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Montelukast is a selective leukotriene receptor antagonist that is widely used to treat bronchial asthma and nasal allergy. To clarify the association between montelukast and neuropsychiatric adverse events (AEs), we evaluated case reports recorded between January 2004 and December 2018 in the Food and Drug Administration Adverse Event Reporting System (FAERS). Furthermore, we elucidated the potential toxicological mechanisms of montelukast-associated neuropsychiatric AEs through functional enrichment analysis of human genes interacting with montelukast. The reporting odds ratios of suicidal ideation and depression in the system organ class of psychiatric disorders were 21.5 (95% confidence interval (CI): 20.3–22.9) and 8.2 (95% CI: 7.8–8.7), respectively. We explored 1,144 human genes that directly or indirectly interact with montelukast. The molecular complex detection (MCODE) plug-in of Cytoscape detected 14 clusters. Functional analysis indicated that several genes were significantly enriched in the biological processes of “neuroactive ligand–receptor interaction.” “Mood disorders” and “major depressive disorder” were significant disease terms related to montelukast. Our retrospective analysis based on the FAERS demonstrated a significant association between montelukast and neuropsychiatric AEs. Functional enrichment analysis of montelukast-associated genes related to neuropsychiatric symptoms warrant further research on the underlying pharmacological mechanisms.
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INTRODUCTION
Montelukast is a selective leukotriene receptor antagonist used to treat bronchial asthma and nasal allergy. Although montelukast is generally well tolerated, several clinical trials and post-marketing studies have reported serious neuropsychiatric adverse events (AEs) (Philip et al., 2009a; Philip et al., 2009b; Kelsay, 2009; Calapai et al., 2014; Haarman et al., 2017). The potential association between montelukast and suicidal behavior has previously been demonstrated based on the results of a literature search of MEDLINE, EMBASE, International Pharmaceutical Abstracts, and the Food and Drug Administration (FDA) adverse event reporting system (FAERS) (Schumock et al., 2011). This information has led the FDA to issue multiple warnings concerning an increased risk of neuropsychiatric AEs after taking montelukast and other leukotriene antagonists, including aggressive behavior, anxiety, depression, abnormal dreams, excitement, hallucinations, insomnia, irritability, and potential suicidality (Marchand et al., 2013; Perona et al., 2016; Merck & Co, 2020). On March 4, 2020, the United States FDA issued a safety announcement regarding the necessity of boxed warnings about serious neuropsychiatric AEs for montelukast (Singulair) (Food and Drug Administration 2020).
The FAERS is a spontaneous reporting system (SRS) involving reports of AEs in a real-world setting that are voluntarily submitted by healthcare professionals, pharmaceutical companies, and patients. The FAERS database is publicly available, can be downloaded from the FDA website (http://www.fda.gov), and is used in the post-marketing safety assessments of approved drugs. The objective of this study was to evaluate the association between neuropsychiatric AEs using well-established pharmacovigilance indices such as reporting odds ratio (ROR).
The pharmacological mechanisms causing neuropsychiatric alterations are currently unclear (Khalid et al., 2017). Most drugs act via interactions with several proteins encoded by different genes. An analysis of drug–gene interactions improved our understanding of drug toxicity (Ludovini et al., 2016). In recent years, integrated analysis using FAERS data and drug–gene interaction analysis data has been proposed as a method to expand our knowledge of AEs (Wu et al., 2016; Lin et al., 2017; Tanaka et al., 2021). To better understand the toxicological mechanisms underlying montelukast-associated neuropsychiatric AEs, we extracted a data set of human genes interacting with montelukast from public databases and constructed a drug–gene interaction network. Functional enrichment analysis of these genes was performed to elucidate the potential toxicological mechanisms of montelukast-associated neuropsychiatric AEs.
METHODS
Data Source
Data from April 2004 to December 2018 were extracted from the FAERS database on the FDA website. The informatic structure of the FAERS database is based on the international safety reporting guidelines issued by the International Council on Harmonization (ICH), known as ICH E2B guidelines (U. S. Department of Health and Human Services, 2014). We integrated our database from the FAERS dataset using FileMaker Pro Advanced software (FileMaker, Inc., Santa Clara, CA, United States), according to the ASCII Entity Relationship Diagram, which is publicly available from the FDA website (https://www.fda.gov).
