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Abstract
Introduction Drug reaction with eosinophilia and systemic symptoms (DRESS) syndrome is gaining attention in 
pharmacovigilance, but its association with antipsychotics, other than clozapine, is still unclear.
Methods We conducted a case/non-case study with disproportionality analysis based on the World Health Organization 
(WHO) global spontaneous reporting database, VigiBase®. We analyzed individual case safety reports of DRESS syndrome 
related to antipsychotics compared to (1) all other medications in VigiBase®, (2) carbamazepine (a known positive 
control), and (3) within classes (typical/atypical) of antipsychotics. We calculated reporting odds ratio (ROR) and Bayesian 
information component (IC), with 95% confidence intervals (CIs). Disproportionate reporting was prioritized based on 
clinical importance, according to predefined criteria. Additionally, we compared characteristics of patients reporting with 
serious/non-serious reactions.
Results A total of 1534 reports describing DRESS syndrome for 19 antipsychotics were identified. The ROR for 
antipsychotics as a class as compared to all other medications was 1.0 (95% CI 0.9–1.1). We found disproportionate reporting 
for clozapine (ROR 2.3, 95% CI 2.1–2.5; IC 1.2, 95% CI 1.1–1.3), cyamemazine (ROR 2.3, 95% CI 1.5–3.5; IC 1.2, 95% CI 
0.5–1.7), and chlorpromazine (ROR 1.5, 95% CI 1.1–2.1; IC 0.6, 95% CI 0.1–1.0). We found 35.7% of cases with co-reported 
anticonvulsants, and 25% with multiple concurrent antipsychotics in serious compared to 8.6% in non-serious cases (p = 
0.03). Fatal cases were 164 (10.7%).
Conclusions Apart from the expected association with clozapine, chlorpromazine and cyamemazine (sharing an aromatic 
heteropolycyclic molecular structure) emerged with a higher-than-expected reporting of DRESS. Better knowledge of the 
antipsychotic-related DRESS syndrome should increase clinicians’ awareness leading to safer prescribing of antipsychotics.

1 Introduction

Drug reaction with eosinophilia and systemic symptoms 
(DRESS) syndrome, first described in 1950 [1], refers to a 
series of serious clinical manifestations induced by hyper-
sensitivity reactions to pharmacotherapy [2, 3]. Although 
its pathogenesis is still debated [4, 5], DRESS syndrome 
has generally a severe and prolonged course, and up to 
10% mortality rate, when misdiagnosed and untreated 
[6, 7]. Due to its heterogeneity of clinical manifestations 
(including fever, skin rash, hematological findings, inter-
nal organ involvements, and lymphadenopathy) [2, 8] 

and low incidence, estimated around 1/1000 to 1/10,000 
antiepileptic drug exposures [9, 10], DRESS syndrome is 
considered a rare and unpredictable condition, also known 
as a designated medical event, which is generally serious 
and with a recognized drug-attributable component; there-
fore, case reports and analysis of large pharmacovigilance 
databases represent pivotal sources of real-world data for 
post-marketing monitoring and characterization of such 
an adverse drug reaction (ADR) [11]. DRESS syndrome 
is classified among severe cutaneous adverse reactions 
(SCARs) [12], and considering the similar clinical pres-
entation and the probable overlapping pathogenic mecha-
nisms with the drug-induced hypersensitivity syndrome 
(DiHS), it has also been proposed to refer to this condition 
as DiHS/DRESS syndrome [11, 13].

DRESS syndrome has been reported after exposure to 
several drugs [4, 14], and has been primarily associated 
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Key Points 

Clozapine, chlorpromazine, and cyamemazine are asso-
ciated with disproportionate reporting of drug reaction 
with eosinophilia and systemic symptoms (DRESS) 
syndrome compared to other medications.

Serious DRESS cases were more often associated with 
concurrent use of multiple antipsychotics compared to 
non-serious ones, while this difference was not found 
regarding oral/long-acting injectable formulations.

Fatal cases for antipsychotic-related DRESS syndrome 
stood at 10.7% (164 cases).

with antiepileptics, allopurinol, sulfonamides, non-steroi-
dal anti-inflammatory drugs (NSAIDs), and some antibiot-
ics [14–17]. More recently, DRESS syndrome following 
the use of psychotropic drugs has been reported [14, 16]. 
Specifically, most of the reports of DRESS syndrome have 
been observed after the use of clozapine [17–19], describ-
ing a peculiar clinical pattern (i.e., fever, eosinophilia, and 
internal organ involvement) [8]. Clinical manifestations 
can be heterogeneous on the basis of the involved drug, 
thus increasing the challenge of timely DRESS syndrome 
identification in different contexts and in relation to previ-
ously unsuspected drugs [8, 20].

