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Introduction: Irinotecan is a widely used chemotherapeutic agent for treating colorectal, pancreatic, and ovarian cancers. Despite its therapeutic efficacy, the safety profile of irinotecan necessitates continuous pharmacovigilance due to its association with severe adverse drug events (ADEs). Given its global use, cross-national signal detection may reveal region-specific risks or unrecognized adverse effects.Methods: We conducted a retrospective pharmacovigilance analysis of irinotecan-associated ADEs using two large spontaneous reporting systems: the U.S. FDA Adverse Event Reporting System (FAERS) and the Japan Adverse Drug Event Report (JADER) database. ADE reports between 2004 and 2024 were extracted. Disproportionality analyses were performed using four methods: 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 11,344 ADE reports from FAERS and 7,822 from JADER were identified. These reports involved 27 system organ classes (SOCs). In FAERS, the most frequently affected SOC was gastrointestinal disorders (n = 6,888), while in JADER it was blood and lymphatic system disorders (n = 3,389). Disproportionality analysis revealed 388 and 67 preferred terms (PTs) significantly associated with irinotecan in FAERS and JADER, respectively, with 38 overlapping signals. These included both expected ADEs (e.g., neutropenia, diarrhea, thrombocytopenia, stomatitis) and unexpected signals such as second primary malignancies, hyperammonaemia, and hiccups. Notable FAERS-specific signals included skin toxicity (n=100, ROR 33.89 (27.79-41.34), PRR 33.80, EBGM05 28.03, IC025 4.76), aphasia [n=65, ROR 3.57 (2.8-4.55), PRR 3.56, EBGM05 2.90, IC025 1.47], and hepatic failure [n=56, ROR 3.09 (2.38-4.02), PRR 3.09, EBGM05 2.48, IC025 1.24], while JADER-specific signals included fatigue [n=73, ROR 4.69 (3.71-5.93), PRR 4.67, EBGM05 3.57, IC025 0.51], hyperammonaemia [n=67, ROR 7.24 (5.56-9.27), PRR 7.21, EBGM05 5.32, IC025 1.10], and cholinergic syndrome [n=27, ROR 5.54 (3.76-8.16), PRR 5.53, EBGM05 3.61, IC025 0.74]. Over half of all reported ADEs occurred within one month of irinotecan administration (53.1% in FAERS, 61.7% in JADER). The median time to onset was 28 days [IQR 9-76] in FAERS and 17 days [IQR 9-57] in JADER.Discussion: This comparative analysis revealed multiple consistent and unexpected signals related to irinotecan use. The findings emphasize the importance of region-specific pharmacovigilance and the need for heightened awareness of both labeled and unlabeled toxicities. Our results support continued monitoring and further investigation into temporal patterns and regional differences in irinotecan-related adverse events to enhance clinical safety.Keywords: irinotecan, real-world pharmacovigilance analysis, FAERS, JADER, adverse drug event
1 INTRODUCTION
Irinotecan, with the molecular formula C33H38N4O6, is a chemotherapy drug derived from camptothecin, which was first approved for cancer treatment in 1994. Topoisomerase I (Topo1) is an essential enzyme for DNA replication, responsible for alleviating the topological stress generated during DNA replication and transcription. It does so by cleaving, relaxing, and re-ligating double-stranded DNA structures (Pommier, 2006). The anticancer activity of irinotecan is based on its ability to inhibit Topo1, which induces cytotoxicity by trapping the enzyme on DNA, ultimately leading to cell death (Hahn et al., 2019). While irinotecan can be used as a monotherapy, it is more commonly administered in combination with other cytotoxic agents (e.g., 5-fluorouracil and oxaliplatin) or monoclonal antibodies (e.g., cetuximab and bevacizumab). These combinations are particularly effective in treating metastatic or advanced solid tumors such as colorectal, gastric, pancreatic, and ovarian cancers (Di Desidero et al., 2017; Chen and Jiang, 2019; Hahn et al., 2019; Lu et al., 2019). In metastatic colorectal cancer (mCRC), patients who received irinotecan as part of second-line therapy following a 5-fluorouracil-based regimen demonstrated significantly longer survival compared to those treated with 5-fluorouracil and calcium folinic acid alone (Cunningham et al., 1998; Rougier et al., 1998). In pancreatic cancer, the combination of 5-fluorouracil, calcium folinic acid, irinotecan, and oxaliplatin (FOLFIRINOX) has shown superior efficacy over gemcitabine monotherapy, with a median survival of 11.1 months compared to 6.8 months (Conroy et al., 2011). Liposomal irinotecan was recently approved as a second-line therapy for metastatic pancreatic cancer in patients who have experienced disease progression after receiving gemcitabine treatment (de Man et al., 2018; Frampton, 2020).
The recommended dose of irinotecan is determined based on body surface area. For monotherapy, irinotecan doses range from 50 to 350 mg/m2, while in combination chemotherapy, the doses typically fall between 180 and 240 mg/m2 (Algeciras-Schimnich et al., 2008; Etienne-Grimaldi et al., 2015). In the FOLFIRI regimen (5-fluorouracil, leucovorin, and escalated doses of irinotecan), the recommended irinotecan dose is 180 mg/m2 every 2 weeks (Lu et al., 2014). After drug infusion, irinotecan blood concentrations decrease rapidly, with SN-38 levels peaking within 2 hours post-administration (Sasaki et al., 1995). The metabolism of irinotecan occurs in three major steps. Initially, the water-soluble prodrug is transformed into its active metabolite, SN-38, through the action of hepatic carboxylesterases. Following this, SN-38 is detoxified by uridine diphosphate-glucuronosyltransferase (UGT1A1), converting it into its inactive form, SN-38-glucuronide (SN-38G). Finally, bacterial β-glucuronidase reactivates SN-38G in the intestine, enabling the localized reformation of SN-38 before it is reabsorbed into the bloodstream (Bailly, 2019; Kciuk et al., 2020). The therapeutic effects and toxicity of irinotecan are largely attributed to SN-38, which is reported to be 100 times more cytotoxic than irinotecan itself.
Irinotecan treatment is often associated with dose-limiting toxicities, primarily diarrhea and hematological toxicities (Alimonti et al., 2004; Kweekel et al., 2008; Lam et al., 2016). According to the National Cancer Institute’s Common Toxicity Criteria, late-onset diarrhea occurs in up to 87% of patients receiving irinotecan chemotherapy, with severe grade 3 or four diarrhea observed in approximately 40% of cases (Xu et al., 2024). Other commonly reported adverse effects include fatigue and vomiting (Huisman et al., 2016). Additionally, rare toxicities such as irinotecan-induced dysarthria and retinopathy have been documented (Boilève et al., 2019a; Zhen et al., 2019). The severity of irinotecan-related toxicities depends on the specific treatment regimen, dosage, and various clinical factors, including age, body weight, sex, co-administered drugs, and pharmacogenetic variability (Algeciras-Schimnich et al., 2008; Kweekel et al., 2008). These toxicities can lead to treatment interruption or discontinuation, thereby compromising the patient’s prognosis and quality of life.