Following the FDA’s recommendation, we excluded duplicate reports of the same patient from different reporting sources from the analysis and extracted reports. Drugs in FAERS are classified into four categories: primary suspect drug (PS), secondary suspect drug (SS), concomitant (C), and interacting (I), according to the anticipated degree of involvement for AEs. Only reports with the PS drug code were included in this analysis.
Definition of Adverse Events
AEs were coded with terms found in the Medical Dictionary for Regulatory Activities (MedDRA, https://www.meddra.org), which is the dictionary for terminology used in the FAERS database. This study relied on the definitions provided by MedDRA version 21.0. To evaluate montelukast-associated AEs, we utilized the system organ classes (SOCs) of “psychiatric disorders,” “general disorders and administration site conditions,” “nervous system disorders,” “respiratory, thoracic and mediastinal disorders,” and “gastrointestinal disorders” (Table 1). The preferred terms (PTs) related to each SOC are summarized in Table 1.
TABLE 1 | Number of reports and reporting odds ratio related to montelukast in the FAERS (January 2004−November 2018).
[image: Table 1]Signal Detection
We used the ROR to analyze the association between montelukast and AEs. The ROR is the ratio of the odds of reporting an AE relative to all other AEs associated with the drug of interest compared with the reporting odds for all other drugs in the FAERS database (Poluzzi et al., 2012). ROR is calculated based on the two-by-two contingency table. RORs are expressed as point estimates with 95% confidence interval (CI). The signal was considered positive when the lower limit of 95% CI was >1 and the number of reports was ≥2 (Poluzzi et al., 2012).
Drug−gene Interaction Network
The drug−gene interaction network was constructed on the basis of drug−gene and gene−gene interactions. Montelukast-associated genes were retrieved from DGIdb (drug–gene interaction database, https://www.dgidb.org), DSigDB (drug signatures database, http://dsigdb.tanlab.org), and STITCH (https://stitch.embl.de). The indirectly associated genes were retrieved from iRefIndex 15.0 (“9606. mitab,” https://irefindex.vib.be) (Razick et al., 2008). Molecular complex detection (MCODE) is an approach for detecting highly interconnected regions in protein−protein interaction networks (Bader and Hogue, 2003). The clusters likely to be involved in common biological function were investigated using the MCODE plug-in (version 1.5.1) of Cytoscape version 3.7 (http://cytoscape.org). This plug-in was utilized to choose hub modules of the gene−gene interaction network in Cytoscape with a degree cutoff = 2, node score cutoff = 0.2, k-core = 2, and Max. Depth from seed = 100 as the criteria. Next, we used “clusterProfiler (version 1.4.0),” an R package, to perform functional analysis and visualization of functional profiles for genes and gene clusters. We used the Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis to explore the biological significance. KEGG enrichment analysis was performed using clusterProfiler with organism = “hsa,” pvalueCutoff = 0.05, pAdjustMethod = “BH,” and qvalueCutoff = 0.1. The thresholds in the KEGG enrichment analysis are pvalueCutoff = 0.05 and qvalueCutoff = 0.1. The default thresholds in the KEGG enrichment analysis are pvalueCutoff = 0.05 and qvalueCutoff = 0.2. Lin et al. applied pvalueCutoff = 0.05 and qvalueCutoff (not listed) (Lin et al., 2017). We could not find a gold standard for the thresholds. Finally, disease enrichment analysis based on DisGeNET was performed using the function enrichDGN in the R package named DOSE: Disease Ontology Semantic and Enrichment analysis (version 3.2).
RESULTS
The FAERS database contains 11,527,470 reports from January 2004 to December 2018. After excluding duplicates according to the FDA recommendations, 9,702,166 were analyzed. The RORs of suicidal ideation, suicide attempts, and depression in the SOC of psychiatric disorders were 21.5 (95% CI: 20.3–22.9), 9.5 (95% CI: 8.5–10.5), and 8.2 (95% CI: 7.8–8.7), respectively.
