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Objective: Voriconazole is a broad-spectrum antifungal agent. It is used widely for the prevention and treatment of invasive fungal infections in patients with a hematological malignancy, but studies on its safety in this population are scarce. We assessed the adverse drug events (ADEs) of voriconazole in this population based on the US Food and Drug Administration Adverse Event Reporting System (FAERS) database to improve understanding of the safety of voriconazole.Research design and methods: ADE reports for patients with a hematological malignant tumor using voriconazole between the first quarter of 2004 to the first quarter of 2024 were retrieved. Then, they were classified using the preferred terminology (PT) and system organ category (SOC) in the Medical Dictionary for Regulatory Activities. Data mining was done using reporting odds ratio (ROR), proportional reporting ratio (PRR), Bayesian confidence propagation neural network (BCPNN), and multi-item gamma Poisson shrinker (MGPS).Results: A total of 605 ADEs were included: 116 (19.17%) in children and 489 (80.83%) in adults. The types of SOC involved in children and adults were 22 and 24, respectively. The only positive SOC signal that satisfied all four algorithms simultaneously in children was “psychiatric disorders”, whereas in adults they were “endocrine disorders” and “hepatobiliary disorders”. At the PT level, the types involved in children and adults were 28 and 74, respectively. The highest ROR signal intensities were found for “hallucinations, mixed” in children and “toxic optic neuropathy” in adults. The median time of onset of the ADE in children and adults was 11 and 8.5 days, respectively.Conclusion: We used four algorithms (ROR, PRR, BCPNN, MGPS) to mine the signals of voriconazole in patients with a hematological malignant tumor, and compared the differences between children and adults. This study is important for targeting the monitoring, and could help to improve the safety of voriconazole.Keywords: data mining, voriconazole, hematological malignant tumor, FAERS, children, adults
1 INTRODUCTION
According to studies using cell lines involved in tumor transformation, the World Health Organization (WHO) classifies hematological malignant tumors into “myeloid tumours”, “lymphoid tumours”, “mast cell disorders”, and “histiocyte tumours” (Arber et al., 2016; Mertowska et al., 2023; Swerdlow et al., 2016). In patients suffering from a hematological malignancy, due to the fact that their immune system may be suppressed by the disease or treatment, these patients are more susceptible to invasive fungal infections (IFIs). In addition, patients with hematological malignant tumors often require the use of central venous catheters to provide medication, fluids, or nutrition, which also increases the risk of infection. Therefore, these patients are a high-risk group for IFIs and require special prevention and treatment strategies (Jenks et al., 2020; Pagano et al., 2011).
Voriconazole is a broad-spectrum antifungal agent belonging to the triazole class. It inhibits ergosterol biosynthesis in the membranes of fungal cells. Voriconazole is active against a wide range of fungi, including Aspergillus spp, Candida spp, and several others (Fernández Ávila et al., 2021; Purkins et al., 2003; Xie et al., 2023). Voriconazole is used as first-line treatment for invasive aspergillosis. It can also be used for prophylaxis in high-risk patients with an IFI. Voriconazole is active against a wide range of fungi, but it produces adverse effects, including hepatotoxicity, visual disturbances, and rash (Eiden et al., 2007; Yasu et al., 2022; Kim et al., 2017; Mihăilă, 2015; Wu et al., 2021; Xie et al., 2023). Studies have shown that adjustments to dosing regimens for voriconazole based on therapeutic drug monitoring are beneficial for promoting its safety and efficacy (Luong et al., 2016; Valle-T-Figueras et al., 2021).
There are significant differences in physiology and pharmacokinetics between children and adults,but the dosage for children is usually extrapolated from the adult dose (Leroux et al., 2021; Sienkiewicz-Oleszkiewicz et al., 2023; Wei et al., 2019). Children and adults may have different sensitivity and tolerance to drugs, leading to differences in the types and incidence of adverse drug events (ADEs) (Kearns et al., 2003; Pasternak et al., 2019). Therefore, grouping patients in these two age groups can more accurately evaluate the safety and efficacy of voriconazole in patients with hematological malignancies, providing more specific guidance for clinical medication.
The US Food and Drug Administration Adverse Event Reporting System (FAERS) is one of the major databases for the post-marketing surveillance of drugs (Cirmi et al., 2020; Feng et al., 2022). It is updated quarterly and publicly available for free download (Sakaeda et al., 2013). The database is used widely in pharmacovigilance studies to compensate for the limitations of the pre-marketing studies of drugs. FAERS plays an important part in updating drug inserts and releasing information on drug-safety alerts (Raisch et al., 2014).
Herein, we undertook data mining of ADEs with voriconazole in patients with a hematological malignancy using FAERS. We compared the differences between children and adults to provide information on the safety of voriconazole.
2 MATERIALS AND METHODS
2.1 Data sources
This study is based on data from FAERS from the first quarter of 2004 to the first quarter of 2024 (Zhai et al., 2019). FAERS consists of seven American Standard Code for Information Interchange data files: Demographic and Management Information, Adverse Drug Reaction Information, Patient Information, Drug Information, Date of Start and End of Treatment, Reporting Source Information, and Indication of Use/Diagnosis (Yu and Liu, 2024). The most recent FDA_DT with the same CASE ID, or a higher PRIMARY ID when the CASE ID and FDA_DT were identical, was selected to identify and remove duplicate reports (Huang et al., 2024; Zhou et al., 2022).
