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Abstract

Background and Objective Current methods are not designed to relate the incidence of individual adverse events reported
in clinical trials to the plurality of adverse events accumulated in spontaneous reporting databases during real-world use.
We have previously reported on a pharmacological class-effect query of clinical trial data defined by a disproportionality
analysis of the US Food and Drug Administration Adverse Event Reporting System (FAERS) post-marketing data. The aim
of the current analysis was to apply a dopamine D,-based pharmacological class-effect query to clinical trial safety data of
an atypical antipsychotic tested across different patient populations.

Methods Patient-level adverse event data (n = 4400) from controlled clinical trials of the antipsychotic risperidone in schizo-
phrenia, bipolar disorder, Alzheimer’s disease psychosis, and autism were obtained through the Yale University Open Data
Access (YODA) project. An Empirical Bayes Geometric Mean analysis was performed, and a three-fold threshold incidence
level was applied to determine if a preferred term met criteria for being an antipsychotic class-related adverse event.
Results In pooled data from seven trials of adult schizophrenia, class-specific adverse events were identified in 49% of
patients treated with risperidone; in 49% of risperidone-treated patients in two trials in adolescent schizophrenia; in 65% of
risperidone-treated patients in four trials in adult bipolar disorder; in 50% of risperidone-treated patients in two trials in ado-
lescent schizophrenia; in 36% of risperidone-treated patients in one trial in Alzheimer’s disease; and in 94% of risperidone-
treated patients in one trial in autism.

Conclusions The cumulative curves of class-specific adverse events in risperidone clinical trials of schizophrenia were similar
to those first reported for other atypical antipsychotic drugs. However, the class-specific adverse event curves were notably
lower for Alzheimer’s disease and higher for autism, suggesting that the diagnostic indication may have an important effect
on the cumulative class-specific side-effect burden.

1 Introduction

Schizophrenia is a chronic illness characterized by acute
exacerbations of psychosis and progressive impairment in
functioning and quality of life [1]. Despite evidence from
studies that indicate more than one-third of all patients
with a diagnosis of schizophrenia either discontinue their
medication or do not take their medication as prescribed
[2], treatment guidelines recommend maintenance therapy
with antipsychotic medication because of the frequency
of recurrent psychotic episodes and hospitalization [3].
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Patient-level adverse event data were analyzed for 4400
patients in randomized placebo-controlled trials of the
antipsychotic risperidone in schizophrenia, bipolar disor-
der, and Alzheimer’s disease psychosis.

Adverse events of risperidone that were class specific (to
the class of dopamine D, antipsychotics) showed notable
between-diagnosis differences in prevalence (e.g., lower
for Alzheimer’s disease psychosis; higher for autism),
suggesting that the diagnostic indication may have an
important effect on the cumulative class-specific side-
effect burden.
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Non-adherence has been identified as, by far, the biggest
preventable risk factor for relapse and rehospitalization [3],
and adverse events (AEs) have consistently been found to
be the most common reason for discontinuing antipsychotic
medication [4]. As a recent meta-analysis of 92 relapse pre-
vention trials noted [5]: “effectiveness needs to be put into
the context of tolerability, especially during long-term treat-
ment. However, adverse effect outcomes [are] only partially
and inconsistently reported, not allowing a detailed benefit-
to-risk assessment.”

In addition to tolerability and adherence considerations,
quite a few class-related safety events with health effects are
associated with first-generation and second-generation antip-
sychotics acting via a dopamine D, mechanism of action
(MOA; “D, antipsychotics”). These include prolactine-
mia, extrapyramidal side effects, and an array of adverse
metabolic effects including impaired glucose tolerance,
higher rates of diabetes mellitus, increased insulin resist-
ance, elevated lipid levels, and obesity [6—12]. Of note, D,
antipsychotics appear to have effects on lipid metabolism
and glucose regulation that are independent of body weight
[13—15]. It is well established that schizophrenia is associ-
ated with increased cardiovascular mortality, and iatrogenic
metabolic syndrome caused by D, antipsychotics is likely to
contribute to this increased mortality risk [16].

