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Abstract
Background and Objectives  In clinical trials, the safety of drugs is summarized by the incidence of adverse events, while 
post-marketing reporting systems use disproportionate reporting of adverse drug reactions. Here, we propose a method to 
evaluate the novelty of a safety profile of a drug in a new class (in clinical trials), against that of those already on the market 
(using pharmacovigilance data).
Methods  Through Bayesian disproportionality analyses of the US Food and Drug Administration Adverse Event Report-
ing System (FAERS) data, we identified and ranked Preferred Terms for a pool of 30 antipsychotics. Adverse event rates in 
randomized, double-blind, placebo-controlled schizophrenia clinical trials were summarized by their class specificity. One 
study (N = 245) of the trace amine-associated receptor 1 (TAAR1) agonist ulotaront (SEP-363856) was compared with five 
studies of dopamine D2 receptor-based antipsychotics lurasidone (N = 1041), quetiapine (N = 119), olanzapine (N = 122), 
and placebo (N = 504).
Results  In clinical trials of antipsychotics, cumulative rates for adverse events at and above a threshold of disproportional 
reporting (Empirical Bayes Geometric Mean 50 > 3 in FAERS) were 52%, 42%, and 60% for lurasidone, quetiapine, and 
olanzapine, respectively, indicating that over half of the adverse events reported in clinical trials of an atypical antipsychotic 
are class-specific risks. In contrast, in the clinical trial of ulotaront, the cumulative rate was 23%, indicating a lower rate of 
antipsychotic class-specific risk.
Conclusions  These results demonstrate a novel approach to summarize adverse events in clinical trials, where the cumula-
tive burden of class-specific risks describes the emerging safety profile of a new drug in clinical development, relative to 
reactions anticipated for drugs in an established pharmacological class.
ClinicalTrials.gov Identifiers  NCT0296938, NCT00088634, NCT00549718, NCT00615433, NCT00790192.
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1  Introduction

Since the 1950s, schizophrenia has been treated with the 
antipsychotic class of drugs defined by a common pharma-
cology: reducing the activity of dopamine at dopamine D2 
receptors. Side effects common to the class, such as move-
ment disorders, elevated prolactin, and metabolic distur-
bances, are also based on shared pharmacological effects at 
dopamine, serotonin, and other related receptors. The array 
of side effects seen with the use of antipsychotics in schizo-
phrenia is also evident with their use in patient populations 
of bipolar disorder and depression [1–8].

Prescribing information of antipsychotic medications 
in the USA typically report the Preferred Terms (PTs) of 
adverse drug reactions (ADRs) that occur at a rate ≥ 2% and 
greater than placebo (2% tables). Common antipsychotic-
class adverse reactions include the PTs of akathisia, parkin-
sonism, and dyskinesia, as reported in short-term clinical 
trials. However, rates of patients experiencing extrapyrami-
dal symptoms, with first-generation or second-generation 
compounds, are typically higher in studies conducted outside 
of the trials for drug approval [9–11]. The high rates and 
broad range of antipsychotic side effects are a major cause 
of treatment dissatisfaction, discontinuation, and relapse, 
and together highlight the need for alternatives to D2-based 
antipsychotics [12–14].

Post-marketing pharmacovigilance data can be used, 
together with disproportionality analyses, to estimate the dis-
proportional reporting of an ADR associated with any given 
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Key Points 

The safety profile of a drug in a new class can be 
explored by focusing on adverse drug reactions shared 
by marketed drugs with an  established pharmacological 
class.

Adverse events that occur in well-controlled clinical 
trials can be depicted according to the disproportional 
reporting of those class-specific Preferred Terms.

Clinical trial data in schizophrenia for a new pharmaco-
logical class of compound ulotaront (TAAR1 agonist) 
were compared to the established pharmacological class 
of dopamine D2-based antipsychotics.

post-marketing pharmacovigilance data. Five randomized 
controlled trials were selected for inclusion based on the 
following criteria: available subject-level AE data and an 
adequate and well-controlled study design that was sufficient 
for submission of a New Drug Application for the US Food 
and Drug Administration.