2.2 Data filtering
The search was carried out using the drug names (voriconazole or Vfend) as the primary suspect in the ROLE field. Only patients identified as having a hematological malignant tumor were included. In addition, to compare the differences between adults and children, ADEs with missing ages were excluded (76 cases). The screening process for ADEs is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Flowchart showing data filtering.
ADEs were described and classified using the preferred terminology (PT) and the system organ category (SOC) in Medical Dictionary for Regulatory Activities v.26.0 (Romão et al., 2024).
2.3 Data mining
With respect to the safety evaluation of drugs, there are four commonly used signal-mining methods: reporting odds ratio (ROR), proportional reporting ratio (PRR), Bayesian confidence propagation neural network (BCPNN), and multi-item gamma Poisson shrinker (MGPS) (Jiang et al., 2024; Liu et al., 2024; Xiong et al., 2024). The calculation and judgment criteria for these four signal mining methods are shown in Supplementary Table S1. In this study, to remove bias, only those that met all the criteria of the four algorithms were considered to be positive signals (Zhang et al., 2024).
We also assessed the time-to-onset of the ADE, which was defined as the interval between the onset date (EVENT_DT) and start date (START_DT).
2.4 Statistical analyses
Data were analyzed using SPSS 26.0 (IBM, Armonk, NY, United States). Descriptive statistics were used. Variables are presented as numbers and percentages. R 4.3.1 (R Institute for Statistical Computing, Vienna, Austria) was employed for data visualization.
3 RESULTS
3.1 Descriptive characteristics
Figure 2 presents the annual distribution of ADEs related to voriconazole use in patients with a hematological malignancy: there was a general upward trend until 2020.
[image: Figure 2]FIGURE 2 | Distribution of reported trends in the use of voriconazole ADEs in patients with a hematological malignant tumor from Q1 2004 to Q1 2024.
The number of children and adults was 116 (19.17%) and 489 (80.83%), respectively (Table 1). The study cohort comprised 214 females (35.37%), 372 males (61.49%), and 19 unspecified cases (3.14%). The country that provided the most ADEs was the USA, followed by France. The main reporter type was “professionals” (physician, pharmacist, health-professional), accounting for 88.26%, which greatly improved the reliability of ADE information.
TABLE 1 | Demographic characteristics of ADEs reported in FAERS (first quarter of 2004 to first quarter of 2024) with voriconazole use as the main suspected drug in patients with a hematological malignancy.
[image: Table 1]3.2 Signal detects at the SOC level
At the SOC level (Tables 2, 3), the number of ADEs caused by voriconazole in children and adults was 22 and 24, respectively. The only positive signal that satisfied all four algorithms simultaneously in children was “psychiatric disorders”, whereas in adults it was “endocrine disorders” and “hepatobiliary disorders”.
TABLE 2 | Frequency and signal intensity of ADEs in children at the level of system organ classifications (SOC).
[image: Table 2]TABLE 3 | Frequency and signal intensity of ADEs in adults at the level of system organ classifications (SOC).
[image: Table 3]Figure 3 shows the frequency of each SOC in children and adults as a percentage of the total SOC. The SOCs shown in group 1 were present in children and adults. The SOCs in group 2 were present in children or adults.
[image: Figure 3]FIGURE 3 | Dual-valued histograms plotted to depict the difference in SOCs between children and adults. Note: left: children; right: adult.
3.3 Signal detects at the PT level
Table 4 shows all positive PTs of voriconazole in the child group (ranked by ROR), totaling 28 types involving 13 SOCs. The top-five PTs were “hallucinations, mixed” (ROR: 363.94), “labelled drug-drug interaction medication error” (ROR: 170.43), “photosensitivity reaction” (ROR: 116.47), “steatohepatitis” (ROR: 116.25), and “drug level below therapeutic” (ROR: 109.37).
TABLE 4 | Frequency and signal intensity of ADEs in children at the level of preferred terms (PTs).
[image: Table 4]Table 5 shows all positive PTs of voriconazole in the adult group (ranked by ROR), totaling 74 types involving 17 SOCs. The top-five PTs were “toxic optic neuropathy” (ROR: 2722.79), “drug level below therapeutic” (ROR: 348.91), “vascular access site infection” (ROR: 316.94), “peptic ulcer haemorrhage” (ROR: 308.45), and “drug level decreased” (ROR: 175.69).
TABLE 5 | Frequency and signal intensity of ADEs in adults at the level of preferred terms (PTs).
[image: Table 5]We created a volcano plot to visualize the differences in positive PTs between children and adults (Figure 4). The x-axis of the volcano plot showed the magnitude of ROR values (log2), the y-axis height represented statistical significance, and higher points indicated lower p-values (which are more statistically significant results). Each point in the graph represents a relevant PT.
[image: Figure 4]FIGURE 4 | Volcano plot of age-differentiated risk signals for voriconazole in patients with a hematological malignant tumor. Note: Horizontal coordinates indicate log2 ROR (left: children; right: adult) and vertical coordinates indicate −log10-transformed adjusted p-values. Significant signals are highlighted in color. p-values are adjusted using the false discovery rate.