Spontaneous Reporting Systems (SRS) provide valuable safety information on the real-world use of drugs in specific populations and are a crucial source for detecting adverse reactions that may not have been identified during clinical trials(Noguchi et al., 2021). The U.S. Food and Drug Administration (FDA) Adverse Event Reporting System (FAERS) and the Japan Adverse Drug Event Report (JADER) system are two well-established SRSs, each collecting a large volume of adverse event reports primarily from U.S. and Japanese cohorts, respectively(Okada et al., 2019; van Hasselt et al., 2020). These systems enable continuous monitoring and tracking of adverse events through pharmacovigilance studies. It is crucial to acknowledge that current clinical trials may struggle to fully capture the long-term safety of irinotecan due to constraints like small sample sizes, short observation periods, and strict inclusion criteria. Therefore, there is a strong need for pharmacovigilance studies using real-world data to thoroughly evaluate irinotecan’s safety profile. To address this need, we analyzed irinotecan-associated adverse event reports from the FAERS and JADER databases to conduct a thorough assessment and comparison of the drug’s safety across two distinct populations. This pharmacovigilance study is the first to comprehensively quantify and visualize the safety profile of irinotecan using data from the FAERS and JADER databases, identify new safety signals not previously listed on the drug label, and estimate the timing of ADE occurrence. By identifying new safety signals and detailing the timing of adverse drug event (ADE) reports, this pharmacovigilance study aims to provide valuable reference information to inform the clinical use of irinotecan.
2 MATERIALS AND METHODS
2.1 Data source and collection
FAERS is a platform where healthcare professionals, pharmaceutical companies, patients, and other individuals can upload adverse event reports, which contributes to post-market safety monitoring of drugs (Sakaeda et al., 2013). The FAERS database consists of eight types of files: demographic and administrative information, medication details, usage indications, report sources, start and end dates of the medication, patient prognosis, reports of ineffective therapy, and adverse events. Specific data can be accessed via the FDA website (https://fis.fda.gov/extensions/FPD-QDE-FAERS/FPD-QDE-FAERS.html). The architecture of the FAERS database establishes a connection between each data file via a unique identification number.
The JADER database includes data on cases reported by pharmaceutical companies and medical institutions since the second quarter of 2004. The JADER database consists of adverse event reports voluntarily submitted by pharmaceutical companies or healthcare institutions. It is divided into four categories: DEMO, DRUG, REAC, and HIST, which contain information on patient demographics, used drugs, adverse events, and primary diseases, respectively. Data from the JADER database were obtained from the Drug and Medical Device Administration website (https://www.pmda.go.jp/index.html). Informed consent or ethical approval was not necessary for this study, as both FAERS and JADER data are publicly accessible, and the patient information in the ADE reports is anonymized. The FAERS data used in this study were collected from the first quarter of 2004 to the fourth quarter of 2024. The search terms included ‘IRINOTECAN’, ‘IRINOTECAN HCL’, ‘IRINOTECAN HYDROCHLORIDE’, ‘CPT 11 IRINOTECAN’, ‘CPT 11’, ‘CAMPTOSAR’, ‘CAMPTO’, and other generic and brand names. Similarly, in JADER, we searched for ‘イリノテカン’,'塩酸イリノテカン',和'イリノテカン塩酸塩水和物' from the second quarter of 2004 (the earliest available data in JADER) to the third quarter of 2024. The flowchart of the entire study is presented in Figure 1.
[image: Figure 1]FIGURE 1 | Flowchart of the entire study, including data cleaning, analysis methods, and main results. FAERS: The U.S. FDA Adverse Event Reporting System; JADER: Japanese Adverse Drug Event Report; Q1: first quarter; Q2: second quarter; Q3: third quarter; Q4: fourth quarter; PT: preferred term; PS: primary suspect.
Duplicate reports exist because the FAERS database is updated quarterly. To address duplicate reports submitted by different sources, we performed deduplication as recommended by the FDA: In the DEMO file, we selected the PRIMARYIDs, CASEIDs, and FDA_DTs, subsequently sorting them by CASEIDs, FDA_DTs, and PRIMARYIDs. (1) if CASEIDs were identical, the most recent FDA_DT was selected; and (2) if both CASEIDs and FDA_DTs were the same, the higher PRIMARYID was chosen (Cui et al., 2023). Additionally, since the first quarter of 2019, each quarterly data package includes a list of deleted reports, and subsequently, we remove the reports based on the CASEIDs listed in the deleted report list (Gu et al., 2024). These rigorous approaches, in accordance with FDA guidelines, successfully removed duplicate reports and strengthened the reliability of our subsequent analyses. We extracted the ADE reports related to irinotecan from both databases and further screened these reports by retaining only those with the role code of primary suspect (PS). This process involved excluding reports related to drug-drug interactions, concomitant medications, secondary suspect medications, and other unknown medications that could potentially cause ADEs. Considering that the FAERS database includes ADE reports from Japan, we excluded the 1,616 ADE reports from Japan in FAERS to prevent duplication with those submitted to JADER. In both databases, all adverse events are coded according to the preferred term (PT) and system organ class (SOC) of the Medical Dictionary for Regulatory Activities (MedDRA) (version 27.1) (Zhu et al., 2025). The 3D structure and molecular formula of irinotecan are derived from PubChem (https://pubchem.ncbi.nlm.nih.gov/) (Kim et al., 2023).
2.2 Signal mining
Data mining algorithms are widely used for post-marketing safety monitoring and reassessment of drugs in SRS. In pharmacovigilance, disproportionality analysis is a powerful tool for detecting disproportionate reporting signals related to irinotecan (Caster et al., 2020). In our study, we applied both Bayesian methods (Bayesian confidence propagation neural network [BCPNN] and Multi-item gamma Poisson shrinker [MGPS]) and frequentist methods (including Reporting Odds Ratio [ROR] and Proportional Reporting Ratio [PRR]) to assess the relationship between irinotecan and ADEs(Bate et al., 1998; Evans et al., 2001; Szarfman et al., 2002; van Puijenbroek et al., 2002).Specifically, ROR is a widely used signal detection tool in pharmacovigilance, known for its simple calculation and ease of understanding, making it particularly suitable for preliminary signal detection in large databases (Rothman et al., 2004). The PRR method calculates statistical indicators by comparing the risk ratio (RR) of the target drug with the RR of the corresponding adverse event in the control group; however, small denominators can lead to significant fluctuations in results (Hai et al., 2025). The BCPNN method is based on Bayesian principles to construct a variable relationship model, combining the disproportionate reporting method with Bayesian theory, making it suitable for large-scale data analysis and capable of addressing missing data. Its advantage lies in quantifying uncertainty, thus enhancing the sensitivity and specificity of signal detection (Bate et al., 1998). MGPS detects potential signals by performing empirical Bayesian shrinkage estimation on report data, and its strength lies in handling rare events and small sample data, providing more robust signal detection results (Szarfman et al., 2002). This study combines four algorithms and performs cross-validation to fully leverage the strengths of each algorithm, validate results from multiple perspectives, minimize the risk of false positives, and improve the ability to detect potential rare adverse reactions. In our analysis, we defined a positive signal as one that meets the thresholds of all four methods simultaneously (Table 1). Unexpected signals were identified as those not listed in the drug label. To ensure methodological transparency and reproducibility, this study adhered to the READUS-PV guideline (Fusaroli et al., 2024a; b).