2.1 � Ulotaront AE Data

Patient-level AE data were obtained from two completed 
studies conducted by the authors (SCH, KSK): (1) a ran-
domized, double-blind, placebo-controlled, 4-week study 
of ulotaront for the treatment of patients (N = 245) with an 
acute exacerbation of schizophrenia (NCT02969382) [16]; 
and (2) a 6-month, open-label extension study of ulotaront 
(NCT02970929) in patients (N = 157) who completed the 
initial double-blind trial.

2.2 � Comparator AE Data

Patient-level AE data were obtained from two sources. First, 
pooled data from five double-blind, placebo-controlled, 
6-week studies of lurasidone for the treatment of patients 
with an acute exacerbation of schizophrenia (N = 1786 
patients). Study D105006 included AE data from 149 
subjects receiving placebo or lurasidone at doses of 40 
and 120 mg/day [20]. Study D1050196 (NCT00088634) 
included AE data from 180 subjects receiving placebo or lur-
asidone (80 mg/day) [21]. Study D105229 (NCT00549718) 
included AE data from 496 subjects receiving placebo 
or lurasidone (40, 80, 120 mg/day) [22]. Study D105231 
(NCT00615433) included AE data from 475 subjects receiv-
ing placebo or lurasidone (40 or 120 mg/day) or olanzapine 
(15 mg/day) [6]. Study D105233 (NCT00790192) included 
AE data from 486 subjects receiving placebo or lurasi-
done (80 and 160 mg/day) or quetiapine extended release 
(600 mg/day) [23].

2.3 � FAERS Query

A disproportionality analysis was conducted on the ADRs 
submitted to FAERS for a pool of 30 antipsychotics listed 
in Table 1. 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 Spontaneous Report-
ing System (SRS) data, Adverse Event Reporting System 
data through August 2012, and FAERS data from August 
2012 to June 2020. Generic and trade names were mapped 
in Empirica data within Oracle’s curated and updated drug 
name mapping algorithms, including handling of all trade 
names with more than one generic name. Duplicate reports 

drug, relative to all other ADRs and all other drugs. In the 
antipsychotic drug class, ADRs with elevated disproportional 
reporting, derived from post-marketing data, include the PTs 
reported in the 2% tables of US drug labels, but also include 
many additional PTs whose individual clinical trial incidence 
rates do not meet the threshold for inclusion in drug labeling. 
We hypothesized that clinical trial data may include a broader 
collection of PTs consistent with class-specific elevated dis-
proportional reporting observed in pharmacovigilance data, 
but are not included in drug labels because of the low clinical 
trial incidence rates for each individual PT.

The undesirable effects of a drug in clinical development can 
be anticipated based on real-world experience with other drugs 
in the same class. Here, we sought to pilot an approach to char-
acterize the adverse events (AEs) accumulated in clinical studies 
for the investigational drug (ulotaront) in a new pharmacological 
class, relative to specific side effects for compounds in an estab-
lished pharmacological class anticipated from a disproportional-
ity analysis of pharmacovigilance data.

Ulotaront is a trace amine-associated receptor 1 (TAAR1) 
agonist without pharmacological effect on dopamine D2 recep-
tors in clinical development as a novel treatment for patients with 
schizophrenia [15–19]. We sought to examine the safety profile 
of ulotaront, placebo, and D2-based antipsychotics (lurasidone, 
quetiapine, olanzapine) relative to the adverse reactions associ-
ated with the established pharmacological class of D2-based 
antipsychotics in the US Food and Drug Administration Adverse 
Event Reporting System (FAERS).