In the children group, the main terms were “hallucinations, mixed”, “photosensitivity reaction”, “drug interaction”, “labelled drug–drug interaction medication error”, “drug level below therapeutic”, “steatohepatitis”, and “cheilitis”. In the adult group, the main terms were “toxic optic neuropathy”, “drug interaction”, “drug ineffective”, “drug level below therapeutic”, “vascular access site infection”, “peptic ulcer haemorrhage”, and “drug level decreased”.
3.4 Time-of-onset of the ADEs
After excluding reports of missing or inaccurate start/onset date, 81 ADEs were collected, with most cases occurring within 0 and 30 days (n = 60, 74.07%), followed by 31–60 days (n = 11, 13.58%). The number of different time periods in children and adults is shown in Figure 5. The median time-of-onset of the ADE in children and adults was 11 and 8.5 days, respectively.
[image: Figure 5]FIGURE 5 | Distribution of time-to-onset of voriconazole-associated adverse reactions in child and adult patients with a hematological malignant tumor.
4 DISCUSSION
Voriconazole underwent rigorous pre-marketing clinical trials to ensure its efficacy and safety in treating IFIs. However, the diversity and complexity of the patient population in actual clinical use suggest that there may be ADEs that have not been identified or evaluated fully. We conducted in-depth signal mining and evaluation to explore differences in ADEs between children and adults treated with voriconazole in patients with a hematological malignancy using FAERS. We aimed to provide important information for future clinical use.
Figure 2 showed an upward trend in the number of ADEs related to voriconazole from 2004 to 2020. This trend may have been related to the increased frequency of voriconazole use and increased awareness of ADEs. In particular, the number of reports peaked in 2020, which may have been associated with the coronavirus disease-2019 pandemic (Salmanton-García et al., 2024; Hlaing et al., 2023; Papakonstantinou et al., 2021). Since 2021, there has been a downward trend, which may be related to the development of individualized use of voriconazole in clinical practice.
At the SOC level, commonalities and differences were presented between child and adult groups. The only positive signal that satisfied all four algorithms simultaneously in children was “psychiatric disorders” (Table 2) whereas, in adults, the positive signals were “endocrine disorders” and “hepatobiliary disorders” (Table 3). The percentages of SOC that were significantly higher in children than in adults were “skin and subcutaneous tissue disorders”, “gastrointestinal disorders”, “psychiatric disorders”, and “musculoskeletal and connective tissue disorders” (Figure 3). The percentages of SOC that were significantly higher in adults than in children were “investigations”, “respiratory, thoracic and mediastinal disorders”, “cardiac disorders”, “eye disorders”, and “neoplasms benign, malignant and unspecified (including cysts and polyps)”. In addition, two SOCs were unique to the children group (“ear and labyrinth disorders” and “product issues”), four SOCs were unique to the adult group (“reproductive system and breast disorders”, “congenital, familial and genetic disorders”, “surgical and medical procedures”, and “pregnancy, puerperium and perinatal conditions”). This phenomenon may have been due to the unique physiological state and drug-metabolism characteristics of children (children show greater systemic metabolism of voriconazole than adults) (Leroux et al., 2021).
At the PT level, “photosensitivity reactions” is a more common dermatological complication of voriconazole than in other azole antifungal agents (Malani and Aronoff, 2008). We found that the ROR signal intensity of this PT was higher in children and significant compared with that in adults (Figure 4). This finding provides additional evidence of the need for caution when prescribing voriconazole in children.
In the children group, “hallucinations, mixed” was the PT signal with the highest ROR signal intensity (Table 4). In an observational study of 72 patients aged 14–76 years treated with voriconazole, hallucinations occurred in 12 cases (16.67%). Half of these patients did not report their hallucinations spontaneously. They showed reluctance to describe them, possibly due to embarrassment and other contributing factors (Zonios et al., 2008). A case report and literature review of voriconazole-induced hallucinations and visual disturbances reported 42 cases, three of whom were children (Zheng et al., 2021). In a recent study, a search of multiple databases on drug-induced musical hallucinations identified 27 cases and 21 triggering drugs. Among them, three patients (11.11%) had musical hallucinations induced by voriconazole (Bakewell et al., 2024; Zonios et al., 2008). Voriconazole treatment-related hallucinations may be overlooked by physicians. There are few reports of hallucinations associated with voriconazole in children. However, given the high ROR in the current study, we suggest that whether children experience hallucinations deserves more clinical attention.
In the adult group, “toxic optic neuropathy” had an unusually high ROR signal intensity and high statistical significance (Figure 4). One study revealed six cases of toxic optic neuropathy induced by voriconazole in pharmacovigilance databases (e.g., VigiAcess), and voriconazole was the only drug suspected in two cases (Orssaud et al., 2021). Mounier et al. reported a case of ophthalmic complications possibly caused by toxic optic neuropathy (Mounier et al., 2018). Understanding the mechanism leading to this neuro-ophthalmic adverse effect is crucial for clinical practice. One meta-analysis indicated a trough concentration >3.0 mg/L to be associated with an increased risk of moderate-to-severe hepatotoxicity, and >4.0 mg/L to be associated with an increased risk of neurotoxicity (Jin et al., 2016). Those data suggest a need for close monitoring of the therapeutic concentrations of voriconazole during treatment. Notably, there were “drug interactions”, “drug level below therapeutic”, and “drug level increased” in children and adults in our study. Studies have shown interactions between voriconazole and carbamazepine, cyclophosphamide, aprepitant, tacrolimus, and letermovir, which are related to the induction or inhibition of metabolic enzymes such as CYP2C19, 3A4, 3a5-2D6. Multiple guidelines recommend monitoring the drug concentration during voriconazole treatment to improve safety and efficacy, preferably with prospective dose optimization based on genotype.
