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Abstract Evidence-based medicine (EBM) is a broad
concept, but the key elements include the incorporation of
clinical judgment (which requires clinical experience)
together with relevant scientific evidence while remaining
mindful of the individual patient’s values and preferences.
Using the framework and philosophy of EBM, this sys-
tematic review summarizes the pharmacology, efficacy, and
tolerability of newly approved oral antipsychotics, includ-
ing iloperidone, asenapine, and lurasidone, and outlines
what is known about agents that are in late-stage clinical
development, such as cariprazine, brexpiprazole, zicrona-
pine, bitopertin, and EVP-6124. Potential advantages and
disadvantages of these agents over existing antipsychotics
are outlined, centered on clinically relevant issues such as
the potential for weight gain and metabolic abnormalities,
potential association with somnolence/sedation, extra-
pyramidal side effects, akathisia, and prolongation of the
electrocardiogram (ECG) QT interval, as well as practical
issues regarding dosing instructions, titration requirements,
and drug—drug interactions. Lurasidone appears to be best
in class in terms of minimizing untoward alterations in body
weight and metabolic variables. However, iloperidone,
asenapine, lurasidone, and cariprazine differ among them-
selves in terms of on-label dosing frequency (once daily for
lurasidone and, presumably, cariprazine versus twice daily
for iloperidone and asenapine), the need for initial titration
to a therapeutic dose for iloperidone and possibly caripr-
azine, requirement to be taken sublingually for asenapine,
requirement for administration with food for lurasidone,
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lengthening of the ECG QT interval (greater for iloperidone
than for asenapine and no effect observed with lurasidone),
and adverse effects such as akathisia (seen with cariprazine,
lurasidone, and asenapine but not with iloperidone) and
sedation (most notable with asenapine).

1 Introduction

Evidence-based medicine (EBM) is a broad concept, but the
key elements include the incorporation of clinical judgment
(which requires clinical experience) together with relevant
scientific evidence while remaining mindful of the individ-
ual patient’s values and preferences [1]. Sackett et al. [2]
emphasized that the philosophy of EBM is driven by the
desire to provide optimal patient-centered care and is clearly
not “cookbook medicine.” Figure 1 outlines a five-step
process that makes explicit the EBM process [3].

The years 2009 to date have seen the introduction of three
new oral second-generation antipsychotics in the USA, ilo-
peridone (Fanapt®, Novartis) indicated for the treatment of
schizophrenia, asenapine (Saphris®, Merck) indicated for the
treatment of schizophrenia and for bipolar mania/mixed epi-
sodes, and lurasidone (Latuda®, Sunovion) indicated for the
treatment of schizophrenia and, as of 2013, also for bipolar I
depression. In late-stage clinical development (phase III) are
additional medications that may prove to be helpful in the
treatment of schizophrenia and/or bipolar disorder. These
include two dopamine D2 receptor partial agonists, caripr-
azine (Forest) and brexpiprazole (Otsuka), and a dopamine D2
receptor antagonist, zicronapine (Lundbeck). Also in phase I11
are bitopertin (Roche/Genentech), a glycine transport inhibi-
tor that may have antipsychotic effects, and EVP-6124
(EnVivo), an alpha-7 nicotinic acetylcholine receptor agonist
being tested for its potential pro-cognitive effects. This article
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Step 4
I Fonnulalethequestlon| | Search for answers | | Appraise the evidence ] | Apply the results ] ‘ Assess the outcome

(" What kind of patient or
problem?

What intervention,
treatment, diagnostic
test, risk factor, or
prognostic factor are
you interested in?

What comparisons are
you making (treatment
A versus treatment B,
treatment versus no
treatment, etc.)?

L.

(Does it work?

Has a systematic
review been conducted
(search Medline or the
Cochrane Database)?

Are there RCTs that
enrolled similar patients
to yours?

If using guidelines, are
they evidence-based or
eminence-based?

Well formulated
questions make it

] easier to locate an
answer, if one exists.

(" Will it work in the “real
world"?

Is it relevant to your
question and your
patient?

Is the statistically
significant resuit
clinically significant?

If effect size is not
mentioned in the
research report, is there
sufficient information
available to calculate
the NNT for the

™, categorical outcomes of
interest?

(Is it worth it?

Is the intervention,
treatment, diagnostic
test, etc., important to
you within the context of
your clinical experience
and important to the
patient in terms of their
preferences?

P

DfDoes the patient agree?

(Did you ask the right
question?

Did you find answers?

Were the answers you
found based on a high-
quality level of
evidence?

Did it make clinical
sense?

Did it make a
difference?

Can you quantify this?

Fig. 1 The 5-step evidence-based medicine process (reproduced with permission from Citrome and Ketter [3]). NNT number needed to treat,

RCTs randomized controlled trials

aims to apply the five-step process of EBM to the clinical
problem of schizophrenia and asks the question “What is new
or different about the new antipsychotics that would help treat
my individual patient with schizophrenia?”. Where applica-
ble, data for the use of these agents for bipolar disorder are also
considered. Agents that are not anticipated to be commer-
cialized in the USA are not discussed.

Although the five-step EBM process is used as a
framework, a complete discussion of EBM is beyond the
scope of this review and the reader is referred to Box 1 for
additional resources.

2 Box 1. Evidence-based medicine resources

Box 1. Evidence-based medicine resources

British Medical Journal Evidence-Based Medicine Online:
http://ebm.bmj.com/.

Centre for Evidence-Based Medicine: http://ktclearinghouse.
ca/cebm.

The Cochrane Collaboration: http://www.cochrane.org/.

Gray GE. Concise Guide to Evidence-Based Psychiatry.
Washington, DC: American Psychiatric Publishing, Inc.;
2003.

Guyatt GH, Rennie D, Meade MO, Cook DJ. Users’
Guides to the Medical Literature: A Manual for Evidence-
Based Clinical Practice. Second edition. New York:
McGraw-Hill Medical; 2008.

Guyatt GH, Rennie D, Meade MO, Cook DJ. Users’
Guides to the Medical Literature: Essentials of Evidence-
Based Clinical Practice. Second Edition. New York:
McGraw-Hill Medical; 2008.

Straus SE, Glasziou P, Richardson WS, Haynes RB.
Evidence-Based Medicine: How to Practice and Teach
EBM. Fourth edition. Ediniburgh: Churchill Livingstone;
2010.
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3 Formulating the Question

3.1 “What is New or Different about the New
Antipsychotics that Would Help Treat My
Individual Patient with Schizophrenia?”

Despite the number of different antipsychotics commer-
cially available, schizophrenia remains a complex and
difficult disorder to treat. In clinical practice, the hetero-
geneity in individual patient response in terms of both
efficacy and tolerability to different agents is at times
astonishing. This leads to the common practice of switch-
ing medications, one after the other, in order to find the best
fit and where adherence can be maximized. The research
evidence supports the notion that the different antipsy-
chotics each have their own ‘personalities’, and these dif-
ferent profiles are used as a first step in medication
selection [4], but there is never any guarantee that any
choice will be a successful one. Finding the ‘perfect’
medication is elusive and thus new treatments are often
eagerly anticipated. Issues that require consideration
include the type of patient that would potentially benefit
from the intervention (diagnosis, specific symptom profile,
stage of the illness, etc.), the anticipated robustness of the
treatment effect (magnitude and durability of symptom
reduction, effects on functionality), commonly encountered
adverse events and safety concerns (such as the potential
for weight gain and metabolic abnormalities, potential
association with sedation, extra-pyramidal side effects,
akathisia, and prolongation of the ECG QT interval), and
logistical concerns such as when and how often the agent
needs to be administered and if there are any special
instructions for how the medicine needs to be taken (such
as with food or without food), whether titration to a
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therapeutic dose is required, whether there are any special
monitoring requirements, and the potential for drug—drug
interactions.

3.2 “When does a Difference Make a Difference?”

When assessing whether or not a statistically significant
treatment difference observed in a clinical trial is clinically
relevant, the effect size will need to be considered. Number
needed to treat (NNT), and its counterpart, number needed
to harm (NNH), are clinically intuitive effect size measures
that help judge the clinical significance of a statistically
significant result [5, 6]. NNT and NNH are also simpler for
the average clinician to calculate ‘on-the-fly’ than other
effect size measures [5]. NNT answers the question ‘How
many patients would you need to treat with intervention A
instead of intervention B before you would expect to
encounter one additional positive outcome of interest?’ [6].
NNH answers the question ‘How many patients would you
need to treat with intervention A instead of intervention B
before you would expect to encounter one additional out-
come of interest that you would like to avoid?’ [6]. In
general, ‘single-digit” NNT values are desired, with lower
numbers representing more robust effect size differences
for the efficacy outcomes. However, ‘double-digit’ or lar-
ger NNH values are desired, with the consequence that
undesirable safety or tolerability outcomes will be less
frequently encountered [6].

The ratio of NNH : NNT, known as the likelihood to be
helped or harmed (LHH), can further illustrate trade-offs
between benefits and harms [6]. For example, for a hypo-
thetical medication, if the NNT versus placebo is 4 for a
clinically relevant therapeutic response and the NNH ver-
sus placebo for persistent tremor is 6, LHH is 6/4 or 1.5.
This LHH of 1.5 for response versus persistent tremor can
be interpreted as ‘treatment was 1.5 times more likely to
help (therapeutic response) than harm (tremor) the patient.’
An LHH much greater than 1 is the norm when comparing
a desired outcome, for example, robust response versus a
severe adverse event. An LHH a little greater than 1 is
usually observed for acceptable interventions when com-
paring a desired outcome with an adverse event that is
usually mild or moderate but that may still lead to dis-
continuation. LHH less than or equal to 1 is usually only
acceptable when comparing a desired outcome with an
adverse event that is usually mild or moderate but that is
usually temporary and does not lead to discontinuation, or
there is a particularly urgent need for benefit (efficacy) that
mitigates an otherwise prohibitive risk of harm (side
effects) [6].

A caveat is that NNT, NNH, and LHH are tools intended
for the clinician, and not the statistician. Although NNT
measures outcomes in ‘patient units’ compared with

commonly reported continuous metrics (such as changes in
rating scale score), some precision is lost and NNT would
not be suitable as a primary outcome measure when
reporting a clinical trial. A more complete discussion of
NNT with several examples can be found elsewhere [5, 6].

4 Searching for Answers

A literature search of the US National Library of Medi-
cine’s PubMed database on 7 April 2013 for the text words
‘iloperidone,” ‘asenapine,” ‘lurasidone,” ‘cariprazine,’
‘brexpiprazole,” ‘zicronapine,” ‘bitopertin,”’ and ‘EVP-
6124’ produced 112, 150, 83, 19, 0, 0, 9, and 1 record(s),
respectively. Of these, 26 were primary or first reports of
relevant clinical trials and their extensions (if applicable),
excluding studies that were primarily drug interaction/
pharmacokinetic or dedicated cardiac QT trials [7-32]. Two
relevant meta-analyses were also found: one for asenapine
for the treatment of schizophrenia [33] and one that inclu-
ded several of the new agents regarding effects on body
weight and metabolic adverse effects [34]. Several sys-
tematic and narrative reviews were found, and these pro-
vided additional information extracted from regulatory
documents and meeting abstracts (and whose references
often included other meeting abstracts). Of these systematic
and narrative reviews, the works created by the present
author [35-52], including pooled analyses of available
clinical trials [40, 43, 44], were used as a basis for much of
the material presented here, and updated where possible;
other systematic reviews found did not generally quantify
effect sizes using NNT or NNH. The US product labels for
iloperidone [53], asenapine [54], and lurasidone [55] pro-
vided additional information. For zicronapine and EVP-
6124, agents for which scant information was found, a
repeat search was made using EMBASE for abstracts of
presentations made at conferences, yielding 0 and 1 relevant
records [56], respectively. In view of the lack of clinical
data regarding zicronapine found, a search was made
regarding investor-oriented press releases by the manufac-
turer and a summary of phase II trials was found [57].

In addition, a search of the clinical trial registry
clinicaltrials.gov on 7 April 2013 for the text words ‘ilo-
peridone,” ‘asenapine,” ‘lurasidone,” ‘cariprazine,” ‘brex-
piprazole,” ‘zicronapine,” ‘bitopertin,” and ‘EVP-6124’
produced 11,47, 41, 16, 9, 4, 7, and 9 records, respectively.
For agents not yet commercially available but whose for-
mal nomenclature has been established, an additional
search on clinicaltrials.gov was conducted using their
preliminary designations (RGH-188 for cariprazine, OPC-
34712 for brexpiprazole, Lu 31-130 for zicronapine, and
RO4917838 for bitopertin); this search yielded 12, 20, 4,
and 21 records, respectively.
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Whenever available, categorical outcomes were pre-
ferred when describing results. If NNT or NNH values
were not reported for these outcomes, they were then cal-
culated using the data provided. When 95 % confidence
intervals (CI) were not reported, they were calculated by
the author. When the 95 % CI encompassed ‘infinity,’
meaning that the NNT or NNH estimate was not statisti-
cally significant, the notation ‘ns’ is made.

5 Appraising the Evidence

Published are primary reports of several short- and longer-
term randomized controlled trials of iloperidone [7-11],
asenapine [12-22], and lurasidone [23-32]. Reviews of
cariprazine summarize short-term studies [36-38]. Very
limited information is available for brexpiprazole, zicro-
napine, bitopertin, and EVP-6124. In general, studies have
recruited individuals who have been ill for, on average,
several years. Persons with active co-morbid alcohol or
substance use disorders are generally excluded, as are
patients who have not responded to prior treatments and
considered to be possibly treatment resistant. These reasons
for exclusion are understandable, as they can potentially
interfere with obtaining or even assessing treatment
response. For safety reasons, individuals with medically
relevant comorbid somatic conditions are also ineligible to
participate, as are patients who are suicidal or considered a
danger to others. Although all of these criteria for exclu-
sion result in a study sample that may be dissimilar to
patients treated in the ‘real world,” the expectation is that it
is possible to generalize results of the clinical trials to
clinical practice. For the acute studies in subjects with
schizophrenia, the primary outcome measure was generally
either the Brief Psychiatric Rating Scale (BPRS) total score
or the Positive and Negative Syndrome Scale (PANSS)
total score. For the acute studies in subjects with bipolar
mania/mixed episodes, the primary outcome measure was
generally the Young Mania Rating Scale (YMRS) score.