2 � Methods

The rates of drug-related AEs observed in clinical trials were 
calculated as a cumulative function of the PTs’ dispropor-
tional reporting with a pharmacological class of drugs with 
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(referring to the same drug-event pair appearing more than 
once) were excluded from data mining via Oracle’s auto-
mated duplicate detection algorithm that identifies dupli-
cated reports based on a sufficient overlap of matching 
records, equivalence of demographic fields, and a combina-
tion of manufacturer, drug, and event information, including 
drug and/or event start dates. Preferred Terms for a pool of 
30 antipsychotics [Table in the Electronic Supplementary 
Material (ESM)] were ranked by a disproportionality analy-
sis in FAERS, using the Empirical Bayes Geometric Mean 
(EBGM). In this analysis, the EBGM is calculated across a 
pool of 30 antipsychotics. As the pool of 30 antipsychotics 
spanned launch years from 1951 to 2016, the influences of 
confounding factors, important for any individual drug and/
or individual drug-event pairings (e.g., Weber effect, poly-
pharmacy, indication, competition, and notoriety biases), on 
the estimate of relative risk ratio (RRR), were reduced. The 
confidence limits (from EBGM05 to EBGM95) for each PT 
were also estimated (Table in the ESM). Preferred Terms in 
the ulotaront and lurasidone clinical trial databases were re-
coded to the latest PTs of the Medical Dictionary for Regu-
latory Activities (version 23.1) used by FAERS in Empirica 
at the time of the data analysis.

2.4 � Statistical Analysis

Adverse event data from the ulotaront and lurasidone clinical 
trial databases (randomized controlled trials) were sorted by 
PT according to their FAERS-EBGM ranking for the antip-
sychotic class. A disproportionality analysis was not utilized 
to detect safety signals for a single drug, but to make an 
overall class-specific estimate derived from the 30 atypical 
and typical antipsychotics. The aim was to utilize the post-
marketing FAERS data to characterize the total burden of 
class-related AEs. The proportion of subjects in each clinical 
study having an AE was plotted as a cumulative function of 
each PT’s class-related disproportional reporting in a real-
world reporting FAERS database. Cumulative AE curves, 
as a portion of all subjects, and as a portion of all subjects 
reporting an AE, were used to describe the AE profiles as 
a cumulative function of each PT’s class-related dispropor-
tional reporting in the real-world reporting FAERS database.

3 � Results

A total of 30 antipsychotics were pooled in a query of 
FAERS ADRs. The antipsychotics spanned chlorproma-
zine (launch date of 1951) to cariprazine (launch date of 
2016). A total of 3.89 million ADRs were identified in 
FAERS (Table 1). The PTs of AEs observed in placebo-con-
trolled clinical trial data were ranked by the disproportional 
reporting (EBGM) of that PT in FAERS for the class of 

antipsychotics in FAERS using a disproportionality analysis 
(Table in the ESM). In Fig. 1, the x-axis is the fold-increase 
in disproportional reporting of each PT for the 30-compound 
antipsychotic class within the FAERS database. The y-axis is 
the cumulative proportion of subjects having the AE in clini-
cal trials at and above the disproportional reporting for each 
PT as ADRs in FAERS. Preferred Terms above three-fold 
increased disproportional reporting are labeled in Fig. 1. The 
PTs include movement-related disorders (akathisia, parkin-
sonism, extrapyramidal disorder), neuroendocrine and meta-
bolic disturbances, as well as PTs related to the underlying 
disorder (schizophrenia, delusion, psychotic disorder).