The efficacy of the current antipsychotic class of medi-
cations primarily relies on antagonist activity at D, recep-
tors, which is frequently associated with substantial disrup-
tion of motor, metabolic, and endocrine systems related to
D, receptor blockade and downstream consequences. The
second-generation D,-binding antipsychotics are largely
distinguished from first-generation antipsychotics by hav-
ing additional antagonist activity at the serotonin 5-HT,,
receptor, which disinhibits dopamine neurons, stimulating
dopamine release that is hypothesized to result in competi-
tive modulation of the antagonist D, receptor activity of
second-generation antipsychotic drugs such as risperidone.

ntipsychotics with non-D, MOAs are in development [17,
18], which highlights the potential value of having a method
for differentiating class-effect AEs based on the specific
MOA classification of a drug (e.g., D, vs non-D,).

Accurate and comprehensive assessment of the bene-
fit-risk characteristics of antipsychotics (or any class of
drugs) is limited by the fact that the total number of patients
enrolled in all phases of a clinical development program
is many orders of magnitude smaller than the number of
patients who will be treated over the marketed life span of
a given drug. The incidence of individual preferred terms
(PTs) for adverse drug reactions (ADRs) reported in clinical
trials are low relative to the occurrence of ADRs attributed
to a pharmacological class during real-world use of a drug
in the post-marketing period. Therefore, new approaches
are needed to facilitate analyses of AEs in clinical studies
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relative to the pharmacological class effects seen in real-
world use.

Since the late 1990s with the introduction of Medical Dic-
tionary for Regulatory Activities (MedDRA) terminology,
reporting of ADRs has been organized into five hierarchical
levels including PTs, while standardized medical queries
have facilitated the analysis of drug safety issues in clinical
development [19, 20]. The development of a systematic and
standardized nosology with broad international support was
a crucial advance in facilitating effective understanding and
communication of ADRs in the pharmacovigilance setting.

The authors have previously reported [21] a Bayesian
disproportionality analytic strategy for identifying class-
specific AEs for the class of antipsychotic drugs acting via
the D, receptor, utilizing US Food and Drug Administration
Adverse Event Reporting System (FAERS) post-marketing
data. This analytic strategy is a mechanism-based ontology
utilizing a classificatory approach that represents an alterna-
tive method of summarizing safety data that is complementary
to the current two methods: use of the MedDRA system-
organ-class ontology and use of standardized medical que-
ries. Furthermore, the authors presented pilot class-effect AE
data for ulotaront, a novel trace amine-associated receptor 1
(TAARI1) agonist with 5-HT , agonist activity, which acts via
anon-D, TAAR1 mechanism that exhibits a markedly differ-
ent cumulative side-effect burden profile when compared with
D, antipsychotics, using this FAERS-based methodology.

Here, we apply the D, class-effect query defined by
FAERS, to the Yale University Open Data Access (YODA)
risperidone clinical trials database. We sought to replicate
the class-effect query of schizophrenia clinical trials using
an independent data set, and to determine the applicability
of this pharmacological class-effect query approach to clini-
cal trials evaluating efficacy and safety in diagnoses other
than schizophrenia (bipolar disorder, Alzheimer’s disease,
psychosis, and autism).

2 Methods

We established a query of class-related antipsychotic AEs
based on real-world AE data. A detailed description of the
procedures utilized in the Empirical Bayes Geometric Mean
(EBGM) analysis are provided in a previous publication
[21]. In brief, PTs associated with a pool of 30 antipsychot-
ics were identified and ranked by EBGM disproportionality
analysis of the FAERS data. The FAERS data were accessed
by Empirica™ Signal, Oracle’s pharmacovigilance software
(version 8.1.1, release 2020Q2; Oracle Inc., Redwood City,
CA, USA). The FAERS data included all pre-1997 spontane-
ous reporting system data, adverse event reporting system
data through August 2012, and FAERS data from August
2012 to June 2020.
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The current data set consisted of patient-level AE data
from patients with schizophrenia, bipolar disorder, autism,
or Alzheimer’s disease who received risperidone in 17 con-
trolled clinical trials. These data were obtained through the
YODA project [22].