TABLE 1 | The methods and thresholds for ROR, PRR, BCPNN, and EBGM are outlined. a: number of reports featuring both the specified drug and target adverse events; b: number of reports involving other adverse events alongside the specified drug; c: reports of target adverse events involving other drugs; d: reports involving other drugs and non-targeted adverse events. ROR: reporting odds ratio; PRR: proportional reporting ratio; BCPNN: Bayesian confidence propagation neural network; EBGM: empirical Bayesian geometric mean; 95% CI: 95% confidence interval; χ2: chi-squared; IC: information component; IC025: Information Component 2.fifth percentile; E (IC): expected IC; V(IC): variance of IC; EBGM05: Empirical Bayes Geometric Mean fifth percentile.
[image: Table 1]2.3 Classification and prioritization of relevant disproportionality signals
For all positive ADE signals, based on previously published literature(Cecco et al., 2024), we assessed the clinical priority of the signals according to the following criteria (see Table 2).
1. Clinical relevance: We referred to the “Important Medical Events (IMEs)” list (serious events, version 28.0) and the “Designated Medical Events (DMEs)” list (rare but serious events potentially induced by drugs) provided by the European Medical Agency (https://www.ema.europa.eu/en/human-regulatory-overview/research-development/pharmacovigilance-research-development/eudravigilance/eudravigilance-system-overview#reference-sources-and-services-7044, Accessed 08 April 2025).
2. Reporting Rate: The proportion of a specific ADE compared to other ADEs. We used the following traditional classification standards: very common (>10%), common (1%–10%), and uncommon (<1%), to maintain consistency with clinical trial classifications.
3. Signal Stability: Consistency/robustness of disproportionate signals across multiple algorithms. The highest score was given when a disproportionate signal appeared in at least three algorithms.
4. Reported case fatality rate: The proportion of reports of the adverse event that recorded death. Given that mortality is typically higher in cancer treatments, distinguishing between drug-induced adverse events and those resulting from natural disease progression can be challenging. In this study, the highest score was assigned only when the fatality rate exceeded 50%.
TABLE 2 | The criteria and relevant scores for prioritizing adverse drug events (ADEs) identified through disproportionality analysis.
[image: Table 2]Adverse events with scores of 0–2, 3-5, and 6-8 were classified as low, medium, and high clinical priority, respectively.
2.4 Time to onset analysis
We defined the time to onset (TTO) of irinotecan-related ADEs as the time interval between the date of ADE occurrence (EVENT_DT) the start date of drug treatment (START_DT). In FAERS, EVENT_DT is located in the ‘DEMO’ file, while START_DT is found in the ‘THER’ file. In JADER, both EVENT_DT and START_DT are included in the 'DRUG' file. Cases with any missing dates (whether the drug start date or ADE occurrence date), inaccurate dates (where the specific day, month, or year is not clearly specified), and cases where the ADE onset date occurs before the drug treatment date will be excluded, thereby enhancing the accuracy of the analysis (Shu et al., 2023). The overall characteristics of TTOs were comprehensively evaluated using the median, quartiles, and a Weibull distribution test(Kinoshita et al., 2020). The Weibull distribution test characterizes the pattern of adverse event risk over time through the scale parameter (α) and shape parameter (β) (Mazhar et al., 2021).
3 RESULTS
3.1 Description of baseline information of ADE report
From 2004 to 2024, 11,344 and 7,822 ADE reports were submitted to the FAERS and JADER databases, respectively (Figure 1). In terms of the annual distribution of ADEs, the number of reports in the FAERS database remained consistently high after 2015, exceeding 600 reports per year. In contrast, the number of ADE reports in the JADER database remained relatively stable over the years. Notably, the number of ADEs in JADER exceeded that in FAERS from 2006 to 2012, but this trend reversed after 2013 (Figure 2A).
[image: Figure 2]FIGURE 2 | Signal detection at the SOC level. (A) Annual distribution of ADE reports in the FAERS and JADER databases, displayed as a bar chart. Submitter outcome data from FAERS (B) and JADER (C) were illustrated using donut plots to visually represent the distribution of reported clinical outcomes. (D) Number of ADE reports in FAERS and JADER at the SOC level. (E, F) Signal detection at the SOC level in FAERS and JADER, with ROR values and their 95% confidence intervals (95% CI) visualized. SOCs meeting the signal threshold are highlighted in red. SOC: system organ class; ADE: adverse drug event; FAERS: The U.S. FDA Adverse Event Reporting System; JADER: Japanese Adverse Drug Event Report; ROR: reporting odds ratio; Q3: third quarter; Q4: fourth quarter.
A demographic analysis of FAERS revealed that the percentage of ADE reports submitted by males and females was relatively balanced, with 45.6% from males and 33.7% from females. Regarding age distribution, the majority of reports (67.2%) came from individuals over 18 years old. Additionally, 34.7% of reports contained specific weight information, with the majority of submitters (29.2%) weighing between 50 and 100 kg. The top five reporting countries were the United States (27.1%), France (12.1%), Italy (9.8%), the United Kingdom (6.4%), and Canada (6.3%). Most of the reports (n = 10,114, 89.2%) were submitted by healthcare professionals, ensuring the reliability of the data. In terms of outcomes, other serious outcomes (37.9%), hospitalizations (29.6%), and deaths (19.0%) accounted for the largest proportion of reported events in FAERS (Figure 2B). The top five reported indications were metastatic colorectal cancer (16.2%), pancreatic carcinoma (10.0%), colon cancer (7.4%), colorectal cancer (6.4%), and metastatic colon cancer (3.6%) (Table 3).
TABLE 3 | Demographic characteristics of ADEs reported in the FAERS database with irinotecan as the primary suspect drug. FAERS: The U.S. FDA Adverse Event Reporting System.
[image: Table 3]In the JADER database, ADE reports submitted by males (60.4%) were more frequent than those from females (36.4%). The majority of reports (96.4%) contained age information, with 59.0% of submitters falling within the 20–70 years age range. Similar to FAERS, the highest proportion of submitters in JADER (41.3%) weighed between 50 and 100 kg. More than 60% of the submitters experienced recovery, while 10.1% resulted in death, and 8.5% in non-recovery (Figure 2C). The top five reported indications were colon cancer (28.5%), rectal cancer (14.9%), pancreatic cancer (11.7%), colorectal cancer (10.5%), and gastric cancer (6.4%) (Table 4).
TABLE 4 | Demographic characteristics of ADEs reported in the JADER database with irinotecan as the primary suspect drug. JADER: Japanese Adverse Drug Event Report.
