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Abstract

Background: Antipsychotics (APs) have been associated with risk of torsade de Pointes (TdP). This has important
public health implications. Therefore, (a) we exploited the public FDA Adverse Event Reporting System (FAERS) to
characterize their torsadogenic profile; (b) we collected drug utilization data from 12 European Countries to assess
the population exposure over the 2005-2010 period.

Methods: FAERS data (2004-2010) were analyzed based on the following criteria: (1) 24 cases of TdP/QT
abnormalities; (2) Significant Reporting Odds Ratio, ROR [Lower Limit of the 95% confidence interval>1], for TdP/QT
abnormalities, adjusted and stratified (Arizona CERT drugs as effect modifiers); (3) 24 cases of ventricular
arrhythmia/sudden cardiac death (VA/SCD); (4) Significant ROR for VA/SCD; (5) Significant ROR, combined by
aggregating TdP/QT abnormalities with VA and SCD. Torsadogenic signals were characterized in terms of signal
strength: from Group A (very strong torsadogenic signal: all criteria fulfilled) to group E (unclear/uncertain signal: only
2/5 criteria). Consumption data were retrieved from 12 European Countries and expressed as defined daily doses per
1,000 inhabitants per day (DID).

Results: Thirty-five antipsychotics met at least one criterium: 9 agents were classified in Group A (amisulpride,
chlorpromazine, clozapine, cyamemazine, haloperidol, olanzapine, quetiapine, risperidone, ziprasidone). In 2010, the
overall exposure to antipsychotics varied from 5.94 DID (Estonia) to 13.99 (France, 2009). Considerable increment of
Group A agents was found in several Countries (+3.47 in France): the exposure to olanzapine increased across all
Countries (+1.84 in France) and peaked 2.96 in Norway; cyamemazine was typically used only in France (2.81 in
2009). Among Group B drugs, levomepromazine peaked 3.78 (Serbia); fluphenazine 1.61 (Slovenia).

Conclusions: This parallel approach through spontaneous reporting and drug utilization analyses highlighted drug-
and Country-specific scenarios requiring potential regulatory consideration: levomepromazine (Serbia), fluphenazine
(Slovenia), olanzapine (across Europe), cyamemazine (France). This synergy should be encouraged to support
future pharmacovigilance activities.
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Introduction

Antipsychotics  (APs) represent a  heterogeneous
pharmacological class in terms of molecular targets [1],
although several studies have challenged whether this
multifaceted profile actually translates into clinical differences
(i.e., effectiveness) between first- and second- generation
agents (FGAs and SGAs), in the past referred to as “typical”
and “atypical” drugs, respectively [2-4]. This uncertainty poses
emerging clinical implications for psychiatrists when
considering the appropriate therapy, which should be tailored
to the individual [5-7].

The interest on this therapeutic class has strongly increased
in the last two decades for several reasons, especially when
new SGAs became available and were presented as having
better benefit-risk profiles as compared to the older FGAs,
namely a reduced risk of extra-pyramidal symptoms. Therefore,
increased consumption was recorded throughout all age
groups, ethnic groups and therapeutic indications, including off-
label use [8,9]. The rapid changes in the uptake of these drugs
require adequate monitoring of actual adverse effects in the
real population to support future decision making. Thus,
spontaneous reporting of adverse events represents a ready-
to-use source of data to be analyzed for an early and timely
identification of risks [10].

From a safety standpoint, the key topic has shifted from
extra-pyramidal side effects to the novel aspect of the “cardio-
metabolic” risk and cardiovascular toxicity, for which great
interest has recently emerged [11]. Whilst there is consensus in
assessing the metabolic risk and related cardiovascular
complications (e.g., olanzapine is more strongly associated
with weight gain as compared to other SGAs [12]), QT
prolongation and subsequent arrhythmia-related events (i.e.,
Torsade de Pointes, TdP) represent the most important cardiac
aspect of antipsychotics [13,14]. In the past, SGAs were
perceived as having a favorable arrhythmogenic profile;
however, this benefit has been recently challenged by different
pharmacovigilance analyses on spontaneous reporting
systems [15-17], which have also been confirmed by
subsequent pharmacoepidemiological studies [18,19]. As a
consequence, public lists of drugs with TdP liability collated by
the Arizona CERT (http://crediblemeds.org/, a reference
standard for clinicians) are constantly being updated and now
include a number of antipsychotics.

Data on antipsychotic use can provide an additional
perspective to regulators and clinicians in assessing the
possible consequences of side effects of drugs by mapping the
level of risk associated with antipsychotic exposure. Although
several drug utilization studies have been conducted with
different aims, especially in the US to assess the impact of
regulatory warnings on the prescription pattern of
antipsychotics [20-23], to the best of our knowledge, no
detailed cross-national comparisons have been recently carried
out in Europe.

On these grounds, the principal aims of this study were
twofold: 1) to characterize torsadogenic signals of
antipsychotics emerging from the largest publicly available
pharmacovigilance database, the FDA Adverse Event
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Reporting System (FAERS); 2) to offer the public health
perspective of these pharmacovigilance signals (i.e., the
population exposure) by collecting drug utilization data from 12
European Countries. Subsequently, notify the authorities in
pertinent countries where there are potential concerns.

Methods

Ethics Statement

All data analyses performed in this retrospective study are
based on anonymized data, which did not allow the precise
identification of individual patients. The study dealt with two
independent data sources, namely (a) spontaneous reports,
which are publicly available from the FAERS database and (b)
drug utilization data, which can be accessed by other
researchers only upon request to relevant personnel.
Therefore, submission to and approval by the Institutional
Review Board was not required.

Pharmacovigilance data source

By virtue of its large population coverage (including all US
reports and rare/serious events from European Countries) and
free availability since 2004, FAERS is an attractive source to
detect emerging safety signals and a valuable tool to explore
the worldwide reporting pattern of rare Adverse Drug Reactions
(ADRs) such as TdP [15]. As a matter of fact, approximately
800,000 reports are entered into FAERS each year, of which
almost a half is submitted by non-US Countries (e.g., European
areas) and consumers. In addition, interest is emerging in
using FAERS to obtain reliable within-class comparisons [24].

Before performing the analysis, a number of issues have
been considered to obtain a reliable dataset: drug and event
codification through ad hoc and standardized (MedDRA)
archives, respectively; duplicate detection; management of
missing data [25]. As previously detailed [15,26], the
2004-2010 period was analyzed through a record-linkage
strategy of different files: DEMO (demographic data), DRUG
(the analysis was restricted to APs reported as suspect or
interacting), REACTION and OUTCOME (to assess the
seriousness of the event; i.e., whether or not the ADR resulted
in death or life-threatening conditions).

Organizing pharmacovigilance data

In a recent study, we described the consensus process to
define the torsadogenic potential of drugs and extract relevant
cases of interest [27]. In summary, a wide range of clinical
events with decreasing drug-attributable risk for TdP was
collected: 1) TdP, 2) QT interval abnormalities (including QT
prolongation), 3) Ventricular Arrhythmia (VA, including
ventricular tachycardia and fibrillation) and 4) Sudden Cardiac
Death (SCD). Building on this previous approach, in the
present study, these clinical events were combined as follows:
(a) TdP reports were analyzed with QT abnormalities as they
are strongly intertwined with a high degree of drug-attributable
risk (TdP is a so-called designated medical event, i.e., a rare
and serious event with high drug-attributable component [28]);
(b) VA reports were separately analyzed with SCD events as
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they are not strictly correlated with TdP and carry a reduced
degree of drug-attributable risk [29].

Based on these events and considering the clinical scenario
in which TdP usually occurs (i.e., the so called “reduced
repolarization reserve” due to multiple risk factors such as
concomitant drugs with TdP liability [30]), the following criteria/
parameters (with relevant thresholds) were defined to analyze
pharmacovigilance data:

Number of cases of TdP/QT abnormalities (at least 4 cases);

2 Significant Reporting Odds Ratio, ROR (i.e., Lower Limit of

the 95%CI>1 and at least 4 cases) for TdP/QT abnormalities,
adjusted for confounders (e.g., concomitant Class I/lll
antiarrhythmic drugs) in the stratum without drugs listed by
Arizona CERT (effect modifiers) [27];

3 Number of cases of VA/SCD (at least 4 cases);
4  Significant ROR for VA/SCD, unadjusted and un-stratified;
5 Significant unadjusted and un-stratified ROR that persists

throughout a cumulative approach (i.e., from TdP to SCD).