2.1 Statistical Methods

Patient-level AE data from the 17 randomized, double-
blind, placebo-controlled clinical trials of risperidone were
sorted by PT according to their FAERS-EBGM ranking for
the antipsychotic class [see 21]. The aim was to utilize the
post-marketing FAERS data to characterize the total burden
of class-related AEs for risperidone (vs placebo) in adult
schizophrenia (seven trials), adolescent schizophrenia (two
trials), adult bipolar disorder (four trials), and Alzheimer’s
disease, psychosis, and autistic disorder (one trial each).
The proportion of patients in each diagnostic group hav-
ing an AE, taking risperidone or placebo, was plotted as a
cumulative function of each PT’s class-related dispropor-
tional reporting in a real-world reporting FAERS database.
Cumulative AE curves, as a proportion of all patients, and
as a proportion of all patients reporting an AE, were used
to describe the AE profiles as a cumulative function of
each PT’s class-related disproportional reporting relative to
real-world reporting in the FAERS database. In the current
YODA data set (Table 1), the same EBGM three-fold thresh-
old level [21] was applied to determine if a PT met criteria
for being an antipsychotic class-related AE.

3 Results

Patient-level AE data were analyzed for 4400 patients,
including 2117 patients in seven clinical trials of adult
patients with a diagnosis of schizophrenia, 439 patients in
two trials in adolescent schizophrenia, 1251 patients in four
clinical trials of adult patients with a diagnosis of bipolar
disorder, 491 patients in two clinical trials of Alzheimer’s
disease, and 102 patients in a trial of childhood autism. Fig-
ure 1 displays the cumulative proportion of patients with
adult schizophrenia having an AE taking risperidone or
placebo at or above the three-fold disproportional report-
ing threshold for each PT in FAERS. In Fig. 1, the x-axis
is the fold increase in disproportional reporting of each PT
calculated from the original pooled antipsychotic class in the
FAERS database [21]. The y-axis is the cumulative propor-
tion of patients in risperidone clinical trials with AEs that
meet the three-fold EBGM threshold. The curve in Fig. 1
represents the cumulative AE burden (rising from right to
left) across PTs in the class of antipsychotics. The proportion
of subjects having an AE at or above the three-fold thresh-
old is shown for individual studies is shown adjacent to the

y-axis in Fig. 1. Overall, approximately 49% of patients
treated with risperidone had AEs with PTs having EBGM
values of threefold or greater, compared with 43% of the
placebo patients. For two of the three placebo-controlled
studies, the risperidone arm was associated with greater
class-effect AEs than the corresponding placebo arms of
the individual studies. The drug treatment arms of individual
studies had larger EGBMj, values for drug treatment arms
versus placebo arms, indicating a greater class specificity
to the AEs associated with risperidone treatment versus the
corresponding placebo treatment.

A total of 439 patients were randomized to risperidone
(n = 385) or placebo (n = 54) in the pool of two clinical
trials [24, 25] of adolescent patients with a diagnosis of
schizophrenia (red curves in Fig. 2). Approximately 49%
of patients treated with risperidone had AEs that met the
three-fold EBGM threshold, compared with 28% of the
placebo patients. A total of 1533 patients were exposed to
risperidone in the pool of four clinical trials [28-31] of adult
patients with a diagnosis of bipolar disorder (teal curves in
Fig. 2). Approximately 65% of patients treated with risp-
eridone had AEs with PTs having EBGM values of three-
fold or greater. A total of 491 patients were randomized to
risperidone (n = 245) or placebo (n = 246) in clinical tri-
als [26, 27] of Alzheimer’s disease (green curves in Fig. 2).
Approximately 36% of patients treated with risperidone
had AEs with PTs having EBGM values of three-fold or
greater, compared with 28% of placebo patients. A total of
102 patients were randomized to risperidone (n = 49) or
placebo (n = 53) in clinical trials [23] of childhood patients
with a diagnosis of autism. Approximately 94% of patients
treated with risperidone had AEs with PTs having EBGM
values of three-fold or greater, compared with 70% of pla-
cebo-treated patients. Cumulative AE curves for each of the
individual studies are shown in Figs. 1-11 of the Electronic
Supplementary Material.

