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Abstract

Introduction—Antipsychotic polypharmacy (APP), the concomitant use of =2antipsychotics, is
common in clinical practice. Prior reviews have focused on the efficacy of APP, but no systematic
review exists regarding the safety and tolerability of this practice.

Areas covered in this review—We conducted a systematic review of adverse effects
associated with APP. Case series with =2 patients, chart reviews, naturalistic, data base, cohort
and randomized studies that reported on the association between APP in general or specific APP
combinations and global or specific adverse effect were included. We discuss methodological
limitations of available studies and provide recommendations for clinicians and future research.

Expert Opinion—Across mostly small and uncontrolled studies, APP has been associated with
increased global side effect burden, rates of Parkinsonian side effects, anticholinergic use,
hyperprolactinemia, sexual dysfunction, hypersalivation, sedation/somnolence, cognitive
impairment, and diabetes. Effects on akathisia and mortality were inconclusive. Although some
combinations, particularly aripiprazole augmentation of an agent with greater side effect burden,
may reduce weight gain, dyslipidemia, hyperprolactinemia and sexual dysfunction, APP should
remain a last resort treatment option after monotherapy, switching and non-antipsychotic
combinations have failed. More and high quality data are needed to further inform the
individualized risk-benefit evaluation of APP.
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1. Introduction

The use of two or more antipsychotics, also called antipsychotic polypharmacy (APP), has
attracted clinical, research and stakeholder interest!: 2. Reasons for this include: 1) APP is a
fairly commonly used pharmacological practice in the treatment of psychiatric patients,
especially those with psychotic disorders3, and the percentage of schizophrenia patients
receiving APP has increased during the last decade® °; 2) evidence for its efficacy and
effectiveness is relatively slim or contradictory®: 7; and 3) concerns have been raised about
the potential for increased adverse effects, problems with patient safety, and increased
healthcare cost? 8.

The use of APP has been document since 1970s, and despite the lack of convincing efficacy
data, its use continues to increase in the US and other regions®. Clinicians commonly resort
to APP hoping to increase or speed up efficacy, treat residual symptoms, reduce the dose
and the associated adverse effects of the first medication, combine complementary
pharmacological side effect profiles, or as a desperate attempt after a failed clozapine and/or
electroconvulsive therapy triall0.

While previous controlled and open-label studies, as well as reviews on this topic have
focused predominantly on the frequency, cost, and efficacy of APP, to date, there has not
been a study that systematically summarized and evaluated the available data regarding the
side effect burden associated with APP in general and associated with individual
antipsychotic combinations. Therefore, we performed a systematic literature review on the
topic of adverse effects in the context of APP. The aim of this study was to review the
evidence for associations of APP in general and of individual combinations in particular
with specific adverse effects. We further aimed to identify gaps in the literature that need to
be addressed to further guide clinical practice. Based on these findings, we wished to discuss
methodological issues that influence the side effect rates reported in studies of APP,
synthesizing the reviewed data and making recommendations for clinical practice and future
research.

2. Methods
2.1. Literature Search on APP Related Adverse Effects

An electronic PubMed and Google scholar search with no language or date restrictions was
conducted with a last update on October 315t 2011, combining the following terms:

“antipsychotic”, “neuroleptic”, “polypharmacy”, “combination”, “polytherapy” and “side

effects”, “adverse effects”, “weight gain”, “diabetes”, “hyperlipidemia”,

“hypercholesterolemia”, “dyslipidemia”, “ glucose intolerance”, * extrapyramidal

symptoms”, “dystonia”, “parkinsonism”, “akathisia”, “anticholinergic”, “tardive

dyskinesia”, “hypersalivation”, “drooling”, “sedation”, “hyperprolactinemia”,

7 LI T3 L LTS

“amenorrhea”, “sexual dysfunction”, “infertility”, “neuroleptic malignant syndrome”,
“agranulocytosis”, “leucopenia”, “neutropenia”, “liver impairment”, “hepatitis”, “QT

prolongation”, “mortality”, “seizures”, “cognition” and “cognitive impairment”. Reference
lists from retrieved articles were reviewed to identify additional studies.

Included were studies that reported on the association between APP in general or specific
APP combinations and global or specific adverse effect. Case series with >2 patients, chart
reviews, naturalistic, database, cohort and randomized studies were included in this review.

2.2. Data Presentation

Given the profound methodological differences of the included studies, which preclude
appropriate meaningful statistical analysis, we decided to present a qualitative description of
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the relationship between specific adverse effects and APP, along with the studies supporting
this relationship. Data are presented either in relationship with APP globally or,
preferentially, in relationship to specific antipsychotic combinations.

Antipsychotics, especially the newer, second-generation antipsychotics (SGAs) have
multiple pharmacodynamic properties in addition to dopamine blockadell. These
neurotransmitter activities are thought to be responsible for some of the beneficial effects of
antipsychotics, but also for adverse effects. Below, we list the evidence for APP-associated
adverse effect burden based on the clinical phenomenology, commenting on potential
pharmacodynamic and pharmacokinetic origins of these adverse effects. We first review
adverse effects thought to be associated with dopamine blockade, such as extrapyramidal,
and prolactin related side effects. This is followed by cardiometabolic and cardiac adverse
effects, as well as the remaining “other” adverse effects.