In order to analyze drug utilization data in a public health
perspective, the following groups were created to characterized
signals in terms of strength, based on the consistency of the
aforementioned criteria:

A Antipsychotics with very strong torsadogenic signal (i.e.,

consistency among all criteria): all criteria exceeded relevant
thresholds;

B  Antipsychotics with strong torsadogenic signal (i.e., the

majority of criteria are fulfilled): at least 4 out of 5 criteria
exceeded relevant thresholds;

C Antipsychotics with weak/moderate torsadogenic signal (i.e.,

criteria not homogeneously fulfilled): at least 3 out of 5 criteria
exceeded relevant thresholds;

D Antipsychotics with unclear/uncertain torsadogenic signal

(i.e., the majority of criteria are not fulfilled): only 2 (or less) out
of 5 criteria exceeded relevant thresholds.

Drug utilization data collection

After safety signals are identified from FAERS, drug
utilization data allow us to map the risk derived from exposure
to antipsychotic drugs in each Country. Collection of drug
utilization data on antipsychotics requires careful consideration
of the available sources across Europe, including
characteristics of databases (e.g., data quality, population
coverage, data access), limitations and aims of the research
[31]. In this study, drug utilization data were collected from
administrative databases through health authorities and health
insurance personnel across Europe. Consistent and reliable
data were obtained from twelve European Countries, which
allowed adequate estimation of European population exposure
and represented differences in geography and financing of
healthcare: they comprised Northern (Sweden, Norway and
Scotland), Southern-Western (Spain [Catalonia], Austria,
France, ltaly) as well as Central-Eastern (Croatia, Serbia,
Slovenia, Estonia, Lithuania) European Countries and regions.
In addition, differences in the method of financing healthcare:
taxation (ltaly, Norway, Scotland, Spain [Catalonia], Sweden)
and health insurance based (Austria, Croatia, Estonia, France,
Lithuania, Serbia and Slovenia).
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Total dispended data (ATC code: NO5A, excluding Lithium)
were expressed as defined daily doses (DDD) per 1,000
inhabitants per day (DDD/TID, now referred to as DID) for the
2005-2010 period (with some exceptions detailed in the
relevant table). Despite limitations, the DDD system is a
recognized tool for standardizing antipsychotic doses in drug
utilization research [32], and is currently recommended by the
WHO for international drug utilization studies [33]. In the
analyses, we considered a detectable use of at least 0.01 DID.
The mean DID value was used to estimate the actual
population exposure over the period of interest, in line also with
pharmacovigilance data. A time trend analysis was also carried
out, where appropriate. Data were re-validated with data
providers to enhance their accuracy. A structured inventory of
drug consumption databases available across Europe (with
relevant details on data access and characteristics) has been
recently provided within the PROTECT
(Pharmacoepidemiological Research on Outcomes of
Therapeutics by a European Consortium) project (http://
www.imi-protect.eu/frameworkRep.shtml). Moreover, Table $1
provided details of the databases used in our study. With only a
few exceptions, administrative databases regards reimbursed
prescriptions in ambulatory care and covered the entire
population.

Results

Pharmacovigilance analyses

Over the 7-year-period of the analysis, 37 antipsychotics
received at least one report in FAERS for the events of interest;
35 of them fulfilled at least one criterium for signal
characterization. Table 1 provides a synopsis of
pharmacovigilance criteria and their combination for signal
characterization. Group A (i.e., antipsychotics that fulfilled all
criteria) included 9 agents, 6 of which are SGAs. Of these, only
cyamemazine is not included in any Arizona CERT lists (as of
January 4", 2013). Two agents were already included in List |
(i.e., chlorpromazine and haloperidol), 5 SGAs in List II,
amisulpride as the only compound in List Ill. Group B included
7 drugs (all FGAs, except droperidol), with only droperidol
listed by Arizona CERT in List I. Group C comprised 13 agents,
with paliperidone and pimozide recorded in Arizona CERT
Lists. Eight antipsychotics were categorized in Group D.

Quetiapine (18,070), olanzapine (11,622) and clozapine
(10,082) were the most frequently reported overall and also
received the highest number of reports for the events of
interest, namely group TdP/QT and VA/SCD (Table 2).
Notably, for most antipsychotics, also European reports have
been submitted to FAERS and, in most of the cases, European
Countries for which drug utilization were available have largely
contributed (e.g., France). Concerning Group A drugs,
cyamemazine (79.8%) and amisulpride (73.5%) received the
highest proportion of reports from Europe. By contrast,
quetiapine (75.7%) and risperidone (71.3%) mainly received
US reports. As regards Group B agents, with the exception of
fluphenazine, reports were mostly submitted by European
Countries. Paliperidone and aripiprazole (Group C) received
the majority of reports from US, whereas Group D agents from
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Table 1. Synopsis of results from FAERS (2004-2010) according to criteria combined for signal characterization.

Antipsychotic Criterium 1 Criterium 2 Criterium 3

Criterium 4

Criterium 5 AZCERT List # Signal characterization

cyamemazine
olanzapine
amisulpride
chlorpromazine
clozapine
haloperidol
quetiapine

risperidone

X X X X X X X X X

Zziprasidone
bromperidol
chlorprothixene
droperidol
fluphenazine
levomepromazine

prothipendyl

X X X X X X X X X X X X X X X X

zuclopenthixol
paliperidone
aripiprazole

X X X X X X X X X X X X X X X X X X X

pimozide
flupentixol
loxapine
melperone
perazine
periciazine
perphenazine
pipamperone
prochlorperazine
sulpiride

X X X X X X X X X X

zotepine
promazine
acepromazine
asenapine

tiapride

x
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

trifluoperazine
sultopride
levosulpiride
pipotiazine

X X X X X X X X X X X X X X X X

X X X X X X X X X X x X
O U0 00U UO0OO0O000000000000 0 bwwwww>»>»2> > > > 2> > >

Within each criterium, drugs are listed by considering the number of criteria fulfilled from 1 to 5 and the alphabetical order.

# based on the website http://crediblemeds.org/ (as of January 4th, 2013).
Only antipsychotics with at least one report for the event of interest are shown.
“X” indicates that the drug fulfilled relevant criterium.

doi: 10.1371/journal.pone.0081208.t001

Europe (especially pipamperone and melperone). France,
Germany and UK were the most frequent European reporter
Countries.

The full original data, including the results of the different
disproportionality approaches (i.e., ROR values for each
antipsychotic drug according to the event of interest), are
provided as supplementary material (Table S2). These data
have been used to characterize the strength of the
pharmacovigilance signal.
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Drug Utilisation analyses

In 2010, the total exposure to antipsychotics (including, for
instance, dixyrazine, thioridazine and sertindole, not included in
or detected by the pharmacovigilance analysis) varied by a
factor of approx 2, between Countries with the lowest (5.94 DID
in Estonia) and highest (12.89 DID in Spain) use. In 2009,
France peaked 13.99 DID (the latest available year of data
collection). In all Countries, antipsychotic use increased over
the period of interest, albeit with different trends among the
different Countries. The increment was greatest in Central and
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Table 2. Overview of FAERS data with key information on reporter Country.

US reports # (% of

Antipsychotic TdP/QT cases VA/SCD cases Total reports $ tot. Reports)

EU* reports # (% of

tot. Reports) Top 5 European Reporter Countries (%)

cyamemazine 11 40 362 0.6
olanzapine 189 712 11,622 43.8
amisulpride 25 36 302 1.0
chlorpromazine 14 69 611 28.3
clozapine 178 900 10,082 36.0
haloperidol 125 239 3,582 20.6
quetiapine 186 934 18,070 75.7
risperidone 151 486 8,381 28.3
ziprasidone 167 161 2,775 71.3
bromperidol 7 8 25

chlorprothixene 4 23 100 1.0
droperidol 10 20 131 26.0
fluphenazine 8 22 258 45.3
levomepromazine 6 39 272

prothipendyl 6 13 94

zuclopenthixol 6 16 112 3.6
paliperidone 11 46 1,702 77.2
aripiprazole 46 230 7,258 58.4
pimozide 16 6 77 15.6
flupentixol 2 9 84 2.4
loxapine 3 22 171 1.7
melperone - 5 37

perazine = 8 52

periciazine - 7 41

perphenazine — 13 134 47.8
pipamperone 1 15 145 2.8
prochlorperazine 1 26 318 70.4
sulpiride 3 20 223 0.9
zotepine - 9 32 3.1
promazine 3 5 48 4.2
acepromazine - 4 41 7.3
asenapine 2 7 623 100
tiapride 1 7 95 3.2
trifluoperazine - 7 104 48.1
sultopride 1 & 13

levosulpiride 1 - 8 125
pipotiazine — 1 7 14.3

79.8 FRA (96.5); DNK (1.4); GER (1.0); UK (0.7); ITA (0.4)
26.6 FRA (23.3); UK (20.00); GER (18.3); SWI (7.4); SPA (4.2)
735 UK (31.5); FRA (28.4); GER (17.1); SWI (8.1); ITA (5.9)
20.3 FRA (47.6); UK (27.4); IRL (8.1); ITA (4.8); GRE (2.4)
294 UK (58.1); GER (9.6); IRL (9.0); FRA (8.4); SWI (2.6)
50.9 FRA (30.2); ITA (20.7); GER (18.4); UK (8.7); SPA (6.9)
13 GER (25.4); UK (21.8); SWI (12.8); DNK (5.5); ITA (4.6)
38.1 UK (25.1); FRA (25.0); GER (19.5); ITA (6.6); SPA (5.2)
53 GER (37.0); SPA (11.6); ITA (8.2); DNK (6.2); GRE (4.8)
36.0 GER (55.6); BEL (33.3); FRA (11.1)

