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What caused depression?

Jonathan Flint

Jonathan Flintf&E

Professor, Department of Psychiatry and Biobehavioral Sciences, UCLA David Geffen
School of Medicine

Senior Scientist, Center for Neurobehavioral Genetics, UCLA Semel Institute for
Neuroscience and Human Behavior

Address : 695 Charles E. Young Drive South, Room 3357B, Los Angeles, CA 90095-1761
Telephone : (310) 794-6431

Fax : (310) 794-9613

Email : jflint@mednet.ucla.edu

Websites: http://www.bri.ucla.edu/people/jonathan-flint-md

Qualifications
1988 BM Bch (Medicine) University of Oxford
1993 MRCPsych

Research and Professional Experience

Aug 1988 - Sep1989 General Medical and Surgical House Officer, John Radcliffe Hospital,
Oxford.
Oct 1989 - Mar 1992 SHO/Registrar psychiatry rotation, Maudsley and Bethlem Royal

Hospitals, London.

Apr 1992- Mar 1993 Registrar in Clinical Genetics, Great Ormond Street Hospital,
London

April 1992 - Mar 1995 Wellcome Trust Clinical Training Fellow, Institute of Molecular
Medicine, John Radcliffe Hospital, Oxford

.
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April 1995 - Sep 1997 Wellcome Trust Career Development Fellow, Institute of Molecular
Medicine, John Radcliffe Hospital, Oxford.

Oct 1997 - Sep 2007 Wellcome Trust Senior Clinical Fellow, Institute of Molecular
Medicine, John Radcliffe Hospital, Oxford and Honorary Consultant
Psychiatrist, Warneford Hospital, Oxford.

Oct 2007 — Sep 2015 Wellcome Trust Principal Fellow and Michael Davys Professor
Neuroscience, Fellow of Merton College, University of Oxford

Oct 2015 — Present Professor, Department of Psychiatry and Biobehavioral Sciences,
UCLA David Geffen School of Medicine

Research

My research has been devoted to understanding how genes influence behaviour, and in particular
how genetic variation contributes to disease susceptibility. My first work investigated the
genetic basis of mental retardation, showing that small rearrangements involving the ends
of chromosomes are detectable in approximately 8% of people with mental retardation of
unknown aetiology. Characterizing the ends of human chromosomes led to the first sequence
map of a human telomere and advanced understanding of the relationship between chromosome
structure and function. I next addressed the challenging question of the genetic basis of complex
behaviour, including psychiatric disease. I started by demonstrating that behaviour could be
robustly mapped in inbred strains of mice. I then proceeded to show that high resolution mapping
could be achieved using mosaic populations of outbred mice, and that mapping down to the gene
level was possible in some commercially available outbred mice. I developed methods permitting
the identification of genes in which natural variation gives rise to behavioural phenotypes,
such as fear-related behaviour. I pioneered the use of mosaic populations for whole genome
association mapping, providing the highest resolution genetic map of the mouse genome. Equally
important however, this work provided information about the genetic architecture of complex
traits, a subject that continues to be of great interest.
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The Depression Grand
Challenge

A project to ablate the burden of depression by the end
of the century

UCLA Grand Challenges
Depression

Aims of the Depression Grand
Challenge

= Find out what causes depression and develop revolutionary new
treatments

= Eliminate burden of depression in the community served by
UCLA

= Deploy new understanding and new treatments to cut the global
burden of depression in half by 2050, and eliminate it by the end
of the century

Depression Grand Challenge Components

Discovery
Neuroscience
Dicove mscbandin ot
Gebrcso ot oevlon
T esrents

Awareness and
Hope.
Destigmatize depression
and elminate diserimination

100
od ool s

Innovative
Treatment Network
(ITN).

Frovde sate-of-the-art
eatments ocaly ond
orldwide

UCLAG

Behavioral Health Tracking

We want to track objective, patient-specific behavior

Patient mood

Poor sleep

Social withdrawal

Physical inactivity

Crisis

UCLAG:
Dy

Time

Behavioral Health Tracking Platform

Monitor physiology and biochemistry

Monitor behavior

UCLA Grand Chatenges
Depe

We are developing wearable devices for real-time
monitoring of physiology and biochemistry

Physical monitoring Biomarker monitoring
(macro-level) (molecular-level)
| Heart/Pulse Temperature

24 e
06w

—~——g—

Depression biomarkers

ate

Respiratory
Rate

UCLA Grand Cha
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The Depression Grand
Challenge

A project to ablate the burden of depression by the end
of the century

Aims of the Depression Grand
Challenge

= Find out what causes depression and develop revolutionary new
treatments

= Eliminate burden of depression in the community served by
UCLA

= Deploy new understanding and new treatments to cut the global
burden of depression in half by 2050, and eliminate it by the end
of the century

Depression Grand Challenge Components

Discovery
Neuroscience
Dicover mechanvims or
depression and deveop.
new reatments

Awareness and
Hope
Oestgmatie depression
and linate discrmiation

Innovative

Treatment Network
(ITN)
Provide state-of the-art
treatments ocally and

Behavioral Health Tracking
We want to track objective, patient-specific behavior
Patient mood

Poor sleep

Social withdrawal

Physical inactivity

Crisis

Time

Behavioral Health Tracking Platform

Monitor physiology and biochemistry

Monitor behavior

We are developing wearable devices for real-time
monitoring of physiology and biochemistry

Physical monitoring Biomarker monitoring
(macro-level) (molecular-level)

Nl AL

| HESY;/‘PEU‘SE Temperature N a
# 1‘*1? W rﬁ“
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Depression biomarkers

Respiratory
Rate
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Beyondblue

* An independent non-profit organization
* Aims:
— Increased the awareness of depression and anxiety
— Reduce stigma and discrimination
— Improve help seeking
— Reduce impact, disability, and
mortality
— Facility learning, collaborative,
innovation and research

Beyondblue

Established in October 2000

Started with Chairman- The Hon. Jeff Kenneth AC and
nine staffs

It initially focused on raising awareness of depression and
reducing the associated stigma. Through research and
community engagement, it added the key issue of anxiety in
2011 and, recently, suicide prevention is its core purpose.

Now with approximately 100 staff, this organization became
a national leader in the mental health sector, captured
public awareness of depression, anxiety and suicide, and
confidence to seek help continues to grow Australia-wide.

beyondblue support service

* beyondblue’s team of mental health professionals

provide free, immediate, short-term counselling, advice
and referrals to anyone in Australia via telephone and
email 24/7, and web chat from 3pm to midnight, every day.
The majority of people who contacted the beyondblue
Support Service found out about it through the beyondblue

website and social media, followed by internet search.

n 2016-17

L 153,312

beyondblue Support Service
1300 22 4636

Email or chat to mental health

professionals online at

beyondblue.org.au/getsupport

beyondblue website

beyondblue.org.au is often the first port of call for people
taking the first step to better mental health.

From 1 July 2016 to 30 June 2017, the beyondblue website
received more than 8.51 million visits — an increase of 15 %

from the previous year’s 7.4 million visits.
In 2016-17:

* over 490,000 visitors completed beyondblue’s anxiety and
depression checklist (K10)

 over 226,000 people visited the Get immediate support page
¢ more than 865,490 visitors downloaded information.

NewAccess

Participants receive 6 free sessions with a NewAccess coach.
The service actively engages people who traditionally do not
seek support and overcomes barriers by being:

e free
accessible without referral from a health professional

available either over the phone, in person or via telehealth,

using video chat like Skype or Facetime
approachable, using non-medical, ‘normalising’ language
very practical, educating people about

their symptoms and teaching lifelong
management skills and techniques.
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Way Back Support Service

* The Way Back Support Service is a beyondblue initiative
providing non-clinical care and practical support to
individuals for 3 months following a suicide attempt.

The Way Back provides encouragement and support,
assists the uptake of hospital discharge plans and
utilisation of safety plans, supports attendance at medical
and allied health appointments, facilitates access to a range
of community support services, and assists clients to
connect with support networks.