We identified new PTs that were not previously listed in the drug label, such as “generalised tonic–clonic seizures” (Table 5) and “disorientation” (Table 4). This finding: (i) suggests that certain patient groups may be at risk; (ii) demonstrates the importance of ongoing post-marketing surveillance and signal mining for ADEs.
Analyses of time-to-onset of the ADE showed that most ADEs occurred within 0 days and 30 days of dosing (Figure 5). The median time-to-onset of the ADE was 11 days in the children group and 8.5 days in the adult group. These data suggested that close monitoring should be carried out during the initial stage of voriconazole treatment. However, one case occurred in the adult group after 1 year of treatment with voriconazole.
Our study had two main limitations. First, FAERS faces inherent challenges, including incomplete, inaccurate, inconsistent, and delayed reporting of ADEs. These factors may have affected the relevance and accuracy of our results. Second, our analysis was affected by the uneven distribution of cases in FAERS, with more adult patients but a significantly smaller number of children. This uneven distribution of cases may have introduced a bias and limited the applicability of our findings. Further prospective clinical studies are needed to overcome these limitations and provide more reliable insights.
5 CONCLUSION
We used four algorithms (ROR, PRR, BCPNN, MGPS) to mine the signals of voriconazole in patients with a hematological malignant tumor. We found similarities and differences in SOC/PT signals between children and adults, but also identified some new PT signals not included in the drug label. In the future clinical use, differentiated pharmaceutical monitoring should be carried out for children and adults, and personalized dosing measures, such as therapeutic drug monitoring, should be combined to optimize the dosage, in order to improve the safety of voriconazole in patients with hematological malignancies.
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Characteristic Adults
Sex
Male 68 (58.62%) 304 (62.17%)
Female 47 (40.52%) 167 (34.15%)
Data missing 1(0.86%) 18 (3.68%)
ADEs 116 (100%) 489 (100%)
Weight (kg)
<50 19 (16.38%) 8 (1.64%)
50-100 g 4 (3.45%) 9 (1.84%)
>100 0 (0.00%) 104 (21.27%)
Data missing 93 (80.17%) 368 (75.26%)
Reporter country
United States 16 (13.79%) 161 (32.92%)
France 8 (6.90%) 83 (16.97%)
German 1(0.86%) 38 (7.77%)
Japan 13 (11.21%) 30 (6.13%)
Italy 5 (4.31%) 23 (4.70%)
Polish 4 (3.45%) 16 (3.27%)
China 7 (6.03%) 16 (3.27%)
Netherlands 13 (11.21%) 13 (2.66%)
Other 47 (40.52%) 103 (21.06%)
Data missing 2 (1.72%) 6 (1.23%)
Reporter type
Physician 26 (2241%) 162 (33.13%)
Pharmacist 7 (6.03%) 18 (3.68%)
Health-professional 76 (65.52%) 245 (50.10%)
Consumer 4 (3.45%) 57 (11.66%)
Data missing 3 (2.59%) 7 (1.43%)

Abbreviation: ADEs, adverse drug events.
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Frequency ROR (95% CI) PRR (x°) EBGM IC
(EBGMO5) (1C025)
Hallucinations, mixed Psychiatric disorders 5 363.94 360.78 103.79 (26.27) 67 (4.74)
(70.46-1879.79) (512.59)
Labelled drug-drug interaction | Injury, poisoning and procedural 7 17043 168.36 78.24 (31.34) 629 (4.45)
medication error complications (57.1-508.72) (537.59)
Photosensitivity reaction Skin and subcutaneous tissue 21 11647 11224 63.57 (39.25) 599 (4.27)
disorders (65.45-207.26) (1,303.1)
Steatohepatitis Hepatobiliary disorders 4 11625 11545 64.58 (21.45) 601 (4.11)
(31.14-434.05) (252.16)
Drug level below therapeutic Investigations 6 109.37 10823 62.28 (25.62) 5.96 (4.13)
(37.83-316.22) (364.32)
Cheilitis Gastrointestinal disorders 14 76.67 (39.99-147) | 74.83 (6719) 49.62 (28.78) 563 (39)
Photodermatosis Skin and subcutaneous tissue 3 72.53 7216 48.44 (15.16) 56 (3.69)
disorders (18.09-290.72) (140.35)
Hallucination, auditory Psychiatric disorders 4 48.43 48.1 (1384) 36.33 (14.06) 518 (3.37)
(15.57-150.63)
Musculoskeletal pain Musculoskeletal and connective 6 36.45 (14.84-89.51) 36.08 29.06 (13.7) 486 (3.11)
tissue disorders (163.77)
Hallucination, visual Psychiatric disorders 5 3032 (1153-79.75) 3006 25,05 (11.15) 465 (29)
(116.31)
Hypercalcaemia Metabolism and nutrition disorders 5 2011 (111-76.3) 28.86 2422 (1081) 46 (2.85)
(112.11)