70.0 GER (51.4); DNK (21.4); SWI (7.1); NOR (4.3); SWE (2.9)
374 FRA (85.7); UK (4.1); SWI (2.0); NOR (2.0); NLD (2.0)
22,9 FRA (37.3); UK (25.4); CRO (20.3); SPA (6.8); ITA (5.1)
61.8 FRA (47.6); SWI (13.1); UK (7.1); AUT (7.1); ITA (4.8)
87.2 GER (75.6); AUT (12.2); DNK (7.3); ITA (2.4); FRA (2.4)
732 FRA (31.7); UK (15.9); SWE (9.8); SWI (7.3); ITA (6.1)
134 GER (41.7); SPA (12.3); ITA (11.4); SWI (6.1); GRE (4.8)
173 UK (28.2); FRA (24.8); GER (18.8); ITA (3.6); SWI (3.4)
39.0 FRA (40.0); GER (23.3); UK (10.0); ITA (10.0); SPA (3.3)
76.2 SWI (21.9); GER (21.9); UK (18.8); FRA (10.9); DNK (9.4)
708 FRA (97.5); DNK (2.5)

81.1 GER (86.7); FRA (6.7); UK (3.3); SWE (3.3)

59.6 GER (77.4); SWE (6.5); POL (6.5); FRA (3.2); DNK (3.2)
61.0 FRA (72.0); UK (24.0); DNK (4.0)

246 UK (27.3); NOR (18.2); ITA (15.1); DNK (12.1); SPA (9.1)
88.3 GER (63.3); FRA (18.0); SWI (13.3); UK (2.3); DNK (2.3)
85 UK (77.8); IRL (11.1); SWI (3.7); FRA (3.7); DNK (3.7)
16.6 UK (32.4); FRA (24.3); GER (16.2); SPA (10.8); ITA (8.1)
9.4 GER (66.7); PRT (33.3)

708 SWI (50.0); ITA (29.4); UK (8.8); FIN (5.9); CRO (5.9)
732 FRA (90.0); DNK (6.7); GER (3.3)

758 FRA (79.2); ITA (5.6); GER (5.6); SWI (2.8); DNK (2.8)
125 UK (84.6); GER (7.7); FIN (7.7)

62.5 ITA (100)

85.7 FRA (83.3); UK (16.7)

$: excluding reports where antipsychotics were recorded as "concomitant". * including UK and Switzerland. # based on the information recorded in the field “Reporter

Country”. The remaining fraction is related to missing data and other non -US/non-EU Countries (e.g., Japan). — no cases detected.
AUT: Austria; CRO: Croatia; DNK: Denmark; EST: Estonia; FIN: Finland; FRA: France; GER: Germany; GRE: Greece; IRL: Ireland; ITA: ltaly; NLD: Netherlands; NOR:
Norway; POL: Poland; PTR: Portugal; SCO: Scotland; SER: Serbia; SLO: Slovenia; SPA: Spain; SWI: Switzerland; UK: United Kingdom;

doi: 10.1371/journal.pone.0081208.t002

Eastern European countries (+3.09 DID in Lithuania, +3.03 in
Croatia) and especially in Serbia (+5.61 DID, +183%). This
potentially reflects more drugs being placed on the
reimbursement list, whereas in Northern European countries
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the consumption was more stable (+0.35 in Norway, +0.43 in

Sweden) (Figure 1).
Table 3 provides an overview of drug utilization data on 37

antipsychotics arisen from the pharmacovigilance analyses and
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Figure 1. Trends in antipsychotic utilization according to data availability. AUT: Austria; CRO: Croatia; EST: Estonia; FRA:
France; ITA: ltaly; LIT: Lithuania; NOR: Norway; SPA: Spain (Catalonia); SCO: Scotland; SER: Serbia; SLO: Slovenia; SWE:
Sweden; EMA: European Medicines Agency; FDA: Food and Drug Administration; FGA: first-generation antipsychotics; SGA:
second-generation antipsychotics; TdP: Torsades de Pointes. Boxes indicate regulatory safety warnings on cardiovascular risk.

doi: 10.1371/journal.pone.0081208.g001

expressed in terms of mean DID over the study period. The
mean exposure varied substantially: from France (12.92) and
Slovenia (10.62) to Estonia and Lithuania (5.07 and 5.04,
respectively). The mean use of SGAs was appreciably higher
than the mean use of FGAs in all Countries, with the largest
exposure to SGAs in Catalonia (Spain) (7.83).

Figure 2 provided the exposure to these 37 antipsychotics
according to their characterization for torsadogenic signal. This
time-trend analysis found that the overall utilization
substantially increased in all Countries, especially in Serbia
(+5.60) and France (+3.74). Only a limited increase in
utilization was observed among Northern European Countries
(+0.45 in Sweden, +0.51 in Norway). The consumption of
SGAs increased in all Countries (+3.79 in France), although
lower in Norway (+1.15) and Sweden (+0.67). By contrast, the
use of FGAs showed a positive trend only in Serbia (+4.25).
This positive trend in antipsychotic use was mainly driven by
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the increase in utilization of Group A agents: from +3.47 in
France to +0.34 in Sweden, with substantial increment also in
Croatia (+2.71), Austria (+2.32) and Slovenia (+2.24). In 2010
Spain (Catalonia) was the Country with the highest exposure to
Group A agents (8.57); France ranked first in 2009 (10.25).

By contrast, the use of agents included in Group D was
irregular and very low across Europe. In 2010, the magnitude
of use was marked only in Croatia (1.62) and France (0.55).
Generally, decreased utilization was recorded across all
Countries, especially in Norway (-1.17) and Sweden (-0.76). An
increase was found only in Lithuania (+0.06).

There was generally limited use of antipsychotics included in
Group B, as compared to Group A. However, the 2010
exposure to levomepromazine was high in Serbia (3.78).
Appreciable use was also seen for fluphenazine, especially in
Slovenia (1.63 in 2010), Serbia (1.02) and France (0.92 in
2009). The consumption of zuclopenthixol was considerably
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Table 3. Cross National Comparison: overview of drug utilization data on antipsychotics with at least one spontaneous report

for the events of interest.