The cumulative curves in Fig. 1 are the profile of AEs 
in clinical studies in patients with an acute exacerbation of 
schizophrenia. The curves represent the AE burden accu-
mulated (rising from right to left) across PTs in the class of 
antipsychotics. The AE rate in a clinical trial is accumulated 

Table 1   Pool of 30 antipsychotics and number of adverse drug reac-
tion reports

Generic name Reports Year launched

Chlorpromazine 99,539 1951
Promazine 9526 1956
Thioridazine 46,706 1958
Haloperidol 292,924 1959
Clopenthixol 10,264 1962
Thiothixene 21,051 1965
Sulpiride 39,018 1968
Pimozide 8754 1969
Spiperone 36 1969
Clozapine 497,898 1972
Fluphenazine 35,492 1972
Carpipramine 337 1977
Bromperidol 2935 1981
Zotepine 6052 1982
Amisulpride 35,307 1986
Levosulpiride 2428 1987
Risperidone 613,617 1993
Olanzapine 536,198 1996
Quetiapine 774,482 1997
Ziprasidone 135,356 2000
Perospirone 3700 2001
Aripiprazole 427,099 2002
Sertindole 1135 2006
Paliperidone 143,344 2007
Blonanserin 3065 2008
Asenapine 34,977 2009
Iloperidone 5186 2010
Lurasidone 63,446 2011
Brexpiprazole 30,079 2015
Cariprazine 8375 2016
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(left to right) as a function of the disproportional reporting 
(EBGM) for the PT in the antipsychotic class. For example, 
akathisia is a common AE seen with atypical antipsychot-
ics. In FAERS, the ADR of akathisia has a EBGM value of 
15-fold increased disproportional reporting, relative to all 
other drugs and all other ADRs. In the pooled clinical trial 
data, the AE of akathisia was observed in 187 subjects, and 
accounts for a relatively large step in the cumulative curve 
shown in Fig. 1. Somnolence has a three-fold increased dis-
proportional reporting for the class of antipsychotics and its 
corresponding step in the cumulative curves is visible for all 
drug treatment groups in Fig. 1.

The curves in Fig. 1 account for the portion of sub-
jects having class-specific AEs, as a function of its class-
specific disproportional reporting in post-marketing 

pharmacovigilance data. As indicated in Fig. 1, in the pool 
of clinical studies with lurasidone, approximately 52% of 
subjects have AEs with PTs having class-specific dispro-
portional reporting (EBGM values) of three-fold or greater, 
compared with 37% of the placebo subjects. The correspond-
ing rates for olanzapine and quetiapine were 60% and 42%, 
respectively. The corresponding rates in the clinical study 
with ulotaront and placebo were 23% and 22%, respectively.

In the clinical trial data for the atypical antipsy-
chotic lurasidone, class-related AEs are accumulated at 
a greater rate than with placebo. The class-related AEs 
accumulated with ulotaront were similar to the AEs accu-
mulated with placebo. The AE profile observed in the 
ulotaront short-term clinical study in schizophrenia is 
distinct from the profiles observed in lurasidone clinical 
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Fig. 1   Cumulative percent of subjects in clinical trials (y-axes) having 
indicated adverse events (AEs), as a function of the disproportional 
reporting (x-axes) for that Preferred Term (PT) in post-marketing 
pharmacovigilance data [US Food and Drug Administration Adverse 
Event Reporting System (FAERS)]. Individual PTs are separated by 
a comma. Individual clinical studies and their treatment arms are 

shown in the inset graphs by round symbols. The left inset indicates 
the percent of subjects having AEs of three-fold or greater class-spe-
cific disproportional reporting. The bottom inset indicates the value 
of Empirical Bayes Geometric Mean (EBGM) by which half the sub-
jects have accumulated an AE
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studies, including the active comparator compounds que-
tiapine and olanzapine.

4 � Discussion

Here, we demonstrate a novel method for summarizing and 
comparing safety in drug development based on class-related 
disproportional reporting in pharmacovigilance data. The 
cumulative class-effect curve characterizes side-effect pro-
files for compounds in clinical studies, based on the class-
specific PTs reported for an established pharmacological 
class in pharmacovigilance data. Thus, clinical trial safety 
data may be summarized by a broader collection of PTs 
indicative of a class-specific disproportional reporting, even 
at low clinical trial incidence rates for each individual PT.