Inflammation General disorders and administration 7 25,55 (11.4-57.29) 255 21,64 (11.01) 444 271)
site conditions (138.85)
Disorientation Psychiatric disorders 6 1901 (8.09-44.69) | 18.82 (89.63) 1677 (82) 407 (2.35)
Rash macular Skin and subcutaneous tissue 3 18.92 (5.66-63.18) 18.82 (44.8) 16.77 (6.11) 4.07 (2.31)
disorders
Neuralgia Nervous system disorders 7 1793 (8.14-39.48) | 17.72(98.45) 15.89 (821) 399 (228)
Drug interaction General disorders and administration 13 1384 (1001-19.12) | 12,87 (435.1) 119 (9.08) 357 (1.9)
site conditions
Hypoaesthesia Nervous system disorders 6 1093 (475-25.15) | 10.82 (49.81) 10.14 (5.05) 334 (164)
‘Therapeutic response decreased | General disorders and administration 4 1036 (381-2924) | 105 (32.06) 985 (42) 33(1.59)
site conditions
Drug level increased Investigations 5 773 (313-19.09) | 7.68 (27.6) 7.34 (345) 288 (1.18)
Agranulocytosis Blood and lymphatic system 4 667 (244-18.25) | 664 (18.32) 639 (2.75) 2,68 (0.98)
disorders
Drug-induced liver injury Hepatobiliary disorders 4 618 (226-1686) | 614 (1653) 5.93 (2.56) 257 (0.87)
Condition aggravated General disorders and administration 8 6.12 (3-1247) 604 (324) 5.84 (322) 255 (0.86)
site conditions
Arthralgia Musculoskeletal and connective 4 538 (197-14.63) | 534 (1364) 5.19 (2.25) 238 (0.68)
tissue disorders
Treatment failure General disorders and administration 5 534 (218-13.09) | 531 (16388) 5.15 (243) 237 (0.68)
site conditions
Respiratory distress Respiratory, thoracic and mediastinal 7 513 24-1094) | 508 (2219) 494 (262) 23(062)
disorders
Confusional state Psychiatric disorders 6 482 (213-1093) | 478 (17.42) 4.6 (2.35) 222 (0.549)
Drug ineffective General disorders and administration 21 478 (3.07-7.44) | 464 (58.59) 453 (3.13) 218 (0.5)
site conditions
Septic shock Infections and infestations ] 385 (19-781) | 381 (1622) 374 (207) 19 (0.22)

Abbreviations: PTs, preferred terms; SOC, system organ class; ROR, reporting odds ratio; PRR, proportional reporting ratio; EBGM, empirical bayes geometric mean; IC, information
component; 95% CI, 95% confidence interval; 2, Chi-squared.
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SOCs Frequency ROR (95%Cl) PRR (x¥) EBGM (EBGM05) IC (IC025)

Psychiatric disorders 31 346 (24-498) | 332 (50.05) 327 (2.41) 171 (0.04)
Skin and subcutaneous tissue disorders 47 3.08 (2.28-4.16) 291 (59.34) 2.87 (2.23) | 1.52 (-0.15)
General disorders and administration site conditions 124 245 (201-299) | 2.14 (82.35) 212 (1.79) 108 (:0.59)
Product issues 1 1.98 (0.27-14.26) 1.98 (0.48) 1.96 (0.38) 097 (-0.73)
Ear and labyrinth disorders 1 195 0271406 | 195 0.46) | 194 (0.37) 095 (-075)
Injury, poisoning and procedural complications 45 1.67 (1.23-2.26) 161 (10.9) 161 (1.24) 0.68 (-0.99)
Hepatobiliary disorders 2 135 (088-207) 134 (1.89) 133 (0.93) 041 (-126)
Renal and urinary disorders 15 123 (074-207) | 123 (0.64) 123 (0.8) | 029 (139)
Infections and infestations 81 112 (088-142) | 11(089) 1.1 (0.91) 0.14 (-153)
Musculoskeletal and connective tissue disorders 12 104 (059-185) | 104 (0.02) 1.04 (0.64) 005 (-1.62)
Gastrointestinal disorders 2 0w 06119 | 088 081) | 088 (0.67) | 019 (18
Cardiac disorders 10 082 (044-154) | 083 (0.37) 0.83 (0.49) 027 (~194)
Nervous system disorders 9 075 (0.56-1) 077 (3.76) 077 (06) 037 (-205)
Investigations 34 067 (047-095) | 0.69 (5.15) 0.69 (0.52) 053 (-22)
Endocrine disorders 2 0.6 (0.16-2.64) | 0.6 (0.35) 066 (0.21) 06 (-227)
Respiratory, thoracic and mediastinal Disorders 13 051 (029-0.88) | 052 (6.03) 052 (0.33) -094 (-261)
Metabolism and nutrition disorders 10 048 (025-0.89) | 049 (5.63) 049 (0.29) -1.04 (-271)
Blood and lymphatic system disorders 25 037 (025-055) | 039 (26.16) 04 (028) -134 (-301)
Eye disorders 2 033 (008-133) | 033 (2.69) 033 (0.1) 158 (-325)
Vaseulr disorders 3 02(007-0.63) | 021 (9.37) 021 (0.08) -227 (-394)
Immune system disorders 3 019 (0.06-0.58) | 019 (10.7) 019 (0.07) 239 (~4.06)
Neoplasms benign, malignant and unspecified (Incl Cysts And Polyps) 2 o000 | 010699 0.1 (0.03) )

Abbreviations: SOCs, system organ classes; ROR, reporting odds ratio; PRR, proportional reporting ratio; EBGM, empirical bayes geometric mean; IC, information component; 95% CI, 95%
confidence interval; x2: Chi-squared.