We primarily searched DGIdb (drug–gene interaction database, https://www.dgidb.org), DSigDB (drug signatures database, https://dsigdb.tanlab.org), and STITCH (https://stitch.embl.de) and retrieved 26 genes (ABCC1, AHR, ALOX5, ATAD5, ATG4B, CCL11, CYP2C8, CYSLTR1, CYSLTR2, IL13, IL4, IL5, KDM4A, LTA4H, LTB4R, LTB4R2, LTC4S, PLA2G1B, POLH, POLI, POLK, PPP1CA, S1PR1, S1PR3, S1PR4, SLCO2B) that interact with montelukast directly. All the genes of “9606. mitab” from iRefIndex 15.0 (https://irefindex.vib.be) were integrated into a network with 20,877 nodes and 429,350 edges. The genes that directly or indirectly interact with the above 26 genes were integrated into a network with 1,144 nodes and 35,384 edges. MCODE plug-in found 14 clusters (Table 2). To translate the network into biological insights, we further performed functional enrichment analysis using the KEGG pathways. The top four clusters stratified by biological process are shown in Figure 1 (Supplemental Figures 1A–D).
TABLE 2 | Clusters of networks analyzed by MCODE.
[image: Table 2][image: Figure 1]FIGURE 1 | Top four gene interaction networks based on the MCODE plug-in of Cytoscape.
The genes interacting with montelukast were enriched in a number of gene sets involved in “neuroactive ligand−receptor interaction” and “chemokine signaling pathway” in cluster 1, and “neuroactive ligand−receptor interaction” and “calcium signaling pathway” in cluster 2 (Figure 2).
[image: Figure 2]FIGURE 2 | Dot plot of KEGG functional enrichment analysis.
Furthermore, data retrieved from DisGeNET was used to characterize diseases associated with montelukast. We found significant enrichment in genes involved in the following diseases related to montelukast (Figure 3): “pneumonia” (adjusted p-value = 2.85 × 10–15) and “respiratory syncytial virus infections” (adjusted p-value = 1.36 × 10–17) in cluster 1 and “mood disorders” (adjusted p-value = 1.21 × 10–12) and “major depressive disorder” (adjusted p-value = 1.83 × 10–7) in cluster 2.
[image: Figure 3]FIGURE 3 | Dot plot of DisGeNET disease enrichment analysis.
DISCUSSION
We elucidated the AE profile of montelukast using the SOC of psychiatric disorders associated with the drug in the FAERS database. The lower limits of the 95% CIs of RORs related to the SOC of “psychiatric disorders” were more than 1, and the signal was significantly detected. Neuropsychiatric AEs have been found to account for the most important costs associated with comorbidity in asthma and have a negative impact on the patients’ quality of life (Schumock et al., 2011; Chen et al., 2016; Khalid et al., 2017), although most symptoms improve upon stopping montelukast therapy.
To better understand the toxicological mechanisms of montelukast-associated neuropsychiatric AEs, we curated drug−gene interactions from public databases. A total of 1,144 human genes interacting with montelukast were investigated. Some of these genes that were highly enriched in DisGeNET were related to “mood disorders” and “major depressive disorder” (Figure 3). HCRT (hypocretin neuropeptide precursor), HTR2A (5-hydroxytryptamine receptor 2A), and KALRN (kalirin RhoGEF kinase) genes were enriched in the modules “mood disorders” and “major depressive disorder” in cluster 2 (Table 2). HCRT encodes hypocretin, a hypothalamic neuropeptide precursor protein that gives rise to two mature neuropeptides, orexin A and orexin B, via proteolytic processing. The hypothalamic-pituitary-adrenal (HPA) axis plays an important role in the network mediated by stress-related neurotransmitters and have been proposed to affect depression (Bao et al., 2012) and suicide (Turecki et al., 2012). Hypocretins produced in the hypothalamus (Hunt et al., 2015) have functional interactions with the HPA axis and regulate sleep, feeding, energy balance, sexual behavior, and stress response, which are affected in depression (Nollet and Leman, 2013). HTR2A encodes 5-HT2A receptors, which are associated with major depressive disorder, schizophrenia, and suicidality (Niculescu et al., 2017). KALRN is a protein-coding gene that has been associated with stroke (Krug et al., 2010), coronary heart disease (Wang et al., 2007; Beręsewicz et al., 2008; Krug et al., 2010), schizophrenia (Hill et al., 2006; Hayashi-Takagi et al., 2010; Bradshaw and Porteous, 2012), and adult attention-deficit/hyperactivity disorder (Lesch et al., 2008). These findings suggest that montelukast could increase the risk of “psychiatric disorders.”