[image: Table 4]3.2 Signal detection at the SOC level
According to the SOC, we counted and compared ADE reports from the FAERS and JADER databases. In both cohorts, ADEs associated with irinotecan dosing spanned across 27 SOCs. The total number of PTs induced by irinotecan was 35,747 in FAERS and 14,591 in JADER. The top three SOCs with the highest number of reported cases in FAERS were “gastrointestinal disorders” (n = 6,888), “general disorders and administration site conditions” (n = 5,401), and “nervous system disorders” (n = 2,799). In contrast, the top three SOCs in JADER were “blood and lymphatic system disorders” (n = 3,389), “gastrointestinal disorders” (n = 2,595), and “investigations” (n = 2,499) (Figure 2D). A comparison of the composition ratios revealed significant differences between the two cohorts in terms of SOC distribution (chi-square, P < 0.0001, Supplementary Figure S1). In FAERS, certain SOCs had a significantly higher composition ratio compared to JADER, including “general disorders and administration site conditions” (15.1% vs 4.6%), “nervous system disorders” (7.8% vs 3.2%), “injury, poisoning and procedural complications” (4.9% vs 0.7%), and “skin and subcutaneous tissue disorders” (4.8% vs 1.2%). Conversely, JADER showed a higher composition ratio for SOCs such as “blood and lymphatic system disorders” (23.2% vs 7.5%), and “investigations” (17.1% vs. 5.6%).
Regarding the intensity of signal values, eight SOCs showed positive signal values in FAERS, including “gastrointestinal disorders” (ROR 2.54, 95% CI: 2.47–2.60), “blood and lymphatic system disorders” (ROR 4.63, 95% CI:4.45–4.81), “infections and infestations” (ROR 1.15, 95% CI:1.10–1.20), “respiratory, thoracic, and mediastinal disorders” (ROR 1.12, 95% CI: 1.07–1.17), “neoplasms benign, malignant, and unspecified (including cysts and polyps)” (ROR 1.64, 95% CI: 1.56–1.73), “metabolism and nutrition disorders” (ROR 1.98, 95% CI: 1.88–2.08), “vascular disorders” (ROR 1.53, 95% CI: 1.44–1.62), and “hepatobiliary disorders” (ROR 2.09, 95% CI: 1.94–2.26) (Figure 2E). In JADER, five SOCs showed positive signal values, including “blood and lymphatic system disorders” (ROR 4.43, 95% CI: 4.26–4.61), “gastrointestinal disorders” (ROR 2.57, 95% CI: 2.46–2.68), “investigations” (ROR 1.98, 95% CI: 1.90–2.07), “respiratory, thoracic, and mediastinal disorders” (ROR 1.14, 95% CI: 1.07–1.21), and “metabolism and nutrition disorders” (ROR 1.55, 95% CI: 1.45–1.65) (Figure 2F). Importantly, SOCs that met the threshold for disproportionality analysis in both cohorts included “blood and lymphatic system disorders,” “gastrointestinal disorders,” “respiratory, thoracic, and mediastinal disorders,” and “metabolism and nutrition disorders.” A detailed breakdown of SOC-level signal detection results is provided in Table 5.
TABLE 5 | Signal detection at the SOC level in FAERS and JADER databases. Numbers one and 2 marked in the lower right corner refer to calculations results related to FAERS and JADER, respectively. FAERS: The U.S. FDA Adverse Event Reporting System; ROR: reporting odds ratio; CI: confidence interval; PRR: proportional reporting ratio; χ2: chi-squared; IC: information component; IC025: Information Component 2.fifth percentile; EBGM: empirical Bayes geometric mean; EBGM05: Empirical Bayes Geometric Mean fifth percentile; SOC: system organ class.
[image: Table 5]3.3 Signal detection at the PT level
Subsequently, we performed signal detection at the PT level. By focusing solely on the number of reported cases, without considering signal intensity, we identified and listed the top 50 PT entries with the highest percentages in both cohorts. In FAERS, the top five PT signals by percentage were diarrhea (n = 1,728, 4.83%), nausea (n = 888, 2.48%), vomiting (n = 813, 2.27%), disease progression (n = 765, 2.14%), and neutropenia (n = 764, 2.14%) (Figure 3A). In JADER, the top five were neutropenia (n = 1,176, 8.06%), diarrhea (n = 1,053, 7.22%), decreased neutrophil count (n = 1,004, 6.88%), interstitial lung disease (n = 811, 5.56%), and febrile neutropenia (n = 708, 4.85%) (Figure 3B).
[image: Figure 3]FIGURE 3 | Bar plots displaying the top 50 PTs in terms of reported cases in FAERS (A) and JADER (B) databases. The color indicates the SOC of the corresponding PT. The percentage values labeled in the figure represent the proportion of cases with such ADEs out of the total reported ADEs. SOC: system organ class; PT: preferred term.
Using the disproportionality analysis method, we identified a total of 388 signals in the FAERS database that simultaneously satisfied the positive thresholds of all four algorithms (Supplementary Table S1). In comparison, 67 signals were identified in the JADER database (Supplementary Table S2). The top five signals in FAERS, ranked by the number of cases, were diarrhea (n = 1,728, ROR 4.77, PRR 4.59, EBGM05 4.40, IC025 2.12), vomiting (n = 813, ROR 3.00, PRR 2.96, EBGM05 2.79, IC025 1.46), disease progression (n = 765, ROR 11.31, PRR 11.09, EBGM05 10.37, IC025 3.36), neutropenia (n = 764, ROR 9.71, PRR 9.53, EBGM05 8.92, IC025 3.14), and asthenia (n = 491, ROR 2.21, PRR 2.19, EBGM05 2.03, IC025 1.00) (Figure 4). Additionally, we identified several unexpected signals not previously mentioned in the drug label, such as peripheral neuropathy (n = 342, ROR 6.38, PRR 6.33, EBGM05 5.77, IC025 2.50), hypertension (n = 282, ROR 2.25, PRR 2.24, EBGM05 2.03, IC025 0.99), epistaxis (n = 143, ROR 3.20, PRR 3.19, EBGM05 2.78, IC025 1.43), septic shock (n = 127, ROR 5.08, PRR 5.06, EBGM05 4.36, IC025 2.08), proteinuria (n = 101, ROR 9.35, PRR 9.33, EBGM05 7.88, IC0252.93), skin toxicity (n = 100, ROR 33.89, PRR 33.80, EBGM05 28.03, IC025 4.76), palmar-plantar erythrodysaesthesia syndrome (n = 107, ROR 7.72, PRR 7.70, EBGM05 6.54, IC025 2.66), and hypomagnesaemia (n = 84, ROR 10.5, PRR 10.48, EBGM05 8.7, IC025 3.07). In the clinical priority assessment, we identified one high clinical priority signal: hepatic failure (total score: 6), which is also an unexpected signal. Additionally, there are 226 moderate clinical priority signals, including febrile neutropenia (total score: 5), sepsis (total score: 5), and others. Furthermore, there are 161 low clinical priority signals, including dehydration (total score: 2), anaemia (total score: 2), and others (Supplementary Table S1).
[image: Figure 4]FIGURE 4 | Forest plot showing the top 50 PT entries (ranked by reported cases) that simultaneously satisfy the four disproportionality methods with positive signal strength in the FAERS database. The organ arrows indicate that the lower limit of the 95% confidence interval for the ROR exceeds 20. The heatmap on the right displays the signal values under different algorithms. The darker the color, the stronger the signal value. Asterisks (*) indicate unexpected signals not listed in the drug label. PT: preferred term; FAERS: The U.S. FDA Adverse Event Reporting System.