4 Discussion

Here, we demonstrate the applicability of a D,-based phar-
macological class-effect query to historical clinical trial data
collected with risperidone, including risperidone clinical
trial data outside of the primary indication of schizophre-
nia for which antipsychotics are primarily used. The results
reported here found that approximately half of the AEs
experienced in schizophrenia clinical trials of risperidone
were antipsychotic class-specific effects. The antipsychotic
class-specific AEs for risperidone, displayed graphically,
were qualitatively similar to the cumulative curves of class-
specific AEs that the authors have previously reported for
other atypical antipsychotic drugs [21]. The proportion of
risperidone AEs that were class specific were also similar for
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Table1 Yale University Open Data Access (YODA) clinical studies: summary of diagnoses and study samples analyzed for patient-level
adverse events?

Study ID NCT Diagnosis Age group Drug dose, mg, sample size (n) Duration References
JnJ-RIS-USA-150 Autistic disorder Child and adolescent RIS, 0.25-3.5 mg, n =49 8-week DB [23]
PBO,n =52
JnJ-RIS-SCH-302  NCTO00088075 Schizophrenia Adolescent RIS, 1-3 mg, n =54 6-week DB [24]
RIS, 4-6 mg, n =50
PBO,n =154
JnJ-RIS-USA-231  NCT00034749 Schizophrenia Adolescent RIS, 3.5-6 mg [>50 kg], n = 8-week DB [25]
131
RIS, 0.35-0.6 mg/kg [<50 kg],
n=124
JnJ-RIS-INT-83 Alzheimer’s disease Adult RIS 1.0-1.5mg,n =10 8-week DB [26]
PBO,n =38
JnJ-RIS-USA-232  NCT00034762 Alzheimer’s disease Adult RIS, 1.0-1.5 mg, n = 235 8-week DB [27]
PBO, n =238
JnJ-RIS-BIM-3003 NCTO00132678 Bipolar disorder Adult RIS-LAI 1-6 mg, n =559 26-week OL  [28]
JnJ-RIS-BMN-3001 NCT00391222 Bipolar disorder Adult RIS-LAI 1-6 mg, OL, n = 585° 3-month OL  [29]
RIS-LAI 1-6 mg, DB, n = 137 18-month DB
PBO, n =140 18-month DB
JnJ-RIS-INT-69 NCT00253162 Bipolar disorder Adult RIS, 1-6 mg, n = 153°¢ 12-week DB [30]
PBO, n =138
InJ-RIS-USA-102  NCT00253149 Bipolar disorder Adult RIS, 2-6 mg, n =52 (+Li or 3-week DB [31]
VPA)®
PBO, n =51 (+Li or VPA)
JnJ-RIS-INT-3 NCT00249132 Schizophrenia Adult Drug-dose group specific sam-  8-week DB [32]
ple sizes
not provided in study report
summary
JnJ-RIS-INT-62 NCT00236457 Schizophrenia Adult RIS-LAI, 25-75 mg biweekly,  12-month OL  [33]
n=216
Olanzapine, 5-20 mg (oral), n
=271
JnJ-RIS-SCH-3001 NCT00216476 Schizophrenia Adult RIS-LAI, 25-50 mg biweekly, = 24-month OL [34]
n =329
Quetiapine, 300-400 mg/day,
n =337
Aripiprazole, 15-30 mg/day,
n=45
JnJ-RIS-SCH-4045 NCT00216671 Schizophrenia Adult RIS-LAI 25-50 mg every 2 None [35]
weeks
IJnJ-RIS-USA-121  NCT00253136 Schizophrenia Adult RIS-LAI, 25 mg biweekly, n 12-week DB [36]
=99
RIS-LAI 50 mg biweekly, n
=103
RIS-LAI 75 mg biweekly, n
=100
CR002017 NCTO00495118 Schizophrenia Adult RIS-LAI 25-75 mg biweekly,  12-month OL [37]
n=99
JnJ-RIS-USA-72 Schizophrenia Adult RIS, 4 mg, n = 85 4-week DB [38]
RIS, 8 mg, n =78
PBO, n =83

