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Neurochemistry of schizophrenia

The first neuroleptic (Laborit, 1950) and pharmacotherapeutic basis.

Chlorpromazine

e Chlorpromazine was first used to reduce anxiety
in patients the night before surgery.

[t was found to be remarkably effective in
alleviating the clinical manifestations of the
psychotic process.




Neuroleptics :

—> many chemical drug classes
—> all drugs are dopamine
receptor blockers

The dopamine D2 receptor

» D, Binding Ability of Neuroleptics and Their Clinical Potency

Antischizophrenic potency

@ — Chlorpromazine

Potency of D, binding

Source: Adapted from Snyder, Journal of Clinical and Experimental Psychiatry, 1978, 133, 21-31.

Components of Psychotic Disorders

Positive Symptoms’ Negative Symptoms

Hallucinations Affective Blunting
Alogia
Avolition

' Anhedonia

Delusions
Disorganized Thoug
s 1
»d
FUNCTION

Cognition Mood Symptoms

New Learning Insight

Memory Demoralization
Suicide

Neuroleptics : effects and side-effects

Classical neuroleptics




Mesolimbic = Improve positive symptoms of psychosis
(Hallucinations, positive symptoms).

Mesocortical = Negative symptoms of schizophrenia (?).

Nigrostriatal = Pseudo-parkinsonism
(Extra-Pyramidal Side-effects, EPS).

Tubero-infundibular = Increased Prolactin levels
(Gynecomastia, ammenorhea, sexual dysfunction, bone density loss

Basic pharmacology & clinical effects of antipsychotics

Dopamine D2 blockade Antipsychotic, antimanic; leads to EPS

AChM blockade

H1 blockade
NA a1 blockade
NA o2 blockade

5-HT2A blockade

5-HT2C blockade

Dry mouth, urinary retention, confusion,
protects against acute EPS

Sedation, weight gain
Postural hypotension, initial sedation
Antidepressant

Reduces EPS; increases slow wave sleep;
improves mood ?, reduces negative symptoms

Weight gain; improves mood ?

Limitations of conventional antipsychoti

Approximately one-third of patients with
schizophrenia fail to respond

Limited efficacy against
— Negative symptoms

— Affective symptoms

— Cognitive deficits

High proportion of patients relapse

Side effects (extrapyramidal) and compliance issues

Main acute extrapyramidal side effects

e Pseudoparkinsonism: stiffness, shuffling, mask-
like face, tremor, rigidity

* Dystonia: torsions and spasms of muscle groups

» Akathisia: Restlessness, fidgeting, pacing, rocking ,
irritability




Late side effects : Tardive dys

Consequences of tardive dyskinesia

* Facial signs of TD: smacking, licking of
lips, chewing movements, rolling or Effects are disfiguring and often painful
protrusion of tongue Leads to poor compliance

Contributes to increased morbidity and mortality

* Spastic facial distortions, ‘tics’
TD is potentially irreversible (prevention !)

 Jerking of fingers, ankles, toes, limbs, trunk,
neck, and pelvis




Tardive dyskinesia risk factors Incidence of TD as a function of
neuroleptic exposure
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History of neuroleptic-induced acute EPS (2x at 4 years)
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Neuroleptic type/ dosage/ years of treatment (more than 10x)

Cumulative incidence of TD

(1] 1 2 3 4 5 6 7 8 9 10
Years of classical neuroleptic exposure (mainly phenothiazines)

Kane, 1996

TARDIVE DYSKINESIA IN THE ELDERLY

Classical neuroleptics ;
Il’lCldCl’lCG Of tardlve d SklllCSla at 1 ear (] T Kinesia, by Calendar Week of Follow-Up® Ta;rmve Dyskinesia, by Number of Weeks of Treatment®

Cumulative Percent (Inner Curve) of 261 Elderly
Neur reatment Who Developed
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Incidence (%)
Gibson, 1981 5.4
Yassa and Nair, 1984 3.7
Chouinard et al., 1986, 1988 7.0 : 1 Z‘ Devetoped Tordiee Dyakine
Gardos et al., 1988 5.3
Inada et al., 1991 3.8 P e I 4 idr:
Glazer et al., 1993 5.3
Kane et al., 1996 5.3
Chakos et al., 1996 (]

Unweighted mean 5.3




e all antipsychotics neuroleptics . ) ) ) .
Defining typical-and-atypical-antipsychotic drugs

Neuroleptic means “to take control of the neuron”.