Many risk factors as well as demographic, clinical, 
therapeutic, and prognostic features of DRESS syndrome 
may have been still overlooked; in addition, a comprehen-
sive analysis of the drugs with a strong association with 
DRESS syndrome, due to limited scientific evidence, is 
currently lacking [19]. In this regard, knowledge on antip-
sychotics, other than clozapine, which are potentially 
related to DRESS syndrome, is very scarce and limited 
to a few case reports or sporadic literature data [21, 22]. 
Thus, we need a broader analysis for all antipsychotics, as 
it is hypothesized that antipsychotic-related DRESS syn-
drome frequency may be underestimated, in line with what 
has been previously observed also for clozapine [17, 18].

In addition, considering the consistent worldwide grow-
ing trend in antipsychotic prescription rates since early 
2000s, which further increased during the coronavirus dis-
ease 2019 (COVID-19) pandemic [23, 24], both in children/
adolescents and adults [25, 26], there is a pressing impera-
tive to gain deeper insights into whether, and to what extent, 
exposure to antipsychotics—both as a pharmacological class 
and individually—is associated with DRESS syndrome.

This study aims to analyze the reporting patterns of 
DRESS syndrome related to antipsychotic drugs recorded in 

VigiBase®, the World Health Organization (WHO) database 
of individual case safety reports (ICSRs) [27].

2  Materials and Methods

The protocol was registered in advance on OpenScience-
Framework (https:// osf. io/ sf34j/). Using a case/non-case 
study design [28], we conducted a disproportionality analy-
sis on suspected ADRs reported to the WHO global database 
of ICSRs, VigiBase®, which was established in 1968 and 
is managed by the Uppsala Monitoring Centre (UMC) [27]. 
With more than 30 million ICSRs from over 170 member 
countries, VigiBase® is the largest pharmacovigilance data-
base worldwide [27]. Additional information about the com-
ponents of ICSRs can be found on the UMC website [29].

We searched the WHO VigiBase® database using the 
Standardized Medical Dictionary for Regulatory Activi-
ties (MedDRA) Query (SMQ) ‘Drug reaction with eosino-
philia and systemic symptoms syndrome,’ and we selected 
all DRESS reports in adults (≥ 18 years old) for which 
antipsychotic drugs were the suspected/interacting agent 
(cases), from inception to July 2022. To perform a case/
non-case study with disproportionality analysis, we included 
as non-cases all the reports of other suspected ADRs in 
adults. We included reports involving 82 typical and atypi-
cal antipsychotic agents according to the WHO Anatomi-
cal Therapeutic Chemical (ATC) index [30]. The full list of 
included antipsychotic agents is reported in the Supplemen-
tary Table 1 (see the electronic supplementary material). 
Detailed information on the items contained in ICSRs are 
described on the UMC website [31]. According to WHO 
policy and the UMC’s guidelines, ICSRs sent from member 
countries to VigiBase® are anonymized.

2.1  Statistical Analysis

We summarized descriptive statistical information on 
demographic and clinical characteristics of cases, such 
as median age (and interquartile range [IQR]), sex, signs/
symptoms, median (IQR) symptoms duration, outcomes, 
median (IQR) duration of antipsychotic treatment, 
median (IQR) dose of antipsychotic (expressed as a ratio 
between the dose in milligrams and the defined daily dose 
[DDD]), and comorbidities/co-medications. We used two 
disproportionality approaches: we estimated the reporting 
odds ratio (ROR) [32, 33] and the Bayesian information 
component (IC) [34] for all drugs with at least four reports of 
DRESS, with 95% confidence intervals (CIs). Traditionally 
used thresholds for disproportionality were adopted (i.e., 
lower limit of the 95% CI > 1 and > 0 for ROR and IC, 
respectively), and disproportionality was considered in the 
case of a statistically significant ROR and IC. A statistically 

https://osf.io/sf34j/
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significant disproportionality suggests the existence of a 
potentially causal association between drug(s) and adverse 
event(s) that requires further investigation.

We performed three disproportionality analyses. First, we 
estimated RORs and ICs of antipsychotic-related DRESS 
compared to all other (non-antipsychotic) drugs registered 
in VigiBase®. For this analysis, we provided a cumulative 
ROR and IC for antipsychotics altogether as a group, one for 
each class of antipsychotics (typical and atypical), and one 
for each individual antipsychotic.

Second, we calculated the so-called disproportionality by 
therapeutic area, namely for each individual antipsychotic 
compared with all other antipsychotics from the same class 
(e.g., olanzapine versus other atypical antipsychotics). This 
approach can mitigate potential bias such as confounding 
by indication and offers a preliminary intraclass analysis by 
comparing individuals sharing at least a set of common risk 
factors [35, 36].

Finally, we performed the so-called active-comparator 
disproportionality analysis by employing carbamazepine as a 
positive control, as carbamazepine has a well-known immu-
nological pathogenetic potential [37] and, among psycho-
tropic drugs, it is most frequently associated with DRESS 
syndrome [14–16, 38]. The use of an active comparator may 
limit false-positive findings and reduce channeling bias and 
provides a clinically relevant comparison [39].