DB double-blind, ID identification, LA/ long-acting injection, Li lithium, OL open-label, PBO placebo, RIS risperidone, VPA valproate
aSample sizes are based on the safety population reported in the study report summary documents

®Olanzapine was included as an active comparator but was not analyzed

“Halperidol was included as an active comparator but was not analyzed

4Quetiapine and aripiprazole were included as active comparators but were not analyzed
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Preferred Terms (PTs) of Adverse Events observed in clinical studies,
according to EBGM values of PT observed in FAERS
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Fig. 1 Class-specific adverse event (AE) burden in clinical trials of
risperidone in adult schizophrenia [32-38]. Cumulative percent of
patients (y-axis) with AEs taking risperidone or placebo that met the
three-fold antipsychotic class-specific disproportional reporting based
on the Empirical Bayes Geometric Mean (EBGM) analysis of post-

risperidone studies of the bipolar disorder diagnosis. How-
ever, the proportion of class-specific effects, and the result-
ing cumulative class-effect curves, were notably higher for
risperidone in a clinical trial of autism, and notably lower in
two clinical trials of Alzheimer’s disease.

The concept of a pharmacologically defined class-effect
query was first reported by the authors [21] in the identifica-
tion of class-specific AEs for antipsychotic drugs acting via
the D, receptor. The class-effect query utilizes a Bayesian
disproportionality analysis of the post-marketing FAERS
database. To accomplish this, a total of 3.89 million PTs
were identified in FAERS reporting of 30 marketed typi-
cal and atypical antipsychotics, and PTs having an EBGM
above a three-fold criterion level were categorized as being
“class-specific” antipsychotic AEs. The class-effect query

marketing pharmacovigilance data [US Food and Drug Administra-
tion Adverse Event Reporting System (FAERS)]. The x-axis is the
fold increase in disproportional reporting for each Preferred Term
(PT) [21]

is a data-analytic approach to define the clinically relevant
mechanism-based terms and represents a third approach to
summarize safety data that is complementary to the cur-
rent two methods for summarizing safety data in drug trials,
standardized medical queries and the (MedDRA) system-
organ-class ontology.

The class-effect PTs include terms that are likely the
result of the underlying conditions in the post-marketing
database (referred to as indication bias, or here as indica-
tion-related PTs). In this work, the cumulative AE curves
are influenced by PTs reflecting a possible indication bias.
For example, in the schizophrenia trials in Fig. 1, the larg-
est single “step” increase in incidence for placebo occurs
for agitation at EGBM value of 4X. Agitation as an AE is
likely owing to a lack of efficacy in the treatment of the
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Preferred Terms (PT) of Adverse Events observed in clinical studies,
according to EBGM values of PT observed in FAERS
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Fig.2 Class-specific adverse event (AE) burden in clinical trials of
risperidone in adult and adolescent schizophrenia, adult bipolar dis-
order, Alzheimer’s disease, and child and adolescent autism [27-42].
Cumulative percent of patients (y-axis) with AEs taking risperidone
or placebo that met the three-fold antipsychotic class-specific dispro-

underlying diagnosis of schizophrenia, rather than as a result
of drug treatment. In the pooled schizophrenia studies, the
cumulative curve stepped from 16% of subjects to 33% of
subjects treated with placebo, whereas risperidone curve
stepped from 30 to 40%, as would be expected for a greater
incidence of agitation in subjects treated with placebo rela-
tive to risperidone.