3.1. Relationship between antipsychotic polypharmacy and extrapyramidal as
well as prolactin-related adverse effects

3.1.1 Parkinsonism, dystonia and akathisia: These side effects, often grouped under the
name of extrapyramidal symptoms (EPS), have been, broadly speaking, linked to
dopaminergic blockade. Specifically, Parkinsonism is the result of blockade of dopamine
receptors in the nigro-striatal pathway. Akathisia, traditionally linked to dopamine blockade,
seems to have also an extradopaminergic mechanism involving acetylcholine, y-
aminobutyric acid (GABA), norepinephrine, serotonin, and neuropeptides!? while acute
dystonia has been linked to striatal dopaminergic and cholinergic dysfunction13,

Several authors have examined the association between APP and EPS by looking at the
increased use of anticholinergic medications as a surrogate marker for clinically relevant
EPS (Table 1). This finding has been described in various patient populations and settings:
in 152 children and adolescents with various psychiatric diagnoses'#; in 435 adult
schizophrenia outpatients in Canadal®; in 398 schizophrenia outpatients in Hong Kong and
Beijing®, and in 45,571 schizophrenia patients from the Veterans Administration in the
USY’. Additionally, Megna et al'8, found an increase in anticholinergic use after 6 months of
treatment with SGA polytherapy. Chakos et al1®, looking at baseline data from 1,380
patients enrolled in the CATIE trial, found higher use of anticholinergic use in patients
taking either a FGA or APP, and Carnahan et al?? found an association between
anticholinergic use and APP, which was mediated by antipsychotic dose. Other authors
found similar results, by using data from Medicaid claims2% 21, pharmacy claims?®: 22. 23,
studying outpatients with non-affective psychosis24, studying patients admitted in a state
hospital?> 26 and studying patients in East Asia2’ and Europe?8-32, By contrast, in a double-
blind study33, the combination of low dose haloperidol and low dose risperidone was
associated with lower scores in the Simpson-Angus Scale compared to risperidone alone in
full doses. However, this APP regimen specifically attempted to avoid increased net
dopamine blockage. Additionally, Kane34, in a placebo-controlled, randomized trial, did not
find any significant differences in the AIMS and Simpson-Angus scores whether
aripiprazole or placebo were added for 16 weeks to 177 patients treated with risperidone and
146 patients receiving quetiapine.

Few studies looked directly at the impact of APP on akathisia (Table 1). In a 4-week, open-
label trial with 12 treatment-resistant schizophrenia patients3®, adding risperidone to
clozapine was associated with mild akathisia. Like for EPS, Kane34, in a randomized clinical
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trial described previously, did not find a significant difference in akathisia rates when
aripiprazole or placebo was added to either risperidone or quetiapine.

3.1.2 Tardive Dyskinesia: The underlying biological cause of Tardive Dyskinesia (TD) is
unknown. It is thought to result from a chronic blockade of dopamine receptors in the nigro-
striatal pathway with an enduring upregulation or/and hypersensitivity of those receptors3.
Also, it has been postulated that TD could result from dopaminergic and noradrenergic
overactivity in the central nervous system with a concomitant decrease in the cholinergic
and GABAergic activity36 and/or from oxidative stress, but findings have not been
conclusive3’. Although antipsychotics, especially FGAs, have long been known to cause
TD, we could not find any studies describing an association between treatment-emergent TD
and APP, despite the fact that both APP and TD have been associated with long exposure to
antipsychotics, high antipsychotic doses and treatment refractoriness.

3.1.3 Neuroleptic Malignant Syndrome: While the precise mechanism causing
Neuroleptic Malignant Syndrome (NMS) is uncertain, dopaminergic hypofunction as a
consequence of antipsychotic dopamine blockade has been implicated, although some other
neurotransmitters are also likely involved38. As with TD, we could not find any studies that
specifically described an association between NMS and APP.

3.1.4 Hyper prolactinemia and related reproductive and sexual dysfunction: Under
normal circumstances, dopamine inhibits the release of prolactin from the lactotroph cells,
but if this inhibition is lost (e.g., via blockade of the dopamine D2 receptors), a release of
prolactin ensues, causing hyperprolactinemia and in certain cases galactorrhea. Moreover,
high prolactin levels inhibit the pulsatile release of GnRH from the hypothalamus, causing a
decrease in the release of FSH and LH3° and subsequently, in susceptible individuals,
leading to oligomenorrhea or amenorrhea, sexual dysfunction and infertility in women“0. In
addition, decreased libido and anorgasmia in both men and women and erectile dysfunction
in men can be a consequence of elevated prolactin levels and related sex hormone
dysregulation, especially in the case of syndromal hypogonadism, a state of abnormal,
subphysiologic sex hormone levels.