Further, we compared age, sex, and body mass index 
(BMI) distribution, dose of antipsychotic (expressed as a 
ratio of dose to DDD), duration of antipsychotic treatment, 
duration of DRESS symptoms, co-medications (including 
anticonvulsants, antibiotics, and miscellaneous), concur-
rent use of multiple antipsychotics, and oral/long-acting 
injectable formulations between reports with serious versus 
non-serious of DRESS syndrome. Last, we performed a sen-
sitivity analysis for ROR calculation including only cases 
with one suspected/interacting drug, reducing the potential 
confounding due to co-suspected drugs.

To prioritize pharmacovigilance data, we classified antip-
sychotics with a statistically significant disproportionality 
by scoring the following criteria: (1) number of cases of 
DRESS syndrome/total number of reports of any ADR (0–2 
points); (2) number of cases of DRESS syndrome without 
confounders/number of all cases of DRESS (0–2 points); (3) 
significant ROR and IC consistent across different analyses 
(in the main analysis, the intraclass analysis, and with carba-
mazepine as a comparator) (0–2 points); and (4) magnitude 
of the lower limit of the 95% CI of the ROR (0–1 point). We 
reduced the percentage reported from the maximum of 10% 
to 0.4% in criterion 1 compared to previous works [40] to 
adapt it to the DRESS as being a rare ADR. More details 
about the score assigned to each criterion is reported in the 
Supplementary Table 2 (see the electronic supplementary 
material).

3  Results

3.1  Characteristics of the Study Sample

A total of 1534 reports involving antipsychotic-related 
DRESS syndrome were identified in VigiBase®, with an 
increasing reporting trend over the years (48.9% of cases 
reported in the last 10 years, 2013–2022). Of these, 164 
were fatal cases (10.7%). The demographic and clinical char-
acteristics of the patients experiencing DRESS syndrome 
are provided in Table 1. For cases of DRESS, the median 
age was 41.0 (IQR 29.0–54.0) years, with a slightly higher 
prevalence of males (n of males = 892, 58.1%), the median 
BMI was 23.9 kg/m2 (IQR 21.3–28.4), the median reported 
dose of antipsychotic was 0.7 DDDs (IQR 0.2–1.3), and the 
median duration of antipsychotic treatment was 22.0 days 
(IQR 12.0–52.0). The median duration of DRESS symptoms 
was 11.0 days (IQR 5.0–25.0). The most represented route 
of administration was oral (998 cases, 65.1%). Of the cases, 
691 (45.0%) were concurrently prescribed another co-med-
ication with DRESS-related potential [4, 6, 14]: 547 cases 
had an anticonvulsant (35.7%), 91 had an antibiotic (5.9%), 
while 53 presented other drugs (ibuprofen, ramipril, sul-
fasalazine, allopurinol) (3.5%). Reports were mostly derived 
from the United States (n = 391, 25.5%) and, considering 
the reporters, from physicians (n = 698, 45.5%) (Table 1).

3.2  Antipsychotics Versus All Other Drugs

We did not find disproportionate reporting for all 
antipsychotics as a group, when compared to all other drugs 
(ROR 1.0, 95% CI 0.9–1.1; IC 0.0, 95% CI − 0.1 to 0.1). 
However, we found a marginal disproportionality of DRESS 
syndrome for atypical antipsychotics when compared to all 
other medications (ROR 1.1, 95% CI 1.0–1.2; IC 0.1, 95% 
CI 0.0–0.2), but not for typical antipsychotics (ROR 0.9, 
95% CI 0.8–1.0; IC −0.2, 95% CI − 0.4 to 0.0) (Table 2). 
We found disproportionate reporting for clozapine (ROR 
2.3, 95% CI 2.1–2.5; IC 1.2, 95% CI 1.1–1.3), cyamemazine 
(ROR 2.3, 95% CI 1.5–3.5; IC 1.2, 95% CI 0.5–1.7), and 
chlorpromazine (ROR 1.5, 95% CI 1.1–2.1; IC 0.6, 95% 
CI 0.1–1.0) (as illustrated in Figure 1). Detailed ROR and 
IC values, with their corresponding 95% CIs, for each 
antipsychotic, each pharmacological class of antipsychotics, 
and antipsychotics overall are provided in Table 2.

3.3  Antipsychotics Versus Carbamazepine

DRESS syndrome for antipsychotics as a group was not 
disproportionately reported as compared to carbamazepine 
(ROR 0.13; 95% CI 0.12–0.14; IC −0.56, 95% CI − 0.61 to 
− 0.52). The same holds true for typical (ROR 0.04, 95% CI 
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0.04–0.05; IC − 3.25, 95% CI − 3.5 to − 3.07) and atypical 
antipsychotics (ROR 0.05, 95% CI 0.05–0.06; IC − 1.5, 
95% CI − 1.59 to − 1.43), when analyzed separately. The 
evaluation comparing individual antipsychotic medications 
to carbamazepine found that for the three antipsychotics 
showing a DRESS safety signal in the primary analysis, 
there was no disproportional report of DRESS syndrome 
cases when compared to carbamazepine (Table 3).