Traditional antipsychotics were previously viewed to be “Atypical” is often defined as an antipsychotic
msepuralﬂe from extrupyrumldu.l side effects. The drug that is therapeutically effective in both
neuroleptic dose was gradually increased to the level that <. . - . .
produced the neuroleptic state. positive and negative symptoms of schizophrenia
Acute EPS were the “proof of efficacy” and that causes less acute (and chronic)

extrapyramidal symptoms (EPS).

can produce effects at do!

induce few motor side effects and do not produce a

neuroleptic state.

Acute and tardive EPS have to be avoided

D,/SHT, binding affinity of typical
and atypical antipsychotics

Neuroleptics : effects and side-effects

5-HT,

molindane

« Atypical » neuroleptics ; O rloparico
Recent antipsychotics fuohenazine

{3 trilluoperazine
() pimozide amperozide
<,//,n prochlorperazine clozapine

/ (1) tlupenthixol
© chlorpromazine
/ zotepine
o i U setoperone

9
amoxapine
0] pi

spiperone O smoo18
O risperidone

11




In-vivo recetor occupancy

dopamine-D, (full lines) and serotonin-5SHT, (dotted lines)

RSPERDONE 9-OMAISPERIDONE zotePe oLaNzAPINE

sERoaUEL

oA c.2h

seATINDOLE ZPRASIDONE

In vivo PET imaging of dopamine-D, (raclopride) and
serotonin-SHT,(N-M-spiperone) receptor subtypes.
Ligand displacement from both receptors by risperidone.

["Clraciopride ["CINMSP

Risperidone 6 mg/d
Risperidone 6 mg/d
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SHT,/D, receptor occupancy by antipsychotic drugs

Control Haloperidol Clozapine Risperidone

Atypical Antipsychotics In Vivo Binding Affinities

ol L 1o

Haloperidol Clozapine Risperidone Olanzapine

C &

Quetiapine Ziprasidone

[l sHT2A  [] D2 W o1 B Aphat [ Musc [l H1 [[] 5HT1A (agonist)

Casey 1994
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Clozapine (leponex®, 100-300 mg/d)
Risperidone (risperdal®, 2-6 mg/d)
Olanzapine (zyprexa®, 10-20 mg/d)
Quetiapine (seroquel®, 150-750 mg/d)
Amisulpride (solian®, 50-300 mg/d)
Aripiprazole (abilify® 10-40 mg/d)
Ziprasidone (zeldox®, 80-160 mg/d) !QT
Sertindole (serdolect®, 12-20 mg/d) !QT

The NEW ENGLAND
JOURNAL of MEDICINE

SEPTEMBER 22,2005

Effectiveness of Antipsychotic Drugs in Patients
with Chronic Schizophrenia

Stroup, M.D., M.P.H., Joseph P. McEvoy, M.O., Marvin S. Swartz, M.D
e H

ine, with several neer drugs i a double-blind scudy

7.5t 30 mg per d
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dications des neuroleptiques.

. Schizophrénie

. Autres psychoses ou épisodes psychotiques
(acces maniaques)

. Les états d’agitation motrice aigus (?)

...selon les notices...

des neuroleptiques; les noti

Abilify® est indiqué dans le traitement de la schizophrénie

Risperdal® est indiqué dans le traitement de la schizophrénie.

Risperdal® est indiqué dans le traitement symptomatique des épisodes aigus de
comportement physiquement et verbalement agressif chez des patients atteints de démence.
Risperdal® est indiqué pour le traitement d'un épisode maniaque en cas de troubles
bipolaires.

Risperdal® est également indiqué dans le traitement d'un grave trouble de conduite (DSM V)
chez les enfants, les adolescents et les adultes présentant un fonctionnement intellectuel
inférieur & la moyenne ou un retard mental, et chez qui le comportement destructeur est
prédominant (agressivité, impulsivité et automutilation).