5.1 Tloperidone
5.1.1 Pharmacodynamics and Pharmacokinetics

Table 1 outlines the principal pharmacodynamic and
pharmacokinetic attributes of iloperidone. Of clinical and
practical importance is the relatively high affinity for
noradrenergic alpha 1 receptors (K; 0.36 nM), compared
with the affinity for serotonin 5-HT2A and dopamine D2
receptors (K; 5.6 and 6.3 nM, respectively). This is the
explanation for iloperidone’s potential for dizziness and
orthostatic hypotension and this potent effect at noradren-
ergic alpha 1 receptors is the principal reason for the
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requirement that iloperidone be titrated to its therapeutic
target dose range of 12-24 mg/day. The randomized con-
trolled trials of iloperidone (Table 2) tested several doses
of iloperidone versus placebo, and all employed twice-
daily (bid) dosing, explaining why the product label rec-
ommends this as the dose frequency, even though the
elimination half-life approximates 24 h, which would
possibly justify once-daily dosing once titration to a tol-
erable dose has taken place. An open-label extension study
did suggest that 12 mg given once daily at bedtime was
efficacious and tolerable [11].

Other receptor-binding characteristics may be important
clinically. Low affinity to muscarinic receptors would
theoretically predict a low propensity for causing anticho-
linergic side effects, including cognitive dysfunction and
gastrointestinal disturbances, at clinically relevant doses
[58]. Low affinity to histamine H1 receptors would theo-
retically predict a low propensity for causing sedation or
weight gain [58]. However, proof that these receptor-
binding affinities are clinically relevant in the day-to-day
treatment of patients requires the conduct of clinical trials
to test these hypothesized effects.

5.1.2 Efficacy

Four short-term, double-blind, placebo- and active-con-
trolled efficacy studies were conducted [7-9]. Three were
6 weeks in duration and one was 4 weeks in duration. Two
studies were accepted by the US FDA as supportive of
iloperidone’s efficacy in the acute treatment of schizo-
phrenia in adults, although there was disagreement between
the manufacturer and the FDA as to which two studies
were considered positive [50]. A patient-level meta-ana-
lytic post hoc analysis of pooled patient data from all four
trials demonstrated superiority of iloperidone over placebo
on the PANSS total, PANSS positive subscale, PANSS
negative subscale, and BPRS-derived (BPRSd) total scores
[43], and on the PANSS factor scores [44]. Effect sizes for
iloperidone when dosed in the therapeutic range were
similar to those observed for ziprasidone and haloperidol
but somewhat lower than those observed for risperidone.
The latter difference was attenuated when subjects who
have been treated for less than 2 weeks were excluded;
thus, this difference from risperidone may be potentially
explained by the design of the clinical trials where ilo-
peridone was titrated to a therapeutic dose more slowly
than for risperidone. Another possible explanation is that
risperidone is superior in efficacy to iloperidone (and also
to ziprasidone and haloperidol), which would be consistent
with a series of meta-analyses by Leucht et al. [59-61],
demonstrating that clozapine, olanzapine, amisulpride, and
risperidone have efficacy advantages over other first- and
second-generation antipsychotics.



New Oral Antipsychotics

883

Table 1 Overview and characteristics of iloperidone, asenapine, lurasidone, and cariprazine

Tloperidone Asenapine Lurasidone Cariprazine
US brand name Fanapt® Saphris® Latuda® Pending
Marketed in USA  Novartis Merck Sunovion Forest
by
Date of initial US 6 May 2009 14 Aug 2009 28 Oct 2010 Anticipated 2013
approval
US patent 2016 2020 2018 Estimated 2027
expiration
Approved Schizophrenia Schizophrenia; acute tx of  Schizophrenia; depressive Initial submission for
indications manic or mixed episodes episodes associated with schizophrenia and acute tx

Other indications
in phase III as
per
clinicaltrials.gov

Target dose

Dose frequency

Titration to
therapeutic dose
required?

Dose
administration

Strengths
available

12-24 mg/day

Twice daily
Yes (4 days)

Oral, with or without food

1,2,4,6,8, 10, and 12 mg

Pharmacodynamics (K; in nM)

Affinity K; <0.1

K; >0.1 and <1

K; >1 and <10

K; >10 and
<100

K; >100 and
<1,000

K; >1,000

Receptor
functionality

NE Alpha 1 (0.36)

5-HT2A (5.6), D2 (6.3), D3
(7.1)

5-HT7 (22), D4 (25), 5-HT6
43)

5-HT1A (168), D1 (216),
HI1 (473)

Muscarinic

Antagonist at D2, D3,
5-HT1A, and NE alphal
and alpha2C

associated with BDI as
monotherapy or adjunctive
therapy with either Li or
VAL

Acute tx: 10 mg/day for
schizophrenia and 20 mg/
day for bipolar mania or
mixed episodes

Twice daily
No

Sublingual, no food or liquid
for 10 min after
administration

5 and 10 mg (two flavors
available, including black
cherry)

5-HT2C (0.03), 5-HT2A
(0.06)

5-HT7 (0.13), 5-HT2B
(0.16), 5-HT6 (0.25), D3
(0.42)

H1 (1.0), D4 (1.1), NE
Alpha 1 (1.2), NE Alpha 2
(1.2), D2 (1.3), D1 (1.4),
5-HT5 (1.6), 5-HT1A
(2.5), 5-HT1B (4.0), H2
6.2)

Muscarinic M1

Antagonist at the above
receptors

BDI (bipolar depression),
as monotherapy and as
adjunctive therapy with Li
or VAL

40-160 mg/day
(schizophrenia);
20-120 mg/day (bipolar
depression)

Once daily
No

Oral, in the presence of
>350 calories of food

20, 40, 60, 80, and 120 mg

5-HT2A (0.47), 5-HT7
(0.495), D2 (0.994)

5-HT1A (6.38)

NE alpha 2C (10.8), NE
alpha 2A (40.7)

H1 and muscarinic M1

Antagonist at the above
receptors, except for
5-HT1A, where activity is
that of partial agonism

for manic or mixed episodes
associated with BDI

Adjunctive use for major
depressive disorder

Pending

Once daily
Likely

Oral, with or without food

Pending

D3 (0.085)

D2L (0.49), D2S (0.69),
5-HT2B (0.58)

5-HTIA (3)

5-HT2A (19), HI (23)

5-HT7 (111), 5-HT2C (134)

Antagonist at the above
receptors, except for D3,
D2L, D2S, and 5-HTI1A,
where activity is that of
partial agonism
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Table 1 continued

Tloperidone Asenapine Lurasidone Cariprazine
Pharmacokinetics

Time to peak 24 h 0.5-1.5h 1-3h 34h
plasma
concentration
Elimination CYP2D6 extensive 24 h 18 h (at 40 mg/day) 2-5 days
half-life metabolizers: 18 h (23-26

for metabolites); CYP2D6

poor metabolizers: 33 h

(31-37 for metabolites)
Protein-bound 95 % 95 % 99 % Pending
Route of CYP2D6 and CYP3A4 UGT1A4 and CYP1A2 CYP3A4 CYP3A4 and CYP2D6
metabolism
Important P88 (in equilibrium; crosses Asenapine activity is Two active metabolites with Desmethylcariprazine and

metabolites

Drug—drug
interactions?

Dosage
adjustment in
renal
impairment?
Dosage
adjustment in
liver
impairment?

the BBB), P95 (does not
cross the BBB)

Inhibitors of CYP3A4 (e.g.
ketoconazole) or CYP2D6
(e.g. fluoxetine,
paroxetine) can inhibit
elimination and cause
increased blood levels of
iloperidone twofold;
because of the NE alpha 1
receptor antagonism, can
add to the effect of certain
antihypertensive agents

None

Iloperidone is not
recommended in patients
with hepatic impairment

primarily due to the parent
drug

Coadminister with caution
with fluvoxamine
(CYP1A2 inhibitor);
because of the NE alpha 1
receptor antagonism, can
add to the effect of certain
antihypertensive agents;
asenapine can inhibit
CYP2D6, resulting in
twofold increases in
paroxetine concentrations

None

Asenapine is not
recommended in patients
with severe hepatic
impairment

shorter half-lives than the
parent compound

Co-administration with
drugs that are strong
inhibitors of CYP3A4
(such as ketoconazole), or
strong inducers (such as
rifampin) is
contraindicated;
lurasidone should be
initiated at 20 mg/day and
not exceed 80 mg/day if
coadministered with a
moderate CYP3A4
inhibitor (such as
diltiazem)

Start at 20 mg/day and do
not exceed 80 mg/day in
patients with moderate and
severe renal impairment

Start at 20 mg/day and do
not exceed 40 mg/day in
patients with severe
hepatic impairment or
80 mg/day in patients with
moderate hepatic
impairment

didesmethyl-cariprazine,
the latter’s half-life is
substantially longer than
that for cariprazine

(2-3 weeks)

Pending

Pending

Pending

From US product labeling [53-55] and a review of cariprazine [38]

BBB blood-brain barrier, BDI bipolar I disorder, CYP cytochrome P450, Li lithium, zx treatment, VAL valproate

Data permitting the calculation of NNT for response
versus placebo are limited to one trial [7], where using a
threshold of a >20 % decrease from baseline on the PANSS
positive subscale, significantly more patients receiving ilo-
peridone (72 %) than placebo (52 %) met this criterion,
yielding an NNT of 5 (95 % CI 4-13) [52]. The corre-
sponding information for ziprasidone was not reported [7].

Efficacy data from 52-week, double-blind trials are
available [10]. Data were pooled from these three pro-
spective multicenter studies comparing iloperidone
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4-16 mg/day with haloperidol 5-20 mg/day. Each study
was identically designed, with a 6-week stabilization per-
iod followed by a 46-week double-blind maintenance
period. There was no placebo arm. Rates of relapse and
reasons for relapse were similar between iloperidone and
haloperidol. However, the FDA did not accept these studies
as supportive for iloperidone because of issues surrounding
the non-inferiority design [50]. A more traditional relapse-
prevention study of iloperidone versus placebo is underway
(NCTO01291511).
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5.1.3 Tolerability and Safety

Commonly observed adverse reactions in short-term trials
(incidence >5 % and twofold greater than placebo) were
dizziness, dry mouth, fatigue, nasal congestion, orthostatic
hypotension, somnolence, tachycardia, and weight increase
[53]. The rates and NNH versus placebo for these are
summarized in Table 3. Dizziness and tachycardia were
more common with iloperidone 20-24 versus 10-16 mg/
day in the clinical trials; however, this may not necessarily
translate to what can be expected in clinical practice as
patients in the clinic would not be routinely force-titrated
to a high dose. In general, for all therapeutic agents, it is
important to remember that these adverse event rates are
from spontaneously reported events occurring during the
conduct of the clinical trial. They were not specifically
elicited from the participants in the trial, in contrast to how
a clinician might inquire explicitly about whether or not
their patient is experiencing any adverse reactions such as
dizziness. Thus, rates in clinical practice for some events
may be higher than what is reported in a registration trial.

The non-specific complaint of ‘weight increased’
requires further explanation, as the incidence at the higher
dose range (20-24 mg/day) was 9 % in contrast to the
lower dose range and for placebo where incidence was
1 %; this contrast of 9 versus 1 % is potentially misleading
as the amount of weight gained is not taken into account.
Mean weight change from baseline to endpoint in the 4- to
6-week short-term studies was 2.0 kg for patients receiving
iloperidone 10-16 mg/day, 2.7 kg with iloperidone
20-24 mg/day, and —0.1 kg with placebo [53]. Across all
short- and long-term studies, the overall mean change from
baseline at endpoint was 2.1 kg [53]. However, a more
clinically relevant metric is the incidence of gaining >7 %
of body weight from baseline during the course of the
short-term (4-6 weeks) clinical trials. This amount of

weight gain occurred in 4 % of subjects randomized to
placebo and in 12 and 18 % of subjects randomized to
iloperidone 10-16 mg/day and 20-24 mg/day, respec-
tively, yielding NNH values versus placebo of 13 (95 % CI
9-22) and 8 (95 % CI 6-11), respectively. Pooling the data
for doses of iloperidone 10-24 mg/day, NNH versus pla-
cebo for weight gain >7 % is 10 (95 % CI 8-13). Product
labeling notes that no medically important differences were
observed between iloperidone and placebo in mean change
from baseline to endpoint in routine hematology, urinaly-
sis, or serum chemistry, including glucose, triglycerides,
and total cholesterol measurements [53]. Shifts to abnormal
ranges for metabolic variables are reported in product
labeling for the 24 mg/day dose, for which fasting bloods
were obtained in the 4-week study [7, 53]. These are
summarized in Table 4. Interpretation of these numbers
should be made with caution as these are from a single
study at the highest recommended dose of iloperidone and
the sample sizes were relatively small compared with the
overall safety database. Of note, the direction of harm for
the shift from normal to abnormal for low-density lipo-
protein (LDL) cholesterol and high-density lipoprotein
(HDL) cholesterol is in favor of iloperidone, representing a
‘negative’ NNH. Longer-term data extending out to over
12 months are supportive of iloperidone’s relatively benign
metabolic profile [53].

The product label for iloperidone contains similar lan-
guage as for ziprasidone regarding potential prolongation
of the ECG QT interval [62, 63]. Increases in corrected QT
(QTc) were observed with all dose ranges of iloperidone;
however, there were no deaths or serious arrhythmias
attributable to QT prolongation in these studies [53]. In the
52-week trials, mean changes in the ECG QTc interval
were 10.3 ms for iloperidone and 9.4 ms for haloperidol at
endpoint [10]. In a dedicated QT study [64], 188 adults
with schizophrenia or schizoaffective disorder and normal

Table 3 Iloperidone: incidence and number needed to harm (95 % CI) versus placebo for treatment-emergent adverse events as reported in
product labeling for events with incidence >5 % and twofold greater than placebo in acute studies (adapted with permission from Citrome [52])

Adverse event Placebo (N = 587)

Iloperidone 10-16 mg/day (N = 483)

Iloperidone 20-24 mg/day (N = 391)

Incidence (%) Incidence (%)

NNH (95 % CI) Incidence (%) NNH (95 % CI)

Dizziness 10
Somnolence

Tachycardia

Weight increased
Nasal congestion

7
5
1
Dry mouth 1
1
2
Fatigue 3

1

W A N = 00 W O

Orthostatic hypotension

34 (ns) 20 8 (6-12)
25 (15-112) 15 10 (8-17)
50 (27-359) 12 10 (7-13)
15 (11-23) 10 12 (9-17)
No difference 9 13 (10-20)
34 (19-134) 8 17 (12-33)
100 (ns) 6 34 (18-369)
50 (27-359) 5 25 (16-59)

CI confidence interval, NNH number needed to harm

ns not statistically significant (the 95 % CI encompasses infinity)
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Table 4 Iloperidone: incidence of shifts from the normal to abnormal range for metabolic variables (fasting) and number needed to harm (95 %

CI) versus placebo

Metabolic variable

Placebo

Incidence (%)

Iloperidone 24 mg/day

Incidence (%) NNH (95 % CI)

Serum glucose normal to high (<100 to >126 mg/dL)
Total cholesterol normal to high (<200 to >240 mg/dL)
LDL cholesterol normal to high (<100 to >160 mg/dL)
HDL cholesterol normal to low (>40 to <40 mg/dL)
Triglycerides normal to high (<150 to >200 mg/dL)

2/80 (2.5) 18/169 (10.7) 13 (8-43)

1/72 (1.4) 5/141 (3.6) 47 (ns)

1/42 (24) 1/90 (1.1) —179 (ns)
19/80 (23.8) 20/166 (12.1) —9 (=5 to —88)
6/72 (8.3) 15/148 (10.1) 56 (ns)

Data from the product label [53]

ClI confidence interval, HDL high-density lipoprotein, LDL low-density lipoprotein, NNH number needed to harm

ns not statistically significant (the 95 % CI encompasses infinity)

ECGs at baseline were randomized to iloperidone 8 mg
bid, 12 mg bid, or 24 mg once daily; quetiapine 375 mg
bid; or ziprasidone 80 mg bid. Iloperidone bid produced
mean changes in the Fridericia QTc interval (QTcF) similar
to those produced by ziprasidone (8.5-9.0 versus 9.6 ms,
respectively) and higher than those produced by quetiapine
(1.3 ms). Iloperidone 24 mg once daily produced a mean
QTcF change of 15.4 ms. Coadministration of metabolic
inhibitors with iloperidone resulted in greater increases in
the QTc interval. No patients experienced QTc >500 ms.