3.4  Antipsychotics Intraclass Comparison

Disproportionate reporting of DRESS syndrome for 
chlorpromazine, cyamemazine, and clozapine, as 
compared to other antipsychotics within their respective 
pharmacological classes, was found. Accordingly, 
statistically significant disproportionality was observed 
for chlorpromazine (ROR 1.89, 95% CI 1.31–2.72; IC 
0.92, 95% CI 0.37–1.31) and cyamemazine (ROR 2.82, 
95% CI 1.82–4.37; IC 1.38, 95% CI 0.68–1.87) among 
the typical antipsychotics, and for clozapine (ROR 
4.23, 95% CI 3.76–4.76; IC 1.47, 95% CI 1.35–1.55) 

Table 1.  Demographics and 
clinical characteristics of the 
antipsychotic-related DRESS 
syndrome cases

AP antipsychotic, BMI body mass index, DDD defined daily dose, DRESS drug reaction with eosinophilia 
and systemic symptoms, PDD prescribed daily dose, Q1 first quartile, Q3 third quartile

Characteristics of the DRESS syndrome case Total sample (n = 1534)

Age (years), median (Q1–Q3) 41.0 (29.0–54.0)
Sex (females), n (%) 642 (41.9)
BMI (kg/m2), median (Q1–Q3) 23.9 (21.3–28.4)
Dose (PDD/DDD), median (Q1–Q3) 0.7 (0.2–1.3)
AP treatment duration (days), median (Q1–Q3) 22.0 (12.0–52.0)
DRESS symptoms duration (days), median (Q1–Q3) 11.0 (5.0–25.0)
Lethal, n (%) 164 (10.7)
More than one AP, n (%) 670 (43.7)
Administration route, n (%)
 Oral 998 (65.1)
 Unknown 177 (11.5)
 Intramuscular 29 (1.9)
 Intravenous 12 (0.8)
 Other 17 (1.1)

Reported co-medication with DRESS-related potential, n (%)
 Anticonvulsants 547 (35.7)
 Antibiotics 91 (5.9)
 Miscellaneous 53 (3.5)

Country, n (%)
 United States 391 (25.5)
 United Kingdom 214 (14.0)
 Germany 148 (9.6)
 France 143 (9.3)
 Australia 138 (9.0)
 Japan 92 (6.0)
 Canada 91 (5.9)
 Other (40 countries) 261 (17)

Reporter, n (%)
 Physician 698 (45.5)
 Other health professional 170 (11.1)
 Pharmacist 132 (8.6)
 Consumer/non-health professional 39 (2.5)
 Lawyer 6 (0.4)
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among the atypical antipsychotics group (as outlined in 
Supplementary Table 3; see the electronic supplementary 
material).

3.5  Comparison of Serious Versus Non‑serious 
DRESS Syndrome Reports

We did not identify any difference between individuals 
experiencing serious (n = 1055) versus non-serious (n = 39) 
DRESS syndrome (Table 4). We observed a trend showing 
that males have a higher risk of serious DRESS syndrome 
compared to females (odds ratio 1.87, 95% CI 0.93–3.86; p 
= 0.07). Antipsychotic treatment showed a trend of a longer 
duration in serious versus non-serious reactions (22.00 days, 

quartile 1–3 [Q1–Q3] 12.00–46.00, vs. 16.00 days, Q1–Q3 
4.00–23.00, p = 0.10). We did not detect differences for 
reported co-prescription agents, although there was a trend 
for more frequent co-medication with antibiotic in serious 
versus non-serious cases (n = 55, 7.9% vs. n = 0, 0%, p 
= 0.07). We found a difference between serious and non-
serious DRESS syndrome cases in terms of concurrent use 
of multiple antipsychotics (serious [n = 245] 25% vs. non-
serious [n = 3] 8.6%, p = 0.03), while this was not found 
regarding oral/long-acting injectable formulations (serious 
n = 577/18 vs. non-serious n = 16/2, p = 0.11).