In the JADER database, the top five signals by number of cases were neutropenia (n = 1,176, ROR 9.78, PRR 9.08, EBGM05 7.94, IC025 1.14), diarrhea (n = 1,053, ROR 9.91, PRR 9.27, EBGM05 8.07, IC025 1.44), decreased neutrophil count (n = 1,004, ROR 5.89, PRR 5.55, EBGM05 4.99, IC025 0.75), febrile neutropenia (n = 708, ROR 6.08, PRR 5.84, EBGM05 5.17, IC025 0.82), and leukopenia (n = 558, ROR 12.84, PRR 12.39, EBGM05 10.25, IC025 1.82) (Figure 5). Unexpected signals identified in JADER included hyperammonaemia (n = 67, ROR7.24, PRR 7.21, EBGM05 5.32, IC025 1.10), myelodysplastic syndrome (n = 69, ROR 4.92, PRR 4.90, EBGM05 3.71, IC025 0.57), cholinergic syndrome (n = 27, ROR 5.54, PRR 5.53, EBGM05 3.61, IC025 0.74), hypomagnesaemia (n = 26, ROR 3.91, PRR 3.91, EBGM05 2.57, IC025 0.26), and second primary malignancy (n = 25, ROR 5.11, PRR 5.10, EBGM05 3.29, IC025 0.63). In the clinical priority assessment, we identified no high clinical priority signal. There are 39 moderate clinical priority signals, including febrile neutropenia (total score: 5), metastases to meninges (total score: 5), and others. Moreover, there are 28 low clinical priority signals, including stomatitis (total score: 2), fatigue (total score: 2), and others (Supplementary Table S2).
[image: Figure 5]FIGURE 5 | Forest plot showing PT entries that simultaneously satisfy the four disproportionality methods with positive signal strength and at least 10 reported cases in the JADER database. The blue arrow indicates that the lower limit of the 95% confidence interval for the ROR exceeds 20. The heatmap on the right displays the signal values under different algorithms. The darker the color, the stronger the signal value. Asterisks (*) indicate unexpected signals not listed in the drug label. PT: preferred term; JADER: Japanese Adverse Drug Event Report.
Notably, there was an overlap of 38 positive signals between the two databases, including 16 unexpected signals such as hypomagnesaemia, peripheral sensory neuropathy, hiccups, paronychia, second primary malignancy, and dermatitis acneiform (Supplementary Figure S2).
3.4 Sensitivity analysis
In clinical practice, irinotecan is frequently used in combination with platinum-based agents and fluorouracil, among others (Xu et al., 2018; Conroy et al., 2021). To exclude potential confounding effects of concomitant medications, we collected 1,577 ADE reports from FAERS after excluding all reports involving concomitant use with irinotecan. Following disproportionality analysis, persistent positive signals included diarrhea, vomiting, speech disorder, dysarthria, neutropenia, dehydration, febrile neutropenia, aphasia, gastrointestinal toxicity, increased blood bilirubin, and hepatic failure (Supplementary Table S3).
3.5 Time to onset analysis
For clinicians, timely and accurate assessment and appropriate management of adverse reactions can significantly improve patients’ quality of life and functional outcomes, helping to avoid serious and potentially fatal consequences(Szebeni et al., 2018; Locke et al., 2020). To further explore this, we assessed the TTO of ADEs associated with irinotecan in both cohorts. In FAERS, we collected 3,988 reports with accurate TTO information. The median TTO was 28 days, with an interquartile range (IQR) of 9–76 days (Figure 6C). The distribution of TTOs showed that the majority of ADEs occurred within the first month of treatment (n = 2,119, 53.1%), with a decreased incidence in the second (n = 675, 16.9%) and third (n = 329, 8.2%) months. Notably, approximately 2.8% of ADEs (n = 111) were reported more than 360 days after irinotecan treatment initiation (Figure 6A). In JADER, 8,696 TTO reports were obtained, with a median TTO of 17 days (IQR: 9-57) (Figure 6D). Similar to the FAERS results, ADEs were primarily clustered within the first month of treatment (n = 5,366, 61.7%), with a declining trend over time. The percentage of ADEs reported over 360 days was 2.3% (Figure 6B).
[image: Figure 6]FIGURE 6 | Time to onset (TTO) analysis (counted in days) of irinotecan-related ADEs. Bar graphs depict the number and proportion of ADE reports at different time intervals in FAERS (A) and JADER (B). Overall description and Weibull distribution test analysis of valid TTO reports in FAERS (C) and JADER (D). ADE: adverse drug event; IQR: interquartile range.
The Weibull shape parameter test for TTO indicated that the upper limit of the 95% confidence interval (CI) for the shape parameter (β) was less than one in both FAERS (0.73) and JADER (0.75), consistent with an early failure type. This suggests that the probability of an ADE decreases gradually over time in both cohorts (Figures 6C,D).
4 DISCUSSION
4.1 Baseline information
In 2020, colorectal cancer (CRC) resulted in over 1.9 million new cases and 900,000 deaths, ranking as the third most common cancer and the second leading cause of cancer-related deaths worldwide (Roshandel et al., 2024). The United States and China reported the highest prevalence rates, followed by Japan, Russia, India, Germany, Brazil, the United Kingdom, Italy, and France. This geographic distribution is generally consistent with the data from reporting countries in FAERS (Eng et al., 2024). The estimated median age of onset for new CRC cases is 67 years, though approximately 10% of submitters are younger than 50 (Eng et al., 2024). Most new CRC diagnoses (56.6%) and related deaths (46.6%) occur in adults aged over 70 years. However, since the early 1990s, both incidence and mortality rates have been rising among younger individuals (<50 years) across most regions of the world (Murphy and Zaki, 2024). In North America, incidence rates among those aged 15-49 increased significantly between 1990 and 2016, followed by a slight decrease until 2019. Among individuals aged 50-69, rates remained stable or increased slightly from 2006 to 2019, while rates in those aged 70 and older have been declining since 2000. In Europe and Central Asia, incidence rates across all age groups have remained relatively stable since the mid-2000s(Murphy and Zaki, 2024). Our study produced similar results. In reports with age-specific information, 67.2% of informants in FAERS and 95.0% in JADER were over 18 and 20 years of age, respectively, aligning with the epidemiological characteristics of CRC. Additionally, a higher proportion of reports were observed in males in both FAERS (45.6% vs 33.7%) and JADER (60.4% vs 36.4%). In their 2018 report, the World Cancer Research Fund and the American Institute for Cancer Research identified various risk factors for CRC, including smoking, inflammatory bowel disease, physical inactivity, dietary habits, alcohol consumption, obesity, non-steroidal anti-inflammatory drug use, and height. Among these, males may have higher levels of exposure to certain risk factors, contributing to the sex disparity in CRC incidence (Keum and Giovannucci, 2019). Given that demographic factors can influence the reporting of ADEs, understanding these baseline differences is crucial for improving the accuracy of our findings.