Product labeling notes that in the short-term trials, ilo-
peridone was associated with modest levels of prolactin
elevation compared with greater prolactin elevations
observed with some other antipsychotic agents [53]. In the
three 6-week trials [8, 9], prolactin levels were generally
decreased after treatment with all iloperidone dosages for
which this information was available and with placebo, but
were significantly increased with both haloperidol and ris-
peridone [52]. In the 4-week study [7], there was a small
increase in mean change from baseline to endpoint in
plasma prolactin levels of 2.6 ng/mL for iloperidone
24 mg/day. In this trial, elevated plasma prolactin levels
were observed in 26 % of adults treated with iloperidone
compared with 12 % in the placebo group [53], for an NNH
of 8 (95 % CI 5-15). The study report [7] notes that 14.8,
9.5, and 1.5 % of subjects receiving iloperidone, ziprasi-
done, and placebo, respectively, had prolactin values out-
side the upper extended reference range (actual range not
defined) (NNH versus placebo 8 [95 % 6—12] and 13 [95 %
CI 9-23] for iloperidone and ziprasidone, respectively).

There was no significant association with extrapyrami-
dal disorder, akathisia, or tremor noted for iloperidone at
any dose.

5.1.4 Summary of Clinical Utility

At present, the sole NNT value available is for response
versus placebo from the clinical trial where iloperidone

24 mg/day was compared with placebo, with ziprasidone
serving as an active control [7]. Using a threshold of a
>20 % decrease from baseline on the PANSS positive
subscale as the desired outcome, the NNT was 5 (95 % CI
4-13). The dose range of 10-16 mg/day does not appear to
be substantially different than the dose range of 20-24 mg/
day when comparing groups on reduction of psychopa-
thology [43]. When calculating the LHH and contrasting an
NNT of 5 for efficacy with the NNH for adverse outcomes
across the therapeutic dose range, the LHH was >>1 for
extrapyramidal side effects or akathisia, 1.6-2.6 for weight
gain >7 % within 4-6 weeks, and 2.0-5.0 for somnolence.

Although there is a warning regarding the potential for
prolongation of the ECG QT profile, a more pragmatic
obstacle to using iloperidone is the requirement for titration
to the therapeutic dose range of 12-24 mg/day (in order to
manage the risk of orthostatic hypotension). This is not
ordinarily an issue when switching antipsychotics where
the cross-tapering period may be >4 days, but can be
problematic when rapid control of psychotic symptoms is
required when initiating an antipsychotic, especially in an
agitated individual. Nonetheless, iloperidone’s modestly
benign weight and metabolic profile, combined with its
neutrality regarding extrapyramidal side effects or akathi-
sia, renders iloperidone as a useful addition to the psy-
chiatric armamentarium.

5.2 Asenapine
5.2.1 Pharmacodynamics and Pharmacokinetics

Asenapine, available as an orally disintegrating tablet
administered sublingually, differs from other oral antipsy-
chotics in that it is absorbed through the oral mucosa. This
is in direct contrast to orally disintegrating tablets of
olanzapine, risperidone, and aripiprazole, all of which must
be swallowed in order to be effective. Asenapine, if
swallowed, has a bioavailability of <2 % [51, 65, 66].
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Although the asenapine tablet disintegrates within seconds,
and thus is not easy to swallow, it is recommended that
drinking as well as eating should be avoided for 10 min
after administration [54]. However, waiting the full 10 min
may not be necessary; the mean asenapine exposure for
subjects given water at 2 min was only ~20 % lower and
at 5 min was only ~10 % lower [66]. This reduction of
availability by 10-20 % may not be clinically relevant, as
these differences in exposure are actually smaller than the
overall variability observed in studies, where maximum
concentration and overall exposure varied 45 and 37 %,
respectively (with mean inter-individual variability 33 and
26 %, respectively, and mean intra-individual variability
30 and 26 %, respectively) [65].

Asenapine has substantially higher affinity (K; in nM) to
serotonin 5-HT2C (0.03), 5-HT2A (0.06), 5-HT7 (0.13),
5-HT2B (0.16), 5-HT6 (0.25), and dopamine D3 (0.42)
receptors than to dopamine D2 receptors (1.3) (see
Table 1). Binding affinity to histamine H1 (1.0), dopamine
D4 (1.1), norepinephrine alpha 1 (1.2), and norepinephrine
alpha 2 (1.2) receptors approximates that for dopamine D2
receptors. Low affinity to muscarinic receptors would
theoretically predict a low propensity for causing anticho-
linergic side effects. The remaining complex pharmaco-
dynamic profile of asenapine is of potential interest,
particularly for the serotonin 5-HT7 receptor where there
are pre-clinical findings of a possible pro-cognitive effect
[67]. Antagonism at serotonin 5-HT2C receptors can also
theoretically be expected to produce desirable clinical
effects, including improvements in both cognition and
mood [58].

No initial dose titration to a therapeutic dose is neces-
sary. The product label recommends specific target doses
depending on the disease state and other circumstances for
treatment: acute schizophrenia 5 mg bid, maintenance
10 mg bid, bipolar mania/mixed as a monotherapy 10 mg
bid, bipolar mania/mixed with lithium or valproate 5 mg
bid [54]. Doses may still be adjusted to 5 or 10 mg bid as
needed. These doses and their frequency of administration
are based on the design of the clinical trials used to obtain
regulatory approval. However, the elimination half-life of
asenapine is 24 h, suggesting that once-daily dosing may
be appropriate. A study to examine once-daily dosing has
been registered (NCT01549041). The time to maximum
concentration for asenapine after dose administration is
relatively brief (30-90 min), a property that has been
exploited in a clinical trial testing asenapine for agitation
(NCT01400113).

5.2.2 Efficacy

Short-term efficacy for schizophrenia was tested in four
pivotal 6-week randomized, double-blind, placebo- and
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active comparator-controlled trials (Table 5). Two studies
were accepted by the FDA as supportive of asenapine’s
efficacy in the acute treatment of schizophrenia in adults
[12, 13]. There was one negative study where neither of the
tested doses of asenapine statistically separated from pla-
cebo but the active control (olanzapine) did [51, 65]. There
was one failed study where neither asenapine nor olanza-
pine separated from placebo [51, 65]. In one of the positive
studies [12], asenapine was superior to placebo but the
active control (risperidone) was not. A patient-level meta-
analytic post hoc analysis of pooled patient data from all
four trials was conducted and the asenapine treatment
effects were further contrasted with those for other anti-
psychotics by adding the integrated asenapine data to
previously completed meta-analyses [33]. Overall, asena-
pine was superior to placebo with regard to mean change in
PANSS total score with an effect comparable to active
controls from the same trials. In the network meta-analysis,
asenapine ranked fourth among the eight agents in this
analysis; the efficacy of asenapine was comparable to that
of other second-generation antipsychotics; with estimated
differences ranging from 3.9 points greater than ziprasi-
done to 2.9 points less than olanzapine.

Data for the calculation of NNT for response versus
placebo are available for the two 6-week trials considered
supportive for asenapine for schizophrenia. For one trial
[12], using the threshold of a PANSS score reduction
>20 % to define treatment response, 53 % of the patients
in the asenapine group were responders, compared with
50 % in the risperidone group and 35 % in the placebo
group (NNT asenapine versus placebo =6, 95 % CI
3—121; NNT risperidone versus placebo = 7, ns) [51].
Using the criterion of a PANSS score reduction >30, 38 %
of the patients in the asenapine group were responders,
compared with 39 % in the risperidone group and 25 % in
the placebo group (NNT asenapine versus placebo = 8, ns;
NNT risperidone versus placebo = 7, ns) [51]. For the
second study [13], responder analysis using the Clinical
Global Impression-Improvement (CGI-I) score (response
defined as a score of 1 or 2, i.e., “very much improved” or
“much improved,” respectively), revealed response rates
of 48 % for asenapine 5 mg bid, 44 % for asenapine 10 mg
bid, 44 % for haloperidol and 34 % for placebo (NNT
asenapine 5 mg bid versus placebo = 8 [95 % CI 4-66];
NNT asenapine 10 mg bid versus placebo = 10; ns); NNT
haloperidol versus placebo = 10; ns) [51]. Response
defined as a >30 % reduction on the PANSS total score
evidenced rates of 55, 49, 43, and 33 %, for asenapine
5 mg bid, asenapine 10 mg bid, haloperidol, and placebo,
respectively, yielding an NNT of 5 (95 % CI 3-11), 7
(95 % CI 4-31), and 10 (ns) versus placebo for asenapine
5 mg bid, asenapine 10 mg bid, and haloperidol, respec-
tively [45].
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N PL Comments regarding efficacy outcomes®

Active control dose (N)

ASE dose (N)

Disease state

Duration
(weeks)

Table 5 continued

Study

A\ Adis

Randomized

ASE and active control statistically separated
from PL. Completers were eligible for 9-

104

OLA initiated at 15 mg/day, then

Initiated at 20 mg/day, then 10 or

489

Manic or mixed

Mclntyre

5-20 mg/day (191); mean dose

15.8 mg/day
OLA initiated at 15 mg/day, then

20 mg/day (194); mean dose

18.2 mg/day
Initiated at 20 mg/day, then 10 or

episode, bipolar I

disorder

et al. [18]

[19] and 40-week [20] extension studies
ASE and the active control statistically

98

Manic or mixed 488

3

Mclntyre

separated from PL. Completers were

5-20 mg/day (205); mean dose

15.9 mg/day

20 mg/day (185); mean dose

18.4 mg/day

episode, bipolar I

disorder

et al. [21]

eligible for 9- [19] and 40-week [20]

extension studies

Adjunctive ASE was statistically superior to
adjunctive PL at the 3-week primary

167

None

10 or 20 mg/day plus open label

326

Manic or mixed

12

Szegedi et al.

lithium or valproate (159);
mean dose 11.8 mg/day

episode, bipolar I

disorder

[22]

efficacy endpoint. Completers were eligible

for a 40-week extension study [22]

% Qutcomes based on the Brief Psychiatric Rating Scale and/or Positive and Negative Syndrome Scale for the schizophrenia studies or the Young Mania Rating Scale for the bipolar studies,

unless otherwise noted

ASE asenapine, HAL haloperidol, LOCF last observation carried forward, NSA Negative Symptom Assessment, OLA olanzapine, PL placebo, RIS risperidone

Asenapine’s efficacy in the prevention of relapse was
tested in a maintenance study whereby patients with
schizophrenia were stabilized on asenapine during a
26-week open-label treatment period and then randomized
to either continue asenapine or to receive placebo, double-
blind, for up to an additional 26 weeks [14]. Asenapine was
flexibly dosed at 5 or 10 mg bid. Of the 700 enrolled
patients who were treated with open-label asenapine, 386
met stability criteria and entered the double-blind phase.
Times to relapse/impending relapse and to discontinuation
for any reason were significantly longer with asenapine
than with placebo. The incidence of relapse/impending
relapse was 12 % for asenapine and 47 % for placebo,
yielding an NNT of 3 (95 % CI 3-4). Completion rates
were 70 % for asenapine and 37.5 % for placebo, yielding
an NNT of 4 (95 % CI 3-5). Interestingly, the most com-
monly used dose of asenapine was 10 mg bid in both the
open-label and the double-blind phases, even though in
the acute pivotal trials it was the 5-mg bid dose, and not
the 10-mg bid dose that demonstrated efficacy (see
Table 5).

Several longer-term head-to-head randomized trials
were conducted that compared asenapine and olanzapine in
patients with schizophrenia. Negative symptoms were the
focus of two identically designed 26-week studies and their
respective 26-week extensions [17]. Asenapine was not
superior to olanzapine in change in the 16-item Negative
Symptom Assessment Scale total score in either core study,
but asenapine was superior to olanzapine at week 52 in one
of the extension studies. In the two core studies, 26-week
completion rates with asenapine were 64.7 and 49.6 %
versus 80.4 and 63.8 %, respectively, with olanzapine,
yielding NNTs in favor of olanzapine of 7 (95 % CI 5-13)
and 7 (95 % CI 5-19), respectively. In the two extension
studies, completion rates were 84.3 and 66.3 % with
asenapine versus 89.0 and 80.9 %, respectively, with
olanzapine, yielding NNTs in favor of olanzapine of 22
(ns) and 7 (95 % CI 4-45), respectively.