Antipsychotics LIT EST SLO SER CRO ITA FRA AUT SPA SCO NOR SWE
cyamemazine = = = = = = 2.74 = = = = =
olanzapine 1.25 0.73 2.34 0.04 1.60 1.96 1.71 1.53 2.53 2.05 2.89 1.97
amisulpride 0.38 0.06 0.26 = 0.01 0.20 0.76 0.33 0.38 0.41 0.12 =
chlorpromazine - 0.17 - 0.37 0.15 0.06 0.03 0.59 0.08 0.01
clozapine 0.23 0.39 0.60 0.52 0.70 0.42 0.16 0.41 0.28 0.03 0.61 0.54
haloperidol 0.76 0.93 1.01 1.07 1.36 1.61 1.43 0.58 0.70 0.35 0.39 0.53
quetiapine 0.72 0.68 1.15 = 0.54 1.72 = 1.35 1.30 0.82 1.20 0.64
risperidone 0.65 0.46 1.59 1.02 0.85 0.91 2.46 1.38 241 0.76 0.85 1.05
Ziprasidone 0.22 = 0.14 = 0.09 0.03 = 0.28 0.38 = 0.28 0.18
bromperidol - - - - - 0.05 - - - - - -
chlorprothixene — 0.32 — — — — — 0.16 — — 0.48 0.03
droperidol - - - - - - - - - - - -
fluphenazine 0.11 0.01 1.87 0.83 0.67 0.41 1.00 0.35 0.09 0.02 0.06
levomepromazine - 0.09 0.15 2.58 0.19 0.08 0.16 0.12 0.12 0.02 0.34 0.20
prothipendyl - - - - - - - 0.89 - - - -
zuclopenthixol 0.11 0.33 0.34 0.03 0.06 0.14 0.37 0.11 0.17 0.31 0.50 0.61
paliperidone = = 0.08 = = = = = = = = 0.03
aripiprazole 0.17 0.16 0.39 - - 0.43 0.37 0.42 0.41 0.25 0.41 0.41
pimozide = = = = = 0.07 0.09 0.02 0.05 0.02 = 0.01
flupentixol 0.06 0.19 0.13 - - - 0.28 0.03 - 0.09 0.28 0.22
loxapine - - - - - - 0.33 - - - - -
melperone 0.13 0.39 - - - - - 0.14 - - - 0.03
perazine — — — — — — — — — — — —
periciazine - - - - - 0.05 0.15 - 0.05 0.02 - -
perphenazine - 0.06 - - - 0.04 0.01 - 0.11 0.01 0.66 0.45
pipamperone - - - - - - 0.11 - - - - -
prochlorperazine - - - - - - - - - - 0.12 0.01
sulpiride - 0.05 0.23 - 0.35 0.02 0.12 0.05 0.14 0.19 - -
zotepine — — — — — — — 0.01 — — — —
promazine - - 0.34 - 1.59 0.19 - - - 0.02 - -
acepromazine = = = = = = = = = = = =
asenapine - - - - - - - - - - - -
tiapride 0.28 = = = = 0.05 0.42 0.15 0.02 = = =
trifluoperazine - - - - - 0.01 - - 0.03 0.09 - -
sultopride — — — — — — — — — — — —
levosulpiride - - - - - 0.03 - - - - - -
pipotiazine - - - - - - 0.18 - 0.03 - - -
total 5.07 5.04 10.62 5.40 8.01 8.57 12.91 7.96 9.49 6.12 9.23 7.02

—: no detectable use (i.e., DID<0.01, see methods).

Data are expressed in terms of mean DID for the 2005-2010 period, with the following exceptions: Estonia (2006-2010), Italy (2006-2010), France (2005-2009), Serbia

(2006-2010), Spain (2006-2010) and Sweden (2007-2010).
doi: 10.1371/journal.pone.0081208.t003

higher among Northern European Countries as compared to
the remaining areas, with a peak of 0.31 and 0.60 (Norway in
Sweden, respectively). Prothypendyl could be a specific
concern in Austria (0.62) and chlorprothixene in Norway (0.48).

The consumption of antipsychotics included in Group C was
mainly driven by increasing utilization of aripiprazole, especially
in Austria (0.75) and lItaly (0.69) in 2010. Flupentixol (0.28 in
Norway and France; 2010 and 2009, respectively) and
perphenazine (0.59 and 0.44 in Norway and Sweden, in 2010)
were appreciably used among Northern European Countries,

PLOS ONE | www.plosone.org

melperone among in Central and Eastern European countries
(peak of in 0.37 in Estonia in 2009). Sulpiride was used
consistently across Europe, especially among Central and
Eastern European Countries (0.41 in Croatia in 2010, where
the consumption of promazine was also appreciable at 1.62).
Figure 3 provides a drug-by-drug consumption of
antipsychotics included in Group A. The use of these agents
grew in all 12 Countries. In Serbia, the increment was caused
by risperidone (+1.09); in France by olanzapine and risperidone
(+1.84 and +1.47, respectively), whereas in 9 of the remaining
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Figure 2. Antipsychotic utilization according to signal characterization: 2005 (Panel A) versus 2010 (Panel B). Countries
were ranked by magnitude of 2010 antipsychotic consumption. Percentage: consumption of antipsychotics classified as group D/
total antipsychotic consumption. In parenthesis changes in use of group D compounds (absolute values); + = increment in
consumption; - = decrease in consumption.

doi: 10.1371/journal.pone.0081208.g002
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11 Countries, the trend was mostly driven by quetiapine (from
+0.50 in Sweden to +1.40 in Austria). Olanzapine was
consistently used across all Countries except in Serbia (0.07 in
2010), reaching 2.96 DID in Norway (2010) and showing
increasing consumption in all Countries (+1.84 in France).
Cyamemazine was selectively used only in France with large
extent (2.81 in 2009).

Discussion

The 7-year-period analysis of FAERS characterized 35
antipsychotics with potential torsadogenic signal: 9 of them
fulfilled all pharmacovigilance criteria to be labeled as very
strong torsadogenic signals (i.e., Group A), with cyamemazine
as the only agent currently not included in Arizona CERT lists
(as of January 4%, 2013). Although the validity of the approach
should be balanced against inherent limitations of spontaneous
reporting system (see paragraph below), several issues may
suggest its potential applicability in ranking torsadogenic
signals for prioritization. For instance, the inclusion of
antipsychotics already labeled in AZCERT lists in Group A
such as haloperidol confirms the abilty of our
pharmacovigilance approach to accurately confirm actual
safety signals. In addition, the case of cyamemazine underlines
the sensitivity of the applied search strategy in revealing also
Country-specific serious safety concerns from international
archives such as FAERS; as a matter of fact, 96.5% of reports
were submitted by France. Notably instead, quetiapine and
risperidone received % of reports from US despite being largely
used in Europe. Demonstrating the validity of this
pharmacovigilance approach to categorize torsadogenic
signals is beyond the primary aim of this study and is
correlated not only to the magnitude of drug use and its
marketing penetration, but also to the efficiency of national
pharmacovigilance systems, which may vary among Countries.
Although, to the best of our knowledge, no study addressed
this issue in FAERS, recent investigations in WHO-Vigibase
and Eudravigilance found that 85% of reports were submitted
by high-income Countries [34], with a commendable trend
towards increased reporting activity of several national
databases during recent years [35]. Because FAERS reports
were mostly submitted by US and European high-income and
upper middle-income Countries, we believe that FAERS data
are highly informative of the global pattern of torsadogenic
events. From a pharmacological standpoint, six out of ten in
Group A are SGAs, which were originally perceived as safer in
terms of torsadogenic potential [14]. Our findings, therefore,
seem to challenge this conventional belief and are also in line
with a recent multiple-treatment meta-analysis [36], thus
making FAERS a reliable pharmacovigilance source to
provisionally rank drugs for their TdP Liability.

The Cross National Comparison on drug utilization
highlighted an increasing exposure to antipsychotics across
Europe, and found a peak of 13.99 DID in France in 2009, with
appreciable differences in population exposure among the
various European Countries. In 2010, the largest variation was
recorded for Group A drugs: from 3.68 DID (Serbia) to 10.25
(France). These differences may at least partially be explained
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by local prescription habits, access to drugs e.g., hospital vs
ambulatory, and differences in copayment levels especially
among Central and Eastern European Countries [37,38]. In
Serbia, the utilization of levomepromazine (3.78 DID in 2010)
requires careful consideration, although it should be
acknowledged that data from the Republic of Serbia included
all reimbursed data (i.e., also hospital data). It is interesting to
observe that our findings from Serbia are in line with past
surveillance figures on outpatient consumption (2000-2004
period) [39], but differed from the most recent investigation
(2005), which recorded 18.3 DID of antipsychotic consumption,
including also hospital data [40]. The use of different data
sources and providers could potentially explain these apparent
inconsistencies. Fluphenazine is also largely used in Slovenia
(1.63 in 2010). These findings may partially explain differences
observed with a previous drug utilization study in Slovenia,
which found lower antipsychotic consumption as compared to
the Scandinavian Countries [41]. The case of olanzapine is a
matter of concern for several Countries, especially in the light
of increasing consumption throughout the period of interest. By
contrast, in Serbia, only rarely is olanzapine dispensed to
patients. When considering population exposure, fractional
values should be also taken into account: for instance,
although the overall consumption of antipsychotics is the
highest in France, the use of Group D agents is also important
(11.2% as compared to the overall use). Therefore, we believe
that authorities in France should look more closely at
prescription of Group A agents and consider policies such as
educational interventions to reduce their utilization. Serbia
should consider implementing measures to balance the
utilization of Group B drugs (especially levomepromazine)
towards potential therapeutic alternatives in Group D. Any
strategy to reduce torsadogenic risk by APs should primarily
consider that, especially in psychiatry, the overall risk-benefit
profile of each agent is strongly influenced by specific patient
response, both in terms of efficacy and safety. Consequently,
health authorities should highlight all available information
regarding the effectiveness and safety of different APs to help
physicians make more informed decisions.