4.2 SOC for which both databases satisfy the thresholds
4.2.1 Blood and lymphatic system disorders
4.2.1.1 Myelosuppression
A major dose-limiting adverse effect of irinotecan therapy is myelosuppression(Chau et al., 2007). In our study, irinotecan was associated with various forms of myelosuppression, including neutropenia, thrombocytopenia, and leukopenia. Studies have shown varying rates of myelosuppression across different populations. For instance, in a phase II study of Korean small cell lung cancer patients, 89% developed neutropenia, and 59% had anemia when irinotecan was combined with cisplatin (Han et al., 2005). A French study observed transient neutropenia in 80% of patients treated with irinotecan (at a dose of 350 mg/m2 every 3 weeks), with severe neutropenia in 47% of total cases (Bleiberg and Cvitkovic, 1996). Similarly, 85% of participants in a U.S. study of docetaxel and irinotecan developed grade 3/4 neutropenia (Adjei et al., 2000). Regional differences in hematological toxicity incidence may be due to variations in dosing, medications, and baseline characteristics (Bleiberg and Cvitkovic, 1996; Wiseman and Markham, 1996).
Although irinotecan-induced myelosuppression is typically reversible, non-cumulative, and short-lived (Glimelius, 2005), febrile neutropenic patients at high risk for infections require prompt treatment with hematopoietic colony-stimulating factors and antibiotics (Adjei et al., 2000; Jansman et al., 2001). Furthermore, the UGT1A128 polymorphism has been strongly associated with irinotecan-induced neutropenia, and dose adjustments may help reduce hematological toxicity in affected patients (Kweekel et al., 2008; Hulshof et al., 2020; Su et al., 2023).
4.2.2 gastrointestinal disorder
4.2.2.1 Diarrhoea
Another major dose-limiting adverse effect of irinotecan therapy is diarrhea, particularly unpredictable and severe forms(Xu et al., 2024). Diarrhea can lead to treatment delays, electrolyte imbalances, hemodynamic disturbances, and even life-threatening sepsis (Tang et al., 2019). Diarrhea induced by irinotecan is classified into early- and late-onset types. Early-onset diarrhea occurs within 24 h of administration, typically accompanied by vomiting, sweating, and abdominal cramps. It is linked to acetylcholinesterase inhibition, which increases cholinergic activity and disrupts intestinal function. Clinical studies show that early-onset diarrhea affects up to 85% of patients receiving irinotecan (Rougier et al., 1997). Anticholinergic drugs, such as atropine or scopolamine, can mitigate this type of diarrhea (Xu et al., 2024).Late-onset diarrhea, occurring more than 24 h post-administration, is often more severe and prolonged. This type is caused by the overexposure of intestines to SN-38, irinotecan’s active metabolite, leading to mucosal damage. Pro-inflammatory cytokines and prostaglandins may also contribute (Glimelius, 2005; Yang et al., 2005; Tang et al., 2019). The incidence of late-onset diarrhea ranges from 60% to 87% in various clinical trials (Bleiberg and Cvitkovic, 1996; Conti et al., 1996), with a slightly lower rate in Japanese studies due to lower dosing regimens (Shimada et al., 1993).
In our study, diarrhea was among the most frequently reported adverse events in both FAERS [n = 1,728, ROR 4.77 (95% CI: 4.55–5.01), PRR 4.59, EBGM05 4.40, IC025 2.12] and JADER [n = 1,053, ROR 9.78 (95% CI: 9.20–10.41), PRR 9.08, EBGM05 7.94, IC025 1.41], with strong signal values. These results are consistent with clinical trial data. Prophylactic high-dose loperamide may reduce the incidence of severe late-onset diarrhea (Yang et al., 2005).
4.2.3 Metabolism and nutrition disorders
4.2.3.1 Cholinergic syndrome
Irinotecan treatment commonly induces acute side effects, including bradycardia, hypersalivation, abdominal cramps, diarrhea, sweating, and visual disturbances, which are consistent with cholinergic syndrome (Gandia et al., 1993; Rowinsky et al., 1994; Pitot et al., 2000). These symptoms typically resolve within hours after infusion but can significantly impact the patient’s quality of life. The cholinergic effects are believed to result from irinotecan’s inhibition of acetylcholine breakdown, leading to excessive muscarinic receptor stimulation (Kanbayashi et al., 2018). A Japanese retrospective study of 179 irinotecan-treated patients found cholinergic syndrome in 51, with sweating being the most common symptom, followed by diarrhea and abdominal pain (Tsuboya et al., 2019). Furthermore, a case study reported repeated bradycardia in a patient with recurrent colorectal cancer after irinotecan administration (Miya et al., 1998). Logistic regression analysis identified female sex and irinotecan dose as key predictors of cholinergic syndrome (Kanbayashi et al., 2018). Most studies on this syndrome come from Japan, possibly due to differences in body composition between Western and Japanese populations.
To manage this syndrome, dose reduction and prophylactic anticholinergic therapy, such as atropine or butylscopolamine, have proven effective (Kanbayashi et al., 2018; Iihara et al., 2019; Tsuboya et al., 2019). Over 90% of patients receiving prophylactic anticholinergic therapy did not develop cholinergic syndrome, emphasizing its clinical significance (Tsavaris et al., 2003; Cheng et al., 2015; Iihara et al., 2019; Uchiyama et al., 2021).
4.3 SOCs that meet thresholds in FAERS only
4.3.1 Hepatobiliary disorders
4.3.1.1 Steatohepatitis
Steatohepatitis emerged as an unexpected signal in the FAERS database [n = 26, ROR 85.60 (95% CI: 57.66–127.10), PRR 85.54, EBGM05 58.21, IC025 5.77]. Evidence suggests that irinotecan treatment may induce various forms of liver damage, including steatohepatitis, particularly in patients with colorectal cancer liver metastases (CRCLM) (Williams et al., 2011; Yahagi et al., 2017; Desjardin et al., 2019). A meta-analysis found that one in 12 patients undergoing hepatic resection for CRCLM following irinotecan treatment eventually developed steatohepatitis(Robinson et al., 2012). Pawlik et al. reported a higher incidence of moderate to severe steatohepatitis in CRCLM patients receiving neoadjuvant irinotecan (Pawlik et al., 2007), and Vauthey et al. found that irinotecan preoperative chemotherapy increased steatohepatitis prevalence and postoperative mortality (Vauthey et al., 2006). Irinotecan induces steatohepatitis through multiple mechanisms, including inhibition of fatty acid oxidation and direct cytotoxicity to mitochondria (Corcelle et al., 2007; Labbe et al., 2008; Wu and Cederbaum, 2013). It also alkalinizes hepatocyte lysosomal pH, leading to lipid accumulation, fatty acid synthesis, and coenzyme A sequestration (Schumacher and Guo, 2015; Mahli et al., 2018). Additionally, irinotecan-induced steatohepatitis is often accompanied by neutrophil infiltration, elevated reactive oxygen species, and increased pro-inflammatory cytokines (Marcolino Assis-Júnior et al., 2017), indicating hepatocellular dysfunction and inflammation (Gomez et al., 2007; Makowiec et al., 2011; Celik et al., 2015; Meunier and Larrey, 2020). Irinotecan-induced steatohepatitis may increase the risk of fibrosis, cirrhosis, and liver failure, particularly in patients with obesity, high BMI, or diabetes, necessitating careful evaluation and monitoring during treatment (Han et al., 2021). Several preclinical studies have identified potential therapeutic agents, such as silymarin, pioglitazone, and sorafenib, which may mitigate irinotecan-induced steatohepatitis (Han et al., 2021).