Since 2014, collectively the sites have received
approximately 1,500 referrals.

BeyondNow — Your suicide safety
planning app

BeyondNow is a smartphone app designed to help people

manage their suicidal thoughts and feelings.

The app takes users through a process of making a
structured safety plan to work through when they’re
experiencing suicidal thoughts, feelings, distress or crisis.

The safety plan involves listing things like reasons to live,

enjoyable activities, coping strategies and support people

who the user can contact in a time of distress or crisis.
BeyondNow launched in March 2016. Since then, the
app has been downloaded around 33,000 times.

https://www.|
planning

org.au/get-support/beyondnow-suicide-safety-

Heads UP

Heads iip )

ARE MORE

* Heads Up is all about giving individuals and businesses the
tools to create more mentally healthy workplaces.

* Developed by the Mentally Healthy Workplace Alliance and
beyondblue, Heads Up calls on business leaders to make a
commitment and start taking action in their

workplaces. It also encourages everyone in
IEALTH
RETURNS $2.36

the workplace to play their part in creating
a mentally healthy working environment,
take care of their own mental health, and

look out for their colleagues.

https://www.headsup.org.au/ 9

SAINN

MindMatters

Mind matters

* MindMatters is a mental health initiative for secondary
schools that aims to improve the mental health and wellbeing
of young people. We call it a ‘framework’, in that it provides
structure, guidance and support while enabling schools to
build their own mental health strategy to suit their unique

circumstances.

AN Mind E.‘I

— C4 Support for students experiencing mental health
difficulties

* Four key components
— C1 Positive school community
— C2 Student skills for resilience
— C3 Parents and families

https://www.mindmatters.edu.au/

10

Insurance discrimination

* beyondblue work towards reducing discrimination experienced
by people with mental health conditions when accessing
insurance products.

Discrimination occurs in the form of refusal to provide
insurance cover, exclusions or increased premiums, and delays
or rejections during the claiming process across a range of
insurance products.

Mental health evidence and data forum

- The forum saw Australia’s leading evidence and data experts
identify a range of data and peer review evidence that could
potentially be used by the insurance industry to discriminate
against people who have experienced mental health conditions.

STRIDE Initiative

* STRIDE (Stigma Reduction Interventions: Digital Environments) is an
action research program designed to find out whether digital
communication methods can change attitudes and behaviors

* In June 2017, beyondblue received the results from the six

projects.

- Better Out Than In, led by the AFL Players Association

- Contact+Connect, led by Incolink

- Out of the Blue: Pete and Dale, led by the Victorian AIDS Council

- Tell Your Story, led by the University of New South Wales’

Refugee Trauma and Recovery Program
- The Ripple Effect, led by the National Centre for Farmer Health
-Y Fronts, led by CGA Consulting.
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BEMBEZT - #R(E
EXEE%* O Anxiety, depression

= OCD, panic
= PTSD

O Substance use
= Internet use/addiction

oD BRBEELHPOKRBN=ZAEERKRS :
« EEE - SOER

«BETR
= EUAARIEE O Sex, eating problems

O Mania, hypomania
O Psychosis
O Due to medical condition
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Management of Positive and
Negative Affect: Impact on
Functional Recovery

_

Repertoire of

Observed Fundamental Emotion
Negative
Wrath

Grossness

Scaredness

Loneliness
nock

Positive
Joy

Anhedonia # Depression

Left vStr

Right vStr

*

*

W No depressive symptoms (n=535)
M Low mood (n=509)

W Anhedonia (n=72)

M Low mood and anhedonia (n=182)

Unfortunately:
Profiles of major depression...

Fortunately:
Core of Major Depression...

Depressed mood
Diminished interest or pleasure

Depressed mood
Less interested or enjoyable
;‘\\/, DEN(ED.0) Depressed mood
Loss of interest or pleasure enjoyment
Reduced energy or increased fatigability

Baseline PA predicting
non-recovered depression @ 6-mth

N =72 (53F)

Reactivity score

Sadness experience

Sadness behavior

Sadness skin conductance responses
Sadness heart rate responses

Fear experience

Fear behavior

Fear skin conductance responses
Fear heart rate responses
Amusement experience
Amusement behavior
Amusement skin conductance responses
Amusement heart rate responses

7.51

Note. For all x* values, all degrees of freedom equal 1.
*p< 05.

Emotion. 2002:2(2)135-46
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@ L5 5#10 Management of Positive and Negative Affect: Impact on Functional Recovery:

Most ADs mainly acting on NA

Less PA predicting 10-yr course

Calm 05
. X N=44
Loss of energy, fatigue I CTL, ESC,

i i 0 et FLO, PRX, STR
(Trouble sleeping or sleeping too much) \\‘M o
Loss of interest or pleasure 05 BPR
\?I;lms Al

Thoughts about death or suicide : :' B[’)“I K
Confident

-15
Get together with friends Intake Week 12
Avoid being with people
Succesful Change in measures of symptoms and affect during treatment

Scores have been rescaled using a z-transformation.

Behay Res Ther, 2007,45:1753-64.

I Nery Ment Dis 1999;187:360-8

Change in PA @ wk 1 predicting
Remission @ wk 6 AGM Improved Function

% of SDS < 6 @ wk 24

AGM 10 AGM 25 AGM 25-50

HDRS score Response Remission

-
c

2 e —

g lPaAry change in 80 P <.001
o

8 OEarly change in

5 0 " 60
a =

] o

) ) 40
@ 3 4]

- °

° O 5

S 20
5 21

=

[} 14

2 0
g ol

S

n

European Neuropsychopharmacology 2011,21:241-247 Eur Neuropsychopharmacol 2016,26:378-89

“Improvement of Anhedonia”
Predicting Psychosocial Function

N=1,570
AGM mono therapy for 10-14 wks
MADRS; QFS; SHAPS; GGl

0Odd-Ratio

European Psychiatry 2017,44:1-8
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Valdoxan antidepressant efficacy for
anhedonia in major depression

Z EBERE

Updated in May 2018

The many symptoms of depression ...

Suicidal thoughts

Suicidal acts Reduced self-esteem
ind

Negative and pessimistic Diminished self-

future perspectives confidence
Feeling of guilt Loss of appetite

Reduced awareness and
Pain concentration
Sleep disturbances Slowed thinking

~ Our depressed patients show high interindividual variability

mmmm) A focused, individuali pp! is y!

Expectations of our depressed patients

77.3 % Presence of positive mental health such as optimism, vigor and
If: fid (= positive ions)

74.3 % Return to usual level of functioning at work, home, or
school

70.6 % Absence of symptoms of depression

Zimmermann M, et al. Am J Psychiatry 2006; 163:148-150

Loss of interest and diminished activity at baseline
predict poor remission rate

% STAR*D
70 Interest-activity symptom
60 dimension (HAM-D, MADRS):
H + Interest
5§ S0 + Enjoyment
H + Concentration
§ 40 * Dex
: + Ability to feel activity
g 30 + Energy
§ + Sex
20
10

12 3 4 s
Interest-activity sores at baseline.

Uhor R, ot al. Psychol Mod. 2012:42(5)967-980.

Snaith-Hamilton Pleasure Scale (SHAPS)

1 would enjoy my favorite television or radio program

1 would enjoy being with my family or close friends

1 would find pleasure in my hobbies and pastimes.