Table 2.  RORs and IC for DRESS syndrome by class of antipsychotic and for individual antipsychotics

RORs are considered statistically significant when the lower CI limit is > 1 and ICs are considered statistically significant when the lower CI 
limit is > 0
ADR adverse drug reaction, CI confidence interval, DRESS drug reaction with eosinophilia and systemic symptoms, IC information component, 
n number, ROR reporting odds ratio
*Significant

Drug n DRESS  
syndrome cases

n all ADRs ROR Lower 95% CI Upper 95% CI IC Lower 95% CI Upper 95% CI

Antipsychotics 1,356 728,105 1.0 0.9 1.1 0.0 −0.1 0.1
 Atypical 1,224 595,520 1.1* 1.0 1.2 0.1* 0.0 0.2
 Typical 175 101,520 0.9 0.8 1.0 −0.2 −0.4 0.0

Typical antipsychotics
 Haloperidol 57 35,870 0.8 0.6 1.1 −0.3 −0.7 0.0
 Chlorpromazine 37 12,636 1.5* 1.1 2.1 0.6* 0.1 1.0
 Cyamemazine 23 5188 2.3* 1.5 3.5 1.2* 0.5 1.7
 Levomepromazine 13 5368 1.3 0.7 2.4 0.3 −0.6 1.0
 Loxapine 11 3775 1.5 0.8 2.8 0.6 −0.4 1.3
 Zuclopenthixol 11 4359 1.3 0.7 2.4 0.4 −0.6 1.1
 Perphenazine 6 3323 0.9 0.4 2.0 −0.1 −1.5 0.8
 Droperidol 5 2197 1.2 0.5 2.9 0.2 −1.3 1.2

Atypical antipsychotics
 Clozapine 800 184,094 2.3* 2.1 2.5 1.2* 1.1 1.3
 Olanzapine 152 71,859 1.1 0.9 1.3 0.1 −0.1 0.3
 Quetiapine 134 87,822 0.8 0.7 0.9 −0.3 −0.6 −0.1
 Risperidone 89 114,334 0.4 0.3 0.5 −1.3 −1.6 −1.1
 Aripiprazole 61 70,082 0.5 0.4 0.6 −1.1 −1.5 −0.8
 Lurasidone 23 13,145 0.9 0.6 1.4 −0.1 −0.8 0.4
 Ziprasidone 23 14,911 0.8 0.5 1.3 −0.3 −1.0 0.2
 Amisulpride 16 7725 1.1 0.7 1.7 0.1 −0.7 0.7
 Paliperidone 12 47,633 0.1 0.1 0.1 −2.9 −3.8 −2.2
 Sulpiride 7 4861 0.8 0.4 1.6 −0.4 −1.6 0.5
 Tiapride 7 1922 1.9 0.9 4.0 0.8 −0.4 1.7
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Figure 1.  Reporting odds ratios (RORs) and 95% confidence intervals 
for each antipsychotic (ROR > 1 indicates increased reporting of 
DRESS syndrome associated with antipsychotics; all other drugs 

were considered as a comparator). DRESS drug reaction with 
eosinophilia and systemic symptoms

Table 3.  RORs and 95% CI for each antipsychotic (ROR > 1 indicates an increased DRESS syndrome reporting associated with antipsychotics); 
carbamazepine was considered as a comparator

ADR adverse drug reaction, CI confidence interval, DRESS drug reaction with eosinophilia and systemic symptoms, n number, ROR reporting 
odds ratio

Medication n DRESS n ADR ROR Lower 95% 
ROR

Higher 95% 
ROR

CI Lower 95% CI Higher 95% CI

Antipsychotics 1356 728,105 0.13 0.12 0.14 −0.56 −0.61 −0.52
Typical 175 101,520 0.04 0.04 0.05 −3.25 −3.50 −3.07
Atypical 1224 595,520 0.05 0.05 0.06 −1.5 −1.59 −1.43
Clozapine 800 184,094 0.11 0.10 0.12 −1.65 −1.77 −1.57
Olanzapine 152 71,859 0.05 0.05 0.06 −3.22 −3.49 −3.03
Quetiapine 134 87,822 0.04 0.03 0.05 −3.53 −3.82 −3.32
Risperidone 89 114,334 0.02 0.02 0.02 −4.25 −4.60 −4.00
Aripiprazole 61 70,082 0.02 0.02 0.03 −4.46 −4.88 −4.15
Haloperidol 57 35,870 0.04 0.03 0.05 −4.00 −4.44 −3.68
Chlorpromazine 37 12,636 0.07 0.05 0.10 −3.45 −4.00 −3.06
Cyamemazine 23 5188 0.11 0.08 0.17 −2.97 −3.67 −2.48
Lurasidone 23 13,145 0.04 0.03 0.07 −4.17 −4.87 −3.68
Ziprasidone 23 14,911 0.04 0.03 0.06 −4.32 −5.02 −3.83
Amisulpride 16 7725 0.05 0.03 0.09 −4.01 −4.85 −3.43
Levomepromazine 13 5368 0.06 0.04 0.11 −3.81 −4.75 −3.17
Paliperidone 12 47,633 0.01 0.00 0.01 −6.43 −7.41 −5.76
Loxapine 11 3775 0.07 0.04 0.13 −3.57 −4.59 −2.88
Zuclopenthixol 11 4359 0.06 0.04 0.12 −3.76 −4.78 −3.07
Sulpiride 7 4861 0.04 0.02 0.08 −4.53 −5.83 −3.68
Tiapride 7 1922 0.09 0.04 0.20 −3.25 −4.55 −2.40
Perphenazine 6 3323 0.05 0.02 0.10 −4.21 −5.63 −3.30
Droperidol 5 2197 0.06 0.02 0.14 −3.88 −5.44 −2.90
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3.6  Ranking of Pharmacovigilance 
Disproportionate Reporting