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SOCs Frequency ROR (95% Cl) PRR (x) EBGM (EBGMO05) IC (IC025)
Endocrine disorders 18 582 (365-9.28) | 578 (70.69) 5.74 (3.89) 2.52 (0.85)
Hepatobiliary disorders | 77 346 (275-435) | 336 (12872) 335 277) 1.74 (0.08)
Eye disorders 57 247 (19-321) | 242 (48.14) 242 (1.94) 127 (-039)
Infections and infestations 365 1.89 (1.68-2.11) 1.72 (123.35) 1.72 (1.56) 0.78 (-0.89)
I Psychiatric disorders 51 149 (113-197) | 147 (792) 147 (117) 056 (-1.11)
General disorders and administration site conditions | 374 138 (123-154) | 131 (31.34) 131 (119) 038 (-1.28)
Cardiac disorders 72 113 (09-144) 113 (11) 113 (0.93) 018 (-1.49)
Nervous system disorders 144 107 (09-127) 107 (0.65) 107 (0.93) 009 (-1.57)
Injury, poisoning and procedural complications 131 103 (087-123) | 103 (0.13) 1.03 (0.89) 004 (-1.62)
Investigations 179 101 (0.87-118) | 101 (0.03) 1.01 (0.89) 002 (-1.65)
*Renal and urinary disorders 35 s 0612 086070 [ 0.86 (0.65) -0.21 (-1.88)
Blood and lymphatic system disorders 104 081 (067-099) | 082 (425) 0.82 (07) -0.28 (-195)
Respiratory, thoracic and mediastinal disorders 84 078 (063-097) | 079 (4.98) 0.79 (0.66) -0.34 (-2.01)
Pregnancy, puerperium and perinatal conditions | 1 078 (0.11-557) 078 (0.06) 0.78 (0.15) -0.35 (-2.02)
Congenital, familial and genetic disorders 2 076 (0.19-304) | 076 (0.15) 0.76 (0.24) 04 (-2.07)
Immune system disorders 19 075 (048-117) 075 (1.61) 0.75 (0.51) -0.42 (-2.08)
Vascular disorders 33 0.69 (049-0.97) 07 | 0.7 (0.52) ~0.52 (-2.19)
Reproductive system and breast disorders 3 0.64 (02-1.97) 0.64 (0.62) 0.64 (0.25) -0.65 (-232)
Skin and subcutaneous tissue disorders 57 063 (048-082) | 064 (1151) [ 0.64 (0.52) | ost23n
Metabolism and nutrition disorders 33 062 044089 | 063 (742) | 0.63 (0.47) -0.67 (-2.34)
Neoplasms benign, malignant and unspecified (Incl Cysts and Polyps) 47 045 (0.33-06) 046 (31.53) 0.46 (0.36) -1.12 (-279)
Gastrointestinal disorders 49 027021030 | 029 (245) | 0.29 (0.23) ~1.78 (-345)
Musculoskeletal and connective tissue disorders 17 022 (014-036) | 023 (4521) | 0.23 (0.16) ~2.11 (-378)
Surgical and medical procedures 2 0.11 (003-045) | 0.1 (14.08) 0.11 (0.04) -3.15 (-4381)

Abbreviations: SOCs, system organ classes; ROR, reporting odds ratio; PRR, proportional reporting ratio; EBGM, empirical bayes geometric mean; IC, information component; 95% CI, 95%
confidence intervak y2, Chi-squared.