From regulatory and clinical standpoints, cross-national
comparisons on drug utilization research allow the identification
of specific scenarios requiring close post-marketing
surveillance [42]. These studies should be encouraged by
regulators and clinicians, especially for medicines intended for
chronic use such as antipsychotics, because of the insufficient
predictivity of premarketing investigations as compared to the
real clinical setting [43]. Our study found some specific
concerns that are exclusive for a given Country, which we
believe require further research and discussion: this is the case
for cyamemazine in France and prothipendyl in Austria. In
particular, in the light of the high-quality pharmacovigilance
system in France, we believe that ad hoc pharmacovigilance
studies should be encouraged: detailed case-by-case
assessment of reports and accurate calculation of reporting
rates. Notably, different cross-sectional surveys [44-46] already
explored the actual pattern of use (e.g., therapeutic indication
and targeted population) and found that cyamemazine was one
of the most frequently prescribed antipsychotic by virtue of its
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Figure 3. Country-by-Country Comparison in antipsychotic utilization included in Group A: 2005 versus 2010. Abscissa:

DID. OLA: olanzapine; ZIP: ziprasidone; RIS:

chlorpromazine; AMI: amisulpride; CYA: cyamemazine (shown only in France).

doi: 10.1371/journal.pone.0081208.g003
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anxiolytic and sedative properties, in the context of mood
disorders and other psychiatric disorders. The use of
prothipendyl in Austria is in line with a study showing that it was
the most frequently prescribed antipsychotic in nursing homes
[47]. Further pharmacoepidemiological studies are needed to
fully elucidate the prescribing pattern of prothipendyl.

From a research standpoint, drug utilization data have been
shown to be a valuable data source for ecological studies [48].
Here, drug utilization data allow to  approach
pharmacovigilance data (derived by the clinical pharmacology
perspective of single patients) in a population risk perspective.
Specifically, we believe the role of drug utilization data is
crucial in (1) measuring the public health impact of ADRs
(mapping the pro-arrhythmic risk of a given drug), (2)
interpreting pharmacovigilance data and (3) calculating the
reporting rate (i.e., raw risk estimates after performing the
causality assessment of cases obtained only from efficient
pharmacovigilance systems) [49].

The large and steadily increasing use of antipsychotics in
Europe, with considerable differences among Countries,
implies different population exposure with different levels of
risk. This joint analysis, although preliminary, demonstrates the
synergy between drug utilization and adverse event databases
to alert health policy personnel of potential future activities to
reduce ADRs, especially for drugs associated with very strong
torsadogenic signal. Both ad hoc initiatives (e.g., haloperidol
[50,51]) or more general approaches for an entire
pharmacological class could be hypothesized [52].

Drug utilization data also represents a key way forward to
interpret pharmacovigilance data: the so-called “targeted
pharmacovigilance approach” [27]. A list of antipsychotics that
may tentatively be considered to carry a low torsadogenic risk
should be based on: (a) “negative” pharmacovigilance data
(i.e., none of the aforementioned criteria fulfilled); (b) long time
on the market (at least 10 years); (c) detectable use (i.e., at
least 0.01 DID) in at least 3 Countries. Based on our data, no
antipsychotics met all these criteria and, therefore, they appear
to carry an inherent torsadogenic risk. However, within Group
D, the use of tiapride should not be overlooked: 0.39 in France
(2009), 0.36 in Lithuania (2010), with 7 cases of VA/SCD
recorded in FAERS (only criterium 4 was fulfilled) and 104 total
reports.

From an epidemiological standpoint, the large utilization of
antipsychotics is a well known pharmaco-epidemiological
burden, also for off-label indications [9]. Several studies on US
and Canada prescriptions examined the impact of regulatory
safety warnings and found only a slight decrease or even an
increase of the antipsychotic use (especially SGAs in patients
with dementia) [20-23]. Our data are also in line with a recent
analysis on Australian data, which revealed a +217.7%
increase in atypical antipsychotic dispensation over the
2000-2011 period, with olanzapine as the most frequently
dispensed agent [53]. A previous European Cross National
Comparison survey, performed on 12 Countries over the
2000-2005 period, highlighted large variability in antipsychotic
exposure, but reported only a slight increase in their
consumption [40].
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Therefore, our study found that, notwithstanding recent
evidence and regulatory safety warnings, the use of
antipsychotics (and especially SGAs) continues to rise in
Europe. Consequently, we believe there is need to implement
effective initiatives of risk management to reduce antipsychotic
medication prescriptions or promote appropriateness.

Limitations of the study

The clinical implications of this study should be carefully
evaluated in the light of limitations affecting both
pharmacovigilance and drug consumption data.

The analysis of spontaneous reports does not allow establish
causality and is affected by the under-reporting; thus, no
incidence can be calculated. In addition, there are several
external factors that may influence the reporting [54-56]. In this
respect, a number of safety warnings on the cardiovascular risk
have been posted by the FDA that may have stimulated
reporting: in 2005, SGAs received an alert on the risk of death
in elderly patients with behavioral disturbances (http:/
www.fda.gov/Drugs/DrugSafety/
PostmarketDrugSafetylnformationforPatientsandProviders/
DrugSafetylnformationforHeathcareProfessionals/
PublicHealthAdvisories/ucm053171.htm), extended in June
2008 (FDA) (http://www.fda.gov/Drugs/DrugSafety/
PostmarketDrugSafetylnformationforPatientsandProviders/
ucm107211.htm) and November 2008 (EMA) (http:/
www.ema.europa.eu/docs/en_GB/document_library/Report/
2010/01/WC500054057.pdf) to FGAs; in 2007, haloperidol
received a specific FDA alert on the risk of TdP/QT
prolongation with relevant label changes (http://www.fda.gov/
Drugs/DrugSafety/
PostmarketDrugSafetylnformationforPatientsandProviders/
DrugSafetylnformationforHeathcareProfessionals/
ucm085203.htm).

Although also serious and rare European reports are
submitted to the FDA, our data may be affected by specific
drug marketing penetration (e.g., drugs only marketed in
Europe). In addition, the characterization of signals is dynamic
so that a given antipsychotic may change groups depending on
the availability of new pharmacovigilance data over time.

This study attempted to overcome the lack of information on
exposed population in spontaneous reporting sources, by
linking FAERS findings with drug consumption. These two data
sources are independent and provide different perspectives,
although they could be theoretically related and influenced by
each other. As a matter of fact, it should be acknowledged that
antipsychotics included in Group A are also largely and
consistently used across Europe.

Although pharmacovigilance and drug utilization data
sources did not cover the same geographical area (only
Europe for drug utilization and theoretically all Countries for
pharmacovigilance), we used these two dataset for different
purposes: (a) FAERS, the largest public pharmacovigilance
database, to accurately classify and characterize torsadogenic
signal by antipsychotics, and (b) European drug utilization data
to map the overall antipsychotic use (i.e., estimate the
European population exposure).
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Finally, with the exception of Scandinavian Countries [57]
and now Scotland, record-linkage analyses with actual
therapeutic indications, diagnoses and other clinical variables
are challenging through reimbursement prescription databases.
Nonetheless, we did not aim to assess whether differences
arise among labeled and unlicensed indications or evaluate
patients’ characteristics.

Conclusions

This targeted pharmacovigilance approach prioritized a
group of 9 APs with a very strong torsadogenic signal and
provide evidence that the European population is still largely
exposed to them, especially SGAs. Notwithstanding the
regulatory safety concerns, the use of SGAs has started to rise
again among a number of European Countries during the last
6-year period. This potentially poses a public health concern in
the acute management of arrhythmia-related events when
antipsychotics are used outside the hospital setting.

This Cross National Comparison study highlighted (a)
considerable differences in the level of population risk among
the different European Countries in 2010 and (b) specific drug-
or Country-related scenarios that should be considered by
regulators and clinicians to establish tools for monitoring
appropriateness: levomepromazine in Serbia, fluphenazine in
Slovenia, cyamemazine in France, olanzapine across Europe.

We believe that a routine joint approach between
spontaneous reporting and drug utilization analyses together
with synergy among healthcare professionals, academia,
regulators and industry should be encouraged for future
pharmacovigilance activities such as post-authorization safety
studies.

Supporting Information

Table S1. Details on administrative databases used to
collect drug utilization data (with relevant references);
original names of data sources, types of data and
population coverage.