There are several reports in the literature associating APP with hyperprolactinemia (Table
1). Montgomery*! examined electronic medical records of 422 patients from a state hospital
and found that APP was associated with hyperprolactinemia, even when antipsychotics with
low impact on prolactin levels, such as quetiapine or olanzapine, were added to other
antipsychotics. Similarly, Henderson*2 found higher prolactin levels in 20 patients on
clozapine plus risperidone compared to 20 matched patients on clozapine alone. In a 6-
weeek, double-blind study“3, significant increases in prolactin levels were found in patients
on clozapine who were given risperidone vs. placebo. Additionally, in a double-blind,
randomized, controlled trial with patients with limited response to clozapine®4,
augmentation with sulpiride, compared to placebo, was associated with a significant increase
in the serum prolactin levels. Similarly, in a randomized controlled trial with 24
schizophrenia patients on clozapine*®: 46, the addition of risperidone to clozapine was
associated with an increase in prolactin levels, in contrast to the addition of ziprasidone,
which was not associated with changes in baseline prolactin values.

Conversely, in several studies the addition of aripiprazole to other antipsychotics was
helpful in reducing prolactin levels (Table 1). Shores*’ reviewed charts of 16 adolescents
with risperidone-induced hyperprolactinemia and found a decrease in prolactin levels after
the addition of aripiprazole. Mir48 attempted an open-label switch to aripiprazole in 27
patients who had failed other antipsychotics and found that, in those who remained on APP
(50%), there was a significant reduction in prolactin after 12 weeks of treatment. Similarly,
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in an 8-week, open-label study*?, the addition of aripiprazole led to a decrease in prolactin
levels in patients taking risperidone, sulpiride and amisulpride, although this effect was
stronger for patients taking risperidone. Likewise, in an open-label study®, a decrease in
prolactin levels was found after adding aripiprazole to risperidone in 16 females with
schizophrenia. In a double-blind, randomized, placebo-controlled study of 56 patients on
haloperidol with hyperprolactinemia®l, a significant decrease in prolactin levels was found
in patients who had aripiprazole added compared to placebo. In fact, in the aripiprazole
group, 88.5% of patients normalized prolactin levels compared to only 3.6% on placebo,
which occurred without any alteration in haloperidol levels. Another approach that was
found to be helpful in reducing prolactin levels was the combination of antipsychotics in low
doses. Lin33, in a 6-week, double-blind study, found that patients taking low dose
risperidone plus low dose haloperidol had lower prolactin levels compared to patients taking
full dose risperidone.

Sexual dysfunction can partly result from antipsychotic-induced hyperprolactinemia3?, but
can also arise from sedation, histaminergic or adrenergic blockade, and/or cholinergic and
serotonergic blockade®2. Moreover, it can be manifestation of primary negative symptoms
or be a consequence of diabetes and other organic disorders.

Surprisingly, we only found three studies that directly examined sexual side effects in
patients using APP. Mir et al#8, in a 6-month, open-label study with 27 patients, found that
switching or adding aripiprazole to other antipsychotics was associated with a marked
improvement in overall sexual functioning, a decrease in erectile and ejaculatory difficulties
in men and a reduction in menstrual dysfunction in women. Similarly, adding aripiprazole to
haloperidol led to a return of normal menstruation in 7 out of 11 females with amenorrhea or
oligomenorhea, whereas this was the case in zero of 14 patients in the placebo group®?.
Conversely, Brooks®3, in a cohort study with patients from the STEP-BD study, found that
SGA polytherapy (n=162) was associated with higher rates of sexual dysfunction compared
to SGA monotherapy (n=1796), translating into a number-needed-to-harm (NNH) of 8.

3.2. Relationship between antipsychotic polypharmacy and cardiometabolic
as well as cardiac adverse effects

3.2.1 Weight gain: The mechanisms underlying weight gain in association with
antipsychotics are complex and only incompletely understood®* 95, Antipsychotics have
been associated with increased appetite and carbohydrate craving, but receptor level
causation has remained unclear. One hypothesis includes the blockade of H1 histamine
receptors®® and that this effect could be mediated through the activation of hypothalamic
AMPK?5’, However, medications with very little H1 blockade, such as haloperidol,
amisulpride and aripiprazole, have also been associated with significant weight gain,
especially in first episode and previously unexposed patients®®. Other receptor systems
involved in antipsychotic related weight gain include dopamine, alpha-adrenergic,
serotonergic, endocannabinoid and leptin receptors®®. For example, increased levels of
leptin have been associated with weight gain after treatment with antipsychotics®® and this
effect could be produced by blockade of serotonin 5SHTc receptors, which might impede
neural leptin®® processing. However, leptin increase is also a result of increased fat mass,
and its direct involvement in the causation of weight gain remains unclear. Moreover, a
number of genetic variations in the genes associated with the neurotransmitter receptors
mentioned above have been associated with weight gain®.