The common AEs caused by montelukast are upper airway infections, anaphylaxis, nausea, vomiting, diarrhea, elevated levels of liver enzymes, agitation, anxiety, depression, sleep disturbance, and eosinophilic granulomatosis with polyangiitis (EGPA), also known as Churg–Strauss syndrome (Calapai et al., 2014; Merck & Co, 2020). The presence of the ROR signal of EGPA in our study indicates the association of EGPA with the use of montelukast. However, the hypothesis that EGPA is not attributed to montelukast but to the reduction in the dose of glucocorticoid used in combination with montelukast has recently been accepted (Bibby et al., 2010). We considered that the value of the ROR related to EGPA was only apparently high.
Many studies supporting an association between leukotriene-modifying agents including montelukast and suicidality are primarily based on reviews of individual safety reports in AE databases which are subject to reporting bias and confounding factors. On the contrary, case-control and cohort studies, and clinical trials do not support an association between the two. Ecological studies have demonstrated a lack of positive association between leukotriene-modifying agents and suicidality at the population level (Khalid et al., 2017). Although our study is based on the FAERS database, it also has some limitations that are worth mentioning. As the FAERS is an SRS, it has several limitations including biases (under-reporting, over-reporting, missing data, and comorbidities), a lack of detailed information about the patients, and the exclusion of healthy individuals as a reference group. Therefore, ROR cannot be used for assessing true risks and ranking AEs. The risk of suicidal behavior increases among patients with respiratory diseases such as asthma (Schumock et al., 2011; Khalid et al., 2017). It has been elucidated how co-morbidities render FAERS data difficult to interpret (compared with controlled study data). Another limitation is that the SOCs in the FAERS data analysis and “mood disorders” and “major depressive disorder” in drug–gene analyses might not exactly represent the same clinical outcomes. Therefore, our results from the FAERS database must be interpreted considering these limitations. Further epidemiological studies using a large number of patients and well-controlled trials are required to confirm the safety risks of montelukast. When prescribing montelukast, clinicians should carefully monitor patients who may be at elevated risk for suicidal ideation or depression, according to the boxed warnings.
Some limitations of our functional enrichment analysis should also be noted. Our results do not offer any hard evidence regarding the potential mechanisms of montelukast-associated neuropsychiatric AEs. For now, the drug–gene interactions investigated have not been validated in any experimental model or in vitro and in vivo experiments because of our currently limited knowledge about disease-associated proteins and their interactions. Therefore, the association between montelukast and genes should be confirmed experimentally. Furthermore, we identified a list of 26 proteins interacting with montelukast. However, not all genes from databases like DGIdb are direct pharmacological targets; many may be indirectly affected by drugs. Our analysis uses a protein–protein interaction network to map these 26 affected proteins to larger networks and demonstrate that the networks are enriched in genes pertaining to mood disorders. We seized on the genes HCRT, KALRN, and HTR2A to substantiate the connection to mood disorders. As these genes are not direct targets of montelukast, this approach must be validated by showing that a given “hotspot” in such a protein–protein interaction network distinguishes drugs that cause “mood disorders” from drugs that do not. The modular assembly of drug safety subnetworks (MADSS) algorithm may be suitable for solving this problem (Lorberbaum et al., 2015).
CONCLUSION
Our retrospective analysis demonstrated a significant association between montelukast and neuropsychiatric AEs. The genes that were thought to be associated with neuropsychiatric symptoms due to their interaction with montelukast were found to be significantly enriched in functional categories of psychiatric disease, which necessitates future pharmacological research.