Typically, safety is summarized for the registration and 
approval of new drug treatments using a highly specific 
ontology of AE terminology (e.g., Medical Dictionary for 
Regulatory Activities). In this work, the pool of six clini-
cal trials recorded AE data from over 2031 unique subjects 
and resulted in a total of 523 unique PTs (with associated 
EBGM values from FAERS). The unique PTs reported in 
clinical trial data were sorted according to the class-specific 
disproportional reporting observed in post-marketing data 
collected across the entire class of dopamine D2 binding 
drugs. A disproportionality analysis is typically applied to 
detect safety signals for a single drug, but here we adapted 
the disproportionality analysis to make an overall estimate 
of class specificity as derived from 30 atypical and typical 
antipsychotics. In contrast to standard pharmacovigilance 
approaches to signal detection, the methods here use post-
marketing data to account for the total burden of the class-
related AEs reported in the clinical trial data itself.

According to the Food and Drug Administration defini-
tion, an established pharmacological class is a text phrase 
to associate drugs in a common pharmacologic class with 
an approved indication of an active moiety that the Food 
and Drug Administration has determined to be scientifically 
valid and clinically meaningful [24]. Drugs indicated for 
the treatment of schizophrenia are classified by two closely 
related established pharmacological classes: typical and 
atypical antipsychotics, based on their shared molecular 
pharmacology of dopamine D2 with or without serotonin 
5-HT2A antagonism. To date, comparisons of safety profiles 
within antipsychotics have focused on quantitative differ-
ences in the rates of the AEs among PTs common to the 
class [25–27]. Quantitative differences in the side effects 
can be dependent on dose, titration schedules, study dura-
tion, and differences in study populations. With the meth-
ods employed here, the cumulative curves represent a more 
objective approach to describe the qualitative differences in 

the AE profiles between drugs, as might arise from meaning-
ful differences in pharmacological class.

Ulotaront, a TAAR1 agonist, does not mediate its effects 
via blockade of D2 or 5-HT2A receptors common to the cur-
rent antipsychotic class [15, 16]. The profile of AEs accu-
mulated in the clinical trial conducted to date with ulotaront 
appear to be distinct from those expected from the estab-
lished classes of antipsychotics. Across all the PTs identi-
fied via FAERS data indicating high levels of class-specific 
disproportional reporting, the ulotaront AEs accumulated no 
greater with ulotaront than with placebo. The AEs reported 
for ulotaront and greater than placebo were somnolence and 
gastrointestinal symptoms [16], and each identified as hav-
ing very low (less than two-fold) antipsychotic class-specific 
disproportional reporting.

In this work, we defined class-specific PTs at three-fold 
or greater disproportional reporting in FAERS. The antip-
sychotic class-specific disproportional reporting spans cat-
egories of movement disorders, metabolic and neuroendo-
crine disorders, but also psychiatric symptoms related to 
the underlying conditions and populations for the conditions 
treated. As highlighted in an analysis by Khouri et al. [28], 
the relative risks of more objective PTs (such as movement 
disorders, metabolic and neuroendocrine in our query) are 
likely to be more correlated between meta-analyses of clini-
cal trial data and disproportionality analyses of spontane-
ous reporting databases compared with the PTs associated 
with the underlying condition (e.g., psychiatric symptoms 
of schizophrenia).

To decrease the chance of introducing subjectivity by the 
manual curation of PTs, we decided to retain all the PTs in 
the class-specific query. Inclusion of PTs that may appear 
to be more directly related to the psychiatric symptoms of 
the underlying conditions, rather than from the use of the 
medication itself, avoided the introduction of bias that arises 
in a manual curation of PTs for drug-related queries. Manual 
curation would be necessary to remove the influence of such 
indication bias; however, in this application to randomized 
controlled clinical trials, indication bias is controlled by the 
reporting of drug-placebo differences. Indeed, the incidence 
of PT schizophrenia is increased on the placebo treatment 
vs drug treatment.

