable association measures; €) sys-
tematic reviews or meta-analyses using unclear diagnostic crite-
ria not operationalized as above; f) fully overlapping datasets.

When two systematic reviews or meta-analyses presented over-
lapping data on the same association, only the one with the largest
dataset in terms of number of primary studies was retained for the
specific association (the two meta-analyses could be non-overlap-
ping for other associations). In the case of similar datasets, we se-
lected the meta-analysis with the highest study quality. When two
meta-analyses presented minimally overlapping or not overlap-
ping datasets, nevertheless still addressing the same association,
both meta-analyses were included.

Additional inclusion/exclusion criteria were applied to each of
the primary studies included in the systematic reviews. Primary
study-level inclusion criteria were: a) prospective cohort or longi-
tudinal study (if a meta-analysis included multiple study designs
such as randomized controlled trials and prospective studies, we
only retained prospective studies); b) examining longitudinally the
impact of a mental disorder on clinical outcomes of a physical dis-
ease (defined as above); ) distinguishing study participants with a
mental disorder (exposed) or not (unexposed) who develop (cases)
or not (controls) at least one clinical outcome of a physical disease.

Primary study-level exclusion criteria were: a) studies inves-
tigating psychiatric symptoms only but not mental disorders; b)
studies reporting on clinical outcomes only for mixed categories
of mental or physical diseases (e.g., anxiety and depressive disor-
ders, or diabetes and stroke), without distinguishable estimates
per pair of disorders; c) studies using unclear diagnostic crite-
ria not operationalized as above (e.g., continuous psychometric
scales without established cut-offs to estimate categorical diagno-
ses); d) studies reporting on outcomes other than those of interest.

Risk of bias

Four independent investigators assessed the risk of bias in the
included systematic reviews by using the Risk of Bias in System-
atic Reviews (ROBIS) tool**, which has shown good reliability and
construct validity in systematic reviews*. Any discrepancy was
solved through discussions with a fifth investigator.

The ROBIS tool is applied in three phases: 1) assess relevance
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(optional), 2) identify concerns with the review process, and 3)
judge risk of bias in the review®. In this study, we employed phases
2 and 3. Phase 2 is divided into four domains. Domain 1 assesses
concerns regarding the specification of study eligibility criteria; do-
main 2 evaluates any concerns regarding methods used to identify/
select studies; domain 3 covers concerns regarding methods used
to collect data and appraise studies; and domain 4 focuses on con-
cerns regarding the synthesis of results. Phase 3 assesses the overall
ROBIS risk of bias in the interpretation of review findings***°.

Data extraction

Data extraction was performed independently by three investi-
gators and verified by a fourth investigator.

For each eligible systematic review, we extracted the standard
identifier (PubMed identifier, PMID, or digital object identifier,
DOI), the first author, the year and journal of publication, the
number of prospective primary studies, and the specific popula-
tions evaluated. We also extracted the study-specific association
measures (odds ratio, OR; risk ratio, RR; hazard ratio, HR; and
standardized mortality ratio, SMR), with their 95% confidence in-
tervals (CIs), or the indirect information needed to estimate the
association measure.

For each primary study, we extracted the specific population,
the number of cases (number of outcome events in participants
with a mental disorder), the number of non-cases (number of out-
come events in participants without mental disorders), the sample
size, the method used to diagnose physical diseases, and the con-
founders to be tested in subgroup analyses - i.e., the method used
to diagnose mental disorders, the timing of mental disorder diag-
nosis (before or after the diagnosis of a physical disorder), the type
of estimates (fully/partially adjusted or unadjusted), the age and
sex of participants, and the exposure to psychiatric medications.

For primary studies, we extracted in decreasing order of prefer-
ence the fully adjusted estimates (e.g., controlling for all available
covariates), the partially adjusted estimates (e.g., controlling only
for age and sex or some of the covariates reported in the study)
and the unadjusted estimates. Whenever studies used multiple
control groups, we only considered data from participants with-
out a mental disorder (non-exposed).

We also recorded the quality score of the primary studies and
the scale used (when reported) to assess quality; otherwise, we
rated the study with the Newcastle-Ottawa scale (NOS)*.

