Summary of cases of suspected drugs without the required information on the approved label

[bookmark: _Hlk114258920]Lumacaftor/ivacaftor
[bookmark: _Hlk114258601][bookmark: _Hlk114258805][bookmark: _GoBack]We identified five cases (reported in one case series) associated with lumacaftor/ivacaftor in adolescent women with cystic fibrosis [50] (Table 1). The causality score for these cases ranged from 3 to 8, the mean value of which was classified as “probable” (5.0). Of these, three patients had a history of psychiatric diagnoses such as anxiety and depression; however, none of them had a history of suicide attempts. Within 2 weeks to 9 months of initiating the administration of lumacaftor/ivacaftor, two patients experienced suicidal ideation and three patients attempted suicide. Moreover, all of them demonstrated concomitant worsening of psychiatric symptoms, including increased anxiety and symptoms of depression. After discontinuing the treatment, four patients showed an improvement in their emotional statuses. However, in one patient with underlying psychiatric comorbidity, there was no improvement in the symptoms of depression and anxiety.
Lumacaftor/ivacaftor is a drug combination that targets the cystic fibrosis transmembrane regulator (CFTR) that is approved for patients with cystic fibrosis. Although CFTR is mainly expressed in specialized epithelial cells, it has also been found in various tissues, including the brain [44]. As a result, the effect of lumacaftor/ivacaftor on CFTR in the central nervous system (CNS) might cause psychiatric disorders. A recent systematic review reported that several cohort, survey, and case series studies demonstrated an increased risk of mental health issues associated with all CFTR modulator therapies, although no findings were reported for lumacaftor/ivacaftor [45]. Furthermore, lumacaftor induces cytochrome P450 (CYP) 3A, 2C9, and 2C19, which are major metabolites of selective serotonin reuptake inhibitors [46]. This suggests that the concomitant use of lumacaftor and antidepressants reduces the efficacy of antidepressants, potentially triggering suicidal ideation. Notably, one case associated with antidepressant use has been identified.

Table 1. Causality assessment for lumacaftor/ivacaftor based on the Naranjo algorithm.
	No
	Age, sex
	Dosage
	Description of event
	Improvement after discontinuation
	Recurrence after re-administration
	Presence of other risk factors for suicide
	Recurrence after placebo administration
	Drug levels in the blood /body fluids
	
Change in ADR with dosage
	History of ADR to identical or similar drug types
	Objectivity of evidence
	Naranjo score

	1
	15, F
	
	Aggravated: increased anxiety, symptoms of depression, and suicidal ideation (2 weeks)
	Yes (within 10 days, sertraline 25 mg )
	N/A
	Yes
(anxiety)
	N/A
	N/A
	N/A
	N/A
	Yes
	4

	2
	17, F
	
	Aggravated: worsening depression and suicidal ideation (2 months)
	Yes (fluoxetine 40 mg + CBT)
	N/A
	Yes
(anxiety and depression)
	N/A
	N/A
	N/A
	N/A
	Yes
	4

	3
	14, F
	
	Severely aggravated: symptoms of depression (after 9 months) and suicide attempt (after 11 months)
	Yes (fluoxetine 20 mg + CBT)
	N/A
	No
	N/A
	N/A
	N/A
	N/A
	Yes
	7

	4
	12, F
	
	Severely aggravated: symptoms of depression and suicide attempt (2 months)
	Yes (within 3 weeks, sertraline 12.5 mg + CBT)
	N/A
	No
	N/A
	N/A
	N/A
	N/A
	Yes
	7

	5
	17, F
	
	Aggravated: worsening depression and suicide attempt (7 months)
	No (escitalopram 10 mg + mirtazapine 15 mg + fluoxetine 20 mg)
	N/A
	Yes (anxiety and depression)
	N/A
	N/A
	N/A
	N/A
	Yes
	3

	Average score for Naranjo causality
	5.0
(Probable)