Dogmatil® : A faibles doses: — états névrotiques, avec ou sans composante
psychosomatique; — dépressions Iégéres et modérées; — proposé dans certains syndromes
vertigineux; — états déficitaires de la schizophrénie: états de repli, apragmatisme, aboulie,
activité sociale diminuée.

A doses plus élevées: — états productifs de la schizophrénie: confusion, délire, hallucinations;
— psychoses aigués et chroniques.

Tiapridal® : Etats d'agitation et d'agressivité chez le patient éthylique, comme le prédelirium et
le delirium alcooliques.
Traitement symptomatique des mouvements choréiques ou choréo-athétosiques

16




Ne sont pas des indications de
traitement par neuroleptiques:

. Les troubles psychosomatiques
. Les états confusionnels

3. Les démences (! Lewy bodies disease)
. Les syndromes anxieux

. Les troubles du sommeil (insomnie)

Les antipsychotiques.

Indications (efficacité)
Effets indésirables

Choix de I’antipsychotique®

Durée de traitement®
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Analyse du KCE sur la consommation des médicaments
psychotropes dans les maisons de repos (22/12/2006):

Consommation trop élevée de qualité trop faible.

1.5% de la population (en maison de repos) consomme 5.6%
du budget des médicaments.

Consommation chronique trop élevée d’antidépresseurs et de
tranquillisants (dont les neuroleptiques)

Voir : publication/reports47B

% de consommateurs en général: évolution 2002-2007

Global: + 14 %

Consommation

min 30
s DJM: 1.83 %
=
sis% A
s @ 5a 7Xplus
o8
+22%
Prévalence de la
schizophrénie: 0.25
0,35%
ar
659% Consommation
antidepresseurs min 30
DJM: 852%
Uniquement
antidépresseurs ou .
antipsychotiques: IR
+13%
o o Prévalence de la dépression
2002 2007 majeure: 5-6 %

18




Antipsychotiques 2007

La part des spécialistes diminue fortement avec l'age. ‘

100%

0%

répartion (en %) du nombre d'utllisateurs.
2

0%

o1 1247 1824 2549 5075 76+
Chsse d'age

Evolution du volume d

30%

20%

10%

%

antipsycnotiques par type d’antipsychoticue

|

Evolution de Ia part exprimée en pourcentage (mesurée en volume (DDD)) par type d’antipsychotique
(données: membres MC 2002-2007)

sz
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o
7o
a
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36% 41% g
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2
2002 2008 2004 2005 2008 2007
D piques (ispod®, Zyproxad, Soroqsa, Ay, oFljasiques of aurs (Solan®, Dogmail®, Dominal,Halgold, o2+ gonrilos)

Part des génériques

7%
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The Choice of Drugs for Schizophrenia

Table 1. Efficacy, Side Effects, and Costs of Antipsychotic Medications.

Extrapyramidal  Weight
Drug Efficacy”  Symptoms i

Second-generation antipsychatic

Clozapine
Olanzapine
Amisulpride
Risperidone
Aripiprazole
Quetiapine

Ziprasidone

First-generation antipsychotic
agents (e.g.. haloperidol)

Efficacy s rated on a scale of 1 to 4, with higher numbers indicating higher efficacy
i Side effects are rated on a sc 0to 4, with 0 indicating that the side effect is rarely observed and 4 indicating that
most severe.

generation antipsychotic agents cause a gain in body weight of about 10 percent at the time of initial treatment
for schizophrenia. This column ranks weight gain after treatment vith a second-generation antipsychotic medication
pisode of schizophrenia. Weight gain is highly variable among patients
§ The dally dose is the lowest that is fully effective. The average 's about 1.2 times as high as the lowest fully effective
dose, since some patients require a higher dose
9§ Cost is the average wholesale cost of an average dose for 30 days. Amisulpride is not sold in the United States.
I

Agranulocytosis can occur with clozapine.

WWW.NEIMORG  FEBRUARY 2, 2006
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Incidence of TD in younger subjects treated with
conventional or novel antipsychotics

>1 year incidence in schizophrenia
Mean age 40 years

Percentage of patients
with TD symptoms at 1 year

w

N

-

o

Risperidone (n=177) Haloperidol (n=188)

Csernanskv et al., 1999

NOMBRE DUUTILISATEURS.