We ranked the identified disproportionate reporting for clo-
zapine, chlorpromazine, and cyamemazine, the three drugs 
with disproportionate reporting, using a clinical priority 
score. All of them were appointed with the highest clinical 
priority (as shown in Supplementary Table 4; see the elec-
tronic supplementary material).

4  Discussion

To the best of our knowledge, this is the first post-marketing 
investigation on DRESS syndrome related to antipsychotics, 
but not limited to clozapine, using the largest pharmacovigi-
lance database. The results of our study showed notable sta-
tistical associations between DRESS syndrome and three 
antipsychotics of both typical (i.e., chlorpromazine and cya-
memazine) and atypical (i.e., clozapine) classes. However, 
disproportionality did not emerge when compared to carba-
mazepine, a well-known DRESS syndrome-inducing drug.

These results are extremely relevant as these drugs are 
widely prescribed. To date, clozapine remains the only 
licensed antipsychotic for treatment-resistant schizophrenia 
[41]; chlorpromazine is one of the most commonly 
prescribed antipsychotics in China and African countries 
[42, 43], but also in some European countries such as the 

UK [25, 44], and it is included in the WHO online repository 
of essential medicines lists (EMLs) in many countries [45]; 
and cyamemazine is the second most frequently prescribed 
antipsychotic in France [46], and its use is also authorized 
in Portugal [47]. Thus, the heightened reporting of DRESS 
syndrome in patients using three specific antipsychotics 
highlights a potential oversight in understanding the link 
between drug exposure and adverse event reporting. Given 
the rarity and often overlooked nature of DRESS syndrome, 
the number of reported cases within a drug class can serve as 
a proxy for drug exposure in the population. This insight is 
valuable for estimating and comparing drug exposure using 
pharmacovigilance databases.

In addition, these results are highly relevant given the 
paucity of data reported in the literature, which has mainly 
focused on clozapine [17–19]. Instead, the role of chlor-
promazine and cyamemazine in potentially causing DRESS 
is extremely limited, and has not been previously described. 
Cyamemazine is a typical antipsychotic with  D2, 5-HT2A, 
5-HT2C, and 5-HT3 receptor antagonist activity, anxiolytic 
properties, and a low incidence of extrapyramidal side 
effects [48]. Interestingly, cyamemazine shares an aromatic 
heteropolycyclic molecular structure with clozapine and 
chlorpromazine [49–51], a common structural character-
istic among several other DRESS syndrome-related drugs, 
including phenytoin, phenobarbital, and carbamazepine [11, 
52]. Although the full pathogenesis of DRESS syndrome is 
still unknown, many hypotheses support the role of inter-
mediate metabolites of aromatic anticonvulsants (e.g., arene 

Table 4.  Analysis of characteristics of serious vs. non-serious DRESS syndrome cases

AP antipsychotic, BMI body mass index (kg/m2), CI confidence interval, DDD defined daily dose, DRESS drug reaction with eosinophilia and 
systemic symptoms, n number, LAI long-acting injectable, NA not applicable, OR odds ratio, PDD prescribed daily dose, Q1 first quartile, Q3 
third quartile
a Data available for 1027 cases
b Data available for 38 cases
c Administration route was reported otherwise or missing in 481 cases

Serious DRESS syndrome cases Non-serious DRESS 
syndrome cases

OR (95% CI) P value

N 1055 39
Age, median (Q1–Q3) 43.00 (29.0–55.00) 38.5 (27.00–52.00) NA 0.31
Sex, female, n (%) 435 (42.36)a 22 (57.89)b 1.87 (0.93–3.86) 0.07
BMI, median (Q1–Q3) 23.88 (21.25–28.43) 24.17 (22.76–28.52) NA 0.77
Dose (PDD/DDD), median (Q1–Q3) 0.67 (0.18–1.30) 0.50 (0.21–0.67) NA 0.38
Duration of AP treatment (days), median (Q1–Q3) 22.00 (12.00–46.00) 16.00 (4.00–23.00) NA 0.10
Duration of DRESS (days), median (Q1–Q3) 11.00 (5.00–25.00) 12.50 (6.00–13.75) NA 0.57
Co-medication with anticonvulsants, n (%) 416 (39.43) 17 (43.59) 0.84 (0.42–1.71) 0.62
Co-medication with antibiotics, n (%) 55 (7.87) 0 (0) NA 0.07
Co-medication with miscellaneous, n (%) 51 (4.83) 0 (0) NA 0.25
> 2 antipsychotics, n (%) 245 (25.0) 3 (8.6) 3.56 (1.10–18.3) 0.03
Oral/LAIc 577/18 16/2 3.99 (0.41–19.16) 0.11
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oxides) [53]. Other plausible hypotheses are delayed cell-
mediated immune responses, genetic predisposition related 
to specific human leukocyte antigen (HLA) haplotypes with 
an immunological mechanism, graft-versus-host disease, 
and human herpes virus (HHV)-6 infection/reactivation [52, 
54–59]. This would explain the disproportionate reporting 
found in this study for three antipsychotics with aromatic 
structure and with immunological effects.