APP and weight gain have been linked (Table 2). Reviewing charts of 305 inpatients,
Centorrino® found that final weight during hospitalization was greater in subjects given
multiple antipsychotics or antipsychotics with antidepressants (p<0.008). Similarly,
reviewing Medicaid claims from 4140 children and adolescents started on SGASs or two
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FGAs, Jerrell®1 found that APP was associated with weight gain (p<0.0001). Other authors
have found an association between APP and weight loss. Reinstein®? reviewed 65 charts of
patients who had gained weight on clozapine and who were given quetiapine as an
augmenting agent along with a concomitant decrease of 25% of the clozapine dose and
found a mean weight loss of 4.2 kg over 10 months. Karunakaran®3 reviewed the charts of
24 patients on clozapine who received add-on aripiprazole along with a concomitant
decrease in the clozapine dose (mean reduction=22%) and found that 75% of the patients
lost an average of 7.5 kg. Ziegenbein®4, in an open-label study, added ziprasidone to nine
schizophrenia patients with limited response to clozapine and found a modest weight loss of
1.5-2 kg in two patients after 6 months of treatment, although the addition of ziprasidone
allowed the reduction of clozapine by a mean of 18%. Also, in a 6-week, open-label study of
10 patients on clozapine who received aripiprazole augmentation®®, a decrease in weight
(p=0.003) and body mass index (BMI) (p=0.004) was found. Fleischhacker®® randomized
207 schizophrenia patients on clozapine to either placebo or aripiprazole, and found a
significant decrease in mean weight after 16 weeks of treatment with aripiprazole vs.
placebo (-2.53 vs. —0.38 kg, p<0.001). In a 10-week, randomized, placebo-controlled,
double-blind, crossover study®’, adding aripiprazole, compared to placebo, to stable
schizophrenia patients on olanzapine was associated with greater decreases in weight
(p=0.003) and BMI (p=0.004) after 4 weeks of treatment.

Other studies did not confirm an association between specific APP combinations and weight
changes (Table 2). Henderson®, in an open-label study, added ziprasidone to 10 olanzapine-
treated and 11 clozapine-treated patients and did not find significant changes in weight and
BMI. Chang®?, in an 8-week, randomized, placebo-controlled trial of 62 treatment-resistant
schizophrenia patients on clozapine, found only numeric advantages regarding weight loss
for aripiprazole compared to placebo. Kane34, in a trial described previously, did not find
significant differences in weight change in patients receiving aripiprazole vs. placebo (1.3
kg vs. 1.1 kg, p=0.7), although numerically fewer patients in the aripiprazole combination
group compared to the placebo group had =7% weight gain (7% vs. 13%, p=0.45). Honer et
al’% randomized 68 patients with schizophrenia on clozapine to adjunctive risperidone or
placebo for eight weeks finding no significant differences in endpoint weight or BMI.

3.2.2 Glucose distur bance, dyslipidemia, diabetes, and metabolic syndrome:
Disturbances in glucose, lipids and other metabolic parameters have been strongly
associated with SGAL: 72_ 1t has been suggested that these disturbances may be related to
weight gain and an increase in adipose tissue, antagonism of 5 HT2C receptors, insulin
resistance, pancreatic B cell damage mediated by hyperlipidemia, and inhibition of the
hepatocyte nuclear factor lalpha, or blockade of specific muscarinic receptors®*. However,
weight-independent, dose related antipsychotic effects have also been discussed®®.

Several studies have reported on the frequency of adverse metabolic effects associated with
APP (Table 2). Jerrell®L, using pharmacy claims from a Medicaid database, found that the
odds for developing weight gain, type Il diabetes and dyslipidemia were higher in children
and adolescents receiving APP. Kessing’3, using registry data from all people treated with
antipsychotics in Denmark from 1996 to 2005, found that the incidence of diabetes
increased with the number of antipsychotics prescribed. Correll” examined the charts of
364 newly admitted inpatients and found, in bivariate analysis, a significant association of
APP with metabolic syndrome. However, this association was not found in multivariate
analysis when factors associated with metabolic syndrome rate were controlled for. Two
recent studies also found that initially significant associations between APP and metabolic
syndrome disappeared when the analyses were controlled for relevant demographic, illness
or lifestyle factors’> 76. However, at least, in the study by Misawa et al.”>, APP was
associated with pre-metabolic syndrome, defined as visceral fat obesity plus only one
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additional criterion. Tirupati’’, in a cross-sectional study, recruited 221 patients with
schizophrenia in a psychiatric rehabilitation setting and found higher rates of metabolic
syndrome in patients on APP (range: 72.4-78.8%) compared to patients on antipsychotic
monotherapy (60.3-66.6%). Citrome’8, in a case-control study of patients hospitalized for
more than 60 days on treatment with antipsychotics, found a significant association between
APP, clozapine, quetiapine, and treatment-emergent diabetes. In an 8-week randomized
controlled trial with 68 patients with schizophrenia on clozapine’?, adding risperidone,
compared to placebo, was associated with higher fasting blood glucose levels (16.2 mg/di
vs. 1.8 mg/dl, p=0.04).