1 would be able to enjoy my favorite meal

1 would enjoy a warm bath or refreshing shower

1 would find pleasure in the scent of flowers or the smell of a fresh sea breeze or freshly baked
bread

7. I would enjoy seeing other people’s smiling faces

8. I would enjoy looking smart when | have made an effort with my appearance

9. I would enjoy reading a book, magazine or newspaper

10. 1 would enjoy a cup of tea or coffee or my favorite drink

11. 1 would find pleasure in small things, e.g. bright sunny day, a telephone call from a friend
12. 1 would be able to enjoy a beautiful landscape or view

13. 1 would get pleasure from helping others

14. 1 would feel pleasure when | receive praise from other people

P o eNS

Score 0-14; the higher the SHAPS total score, the greater the anhedonia

CHEER Index*

IRSA - W2 ACEWRTIDEROMRMLL - WISREL)
RIS - FE TS

ix —1—> 0

. E R > 1
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w ~ 25 (®#%12 CHEER T in Clinical Practice; Case Sharing II

Group comparisons on CHEER index scores (primary outcome)

120
Y
@ it o
g 1004 wa
3
]
3
3 804
s
g
= 60 4
o
£
°
2 404
s
S
E o Group effec, p < 0.001
1 | —e— Agomelati
g o Doiectine | Treatment effect, p < 0.001
& Group x tr condition, p = 0.015
o
Baseline 4 weeks 6 weeks 8 weeks

Group comparisons on depression severity (secondary outcomes)
120

2
w100
2
S
®
a *®
=
E
s ®
®
o
c
S 40
G
§ Group effec, p = 0.57
e 20
$ Treatment effect, p < 0.001
Group x treatment condition, p = 0.82
[}
Baseline __4weeks 6 weeks 8 weeks

Group comparisons on anxiety severity (secondary outcomes)

Anhedonia versus depression, Anhedonia versus anxiety (agomelatine group)

120
& : 2
% 1%
g I
=3
@ } o of "
" : { >N
§ § g —
) 5 ¥, —_—
‘g, I = - / L
s A0 4 = . .-
2 rCeZps 000k 1 r=0097,p=0611 :
3 5 Group effec, p = 0.93 Y ! - o
& —e— Agomelatine | Treatment effect, p < 0.001 © » P 0 o © « » » 0 o 1
—&— Duloxetine ey
Group X C p=036 A HAMD scores. 8 HAMA scoms
0
4 weeks 6 weeks 8 weeks
Anhedonia versus depression, Anhedonia versus anxiety (duloxetine group) Key messages
2 .
v'Agomelatine is efficacious in treating severe depression
- g and comorbid anxiety symptoms.
H ¥
] ]
§ 3 v'/Agomelatine seems to be superior to other antidepressant
52 i i (duloxetine) in improving anhedonia
- <
v'Specifically targeting anhedonic symptoms is essential in
+] o - . N P
RCSZER I achieving functional remission
.-} » @ " o o x ®» @ w0 ® v'Main therapeutic goal should be a functional remission
ERAMD RN b HAMMA scoves
\ 56 Y]
NS



.1 259 @E%ZFE_“

AF k10435 %
Clinical experience and patient selection with
vortioxetine
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Normality
5t
3
§§
| §
&a
phase Cognitive function
However, cognitive symptoms may persist beyond the
depressive episode
Following remission from ive episode, mood
‘symptoms often retum to baseline
Although relapse and new episodes can occur
=
long-lasting cognitive impairment®

. Brintelf

3. Kennedy N et l. :4-Jaoger J et al

| Nearly half of depressed patients who achieve ‘remission’ do not consider themselves
1 to be in remission’2

Response Remission
symptoms remain Some symptoms may persist
1970s —1 S0 05) Curr
Reduction of symptoms. Commonly defined as Direct questioning combined
(eg 250% of MADRS or MADRS score <107 with a clinical impression to

HAM-D score)2? or HAM-D17 score <713 assess patient-specific

functioning and quality of lfe*

MADRS, Montgomery-Asberg Depression Rating Scale;

i ke 1. Zimmerman M et al. | Cln Psychiatry 2012:73:790-5;

2. Hawley Cl etal.J Affect isord 2002,72:177-84;
3. Nierenberg AA, DeCecco L. Cin Pychiatry 2001,62(Suppl 16]:59;
4.SaltelPF, Sivershein DI. NeuropsychiatrDis Treat 2015;11.875-88

K Brintellix

Rush Aot Am 017

Patients achieving response (250% improvement in QIDS-SR16 score from baseline) at each
treatment step in the STAR'D study

o ;Z =Response in each step = Remission at each step exit
2 =
2
S
N 17%
£ 2 o 14% 16% 13%
g o
£ o
Step1 step2 step3 Stepd
=361 o=t n=30 s
QDS.5R16, St rpor STAR'D, Saquencad

WK Brintellk

IR
SRRBLLE - Brintelli® §EE

& (effect size)

MADRSEAMEE

Treatment week

X i ahesopsrrapramoca 2012 15 sa00 BrintelliX
X

SOMAYER PRELER

EERTIF8E - MADRSE S MFEEEZ{E (ANCOVA, FAS, LOCF)

°

10mg/day (n=20%)
0 150 meyday (n<215)

* Brintellix® §%52 2 i 2t tbvenlafaxine &
BESERMBIELE(18.0% vs. 27.4%)
BORRREE.6%vs. 13.7%)

Mesn change kombesetine
0 MADRS tota score.

« ERGBEPH - 58 SRRRENT

Baseine Ttndentl wiak
MADRS»25

K crsomommamsc Brntel

RERRSR
Brintellix® 8145 42 . k

MADRS total score

12 8 4 0 4 8 12 16 20 24 28 32 3% 40 4

Study week

s K Cuneupmpnamaca v zororsss Brintellik
P




w~ L5 (53%13 Clinical experience and patient selection with vortioxetine

#ISSRI/SNRI R348 2 fE &

4 2 3 5} AR 185 2 i -
MADRS items in meta-analysis of 11 controlled studies (6/8 weeks) # ZAISSRISISNRIAEE FI2AE 2/ - Brintellix® §45% thagomelatine S8 7 H0EL
MADRS#5 i BB RN 2

Apparent  Reported  Inner  Reduced  Reduced Concentration Lassitude Inabilty Pessimistic Suicidal
sadness  sadness ftension sleep  appetite difficulties tofeel  thoughts thoughts

MADRS mean change from
baseline vs placebo

.
L ]
0.6 ™ Vortioxetine 5 mg. * Vortioxetine 10 mg. " Vortioxetine 15mg  * Vortioxetine 20 mg
ol sy st 2 2 J
e o) 4 8 2 o
IMADRS, | omery-Asberg Depression Rating Scale; dpoin
MMRM, mixed madel for repeated measurements Treatment week
Lt Adapted o Thase M e . Eu Newropsychopharmacol 01626 (61975593 Brintellik K om Peenaphamaca 2va;20: osez Bt X
24

ARESHHEREBE BELERE(HAM-A >20)
Brintelix® §F4/8 BB EF R BHBEUMR Brintell® K58 SR - i Fe A efect size)

HAM-D#5 15 4 R B (KK 6557 M2 2 HAM-AB S e B B R E B M B2

3
) = .
- :
°
]

Mean change from baseline

o F o 2 a 6 LOCF
Treatment weok Treatment week S
® Plocebo(n=145) @ Brintelix® Smg (n=155) @ Duloxetine 60 mg (n=148) (active reforence @ Placobo(n=101) ® Brintellix® Smg(n=101) @ Brintell® 10mg (n=94) @ Venlafaxine 225 mg(n=105)
(actve reference)
K oz e YRS T e [HE Sl

Srintellix® improves
aspects of cognitive
functioning* that can
optimise patients’
chances of achieving

Mood| Physigat= "\
symptoms i \symptoms¥

E

1K Brintelff el Brintelli |

)
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persistent in depression

* Proportion of time. = Proportion of time
with cognitive with cognitive
symptoms. symptoms

* Proportion of time. * Proportion of time.
without cognitive without cognitive
symptoms symptoms.