There is little data on chlorpromazine and DRESS syn-
drome, with only three published case reports. The first 
one, recently described by Ghozlane and colleagues, was 
a suspected case of DRESS syndrome probably triggered 
by chlorpromazine [22]. In their literature review of antip-
sychotic-related DRESS syndrome, they identified only 
another case associated with chlorpromazine. The second 
chlorpromazine-related DRESS syndrome case was a female 
diagnosed with paranoid schizophrenia, and was effectively 
managed with corticosteroid therapy [60]. Finally, the third 
published case was a patient who developed DRESS syn-
drome after taking olanzapine with sodium valproate, and 
previous chlorpromazine-based treatment [61]. The uncon-
firmed hypothesis was that chlorpromazine may have sensi-
tized the patient to the onset of DRESS syndrome. A poten-
tial explanation of the relationship between chlorpromazine 
and DRESS syndrome could involve a delayed hypersensi-
tivity immune response [62], considering that prolonged use 
of chlorpromazine has been linked to the development of a 
lupus-like circulating anticoagulant and various immuno-
logical abnormalities [63]. However, this hypothesis would 
not explain cases of early DRESS onset, which, similar to 
clozapine, could be explained by a number of other factors, 
such as genetic predisposition, polypharmacy, and comor-
bidities [18].

Ultimately, clozapine has been identified as the antip-
sychotic most burdened by the association with DRESS 
syndrome, in line with previous literature [17]. To date, 
the most extensive pharmacovigilance analysis of the 
EudraVigilance identified a total of 47 cases of clozap-
ine-related DRESS syndrome and, when added to the 27 
cases previously identified from the literature review [18], 
raises the total to 74 clozapine-related DRESS cases [17]. 
The results obtained from VigiBase® confirm and extend 
the analysis of the EudraVigilance. The high reporting 
of clozapine-related DRESS could be explained both 
by pathogenic reasons as well as by the stringent safety 
monitoring dedicated to clozapine in routine care [64]. As 
we previously discussed, clozapine’s aromatic structure 
may support some hypothesis about its immunomodu-
lating effects [65]. However, following this hypothesis, 
other drugs sharing similar structural characteristics (e.g., 
olanzapine, quetiapine) should also induce adverse events 
related to hypersensitivity, but current data are not con-
sistent in this respect [16]. One hypothesis is that DRESS 

could be a hypersensitivity syndrome connected to a spe-
cific chemical structure such as dibenzazepine derivatives 
(e.g., clozapine and carbamazepine), with some of these 
characteristics also shared by other commonly utilized 
psychotropic substances, such as tricyclic antidepres-
sants (e.g., imipramine, clomipramine, amitriptyline) or 
second-generation antipsychotics (e.g., quetiapine, olan-
zapine, clotiapine, asenapine) [66, 67]. In this regard, a 
connection between clozapine-induced T cell hyperstimu-
lation has been proposed, which could lead to eosinophil 
activation and recruitment [6]. In essence, individuals 
undergoing clozapine treatment may develop a distinctive 
immunological profile, susceptible to DRESS syndrome 
together with other inflammation reactions [68]. Based 
on this assumption, clozapine-related DRESS syndrome 
would fit within the spectrum of immunological and 
inflammatory reactions extensively studied with clozapine 
[69–71]. Another partial explanation for the high number 
of clozapine-related DRESS syndrome cases could be the 
well-established safety monitoring of clozapine in routine 
care, which could help the timely recognition and report-
ing of any suspected adverse reaction, including the often 
underdiagnosed DRESS syndrome [72].

One final interesting result is the identification of a 
subgroup of patients more susceptible to severe or long-
lasting DRESS syndrome. Although our analysis was not 
conclusive, probably due to the lack of power, we identi-
fied some trends. Males with longer duration of symp-
toms and co-prescribed antibiotics were more at risk of 
severe reactions. The median dose was lower than the 
DDD in both serious and non-serious cases, suggesting 
that DRESS may have occurred during antipsychotic titra-
tion. Additionally, literature supports the idea that the risk 
of antipsychotic-related DRESS syndrome may increase in 
patients taking multiple medications, independently from 
the antipsychotic dose [17]. We identified a similar trend, 
as serious cases had co-medications with anticonvulsants, 
antibiotics, and other medications, whereas non-serious 
cases only had co-medications in a small percentage of 
cases. In addition, combinations of more than two antip-
sychotics were more common in serious cases of DRESS 
than in non-serious cases. Finally, the role of synergies 
between antipsychotics must also be considered when 
assessing the risk of DRESS.