Conversely, several studies described a beneficial effect of APP on metabolic status, in
particular when augmenting with aripiprazole (Table 2). Karunakaran83 reviewed charts
from 24 patients on clozapine finding that the concomitant use of aripiprazole was
associated with a trend-level increase in HDL (1.09 mmol/l to 1.17 mmol/l, p=0.06).
Reviewing charts of 65 patients on clozapine (13 with diabetes at baseline) who received
add-on quetiapine while concomitantly reducing the clozapine dose, Reinstein et al2 found
that 20% of the diabetes patients showed a normalization of blood glucose levels and HAlc
after 10 months of combined treatment. Henderson et al5®, in an open-label study of 10
patients on clozapine plus aripiprazole, found a significant decrease from baseline to
endpoint in total cholesterol (211+26.9 to 184.4+26.9, p=0.002) and triglycerides
(274.2+228.7 t0 176.1+£106.0, p=0.04). Similarly, in a 10-week, double-blind, randomized,
crossover, placebo-controlled study in schizophrenia patients, aripiprazole augmentation of
olanzapine resulted in a significant decrease in total triglycerides (-51.7£78.2 to 47.6+52.7),
VLDL-C (-3.4+7.25 to 5.1+9.3, p=0.01), and VLDL-1 and VLDL- 2 (-1.94+4.7 to 2.7+4.6,
p=0.01) compared to placebo®’. Chang et al® randomized 62 patients with schizophrenia
with limited improvement with clozapine to adjunctive aripiprazole treatment or placebo for
8 weeks and found that aripiprazole augmentation led to significantly greater reductions in
triglycerides (—31.1 mg/dL vs +24.4 mg/dL, p<.01) and non-HDL cholesterol (-13.7 mg/dL
vs —3.7 mg/dL, p<0.05) compared to placebo. Lastly, in a 16-week trial of 207 patients with
insufficient symptom control and weight gain >2.5 kg during clozapine treatment, addition
of aripiprazole was associated with greater reduction in total and LDL cholesterol (p<0.001)
than placebo®®.

Other studies did not find a relationship between APP and cardiometabolic side effects
(Table 2). Taylor’® reviewed the charts of 606 inpatients and did not find a significant
difference in the prevalence of glycemic disorders between APP and monotherapy with
either SGA or FGAs in those tested for Diabetes. Henderson8, in a 6-week, open-label
study, added ziprasidone to 10 olanzapine-treated and 11 clozapine-treated patients and did
not find any significant changes in cholesterol levels or fasting glucose at endpoint
compared to baseline. Lastly, Kane34, in a previously described clinical trial, did not find
any significant changes from baseline in fasting glucose, total cholesterol, fasting
triglycerides, LDL and HDL cholesterol after 16 weeks of treatment with either aripiprazole
or placebo in patients on risperidone or quetiapine.

3.2.3 Orthostasis: Orthostatic hypotension is caused by alpha-1 adrenergic blockade or
anticholinergic blockade80 and not uncommon with antipsychotic treatment. However, no
reports of the relationship between APP and orthostasis were found.

3.2.4 QTc prolongation and sudden cardiac death: Heart rate-corrected Qt (QTc)
prolongation has been associated with blockade of the Human ether-a-go-go-related gene
(HERG) potassium channel. Substantial QT prolongation has been more commonly reported
with sertindole, ziprasidone, thioridazine, and 1V haloperidol8L. QTc prolongation can occur
due to drug-drug interactions, increasing blood levels of antipsychotics and is feared as a
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risk factor for torsade de pointe and sudden cardiac death due to arrhythmias. In one large
database study, the risk of sudden cardiac death was higher with use of either FGA or SGA,
and further increased by higher doses®2. Given the fact that mutual inhibition of
antipsychotic metabolism and higher total dose are possible components of APP, it is
somewhat surprising that only few studies assessed the effect of APP on QTc and none has
assessed the risk of sudden cardiac death directly. In a trial described previously*°, the
addition of ziprasidone to clozapine was associated with a significant increase in QTc from
387.7 to 403.2 ms, while the addition of risperidone was not associated with any changes in
QTc. Ramos-Rios®3 found no association between APP and prolonged QTc in 171 patients
admitted to a long-term psychiatric institution, and examining the records of 364 adults on
treatment with SGA, Correll®* also did not find any difference in QT duration or dispersion
in patients on one vs. two SGA. By contrast, an association in the opposite direction was
found by Mackin et al8%, who examined 103 outpatients iterated with an antipsychotic for =6
months finding a non-significant (p=0.08) decrease in QT interval in patients receiving APP
(402.6x 24.1 ms) compared to patients on AP monotherapy (416.4+23.2 ms) (Table 2).

3.2.5 Increased mortality: Reasons for the increased mortality in schizophrenia are
manifold and have been attributed to a higher incidence or cardiovascular risk factors and
disease further complicated by sedentarism, poor dietary patterns, high comorbid substance
use, infrequent medical follow up, and higher suicidal rates compared to normal
population®* 95 72, Furthermore, some authors have reported and association between an
increased mortality and APP (Table 2). Waddington® followed 88 patients for 10 years and
found that APP was associated with reduced survival. Also, Joukamaa® found an association
between a higher number of antipsychotics at baseline and mortality after 17 years of follow
up. Conversely, Baandrup?, in a population-based, nested, case-control study, found no
relationship between APP and mortality and Tiihonen8”, in a population-based cohort study,
found even that long-term antipsychotics use was associated with lower mortality compared
to no antipsychotic use (adjusted HR=0.81, 95%ClI: 0.77-0.84), and that APP was not more
likely to produce increased mortality compared to perphenazine (adjusted HR=1.08,
95%Cl: 0.92-1.26). Notably and confirming prior findings, this study showed that clozapine
was associated with significant lower risk of death by suicide, and all cause mortality
compared to all other antipsychotics, whereas, at least over the medium-term follow-up in
this study, no increased death from ischemic heart disease was observed.