(DOCX)

References

1. Miyamoto S, Miyake N, Jarskog LF, Fleischhacker WW, Lieberman JA
(2012) Pharmacological treatment of schizophrenia: a critical review of
the pharmacology and clinical effects of current and future therapeutic
agents. Mol Psychiatry 17: 1206-1227. doi:10.1038/mp.2012.47.
PubMed: 22584864.

2. Lieberman JA, Stroup TS, McEvoy JP, Swartz MS, Rosenheck RA et
al. (2005) Effectiveness of antipsychotic drugs in patients with chronic
schizophrenia. N Engl J Med 353: 1209-1223. doi:10.1056/
NEJMoa051688. PubMed: 16172203.

3. Leucht S, Corves C, Arbter D, Engel RR, Li C et al. (2009) Second-
generation  versus first-generation  antipsychotic  drugs for
schizophrenia: a meta-analysis. Lancet 373: 31-41. doi:10.1016/
S0140-6736(08)61764-X. PubMed: 19058842.

4. Hartling L, bou-Setta AM, Dursun S, Mousavi SS, Pasichnyk D et al.
(2012) Antipsychotics in adults with schizophrenia: comparative
effectiveness of first-generation versus second-generation medications:
a systematic review and meta-analysis. Ann Intern Med 157: 498-511

5. NICE (National Institute for Health and Clinical Excellence) (2009)
Schizophrenia - Core interventions in the Treatment and Management

PLOS ONE | www.plosone.org

12

Torsadogenic Risk of Antipsychotics

Table S2. Original results from data mining of the FAERS
database  (2004-2010): number of cases and
disproportionality analyses for all events of interest. These
data have been used to characterize the strength of the
pharmacovigilance signal.

(DOCX)

Acknowledgements

The authors are indebted to the following data owners for
assistance in data collection: Christian Berg (Department of
Pharmacoepidemiology, Norwegian Institute of Public Health,
Oslo, Norway), lain Bishop (Information Services Division,
National Services Scotland, Edinburgh, United Kingdom), Ott
Laius (State Agency of Medicines, Tartu, Estonia), Manuela
Schmitzer (HVB, Vienna, Austria), Catherine Sermet (IRDES,
Paris, France), Kristina Garuoliene (National Reimbursement
Unit, Vilnius, Lithuania), Jurij Furst (National Health Insurance
Institute, Ljubljana, Slovenia), Ljiljana Sovi¢ Brkic¢ic (Croatian
Institute for Health Insurance, Zagreb, Croatia), Corrine Zara
(Barcelona Health Region, Catalan Health Services, Barcelona,
Spain).

Previous Postings

Part of the results have been presented as posters to: 1) 11
EACPT Congress 28-31 August 2013 Clinical Therapeutics
2013; 35(8S):e22; 2) 24" PRIMM UK and Ireland meeting,
January 24, 2013, London, UK; 3) 28" International
Conference on Pharmacoepidemiology & Therapeutic Risk
Management, August 23-26, 2012, Barcelona, Spain
(Pharmacoepidemiol Drug Saf 2012 Aug;21 Suppl 3:1-501); 4)
EuroDURG/ISPE meeting, November 30- December 3, 2011,
Antwerp, Belgium.

Author Contributions

Conceived and designed the experiments: ER EP FDP.
Analyzed the data: ER EP AK BG MK. Wrote the manuscript:
ER EP BG. Made substantive suggestions for data
interpretation, contributed to the discussion, revised and
approved the final submitted manuscript: BG AK UM MK MB
CB BW MS FDP.

of Schizophrenia in Adults in Primary and Secondary Care. Nice
Clinical Guideline No.82. 14 March: 2013.

6. Godman B, Bucsics A, Burkhardt T, Piessnegger J, Schmitzer M et al.
(2012) Potential to enhance the prescribing of generic drugs in patients
with mental health problems in austria; implications for the future. Front.
Pharmacol 3: 198.

7. Bennie M, Bishop I, Godman B, Barbui C, Raschi E et al. (2013) Are
specific initiatives required to enhance prescribing of generic atypical
antipsychotics in Scotland?: International implications. Int J Clin Pract
67: 170-180. doi:10.1111/ijcp.12100. PubMed: 23305478.

8. Verdoux H, Tournier M, Bégaud B (2010) Antipsychotic prescribing
trends: a review of pharmaco-epidemiological studies. Acta Psychiatr
Scand 121: 4-10. doi:10.1111/j.1600-0447.2009.01425.x. PubMed:
20059452.

9. Alexander GC, Gallagher SA, Mascola A, Moloney RM, Stafford RS
(2011) Increasing off-label use of antipsychotic medications in the
United States, 1995-2008. Pharmacoepidemiol Drug Saf 20: 177-184.
doi:10.1002/pds.2082. PubMed: 21254289.

November 2013 | Volume 8 | Issue 11 | e81208


http://dx.doi.org/10.1038/mp.2012.47
http://www.ncbi.nlm.nih.gov/pubmed/22584864
http://dx.doi.org/10.1056/NEJMoa051688
http://dx.doi.org/10.1056/NEJMoa051688
http://www.ncbi.nlm.nih.gov/pubmed/16172203
http://dx.doi.org/10.1016/S0140-6736(08)61764-X
http://dx.doi.org/10.1016/S0140-6736(08)61764-X
http://www.ncbi.nlm.nih.gov/pubmed/19058842
http://dx.doi.org/10.1111/ijcp.12100
http://www.ncbi.nlm.nih.gov/pubmed/23305478
http://dx.doi.org/10.1111/j.1600-0447.2009.01425.x
http://www.ncbi.nlm.nih.gov/pubmed/20059452
http://dx.doi.org/10.1002/pds.2082
http://www.ncbi.nlm.nih.gov/pubmed/21254289

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

. Haddad PM, Sharma SG

. Hauben M, Bate A (2009) Decision support methods for the detection

of adverse events in post-marketing data. Drug Discov Today 14:
343-357. doi:10.1016/j.drudis.2008.12.012. PubMed: 19187799.

. Cha DS, MclIntyre RS (2012) Treatment-emergent adverse events

associated with atypical antipsychotics. Expert Opin Pharmacother 13:
1587-1598. doi:10.1517/14656566.2012.656590. PubMed: 22304541.

. Rummel-Kluge C, Komossa K, Schwarz S, Hunger H, Schmid F et al.

(2010) Head-to-head comparisons of metabolic side effects of second
generation antipsychotics in the treatment of schizophrenia: a
systematic review and meta-analysis. Schizophr Res 123: 225-233. doi:
10.1016/j.schres.2010.07.012. PubMed: 20692814.

. Titier K, Girodet PO, Verdoux H, Molimard M, Bégaud B et al. (2005)

Atypical antipsychotics: from potassium channels to torsade de pointes
and sudden death. Drug Saf 28: 35-51. doi:
10.2165/00002018-200528010-00003. PubMed: 15649104.

(2007) Adverse effects of atypical
antipsychotics: differential risk and clinical implications. CNS Drugs 21:
911-936. doi:10.2165/00023210-200721110-00004. PubMed:
17927296.

. Poluzzi E, Raschi E, Moretti U, De Ponti F (2009) Drug-induced

torsades de pointes: data mining of the public version of the FDA
Adverse Event Reporting System (AERS). Pharmacoepidemiol Drug
Saf 18: 512-518. doi:10.1002/pds.1746. PubMed: 19358226.

. Meyer-Massetti C, Cheng CM, Sharpe BA, Meier CR, Guglielmo BJ

(2010) The FDA extended warning for intravenous haloperidol and
torsades de pointes: how should institutions respond? J Hosp Med 5:
E8-16. doi:10.1002/jhm.669. PubMed: 20394022.

. Meyer-Massetti C, Vaerini S, Ratz Bravo AE, Meier CR, Guglielmo BJ

(2011) Comparative safety of antipsychotics in the WHO
pharmacovigilance database: the haloperidol case. Int J Clin Pharm 33:
806-814. doi:10.1007/s11096-011-9541-y. PubMed: 21809143.

. Jolly K, Gammage MD, Cheng KK, Bradburn P, Banting MV et al.

(2009) Sudden death in patients receiving drugs tending to prolong the
QT interval. Br J Clin Pharmacol 68: 743-751. doi:10.1111/].
1365-2125.2009.03496.x. PubMed: 19916999.