4.3.1.2 Elevated aminotransferase
Irinotecan-induced hepatotoxicity, including elevated transaminases, is a well-documented adverse effect (Ando et al., 1997). Our findings identified positive signals for elevated liver enzymes In a phase II study of irinotecan (350 mg/m2) and raltitrexed (3 mg/m2) for advanced CRC, six patients (7%) experienced transaminase elevation, resulting in treatment delays (Feliu et al., 2004). A phase II trial of neoadjuvant irinotecan, capecitabine, and radiotherapy for rectal cancer found transaminase elevation in 19% of patients, with one (3%) developing hyperbilirubinemia (Willeke et al., 2007). In pediatric neuroblastoma patients, 28% had alanine aminotransferase elevation following irinotecan-based treatment (Mody et al., 2017). A phase I trial of sorafenib and irinotecan for hepatoblastoma reported a 50% incidence of transaminase elevation (Keino et al., 2020). Variability in the incidence of transaminase elevation may reflect differences in drug combinations, irinotecan dosage, and study sample sizes. Preclinical studies showed transaminase levels increased 5-11 times the upper limit in rats after irinotecan administration, linked to elevated SN-38 concentrations (de Jong et al., 2007). This highlights the cumulative risk of hepatotoxicity when irinotecan is co-administered with other agents. Regular liver function monitoring and irinotecan dose adjustments are recommended in clinical practice.
4.4 SOCs that meet thresholds in JADER only
4.4.1 Fatigue
In the JADER database, the signal strength for fatigue (n = 73) was ROR 4.69 (95% CI: 3.71–5.93), PRR 4.67, EBGM05 3.57, and IC025 0.51. In a global phase III trial of 117 metastatic pancreatic ductal adenocarcinoma patients, 14% (n = 16) experienced grade 3 or four fatigue after nanoliposomal irinotecan combined with fluorouracil and folinic acid (Wang-Gillam et al., 2016). A phase II trial for recurrent glioblastoma patients treated with irinotecan and bevacizumab found 75.9% experienced fatigue, with 8.9% having grade 3 or higher (Friedman et al., 2009). In an Asian phase II trial, 13% of Korean patients (n = 88) receiving irinotecan, fluorouracil, and calcium folinate liposomes had grade 3-4 fatigue (Yoo et al., 2021). Japanese studies reported grade 3-4 fatigue in 2.5%–33% of patients treated with irinotecan alone or in combination (Yoshino et al., 2007; Oshita et al., 2013; Kawakami et al., 2016; Osumi et al., 2018; Kawamoto et al., 2022). In contrast, the FAERS database did not show fatigue as a positive signal (n = 444, ROR 0.97 [95% CI: 0.88–1.06], PRR 0.97, EBGM05 0.89, IC025–0.19), likely because fatigue occurrence in FAERS was not disproportionately linked to irinotecan compared to other drugs in the database.
4.4.2 Decreased appetite
Our study found a significant number of cases of decreased appetite with corresponding positive signal values (n = 494, ROR 5.19 [95% CI: 4.74–5.69], PRR 5.05, EBGM05 4.44, IC025 0.62). In a Japanese study, 16.1% of patients with malignant pleural mesothelioma experienced appetite loss after receiving irinotecan (60 mg/m2) and gemcitabine (800 mg/m2) (Koda et al., 2021). Similarly, a trial of 261 patients with advanced metastatic colon cancer in Japan reported a 15.3% incidence of appetite loss following irinotecan-based treatment (Watanabe et al., 2023), highlighting a strong association between irinotecan and appetite loss. In another Japanese study, 74.2% of patients treated with FOLFIRI and abciximab for mCRC experienced some degree of appetite loss, with 12.9% reporting grade 3 or higher (Denda et al., 2019). It is important to consider that appetite loss can also result from underlying diseases, psychological stress, tumor-related factors, and inflammatory responses. A global phase III study found that decreased appetite in metastatic pancreatic adenocarcinoma patients treated with gemcitabine and irinotecan was linked to poorer survival outcomes (Macarulla Mercadé et al., 2020). Therefore, patients experiencing appetite loss should receive appropriate nutritional support, which may improve their prognosis.
4.5 Other unexpected signals
4.5.1 The second primary malignancy
Second primary malignancy (SPM) is defined as a distinct pathological diagnosis that can originate from the same or a different site as the first primary malignancy (Voûte, 2000). Chemotherapy is known to increase the risk of both hematological and solid malignancies, especially with the use of platinum-based drugs and alkylating agents(Geng et al., 2023). Notably, the risk of SPM is higher when chemotherapy is administered in combination regimens compared to single-agent therapies (Swerdlow et al., 2011). The development of SPMs has been linked to the formation of catechols during the metabolism of chemotherapeutic agents (Hartmann and Lipp, 2006). Additionally, genetic susceptibility plays a significant role in the occurrence of SPMs (Kony et al., 1997). Our study identified SPM as a positive signal in both the FAERS and JADER databases. Irinotecan may inhibit topoisomerase I through its active metabolite SN-38, leading to impaired DNA replication and transcription, which in turn causes DNA damage and genomic instability. This increases the mutation rate, thereby elevating the risk of SPM (Mei et al., 2020). In addition, the hematotoxicity of irinotecan may affect the generation and function of immune cells. This immunosuppressive state may reduce the body’s ability to surveil and eliminate newly formed tumor cells, thereby increasing the likelihood of SPM occurrence (Frese-Schaper et al., 2014; Fang et al., 2016). Finally, in clinical practice, the frequent combination of irinotecan with other chemotherapeutic agents, including high-risk drugs such as cisplatin, also increases the risk of SPM. This necessitates closely monitoring the genomic health and immune function of patients during irinotecan treatment. It is important to emphasize that the development of a second primary tumor may occur long after the initial chemotherapy treatment (Li et al., 2010; Zhai et al., 2018). Therefore, long-term and regular tumor screening and early detection can help identify and address these newly developed malignancies in a timely manner, ultimately improving patients' survival rates and quality of life.