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16278 ACKR3, ADCY1, ADCY2, ADCY3, ADCY4, ADCYS, ADCY6, ADCY7, ADCYS, ADCY9, ADORAT, ADORAZA, ADORA2B, AGT, AGTRI, AGTRZ,
ANXAL, APLN, APLNR, APP, ARHGEF1, ARHGEF12, BDKRBI, BDKRB2, C3, C3ARI, CS, CSARI, CASR, CCLI6, CCL19, CCL20, CCL21, CCL23,
CCL25, CCL27, CCL28, CCLS, CCRI, CCR10, CCR2, CCR3, CCR4, CCRS, CCR6, CCRT, CCRS, CCR9, CHRM2, CHRM4, CNRI, CNR2, CXCLI, CXCLIO,
CXCLI1, CXCLI2, CXCLI3, CXCLI6, CXCL2, CXCL3, CXCLS, CXCL6, CXCLS, CXCLY, CXCRI, CXCR2, CXCR3, CXCR4, CXCRS, CXCR6, DRD2,
DRD3, DRD4, FPRI, FPR2, PR3, GAL, GNAI2, GNAI3, GNAIL, GNAI2, GNAI3, GNAT3, GNAZ, GNBI, GNG2, GPERI, GPRIS, GPRSS, GRM2, GRM3,
GRM4, GRM6, GRMT, GRMS, HCAR1, HCAR2, HCAR3, HEBP1, HRH3, HRH4, HTRIA, HTRIB, HTRID, HTRIE, HTRIF, HTRSA, INSLS, KNG1,
MCHR1, MCHR2, MTNRIB, NMS, NMU, NMURI, NMUR2, NPB, NPBWR1, NPBWR2, NPW, NPY, OPRD1, OPRK1, OPRL1, OPRM1, OXGRI, P2RY 12,
P2RY13, P2RY 14, P2RY4, PDYN, PENK, PF4, PIK3CG, PIK3RS, PIK3R6, PLCBI, PLCB2, PLCB3, PMCH, PNOC, POMC, PPBP, PPY, PYY, RLN3,
RXFP3, RXFP4, SIPRI, SIPR2, SIPR3, SIPR4, SAAIL SST, SSTRI, SSTR2, SSTR3, SSTR4, SSTRS, SUCNRI, TAS2RI, TAS2RI0, TAS2R13, TASZR14,
TAS2RI6, TAS2RI9, TAS2R20, TAS2R3, TAS2R30, TAS2R31, TAS2R38, TAS2R39, TAS2R4, TAS2R40, TAS2R41, TAS2R43, TAS2R46, TAS2RS,
TAS2RS0, TAS2R60, TAS2RT, TAS2RS, TAS2RY, TMIGD

3492 ADRAIA, ADRAIB, ADRAID, ARHGEF25, AVP, AVPRIA, AVPRIB, CCK, CCKBR, CHRMI, CHRM3, CHRMS, CYSLTRI, CYSLTR2, EDNI, EDN2,
EDN3, F2, FFARI, FFAR2, FFAR3, GAST, GCG, GCGR, GHRL, GHSR, GNAL1, GNA14, GNALS, GNAQ, GNRHI, GNRH2, GNRHR, GPRI32, GPR4,
GPRGS, GPR68, GRK2, GRKS, GRM1, GRMS, GRP, GRPR, HCRT, HRH1, HTR2A, HTR2B, HTR2C, KALRN, KISS1, LPAR4, LPARG, LTB4R, LTB4R?,
MLN, MLNR, NMB, NMBR, NPFF, NPS, NPSR1, NTS, OPN4, OXT, P2RY 1, P2RY 10, P2RY2, P2RY6, PIK3CA, PIK3RI, PLCB4, PROK1, PROK2,
PROKRI, PROKR2, QRFP, TACI, TAC3, TRH, TRHR, TRIO, UTS2, UTS2B, UTS2R, XCLI, XCL

531 AKAP9, AURKA, AURKB, CBL, CCNBI, CENPE, CEP192, CEP63, CKAPS, CSF2RB, CSNKE, DCTNI, DYNLLI, ERCC6L, GAB2, GRB2, HRAS, IL2,
IL2RA, IL2RB, IL2RG, ILS, ILSRA, INPPSD, INPPLI, JAK1, JAK2, JAK3, KIF18A, KNLL, KRAS, MADILI, MAPREL MIS12, NEK2, NINL, NRAS,