The drug-treatment curves are generally above the pla-
cebo-treatment curves, suggesting that the side-effect burden
is outpacing the lack-of-efficacy burden in the randomized
controlled trials, at least when viewed through the lens of
AE reporting in clinical trials for schizophrenia. The accu-
mulation of AEs in clinical trials comparing drug versus
placebo might be used to evaluate the balance of benefit
(reduced incidence for indication-related PTs) versus risk
(increased incidence of PTs for class effects). For exam-
ple, the cumulative curves for placebo would rise due to an
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portional reporting based on the Empirical Bayes Geometric Mean
(EBGM) analysis of post-marketing pharmacovigilance data [US
Food and Drug Administration Adverse Event Reporting System
(FAERS)]. The x axis is the fold increase in disproportional reporting
for each Preferred Term (PT) [21]

increased incidence of indication-related PTs (e.g., psychotic
disorder-related symptoms), while the cumulative curves for
a drug treatment arm would rise due to an increased inci-
dence of class-effect PTs (e.g., extrapyramidal disorder).
Conversely, the drug treatment arm would be lowered by
increased efficacy (lower incidence) on PTs for the underly-
ing disorder. If the drug’s side-effect burden curve is above
its corresponding placebo curve, this indicates ‘the drug is
associated with a greater side-effect burden than placebo,
and that the lower-than-placebo incidence of AEs for indi-
cation-related PTs does not overcome the greater incidence
of class-effect AEs’. However, if a drug’s cumulative curve
lies below that of placebo, this indicates that placebo was
associated with more harm to the patient (low incidence
on indication-related PTs) and drug treatment lacked the
expected class-effect burden (low incidence on other class-
effect PTs). This portrayal allows one to visualize the risk
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to a patient in taking versus not taking a drug. Future trial
designs and analysis plans might be proposed, where the
degree of separation between the class-effect curves for drug
treatment versus placebo treatment is utilized as an index of
the balance of benefit versus risk.

The cumulative class-specific side-effect curves for risp-
eridone appeared different for different patient populations,
most notably, rates of class-specific AEs were lowest in
clinical trials of Alzheimer’s disease, and highest in clinical
trials of autism. In Alzheimer’s disease studies, agitation
with a large (EGBM 4X) “step” increase in incidence was
a likely a disease-related PT. In contrast, somnolence with
a large (EGBM 3Xx) “step” increase in incidence compared
with placebo was likely a drug-related class-effect PT. The
cumulative side-effect curve for adolescents with autism
were markedly more elevated than the curves observed for
Alzheimer’s disease. These discordant results demonstrate
the extent to which non-drug factors can override the cumu-
lative side-effect trends in drug-related, D, class-specific
AEs previously reported for atypical antipsychotic drugs
[21]. The reasons for the difference are likely owing to the
lower daily doses used in the Alzheimer’s disease versus
autism studies (1.0-1.5 mg vs 2.0-3.0 mg; despite a lower
weight in adolescents with autism), and the possible reduc-
tion in reporting of AEs in patients with dementia compared
with rates reported by adolescents with autism (and their
parents/guardians).

In addition to the effects of dose, diagnosis, and other
patient-related variables, limitations on the generation of
reliable cumulative class-effect curves based on controlled
clinical trials include the qualitative nature of safety data,
rather than the availability of quantitative metrics that lend
themselves to hypotheses that may be statistically tested.
Additional research is needed to evaluate the potential for
novel safety analyses to be incorporated in measures of ben-
efit/risk in the clinical development of novel therapeutics.

5 Conclusions

Application of a novel class-effect query of the YODA
risperidone clinical trials database found that the cumula-
tive curves of class-specific AEs were similar to the curves
that the authors have previously reported for other atypical
antipsychotic drugs for the indication of schizophrenia. The
class-specific AE curves were notably different for other
diagnoses (lower for Alzheimer’s disease psychosis; higher
for autism), suggesting that the diagnostic indication may
have an important effect on the cumulative class-specific
side-effect burden.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40261-022-01218-7.
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