ConvadiHa et l. Psychol Med 201141116574

SRR EEEE

IM{E MDD &2 AR SRFEEHDSSTHRT 81

1. Katona C, etal. Int Clin Psychopharmacol. 2012:27(4):215-223; 2. Wechsler. Adut
Inteligence Scale. 1997; 3. Harison el al. Poster presented at APA 2014,

K Brintellix
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(Cohen's d>0.2)
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Meta-analysis effect size
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DSSTEA EHCRFRE L 2

rof correct symbols

Placebo
(167}

Naronersramace 215 sy msosr BINEEIEX

11 - sf#MADRSfEfEE —IRE S 221t - (ERAERRM
=R

ltem 4: Reduced sleep prvalue

0,040
0.001

Item 5: Reduced appetite

item 7: Lassitude

+— Better  Worse
thanplacobo  than placebo.

X S auperencsramaca s ey oo Brintellix

LISDSHFE - HEMMLL - o BRR 10mghi20mg™ FEE T - &5 - EHE LRSI
FHESD! & 2R 2L - hRE
Meta-analysis A: CRF worst case score e L oI pvale

than placebo _than placebo

7 | . LR : e oorser Brintelfi

Vortioxetine significantly improves
everyday functioning
Change from baseline in UPSA composite score at Week 81

#++p<0.001 45 plcebo

545

-187)
i R
s
/
"] R

y vali comparison

g ok AR e . et 2015 40820205,
2 uton TL e Schope B O 2TR1235245

in cel
number of days absent from work
Patients with missed work days at baseline If yes, how many days missed at baseline
andWeek 12 (FAS, OC) and Week 12 (FAS, OC)
« )
50 57 12
w0 zv°
£ §s
He H
g 6
0
22 .
o Baseline (n=196) Week 12 (n=180) o Baseline (n=100) ‘Week 12 (n=32)

« FAS, full analysis set; OC, observed cases

o Bougi et . Vol et
20172051293 38 PAMID

Brintellix® is an

antidepressant with

multimodal activity®®
~

X Brintelfk
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* Brintelix® H13 2 REALEBETANARER
ST BOHT - ETHDAIE(SER  RETHE -
I I ABBEMRERESNEEENRR
SERT
NAT -_, SHIA SEROTONIN i
:mﬁ el ¢ AfMERRBBOBHASERTAMBIER -
2k SHT, Brintell® S48 BRI ESSRIESNRIFER
First SSRI (Zimeldine) D7 ELES
oo Iy e ‘Agomelatine approved in EU'® sHT,
First TCA (Imipramine) First SNRI (Venlafaxine) \otksihelovproved by FDALSS
first marketed'2 ‘approved by FDA'* Tiazodon sorSEIREIEL . . SHT,
S-HT,
1. Nutt DJ. 2009; 2. Ramachandraih CT et al. 2011; 3. Faigus J et al. 1985; 4. Sansone RA et al. 2014; 5. Fomaro M 4
etal. 20106 ; :7. Cruz MP. 20128, 2011:9. Westrich Lt al 2012: 10.
/ortioxetine Prescribing Information.
. PramaclSchen ety 2013 105: 4150 o
s K Brintelff K P o 457 Brintelf&

Vortioxetine

Receptor activity

Indirect effects®%2

HIY Neurotransmitter

system modulation
sHT,

W Uptake inhibitor O Agonist 1 glutamate neurotransmission

© Partialagonist @ Antagonist

. Ao st S Cru 201134320322

a2 o e e i

‘

SERT
inhibitor

Vortioxetine T Mood symptoms
5HT; antagonist T Cognitive symptoms
ELIPPCCLUS SN Neurotransmitter
SHT g partial agonist system T Physical symptoms

@ 5HT, antagonist modulation
5HTyp antagonist

T Functionality

1Side effects

HK Gomaore 6. oS g 288554

Brintellix

Brintellix® is well
tolerated and does not
exhibit many ofithe
side effects typical of
SSRIs and SNRIs such
as sexual dysfunction*

and weight gain**1-4

X Brintelfix
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0 ESE
Weeks Week
(Basaine) (Wook 1 ofdscontinstion)
@ Pacebo @ Brntola® 10mg @ Brintellx® 15mg @ Brintolla® 20mg
e ) e we315)
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1R E SRR RN A RS AR RM(TEAE) | B8R ETEAESHERMLLEAPTS)

142

71

Patients w

4 mg
(n=753)

spoepramecs e s 22 BIINEEIX

Weight changes

Trial data from the vortioxetine
clinical development program

gl ort- a erm
* Vortioxetine treatment had no effect relative to placebo on body weight1
* Based on data from randomized placebo-controlled trials and open-label
extension studies of vortioxetine (5, 10, 15 or 20 mg/day) in adults with
depression (including both short-term and relapse prevention studies)1
* In a study in elderly patients with depression, the mean changes in weight
associated with vortioxetine were at placebo level2
* In the open-label 52-week study, the mean weight increase for vortioxetine
from baseline to last assessment was <1kg3

Vortioxetine is weight-neutral with short-term (6-8 weeks)
and long-term (up to 64 weel

Loy K

iRE
Brintellix® §15/8 Fi# 2R

Loty K e BRI

Sexual dysfunction

Trial data from the vortioxetine
clinical development program
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Wecks in study
© Brntolix® 10mg-20mg(n=225) @ Escitalopram (n=222)
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Sexual dysfunction (TEAE reports)

« Sexual dysfunction during treatment with vortioxetine was
low and similar to that in the placebo group.
(1.8% vs 1.0%):

Incidence of TESD based on ASEX scorings

=)

Sexual dysfunction (ASEX scale) a
« Risk of developing TESD was similar to placebo with 5 fle
or 10 mg vortioxetinez 3,

* The incidence of TESD and ASEX total score showed no g
clinically relevant difference to placebo in symptoms of S22

sexual dysfunction at the 5 to 15 mg doses of vortioxetines €

5

« For the 20 mg/day dose, an increase in TESD was seen
compared to placebo (incidence difference: 14.2%;
95% Cl: 1.4, 27.0)2

Placebo Vortioxetine

(5-20 mg)

while efficacy measured wrt

tgtal score

Change from baseline in CSFQ-14

Mean change from baseline in
& MADRS tota) scare ~

.

Week

dfuncton whie big ested withGlopram, s o et
Seas, -+p <00l v sctaoseam

Icobsen Lt . Sex wed 201512:2036-45

Sleep disturbances

Trial data from the vortioxetine
clinical development program

Incidence of insomnia-related AEs reported in
11 short-term clinical trials

insomnia (%) ,,
5 % 8

o w
-

Incidence of

| F I
| u |
s 20, 6omg 25mg
DUL+  VEN:
VoA

Incidence of somnolence reported as an AE in
11 short-term clinical trials

Incidence of
somnolence (%)
58

o &
=
-

|

(
o

|

-
——

10 20 60mg 225 mg
[

+ouone

1€, 2verse evens; DUL doreie; VEN, veriatasin; VOR vorianecne

Btin 05t Pychopharmocol 201630242252

Discontinuation symptoms

Trial data from the vortioxetine
clinical development program
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35
230

)
225

W placebo ® Vortioketine 15mg ™ Duloxetine 60 mg*

Vortioxetine 10mg ™ Vortioxetine 20 mg.

comg.