Antipsychotiques 2007

« 7 personnes sur 10 qui débutent n'ont regu aucune prescription d'un
spécialiste.

« 6,5 personnes sur 10 arrétent apres 30 DJM ou moins.

« La part des spécialistes augmente lorsque la consommation augmente.

129 30179 180+
Catégorie DDD
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Classical neuroleptics

Olanzapine
Risperidone
Quetiap

Amisulpride

Review: the benefit of atypical antipsychotics over
standard drugs disappears after controlling for
comparator dose

Harrier Ret . for

QUESTION: In s,
and tolerable for controlling symptoms?

rching Medline, EMBASE
i
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The metabolic syndrome

Weight gain

Diabetes type 2 risk

Cardiovascular Dysmetabolic Syndrome
* D —dyslipidemia (LDL)

¢ R - insulin resistance

* O - obesity
* P - high blood pressure

(American Heart Association)

23

imated mean weight gain at 10 weeks

patients treated with a specific antipsychotic.

For each agent a meta-analysis and random effects regression estimated the change in weight
at 10 weeks of treatment.

Mean change in body weight (kg)

Allison DB, MentoreJL, Heo M, et al: Weight gain associated with conventional
and newer antipsychotics: a meta Analysis. AJP, 1999.

New antipsychotics (drug treatment 6-10 months)

Substances Weight gain (kg) Weight gain (%)

Clozapine (Leponex ©)
Olanzapine (Zyprexa ©)

Risperidone (Risperdal ©)

Sertindole (Serdolect ®)

Wirshing, 1999

! In children : % weight gain still higher
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The Choice of Drugs for Schizophrenia

Table 1. Eficacy, Side Effects, and Costs of Antipsychotic Medicatione™

Extrapyramidal Prolactin Daily 30-Day
Efficay™  Symptomsi ainii\  Increaseq Dosefj Costq]

mg

Clozapine:
Olanzapine
Amisulpride
Risperidone
Aripiprazole
Quetiapine
Ziprasidone

First-generation antipsychotic
haloperidol)

1to 4, with higher nun ndicat efficacy
h 0 ind: 1t the side effect is rarely observed and 4 indicating that

al treatment
medication

he lowest fully effective
dose, since some patien
9 Cost is the average whol

o verage dose for 30 days. Amisulpride is not sold in the United States.
Agranulocytosis can occur with clozapine

The NEW ENGLAND
JOURNAL of MEDICINE

csabuisED 1 1912 SEPTEMBER 22,2005 EE——

Effectiveness of Antipsychotic Drugs in Patients
with Chronic Schizophrenia
oup, M., M.P.H. Joseph P. M
2O Perkin, V1.0, M.P.H. R
Davis, Ph.D., Barry D. Lebowitz, Ph.D. Joar,
chotic Trisls of Intervention Effectiven

MD, M
iSE.K

ddressed,

perphenazine, with several newver drugs n a double-blind scudy:
A 70,

iy 7.5t 30 mg per d mg per
day), queriap e orrisperidane (1.5 m 6.0 mg per day)

I 0160 m3g per day frerits approval by
Food and Drug Administration. The primary aim was to delincare différences ir ¢

oversl effectivencss of hese five reatments,

EDITORIALS

The Choice of Antipsychotic Drugs for Schizophrenia
Rober Frecdman, M

Sinc the discavery of e effecs of chlompromsasnetagonisss asd i onises t seotosi
e 19505, Leatament of slizoplirenia has relied  S-hydroryteypatinegs ecepioes.! Piarmaceutical
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Olanzapine Risperidone Perphena
(N=336)  (N=337)

abolic ef

Weight gain or
Extrapyramidal e

Other S I 18
Weight change from baseline to last observationt]
Weight gain >7% — no.ftotal no. (%) nazox (16)
change —
Mean +SE 9.4:09 1109  08:09  -20s11 1 <000
Median 7 1 0 -1 -
Range l4t042 251025  -24t024 291022 -24t018
Weight change — [b/mo of treatment

an +SE 2.0£0.3 05202 04103 0.2402 03403 0.001
Median 08 o. 0.0 0.1 03
Range 141095 441063 491040 531059