In another comparison of asenapine with olanzapine,
patients with schizophrenia or schizoaffective disorder
were randomly assigned to receive asenapine (flexibly
dosed at 5 or 10 mg bid) or olanzapine (flexibly dosed at 10
or 20 mg/day) for up to 1 year [15], with completers eli-
gible to participate in an extension study [16]. Rates of
discontinuation because of insufficient therapeutic effect
were 25.1 % for asenapine and 14.5 % for olanzapine,
yielding an NNT advantage for olanzapine of 10 (95 % CI
7-18). Changes from baseline in PANSS total score were
similar for asenapine and olanzapine at week 6 but showed
a statistically significant difference in favor of olanzapine
at endpoint (last observation carried forward), but among
completers, changes in PANSS total scores were similar for
asenapine versus olanzapine at week 6 and at week 52.
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Efficacy for asenapine in the treatment of manic or mixed
episodes of bipolar I disorder is supported by several trials,
including the two 3-week phase Il randomized, placebo- and
olanzapine-controlled trials [18, 21], their common exten-
sion trials [19, 20], and a placebo-controlled adjunctive
therapy trial with either lithium or valproate [22], and its
extension [22]. For each study, YMRS total scores were
statistically significantly improved from baseline to endpoint
for asenapine and olanzapine (where applicable) compared
with placebo. Percentages of subjects meeting criteria for
response (>50 % decrease from baseline YMRS total score)
and remission (YMRS total score <12) were reported. In the
monotherapy trials, responder rates were 43, 34, and 55 %
for asenapine, placebo, and olanzapine, respectively, in one
study [21], and 42, 25, and 50 %, respectively, in the other
study [18]. This yielded for asenapine NNTs for response
versus placebo of 12 (ns) and 6 (95 % CI 3-17) for each
study, respectively; for olanzapine the respective NNT val-
ues were 5 (95 % CI 3-12) and 5 (95 % CI 2-8). The
remission rates were 36, 31, and 46 % for asenapine, pla-
cebo, and olanzapine, respectively, in one study, and 40, 22,
and 39 %, respectively, in the other study. This yielded for
asenapine NNTs for remission versus placebo of 22 (ns) and
6 (95 % CI 3-14) for each study, respectively; for olanza-
pine, the respective NNT values were 7 (95 % CI13-26) and 6
(95 % CI3-16). In the adjunctive asenapine trial, responder
rates for adjunctive asenapine versus adjunctive placebo
were 34 versus 27 % at 3 weeks and 48 versus 34 % at
12 weeks, yielding NNT values of 14 (ns) at 3 weeks and 8
(95 % CI 5-38) at 12 weeks. In that same trial, remission
rates for adjunctive asenapine versus adjunctive placebo
were 34 versus 22 % at 3 weeks and 43 versus 30 % at
12 weeks, yielding NNT values of 9 (95 % CI 5-43) at
3 weeks and 8 (95 % CI 5-38) at 12 weeks. In the 9-week
extension study for the monotherapy asenapine studies, the
primary efficacy analysis demonstrated that asenapine was
statistically non-inferior to olanzapine as measured by the
YMRS total score from baseline to day 84 for the observed
case subjects who had 3 weeks of previous exposure to study
medication [19]. YMRS responder and remitter rates were
similar for the asenapine and olanzapine groups: the rates of
response at last observation carried forward endpoint were
77 and 82 % with asenapine and olanzapine, respectively,
and the rates of remission were 75 and 79 %, respectively. In
subjects subsequently enrolled in the 40-week extension
study [20], maintenance of efficacy was observed for both
asenapine and olanzapine, with no differences in response or
remission rates.

5.2.3 Tolerability and Safety

Commonly observed adverse reactions in short-term trials
(incidence >5 % and twofold greater than placebo) were

akathisia, oral hypoesthesia, and somnolence for patients with
schizophrenia; somnolence, dizziness, extrapyramidal
symptoms other than akathisia, and increased weight for
patients with bipolar disorder (monotherapy); and somno-
lence and oral hypoesthesia for patients with bipolar disorder
(adjunctive) [54]. The rates and NNH versus placebo for these
are summarized in Table 6. With the exception of three fixed-
dose trials in schizophrenia, data are from flexible-dose
studies. In addition, for the bipolar monotherapy trials, the
starting dose was 10 mg bid, with a fallback to 5 mg bid if
needed. For the adjunctive asenapine bipolar trial, the starting
dose was 5 mg bid, with a possible increase to 10 mg bid if
needed. Regardless of dose, somnolence is the single most
common adverse event associated with asenapine treatment.
The product label describes somnolence as usually transient,
with the highest incidence reported during the first week of
treatment [54]. The highest rates were observed in the short-
term acute mania/mixed bipolar trials, where somnolence was
reported in 24 % of patients receiving asenapine compared
with 6 % of placebo patients, resulting in an NNH of 6 (95 %
CI 5-9). Although somnolence was frequently reported,
somnolence/sedation led to discontinuation in only a small
proportion (0.6 %) of patients treated with asenapine [54].
Even though dizziness, postural hypotension, and possibly
syncope would be expected given asenapine’s potent alpha 1
noradrenergic antagonist activity, the observed rates of syn-
cope were low among patients (0.17 % for patients receiving
asenapine in the acute schizophrenia trials versus 0.26 % for
placebo; 0.3 % of patients receiving asenapine in the acute
bipolar monotherapy trials versus O for placebo) in contrast to
that observed among healthy volunteers in the clinical phar-
macology trials [51]. Asenapine 10 mg bid appears to be
associated with a greater liability for akathisia than the 5 mg
bid regimen [54]. Somewhat unique to asenapine is the pos-
sibility of oral hypoesthesia (numbness) or dysgeusia (dis-
torted, altered, or unpleasant taste). Although rates of
spontaneously reported oral hypoesthesia and dysgeusia were
very modest in the clinical trials, patients in clinical practice
may more readily complain about these potential effects and
should be forewarned in order to avoid non-adherence. The
black cherry-flavored formulation may lessen unpleasant
taste.

The mean weight gain observed in the acute schizophre-
nia trials was 1.1 kg for asenapine versus 0.1 kg for placebo
[54]. Among these patients, the proportion with a >7 %
increase in body weight (at endpoint) was 4.9 % for asena-
pine versus 2 % for placebo [54], yielding an NNH versus
placebo of 35 (95 % CI 20-132) [51]. In the acute bipolar
monotherapy trials, the mean weight gain for asenapine was
1.3 kg versus 0.2 kg for placebo [54]. Among these patients,
the proportion with a >7 % increase in body weight (at
endpoint) was 5.8 % for asenapine versus 0.5 % for placebo
[54], foran NNH of 19 (95 % CI 13-37) [51]. In the 52-week
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Table 6 Asenapine: incidence and number needed to harm (95 % CI) versus placebo for treatment-emergent adverse events as reported in
product labeling for events with incidence >5 % and twofold greater than placebo in acute studies (adapted with permission from Citrome [51])

Adverse event Placebo Asenapine 5 or 10 mg BID Asenapine 5 mg BID Asenapine 10 mg BID
Incidence Incidence NNH (95 %  Incidence NNH (95 %  Incidence NNH (95 %
(%) (%) &) (%) CDh (%) CDh
Schizophrenia N =378 N =572 N =274 N =208
Somnolence 7 13 17 (11-43) 15 13 (8-32) 13 18 (10-221)
Akathisia 3 6 34 (18-249) 4 100 (ns) 11 13 (8-30)
Oral hypoesthesia 1 5 25 (17-52) [§ 20 (13-50) 7 17 (11-42)
Bipolar disorder (monotherapy) N =203 N =379
Somnolence 6 24 6 (5-9)
Dizziness 3 11 13 (9-25)
Extrapyramidal symptoms other than 2 7 20 (13-56)
akathisia
Weight increased <1 5 25 (16-71)
Bipolar disorder (adjunctive) N = 166 N =158
Somnolence 10 22 9 (5-25)
Oral hypoesthesia 0 5 20 (12-63)

BID twice daily, CI confidence interval, NVNH number needed to harm

ns not statistically significant (the 95 % CI encompasses infinity)

study comparing asenapine with olanzapine in patients with
schizophrenia or schizoaffective disorder [15], the mean
weight gain from baseline observed with asenapine was
0.9 kg (at endpoint) and 1.6 kg (observed cases), compared
with 4.2 kg (at endpoint) and 5.6 kg (observed cases) for
olanzapine; the proportion of patients with a >7 % increase
in body weight for asenapine was 14.7 % (at endpoint) and
22.5 % (observed cases). For olanzapine-treated patients in
that study, the proportion of patients with a >7 % increase in
body weight was 36.1 % (at endpoint) and 44.4 % (observed
cases), yielding an NNH for olanzapine versus asenapine of 5
(95 % CI 4-7) for both the endpoint and observed cases
analyses [51]. Overall, asenapine treatment had no signifi-
cant effect on clinical laboratory parameters [54]. Table 7
summarizes the proportions of patients in the acute studies
with abnormal metabolic variables at endpoint as noted in
product labeling [54]; NNH values for asenapine versus
placebo appear relatively benign. Long-term data regarding
metabolic outcomes extending out to 12 months and beyond
are consistent with the short-term data [15, 16, 54].

Asenapine has a mild effect on the ECG QTc interval
similar to that seen with quetiapine, as evidenced in a
dedicated QT study with doses of asenapine as high as
40 mg/day [68]. Asenapine was associated with increases
in QTc interval ranging from 2 to 5 ms compared with
placebo; no patients treated with asenapine experienced
QTc increases >60 ms from baseline measurements, nor
did any patient experience a QTc of >500 ms [54].

The effects on prolactin levels in the short-term
schizophrenia and bipolar mania/mixed studies revealed no
clinically relevant changes. Data are available from all
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subjects in the phase II and III clinical program for asen-
apine doses of 5-10 bid for shifts to higher than normal
levels of prolactin, and these shifts were observed in 19, 44,
97, 72, and 51 % of subjects randomized to placebo,
asenapine, risperidone, haloperidol, and olanzapine,
respectively; yielding NNH versus placebo values of 4
(95 % CI 4-5), 2 (95 % CI 2-2), 2 (95 % CI 2-3), and 4
(95 % CI 3-4) for asenapine, risperidone, haloperidol, and
olanzapine, respectively [S1]. In the acute schizophrenia
trials, mean decreases in prolactin levels were observed:
6.5 ng/mL for asenapine versus 10.7 ng/mL for placebo
[54]; the proportion of patients with prolactin eleva-
tions > 4 times the upper limit of normal were 2.6 % for
asenapine versus 0.6 % for placebo [54], for an NNH of 50
(95 % CI 29-208) [51]. In the acute bipolar monotherapy
trials, a mean increase in prolactin level of 4.9 ng/mL was
observed for asenapine versus a decrease of 0.2 ng/mL for
placebo [54]; the proportion of patients with prolactin
elevations >4 times the upper limit of normal were 2.3 %
for asenapine versus 0.7 % for placebo, for an NNH of 63
(ns) [54]. In the long-term trial of asenapine and olanzapine
in schizophrenia and schizoaffective disorder, plasma
prolactin levels decreased from elevated levels at baseline
in both treatment groups [15].

5.2.4 Summary of Clinical Utility

NNT for efficacy for asenapine versus placebo for acute
schizophrenia, using a threshold of a >30 % reduction
from baseline on the total PANSS score, ranged from 5
(95 % CI 3-11) for 5 mg bid in one study [13] to 8 (ns) in
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Table 7 Asenapine: incidence of subjects with abnormal values for
metabolic variables at endpoint and number needed to harm (95 %
CI) versus placebo

Metabolic variable Placebo Asenapine (any dose)
Incidence Incidence NNH
(%) (%) 95 % CI)
Schizophrenia
Fasting serum glucose 6 74 72 (ns)
>126 mg/dL at endpoint
Total cholesterol >240 mg/ 7 8.3 77 (ns)
dL at endpoint
Triglycerides >200 mg/dL at 10.5 13.2 38 (ns)
endpoint
Bipolar disorder (monotherapy)
Fasting serum glucose 22 4.9 38 (ns)
>126 mg/dL at endpoint
Total cholesterol >240 mg/ 8.6 8.7 1,000 (ns)
dL at endpoint
Triglycerides >200 mg/dL at 11.4 15.2 27 (ns)
endpoint

Data from the product label [54]; the product label did not contain the
numerators and denominators necessary for the calculation of the
95 % CI but a prior review [51] noted they were all ns

CI confidence interval, NNH number needed to harm

ns not statistically significant (the 95 % CI encompasses infinity)

the other positive study [12]. When calculating the LHH
and contrasting an NNT of 5 for efficacy with the NNH for
adverse outcomes across the therapeutic dose range,
LHH was 2.6-20 for akathisia (clear dose relationship), 7
for weight gain >7 % within 6 weeks, and 2.6-3.6 for
somnolence.

NNT for response for asenapine versus placebo for acute
bipolar mania/mixed episodes, as defined by a >50 %
reduction from baseline on the total YMRS score, ranged
from 6 (95 % CI 3-17) in one study [18] to 12 (ns) in the
other positive study [21]. When calculating the LHH and
contrasting an NNT of 6 for efficacy with the NNH for
adverse outcomes (mostly at the dose of 10 mg bid),
LHH was 3.3 for extrapyramidal symptoms other than
akathisia, 3.2 for weight gain >7 % within 3 weeks, and
1.0 for somnolence. The NNT for response for adjunctive
asenapine (mostly 5 mg bid) in bipolar mania/mixed epi-
sodes versus lithium or valproate monotherapy [22] was 9
(95 % CI 5-43) at 3 weeks and 8 (95 % CI 5-38) at
12 weeks; this also yields an LHH for response versus
somnolence of 1.0. An LHH of 1.0 may be of concern in
patients who are sensitive to somnolence.

Patients started on asenapine for the first time need to be
informed that the medication differs from others that may
have been prescribed for them in the past because asena-
pine is absorbed in the mouth, and will not work if swal-
lowed; thus the recommendation that food or liquids be

avoided for 10 min post-administration. Dysgeusia and
hypoesthesia should be proactively mentioned so that
patients are not surprised and adherence can be maintained.
Overall, asenapine appears to have a relatively benign
weight and metabolic profile, with a desirable NNH versus
placebo for weight gain. No initial dose titration is
required, potentially simplifying treatment.

5.3 Lurasidone
5.3.1 Pharmacodynamics and Pharmacokinetics

Lurasidone is a full antagonist at dopamine D2 and sero-
tonin 5-HT2A receptors, with binding affinities (K;) of 0.47
nM and 0.994 nM, respectively (see Table 1). However,
lurasidone also has high affinity for serotonin 5-HT7
receptors (0.495 nM; comparable to dopamine D2 and
5-HT2A receptors) and is a partial agonist at 5-HT1A
receptors with a Kj of 6.38 nM. This may be of potential
interest because of pre-clinical findings of a possible pro-
cognitive effect mediated by action at the serotonin 5-HT7
receptor [67]. The 5-HT1A receptor has been hypothesized
as being potentially useful target for the treatment of major
depressive disorder [69] and schizophrenia [70]. Low
affinity to muscarinic receptors would theoretically predict
a low propensity for causing anticholinergic side effects,
including cognitive dysfunction and gastrointestinal dis-
turbances, at clinically relevant doses [58]. Low affinity to
histamine H1 receptors would theoretically predict a low
propensity for causing sedation or weight gain [58].

In contrast to iloperidone and asenapine, lurasidone was
tested in clinical trials where the medication was admin-
istered once rather than twice daily. However, food can
affect the absorption of lurasidone, similar to what is
observed with ziprasidone [71]. The caloric threshold (350
calories) is lower than that required with ziprasidone (500
calories). In the clinical trials, lurasidone was administered
with a meal or within 30 min after eating [72]. In a food-
effect study, lurasidone mean maximum plasma concen-
tration and plasma exposure as measured by area under the
curve were approximately three-times and two-times
higher, respectively, when lurasidone was administered
with food compared with the levels observed under fasting
conditions [55]. Lurasidone exposure was not affected as
the meal size was increased from 350 to 1,000 calories and
was independent of the fat content of the meal [55].
Although the pharmacokinetics of lurasidone is dose-pro-
portional within a total daily dose range of 20-160 mg
[55], it has not been established that the same would hold
true under fasting conditions.