>
16 16 30mg
13

Week 8
(baseline) (Week 1 of

Patients can stop vortioxetine without the need
radual dose reductionz

Weel
(Week 2 of

0wk

K Brintelfi

*64y/o female

«1st episode: depressive mood, fatique, loss of
interest, irritability, sleep disturbance, think of
death

*Never use AD

\ortioxetine 5 mg as starting dose, 10mg
after 1 week,then...hypersexualality.

s K Brintelfk |

+57 ylo female came from 3|75

*Several recurrences during 10 yrs, try at
least 4 Ads

«Shifting Agomelatine to Vortioxetine 10mg
*Next visit dramatic changes

'K Brintellix

*24 y/o female OL

*Anxious about her w't gain(55kg)

*She said: "every gram counts,Doc! s
*Think of Vortioxetine, 4 months later 51kg

et K Brintelit

*61 y/o male
*Vortioxetine 5mg to 10mg
*Severe insomnia and more anxiety.

iy K Brintelf
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Brintellix® is
straightforward
to prescribe, at
10 mg once-daily
and the dose

can be adjusted
according to
response’

Brintelfix

- Brintellix® S5 BARG - FHEMBRREEEER - TANTABRERENEN
« Brintellix® S5 BT M ERAINAE - EMBEREZRMAE RETAE

« Brintellix® 845 BIE B RERZNEZ A BLEENEE

« Brintellix® 2—EEAZ EFARBONEER

« Brintellix® S5 B2 - FARRE—RABEEY(SSRI - SNRI)WEIER

« Brintellix® 84 BESME - 10mg 8X—R - BB OIUERARRERE

X Brintelf&

» PXEHBS : Brintellix film-coated tablets 8% B iE K& [ ]

« B3 : vortioxetine hydrobromide: | N
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Results of a real-world study on vortioxetine in patients with
major depressive disorder in South East Asia

Ken Ung

Ken Ungf&fE

Dr Ken Ung, Singapore

Dr Ken Ung Eng Khean has been practicing since 1988. Upon graduation from the University of
Newcastle-Upon-Tyne (UK) Medical School, he continued his training and practice in the UK
for 4 years before further training and practice in Singapore.

Before entering private practice in 2003, he was a consultant psychiatrist, Clinical Director
and head of the Child and Adolescent Division in the Department of Psychological Medicine
at National University Hospital. He also served as a Clinical Senior Lecturer with the Faculty
of Medicine at National University of Singapore, and as an Adjunct Associate Professor with
the Psychological Studies Academic Group in the National Institute of Education at Nanyang
Technological University.

He was also a Visiting Consultant with the Department of Psychological Medicine in National
University Hospital and the Department of Psychiatry in Singapore General Hospital.

Dr Ung is a member of the Royal College of Psychiatrists, UK, fellow of the Academy of
Medicine, Singapore, and a certified psychiatric specialist with the Singapore Medical Council.
He has supervised trainee psychologists and counsellors for Edith Cowan University, Australian
National University and UniSIM.

Dr Ung is a co-author of the book Stress and Mental Distress, Preparing your child for Primary
One and chapter on Mental Health in the local Textbook of Occupational Medicine Practice. He
has published scientific articles in local, regional and international psychiatric journals.

Dr Ung sees children, adolescents, adults and the elderly in his practice.
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Vortioxetine 1% real-life study - ReVida

Rationale of study

* To provide insight in a real life study focused on a
South East Asian population

« To assess the effect of vortioxetine on depression
severity, cognition and functioning in MDD patients

Patient Enrolment
A total of 138 patients were enrolled across 4 countries in Asia

Country N (%)

hailand )
« Private clinic (2.9%) Philippines & Malaysia 76 (55%)
* University/General Hospital * Private
(60.0%) clinic/hospitals = Thailand 35 (25%)
+ Other (37.1%) ¥ (100%) =
. Malaysia Vi o am Singapore 20 (15%)
+ Private clinic 77.6%) .'4 -
J 3 Philippines 7 (5%)

. 138 (100%)

* Other (22.4%) » t
* g Singapore ol i‘
) * . private lnicl100%) L grz b T
- -

"“.-.,ﬁ.‘.‘.'_,

@ — o @

Patient Flowchart

All patients
N=138

Safety population
N=138

- Excluded (N=7):

< 1 post-baseline patient-reported questionnaire

Eligible population

Study cohort characteristi

Demographics & baseline disease characteristics

1°J

Sociodemographic Profile
s

el brean 501
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Unemployed (Other._. = 3.5%
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MDD Episode Profile MDD History Profile

The majority of patients... In patients with history of MDD

* had moderate to severe depression (89.9%; PHQ-9 score 2 10, 95.3%; CGI-S * Majority was treated with an antidepressant in the last episode (81.3%)

score 2 4) * Half of patients were unable to achieve remission in the last episode (52.1%)

B

had a current MDD episode lasting for >8 weeks (63.5%)

had no suicidal ideation (71.7%) In patients treated prior to baseline visit, the majority

B

their first depressive episode (63.0%) « were treated with S5R1s (70.7%)

had no prior treatment for depression (57.7%)

+ chose vortioxetine due to lack of efficacy of the previous treatment (75.9%)

e — 9

Concomitant Anxiety

% of patients with clinically significant anxiety in current
MDD episode

Majority of patients (62.5%) had

clinically significant anxiety, of which ga2 j::"‘"‘ tioxetine treatment
most were moderate in severity (57.6%) . e

Dosing characteristics, treatment compliance, & concomitant psychiatric medications

Almost half (42.3%) had 2 1

clinical diagnosis

+ generalized anxiety disorder (27.6%)

* panic disorder (21.1%)
+ agoraphobia (9.1%)

2 "!

1°,

Dosing regime Treatment Satisfaction and Compliance

Physician-assessed patient satisfaction with vortioxetine increased from 17.0% to 70.8%
Median dose remained at 10 mg

10 Extremely dissatisfied

i Very dissatisfied
© satifed: 17.0% ey Ty
9 i .
Investigators planned to continue vortioxetine Somewhat dissatisfied
= Neither dissatisfied nor
satis

treatment for most patients (>90%) throughout study u Sommewat satisied

Proportion of patients (%)
8

= Very satisfied

Vortioxetine doses were unchanged for majority of

B Extremely satisfied

Week 1 Month3

patients (>68%)

| Mean patient compliance was high at >87% for all study time points

@ :
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Concomitant Psychiatric Medication

Patients using anxiolytics decreased from 70.3% at baseline to 0.4 at Month 3

= Anxiolytics = Hypnotics
= Antipsychotics = Antidepressants
= Other psychiatric medication

100

0 2L
&
o
Y
Note: Patients may have ane or more.
» concomitantpsychiatric medications under
s were.

Basclne  Weekl  Monthi  Month3 Triberfpuets i o et poputtionsnd

proviie i B teeoime
@ - @l

Proportion of patients (%)

Patient-reported outcome of depression severity Patient-reported outcome of depression severity
Depression Severity (PHQ-9%*) Depression Severity (PHQ-9*) — Classification
Depression severity assessed by patients was reduced significantly by vortioxetine Decrease in patients with mod to severe depression with ding increase
+ Mean 71109 score decreased from 15,7 at baseline to 5.0 at Month 3 DS WIED o ol s
100%
25 . bedd  Severe (20-27)
o : £w
.% 20 2 ¥ Moderately severe
@ avas (15-19)
g E 15 % = Moderate (10-14)
a o
5 10 T;& z = Mild (5-9)
2
° l . 2 m  None (0-4)
. et e oy e
igher PHQ- ¥ s
Baseline Week1 Monthl Month3 Z;:,:Z ;,:'2,', :;?,3, G indicate greater depression

\ depression severity Baseline  Week1 Month1 Month3 severy.
\ . .