	Male, M; female, F





Doxycycline
[bookmark: _Hlk114263232][bookmark: _Hlk114264906][bookmark: _Hlk114264984]We identified three different DIS cases involving doxycycline, which was initially administered for perioral dermatitis or acne [51]. Among them, two patients died from completed suicide and one patient experienced suicidal ideations. The mean Naranjo score for this drug was 7.3 (classified as “probable”), and one case was classified as “definite” causation with the highest score of 10. In this case, the patient had no personal or family history of psychiatric disorders, substance abuse, or suicide attempts; however, he experienced depressive symptoms after the administration of doxycycline (50 mg/day) for acne treatment for >1 year. After discontinuing the treatment, his depressive symptoms improved; however, he died from completed suicide 8 weeks after readministering doxycycline.
While the association between suicide and doxycycline remains inconclusive, doxycycline induced suicidal ADRs might be explained by the increase in retinoid levels caused by doxycycline. Retinoids are compounds associated with an increased risk of depression and suicidal ideation, and doxycycline acts as an inhibitor of CYP450s, the enzyme that metabolizes retinoids [21]. In our review, we identified one case report by Atigari et al. (2013) that described that a patient had CYP450 polymorphisms with decreased activity, particularly of CYP2C19. Meanwhile, other studies have suggested an association between changes in the gut microbiome composition after antibiotic use, leading to the incidence of psychiatric disorders, such as depression and schizophrenia [22-24]. A previous systematic review reported that several clinical trials reported the improvement of depressive, anxiety, and mood symptoms after probiotic treatment [25]

Table 2. Causality assessment for doxycycline based on the Naranjo algorithm.
	No
	Age, sex
	Dosage
	Description of event
	Improvement after discontinuation
	Recurrence after re-administration
	Presence of other risk factors for suicide
	Recurrence after placebo administration
	Drug levels in the blood /body fluids
	
Change in ADR with dosage
	History of ADR to identical or similar drug types
	Objectivity of evidence
	Naranjo score

	1
	19,M
	50 mg twice daily
	After 6 days
	N/A
	N/A
	Yes (patient’s brother experienced anxiety symptoms after administering doxycycline)
	N/A
	N/A
	N/A
	N/A
	Yes
(CYP2C19*2 heterozygote genotype)
	6

	2
	33,F
	Increased dosage from 200 mg/day to 100 mg once daily
	· Psychiatric adverse effects: after 2 days
· Suicidal ideation: after 3 days
	Yes
(return to normal without psychotropic drugs)
	N/A
	No
	N/A
	N/A
	N/A
	N/A
	N/A
	6

	3
	18,M
	100 mg/day; he had a medical history of administration of doxycycline [50 mg/day] for >1 year
	· Mood down: after taking doxycycline for >1 year
· Suicide: after 8 weeks of readministration
	Yes
	Yes
	No
	N/A
	N/A
	Yes
(the occurrence of suicide was noted after restarting treatment at a dosage of 100 mg/day)
	Yes
	Yes
	10

	Average score for Naranjo causality
	7.3
(Probable)

	Male, M; female, F



Piroxicam
One case associated with piroxicam was reported to have a probable (5.0) causal relationship with suicidal adverse drug reactions (ADRs) [28] (Table 3). This case was reported in a 37-year-old man with a history of depression for at least 10 years. The patient had a medical history of psychiatric symptoms associated with diclofenac, which is a nonsteroidal anti-inflammatory drug. He received piroxicam (20 mg/day) for treating rheumatoid arthritis and developed suicidal ideation symptoms with agitation, depression, and insomnia. These symptoms were completely resolved within 7 days after discontinuing the drug.
Piroxicam exerts its anti-inflammatory effects by inhibiting cyclooxygenase (COX) activity, involving in synthesizing prostaglandins. Previous studies have suggested a potential association between prostaglandins and psychotic symptoms following the administration of nonsteroidal anti-inflammatory drugs, particularly type 2 prostaglandins produced by COX-2. [26] Therefore, piroxicam-induced suicidal ADRs might be related to its inhibition of COX-2 activity. [27] However, it is important to note that the absence of available data regarding prostaglandin levels in the mentioned case report. [28]   

Table 3. Causality assessment for piroxicam based on the Naranjo algorithm.
	No
	Age, sex
	Dosage
	Description of event
	Improvement after discontinuation
	Recurrence after re-administration
	Presence of other risk factors for suicide
	Recurrence after placebo administration
	Drug levels in the blood /body fluids
	
Change in ADR with dosage
	History of ADR to identical or similar drug types
	Objectivity of evidence
	Naranjo score

	1
	37, M
	20 mg/day)
	Exact onset time was not reported
	Yes (after 1 month, fluoxetine 20 mg/day)
	Yes
	Yes
(major depression for >10 years)
	N/A
	N/A
	N/A
	Yes
	Yes
	5