PAFAHIBI, PDPK1, PIK3CB, PIK3CD, PMF1, PRKACA, PTPNG, RAF, SFI1, SGO2, SHCI, SHC2, SHC3, SOS1, YWHAB, YWHA

498 A2M, ACTB, AKTI, APOE, AR, ARNT, ATPSA1, AXIN1, BAD, BRCA2, CCNTI, CDC6, CDK4, CHUK, CLOCK, CLTC, CSNK2B, CTDPI, CUL3, CUL,
CYP2C8, ECSIT, EEFIAI, EGR1, ELAVLI, ELL, EP300, ERBIN, GPN3, GSK3B, HDACI, HDACS, HISTIH4A, HNRNPL, HSPO0AAL HSPAIL, HSPAd,
IFIT3, IKBKB, IKBKE, ITGA4, ITSN1, LIMAL, LONP1, MAPK1, MASTI, MCM6, MCM7, MND1, MYH9, NCAM1, NFKBI, ORCS, PIHID1, PKM,
PPPICA, PPPIRI3L, PPPIRISA, PPPIR3A, PPPIR7, PPP2CA, PRKCB, PTK2, RADS1, RBI, RBM4, REL, RNF32, RPAP3, RPS24, RUNXI, SFPQ,
SH3KBP1, SQSTMI, SRC, STUBI, SUPTGH, SYNCRIP, TAF6, TGFB1, UBB, URIL, VCP, XPO, YES1, ZFYVE

212 BRCAL, CAPZAL, CDCI6, CDCSL, CDKI, CDK2, CEBPB, CULI, ESR1, FBXW11, FLOTI, FN1, FUS, HSP90ABI, HUWEI, LOCI01060521, MDM2, MYC,
NCOAI, NCOA2, NFKB2, PCNA, PDRG1, PFDN2, POLR3A, POLR3B, PSMF1, RELA, RPAP2, RUVBL2, SKP1, SKP2, SP1, SRSFS, TPS3, UBC, UXT,
YWHA

108 ANLN, ARPC3, ARRB2, CALML3, CAPZA2, CD2BP2, DBN1, GTF2F1, GTF2F2, HSPAS, LOCI07987457, MAPK3, MYOI8A, MYOIC, MYOSC, PPPICB,
PRPF4, PTPN11, SF3A2, SF3BI, SRSF11, SRSF7, STATSA, STATSB, SYNP, TMOD3, TPRN.

213 AAV2GPO2, AHR, ARNTL, BCL6, BHLHEAL, CAV1, CCDCS, CCND3, CHCHD3, COPSS, CRK, CTNNB1, CUL4B, DDX1, FASN, FLNA, GH1, HDAC3,
HDACS, ILF2, IQGAP1, MATR3, MSH2, MSTIR, NCOR1, NFATCI, NFATC2, NOC2L, NTRK 1, POLD1, PPPICC, PPPIR9A, PPP2RSC, PPP2RSE, PSMD2,
PTEN, RFCS, RPAL, RPLI3, SET, SMAD, SMAD7, SMARCAS, SNW1, STAT3, STAUL, TAF7, TAF9, TBP, TIAL, TOX4, TRAF6, UBAS2, VCAMI, VPR,
YWHAH

108 ALDHTAL, AMOTLI, ASNS, ATG3, ATG4B, BHLHEA0, CCDCSSC, CCNAL, CDHI, CREBI, CXXC1, DDBI, DECI, E7, FGR, GABARAPLI, HCFCI,
HIST2H3A, HIST3H3, ILF3, LNX1, LRRK2, MAP1B, MDC1, MKI67, MPPS, NCOR2, NEDDS, NONO, POLR2A, POLR2E, PUF60, RELB, RHOQ, RORC,
RRP1B, RUVBLI, SCPEP1, SIRT], SMARCA4, STK24, TBCB, TGFBR1, TGFBR2, TNFRSF1A, TRAF3, TRIM28, TRIPG, VDR, WAS, WWP2, YAP1,
ZNF326

46 ALOXS, ALOXSAP, ATM, BAX, BCL2L1, CSNK2A1, H3F3A, HISTIH3A, KHDRBS1, LEOL, LTC4S, MSH6, NCSTN, PIAS1, PTGES3, PTPA, RPS27A,
RPST, SMARCBI, SNCA, STK11, TAF1S, TAT, VIM, WRN, POLK
6 FOXP3, GATA3, IRF1, IRF2, MYB
3 CAMK2G, GRIAI, GRIN2B
3 HISTIH2BC, TERF2, TORIAIPI