Physician-reported depression severity Physician-reported depression severity

Clinical Global Impressions — Severity* (CGI-S) CGI-S- Classification

Depression severity assessed by physicians was reduced significantly by vortioxetine Decrease in patients marked moderately to severely [l with increase in patients marked
* Mean CGI-5 score decreased from 4.4 at baseline to 2.2 at Month 3 normal to mildly ill by
- Most extremely ill
56 = Severely il
s .
§ | = Markedly il
s '
@
@ : = Moderately il
3
8
£2
H = (ol I *CGl score ranges
21 from 10 7. Higher
# Borderline mentally il (o1 scores indicate
o *CG. score ranges from 1t07. greater depression
Baseline  Week1 Monthl Month3 e Baseline  Weekl  Monthl  Month3 Nermalnotatallil  beverlyos s

A —
\ . .
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Physician-reported depression improvement
CGl-Improvement (CGI-I) STAR*D Study
to Relieve Depression (STAR*D)

Depression improvement assessed by physicians was increased significantly by vortioxetine ® Real life study of 2,876 patients with MDD treated in primary care and psychiatric settings

* Mean (G-I score decreased from .2 at Week 1 to ¢ at Month 3 ~ 80% of patients had chronic or recurrent depression
® Firstline treatment

5
Response

rate
47% 33%

® RESPONse and rem(ssion rates gets lower after each round of Teatm ent failure
l +CGH score ranges from 110 7.
Higher CGI-I scores indicate s

w
s 2 %
: . . . . - -
worsening o depresion severity .
Weeki Month1 Month3 a5 assessed by the physici Hm Em

n.
STARD, Cedie et Tratine stATe na s © Feikve Rush AJ ot oA J Peychiny 2006:163:1

19 Degression MDD, mayor deprossv diccer, SSRI Keter I & Manstild AX Paychary i North A 2012.35

oo seron rezano iy Trivs M ot s Am  Paychioty. 206:163:

IS

Mean CGI-I Score (SD)
o ow

o

STAR*D s o STAR*D
Treatment Response* Remission rates
| PHQ-9 score " Responders % of Remitters e
Week 1 BN Week 1
oy Patient-reported (PHQ-9 score < 4) ‘ (s129)
Month 1 IEZSSRRE——

(ne106) (ne208)

thmﬁ o ss0 a0

100 o =5

Month3 o sog o mieam * Remitters increasedto 59%

n+99)
o

Patient-reported (PHQ-9) ‘ Monthl [ s2s CooaasEn
|
|

* Responders increasedto (. & 7,

n w0 s w0 & 0 100
Proportion of patients (%) Proportion of patients (%)

| CGI-S score u Responders 9% of Remitters = Remitters

1 = Non-remitters
assessed | N e wms
Physician- (CGI-S) 2 henks N Physician-assessed (CGI-S score < 2) vxle:{m‘
Month 1 27 E—— Month 1 ST —
* Responders increasedto 62.5% M‘;::' ) e o ":D:':.;
Las (n=90)

100 o x 100

2 w0 @ 8 0 o & 0
Proportion of patients (%) Proportion of patients (%)

“Response s determined a5 250% reduction n scores,
2 2

Summary of Primary Findings

Vortioxetine reduces depression severity with assessed improvement

Before treatment After
Majority of patients Majority of patients

were assessed as moderately to
severely depressed (89.9%; PHQ-9
score 2 10, 95.3%; CGI-S score 2 4).

+ perceived self to be not depressed to mildly
depressed

were considered to be normal to mildly
depressed by their physicians

were assessed by their physicians to have
improved relative to baseline

‘were responders to treatment (60-80%)

@ H
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Patient-reported outcome of

Cognitive Function (PDQ-D*)

Patient-reported outcome of

PDQ-D* — By Quartiles#

Cognitive function assessed by patients was improved significantly by vortioxetine The proportion of patients in PDO-D quartile 1 (least cognitive impaired) increased from
+ Mean PD0-D score decreased from 42.1 at baseline to 13.4 at Month 3 25.4% at baseline to £5.0% at Month 3
%0 L) m Quartile 1 (0.0-27.0)
i = 850
3 Lw = Quartile 2 (27.1-44.0)
e 5
g kI 587 = Quartile 3 (44.1-58.0)
o 8
2w 5w 386 Quartile 4 (58.1-80.0)
g s 2545 283 24
§ 4 206535
4 £ 97
z 20 B e e g 20 13.4 14.0 *PDQ-D score ranges from O to 80. Higher
H] - B e e 8 5.5 64 hoto 000 som gk T conte
0 PDQ-D scores indicate & o N *Distribution based quartiles - Quartile 1
worse cognitive i beng the lowest and Cuarte 4 b
Baseline Week1 Month1 Month3 funetion. fRssre ekt Ventt VO3 st copmtancion

@ ;
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Work Productivity and Activity Impairment (WPAI)

| WPAL: To measure work productivity and activity impairment due to depression

Outcome Scores
1. Absenteeism: Percentage of work time missed
2. Presenteesism: Percentage of work impairment when present

3. Work Productivity Loss: Percentage of overall work impairment

4. Activity Impairment: Percentage of overall activity impairment

Work Productivity and Activity Impairment (WPAI)
| Increased work productivity and reduced activity impairment by vortioxetine was observed
* All four scores were d th hout study
100 ~e-Absenteeism
! ~~Presenteeism
0
£ . ~+Work Productivity Loss
g 6 Activity Impairment
g s
3
€ w0
$ %
2
2
10
® Baselne  Weeki Morthi  Month3

Work Productivity and Activity Impairment (WPAI)

Increased work productivity and reduced activity impairment by vortioxetine was observed

* Allfour

Week 1

Month 1 Month 3

-~
»

-

D
%

100 ~e-Absenteeism
Outcome Scores %  presentetsm
™
Absenteelsm: Percentage of work time mlssed &3 o + Work Productivity Loss
Impair 2 e Activity Impairment
8w
WorkProductvty Loss: Percentage of oy <rallwork impsimert | £ 40
& w0
Activity Impalrment: Percentage of overall activity impairment | & o

to ADRs.

1°,

Safety — Adverse Drug Reactions (ADRs)
Vortiawetine
. " (N=138)
ADRs were reported in 13 (9.4%) patients | i = BORINDT 1354
No.of ADRs. 0
4
The most common ADRs were abdominal Nausea 3
‘Somnolence 2
discomfort (4 events) and nausea (3 events). Urticaria 2
2
Rash 1
9 (6.5%) patients discontinued the study due LD 1
Headache 1
Drug ineffective. 1
Notspecified 3
ADRsleading o studydiscontinuation, 9 (6.5)
N%)
M

-




Summary of Secondary Findings

e

improves cognition work productivity and activity impairment

d cognitive fi

« Vor p!

« Significant improvement in PDQ-D scores ( 42.1 at baseline to 13.4 at

month 3)
« Proportion of patients in PDQ-D quartile 1 (lowest cognitive impairment)
increased from 25.4% to 85.0%
« Vorti imp d work p y and activity impairment

* All four outcomes of WPAI were decreased

@

.

.

"

Significance of Study
First real-world NIS for vortioxetine in an Asian population

P

Vorti yed high efficacy in mood and cognitive

f vality

P! g
+ reducing depression severity
+ improving cognitive function

= Improving work productivity and activity impairment

Overall, vortioxetine treatment up to 20 mg per day was well-tolerated
with low cases of nausea

Limitations of study: small cohort size

D
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Types of depression and therapeutic strategies

Implications for the future trend in drug therapy

Chau-Shoun LEE, M.D., Ph.D.

f, Department of Medicine
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Prevalence of depressive disorders

. = -

Changing trends in the prevalence of common mental @

disorders in Taiwan: a 20-year repeated cross-sectional survey

Tffany e Ting o' Cho-Shoun Lo, Do ol e Chung L A T Ann Cheng

Summas

Background Macrosocial changes might affect mental health, We investigated whether the prevalence of common
" 2 20-year period of in Taiwan.