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Frequency ROR (95% CI)

PRR (,®)

EBGM
(EBGMO5)

IC
(1C025)

Toxic optic neuropathy Eye disorders 1 272279 2,707.47 58096 (199.5) | 9.18 (7.36)
(759.01-9,767.45) (6,377.23)
Drug level below therapeutic Investigations 8 34891 347.48 23661 (11701) | 7.89 (6.13)
(150.4-809.42) (1879.47)
Vascular access site infection Infections and infestations 3 31694 31646 2182 (7149) | 779 (591)
(81.9-1226.57) (660.37)
Peptic ulcer haemorrhage Gastrointestinal disorders 5 30845 307.67 21747 (9077) | 776 (5.96)
(108.56-876.39) (1,078.85)
Drug level decreased Investigations 9 17569 17488 14159 (77) 7.15 (543)
(84.84-363.82) (1258.09)
Endophthalmitis Infections and infestations 6 11395 1136 98.59 (47.98) 662 (49)
(48.19-269.45) (58038)
Intentional overdose Injury, poisoning and 4 75.89 (27.09-212.56) 7573 68.78 (29.05) 6.1 (4.38)
procedural complications (267.55)
Superinfection bacterial Infections and infestations 4 6297 (22.67-174.94) 6284 57.99 (24.66) 5.86 (4.14)
(22435)
Hallucination, visual Psychiatric disorders 9 4945 (25.15-97.24) 49.23 46.21 (26.24) 5.53 (3.85)
(398.69)
Eastern cooperative oncology group Investigations 3 4622 (14.38-148.51) 4615 43.49 (1638) 544 (373)
performance status worsened (12472)
Drug interaction General disorders and 92 34.04 (27.49-42.15) 3249 31.16 (26.06) 4.96 (3.29)
administration site conditions (2,693.48)
Drug level increased Investigations 14 33.05 (19.31-56.55) 3282 3146 (20.07) 498 (33)
(413.59)
Contraindicated product administered | Injury, poisoning and 5 3275 (13.36-80.31) 3267 3133 (14.79) 497 (3.28)
procedural complications (147.02)
Neurological decompensation Nervous system disorders 7 32,62 (15.28-69.63) 3251 3118 (16.53) 496 (3.28)
(204.78)
Torsade de pointes Cardiac disorders 6 30,65 (13.53-69.43) 3055 29.38 (14.82) 488 (3.19)
(164.72)
Nephrotic syndrome Renal and urinary disorders 7 29.14 (13.67-62.09) 2004 27.98 (14.86) 481 (3.13)
(182.36)
Photosensitivity reaction Skin and subcutaneous tissue 9 28.28 (14.51-55.12) 28.16 27.16 (15.54) 476 (3.09)
disorders (227.13)
Intervertebral discitis Infections and infestations. 4 2666 (9.82-72.36) | 26.61 (95.16) 2572 (11.15) 4.68 (3)
Brain abscess Infections and infestations 4 2312 (8.54-6261) | 23.07 (81.92) 2241 (9.74) 449 (28)
Central nervous system lesion Nervous system disorders 6 2279 (10.1-51.41) 2272 2207 (11.17) 446 (2.78)
(120.88)
Psychotic disorder Psychiatric disorders 5 2164 (8.88-5272) | 2159 (95.41) 2101 (9.97) 439 (271)
Pathogen resistance Infections and infestations 6 21.16 (9.39-47.69) 21.1 (111.69) 20.54 (10.4) 436 (2.68)
Generalised tonic-clonic seizure Nervous system disorders 8 2081 (10.29-42.07) 2073 20.19 (11.2) 434 (2.66)
(146.13)
Bacterial test positive Investigations 3 20.17 (6.4-63.55) 20.14 (53.12) 19.63 (7.51) 429 (2.61)
Prescribed overdose Injury, poisoning and 3 1981 (629-624) | 1978 (52.1) 1929 (7.38) 427 (258)
procedural complications
Hallucination Psychiatric disorders 17 1941 (11.97-31.49) 1925 1879 (1254) 423 (256)
(286.84)
Cholecystitis acute Hepatobiliary disorders 6 1683 (7.48-37.85) | 1678 (87.09) 1643 (834) 4.04 (2.36)
Neurological symptom Nervous system disorders 5 1542 (6.35-3743) | 15.38 (65.88) 1509 (7.19) 392 (224)
Hypertransaminasaemia Hepatobiliary disorders 5 15.17 (625-36.81) | 15.13 (64.67) 14385 (7.07) 389 (222)
Nephropathy Renal and urinary disorders 3 1489 (4.74-4673) | 1487 (38.04) 1459 (5.6) 387 (218)
Hemiparesis Nervous system disorders 7 1351 (6.39-2856) | 13.46 (79.32) 1324 (7.07) 373 (2.05)
Spinal cord compression Nervous system disorders 4 1345 (5-3619) | 1343 (45.19) 132(5.77) 372 (2.04)
Treatment failure General disorders and 17 13.03 (8.05-21.09) 1293 1272 (8.5) 367 (2)
administration site conditions (183.99)
Nail disorder Skin and subcutaneous tissue 3 1282 (4.09-4018) | 128 (32.1) 126 (4.85) 3.66 (1.97)
disorders
Ventricular hypokinesia Cardiac disorders 3 1282 (4.09-4018) | 128 (32.1) 126 (4.85) 3.66 (1.97)
Necrosis General disorders and 3 1226 (3.91-3839) | 1224 (30.46) 1206 (4.64) 3.59 (191)
administration site conditions
Acute hepatic failure Hepatobiliary disorders 6 1194 (5.32-2679) | 1191 (59.03) 1174 (597) 3.5 (1.88)