Statistical analysis

The main effect size of interest was the prospective association
between mental disorders and clinical outcomes of physical dis-
eases, indexed by the meta-analytic OR, RR, HR or SMR measures
and eventually converted into equivalent odds ratios (eORs)™* for
comparative purposes. The direction of the effect sizes was har-
monized'”: an eOR greater than 1 indexed an increased likelihood
of the outcome, while an eOR less than 1 indexed a decreased
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likelihood of the outcome.

Whenever studies provided effect sizes for independent sub-
groups (e.g., they presented effect sizes for males and females sepa-
rately), we pooled them using the Borenstein method*®, When mul-
tiple outcomes (e.g., all-cause mortality and cardiovascular mortali-
ty) were assessed in the same primary study, we estimated a pooled
effect size'®, assuming a correlation of 0.8 between outcomes®,

Random effects models with the restricted maximum likelihood
(REML) variance estimator were employedso. The I” statistic was
computed to evaluate inconsistency (I*>50% indicated high in-
consistency)’', together with the 95% prediction intervals to es-
timate the plausible range in which the effect sizes of future stud-
ies are expected to fall*>. The presence of small-study effects was
tested with Egger’s regression asymmetry test (p<0.05>>).

The presence of excess significance bias was calculated by us-
ing the new Test for Excess Statistical Significance (TESS) and the
Proportion of Statistical Significance Test (PSST)**. Both TESS and
PSST have desirable statistical properties: adequate control of Type
I errors and high statistical power, which takes inconsistency into
account™. The presence of excess significance bias was assumed if
either TESS or PSST was greater than the Z-score of 1.645>",

Associations were classified into five levels of evidence ac-
cording to established classification criteria®***>*°: convincing
(class I: N>1,000 cases, p<10'6, no evidence of small-study effects
or excess significance bias, 95% prediction interval not including
the null, and no large inconsistency); highly suggestive (class II:
N>1,000 cases, p<107°, largest study with a statistically significant
effect, and class I criteria not met); suggestive (class III: N>1,000
cases, p<10‘3, and class I and II criteria not met); weak (class IV:
all other associations with p<0.05); and non-significant (NS: all
associations with p>0.05).

A sensitivity analysis was performed by removing the criterion
of N>1,000 cases to examine the robustness of the main analysis
when smaller numbers of cases were included™. Subgroup analy-
ses were also performed for associations supported by class I/1I
evidence to test confounders identified at the primary study level.
We stratified the analyses by: a) diagnostic method (standard di-
agnostic criteria vs. research criteria vs. validated assessment in-
struments with cut-offs that map onto discrete categories); b) tim-
ing of mental diagnosis (diagnosis of mental disorder confirmed
before or after the diagnosis of physical disease); c) follow-up
duration (>5 vs. <5 years); d) type of estimates (adjusted vs. unad-
justed); e) age of participants (<50 vs. >50 years old); f) exposure
to psychiatric medications (yes/no); and g) sex (majority of males
vs. majority of females).

The PAF analysis was conducted for each class I-III associa-
tion, following a method previously established’. Prevalence
data (+ 95% CIs) of mental disorders in physical diseases were ex-
tracted from the primary studies as the total number of those ex-
posed and those in the total population of interest (e.g., the popu-
lation of patients with cardiovascular diseases). The calculation of
the PAF was based on Levin’s formula®®, which requires the RR
estimate and the prevalence of the risk factor®®. We converted all
ORs to RRs using a standard formula®. 95% CIs for the PAFs were
derived using a method previously validated"’. For each associa-
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tion, we created 50,000 random RRs according to the RR 95% CI
and 50,000 random prevalences according to the prevalence 95%
CIL. We then combined the random RRs and prevalences to derive
50,000 PAF estimations, from which we derived the PAF 95% CI.

While the PAF assumes a perfect intervention that fully eradi-
cates the risk factor (i.e., 100% reduction of its prevalence)m, such
a complete removal is usually unrealistic. We thus performed ad-
ditional analyses by computing the GIF for factors with the largest
PAFs (since the GIF is <PAF, the GIF analysis would be futile for
smaller PAFs). The GIF estimates the proportional reduction in
disease incidence given a graded reduction in the prevalence of
arisk factor®'.

All analyses were performed in R software, version 4.1.2, us-
ing a new evidence synthesis package developed to conduct um-
brella reviews: the metaumbrella package5°’62, also available as a
browser-based graphical app (https://metaumbrella.org).