Lot 2000381 23501

Methods We used the 12-item Chinese Health Questionnaire to assess mental satus of Taiwanese adults in 1990,
1995, 2000, 2005, and 2010. Respondenis with scorcs of 3 or higher were classificd as having probable CMDs. We
assessed trends of probable CMDs with the Cochran-Armitage lest and their risk factors (sex, age, marital status, *
educational level, employment status, and physical health) with multivariable logistic regression. The trends were

Probable CMDs in men (per 100)
—— Probable CM (per 100)
00

ke
en ¢ 100)
(per 100)

Unemployment rate

Rt per 1

compared with national rates of unemployment, divorce, and suicide. — o
i 1550 1955 5000 >005 >di0
Findings OF 10548 respondents, 9079 (36-1%) completed questionnaires. The prevalence of probable CMDs doubled  ape, Tatwan (1 51y 13 Year
in 1990 to i ime tre reases ises in national rates of Tomdariu X =
oy -sodh e Pt Pt oo, sy sl oo Sotfon o Figure 2 Time trends for probable CMDs, divorce, and unemployment in Taiwan, 1990-2010
. " Y . = 19} Dupavtment of
L5 o i T st oy it ey gl (] Tty Sz T Fu, Cha-ShOUN Lee (co-1%- author),omid et Wen Chung Lew A TaArn Gherg
and poor physical el inited daily activites (6-5, n we controled for these faciors in HoptTupetowan o
multivariable models, the time trends remained significant (p<0-0001). B )
b e The Lancet Volume 381, Issue 9862 2013 235 - 241
preation Naionsrts of P ol with preaence o roble P ¥4 Pt S TS
CMDs in Taiwan. Therefore, clinical and social both seem i f change to - Probable CMDs, which cover wide spectrum of mood disturbance, doubled from 11.5% in 1990
the acoacay sad lebous caard " o sy or s, 1023.8% in 2010 in the repeated cross-sectional survey.
S X Dot
1.000
g
0.995 ——
S
8 0990 —_—
z \
. . g 0985 .
What type of depression is the most s —— OTD without MDD
o 3 0.980
detrimental? —a— Major depressive disorders (MDD)
* 0.975
—a— Bipolar depression
0.970
0 1 2 3 4 5 6 7 8
years

Ten-year cumulative survival curve by bipolar depression, major depressive disorders (MDD) and other
types of depression without MDD.
10 Chan Chag ik o Cran, Ay a0 Y, S LShang Chn, Cr S Lo

10922 Towanose

Tenyonr
potonts wihGgrosive Gsardors (KCIS 0. PSY1)

ool o Pychatic Research Vol 46, lsse 11 2012 1442 1448

Compared with other types of depression, bipolar depression significantly increased risk for all-cause
mortality, suicide, and accidental death
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The SFBN: risk factors for suicide attempt and consecutive
course of illness

Suicide attempts
Severe

a Family history of Increased number of
2 Sl atilee medical comorbidites
§  Moderate Suicide or serious  Eating disorder
= suicide attempt (past & current)
Mild
Age ! I |
Tyears) 1 T T
S mid 5 10 15
]
3 Moderate t I
e
D2 Severe Physical Sexual Early onset
a abuse  abuse first symptoms

Loss of social support
632 patients | Age of onset: 19.4 years | First treatment: 29.2 years | Suicide attempt: 28.7%

Mania

Euthymia

Depression

darea W, Young, avide Dukis

European Jouenal of Phamacology, Voumo 759, 2016, 151-162
e ok o 1010161 aighar 2015.03.019

N HE
Hmatl man a

shos cococ0.ay

— Depressive episode
— Manic episodes
Mixed episodes

e

Winter > Spring Summer > Autumn

oo

Pirro Alsis Gootioy. Frank Bevior, Jon Scot,Bruo Etan

Sournl of Afective Disrdors, Voumo 168, 2014,210- 23

i o orf10.10164 2014 07002

Mechanisms of bipolar depression or
emotional regulation

Neural circuitry supporting emotion, reward, and emotion regulation
prefrontal cortex. prefrontal cortex. cingulate cortex.

DLPFC=dorsolateral prefrontal cortex. VLPFC=ventrolateral prefrontal cortex.
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of bipolar disorder: dysfunction of mood

F phy

stabilizing neurons--- csk (giycogen synthase kinase); ER (endoplasmic reticulum)- Kato T, 2008

[

Oysregulation of dopaminergic pathway |
-

o

[ crcadian mytm abnormainy A]
= T3

i
3 H Retino-
v or dysfunction ' T ‘
ke hypothalamic. '
: patay?

Cellular vuinerability and/or impaired neural plasticity
g —— T

Dopamine signaling in prefrontal cortex:
A cellular physiology of “efficient processing”

Optimal DI/D2-receptor signaling
(i D-1 dominated state)

Mnomonie Informaton

T -
Stabs of PFC

Output

E——
[ ] Output
i = Adapted from: Scamans ct al.J Neurosci 2001
[ H Gmc_‘::‘:',% s I | o Optimum D1/D2 activation focuses and stabilizes the
Y i LY representational network
[ Gonatic facurs (ie. it enhances stability or signal-to-noise)
Drugs Feolings
ety bbbl v Healthy circadian fi ing may synchi the oscillation of
a ol Brpece ional positivity and negativity—aiison . Harvey, Ph.0. Am J Psychiatry 2008; 165:820-829
s 10. Intlicting
11. Looking at boautiful faces
12. Social co-operation
13. Eating chocolate
l Genetic Vulnerability ]
umbons b. Vantral tegmental ar =
* +
Abnormality in _— -
Circadian Functioning | — ’ Sleep DIStUTEEEES |

¥
Impact on Serotonin and
Dopamine Circuity

|

Adverse Effects on
Mood Regulation

Dimensions of mood disorders

e T

et i

T A GRS e e, & et v ey e e,

[ e A

g pa
Conventional and overiapping diagnostic categories of affective disorders: bipolar disorder type I, bipolar dis...

Mary L s, DavidJ Koster
Bipotar disorder diagnosia: challenges and futur directions.
Tho Lancet Volame 381, lsue 9678 2013 1663- 1671
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Serotonin (5-HT) and norepinephrine (NE) path

' Prefrontal

Amygdala

Raaho Nuclei
(5-HT source)
Sasa i Cooper R, e
T i i ive sp (does not include schizoaffective disorder, as a
to the i ic sp
|
Prychotic major mood disorders (mood Maia
& congruent or mood incongruent) M
e ion of bi ;
major
E el i L Intervention of bipolar depression
(sub-threshold)
m
Affective persomality disorders' Hyperthymic
| 2
I Temperament (normal) " Hyperthymic
g s
T Symptoms (normal) msx

No sympcoms (supernormal) -

~AngetJ 8P 2007:190:189-191

2007 by T Ryl Cotog ot Piyritns

Positive
emotion

Negative
Emotion

@ The JamA Netvork

From: Does Lithium Troatment SUll Work?: Evidence of Stable Responses Over Throe Decades

ibjects per month) ¥
; P =.03), even when ty

with an aborrantly high valuo was excluded (r = -0.474; P =.02).

]
s

Feomee e Dy

Toan 970 57 Toen 2600
Yoar of Fo

Of medications used for maintenance treatment in bipolar disorder, recurrent rates of lithium therapy in the
literature fell over the years from 1960s to 2000. Approximately 80% of bipolar patients who are treated with

lithiuy

complete remission.

 remisslon. . sz01 Copyright © 2012 Amsrican Medical

Association. Al rights reserved.
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Michael J McCarthy.et al, 2010_aviras. e
ko DAG: Diclhear: ¢ sKp
TC P ¢

scd recpr, BONT
* G s
e i . TCF: Tl fce, T Tt rs ke B

NMDAR KA ot inse A

It has been suggested that lithium may exert its therapeutic effects through the inhibition of the G proteins and three
other molecules: inositol monophosphatase, glycogen synthase kinase 3b, and adenylyl cyclase.

The problem is whether we may predict the effect of long-term maintenance treatment for bipolar
disorder, instead of try and error? We therefore launched a GWAS for the response to lithium
maintenance treatment in bipolar I disorder. Our purpose was to advance the personalized therapy
in bipolar disorder.

« Weassessed the response to
lithium treatment using the
Alda scale and performed a
GWAS on samples from one
subgroup of 294 patients with
bipolar I disorder. We then
tested SNPs that showed the
strongest association with a
response to lithium in a
replication sample of 100
patients and tested them further
in a follow-up sample of 24

‘ ORIGINALARTICLE |

Variant GADLI and Response to
Lithium Therapy in Bipolar [ Disorder

patients.