3.3. Relationship between antipsychotic polypharmacy and other adverse
effects

3.3.1. General side effects and miscellaneous: Some studies found an association between
overall side effects and APP (Table 3). Centorrino® matched 70 patients with schizophrenia
on APP to 70 patients on antipsychotic monotherapy finding that the risk of side effects was
56% higher in patients on APP. Similarly, Barbui®, in a study of 390 clinically unstable
patients with schizophrenia in four European countries, found that patients on APP
complained more of side effects. Contrary to these findings, Ganesan® found no differences
in adverse effects on the UKU side effect rating scale in a chart review of 61 patients
receiving antipsychotic monotherapy versus 32 patients receiving APP. Similarly, Kane34 in
a trial described previously, did not find group differences in treatment-emergent adverse
effects.

3.3.2 Sedation: Sedation is a dose related side effect primarily caused by central histamine
H1 receptor blockade®!, although other receptors such as alpha 1 adrenergic and muscarinic
M1 receptor have been implicated. Some studies reported on the association between APP
and sedation (Table 3). In a 6-week randomized clinical trial with 30 clozapine treated
patients with schizophrenia®3, the addition of risperidone was associated with significant
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higher rates of sedation compared to placebo. Similarly, in bipolar disorder patients
followed in the STEP-BD study, SGA cotreatment was associated with greater sedation than
monotherapy (NNH=8)°3, Conversely, Ziegenbein® described an improvement in daytime
sedation in patients on clozapine who were given adjunctive ziprasidone, and Rocha &
Hara® reported a decrease in sedation in three patients who received aripiprazole in addition
to clozapine.

3.3.3 lleus: Constipation and ileus can result from the use of either antipsychotics with high
intrinsic anticholinergic effects or anticholinergic medications, commonly used for the
treatment of EPS. Nielsen et al?4, in a study using the Danish National Patient Registry, did
not find an association between APP and ileus in 26,720 patients with schizophrenia
(p=0.83). Conversely, Brooks et al>3, found significantly higher rates of constipation
(NNH=11) in the 10% of 1,958 SGA treated patients who were receiving APP compared to
SGA monotherapy.

3.3.4 Cognitive impairment: Although cognitive deficits are already detected in treatment-
naive, first episode schizophrenia patients, antipsychotics and other psychotropic
medications can lead to further cognitive impairment via antihistaminergic and
anticholinergic effects as well as excessive dopamine blockade and/or addition of
anticholinergic medications®: 9. Relatively few studies have assessed cognition in
relationship to APP (Table 3). For example, Elie%” found that APP was associated with poor
cognitive performance in the BACS battery, mentioning that the effect might have been
mediated by high antipsychotic doses. Similarly, Chakos et al'® examined baseline use of
antipsychotics in subjects enrolled in the CATIE trial finding that subjects on APP had
lower neurocognitive composite scores. Furthermore, Hori?8 examined 67 patients with
chronic schizophrenia and 92 healthy controls and found that patients on APP or high doses
had lower cognitive performance. Conversely, only Kontis®®, in a cross-sectional study,
found no difference in cognitive performance in patients with APP compared to patients on
antipsychotic monotherapy.

3.3.5 Hypersalivation: Hypersalivation or drooling is commonly seen in patients on
treatment with clozapine and other antipsychotics as part of Parkinsonian symptoms. In
addition to excessive dopamine blockade, drooling has been associated with alpha 2
blockade or M4 muscarinic receptor stimulation, as seen with an active metabolite of
clozapinel®, Regarding the relationship of hypersalivation with APP, Shiloh#4, in a trial
described previously, found no differences in hypersalivation between the clozapine plus
sulpiride group compared to the clozapine plus placebo group. In a 4-week open-label trial3®
of 12 patients on clozapine who received add-on risperidone, increased hypersalivation was
noted in almost 50% of patients. Similarly, in a chart review of 480 patients, Naber'%! found
an increased incidence of hypersalivation in patients on clozapine plus FGAs compared to
clozapine monotherapy. Conversely, in a report of two cases¥2, adding aripiprazole along
with a concomitant decrease in clozapine dose led to a decrease in hypersalivation.
Moreover, in a double-blind, crossover study, adding amisulpride to clozapine reduced
hypersalivation, even without clozapine dose reductionl02,

3.3.6. L eucopenia, heutropenia and agranulocytosis. Clozapine is known to cause
neutropenia and agranulocytosis. While immunologic mechanisms have been postulated too,
this side effect may also result from the conversion of clozapine and norclozapine into
electrophilic nitrenium ions, which either bind to neutrophils causing cell death, or causing
oxidative stress-induced neutrophil apoptosis193. The presence of antibodies against
neutrophils has also been suggested as a contributor in the development of neutropenia in
patients using clozapine; however, little evidence is available in this regard.
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The risk of leucopenia and agranulocytosis is not exclusive of clozapine, making an additive
effect conceivable. Cases have been reported with other antipsychotics1%4, however routine
blood testing is only required for clozapine. Nevertheless, besides isolated case reports, no
larger case series or studies reporting in the association between APP and leucopenia,
neutropenia or agranulocytosis were found in the literature.