Neuroleptics and weight gain ; mainly a
central hypothalamic effect

« My receptors made me eat it ... »

Serotonin SHT2c receptor blockade
Histamine H1 receptor blockade

Dopamine D2 receptor blockade

26




Incidence of type 2 antipsychotic associated
diabetes

17,00% 1

15,00% |

11,00% ]
Cardiac toxicity (QT interval)
7,00% 1|

5,00%
Clozapine Olanzapine Haloperidol Other AP Risperidone General
* Population
Pittsburgh Schizophrenia Treatment and Research CenterZoler, Ganguli, ‘99

Canadian Guidelines on the Treatment of diabetes 1999

Neuroleptics and diabetes in geriatr
population

Indirect drug effects

Retrospective cohort study of diabetes mellitus and
antipsychotic treatment in a geriatric population in the United
States.

Feldman PD et al. J. Am. Med. D. Ass. 2004, 5, 38

Elderly ref. population (n:1.836.899), patients receiving
antipsychotic monotherapy (risperidone n: 4, olanzapine
n:5.382 , haloperidol n:6481, thioridazine n:1658 ...)

Figure. Measurement of the QT Interval and Adjustment for Heart Rate.
. . . . . . 's with a normal QRS duration, the corrected QT interval (QTc), aft nent for the heart rate, is considered
New antihyperglycemic prescription rates were higher in each : ged fit s more than 450 msec in men or more than 460 msec in women.

sychotic cohort (no difference between typical and

27
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&9

 Like class A antiarrhythmic drugs

¢ Potassium- and Sodium-channel blockade

* Delay to ventricular repolarization

* Lengthening of the QT interval on ECG/
Torsades de pointes

o ]

Cardiac toxicity of neuroleptic drugs

- Ventricular arrhythmias were reported with
thioridazine (Melleril®), haloperidol
(Haldol®), sulpiride (Dogmatil®). pimozide
( Orap®), chlorpromazine (Largactil®,),
sertindole (Serdolect®‘),. ..
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Prolongation of QTc¢ by neuroleptic drugs

<5ms : Norisk ) B
Olanzapine : 4.9 to 6.8 ms

Risperidone : 4.4 to 10 ms
6-10 ms : Unlikely to be arisk  Quetiapine : 8 to 14.5 ms

11-15 ms : Possible risk
16-20 ms : Probable risk

21-25 ms : Almost definite risk

Ziprasidone : 4.7 to 20.6 ms

Sertindole : 21 to 30 ms

> 26 ms : Definite risk (cases > 500 ms)

Thioridazine : 20 to 30 ms

Cardiac toxicity of neuroleptics

(QTc prolongation-torsades de pointes-sudden death)

High (definite) risk : thioridazine, sertindole
Probable: sultopride, pimozide, droperidol
Possible : haloperidol, chlorpromazine,
quetiapine, ziprasidone

Low risk (unlikely) : risperidone,
olanzapine, clozapine, amisulpride

30




Managing the QTc risk

New warnings and precautions

Olanzapine Quetiapine Risperidone Perphenazine Ziprasidone
(N=336)  (N=337)  (N=341)  (N=261)*  (N=185) P Valuej

Baseline ECG

Baseline electrolyte measurement

Regular ECG and electrolyte monitoring
Stop treatment if QTc > 500 ms

Not exceeding the upper recommended dose
! Concomitant drugs !!!

Contraindications

Significant cardiac disorders
History of QTc prolongation
History of ventricular arrhythmias Antipsychotics : risk of sudden death.
Bradycardia or heart block

Family history of QTc prolongation
Electrolyte imbalance

Other drugs prolonging the QTc interval
Reduced activity of cytochrome P450

31
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Atypical Antipsychotic Drugs and the Risk
of Sudden Cardiac Death

concLusions -~
Current users of typical and of atypical antipsychotic drugs had a similar, dose-related */f <
increased risk of sudden cardiac death.