Of clinical relevance is lurasidone’s route of metabolism
through cytochrome P450 (CYP)3A4 [55]. Lurasidone use
is contraindicated in the presence of strong inducers and
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inhibitors of CYP3A4 (such as rifampin and ketoconazole,
respectively) because plasma levels of lurasidone would
either be very low or very high, respectively. In the pres-
ence of moderate inhibitors of CYP3A4, the recommended
starting dose of lurasidone is 20 mg/day, and the highest
recommended dose under these circumstances is 80 mg/
day.

5.3.2 Efficacy

When lurasidone was initially approved in the USA in
2010, the data available were limited to doses ranging from
20 to 120 mg/day studied in five similarly designed 6-week
placebo-controlled studies, of which four were informative
regarding efficacy [23-26] and one categorized as failed
because neither lurasidone nor the active control (halo-
peridol) statistically separated from placebo on the primary
outcome measure [48, 72] (see Table 8). Consequently,
initial approval was limited to doses of 40 and 80 mg/day,
with the 120 mg/day dose, although efficacious, not being
approved because of an apparent increase in adverse effects
at 120 mg/day [48, 72]. Once lurasidone was approved in
the USA, additional data became available from another
6-week pivotal study that established lurasidone 160 mg/
day as being efficacious and well tolerated [29], leading to
a revision in product labeling [55] and recommending a
new dose range of 40-160 mg/day. No initial dose titration
is necessary, and clinicians are free to start at any dose,
with the expectation that doses between 40 and 160 mg/
day are therapeutic. A recommended time of administra-
tion is not provided in product labeling; however, in earlier
studies, lurasidone was administered in the morning and in
later studies, including the study where 160 mg/day was
found efficacious and well tolerated, lurasidone was
administered in the evening.

Efficacy outcomes of lurasidone appeared similar to
those observed for olanzapine and quetiapine extended
release in the acute studies where these agents served as
active controls [26, 29]. Lurasidone appeared to have
similar efficacy to ziprasidone as evidenced in a 3-week
non-placebo-controlled study [31, 32]. A 6-week placebo-
controlled and risperidone-controlled study conducted in
Japan, Korea, and Taiwan, failed to evidence efficacy for
either lurasidone or risperidone when compared with pla-
cebo [40, 73].

NNTs for categorical response from the five short-term
clinical trials that were considered supportive for drug
approval [23-26, 29] are available in a published report
[40]. Data were pooled and responder rates as defined by a
reduction of >20, 30, 40, or 50 % from baseline on the
PANSS total score were used to determine NNT versus
placebo. For PANSS reductions >30 %, NNTs were 6
(95 % CI 5-10), 6 (95 % CI 5-10), 7 (95 % CI 5-12), and
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4 (95 % CI 3-5) for lurasidone doses of 40, 80, 120, and
160 mg/d, respectively, and 4 (95 % CI 3-5) and 3 (95 %
CI 3-4) for olanzapine 15 mg/d and quetiapine extended
release 600 mg/d, respectively.

Long-term data are also available, and randomized
double-blind trials include comparisons with risperidone in
a 12-month safety study [30], and quetiapine extended
release in a recently published 12-month double-blinded
extension to one of the short-term pivotal trials [74]. In the
lurasidone versus risperidone study, comparable improve-
ments in efficacy measures were observed with both agents
and the rates of relapse were similar; however, all-cause
discontinuation rates were higher for lurasidone versus
risperidone, with an NNT advantage for risperidone of 9
(95 % CI 5-26) [30]. In the lurasidone versus quetiapine
extended release study, subjects received flexible once-
daily doses of lurasidone (40-160 mg) or quetiapine
extended release (200-800 mg) [74]. Lurasidone was non-
inferior to quetiapine in risk for relapse over the 12-month
treatment period. The risk of relapse in lurasidone-treated
subjects was reduced by 27.2 % (hazard ratio 0.728)
compared with quetiapine and the Kaplan—Meier estimate
of the probability of relapse at 12 months was lower for
lurasidone than for quetiapine (0.237 versus 0.336), with an
NNT advantage for lurasidone of 11 (ns). Treatment with
lurasidone (modal daily dose 120 mg) was associated with
a significantly greater change in PANSS total scores than
treatment with quetiapine (modal dose 600 mg). A more
traditional relapse-prevention study of lurasidone versus
placebo is underway (NCT01435928).

5.3.3 Tolerability and Safety

Commonly observed adverse reactions in short-term trials
in patients with schizophrenia (incidence >5 % and two-
fold greater than placebo) were somnolence, akathisia,
nausea, and parkinsonism [55]. The rates and NNH versus
placebo for these are summarized in Table 9. When lur-
asidone was initially approved, it was believed that doses
above 80 mg/day did not appear to confer added benefit but
may be associated with a dose-related increase in somno-
lence and akathisia. With the availability of results from a
study that contrasted lurasidone 80 and 160 mg/day versus
placebo [29], this dose relationship for adverse events was
not evidenced for lurasidone 160 mg/day. As noted earlier,
the short-term pivotal trials were similarly designed except
that the earlier trials dosed lurasidone in the mornings and
the newer trials, including the study that tested lurasidone
160 mg/day, dosed lurasidone in the evening. When
pooling all doses of lurasidone from the short-term clinical
trials (20-160 mg/day), somnolence and akathisia share
almost the same NNH versus placebo —11 and 10,
respectively (respective 95 % Cls 8—14 and 9-13); nausea
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Table 8 Completed lurasidone double-blind randomized controlled trials for which results are available

Study

Duration
(weeks)

Disease state

N
Randomized

LUR dose (N)

Active control

dose (V)

N PL

Comments regarding efficacy
outcomes®*

Ogasa et al.
(23]

See review [48,
72]

Nakamura
et al. [24]
Nasrallah et al.
[25]

Meltzer et al.
[26]

Loebel et al.
[29]

Loebel et al.
[74]

NCT00711269
[72, 73]

Potkin et al.
[31]

6

1 year

6

Acute
schizophrenia

Acute
schizophrenia

Acute
schizophrenia

Acute
schizophrenia

Acute
schizophrenia

Acute
schizophrenia

Schizophrenia

Schizophrenia

Schizophrenia or
schizoaffective
disorder; non-
acute

149

356

180

500

478

488

292

447

301

40 mg/day (50),
120 mg/day (49)

20 mg/day (71),
40 mg/day (69),
80 mg/day (71)

80 mg/day (90)

40 mg/day (125),
80 mg/day (123),
120 mg/day (124)

40 mg/day (120),
120 mg/day (119)

80 mg/day (125),
160 mg/day (121)

40-160 mg/day
(151 + 56)

40 mg/day (125),
80 mg/day (129)

120 mg/day (150)

None

HAL 10 mg/
day (73)

None

None

OLA 15 mg/
day (123)

QXR 600 mg/
day (120)

QXR
200-800 mg/
day (85)

RIS 4 mg/day
(64)

ZIP 80 mg
BID (151)

50

72

90

128

116

122

None

129

None

LUR 40 and 120 mg/day were
each statistically
significantly superior to PL

LUR 20, 40, or 80 mg/day and
active control did not
separate statistically from
PL. Study conducted in USA

LUR statistically significantly
superior to PL

LUR 80, but not 40 or

120 mg/day, was statistically
significantly superior to PL.
Completers eligible to enter
a 22-month extension study.
Observed-case analysis

(N = 250) was presented in
a poster [75]

LUR 40, 120 mg/day and
active control were
statistically significantly
superior to PL. Completers
(N = 298) eligible to enter
6-month extension study;
254 did so [27]

LUR 80, 160 mg/day and
active control were
statistically significantly
superior to PL. Completers
(N = 353) eligible to enter
1-year extension study; 236
did so [74]

Double-blind extension to
[29]. LUR met noninferiority
criteria versus QXR, and was
associated with higher rates
of remission, and reduced
risk of hospitalization. An
additional 56 pts receiving
PL in [29] received LUR in
the extension and were
included in secondary
efficacy and safety analyses

Neither LUR 40, 80 mg/day
nor active control separated
statistically from PL. Study
conducted in Japan, Korea,
Taiwan

Proportion of pts who
discontinued from study was
similar for LUR and ZIP.
Reductions in
psychopathological rating
scale scores were also
similar. Cognitive change
described in a separate report
[32]
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Table 8 continued

Study Duration  Disease state N LUR dose (N) Active control N PL Comments regarding efficacy
(weeks) Randomized dose (N) outcomes®
Citrome et al. 1 year Schizophrenia or 629 40-120 mg/day RIS 2-6 mg/ None Comparable improvement in
[30] schizoaffective (427); mean dose day (202); efficacy measures observed
disorder; non- 85 mg/day mean dose with both LUR and RIS;
acute 4.3 mg/day relapse rates were similar.
All-cause discontinuation
rates were higher for LUR
versus RIS
Loebel et al. 6 Bipolar I 505 20-60 mg/day None 170  LUR significantly reduced
[76] depression (166) (mean dose depressive symptoms versus
35 mg/day), PL
80-120 mg/day
(169) (mean dose
91 mg/day)
Loebel et al. 6 Bipolar I 348 20-120 mg/day None 165  Adjunctive LUR significantly
[77] depression (183); mean dose reduced depressive

66 mg/day

symptoms versus adjunctive
PL

* QOutcomes based on the Brief Psychiatric Rating Scale and/or Positive and Negative Syndrome Scale for the schizophrenia studies or the
Montgomery—Asberg Depression Rating Scale for the bipolar depression studies, unless otherwise noted

BID twice daily, HAL haloperidol, LUR lurasidone, OLA olanzapine, PL placebo, pts patients, QXR quetiapine extended-release, RIS risperidone,

ZIP ziprasidone

and parkinsonism both have an NNH versus placebo of 20
(95 % CI for both 14-36). When evaluating the 160 mg/
day dose versus placebo in an analysis of pooled data, the
NNH for akathisia was 22 (ns), somnolence 36 (ns), nausea
82 (ns), and parkinsonism 20 (95 % CI 11-198) [40].
The mean weight gain observed in the acute schizo-
phrenia trials was 0.43 kg for lurasidone versus —0.02 kg
for placebo; in contrast, change in weight from baseline for
olanzapine was 4.15 kg and for quetiapine extended release
was 2.09 kg in the studies where these agents served as
active controls [55]. The proportion of patients with a
>7 % increase in body weight (at endpoint) was 4.8 % for
lurasidone and 3.3 % for placebo [55], for an NNH of 67
(ns); in contrast, the corresponding NNH versus placebo
for olanzapine was 4 (95 % CI 3-5) and for quetiapine
extended release was 9 (95 % CI 6-22) in the studies
where these agents served as active controls [40]. As per
product labeling, in the uncontrolled, longer-term studies
(primarily open-label extension studies), lurasidone was
associated with a mean change in weight of —0.69 kg at
week 24, —0.59 kg at week 36, and —0.73 kg at week 52.
Table 10 summarizes the proportions of patients in the
acute studies with shifts to abnormal in values for meta-
bolic variables [55]; NNH values for lurasidone versus
placebo appear relatively benign. Long-term data regarding
metabolic outcomes extending out to 12 months are con-
sistent with the short-term data [55]. In addition to the data
in product labeling, the metabolic profile of lurasidone
appears similar to that for ziprasidone based on a 3-week
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study [31]. In the 12-month safety study of lurasi-
done versus risperidone [30], a higher proportion of
patients receiving risperidone had a >7 % endpoint
increase in weight (14 versus 7 %, for an NNH disadvan-
tage for risperidone of 16 [95 % CI 9-104]); the median
endpoint change in prolactin was significantly higher for
risperidone and the proportion of shifts from low/normal
prolactin to high prolactin levels in men were 13 versus
35 %, for lurasidone and risperidone, respectively, and 12
versus 50 % for women, respectively, yielding NNH dis-
advantages for risperidone of 5 (95 % CI 4-8) for men and
3 (95 % CI 2-4) for women. In the lurasidone clinical trial
program, dose-related prolactin elevation was noted with
greater effects in women than in men [55]. However, in
most cases, these effects may not be clinically relevant as
the proportion of patients with prolactin elevations >5
times the upper limit of normal was 2.8 % for lurasidone
versus 1.0 % for placebo, yielding an NNH of 56 (95 % CI
35-151), and in the uncontrolled longer-term studies, lur-
asidone was associated with a median change in prolactin
of —0.9 ng/mL at week 24, —5.3 ng/mL at week 36 and —
2.2 ng/mL at week 52 [55].