28 ATADS, BAG3, BCL2, BNLF2A, CANX, DDX31, DICERI, ES, G3BP1, GEMIN4, NIFK, NOPS3, NOPS6, OBSL1, PGRMCI, RASSF, SIRT?, STX4,
TPS3BP2, UBRS
18 ALOX12, ALOX1S, ATG10, CEP170, DCAF7, DVL2, GPX1, GPX4, MAPILC3A, MAPILCIC, PDCDGIP, RHOA, SYNPO2, UBAS, WWOX
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System organ class  Preferred term Total (n) Case (n) ROR' (95% CI¥)
Psychiatric disorders

Abnormal behaviour 28421 1036 33.9(31.8-36.2)°
Aggression 32013 1089 31.7 (29.8*33.8)'
Anger 21031 589 24.8 (22.8-27.0)"
Suicidal ideation 52853 1222 21.5(20.3-22.9)"
Crying 23462 533 19.9 (18.2-21.7)"
Suicide attempt 32922 365 9.5(8.5-10.5)"
Irritability 38269 410 9.2(83-10.1)
Depression 150969 1351 8.2 (748—8.7)'
Anxiety 152974 1166 6.9 (6.5-7.3)"
Somnolence 104243 153 12(1.0-1.4)
General disorders and administration site conditions
Dysaesthesia 1791 20 9.3 (6.0-14.4)"
Chest discomfort 49528 163 2.7 (243—3.2)‘
Drug ineffective 585594 683 1.0 (0.9-1.0)
Chest pain 118133 140 1.0 (0.8-1.1)
Pyrexia 176908 182 0.8 (0.7-1.0)
Asthenia 195143 153 0.6 (0.5-0.7)
Oedema peripheral 81406 61 0.6 (0.5-0.8)
Nervous system disorders
Crying 23462 533 19.9 (18.2-21.7)"
Agitation 46551 396 7.2 (6.6-8.0)"
Paraesthesia 45243 260 4.8 (4.3*5.5)'
Tremor 95466 241 2.1(1.8-2.4)"
Hypoaesthesia 90077 152 1.4(12-1.6)"
Somnolence 104243 153 12(1.0-1.4)
Dizziness 267534 292 0.9 (0.8-1.0)
Respiratory, thoracic and mediastinal disorders
Eosinophilic granulomatosis with polyangiitis 1111 656  1251.7 (1109.1-1412.7)"
Asthma 41672 646 13.6 (12.6*14.7)'
Wheezing 22679 210 7.8 (6.8-8.9)"
Chest discomfort 49528 163 27(23-32)
Cough 139814 342 20(1.8-23)"
Dyspnoea 298146 556 1.6 (1.4-1.7)"
Chest pain 118133 140 1.0 (0.8-1.1)
Pneumonia 189810 186 0.8 (0.7-0.9)
Gastrointestinal disorders
Abdominal pain 229998 459 1.7(1.5-1.8)"
Dyspepsia 50859 92 1.5(1.2-1.8)°
Gastrooesophageal reflux disease 41434 59 1.2 (0.9-1.5)
Dysphagia 49050 65 1.1(0.9-1.4)
Diarrhoea 294666 240 0.7 (0.6-0.8)
Vomiting 243593 224 0.8 (0.7-0.9)
Nausea 404471 280 0.6 (0.5-0.6)
Constipation 97416 66 0.6 (0.4-0.7)
Dysgeusia 45243 25 0.5(0.3-0.7

T Reporting odds ratio
¥ Confidence interval
* Lower limit of 95% CI > 1
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