. Ray WA, Chung CP, Murray KT, Hall K, Stein CM (2009) Atypical

antipsychotic drugs and the risk of sudden cardiac death. N Engl J Med
360: 225-235. doi:10.1056/NEJM0a0806994. PubMed: 19144938.
Valiyeva E, Herrmann N, Rochon PA, Gill SS, Anderson GM (2008)
Effect of regulatory warnings on antipsychotic prescription rates among
elderly patients with dementia: a population-based time-series analysis.
CMAJ 179: 438-446. doi:10.1503/cma;j.071540. PubMed: 18725616.
Dorsey ER, Rabbani A, Gallagher SA, Conti RM, Alexander GC (2010)
Impact of FDA black box advisory on antipsychotic medication use.
Arch Intern Med 170: 96-103. doi:10.1001/archinternmed.2009.456.
PubMed: 20065205.

Comer JS, Mojtabai R, Olfson M (2011) National trends in the
antipsychotic treatment of psychiatric outpatients with anxiety
disorders. Am J Psychiatry 168: 1057-1065. doi:10.1176/appi.ajp.
2011.11010087. PubMed: 21799067

Kales HC, Zivin K, Kim HM, Valenstein M, Chiang C et al. (2011)
Trends in antipsychotic use in dementia 1999-2007. Arch Gen
Psychiatry 68: 190-197. doi:10.1001/archgenpsychiatry.2010.200.
PubMed: 21300946.

Hoffman KB, Kraus C, Dimbil M, Golomb BA (2012) A survey of the
FDA's AERS database regarding muscle and tendon adverse events
linked to the statin drug class. PLOS ONE 7: e42866-. doi:10.1371/
journal.pone.0042866. PubMed: 22936996.

Poluzzi E, Raschi E, Piccinni C, De Ponti F (2012) Data Mining
Techniques in Pharmacovigilance: Analysis of the Publicly Accessible
FDA Adverse Event Reporting System (AERS). In: A Karahoca. Data
Mining Applications in Engineering and Medicine. Croatia. pp. 267-301.
Poluzzi E, Raschi E, Motola D, Moretti U, De Ponti F (2010)
Antimicrobials and the risk of torsades de pointes: the contribution from
data mining of the US FDA Adverse Event Reporting. System - Drug
Saf 33: 303-314. doi:10.2165/11531850-000000000-00000.

Poluzzi E, Raschi E, Koci A, Moretti U, Spina E et al. (2013)
Antipsychotics and torsadogenic risk: signals emerging from the FDA
Adverse Event Reporting System database. Drug Saf 36: 467-479. doi:
10.1007/s40264-013-0032-z. PubMed: 23553446.

Hochberg AM, Hauben M (2009) Time-to-signal comparison for drug
safety data-mining algorithms vs. traditional signaling criteria. Clin
Pharmacol Ther 85: 600-606. doi:10.1038/clpt.2009.26. PubMed:
19322165.

Raschi E, Poluzzi E, Koci A, Moretti U, Sturkenboom M et al. (2013)
Macrolides and torsadogenic risk: emerging issues from the FDA
pharmacovigilance database. J Pharmacovigilance 1: 104.

PLOS ONE | www.plosone.org

13

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Torsadogenic Risk of Antipsychotics

Roden DM (1998) Taking the "idio" out of "idiosyncratic": predicting
torsades de pointes. Pacing Clin Electrophysiol 21: 1029-1034. doi:
10.1111/j.1540-8159.1998.tb00148.x. PubMed: 9604234.

Wettermark B, Vlahovic-Palcevski V, Salvesen Blix H, Regnning M,
Vander Stichele RH (2008) Pharmacoepidemiology and Therapeutic
Risk Assessment. In: Hartzema, AG; Tilson HH, Chan KA Drug
Utilization Research. Cincinnati. 159-195.

Nosé M, Tansella M, Thornicroft G, Schene A, Becker T et al. (2008) Is
the Defined Daily Dose system a reliable tool for standardizing
antipsychotic dosages? Int Clin Psychopharmacol 23: 287-290. doi:
10.1097/Y1C.0b013e328303ac75. PubMed: 18703938.

WHO (World Health Organization) (2003) Introduction to Drug
Utilization Research. 14 March 2013.

Aagaard L, Strandell J, Melskens L, Petersen PS, Holme HE (2012)
Global patterns of adverse drug reactions over a decade: analyses of
spontaneous reports to VigiBase. Drug Saf 35: 1171-1182. doi:
10.1007/BF03262002. PubMed: 23072620.

Srba J, Descikova V, Vicek J (2012) Adverse drug reactions: analysis
of spontaneous reporting system in Europe in 2007-2009. Eur J Clin
Pharmacol 68: 1057-1063. doi:10.1007/s00228-012-1219-4. PubMed:
22294060.

Leucht S, Cipriani A, Spineli L, Mavridis D, Orey D et al. (2013)
Comparative efficacy and tolerability of 15 antipsychotic drugs in
schizophrenia: a multiple-treatments meta-analysis. Lancet 382:
951-962. doi:10.1016/S0140-6736(13)60733-3. PubMed: 23810019.
Wiladysiuk M, Araszkiewicz A, Godman B, Szabert K, Barbui C et al.
(2011) Influence of patient co-payments on atypical antipsychotic
choice in Poland: implications once generic atypicals are available.
Appl Health Econ Health Policy  9: 101-110. doi:
10.2165/11318840-000000000-00000. PubMed: 21271749.

Kalaba M, Godman B, Vuksanovic A, Bennie M, Malmstrém R (2012)
Possible ways to enhance renin—angiotensin prescribing efficiency:
Republic of Serbia as a case history? Journal Comparative
Effectiveness Research 1: 5639-549. doi:10.2217/cer.12.62.

Divac N, Tosevski DL, Babi¢ D, Djuri¢ D, Prostran M et al. (2006)
Trends in consumption of psychiatric drugs in Serbia and Montenegro
2000-2004. Pharmacoepidemiol Drug Saf 15: 835-838. doi:10.1002/
pds.1316. PubMed: 16958148.

Ravera S, Hummel SA, Stolk P, Heerdink RE, de Jong-van den Berg
LT et al. (2009) The use of driving impairing medicines: a European
survey. Eur J Clin Pharmacol 65: 1139-1147. doi:10.1007/
s00228-009-0695-7. PubMed: 19621220.

First J, Kocmur M (2003) Use of psychiatric drugs in Slovenia in
comparison to Scandinavian countries. Pharmacoepidemiol Drug Saf
12: 399-403. doi:10.1002/pds.826. PubMed: 12899115.

Raschi E, Poluzzi E, Zuliani C, Muller A, Goossens H et al. (2009)
Exposure to antibacterial agents with QT liability in 14 European
countries: trends over an 8-year period. Br J Clin Pharmacol 67: 88-98.
doi:10.1111/j.1365-2125.2008.03319.x. PubMed: 19076158.
Duijnhoven RG, Straus SMJM, Raine JM, de Boer A, Hoes AW et al.
(2013) Number of Patients Studied Prior to Approval of New Medicines:
A Database Analysis. PloS Med 10: e1001407-

Fourrier A, Gasquet |, Allicar MP, Bouhassira M, Lépine JP et al. (2000)
Patterns of neuroleptic drug prescription: a national cross-sectional
survey of a random sample of French psychiatrists. Br J Clin
Pharmacol 49: 80-86. PubMed: 10606841.

Bret MC, Bret P, Pariente A, Fourier-Réglat A (2007) The use of
atypical antipsychotics in French psychiatric hospitals. Pharm World Sci
29: 551-556. doi:10.1007/s11096-007-9107-1. PubMed: 17638111.
Diatta T, Blazejewski S, Portier A, Lignot S, Quesnot A et al. (2007)
Patterns and frequency of atypical antipsychotic prescribing in
psychiatric medical centers: a cross-sectional national survey. Fundam
Clin Pharmacol 21: 371-378. doi:10.1111/j.1472-8206.2007.00492.x.
PubMed: 17635175.

Mann E, Képke S, Haastert B, Pitkala K, Meyer G (2009) Psychotropic
medication use among nursing home residents in Austria: a cross-
sectional study. BMC Geriatr 9: 18. doi:10.1186/1471-2318-9-18.
PubMed: 19460135.

Goossens H, Ferech M, Vander SR, Elseviers M (2005) Outpatient
antibiotic use in Europe and association with resistance: a cross-

national database study. Lancet 365: 579-587. doi:10.1016/
S0140-6736(05)70799-6. PubMed: 15708101.
Anderson N, Borlak J (2011) Correlation versus causation?

Pharmacovigilance of the analgesic flupirtine exemplifies the need for
refined spontaneous ADR reporting. PLOS ONE 6: e25221. doi:
10.1371/journal.pone.0025221. PubMed: 22022383.