4.1  Limitations and Strengths

There are some limitations to consider when interpret-
ing the findings of this study. Firstly, we acknowledge the 
well-known limitations of pharmacovigilance research 
[28, 73], such as the inability to establish causality and 
the lack of denominators to calculate incidence rates.
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Indeed, under-reporting represents a well-known lim-
itation of pharmacovigilance data. This concern would 
suggest that ADRs may be more frequent than what is 
reported in pharmacovigilance databases, and therefore 
the absence of signals for a particular drug should not 
be interpreted as an endorsement of safety. Additionally, 
notoriety bias cannot be ruled out, especially for clozapine 
[74], which can lead generally to an increase in sponta-
neous reports following a safety alert or when concerns 
are raised in the literature [75–77]. Increased reporting 
of known adverse reactions for a specific drug may cause 
the so-called competition bias by masking the identifica-
tion of rare side effects for other drugs. This may explain 
the lack of disproportionality for different antipsychotics 
(e.g., olanzapine) despite the number of reported DRESS 
cases not being negligible. Despite these limitations, our 
scoring system used well-established criteria trying to 
overcome this limitation and trying to establish clinical 
relevance of safety signals [78]. Another limitation is the 
overlap between the nonspecific and systemic symptoms 
of DRESS syndrome and those of other conditions such as 
neuroleptic malignant syndrome or poor tolerance to the 
drug, making differential diagnosis challenging [79–81]. 
Likewise, the lack of clinical details did not allow us to 
fully apply RegiSCAR criteria. However, we chose the 
most conservative definition of DRESS syndrome, and 
identified cases confirmed by the VigiBase® case clas-
sification. Moreover, our analysis did not provide an intra-
class comparison between chemically different substances 
(e.g., phenothiazines, thioxanthen derivatives, dibenzaz-
epine derivatives) although a chemical-based approach 
focusing on substances with similar structurers could add 
some valuable insights to the etiology of antipsychotic-
related DRESS, and it is desirable for future investigations. 
Finally, the lack of information on the modality of antip-
sychotic initiation makes it difficult to determine whether 
slower antipsychotic titration could mitigate antipsychotic-
related DRESS syndrome. Despite these limitations, in the 
case of DRESS syndrome, pharmacovigilance databases 
prove to be robust tools for identifying and characterizing 
rare ADRs in real-world setting [11, 40, 82]. Considering 
that studying rare ADRs, such as DRESS syndrome, with 
prospective and interventional or observational studies is 
difficult and would require a huge number of participants 
[11, 83, 84], pharmacovigilance databases may be a suit-
able data source to provide initial ranking within a given 
therapeutic class [82].

4.2  Clinical Implications

In the process of weighing potential clinical advantages 
and disadvantages of antipsychotic use, it is crucial not 

to overlook DRESS syndrome, although rare. When pre-
scribing antipsychotics, physicians should be aware of the 
potential onset of DRESS syndrome, which may vary across 
different antipsychotics. When prescribing antipsychotics 
with a clear potential for DRESS, such as clozapine, car-
bamazepine, and cyamemazine, physicians should actively 
monitor patients for early signs of DRESS syndrome, such 
as fever, eosinophilia, rash, and/or internal organ involve-
ments. Additional monitoring may be required for certain 
subgroups of patients receiving the abovementioned antip-
sychotics. This includes men who have recently started new 
antipsychotic therapy with high-risk antipsychotics and with 
other DRESS-related drugs. It is crucial to closely monitor 
these patients, as they might experience more severe DRESS 
syndrome manifestations with potentially serious/fatal out-
comes [17].

Current guidelines on the pharmacological treatment 
of DRESS syndrome are limited and could be expanded to 
include information on antipsychotic-related DRESS syn-
drome for clozapine, chlorpromazine, and cyamemazine 
[85].

5  Conclusion

Using the world’s largest database of spontaneous reports, 
clozapine, chlorpromazine, and cyamemazine, which share 
an aromatic heteropolycyclic molecular structure similar 
to other antipsychotics less associated with DRESS, were 
associated with higher-than-expected reports of DRESS syn-
drome compared with other drugs. Although we recognize 
that DRESS syndrome represents only a small portion of 
the total number of potential antipsychotic-related suspected 
ADR reports, it is important for healthcare providers to be 
aware of the potential onset of DRESS syndrome, espe-
cially for those antipsychotics. Further research is needed 
to strengthen these findings, investigating the biological 
plausibility of these results and potentially identifying 
antipsychotic-related DRESS syndrome risk-minimization 
strategies.
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