Lurasidone does not appear to impact on the ECG QT
interval. In a dedicated QT study, the effects of lurasidone
120 and 600 mg/day on the QTc interval were evaluated
and there was no apparent dose (exposure)-response rela-
tionship [55]. In short-term, placebo-controlled studies, no
post-baseline QT prolongations exceeding 500 ms were
reported in patients treated with lurasidone or placebo.
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Table 9 Lurasidone: incidence and number needed to harm (95 % IS8
CI) versus placebo for treatment-emergent adverse events as reported 2 2 2 2
in product labeling fo.r events with‘ incidence~ >5 % .'.md twofold -E o ; S’ S i/
greater the}n place'bo' in acute §tud1es of schizophrenia (adapted/ E !cg % 8 T l\‘ T
updated with permission from Citrome [48]) §- an _ _ _
Adverse Placebo Lurasidone 20-160 mg/day {E § é .,3 g g
event (N = 708) (N = 1,508) 5 | ﬁ NS = S
Incidence (%) Incidence (%) NNH (95 % CI) S ICISH SRS
=]
Akathisia 3 13 10 (9-13) K & _
Somnolence 7.1 17.0 11 (8-14) § S o é g
Nausea 5 10 20 (14-36) g _5‘ % o~ f 3 ]
. . o [B | Z0 | = I N
Parkinsonism 5 10 20 (14-36) —?3 ED _
CI confidence interval, NNH number needed to harm :T:. § § o5 é R
ns not statistically significant (the 95 % CI encompasses infinity) § w |2 | & & =
JEEEER I
S |
Additional safety information is available from reports ; f = g
of study extensions to several of the 6-week pivotal trials. Ta’ ‘i ) f U e
In the 6-month, open-label extension for the 6-week study 2 | 5. zg '\% E (’? &
that included olanzapine as an active control, patients RS
received flexible doses of lurasidone in the range of E g 8
40-120 mg/day [27]. Two AEs occurred with an incidence g = 5 S ) § a § a
>10 %: akathisia (13.0 %) and insomnia (11.0 %). Body 3 [2 |28 (a2 5% g%
weight remained relatively stable during the open-label % . _
extension, except for patients who had been randomized in 2 i E L
the initial double-blind phase to olanzapine 15 mg/day, g ot A E B
where a mean reduction of —1.8 kg in weight was %ﬂ % % ela 009
observed after the switch to open-label lurasidone. In the @ 3 b B
12-month, double-blind extension for the 6-week study 8 g 3 = = °
that included quetiapine extended release as an active .'% v é,\ IS § 3 2 Z g
control, patients received flexible daily doses of lurasidone z S1ER| R = el = a
in the range of 40-160 mg or quetiapine extended release = . g
200-800 mg; rates of adverse events >5 % in the lurasi- § ; g
done group were akathisia (12.6 %), headache (10.6 %), E E g g g *; =
insomnia (7.9 %), anxiety (6.0 %), parkinsonism (6.0 %), '*E 5 % 6 S o 5 -‘é E
and weight increase (6.0 %). Observed case analysis of %“ ED P "§ E
lurasidone versus quetiapine showed a mean change in ;; S § ; § ; ; 2
weight of 4+0.7 versus +1.2 kg; a median change in glu- g x|z |3 = = e é
cose of +1.0 versus +1.0 mg/dL; a median change in _§ 3 E S ng = § g §
cholesterol of 0.0 versus +4.0 mg/dL; and a median ) . E °
change in triglycerides of —18.0 versus —7.0 mg/dL [74]. £ 2 o e D i §
In the 22-month, open-label extension for a 6-week study f L Es R ] Em
that tested lurasidone 40, 80, and 120 mg/day, patients 2 = 5T 8 @ a — 2 2
received flexible doses of lurasidone in the range of % 7 5 ;
40-120 mg/day [76]. Three adverse events occurred in E ° % § q:S
>10 % of subjects: schizophrenia (12.4 %), akathisia é E g o g = g_b
(10.8 %), and somnolence (10.8 %); and 19.2 % reported Slo E e 8 @ E z
at least one movement disorder-related adverse event. % .'§ 3 B g O 2 O 5 E =g
Minimal effects on weight, glucose, and lipids were 3 | £ £ 25 83|52 2
observed. 2|2 5E2ETE|E é g
- o |2 =8 °32 28|& € 2
The results of a 6-week switch study have been recently =| S IENEENE: g g
published [28]. In this trial, the safety, tolerability, and g | = A i = AT g
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effectiveness of switching clinically stable, but symptom-
atic, non-acute patients with schizophrenia or schizoaf-
fective disorder to lurasidone was assessed. A total of 240
subjects were randomized to three switch strategies
involving different starting doses of lurasidone ranging
from 40 to 80 mg/day, while the prior antipsychotic agent
was tapered and discontinued over the initial 2-week study
period. Switching to lurasidone was well tolerated, with
81 % of entered patients completing the 6-week study. No
clinically relevant differences in efficacy or tolerability
were noted when comparing the three different switch
strategies. Patients switching to lurasidone demonstrated
clinically relevant improvement in efficacy measures.
Overall reductions in weight, lipids, and glucose were
observed, and the adverse event profile was similar to that
of previous lurasidone studies.

5.3.4 Bipolar I Depression

Data as presented in posters are available from two 6-week,
placebo-controlled trials in major depressive episodes in
patients with bipolar I disorder (with or without rapid cycling
and without psychotic features): a monotherapy study [76],
and an adjunctive therapy trial [77]. The FDA approved
lurasidone for this indication on 28 June 2013 [78].

See Table 8. Responder rates (response defined as a
>50 % reduction in the Montgomery—Asberg Depression
Rating Scale (MADRS) total score at endpoint) were 53 %
for lurasidone 20-60 mg/day, 51 % for lurasidone
80-120 mg/day, and 30 % for placebo, for an NNT versus
placebo of 5 (95 % CI 3-8) and 5 (95 % CI 4-11) for
lurasidone 20-60 mg/day and 80-120 mg/day, respec-
tively. Remission rates (remission defined as a MADRS
total score <12 at endpoint) were 42 % for lurasidone
20-60 mg/day, 40 % for lurasidone 80-120 mg/day, and
25 % for placebo, for an NNT versus placebo of 6 (95 %
CI 4-14) and 7 (95 % CI 4-21) for lurasidone 20-60 mg/
day and 80-120 mg/day, respectively. In the adjunctive
therapy trial [77], responder rates were 57 % for lurasidone
and 42 % for placebo, for an NNT versus placebo of 7
(95 % CI 4-24). Remission rates were 50 % for lurasidone
and 35 % for placebo, for an NNT versus placebo of 7
(95 % CI 4-23). For both the monotherapy and the
adjunctive lurasidone studies, the tolerability and safety
outcomes were consistent with those observed in the trials
in patients with schizophrenia.

5.3.5 Summary of Clinical Utility
NNT for efficacy for lurasidone versus placebo for acute
schizophrenia, using a threshold of a >30 % reduction

from baseline on the total PANSS score, ranged from 4
(95 % CI 3-5) for 160 mg/day to 7 (95 % CI 5-12) for
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120 mg/day [40]. Pooling all doses from 40 to 160 mg/day,
NNT is 6 (95 % CI 5-8). When calculating the LHH and
contrasting an NNT of 6 for efficacy with the NNH for
adverse outcomes across the therapeutic dose range,
LHH was 1.7 for akathisia, 11.2 for weight gain >7 %
within 6 weeks, and 1.7 for somnolence. LHH for the
treatment of bipolar depression would be similar.

Lurasidone is associated with minimal weight gain
(appears best in class) and no clinically meaningful alter-
ations in glucose, lipids, prolactin, or the ECG QT interval.
Lurasidone differs from iloperidone and asenapine in terms
of the recommended dosing frequency (once daily versus
bid); however, lurasidone must be administered with a
meal. No initial dose titration is required, potentially sim-
plifying treatment.

5.4 Cariprazine
5.4.1 Pharmacodynamics and Pharmacokinetics

Cariprazine is a dopamine D3-preferring D3/D2 receptor
partial agonist presently under consideration by the FDA
for the treatment of schizophrenia and bipolar disorder
[36-38]. See Table 1. Binding affinities (K;) for dopamine
D3 receptors (0.085) are an order of magnitude higher than
for D2 receptors (0.49-0.69). At present, the only dopa-
mine D2 partial agonist commercially available for the
treatment of psychiatric disorders is aripiprazole [79].
Cariprazine is also a partial agonist at serotonin 5-HT1A
receptors with a K; of 3. Differing from many other second-
generation antipsychotics, cariprazine’s binding at seroto-
nin 5-HT2A receptors is relatively weaker, with a K; of 19.

Theoretically, dopamine D3-preferring agents may exert
pro-cognitive effects, as evidenced in animal studies [80].
Serotonin 5-HT1A partial agonism, a property cariprazine
also shares with aripiprazole and lurasidone, is also thought
to possibly benefit negative symptoms and cognitive defi-
cits [69, 70].

In the clinical trials, cariprazine was titrated to target doses.
There are two active metabolites of note: desmethyl-caripr-
azine and didesmethyl-cariprazine. The half-life of didesm-
ethyl-cariprazine is substantially longer than that of
cariprazine, and systemic exposure to didesmethyl-cariprazine
can be several times higher than that for cariprazine [36-38].

5.4.2 Efficacy

Four phase II or III, 6-week, randomized controlled trials in
acute schizophrenia have been completed and reported as
poster presentations or in press releases by the manufac-
turer [81-84]. Three of the four studies can be considered
positive. See Table 11. Superiority over placebo on the
PANSS total score was evidenced for cariprazine in daily
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Table 11 Completed cariprazine double-blind randomized controlled trials for which results are available

Study Duration  Phase and N CAR dose (N) Active N  Comments regarding efficacy
(weeks) disease state Randomized control dose ~ PL  outcomes®
™
Litman et al. 6 II; acute 392 1.5-4.5 mg/day None 130 For primary efficacy parameter,
[81] schizophrenia (128), 6-12 mg/ overall P-value comparing the
day (134) three tx groups was not
statistically significant. Pairwise
comparison between each CAR
dose group and PL yielded
significant superiority for the
low- but not high-dose group
Bose etal. [82] 6 II; acute 732 1.5 mg/day (145), RIS 151 All doses of CAR and the active
schizophrenia 3.0 mg/day (147), 4.0 mg/day control were statistically superior
4.5 mg/day (148) (141) to PL. A 48-week ol extension to
this study was also completed
(N = 97); data presented as a
poster [88]
Zukin et al. 6 III; acute 446 3-6 mg/day (151) None 147 Both dose ranges of CAR were
[83] schizophrenia (mean dose statistically superior to PL
4.2 mg/day),
6-9 mg/day (148)
(mean dose
6.6 mg/day)

Forest 6 III; acute 617 3 mg/day (ND), ARI 10 mg/ ND Both doses of CAR and active
Laboratories schizophrenia 6 mg/day (ND) day (ND) control were statistically superior
[84] to PL

Knesevich 3 II; manic or 238 3-12 mg/day (118);  None 118 CAR was statistically superior to
et al. [85] mixed mean dose 8.8 mg/ PL

episode, day
bipolar I
disorder

Starace et al. 3 III; manic or 312 3-12 mg/day (158); None 154 CAR was statistically superior to
[86] mixed mean dose 7.5 mg/ PL

episode, day
bipolar I
disorder

Forest 3 III; manic or 497 3-6 mg/day (167), None 161 Both dose ranges of CAR were
Laboratories mixed 6-12 mg/day (169) statistically superior to PL
[87] episode,

bipolar 1
disorder

Forest 8 IL; bipolar T or 233 0.25-0.75 mg/day None ND CAR was not statistically superior
Laboratories II depression (ND), 1.5-3.0 mg/ to PL
[89] without day (ND)

psychotic
features

Forest 8 II; major 231 0.1-0.3 mg/day None ND CAR was not statistically superior
Laboratories depressive (ND), 1-2 mg/day to PL
[90] disorder (ND)

* Outcomes based on the Brief Psychiatric Rating Scale and/or Positive and Negative Syndrome Scale for the schizophrenia studies, the Young
Mania Rating Scale for the bipolar mania studies, or the Montgomery-Asberg Depression Rating Scale for the depression studies

ARI aripiprazole, CAR cariprazine, ND not disclosed, ol open-label, PL placebo, RIS risperidone, fx treatment

doses

of 1.5, 3.0, 4.5, 6.0,
6.0-9.0 mg. Responder rates were provided for one of the
studies [83], using a threshold of a >30 % improvement in
the PANSS total score. Response was observed in 34.7,
28.6, and 24.8 % of subjects randomized to cariprazine

1.54.5, 3.0-6.0,

and  6-9, 3-6 mg/day, or placebo, respectively; this yields NNT

versus placebo for response of 27 (ns) for cariprazine
3-6 mg/day and 11 (ns) for 6-9 mg/day.

Three phase II or III, 3-week, randomized controlled
trials in bipolar mania or mixed episodes have been
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Table 12 Cariprazine: incidence and number needed to harm (95 % CI) versus placebo for treatment-emergent adverse events for events with
incidence >5 % and twofold greater than placebo in acute studies as reported in phase III studies, as available®

Adverse event Placebo (N = 147)

Cariprazine 3-6 mg/day (N = 151)

Cariprazine 6-9 mg/day (N = 148)

Incidence (%)

Incidence (%)

NNH (95 % CI) Incidence (%) NNH (95 % CI)

Schizophrenia
Akathisia 3 16 8 (6-16) 17 8 (5-14)
Restlessness 5 7 50 (ns) 10 20 (ns)
Extrapyramidal disorder 2 5 34 (ns) 10 13 (8-38)
Dyspepsia 3 2 NA 7 25 (ns)
Constipation 3 9 17 (9-150) 6 34 (ns)
Tremor 2 7 20 (11-292) 5 34 (ns)
Weight increased 1 3 50 (ns) 5 25 (13-726)
Diarrhea 1 5 25 (13-590) 4 34 (ns)

Adverse event Placebo (N = 154) Cariprazine 3—12 mg/day (N = 158)

Incidence (%) Incidence (%) NNH (95 % CI)

Bipolar disorder
Akathisia 4.5 22.8 6 (4-10)
Extrapyramidal disorder 1.9 15.2 8 (6-14)
Tremor 3.9 114 14 (8-60)
Dyspepsia 32 10.8 14 (8-52)
Vomiting 3.9 10.1 17 (9-162)
Dizziness 3.9 8.2 24 (ns)
Diarrhea 1.3 7.0 18 (10-77)
Somnolence 1.3 5.7 23 (12-274)
Restlessness 0.6 5.7 20 (12-83)
Pyrexia 1.9 5.1 33 (ns)

% See Zukin et al. [83] and Starace et al. [86]

CI confidence interval, NA not applicable—rate lower for cariprazine than placebo, NNH number needed to harm, ns not statistically significant

(the 95 % CI encompasses infinity)

completed and reported as poster presentations or in press
releases by the manufacturer [85-87]. Superiority over
placebo on the YMRS total score was evidenced for daily
doses of cariprazine 3-12 mg/day. Response (>50 %
decrease from baseline YMRS total score) and remission
rates (YMRS total score <12) are available for two of the
trials [85, 86]. In the phase II trial [85], response rates were
48 % for cariprazine 3—12 mg/day and 25 % for placebo,
for an NNT of 5 (95 % CI 3-10); remission rates were 42
versus 23 %, respectively, for an NNT of 6 (95 % CI
4-14). In the phase III trial [86], response rates were 59 %
for cariprazine 3—-12 mg/day and 44 % for placebo, for an
NNT of 7 (95 % CI 4-25); remission rates were 52 versus
35 %, respectively, for an NNT of 6 (95 % CI 4-17).

Long-term efficacy data are not available. A traditional
relapse-prevention study of cariprazine versus placebo is
underway (NCT01412060).
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5.4.3 Tolerability and Safety

Commonly observed adverse reactions (incidence >5 %
and twofold greater than placebo) in the phase III short-
term trials where data were available [83, 86] were aka-
thisia, restlessness, extrapyramidal disorder, dyspepsia,
constipation, tremor, weight increase, and diarrhea for
patients with schizophrenia; and akathisia, extrapyramidal
disorder, tremor, dyspepsia, vomiting, dizziness, diarrhea,
somnolence, restless, and pyrexia for patients with bipolar
disorder. The rates and NNH versus placebo for these are
summarized in Table 12; these data must be considered
preliminary; the availability of an integrated safety/tolera-
bility summary as would be found in a product label is
awaited. Separate tables for incidence of adverse events
and NNH for the available phase II data can be found
elsewhere [36, 37].
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In the positive phase II acute schizophrenia study con-
ducted with doses of cariprazine 1.5-4.5 mg/day [82], no
clinically meaningful changes in metabolic variables, pro-
lactin elevation, or QTc prolongation (>500 ms) were
observed for cariprazine. Potentially clinically significant
weight gain (>7 % increase from baseline) was greater for
risperidone (16.7 %) than cariprazine (8.5, 10.7, and 4.9 %
for 1.5, 3.0, and 4.5 mg/day, respectively) or placebo
(2 %), yielding an NNH versus placebo of 16 (95 % CI
9-69), 12 (95 % CI 8-31), 35 (ns), and 7 (95 % CI 5-13)
for cariprazine 1.5, 3.0, and 4.5 mg/day, and risperidone
subjects, respectively. Similarly, for the phase III acute
schizophrenia study conducted with cariprazine doses
3-9 mg/day, and where results are available [83], no
clinically meaningful changes in metabolic variables, pro-
lactin elevation, or QTc prolongation (>500 ms) were
observed for cariprazine. Mean change from baseline in
body weight was 0.7, 0.9, and 1.2 kg in the placebo, ca-
riprazine 3-6 mg/day, and 6-9 mg/day groups, respec-
tively. Weight gain >7 % increase from baseline was
observed for 8 % of patients receiving cariprazine 3—6 mg/
day, 11 % for 6-9 mg/day, and 4 % for placebo, yielding
an NNH versus placebo of 25 (ns), and 15 (95 % CI 8-96)
for cariprazine 3—6 mg/day and 6-9 mg/day, respectively.