3.3.7. Seizures: Antipsychotics have been known to lower the seizure threshold. Among
FGAs, chlorpromazine is most commonly associated with seizures, while clozapine is most
commonly associated with seizures among SGAs. Although additive effects are a potential
concern, no studies on the association between seizures and APP were found.

3.3.8. Liver impairment: Elevated liver enzymes are not infrequently seen in patients
treated with antipsychotics. However, in most cases these elevations are transient and do not
affect treatment. The first reports came from Ebert and Shader'9®, who detected increases of
liver enzymes in patients being treated with chlorpromazine. More recently, abnormalities
have been found in patients treated with risperidonel®, quetiapinel, clozapine and
haloperidol107. While these effects could be additive, we could not find any studies related
to APP.

4. Conclusion

Although APP has received a lot of attention in the literature, bemoaned for the lack of a
sufficient evidence base and criticized for the potential for increased acute and chronic
adverse effect burden, the data base on adverse effects of APP is still relatively slim.
Overall, and based on mostly uncontrolled and observational studies, there is some evidence,
however, that APP carries an increased side effect burden compared to treatment with one
antipsychotic. The strongest evidence exists for Parkinsonian side effects and anticholinergic
use, followed by increased prolactin levels. Both these side effects can be explained by a
greater total antipsychotic dose and net blockade of dopamine receptors in the APP group. In
fact, lower dose combinations may not have the same increased adverse effect burden, but
efficacy advantages may even be less likely8. On the other hand, evidence for increased
akathisia was mixed, further adding to the hypothesis that akathisia may not be primarily
dopamine related, which is also indicated by the fact that anticholinergic medications
generally do not alleviate akathisia, while beta blockers and benzodiazepines do1%8,
Moreover, APP was also associated with greater frequencies of general side effects,
hypersalivation, sedation/somnolence, cognitive impairment, diabetes and, possibly,
dyslipidemia, although a cohort effect of more severely physically ill patients receiving APP
cannot be excluded. In addition, the evidence was mixed regarding weight gain, QTc
prolongation and increased mortality, and data were missing for potentially additive and
relevant adverse effects, like TD, NMS, agranulocytosis, sudden cardiac death, seizures and
elevated liver enzymes.

In contrast, some studies found either no difference or, with certain combinations and/or
reported an improvement in side effects after addition of a second antipsychotic or when the
dose of the first antipsychotic was lowered33: 62, In this regard, most studies reported that
aripiprazole augmentation was associated with a decrease in certain side effects.
Specifically, APP regimens that included aripiprazole were found to decrease sedation or
hypersomnia® 93, hypersalivation®4, weight gain66: 67  dyslipidemia63: 65. 69,
hyperprolactinemia?>—51, and sexual dysfunction*4: 51, Other isolated studies reported
beneficial effects for glucose with add-on quetiapine plus concurrent lowering of the
clozapine dose®2, and of add-on ziprasidone54 and low dose haloperidol in combination with
low dose risperidone for reduced prolactin levels and EPS33.
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However, it is important to recognize the methodological limitations of the available data
base. Most studies were chart reviews or open-label, naturalistic studies, small in sample
size and lacking a control group. Despite the fact that many of these studies were
observational and originated from convenience samples in clinical services, the lack of a
control group may lead to erroneous conclusions because patients receiving antipsychotic
polypharmacy may have a more chronic course or additional risk factors compared to
patients receiving monotherapy. Conversely, the mere passage of time may reduce side
effects, which may be unrelated to adjunctive antipsychotic treatment. Moreover, many
studies had short follow up times and did not incorporate direct, comprehensive or detailed
side effects assessments. Therefore, it is critical to design and conduct double-blind,
randomized, placebo-controlled trials in order to assess more accurately the effectiveness
and tolerability associated with APP. Another, related question is for how long patients who
apparently responded to and tolerated APP should remain on APP. It is possible that a subset
of those patients could do well after stopping the baseline antipsychotic and keeping the
augmenting antipsychotic as monotherapy. It is also possible that certain side effects
diminish over time or are amenable to a dose reduction of the baseline antipsychotic alone.
Evidence to support the idea that APP might not be necessary or at least not be necessary
long-term comes from studies by Suzukil%® and Essock!19 who found that a sizeable subset
or the majority of patients could be converted from APP to antipsychotic monotherapy. In
fact, in the study by Essock et al*10, the patients converting from APP to monotherapy lost
significantly more weight than those maintained on APP.