	Average score for Naranjo causality
	5
(Probable)

	Male, M; female, F



Clozapine
We identified one case associated with clozapine, which was observed after increasing the dosage of the drug [52] (Table 4). A 54-year-old man with bipolar disorder (treated for >15 years) experienced suicidal ideations within a week after increasing the dosage of clozapine from 150 mg/day to 300 mg/day (he developed depression, anxiety, and insomnia concomitantly). The patient had multiple records of hospitalizations due to psychiatric disorders and alcohol abuse. This case was considered as having a probable (6.0) causal relationship with suicidal ADRs. 
Clozapine is a drug representatively used to reduce the risk of suicide in patients with schizophrenia. However, this drug also has a potential risk of obsessive–compulsive symptoms (OCS), which are a risk factor for suicidal ADRs. [40] A case report included in our study suggested that suicidal obsessions experienced by the patient are a symptom associated with OCS. [41] Another study conducted by Szmulewicz et al. (2015) has found that eight of nine patients who attempted suicide while being treated with clozapine had experienced OCS. [42] Clozapine might change the serotonergic neurotransmission caused by the antagonistic properties of 5-HT1C, 5-HT2A, and 5-HT2C receptors, which can lead to psychiatric ADRs. [43] Therefore, monitoring OCS after administering clozapine might be critical for reducing suicidal ADRs.

Table 4. Causality assessment for clozapine based on the Naranjo algorithm.
	No
	Age, sex
	Dosage
	Description of event
	Improvement after discontinuation
	Recurrence after re-administration
	Presence of other risk factors for suicide
	Recurrence after placebo administration
	Drug levels in the blood /body fluids
	
Change in ADR with dosage
	History of ADR to identical or similar drug types
	Objectivity of evidence
	Naranjo score

	1
	54, M
	From 150 mg/day to 300 mg/day
	Suicidal obsessions (in the week after increasing dose of clozapine)
	Yes (after few days, changing a treatment as quetiapine)
	N/A
	N/A
	N/A
	N/A
	Yes (the suicidal symptoms were developed within few weeks after increasing the dosage of clozapine to 300 mg/day)
	N/A
	Yes
	6

	Average score for Naranjo causality
	6
(Probable)

	Male, M; female, F


Adalimumab and infliximab
[bookmark: _Hlk114269397]Table 5 and Table 6 present the causality assessment of cases regarding adalimumab and infliximab. Two cases associated with adalimumab were observed after increasing the dosage of the drug. The Naranjo causality was classified as “probable” [35] and “possible,” [53] respectively. The dosage of adalimumab was increased in a 56-year-old woman from 40 mg/2 weeks to 40 mg/week for treating rheumatoid arthritis [35]. Although the patient had no personal or family history of increased suicidal risk, she experienced suicidal ideation during this treatment. Furthermore, she experienced symptoms of anti-TNF-α–induced lupus (ATIL), such as facial rash, shoulder pain, and oral ulcers. The other case associated with the administration of adalimumab was reported in a 53-year-old man with chronic psoriasis for >30 years [53]. After 1 year of adalimumab treatment at a dosage of 40 mg/week, his symptoms of psoriasis relapsed. Considering that he experienced no side effects during the initial adalimumab treatment and was obese, he received twice the original dose of adalimumab. After reloading the dose, his symptoms of psoriasis were well controlled without any side effects; however, he suddenly died from suicide 2 months later. Before initiating adalimumab treatment, he already had a low mood disorder and attempted suicide several times. A case associated with infliximab was observed in a 43-year-old man with ulcerative colitis [54]. He developed depression and attempted suicide after receiving infliximab. There were no personal or familial risk factors for suicide. The causality assessment for these cases was performed as soon as possible. 
A systematic review and meta-analysis of RCTs and cohort studies found no evidence of increased risk of neuropsychiatric adverse effects associated with tumor necrosis factor-alpha (TNF-α) inhibitors. [31] However, there were three cases of suicidal ADRs associated with the administration of TNF-α inhibitors, including adalimumab and infliximab. Figiel et al. (2008) have reported that TNF-α exerts neuroprotective effects on cerebral neuropathology. [32] Therefore, the reduction in TNF-α levels induced by these drugs might affect neuropsychiatric systems, leading to the development of suicidal ADRs. However, this potential mechanism has only been limited to animal studies. [33,34] Furthermore, one case report [35] has suggested that the occurrence of suicidal attempts is linked to angioimmunoblastic T cell lymphoma (ATIL) induced by adalimumab. However, considering the low incidence of ATIL in patients treated with adalimumab (0.10%) and the rarity of neuropsychiatric symptoms associated with ATIL [35], it is unlikely to explain the association between TNF-α inhibitors and suicidal ADRs.