In the phase III acute mania study conducted with doses
of cariprazine 3—12 mg/day (mean 7.5 mg/day) [86], no
clinically meaningful changes in metabolic variables, pro-
lactin elevation, or QTc prolongation (>500 ms) were
observed for cariprazine. Mean changes from baseline to
end of treatment in body weight were small and similar
between treatment groups (placebo 0.30 kg; cariprazine
0.43 kg); categorical changes were not reported.

Results from a 48-week open-label extension study have
also been presented [88]; treatment-emergent adverse
events reported in >10 % of patients were akathisia,
insomnia, and increased weight. Cariprazine 4.5 mg/day
was the final dose for 70 % of the subjects and the modal
dose for 68 %. Mean changes in clinical laboratory values
were generally small. Mean prolactin levels decreased from
baseline. No clinically significant trends or changes were
noted on most metabolic variables, but insulin showed an
increasing trend from baseline. Mean body weight
increased by 1.87 kg from a lead-in baseline mean of
71.26 kg. Increase in weight of >7 % from baseline was
observed in 33 % of subjects; decrease in weight by >7 %
from baseline was observed in 8 % of subjects. Although
mean and median changes in blood pressure and pulse rate
parameters were small, orthostatic hypotension while
changing from the supine to standing position were noted
in 25 % of subjects. No signal was observed for abnor-
malities in the ECG QT interval. The rate of treatment-
emergent parkinsonism (Simpson Angus Scale total score
>3) was 8.6 % and was similar to the rate observed for

cariprazine in the lead-in study (8.2-10.3 %) [82]. The rate
of treatment-emergent akathisia (Barnes Akathisia Scale
score >2) was 17.2 % and was higher than the rate
observed in the lead-in study (11.0-15.1 %) [88]. There
were no discontinuations because of treatment-emergent
movement disorder-related adverse events.

5.4.4 Summary of Clinical Utility

Insufficient information is available regarding categorical
efficacy outcomes for cariprazine in patients with schizo-
phrenia to calculate an NNT with sufficient precision to
then calculate LHH; however, the NNT versus placebo for
response for the treatment of manic/mixed episodes of
bipolar disorder was 5 (95 % CI 3—10) in the phase II trial
[85] and 7 (95 % CI 4-25) in the phase III trial [86]. In
subjects with schizophrenia in the available phase III study
[83], the largest cariprazine—placebo differences in adverse
event rates were observed for akathisia and extrapyramidal
disorder, with corresponding NNH values of 8 (95 % CI
5-14) and 13 (95 % CI 8-38). This was also the case for
subjects in the available bipolar mania/mixed episode
phase III trial [86], with a resultant NNH versus placebo for
akathisia of 6 (95 % CI 4-10) and for extrapyramidal
disorder of 8 (95 % CI 6-14). Assuming an NNT of ~ 6 for
response for the treatment of bipolar mania/mixed epi-
sodes, LHH was 1 for akathisia, 1.3 for extrapyramidal
disorder, and 3.8 for somnolence. Categorical data for
weight gain >7 % within 3 weeks for the bipolar mania/
mixed episode trials are not available. NNH versus placebo
for weight gain >7 % within 6 weeks in the acute
schizophrenia trials ranged from 12 (95 % CI 8-31) to 35
(ns).

Although categorical data have not yet been presented
regarding metabolic variables and prolactin levels, no
clinically meaningful changes in metabolic variables or
prolactin elevation have been evidenced in the clinical
trials as reported. Moreover, cariprazine does not appear to
be associated with effects on the ECG QT interval. If
approved by regulatory authorities, cariprazine would join
aripiprazole as the second dopamine receptor partial ago-
nist antipsychotic available for clinical use. Cariprazine
differs from aripiprazole in terms of dopamine D3 receptor
selectivity. Further studies would be helpful to discern the
distinguishing features of cariprazine from aripiprazole and
other second-generation antipsychotics.

5.5 Brexpiprazole
5.5.1 Pharmacodynamics and Pharmacokinetics

Brexpiprazole is in phase III of clinical development for
the treatment of schizophrenia and for adjunctive use in the
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treatment of major depressive disorder. Limited informa-
tion about brexpiprazole is available publicly. Brexpip-
razole is a partial agonist at dopamine D2/D3 and serotonin
5-HT1A receptors and a potent antagonist of the serotonin
5-HT2A receptor, with K; values of 0.3, 1.1, 0.12, and 0.47,
respectively [91]. Brexpiprazole is also an antagonist at the
noradrenergic alpha 1 receptor, with a K; 3.8 and has rel-
atively low affinity at histamine H1 and muscarinic M1
receptors [91]. Compared with aripiprazole, affinity at the
dopamine D2 receptor for brexpiprazole is approximately
three times higher, affinity at the serotonin 5-HT2A and
5-HT1A receptors approximately ten times higher, and
affinity at the noradrenergic alpha 1 receptor somewhat
more than ten times higher. The clinical relevance of these
differences awaits the conduct of appropriately designed
clinical trials.

5.5.2 Efficacy

The preliminary results of a 6-week double-blind, pla-
cebo- and aripiprazole-controlled phase II study that
explored the dose-response relationship of brexpiprazole
in acutely ill patients with schizophrenia have been pre-
sented [92]. A total of 459 patients with acute schizo-
phrenia were randomized to receive brexpiprazole
0.25 mg/day (N = 42), 1 mg/day (N = 89), 2.5 mg/day
(N =90), 5 mg/day (N = 93), aripiprazole 15 mg/day
(N = 50), or placebo (N = 95). Dose adjustments were
permitted, with subjects randomized to 1 mg/day eligible
to receive 0.5-1.5 mg/day, subjects randomized to
2.5 mg/day could receive 2-3 mg/day, and subjects ran-
domized to 5 mg/day could receive 4—6 mg/day. Subjects
randomized to aripiprazole could have their dose adjusted
between 10 and 20 mg/day. Mean improvement in
PANSS scores was clinically meaningful for all dose
groups, including placebo. Improvements in the brexpip-
razole (1, 2.5, and 5 mg) and aripiprazole treatment
groups were numerically greater, but not significantly
different from placebo.

The preliminary results of a phase II study examining
brexpiprazole as an adjunct to antidepressants in the
treatment of major depressive disorder are also available
[93]. The study included a 6-week randomized period
where 429 subjects who had exhibited inadequate response
to antidepressant monotherapy were allocated to receive
double-blind adjunctive brexpiprazole 0.15 mg/day
(N =62), 0.5 mg/day (N = 120), or 1.5 mg/day (N =
121), or adjunctive placebo (N = 126). Statistically sig-
nificant improvements in mean MADRS total score, from
baseline to endpoint, were observed only for subjects
receiving adjunctive brexpiprazole at the 1.5 mg/day dose
compared with placebo.
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5.5.3 Tolerability and Safety

In the phase II schizophrenia study where preliminary
information is available [92], commonly observed adverse
reactions (incidence >5 % and twofold greater than pla-
cebo) were diarrhea (placebo 3.2 % versus brexpiprazole
0.25 mg/day 7.1 %, 1 mg/day 5.6 %, 2.5 mg/day 1.1 %,
5 mg/day 4.3 %, aripiprazole 8 %), nausea (placebo 2.1 %
versus brexpiprazole 0.25 mg/day 2.4 %, 1 mg/day 4.5 %,
2.5 mg/day 7.8 %, 5 mg/day 6.5 %, aripiprazole 2 %),
weight increased (placebo 3.2 % versus brexpiprazole
0.25 mg/day 2.4 %, 1 mg/day 6.7 %, 2.5 mg/day 10 %,
5 mg/day 6.5 %, aripiprazole 6 %), akathisia (placebo
4.2 % versus brexpiprazole 0.25 mg/day 2.4 %, 1 mg/day
6.7 %, 2.5 mg/day 5.6 %, 5 mg/day 15.1 %, aripiprazole
4 %), and agitation (placebo 4.2 % versus brexpiprazole
0.25 mg/day 9.5 %, 1 mg/day 4.5 %, 2.5 mg/day 4.4 %,
5 mg/day 7.5 %, aripiprazole 10 %). Mean weight change
from baseline ranged from 0.5 to 1.4 kg, compared with
0.2 kg for placebo and 0.3 kg for aripiprazole. Proportions
of patients with weight gain >7 % from baseline were 7.5,
7.3,9.1,11.1, 12, and 4 %, for placebo, brexpiprazole 0.25,
1, 2.5, 5 mg/day, and aripiprazole, respectively, resulting
in values for NNH versus placebo of 62 (ns), 27 (ns), and
23 (ns) for brexpiprazole 1, 2.5, and 5 mg/day, respec-
tively. No clinically relevant increases in the ECG QT
interval or in prolactin levels were observed.

5.5.4 Summary of Clinical Utility

Brexpiprazole if approved would potentially be the third
dopamine partial agonist available for the treatment of
mental disorders. Insufficient information is available at
present to assess clinical utility apart from the similarities it
appears to have with aripiprazole.

5.6 Zicronapine
5.6.1 Pharmacodynamics and Pharmacokinetics

Zicronapine is in phase III of clinical development for the
treatment of schizophrenia [94]. Very limited information
about zicronapine is available publicly. A press release
notes that zicronapine has potent antagonistic effects at
dopamine D1, D2, and serotonin 5-HT2A receptors [57].

5.6.2 Efficacy

Two randomized phase II studies in acute schizophrenia
have been reported in a press release [57]. In one study,
approximately 280 subjects received blinded treatment
with either zicronapine (3, 5, 7, and 10 mg/day) or placebo
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for 8 weeks. Zicronapine 7 and 10 mg/day demonstrated
superiority over placebo on the PANSS. In the second
study, 93 patients were randomized to treatment with either
flexible doses (5-7 mg/day) of zicronapine or flexible
doses of olanzapine (10-15 mg/day) for 12 weeks. Zicro-
napine showed comparable reduction in PANSS score.

5.6.3 Tolerability and Safety

Detailed information is not publicly available. Press
releases state that zicronapine is safe and well tolerated and
that, in the olanzapine-referenced study, the number of
withdrawals was similar to the level of withdrawals in the
olanzapine group [57, 94].

5.6.4 Summary of Clinical Utility

Insufficient information is available at present to assess
clinical utility. A 6-month phase III clinical trial enrolling
approximately 160 patients with schizophrenia was
recently completed (NCT01295372). Patients were ran-
domized to zicronapine 7.5 mg/day or risperidone 5 mg/
day [94]; results have not yet been presented. A study of
once-weekly dosing of zicronapine (NCT01377233) has
also been completed; results have not yet been presented.

5.7 Bitopertin
5.7.1 Pharmacodynamics and Pharmacokinetics

Bitopertin is a glycine transporter type 1 inhibitor currently
in phase III of drug development for schizophrenia. Inhi-
bition of the synaptic glycine reuptake pump is hypothe-
sized to help alleviate the glutamate N-methyl-D-aspartate
(NMDA) receptor hypofunctioning that may underlie
dopamine dysregulation in individuals with schizophrenia
[95, 96]. Bitopertin is thus different from all currently
available antipsychotics whose mechanism of action is
centered on dopamine D2 receptor antagonism or partial
agonism.

In a positron emission tomography study in healthy
volunteers, steady-state plasma concentrations increased in
a dose-proportional manner [97]. In another study in
healthy male volunteers, peak bitopertin plasma concen-
trations were achieved ~4 h after dosing and the terminal
elimination half-life was ~ 53 h [98]. Bitopertin does not
significantly inhibit the major drug-metabolizing CYP450
enzymes 3A4, 2D6, 2C9, 2C19, and 1A2 [99].

5.7.2 Efficacy

Preliminary results are available for one phase II, 8-week,
double-blind, placebo-controlled trial [100] where 323

clinically stable schizophrenia patients with predominantly
negative symptoms and low severity of positive symptoms
were randomized to daily doses of 10, 30, and 60 mg of
bitopertin added to ongoing second-generation antipsy-
chotic medication treatment. The PANSS, CGI-I, and
Personal and Social Performance (PSP) scales were used to
measure negative symptom severity, overall symptom
severity, and function. Overall, efficacy parameters were
consistently improved in the 10-mg dose group, to a lesser
extent in the 30-mg dose group, and not so in the 60-mg
dose group. The negative symptom factor score from the
PANSS demonstrated a significantly greater decrease from
baseline in the 10- and 30-mg dose groups than in the
placebo group in the per-protocol population (N = 231);
the percentage of responders (>20 % improvement from
baseline on the negative symptom factor score) were 43,
65, 60, and 43 % for placebo, bitopertin 10, 30, and 60 mg/
day, respectively, yielding an NNT versus placebo for bi-
topertin 10 mg/day of 5 (95 % CI 3-22). The percentages
of patients rated as “much improved” or “very much
improved” on the CGI-I for negative symptoms were sta-
tistically significantly higher for the 10-mg group versus
placebo for the per-protocol population as well as the
intent-to-treat population (N = 312). There was a trend
towards functional improvement as evidenced by an
increase in PSP score from baseline to week 8 in the 10-mg
dose group versus placebo in the per-protocol population.
The 60-mg dose group did not differ from placebo on any
outcome measure.