In the investigation of drug safety issues in pharmacovigi-
lance and clinical development, standardized Medical Dic-
tionary for Regulatory Activities queries are validated pre-
determined sets of PTs grouped together to support safety 
analysis and reporting. The method piloted here with schizo-
phrenia drug trials, where the AE burden is accounted for 
as it is accumulated across PTs as a function of their class-
specific disproportional reporting, is a prototype for a novel 
approach to summarize and compare datasets of clinical trial 
data, and can be used to supplement the standard methods 
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of summarizing safety during drug development. For any 
one drug, the nature of post-marketing case reporting of 
ADRs in pharmacovigilance data limits conclusions about 
risk. Post-marketing estimates of risk rely on event counts 
while, in contrast, clinical trial data capture the total number 
of subject exposures. To better represent class-related dis-
proportional reporting and to normalize the uncertainties of 
single-drug event counts, in this approach, we used a pool of 
30 drugs to span much larger (3.89 million) reports than any 
single drug. Selecting PTs from pharmacovigilance data is a 
more objective method to quantify the accumulated burden 
of class-specific side effects in drug-development trials and 
provides a measurable benchmark for future schizophrenia 
treatments developed in a novel pharmacological class. The 
cumulative AE curves of this work will be sensitive to a 
lack of efficacy, as specific disease-related symptoms are 
not manually excluded in the query for class effects. For 
example, placebo treatment accumulated class-specific AEs, 
indicative of a lack of efficacy with disorder-related PTs such 
as psychosis, schizophrenia, and hallucinations.

The identification of PTs for a class-effect query utilizing 
post-marketing data sources such as FAERS is influenced 
by the limitations of pharmacosurveillance itself. The PTs 
selected rely on spontaneous reporting, and are limited by 
under-reporting, reporter biases, variability in reporting 
standards, inclusion of non-healthcare professional con-
firmed (consumer) reports, and incomplete data. The inclu-
sion of the selected PTs is further influenced by the inability 
to filter out those events that are due to underlying disease, 
confounding co-morbidities, other risk factors, or other con-
comitantly administered drugs.

A limitation of this work is the sample size of ulotaront 
clinical study data relative to the available lurasidone clinical 
trial data used as an example of the antipsychotic class. In 
addition, as ulotaront is the first TAAR1 agonist with clinical 
trial data in patient populations, no comparison data for its 
class exist in real-world use. Because the class-related ADRs 
are pharmacologically driven, comparisons between antip-
sychotics are influenced by dose. In contrast, the approach 
described in this work seeks to normalize the effect of dose 
by focusing on the qualitative profile of the AEs seen in clini-
cal trials, across all doses. Cumulative ADR profiles of other 
established antipsychotics, not just the one used here, should 
be reported. Future studies on novel compounds should be 
performed to depict the emerging clinical trial data in this 
way. A full list of the PTs whose EBGM05 > 3 for the pool of 
30 antipsychotics is provided in the Table in the ESM for use 
with other clinical trial data sets. Although this work used 
30 antipsychotics for the selection of class-specific PTs, it is 
feasible to apply the analysis to different classes of antipsy-
chotics, or even to different drug classes entirely, as a valu-
able method to establish class-wide effects and to create more 
informative comparisons with treatments in novel classes.

5 � Conclusions

In controlled clinical trials, the TAAR1 agonist ulotaront 
exhibited a distinct safety profile when compared to 
D2-based antipsychotics (lurasidone, quetiapine, olanzap-
ine), where over half of the AEs experienced with atypical 
antipsychotics in clinical trials are class specific. Application 
of a Bayesian disproportionality analysis of post-marketing 
reports collected from established drugs can meaningfully 
describe class specificity of emerging safety profiles of new 
treatments in clinical trials.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40261-​021-​01094-7.
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