RESULTS
Database search results

The search identified 21,612 potentially relevant records, and
18,610 titles/abstracts were screened after duplicate removal (see
Figure 1). Altogether, 551 full-text papers were checked for eligi-
bility, and 47 systematic reviews with meta-analysis were eventu-
ally included in the umbrella review'>'%2%22-242663-102,

The systematic reviews were published between 2004 and
2022, including a total of 251 non-overlapping primary (prospec-
tive) studies. They reported on 43 primary outcomes (disease-
specific mortality: n=17; all-cause mortality: n=26) and 31 sec-
ondary outcomes (disease-specific incidence: n=6; disease-spe-
cific functioning and/or disability: n=1; disease-specific symp-
tom severity: n=7; disease-specific recurrence or progression:
n=_8; major cardiac events: n=7; and treatment-related outcomes:
n=2). No disease-specific quality of life outcome was reported.

The total number of participants included in each systematic
review ranged from 1597 to 11,309,529'° (median: 3,717, inter-
quartile range, IQR: 1,154-22,786). The participants’ age ranged
from 17"*% to 99 years”, and all but one systematic review™ in-
cluded both males and females. The number of primary (pro-
spective) studies included in each systematic review ranged from
27375789599 16 9770 (median: 5, IQR: 3-8); their follow-up duration
ranged from three™ to 29 years®. About 79% of the primary stud-
ies in each systematic review were of high quality.

Most (n=38, 81%) systematic reviews examined associations
between mood or anxiety disorders and clinical outcomes of
physical diseases: 30 (63.8%) studied the associations of mood
disorders19,24,63-65,67,68,71—74,81,82,84-94,96—100,102’ and ﬁVe (108%) the
associations of anxiety disorders*>*®"*""% mostly with outcomes
of cardiovascular, neoplastic, endocrine, infectious, neurological
or respiratory diseases. Three studies (6.4%) investigated the as-
sociations of both anxiety and mood disorders with outcomes of
neoplastic, neurological and respiratory diseases™*> ™,

The other diagnostic blocks were less investigated. Four sys-
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Records identified through database
searching (n=21,612) (PubMed, n=8,431;
PsycINFO, n=2,976; Embase, n=10,171; JBI

Database, n=34)

Records screened

Records removed before
screening (n=3,002)

(n=18,610)

I

Records sought for retrieval

Records excluded
(n=18,056)

(n=554)

Records assessed for

Records not retrieved
(n=3)

eligibility (n=551)

A

Systematic reviews eligible
(n=50, including a total of
k=287 non-overlapping
primary studies)

Records excluded (n=501)

* Meta-analysis with outcomes or associations other
than those of interest (n=321)

e No meta-analysis (n=129)

» Meta-analyses of randomized controlled trials,
interventions, study designs other than prospective
(n=33)

» Meta-analyses of individual participant data or network
meta-analyses (n=11)

o Overlapping meta-analyses (n=7)

A

Systematic reviews included
in umbrella review (n=47,
with a total of k=251 non-

overlapping primary studies

and 74 associations)

Figure 1 PRISMA flow chart, JBI - Joanna Briggs Institute

tematic reviews (8.5%) studied organic, including symptomatic,
mental disorders in relation to outcomes of cardiovascular, infec-
tious or neurological diseases®®**®”, Two (4.2%) studied schizo-
phrenia with regard to outcomes of neoplastic diseases®'"'; one
(2.1%) studied both mood disorders and schizophrenia in rela-
tion to outcomes of cardiovascular diseases'®; one (2.1%) studied
alcohol use disorders in regard to outcomes of liver diseases’”;
and one (2.1%) separately studied anxiety disorders, depressive
disorders and Alzheimer’s disease in relation to outcomes of a
neurological disease”.

More than half (n=30, 63.8%) of the systematic reviews ascer-
tained mental disorders using a combination of standard diag-
nostic criteria or requirements (DSM/ICD), research criteria and
validated assessment measures with established cut-offs that map
onto ICD/DSM diagnoses. Eleven (23.5%) ascertained mental
disorders using exclusively the third of the above-mentioned ap-
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Y

Records excluded (n=3)

Primary studies excluded (k=36)

* Only one prospective cohort (k=13)

« No distinguishable mental/physical estimates (k=8)

e Unclear diagnostic criteria (k=8)

 Investigating psychiatric symptoms, not disorders
(k=7)

proaches®*?*63775878993,9596102 Oy six (12.7%) used standard
diagnostic criteria or requirements (any version of DSM or ICD) ex-
clusively?> 76808399101 (for details, see supplementary information).