5.7.3 Tolerability and Safety

In the phase II study described above [100], the percentage
of patients discontinuing due to an adverse event was 1, 1,
9, and 10 %, for placebo, bitopertin 10, 30, and 60 mg/day,
respectively, for an NNH versus placebo of 14 (95 % CI
8—121) and 12 (95 % CI 7-55) for bitopertin 30 and 60 mg/
day, respectively. Hemoglobin levels were specifically
monitored due to a known effect of glycine transport
inhibition on heme synthesis in erythropoietic cells; pro-
portions of patients with decreased hemoglobin were 4, 5,
10, and 21 % for placebo, bitopertin 10, 30, and 60 mg/
day, respectively, for an NNH versus placebo of 100 (ns),
17 (ns), and 6 (95 % CI 4-15) for bitopertin 10, 30, and
60 mg/day, respectively. Commonly observed adverse
reactions (incidence >5 % and twofold greater than pla-
cebo) were somnolence (3, 7, 5, 10 %, for placebo, bi-
topertin 10, 30, and 60 mg/day, respectively), dizziness (3,
1, 4, 12 %, respectively), and headache (1, 2, 2, 9 %,
respectively); resultant NNH values versus placebo were
all ns except for bitopertin 60 mg/day where NNH for
somnolence was 13 (95 % CI 7-491), dizziness 12 (95 %
CI 6-86), and headache 13 (95 % CI 7-108).
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A dedicated ECG QT study of bitopertin in 169 healthy
male volunteers is available [98]. In this randomized,
double-blind, placebo-controlled, parallel-group study,
doses of bitopertin included 30 and 175 mg/day. Moxi-
floxacin was used for assay sensitivity. The mean change in
placebo-corrected QTcF from baseline to day 10 of bi-
topertin ranged from —2.8 to 3.9 ms. There was no relation
between bitopertin concentrations and changes in QTcF or
other ECG variables. Dizziness, nausea, and blurred vision
were more common in the bitopertin 175-mg group than
the bitopertin 30-mg or placebo groups.

5.7.4 Summary of Clinical Utility

Adjunctive bitopertin 10 mg/day appears efficacious in
decreasing negative symptoms, with an NNT versus placebo
of 5 (95 % CI 3-22), and was well tolerated at that dose. In
contrast, bitopertin 60 mg/day did not appear efficacious and
was associated with a greater rate of adverse events. Efficacy
and safety results for bitopertin 10 mg/day up to 30 mg/day
were considered promising, and several additional clinical
trials are currently underway examining patients with sub-
optimally controlled symptoms of schizophrenia; persistent,
predominant negative symptoms of schizophrenia; bio-
marker measures of cognitive dysfunction in patients with
schizophrenia; and patients with acute exacerbation of
schizophrenia (see http://www.clinicaltrials.gov). In most of
these efficacy trials, bitopertin is administered adjunctively
with antipsychotics.

5.8 EVP-6124
5.8.1 Pharmacodynamics and Pharmacokinetics

EVP-6124 is a selective alpha-7 nicotinic acetylcholine
receptor agonist [56] and is currently in phase III of clinical
development. Alpha-7 nicotinic acetylcholine receptors are
located in several brain areas involved in various domains
of cognition, including attention and long-term and work-
ing memory [56].

EVP-6124 dosed once a day is reported to exhibit linear
kinetics, with a half-life of >60 h [56].

5.8.2 Efficacy

The putative pro-cognitive effects of EVP-6124 at 0.3 and
1 mg/day were tested in an 84-day phase II, randomized,
double-blind, placebo-controlled study in 319 patients with
chronic stable schizophrenia receiving second-generation
antipsychotic therapy other than clozapine [56]. EVP-6124
had a positive effect on global cognitive function and on
functionality, as well as on the PANSS negative subscale.
There was no effect on the PANSS positive subscale.
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5.8.3 Tolerability and Safety

EVP-6124 has been reported as safe and well tolerated in
nine clinical studies in 561 unique subjects, where 403
received EVP-6124 and 158 received placebo [56]. In the
reported phase II study, the drug was well tolerated; there
were no clinically significant findings with respect to
12-lead ECGs, vital signs, hematology, and serum chem-
istry evaluations or suicidal ideation and behavior. The
most commonly reported adverse events were headache
(3.8 %), nausea (3.2 %), and nasopharyngitis (2.5 %).

5.8.4 Summary of Clinical Utility

Insufficient detailed information is available at present to
assess clinical utility, but the adjunctive use of EVP-6124
appears promising.

6 Applying the Results
6.1 Examining Differences between Agents
6.1.1 Heterogeneity

It is clear that in clinical practice there is substantial inter-
individual variation in therapeutic response when pre-
scribing antipsychotic medication. Even though there may
be advantages for efficacy for some antipsychotics over
others when comparing groups of subjects in clinical
trials, as illustrated by several meta-analyses [59-61],
larger and more predictable differences exist between
antipsychotic agents regarding their adverse effects, and
these latter considerations often drive antipsychotic
selection [4]. Adverse effects can have both tolerability
and safety implications; although some overlap exists,
tolerability will impact on a patient’s willingness to take a
medication, whereas safety concerns will impact on a
prescriber’s willingness to prescribe the offending agent.
The most commonly associated adverse events observed
with partial or non-adherence are weight gain, sedation/
somnolence, akathisia, sexual dysfunction, parkinsonian
symptoms, and cognitive problems [101]. Safety concerns
on the part of clinicians have become focused on cardi-
ovascular/cardiometabolic morbidity and mortality [102,
103].

6.1.2 Metabolic Variables

A meta-analysis is available that examines body weight
and metabolic adverse effects of asenapine, iloperidone,
lurasidone, and paliperidone in the treatment of schizo-
phrenia and bipolar disorder [34]. The authors did not
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include cariprazine or other agents in clinical development.
A total of 56 clinical trials were identified. In the short-
term trials versus placebo, a >7 % weight increase was
statistically significantly most prevalent for asenapine (five
trials, n = 1,360, relative risk [RR] 4.09, 95 % CI
2.25-7.43, NNH 17), followed by iloperidone (four trials,
n = 1,931, RR 3.13, 95 % CI 2.08-4.70, NNH 11) and
paliperidone (12 trials, n = 4,087, RR 2.17, 95 % CI
1.64-2.86, NNH 20). The effect of lurasidone on body
weight (six trials, n = 1,793, RR 1.42, 95 % CI 0.87-2.29)
was not statistically significant. Using continuous mea-
sures, short-term weight gain was statistically significantly
greater than placebo with iloperidone (one trial, n = 300,
+2.50 kg, 95 % CI 1.92-3.08), paliperidone (15 trials,
n=3,552, +1.24 kg, 95 % CI 0.91-1.57), asenapine
(three trials, n = 751, +1.16 kg, 95 % CI 0.83-1.49), as
well as with lurasidone (five trials, n = 999, +0.49 kg,
95 % CI10.17-0.81). Longer-term data versus placebo were
only available for asenapine and paliperidone, demon-
strating statistically significantly greater weight gain versus
placebo for both asenapine (three trials, n = 311,
+1.30 kg, 95 % CI 0.62-1.98) and paliperidone (six tri-
als, n=1,174, 40.50kg, 95 % CI 0.22-0.78). The
authors found no clinically meaningful differences of
worsening for paliperidone, iloperidone, asenapine, or
lurasidone versus placebo regarding the mean change
from baseline to endpoint in cholesterol or triglyceride
levels in short-term trials, with the possible exceptions of
iloperidone for total cholesterol (one trial, n = 300,
+11.60 mg/dL, 95 % CI 4.98-18.22), and LDL choles-
terol (one trial, n = 300, +10.30 mg/dL, 95 % CI
4.94-15.66). Asenapine increased total cholesterol statis-
tically significantly during longer-term treatment (one
trial, n = 194, 46.53 mg/dL, 95 % CI 1.17, 11.89). Sta-
tistically significant elevations in glucose levels were
noticed during short-term treatment with iloperidone (one
trial, n = 300, 4+6.90 mg/dL, 95 % CI 2.48-11.32) and
during long-term treatment with paliperidone (six trials,
n = 1022, +3.39 mg/dL, 95 % CI 0.42-6.36). These data
are consistent with data presented in product labeling and
noted in Tables 4, 7, and 10 for iloperidone, asenapine,
and lurasidone, respectively.

6.1.3 Weight Gain, Somnolence, and Akathisia

Placing iloperidone, asenapine, lurasidone, and asenapine
in clinical context, these agents appear similar to aripip-
razole [79] and ziprasidone [63, 104] in terms of their
relative ‘friendliness’ regarding metabolic adverse out-
comes compared with older second-generation antipsy-
chotics such as olanzapine [105]. However, there is some
variation among the ‘metabolically friendlier’ second-
generation antipsychotics in terms of effects on body

weight and perhaps some of the metabolic variables.
Moreover, they vary a great deal in terms of other potential
adverse effects (for example, somnolence, akathisia, effects
on the ECG QT interval, effects on prolactin), as well as
how they may be administered (differing requirements for
initial titration, dosing frequency of once daily versus bid,
administration with/without food, route of metabolism, and
consequences for dosing and drug—drug interactions; see
also Table 1). Table 13 provides a basis for indirect com-
parisons of the first-line oral second-generation antipsy-
chotics (and cariprazine) regarding weight gain >7 % from
baseline and the rate of spontaneously reported adverse
events of somnolence or akathisia, using NNH versus
placebo [76, 106—-109]. The NNH values are provided
separately for the FDA-approved (or pending) indications
of schizophrenia, bipolar mania/mixed episodes, bipolar
depression, and adjunctive use for major depressive dis-
order. In general, a single-digit NNH means that the
adverse reaction can be expected commonly in day-to-day
clinical practice. Single-digit NNH values versus placebo
for weight gain are observed for olanzapine and quetiapine
immediate release; for somnolence, quetiapine extended
release, quetiapine immediate release, olanzapine, ziprasi-
done, and asenapine; and for akathisia, aripiprazole and
cariprazine. If these adverse events are short lived, mild or
moderate in intensity, or easily managed, then they may be
essentially irrelevant. However, if an individual patient
expresses a strong preference for avoiding certain adverse
events, then no matter how mild or temporary these
adverse events may be, these effects can significantly
impact adherence. In addition, adverse effects such as
somnolence can sometimes be seen as a potential advan-
tage under certain circumstances, such as when managing
acute agitation. Additional considerations include the time
to onset of the adverse event versus time to onset of a
therapeutic response—this may tip the decision in favor of
using the medication if its value to the patient can be
demonstrated quickly. A caveat about these indirect com-
parisons is that the NNH values are calculated from pooled
study results for each medication, and that the study pop-
ulations themselves may differ in unknown but important
ways, as well as differ from patients we would ordinarily
treat in clinical practice. In addition, the intensity and
duration of adverse reactions to medications are not ade-
quately captured by relying only on the spontaneous
reporting of adverse events. Thus, direct comparisons using
an appropriately designed clinical trial would yield more
precise information.

6.2 Medication Selection

There is no guarantee that a specific medication will be
efficacious or that a particular adverse event will or will not
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occur in a specific individual. Patient preference can help
guide medication choice if individual patients have specific
concerns about certain adverse effects, such as weight gain,
somnolence, and akathisia. Prolongation of the ECG QT
interval is largely irrelevant in routine practice with rea-
sonably healthy patients; initial concerns regarding the risk
for QT prolongation with ziprasidone has not materialized
in clinically significant arrhythmias [63].

Guidelines for treatment can also be helpful in medication
selection, and examples include those available through the
World Federation of Societies of Biological Psychiatry [110—
114]. A ‘guideline of guidelines’ for the treatment of schizo-
phrenia, which includes the use of iloperidone, asenapine, and
lurasidone, is also available [115]. Additional meta-analytical
studies are becoming available that include the newer anti-
psychotics [116]; however, due caution is required as heter-
ogeneity in effects in individual patients is considerable.

7 Assessing Outcomes

Step number 5 of the five-step EBM process (Fig. 1)
behooves the clinician to circle back and ensure that the
research evidence being used in the medical decision-
making process is of sufficient quality to rely on and
consistent with the goals of treatment for that individual
patient. Step 5 also includes the need to measure the patient
outcome and to validate it. The BPRS or PANSS are too
lengthy to be used in routine care in most clinical settings
and the focus on psychopathology alone may divert
attention away from other important outcomes such as
personal and social functioning. However, the CGI-
Severity (CGI-S) scale [117] is suitable for day-to-day use
(see Fig. 2); it consists of one item, is clinically intuitive,
and can easily be incorporated in routine record keeping
without any additional time burden. Moreover, the CGI-S
correlates well with the BPRS [118] and PANSS [119].

8 Conclusions

Choosing among all the different antipsychotics for an
individual patient is complex, requiring consideration of

the prior history of therapeutic response, prior history of
tolerability with other agents, and individual patient values
and preferences. Ultimately, heterogeneity in individual
response in the clinic trumps differences found between
groups of patients in clinical trials. Patients may also have
specific sensitivities to certain adverse effects of medica-
tion, such as akathisia, sedation, or weight gain. Having
different options in order to optimize efficacy and tolera-
bility for the individual patient is desirable.

Three new second-generation antipsychotics are avail-
able: iloperidone, asenapine, and lurasidone. Cariprazine is
expected in the near future. Similar to ziprasidone and
aripiprazole, these new agents have a lower propensity for
weight gain and metabolic abnormalities than older sec-
ond-generation antipsychotics such as olanzapine; lurasi-
done appears to be best in class in terms of minimizing
untoward alterations in body weight and metabolic vari-
ables. However, iloperidone, asenapine, lurasidone, and
cariprazine differ among themselves in terms of on-label
dosing frequency (once daily for lurasidone and, presum-
ably, cariprazine, versus twice daily for iloperidone and
asenapine), the need for initial titration to a therapeutic
dose for iloperidone and possibly cariprazine, requirement
to be taken sublingually for asenapine, requirement for
administration with food for lurasidone, lengthening of the
ECG QT interval (greater for iloperidone than for asena-
pine and no effect observed with lurasidone), and adverse
effects such as akathisia (seen with cariprazine, lurasidone,
and asenapine but not with iloperidone) and sedation (most
notable with asenapine). In addition to cariprazine, other
agents are in phase III of clinical development but have not
yet been submitted for FDA approval, and there is insuf-
ficient information publically available at this time to make
any quantitative conclusions about their place in therapy.
These include two additional second-generation antipsy-
chotics that target the dopamine D2 receptor, brexpiprazole
(partial agonist) and zicronapine (antagonist), and two
other agents with completely different mechanisms of
action, bitopertin (a glycine transporter type 1 inhibitor that
impacts on the glutamate NMDA receptor) and EVP-6124
(an agonist at the alpha-7 nicotinic acetylcholine receptor).
Both bitopertin and EVP-6124 are being tested principally
as adjunctive agents to second-generation antipsychotics

Considering your total clinical experience with this particular population, how mentally ill is the patient at this time?

0 = Not assessed
1 = Normal, not at all ill
2 = Borderline mentally ill

3 = Mildly ill

4 = Moderately ill
5 = Markedly ill
6 = Severely ill

7 = Among the most extremely ill patients

Fig. 2 Clinical Global Impressions-Severity (CGI-S). This scale is in the public domain. See Guy [117]
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for specific treatment domains, including negative and
cognitive symptoms.
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