Antipsychotic Agents and Sudden Cardiac Death —
How Should We Manage the Risk?

uarion of risks s pare
mportant in tae case of medications that

n cardiac death

W Lowdose [ Moderat

Incidence-Rate Ratio

Typical Antipsychotic Agent Atypical Antipsychotic Agent

tionship. I bars indicat
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Stroke risk in the elderly

* Psychotropic drug use

The « atypical neuroleptics » (risperidone, olanzapine...
- are used in 75 % of the psychotic patients (Belgium,

- have been studied mainly in young patients
Recent pharmacovigilance data indicate with some drugs
- interactions and cardiac (QT) risks mainly in older subjects

- increased risk of stroke in aged patients

= special caution in aged, confused or demented patients
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ypical antipsychotics : some remarks ;

* Clozapine : resistant schizophrenia ; risk of
= = granulocytosis (genetic as S

Antipsychotics and stroke risk. AT e (ErEe R )

FDA evaluation of clinical trials results . ) . ) )

New neuroleptics are used at lower equivalent dosages

17 trials, 5106 demented patients, higher risk of stroke with than the classical drugs (less side-effects)

risperidone, > olanzapine > aripiprazole, quetiapine > placebo.

Actual requirement level of the registration authorities
The results of the randomized controlled trials of risperidone and o et A . s, 0 o P T
olanzapine in elderly patients with dementia revealed a three-fold make artificially believe in a higher risk of cardio-
difference in risk of cerebrovascular adverse events Compared to VaSCll] ar tOXlClty (QT'lntel‘Val) Wlth atyplCﬂ]

placebo, and subsequently the prescribing information for risperi- . .
done and olanzapine were amended to reflect these findings (Dear antipsychotics
Healtheare Professional, 2004a; Dear Healthcare Professional,
2004c).

Cite this article as: BMJ, doi:10.1136/bm].38330.470486.8F (published 24 January 2005)

Papers

Atypical antipsychotic drugs and risk of ischacmic stroke:

population based retrospectiy hort study From Chlorpromazine to Clozapine—Antipsychotic
yopulatic ased retrospective cohor ay

Adverse Effects and the Clinician’s Dilemma

Sabina Abidi, MD', Sreenivasa M Bhaskara, MB, FRCPC, MRCPsych, DPM
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The dementia antipsychotic withdrawal trial (DART-AD):
long-term follow-up of a randomised placebo-controlled
trial

y Vol 8 February 2009

Interpretation There is an increased long-term risk of mortality in patients with AD who are prescribed antipsychotic
medication; these resulls further highlight the need to seek less harmful alternatives for the long-term treatment of
neuropsychiatric symptoms in these patients.

Nombes st sk deatha)

Figure 2 Kaplan-Meler suryival estimates

e —

Continue treatment (n=83) Placebo (n-82)

848
Substantial EPS 0 (a7
alhallucinations

Delusional

0o %
ease inhibitor i sl isatins onols)
Number at isk(desths)
eptic before Contnuetreatment 29.3) ey 7
Facebo 34(1) 16 e
ints 9 11(s 114007

7 [n=71]): 80 (63-92)

continuedallocated treatment for 12 months

Continue treatment (n-39) _Placsbo(n=27)
6 (41%) 12(44%)

Possible 9(23%)
Prcbatle 2(5%)
sing 1200%)

Data arenumber (6,

Data are ruembes (%) mean (SD) ange; median (IGR). EPS—extiapyramida symptons SMMSE=standvised i Table2:Vasculr causes ofdeatyby treatment n themITT populaton

mental state examinstion. SIB-severe impaiment battery. NPi-nevropsychistric inventary. FAST-functional

e o 4 L-8 ving

Continue treatment (n=45) _ Placebo (n=31) _ Fisher's sact testp-value
20(44%) 15 (48
5(20%) 403%) 030
4(3%) 7%

Mising 2@ s16%)

Data arenumber (6,

Table 3 Vascular auses of death by treatment I the TT population
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Classical and « atypical » antipsychotics :
comparison of efficacy and side effets

chotics
« Atypical »

Negative syf
pyramidal effects

Sedation

Prolactin increase

Orthostatic hypotension
Neuroleptic malignant syndrome
QTc prolongation, cardiac risk
Stroke risk in elderly

Higher death risk (dementia)
Weight gain / diabetes