There were no systematic reviews with meta-analysis examin-
ing the impact of mental disorders from the other ICD-10 diag-
nostic blocks on clinical outcomes of physical diseases.

Risk of bias

An overall summary of the ROBIS assessment of the systematic
reviews is provided in the supplementary information. A total of
26 (55.3%) reviews were at low risk of bias across all phase 2 do-
mains. In Phase 2, 35 (74.5%) systematic reviews had a low risk of
bias in domain 1, 34 (72.3%) in domain 2, 26 (55.3%) in domain
3, and 31 (66%) in domain 4. A total of 32 (68.1%) systematic re-
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views were rated as at low risk of bias in phase 3, which indexes
the overall ROBIS risk of bias**°.

Summary of associations

A total of 74 associations were analyzed. Fifty-three (71.6%)
presented a statistically significant effect (p<0.05), but only 15 of
those (28.3%) reached p<10°. The number of cases was greater
than 1,000 for 30 associations (40.5%). Twenty-eight associa-
tions (37.8%) presented large inconsistency (I*>50%), while for
12 (16.2%) the 95% prediction interval did not include the null
hypothesis. Additionally, the evidence for small-study effects was
noted for nine associations (12.1%), and excess significance bias
was noted for 19 (25.6%) associations.

The summary of the associations for classes I-IV is shown in
Figures 2 and 3. Only two associations (2.7%) showed a convinc-
ing level of evidence (class I), and six (8.1%) showed highly sug-
gestive evidence (class II). Of the remaining associations, three
(4.1%) showed suggestive evidence (class III), 42 (56.7%) weak
evidence (class IV), and 21 (28.4%) had no evidence. In the fol-
lowing sections, we primarily describe the associations with the
highest classes (I-III) of evidence.

Associations of neurotic, stress-related and somatoform
disorders with clinical outcomes of physical diseases

None of the 13 associations in this diagnostic block was sup-
ported by convincing or highly suggestive evidence (class I and II)
for either primary or secondary outcomes. Only the association
between anxiety disorders and cardiovascular mortality in pa-

tients with cardiovascular diseases (RR=1.46, 95% CI: 1.17-1.82)
presented a suggestive evidence level (class III). There was weak
evidence (class IV) for four associations concerning secondary
outcomes. No evidence was found for the remaining eight asso-
ciations concerning primary and secondary outcomes (see Fig-
ures 2 and 3, Table 1 and supplementary information).

After removing the N>1,000 cases criterion in sensitivity analy-
sis, the two associations between anxiety disorders and major car-
diac events were upgraded from weak (class IV) to suggestive evi-
dence (class III). The level of evidence of the other associations re-
mained unchanged (see Table 1 and supplementary information).

Associations of mood disorders with clinical outcomes of
physical diseases

Among the 49 associations in this diagnostic block, only that
between depressive disorders and all-cause mortality among pa-
tients with heart failure (HR=1.44, 95% CI: 1.26-1.65) presented a
convincing level of association (class I) (see Figure 2 and Table 2).

Highly suggestive evidence (class IT) was found for associations
between depressive disorders and all-cause mortality in patients
with kidney failure (HR=1.41, 95% CI: 1.31-1.51) and in those with
diabetes mellitus (HR=2.84, 95% CI: 2.00-4.03); for the association
between depressive disorders and major cardiac events in pa-
tients with myocardial infarction (OR=1.52, 95% CI: 1.36-1.70);
and for the association between depressive disorders and de-
mentia in patients with diabetes mellitus (HR=2.11, 95% CI: 1.77-
2.52) (see Figure 2, Table 2 and supplementary information).