Table 5. Causality assessment for adalimumab based on the Naranjo algorithm.
	No
	Age, sex
	Dosage
	Description of event
	Improvement after discontinuation
	Recurrence after re-administration
	Presence of other risk factors for suicide
	Recurrence after placebo administration
	Drug levels in the blood /body fluids
	
Change in ADR with dosage
	History of ADR to identical or similar drug types
	Objectivity of evidence
	Naranjo score

	1
	56, F
	from 40 mg SC/2 weeks to 40 mg SC/week
	Suicidal ideations, rash, and joint pain (2 weeks after increasing adalimumab dosage)
	Yes (after a few weeks, treating with a course of glucocorticoids)
	N/A
	No
	N/A
	N/A
	Yes
	N/A
	N/A
	8

	2
	53, M
	from 80 mg loading dose to 40 mg/2 weeks; the dosage was then doubled due to the relapse of psoriasis
	No side effects were reported because of the administration of adalimumab before he committed suicide after 2 months: suicide 
	N/A
	N/A
	Yes (history of mental illness including suicidal ideation)
	N/A
	N/A
	Yes
	N/A
	Yes
	4

	Average score for Naranjo causality
	6
(Probable)

	Male, M; female, F


Table 6. Causality assessment for infliximab based on the Naranjo algorithm.
	No
	Age, sex
	Dosage
	Description of event
	Improvement after discontinuation
	Recurrence after re-administration
	Presence of other risk factors for suicide
	Recurrence after placebo administration
	Drug levels in the blood /body fluids
	
Change in ADR with dosage
	History of ADR to identical or similar drug types
	Objectivity of evidence
	Naranjo score

	1
	43, M
	4 infusions/day
	4 weeks after his last infusion: negative thoughts increased.
5 weeks after his last infusion: a suicide attempt
	Yes
	N/A
	Yes (work-related stress)
	N/A
	N/A
	N/A
	N/A
	Yes
	4

	Average score for Naranjo causality
	4
(Possible)

	Male, M; female, F




Paclitaxel
One case associated with paclitaxel was reported in a 52-year-old woman who received chemotherapy with paclitaxel plus the granulocyte colony-stimulating factor for metastatic breast cancer [29] (Table 7). For this patient, six cycles of chemotherapy were planned, and suicidal depression was noted on day 10 of the last two cycles of paclitaxel. Clinicians discontinued this chemotherapy and newly initiated hormonal therapy. Suicidal depression was improved after the cessation of chemotherapy with paclitaxel. The causality assessment result was “probable.”
The improvement of suicidal depression symptoms after discontinuing paclitaxel treatment suggested a potential association between paclitaxel and suicidal ADRs. In addition, paclitaxel has also been reported to be associated with changes in neurobiochemical metabolites that might be related to the severity of suicidal symptoms. [29,55] However, it is difficult for this hypothesis to explain clear association between paclitaxel and suicidal ADRs because changes in neurochemical metabolites are observed in stressful conditions themselves, including cancer. [30] In mentioned case report, there is no available data regarding the post-treatment status concerning cancer.

Table 7. Causality assessment for paclitaxel based on the Naranjo algorithm.
	No
	Age, sex
	Dosage
	Description of event
	Improvement after discontinuation
	Recurrence after re-administration
	Presence of other risk factors for suicide
	Recurrence after placebo administration
	Drug levels in the blood /body fluids
	Change in ADR with dosage
	History of ADR to identical or similar drug types
	Objectivity of evidence
	Naranjo score

	1
	52, F
	6 cycles of chemotherapy, 1 cycle, 21 days: taxol 125 mg/m2 IV over 3 h every 21 days + cimetidine, benadryl, decardron + neupogen 300 µg SC/day, from day 2 to day 10,11, or 12
	Depression and severe agitation with suicide ideation (after 10 days)
	Yes (she did not experience depression while receiving hormonal therapy)
	N/A
	N/A
	N/A
	N/A
	N/A
	No
	Yes
	5