L

§

0

o Zo <o o 80 160
e
oo Cararn [ e ———
— e - Rapa veniataxine
Predicted HAM-D 28 over time
oy D. Amsaram Chi-Hao Wang. Mechale Shwaz , usine Shs
Venlafaxine versus lthium oy

cycling pat ipol
parallel group, open-iabel trial
Sourl of Afective Disorders Vokene 112 swes 173 2009219230

o crf 101016404 2008.03.029

The role of lurasidone

AUC, area under the CUrVe; Cog,
LATUDA

Lurasidone Clinical Pharmacology

+ Lurasidone can be dosed once daily
*ty, ~18 hours
*Steady-state concentrations are reached within 7 days of starting lurasidone

+ Linear PK (AUCand C,,,,)
*Serum concentrations are dose proportional (20-160 mg/d)

+ Lurasidone should be taken with food (at least 350 kilo calories)
+In a food-effect study, lurasidone exposure was:
~ Not affected as meal size was increased from 350 to 1000 kilo calories
~ Independent of meal fat content

Sumitomo Dainippon Pharma’s
Discovery of Lurasidone

Hud %\ON\(Q

* HCl
e -
High expression of SHT7R In | LUrasidone
The CNS and in theP2

hypothalamus (suprachiasmatic
nucleus), thalamus,
hippocampus, and cerebral
cortex:

Perospirone (Lullan)
D, and 5-HT,, antagonist,
=i cHiCooH
5-HT,, agonist o w{p onoe-room
= CHacoon

13
Tandospirone (Sediel)
5-HT,

riborough, MA: I

013,28(5):495-505

S-HT, 5-hydroxytryptamine (serotonin); D,, dopamine.

r
Co
N

)
%




J]
107.1 2.9 @aEXEER

. , S 5-HT2 and dopamine D2
Lurasidone In Vitro Receptor Binding Profile oA
receptor interactions
Log of Ki Values (nM) - “
M 4 T A ameee
e O Hy* Al PSS
| | | 2 >
T T 1 N a SHT ,
1 10 100 1000 10000 i A ~
st
HIGH AFFINITY MODERATE AFFINITY i LITTLE or NO AFFINITY A v 3
Dopamine D, goni gic Gye Il inic M;  1C5>1000 nM*
Serotonin 5-HT,, Antagonist Serotonin 5-HT,, Partial Agonist | Histamine H, I1C5,>1000 nM* s ‘
Serotonin 5-HT; gonis 4 gic gy gonis ! 2 )
o L
= Although the mechanism of action of lurasidone is unknown, the efficacy of lurasidone in schizophrenia ) ‘
and bipolar depression could be mediated through a combination of central dopamine Type 2 (D,) and e 9o
serotonin Type 2A (5-HT,,) receptor antagonism ) 4'
= The correlation between receptor-binding affinities and clinical outcomes is uncertain ‘ [+ 04
U Sidoreprerbiog ormaton oD 2

Cognition, glutamate, dopamine and serotonin: s.uriareceptor
activation has been shown to ir dopamir lease,

Prefrontal cortex

5-HT, , agonists

Raphe nucleus

A Presynaptic 5-HT neuren Postaynaptic alutamateraic
e T Increased finng

Serotonin 1A/7 receptor s LA

. v
s o Normal fear
— = == s
SHT,R — - g Inl'ulrr;’u‘y‘r"on
- — =3 ol TR T
| i BT AR T &
AN s
! - >
— = v
e - e
L W e i g — b = oo
> ma transcript = -— nhibition:
- S — S Fresynaptic T P ayemiiiie tmpairod
- BHT, R * tearoing!
< orernt e gTeRaS
— =
hosphonyiation 2 < Increasea nring
— ettt
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e Segresynes paress
Crioskeleton formation CE— &-HT release
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i - A y feedback isms in the regulation of circadian clock
Functlons Of 5 HT7 receptor in the SCN-= Bunney JN, Potkin SG, 2008

5-HT 1A/7 receptor agonist

* Depression with ot
5 5 o
Cognition A 4 .."u:;:ﬁ
« Sleep ---phase advance in =
o @R Ioc(_)r_notor behavior and SCN
g activity,
* Pain ~--in addition to a reduction
n y Y, in perl and per 2 gene =
P ~ - expressio in the SCN oxpression
Binding models of lurasidone to human 5-HT, receptor Synopsis of psychiatry, 11 th ed S
Cytopl: =
el ytoplasm _—
Y 12012: = Y e .
ia., Frontiers in Cellular i 2014 Aug 27;8:250 w s —a

e T AT
a N b Adjunctive Theropy: Loebel et ol 2014; PREVAIL 1
£ ( é D .@ . .
“/ ‘ S Primary Efficacy Endpoint: MADRS
> = 2
\ g Y @ e v -
Amygdla ‘ o i el ol Corsier gl L
#—Cerebellum 2 o
@‘ ] 20 E""""‘ILEZ:’ msomos § 2 Effect size': 0.34
y 5 Brainstem ] urasidone 80-120 mg a
/4 — JCGY s 40 E 60
Retina YAIA E»buij\)l:;A‘M £ &
E -10.0 107 é 10.0
Peripheral organs ) s 2
CRYD, 2 a0 & a0 135
5 oy
HE P o Rz
8 ™ o pcsbo orLurasons e Luaidonn i 3
(N=162) 2060mg 80-120 mgt Kl & Placebo + LIVPA  —-Lurasidone 20-120 mg.
% (N=161) (N=162) (N=161) + LiIVPA (N=179)
\ Baseline mean 305 303 Baseline mean. 308 306
e
B L ——
e ——
3 S o
LamA e An ey inia i 7.
T o T o o AT
Efficacy Data Lurasidone Dose Distribution-Monotherapy
Responders and Remitters Modal Daily Dose
C ] oo e
ool oyt st s Mean daily dose = Mean daily dose =
50,008 pNT=4) =008 0ONT=5) o ababiil) porepeety 31.8 mg (20-60 mg group) 82.0 mg (80-120 mg group)
- - o o 0 Mean modal dose = Mean modal dose =
. “n _ 34.9 mg (20-60 mg group) 92.3 mg (80-120 mg group)
. . g
e tel nn o s m| um < e 50
i i i £ 48
. {m i. e H
i 8 H g
ix .| i=
H we s :
= = =
0
irrera———— b — e -y e R IV 20mg/day  40mg/day ~ 60mg/day  80mglday 100 mg/day 120 mg/day
= = i poouision
Loebel A, et al. Am J Psychiatry. @
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Latuda FfEE-FA FHE

i Latuda
{lurasidone HC) tablets
2mg | 40mg | 8mg

: | emewmm .
(A BB K EE 40mg/day 40-160mg/day
O EBBKEE (13E178) 40mg/day 40-80mg/day
BE— BRI ZB 2 WA RHE 20mg/day 20-120mg/day
o —RR HERERA (ELV350KF) R

Jamison KR, 1995

typoman
throughout 1840

Schizophrenia 6-Week Trials Pooled Schizophrenia 6-Week Triols Pooled
Commonly Observed AEs in Short-term Trials in Wei
Incidence 5% and 2x Placebo Mean Change n elght and BMI
so0.0 2 s0 42
% 4.0
uLurasidone (N=1508)  «Placebo (N=708) 5 30 24
400 g 20
£ 10 04 0.02 02
Z 250 002
2 Placebo Lurasidone Haloperidol Olanzapine Quetiapine XR Risperidone
§ (n=696) 20-160 mg/d 10 m, 15 m 600 my 4m,
= [: (n=1486) (n=71) (n=122) (n=111) (n=65)
Tl 14
2
B 07
.65 - 04 00 01
X 0.02
Somnolence Akathisia Nausea Extrapyramidal Symptoms H Placebo Lurasidone Haloperidol Olanzapine Quetiapine XR Risperidone
(n=696) 20-160 mg/d ‘1 mg 15mg 600 mg. 4mg
Data on i - i (reresy -
Data on i inc
i iatric obert Sch
The creative p [ and psych Symp Robert
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