There was suggestive evidence (class III) for two associations:
that between bipolar disorder and cardiovascular mortality in pa-
tients with cardiovascular diseases (RR=1.65, 95% CI: 1.32-2.06),

Meta-analysis Mental disorder Physical disease Class | eOR (95% CI)

Correll et al'? Schizophrenia Cardiovascular diseases Cardiovascular mortality - 1.54 (1.36-1.75)

Sokoreli et al®? Depressive disorders Heart failure All-cause mortality - 1.44 (1.26-1.65)
Class |l

Llamosas-Falcon et al®? Alcohol use disorder Hepatitis C Decompensated liver cirrhosis ] 3.15 (2.87-3.48)

Hofmann et al24 Depressive disorders

Diabetes mellitus

All-cause mortality 2.84 (2.00-4.03)

Chow et al®” Depressive disorders Diabetes mellitus Dementia = 2.11(1.77-2.52)
Zhuo et al'™ Schizophrenia Cancer Cancer mortality cu 1.74 (1.41-2.15)
Meijer et al®! Depressive disorders Myocardial infarction Major cardiac events " 1.52 (1.36-1.70)
Farrokhi et al™2 Depressive disorders Kidney failure All-cause mortality [ ] 1.41 (1.31-1.51)
Class lll
Correll et al? Bipolar disorder Cardiovascular diseases Cardiovascular mortality —- 1.65 (1.32-2.08)
Emdin et al™® Anxiety disorders Cardiovascular diseases Cardiovascular mortality —-— 1.46 (1.17-1.82)
Palmer et al8® Depressive disorders Chronic kidney disease All-cause mortality - 1.45 (1.22-1.73)
T T T 1
017 04 1 245 6

Equivalent odds ratio (eOR)

Figure 2 Forest plot of prospective associations between mental disorders and clinical outcomes of physical diseases, stratified by class I, II

and III of evidence
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Meta-analysis Mental disorder Physical disease Class IV eOR (95% CI)
Ding et al®® Dementia Stroke Delirium — 5.90 (3.95-8.83)
Ruiz-Grosso et al®” Depressive disorders Tuberculosis MNegative outcomes in treatment ——— 4.21(2.33-758)
Llamosas-Falcon et al®®  Alcohol use disorder Hepatitis C MNegative course liver di 3.83 (1.24-11.85)
Liu et al™ Dementia Hip fracture All-cause mortality 3.72 (1.60-8.67)
Ruiz-Grosso et al®” Depressive disorders Tuberculosis Tuberculosis mortality 285 (1.52-5.36)
Guo et al™ Anxiety disorders Parkinson's disease Cognitive impairment 2.59 (1.18-5.68)
Ni et al®? Schizophrenia Breast cancer Breast cancer mortality e 2.54 (1.56-4.14)
Meijer et al®! Depressive disorders Myocardial infarction Cardiovascular mortality _ 2.37(1.47-3.82)
Scott et al®® Depressive disorders Human immunodeficiency virus Pain —— 2.26 (1.47-3.46)
Hariyanto et al™® Dementia COVID-19 All-cause mortality 224 (1.26-3.98)
Ni et al®? Schizophrenia Lung cancer Lung cancer mortality —— 224 (1.67-3.01)
Meijer et al®! Depressive disorders Myocardial infarction All-cause mortality —_— 2.24 (1.65-3.03)
Liu et al™ Delirium Hip fracture All-cause mortality —_— 2.21(1.49-3.27)
Blschl et al'®2 Depressive disorders Stroke Poor functional outcome e 2.15(1.51-3.07)
Rutledge et al®® Depressive disorders Heartfailure Major cardiac events — 2.12(1.66-2.72)
Shi et al®2 Depressive disorders Coronary artery disease Adrial fibrillation recurrence —-— 1.85 (1.51-2.26)
Song et al* Depressive disorders Percutaneous coronary intervention All-cause mortality - 1.76 (1.45-2.13)
Barth et al®® Depressive disorders Coronary artery disease All-cause mortality it 1.73 (1.16-2.57)
Roest et al?2 Anxiety disorders Myocardial infarction Major cardiac events ——— 1.71(1.25-2.34)
Yuan et al*® Bipolar disorder Stroke Stroke mortality —_— 1.69 (1.11-2.55)
Bartoli et al** Depressive disorders Stroke All-cause mortality —_— 1.63 (1.10-2.41)
Wu & Kling®” Depressive disorders Coronary artery disease Cardiovascular mortality —_— 1.59 (1.08-2.35)
Nicholson et al® Depressive disorders Coronary artery disease All-cause mortality - 1.59 (1.36-1.87)
Wu et al% Depressive disorders Stroke Stroke recurrence —-— 1.59 (1.29-1.95)
Zhang et al'® Depressive disorders Percutaneous coronary intervention Major cardiac events == 1.57 (1.27-1.94)
Cai et alfs Depressive disorders Stroke All-cause mortality — 1.55 (1.19-2.02)
Hofmann et al** Depressive disorders Diabetes mellitus All-cause mortality — 1.54 (1.09-2.18)
Shi et al®2 Depressive disorders Coronary artery disease Ventricular tachycardia/fibrillation e e 1.49 (1.22-1.82)
Gathright et al™ Depressive disorders Heart failure All-cause mortality — 1.49 (1.05-2. 1III)
Li et al™™ Anxiety disorders Acute coronary syndrome Major cardiac events —-— 1.46 (1.19-1.78)
Wang et al?® Depressive disorders Breast cancer Breast cancer mortality —— 1.45 (1.04-2.01)
Correll et al'? Depressive disorders Cardiovascular diseases Cardiovascular mortality e 1.44 (1.04-1.98)
Pan et al® Depressive disorders Stroke Stroke mortality —— 1.41 (1.06-1.86)
Satin et al'® Depressive disorders Cancer All-cause mortality —a— 1.39 (1.02-1.89)
Flaherty et al™ Depressive disorders Coronary artery bypass graft All-cause mortality —— 1.36 (1.05-1.77)
Farooqi et al™! Depressive disorders Diabetes mellitus Coronary artery disease - 1.35 (1.13-1.60)
Farooqi et al™ Depressive disorders Diabetes mellitus Cardiovascular mortality —— 1.33 (1.04-1.71)
Wu & Kling®” Depressive disorders Coronary artery disease Myocardial infarction - 1.33 (1.09-1.63)
Wang et al?® Depressive disorders Breast cancer All-cause mortality - 1.26 (1.09-1.45)
Wang et al*® Anxiety disorders Breast cancer Cancer recurrence = 1.16 (1.01-1.34)
Satin et al'® Depressive disorders Cancer All-cause mortality (] 1.09 (1.02-1.15)
Schoultz et al®® Depressive disorders Inflammatory bowel disease Symptom exacerbation - 1.05 (1.01-1.10)
017 041 1 245 6
Equivalent odds ratio (eOR)