	Average score for Naranjo causality
	5
(Probable)

	Male, M; female, F





Dextromethorphan
Two cases associated with dextromethorphan were identified and classified as “possible.” The first case was observed in a 47-year-old woman who experienced suicide attempts [56] (Table 8). The patient took dextromethorphan to control her withdrawal symptoms from oxycodone abuse. According to the patient’s statement, she found the information on the internet that dextromethorphan cough syrup is effective in improving opiate withdrawal symptoms. After the discontinuation of drug administration, her symptoms improved. She had a history of mood disorders and substance abuse (methamphetamine and oxycodone). The other case was associated with an overdose of dextromethorphan [57]. A 66-year-old man ingested cough syrup containing dextromethorphan using a tablespoon (1575 mg/day dextromethorphan) instead of a teaspoon. The patient received sertraline (50 mg/day) for 2 days, and his symptoms completely improved after several months. He had no personal or family history of psychiatric disorders, substance abuse, or suicide attempts.
Dextromethorphan can induce neuropsychiatric adverse events due to its activity as an N-methyl-D-aspartate receptor antagonist [36] and 5-HT1 agonist. [37] Although no information on the risk of suicide was included in the side effects section, this risk is indicated in the overdose section. [38] In two observed cases of suicide attempts, patients had either abused or overdosed on dextromethorphan. Given that dextromethorphan is a common over-the-counter drug in most countries, it is important to note the potential risk of suicide related to this drug. 

Table 8. Causality assessment for dextromethorphan based on the Naranjo algorithm.
	No
	Age, sex
	Dosage
	Description of event
	Improvement after discontinuation
	Recurrence after re-administration
	Presence of other risk factors for suicide
	Recurrence after placebo administration
	Drug levels in the blood /body fluids
	Change in ADR with dosage
	History of ADR to identical or similar drug types
	Objectivity of evidence
	Naranjo score

	1
	46, F
	Three to four 8-ounce bottles of cough syrup with DXM 10mg
	N/A
	N/A
	N/A
	Yes(oxycodone addiction)
	N/A
	N/A
	N/A
	N/A
	Yes
	3

	2
	66, M
	1575 mg/day
	N/A
	N/A
	N/A
	N/A
	N/A
	No
	N/A
	N/A
	Yes
	4

	Average score for Naranjo causality
	3.5
(Possible)

	Male, M; female, F





Formoterol
This case was observed in a 9-year-old boy who was treated for asthma using budesonide plus formoterol [58] (Table 9). Within 28 days of switching the treatment from budesonide (180 mg/puff) two puffs twice daily to budesonide (160 mg/puff) plus formoterol (4.5 mg/puff) two puffs twice daily, the patient experienced mood disorders and subsequent suicidal ideation. These symptoms disappeared within 2 days after switching the treatment back to budesonide monotherapy. There was no personal or family history of psychiatric disorders, substance abuse, or suicide attempts. This case was classified as “possible” causation of DIS. Formoterol-induced suicidal ADRs might be influenced by the stimulation of β2-receptors in the CNS, which is involved in the development of depression, due to the structural similarity of formoterol to catecholamines. [39]

Table 9. Causality assessment for formoterol based on the Naranjo algorithm.
	No
	Age, sex
	Dosage
	Description of event
	Improvement after discontinuation
	Recurrence after re-administration
	Presence of other risk factors for suicide
	Recurrence after placebo administration
	Drug levels in the blood /body fluids
	Change in ADR with dosage
	History of ADR to identical or similar drug types
	Objectivity of evidence
	Naranjo score

	1
	9, M
	N/A
	<14 days: mood change (yelling, screaming, crying, and episodes of anger)
<28 days: insomnia began approximately 10 days before the onset of suicidal thoughts (20 days after the medication was changed to budesonide + formoterol)
	Yes (within 48 h after changing medication from 2nd to 3rd: no further mentions of suicide.
after >6 months: he remained free of suicidal ideation)
	N/A
	Yes (asthma)
	N/A
	N/A
	N/A
	N/A
	N/A
	3

	Average score for Naranjo causality
	3
(Possible)

	Male, M; female, F
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