Muzyk AJ, Rayfield A, Revollo JY, Heinz H, Gagliardi JP (2012)
Examination of baseline risk factors for QTc interval prolongation in

November 2013 | Volume 8 | Issue 11 | e81208


http://dx.doi.org/10.1016/j.drudis.2008.12.012
http://www.ncbi.nlm.nih.gov/pubmed/19187799
http://dx.doi.org/10.1517/14656566.2012.656590
http://www.ncbi.nlm.nih.gov/pubmed/22304541
http://dx.doi.org/10.1016/j.schres.2010.07.012
http://www.ncbi.nlm.nih.gov/pubmed/20692814
http://dx.doi.org/10.2165/00002018-200528010-00003
http://www.ncbi.nlm.nih.gov/pubmed/15649104
http://dx.doi.org/10.2165/00023210-200721110-00004
http://www.ncbi.nlm.nih.gov/pubmed/17927296
http://dx.doi.org/10.1002/pds.1746
http://www.ncbi.nlm.nih.gov/pubmed/19358226
http://dx.doi.org/10.1002/jhm.669
http://www.ncbi.nlm.nih.gov/pubmed/20394022
http://dx.doi.org/10.1007/s11096-011-9541-y
http://www.ncbi.nlm.nih.gov/pubmed/21809143
http://dx.doi.org/10.1111/j.1365-2125.2009.03496.x
http://dx.doi.org/10.1111/j.1365-2125.2009.03496.x
http://www.ncbi.nlm.nih.gov/pubmed/19916999
http://dx.doi.org/10.1056/NEJMoa0806994
http://www.ncbi.nlm.nih.gov/pubmed/19144938
http://dx.doi.org/10.1503/cmaj.071540
http://www.ncbi.nlm.nih.gov/pubmed/18725616
http://dx.doi.org/10.1001/archinternmed.2009.456
http://www.ncbi.nlm.nih.gov/pubmed/20065205
http://dx.doi.org/10.1176/appi.ajp.2011.11010087
http://dx.doi.org/10.1176/appi.ajp.2011.11010087
http://www.ncbi.nlm.nih.gov/pubmed/21799067
http://dx.doi.org/10.1001/archgenpsychiatry.2010.200
http://www.ncbi.nlm.nih.gov/pubmed/21300946
http://dx.doi.org/10.1371/journal.pone.0042866
http://dx.doi.org/10.1371/journal.pone.0042866
http://www.ncbi.nlm.nih.gov/pubmed/22936996
http://dx.doi.org/10.2165/11531850-000000000-00000
http://dx.doi.org/10.1007/s40264-013-0032-z
http://www.ncbi.nlm.nih.gov/pubmed/23553446
http://dx.doi.org/10.1038/clpt.2009.26
http://www.ncbi.nlm.nih.gov/pubmed/19322165
http://dx.doi.org/10.1111/j.1540-8159.1998.tb00148.x
http://www.ncbi.nlm.nih.gov/pubmed/9604234
http://dx.doi.org/10.1097/YIC.0b013e328303ac75
http://www.ncbi.nlm.nih.gov/pubmed/18703938
http://dx.doi.org/10.1007/BF03262002
http://www.ncbi.nlm.nih.gov/pubmed/23072620
http://dx.doi.org/10.1007/s00228-012-1219-4
http://www.ncbi.nlm.nih.gov/pubmed/22294060
http://dx.doi.org/10.1016/S0140-6736(13)60733-3
http://www.ncbi.nlm.nih.gov/pubmed/23810019
http://dx.doi.org/10.2165/11318840-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/21271749
http://dx.doi.org/10.2217/cer.12.62
http://dx.doi.org/10.1002/pds.1316
http://dx.doi.org/10.1002/pds.1316
http://www.ncbi.nlm.nih.gov/pubmed/16958148
http://dx.doi.org/10.1007/s00228-009-0695-7
http://dx.doi.org/10.1007/s00228-009-0695-7
http://www.ncbi.nlm.nih.gov/pubmed/19621220
http://dx.doi.org/10.1002/pds.826
http://www.ncbi.nlm.nih.gov/pubmed/12899115
http://dx.doi.org/10.1111/j.1365-2125.2008.03319.x
http://www.ncbi.nlm.nih.gov/pubmed/19076158
http://www.ncbi.nlm.nih.gov/pubmed/10606841
http://dx.doi.org/10.1007/s11096-007-9107-1
http://www.ncbi.nlm.nih.gov/pubmed/17638111
http://dx.doi.org/10.1111/j.1472-8206.2007.00492.x
http://www.ncbi.nlm.nih.gov/pubmed/17635175
http://dx.doi.org/10.1186/1471-2318-9-18
http://www.ncbi.nlm.nih.gov/pubmed/19460135
http://dx.doi.org/10.1016/S0140-6736(05)70799-6
http://dx.doi.org/10.1016/S0140-6736(05)70799-6
http://www.ncbi.nlm.nih.gov/pubmed/15708101
http://dx.doi.org/10.1371/journal.pone.0025221
http://www.ncbi.nlm.nih.gov/pubmed/22022383

51.

52.

53.

patients prescribed intravenous haloperidol. Drug Saf 35: 547-553. doi:
10.2165/11599960-000000000-00000. PubMed: 22702639.

Muzyk AJ, Rivelli SK, Jiang W, Heinz H, Rayfield A et al. (2012) A
computerized physician order entry set designed to improve safety of
intravenous haloperidol utilization: a retrospective study in agitated
hospitalized patients. Drug Saf 35: 725-731. doi:
10.2165/11631460-000000000-00000. PubMed: 22876752.

Richter T, Meyer G, Mohler R, Kopke S (2012) Psychosocial
interventions for reducing antipsychotic medication in care home
residents. Cochrane Database Syst Rev 12: CD008634: CD008634
PubMed: 23235663.

Stephenson CP, Karanges E, McGregor IS (2013) Trends in the
utilisation of psychotropic medications in Australia from 2000 to 2011.
Aust N Z J Psychiatry 47: 74-87. doi:10.1177/0004867412466595.
PubMed: 23144164.

PLOS ONE | www.plosone.org

14

54.

55.

56.

57.

Torsadogenic Risk of Antipsychotics

Stephenson WP, Hauben M (2007) Data mining for signals in
spontaneous  reporting  databases: proceed with  caution.
Pharmacoepidemiol Drug Saf 16: 359-365. doi:10.1002/pds.1323.
PubMed: 17019675.

Bate A, Evans SJ (2009) Quantitative signal
spontaneous ADR reporting. Pharmacoepidemiol
427-436. doi:10.1002/pds.1742. PubMed: 19358225.
Raschi E, Piccinni C, Poluzzi E, Marchesini G, De Ponti F (2013) The
association of pancreatitis with antidiabetic drug use: gaining insight
through the FDA pharmacovigilance database. Acta Diabetol 50:
569-577. doi:10.1007/s00592-011-0340-7. PubMed: 22008948.

Furu K, Wettermark B, Andersen M, Martikainen JE, Almarsdottir AB et
al.  (2010) The Nordic countries as a cohort for
pharmacoepidemiological research. Basic Clin Pharmacol Toxicol 106:
86-94. doi:10.1111/j.1742-7843.2009.00494 .x. PubMed: 19961477.

detection using
Drug Saf 18:

November 2013 | Volume 8 | Issue 11 | 81208


http://dx.doi.org/10.2165/11599960-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/22702639
http://dx.doi.org/10.2165/11631460-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/22876752
http://www.ncbi.nlm.nih.gov/pubmed/23235663
http://dx.doi.org/10.1177/0004867412466595
http://www.ncbi.nlm.nih.gov/pubmed/23144164
http://dx.doi.org/10.1002/pds.1323
http://www.ncbi.nlm.nih.gov/pubmed/17019675
http://dx.doi.org/10.1002/pds.1742
http://www.ncbi.nlm.nih.gov/pubmed/19358225
http://dx.doi.org/10.1007/s00592-011-0340-7
http://www.ncbi.nlm.nih.gov/pubmed/22008948
http://dx.doi.org/10.1111/j.1742-7843.2009.00494.x
http://www.ncbi.nlm.nih.gov/pubmed/19961477

	Torsadogenic Risk of Antipsychotics: Combining Adverse Event Reports with Drug Utilization Data across Europe
	Introduction
	Methods
	Ethics Statement
	Pharmacovigilance data source
	Organizing pharmacovigilance data
	Drug utilization data collection

	Results
	Pharmacovigilance analyses
	Drug Utilisation analyses

	Discussion
	Limitations of the study

	Conclusions
	Supporting Information
	Acknowledgements
	Author Contributions
	References