Figure 3 Forest plot of prospective associations between mental disorders and clinical outcomes of physical diseases, stratified by class IV of

evidence

and that between depressive disorders and all-cause mortality in
patients with chronic kidney disease (RR=1.45, 95% CI: 1.22-1.73).
There was either weak (class IV) or no evidence of association for
all other primary and secondary outcomes (see Figure 3, Table 2
and supplementary information).

After removing the N>1,000 cases criterion in sensitivity analy-
sis, there was no change in the level of class I, I and III evidence
(see Table 2).

Three associations between depressive disorders and primary
outcomes were upgraded from weak (class IV) to highly sugges-
tive evidence (class II): those with all-cause mortality in patients
with myocardial infarction, percutaneous coronary intervention,
and coronary artery disease (see Table 2). The same upgrade was
observed for the associations between depressive disorders and
two secondary outcomes: major cardiac events in patients with
heart failure, and atrial fibrillation recurrence in patients with
coronary artery disease (see supplementary information).

One association between depressive disorders and a primary
outcome was upgraded from weak (class IV) to suggestive evi-
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dence (class III): that with cardiovascular mortality in patients
with myocardial infarction (see Table 2). The same upgrade was
observed for seven associations between depressive disorders
and secondary outcomes: poor functional outcome and stroke re-
currence in patients with stroke; major cardiac events in patients
with percutaneous coronary intervention; ventricular tachycar-
dia/fibrillation in patients with coronary artery disease; coronary
artery disease in patients with diabetes mellitus; negative treat-
ment outcomes in patients with tuberculosis; and pain in patients
with HIV infection (see supplementary information).

Associations of mental and behavioural disorders due
to psychoactive substance use with clinical outcomes of
physical diseases

No association in this diagnostic block was supported by con-

vincing evidence (class I), and there were no data on primary
outcomes. The association between alcohol use disorder and de-
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