5. Expert Opinion

Results from this systematic review of adverse effects related to APP indicate that this area
is understudied, but also that not all antipsychotic combinations are created equal. Clearly,
antipsychotics are prescribed to decrease symptoms and suffering and, ideally, improve
functioning. With this goal in mind, the use of the least side effect laden and simplest
strategy is to be preferred in order to improve adherence, subjective well-being and
psychological as well as physical health. Since superior efficacy of APP compared to
antipsychotic monotherapy has not been clearly established®: 7, the use of APP should
generally be avoided. Our finding that APP is associated with an increased global side effect
burden as well as Parkinsonian side effects, hyperprolactinemia, hypersalivation, sedation/
somnolence, cognitive impairment, diabetes and, possibly, dyslipidemia, strengthens the
argument to avoid APP as much as possible. However, on the other hand, the combination
of two antipsychotics with at least a lowering of the initial antipsychotic may decrease
certain side effects, such as glucose levels associated with clozapine or prolactin levels and
EPS associated with risperidone, while maintaining sufficient dopamine blockade.
Moreover, aripiprazole, likely through its partial D2 agonism has strong evidence to reduce
elevated prolactin levels and related sexual dysfunction when added to another
antipsychotic. Similarly, weight gain and dyslipidemia, two highly relevant adverse effects
of antipsychotics that can increase cardiovascular morbidity and mortality seem to be
reduced when aripiprazole is added to olanzapine and, especially to clozapine, even without
lowering the doses of the higher risk antipsychotics. Particularly, the addition of aripiprazole
to clozapine is attractive, since in that context a switch is generally not an option, justifying
APP more. In addition, in a meta-analysis, clozapine treated patients seemed to benefit
particularly from APPS. To date, it is still unclear via which mechanisms aripiprazole may
decrease weight gain and metabolic abnormalities associate with clozapine and, possibly
olanzapine. However, this effect was not seen when aripiprazole was added to risperidone or
quetiapine, two SGAs that also have higher cardiometabolic burden than aripiprazole®*.
Moreover, it is unclear if this salutatory effect would also be seen with other lower risk
antipsychotics when added to clozapine (or olanzapine) without lowering their dose. At
least, for ziprasidone, a beneficial cardiometabolic effect when combined with clozapine
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seems less likely. This is due to the fact that in a cross-over study of ziprasidone or placebo
addition to clozapine or olanzapine, no improvement in body weight or metabolic
parameters was observed in the ziprasidone arm®. Moreover, in an active-controlled trial in
which either ziprasidone or risperidone were added to clozapine, patients in either arm
continued to gain weight and effects were not significantly different across groups11.

Despite the fact that many guidelines, institutions and agencies, such as The Joint
Commission112 started implementing policies discouraging the use of APP, there is actually
surprisingly little evidence in favor of banning or condoning APP on a case by case basis. It
is our opinion that at this point, the field lacks sufficient data to evaluate the potential risk
and benefits and moderating and mediating factors of outcomes associated with APP. Thus,
clearly, additional funding and comparative effectiveness studies in large and generalizable
samples are needed to help evaluate a rather common clinical practice that is also associated
with considerable health care costs. The predominant use of SGAs over FGAs has led to a
big debate given that FGAS are substantially less expensive compared to SGA and given that
many studies, including CATIE13, could not demonstrate a significant advantage, in terms
of effectiveness, of SGAs compared to FGASs. That debate is also relevant to APP. In
general, if APP were substantially more effective than antipsychotic monotherapy, one could
expect a decrease in health care costs via a reduction in the number and the duration of
hospitalizations. However, APP has been associated with higher treatment cost as far as
medication expenses is concerned?, and no data exist that would support a decrease in
inpatient or outpatient services use. Although the perception of many is that APP is
expensive, not efficacious and carries a higher risk of adverse effects, our opinion is that this
is, at least, not always the case and that more data are needed to determine the utility and
risks of APP, both in general and in specific patient subgroups. Although some
combinations, particularly those involving aripiprazole added to an agent with greater side
effect burden, have the potential to reduce certain adverse effects, it is our opinion that APP
is a last resort treatment option. Until more data become available that help inform this
question further, we believe that APP should only be used after evidence-based treatments
have been tried and failed, concretely, after a minimum of two trials of antipsychotics
monotherapy in adequate dose and duration, after at least one trial with a long-acting
injectable antipsychotic in patients with questionable/poor adherence, and after attempting
one trial of clozapine and, at least, after considering ECT.

Article Highlights box

e APP has attracted significant clinical, research and stakeholder interest due to its
common use in clinical practice, its questionable effectiveness, the possibility of
increased adverse effects and the resulting high cost.

e  The focus of prior review papers has been on the efficacy of APP, however no
systematic review about the safety of APP had been conducted.

« APP is associated with an increased global side effect burden and a greater
frequency of Parkinsonian side effects, hyperprolactinemia, hypersalivation,
sedation/somnolence, cognitive impairment, diabetes and, possibly,
dyslipidemia.

» Although, globally, APP is associated with higher adverse effects rates, some
specific APP combinations are associated with a reduction in adverse effects. In
particular, these include the addition of aripiprazole to clozapine for a reduction
of weight gain and dyslipidemia, and the addition of aripiprazole to risperidone
or haloperidol for a reduction of hyperprolactinemia and sexual dysfunction.
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e Evidence for the findings described above comes mainly from uncontrolled
studies (chart reviews, cross-sectional or case-control studies). More high
quality, large-scale, randomized, controlled studies are required to determine the
safety and efficacy of APP.

This box summarizes key points contained in the article
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