Cardiovascular disorder Cardiac disorders 5 1186 (49-2873) | 1183 (48.82) 1166 (5.56) 354 (187)
Brain oedema Nervous system disorders 5 11.71 (4.84-28.36) 11.68 (48.1) 11.52 (5.49) 3.53 (1.85)
Oral disorder Gastrointestinal disorders 4 1129 (42-3035) | 1127 (36.89) 1112 (486) 347 (18)
Neutrophil count increased Investigations 4 1027 (3.83-27.59) | 10.26 (3296) 10.13 (443) 3.34 (1.66)
Ventricular extrasystoles Cardiac disorders 4 101 (376-27.12) | 10.08 (32.28) 9.96 (4.36) 332 (164)
Inappropriate antidiuretic hormone Endocrine disorders 4 97 (3.61-26.04) 9.68 (30.75) 957 (4.19) 3.26 (1.58)
secretion
Herpes simplex Infections and infestations 4 9.67 (3.6-25.96) 9.65 (30.63) 954 (4.18) 325 (158)
Hepatic cytolysis Hepatobiliary disorders 7 8.94 (4.24-18.86) 891 (48.6) 882 (4.72) 314 (147)
Eyelid oedema Eye disorders 3 887 (284-2772) | 886 (20.68) 877 (3.38) 3.13 (146)
Pulmonary mass Respiratory, thoracic and 6 868 (3.88-1943) | 865 (40.16) 856 (4.36) 3.1 (1.43)
mediastinal disorders
Tleus paralytic Gastrointestinal disorders 4 8.55 (3.19-22.94) 8.54 (26.32) 845 (3.7) 3.08 (1.4)
Drug ineffective for unapproved General disorders and 5 847 (3.5-2047) 845 (32.47) 836 (4) 3.06 (1.39)
indication administration site conditions
Hepatotoxicity Hepatobiliary disorders 10 8.13 (4.35-15.19) 8.1 (61.56) 802 (4.75) 3(133)
Ventricular fibrillation Cardiac disorders 3 792 (254-2473) | 791 (1792) 7.84 (3.02) 297 (1.29)
Haemoptysis Respiratory, thoracic and 8 7.62 (3.79-1531) 7.59 (45.35) 7.53 (4.2) 291 (124)
mediastinal disorders
Electrocardiogram qt prolonged Investigations 1 7.5 (4.16-137) 751 (6154) 745 (4.52) 29 (1.23)
Cholestasis Hepatobiliary disorders 7 7.49 (3.55-15.8) 7.47 (38.85) 7.4 (3.97) 2.89 (122)
Hypothyroidism Endocrine disorders 6 748 (334-1673) | 746 (33.23) 7.39 (3.77) 289 (1.22)
Pulmonary haemorrhage Respiratory, thoracic and 4 7.27 (271-1948) | 7.6 (21.38) 7.2 (3.15) 285 (117)
mediastinal disorders
Blood alkaline phosphatase increased | Investigations 9 7.08 (3.66-1366) | 7.05 (46.29) 699 (4.03) 281 (114)
Ventricular tachycardia Cardiac disorders 4 7.01 (2.62-18.79) 7 (20.38) 694 (3.04) 28 (112)
Respiratory disorder Respiratory, thoracic and 7 692 (3.28-14.59) 69 (35.01) 685 (3.67) 278 (11)
mediastinal disorders
Nephropathy toxic Renal and urinary disorders 3 689 (221-2149) | 688 (14.94) 683 (2.63) 277 (11)
Drug ineffective General disorders and 94 6.85 (5.56-8.43) 6.57 (443.05) 6.52 (5.48) 2.7 (1.04)
administration site conditions
Skin infection Infections and infestations 4 68 (2.54-18.22) 679 (19.57) 674 (2.95) 275 (1.08)
Guillain-barre syndrome Nervous system disorders 3 6.8 (2.18-2122) 6.8 (14.69) 6.74 (2.6) 275 (1.08)
Hepatocellular injury Hepatobiliary disorders 6 63 (2.82-14.09) 6.28 (26.45) 624 (3.18) 264 (0.97)
Immunosuppression Immune system disorders 4 62 (2.32-16.61) 6.19 (17.28) 615 (27) 262 (0.95)
Metabolic acidosis Metabolism and nutrition 4 61 (2.28-16.34) 6.09 (16.88) 605 (2.65) 26 (092)
disorders
Skin lesion Skin and subcutaneous tissue 8 5.72 (2.85-11.49) 57 (30.8) 5.67 (3.16) 25 (0.83)
disorders
Drug-induced liver injury Hepatobiliary disorders 4 566 (211-15.14) 565 (15.19) 561 (2.46) 249 (082)
Left ventricular dysfunction Cardiac disorders 3 557 (179-1737) | 557 (1L16) 553 (2.14) 247 (0.79)
Hepatitis Hepatobiliary disorders 5 546 (226-13.19) | 545 (18.06) 542 (2.59) 244 (077)
Product use in unapproved indication | Injury, poisoning and 31 526 (3.69-7.51) 52 (10461) 5.17 (3.83) 237 (07)
procedural complications
Thrombotic microangiopathy Blood and lymphatic system 4 509 (1.9-13.63) 508 (13.04) 506 (2.22) 234 (0.67)
disorders
Condition aggravated General disorders and 16 479 (2.92-7.84) 475 (47.21) 473 (3.13) 224 (057)
administration site conditions
Graft versus host disease Immune system disorders § 4.51 (1.87-10.87) 4.5 (13.52) 4.48 (2.14) 2.16 (0.49)

Abbreviations: PTs, preferred terms; SOC, system organ class; ROR, reporting odds ratio; PRR, proportional reporting ratio; EBGM, empirical bayes geometric mean; IC, information
component; 95% CI, 95% confidence interval; 2, Chi-squared.
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