4.5.2 Hyperammonaemia
Hyperammonaemia is a clinical condition characterized by elevated serum ammonia levels, presenting with symptoms such as hypotonia, seizures, vomiting, and abnormal neurological changes, including coma. If left untreated, hyperammonaemia can cause irreversible damage to the developing brain, leading to postural and cognitive deficits (e.g., intellectual disability), seizures, and cerebral palsy, with potentially fatal outcomes (Auron and Brophy, 2012). In our study, hyperammonaemic encephalopathy and hyperammonaemia emerged as unexpected signals in FAERS and JADER, respectively. Although there have been a few previous reports of hyperammonaemia associated with irinotecan administration, its occurrence remains relatively rare. For instance, in a clinical trial conducted in Japan involving 12 patients with advanced gastric cancer, one patient developed severe hyperammonaemia after receiving combination therapy that included irinotecan (Tsuji et al., 2012). Signal detection at the SOC level in our study revealed positive signals for irinotecan, both at the hepatic and metabolic levels. Given that the hepatic urea cycle is the primary pathway for ammonia detoxification, liver dysfunction is often linked to impaired ammonia regulation, leading to hyperammonaemia (Varga et al., 2018). Additionally, it is well established that various metabolic disorders can result in elevated ammonia levels (Singh et al., 2018). During chemotherapy, patients may experience decreased appetite and insufficient protein intake, which can lead to increased muscle catabolism and subsequently elevated ammonia production. Whether irinotecan directly impacts ammonia metabolism by reducing ammonia elimination, aside from the potential mechanisms mentioned above, requires further investigation (Krauss et al., 2012; Boilève et al., 2019b). Monitoring ammonia levels and liver function parameters in patients receiving irinotecan therapy is critically important. For cases of irinotecan-associated hyperammonaemia, discontinuation of the suspected medication, along with increased hydration and adherence to a low-protein diet, is essential for managing the condition (Häberle, 2011; Auron and Brophy, 2012; Boilève et al., 2019b).
4.5.3 Hiccup
Hiccups are myoclonic jerks that primarily affect the diaphragm. While not life-threatening, hiccups can negatively impact daily activities, speech, eating, sleep, and mood. In cancer patients, persistent hiccups may lead to weight loss, fatigue, exhaustion, and increased pain intensity. Prolonged or chronic hiccups can result in depression, reduced oral intake, insomnia, and malnutrition(Ergen et al., 2021). Previous studies have suggested that hiccups may be an adverse reaction to certain medications used during chemotherapy (Errante et al., 2005). For example, Lee et al. successfully reduced hiccups in a patient by switching from dexamethasone to methylprednisolone in a dexamethasone-containing chemotherapy regimen (Lee et al., 2013).
According to a study by Takiguchi Y. et al., hiccups were reported in 49 out of 16,518 patients after treatment with irinotecan. Additionally, Hosoya R. et al. identified irinotecan as a risk factor for hiccups through multiple logistic regression analysis using the JADER database (Takiguchi et al., 2002). This aligns with our findings, as both FAERS and JADER studies showed that hiccups were a positive signal associated with irinotecan use. The potential mechanisms of irinotecan-induced hiccups are as follows: 1. Neurotoxicity: Irinotecan and its active metabolite SN-38 may exert direct effects on the central nervous system, particularly the medullary hiccup center, thereby triggering the hiccup reflex (Zhu et al., 2024; Marjoncu and Jones, 2025). 2. Gastrointestinal irritation: Irinotecan has known irritant effects on the gastrointestinal tract, which can lead to symptoms such as nausea, vomiting, and diarrhea. These gastrointestinal disturbances may indirectly contribute to the onset of hiccups (Sakakibara, 2023). 3. Electrolyte disturbances: Chemotherapeutic agents may cause electrolyte imbalances, such as hyponatremia or hypokalemia, which can impair neuromuscular function and precipitate hiccups (Tanneau et al., 1993; Pandey et al., 2022). Baclofen has shown promise as a treatment option for managing hiccups that occur during chemotherapy (Smith and Busracamwongs, 2003). Timely implementation of preventive and therapeutic strategies—such as administration of anti-hiccup agents, adjustment of the chemotherapeutic regimen, or provision of symptomatic support—may effectively alleviate this adverse effect and significantly improve patients' quality of life.
4.5.4 Hepatic failure
In the clinical priority score analysis of this study, hepatic failure (n = 56; ROR: 3.09, PRR: 3.09, EBGM05: 2.48, IC025: 1.24) emerged as the only high clinical priority signal (total score: 6) and represents an unexpected signal. The findings were further supported by the sensitivity analysis, indicating a potentially strong association between irinotecan use and hepatic failure, warranting heightened clinical attention. A case report described a patient with pancreatic cancer who died from irinotecan-induced steatohepatitis and subsequent hepatic failure (Araz et al., 2021). Furthermore, a systematic review of hepatic injury following chemotherapy in colorectal cancer patients found that, compared to oxaliplatin, irinotecan may significantly increase the risk of hepatic failure and postoperative mortality (Baumgaertner et al., 2010). Mechanistically, irinotecan is metabolized in vivo to its active metabolite SN-38, which possesses hepatotoxic potential. SN-38 may impair bile secretion, leading to cholestasis and hepatocellular injury (Bansal et al., 2008). Additionally, it may induce apoptosis of hepatocytes, reducing the population of functional liver cells and consequently compromising hepatic metabolic and detoxification capacity (Suzuki and Kato, 1996; Liu et al., 2022). In clinical practice, understanding the underlying mechanisms of irinotecan-associated hepatic injury is critical for the early identification, prevention, and management of potential hepatic failure. It is recommended to assess patients for metabolic syndrome-related risk factors—such as diabetes, hypertension, hyperlipidemia, and obesity—prior to initiating irinotecan therapy. During treatment, close monitoring of liver function parameters is essential to promptly detect and address potential hepatic adverse events, thereby ensuring patient safety and optimizing therapeutic outcomes.
4.5.5 Neuropathy peripheral
Chemotherapy-induced peripheral neuropathy is one of the common adverse events associated with the FOLFIRINOX regimen. Previous studies have reported that the incidence of grade 3–4 peripheral neuropathy following FOLFIRINOX treatment ranges from 0% to 25% (Sugimoto et al., 2021). In a phase II clinical trial involving 32 patients with chemotherapy-refractory mCRC, 53.4% of patients developed varying degrees of peripheral neuropathy after receiving FOLFIRINOX in combination with bevacizumab (Bellio et al., 2025). A similar incidence rate (56%) was also reported by Faivre S et al. (Faivre et al., 2008). In our study, peripheral neuropathy was similarly identified as a positive signal in both the FAERS and JADER pharmacovigilance databases, and this signal was further supported by sensitivity analysis. Although the precise mechanisms underlying irinotecan-induced peripheral neuropathy remain incompletely understood, current evidence suggests that irinotecan and its active metabolite may exert direct neurotoxic effects on the peripheral nervous system. These effects can lead to axonal injury of neurons, disrupt neural signal transmission, and result in sensory abnormalities (McQuade et al., 2017). Furthermore, irinotecan has been shown to increase oxidative stress in neural tissues, which may contribute to neuronal damage and exacerbate peripheral neurotoxicity (He et al., 2023). Therefore, in clinical practice, clinicians should be vigilant regarding irinotecan-associated peripheral neurotoxicity and adopt individualized management strategies—such as dose adjustment, prolongation of dosing intervals, or the use of neuroprotective agents—to minimize neurological adverse effects and optimize both treatment adherence and patient quality of life.
4.6 TTO analysis
Understanding the time of onset time of ADEs helps clinical providers to better manage ADE events. In our study, we analyzed the TTO of ADEs reported in FAERS and JADER, finding that the median TTO was 28 days (IQR: 9-76) in FAERS and 17 days (IQR: 9-57) in JADER. Consistently, the shape parameter β from the Weibull distribution test showed an upper limit of the 95% confidence interval (CI) less than one (early decay type) in both cohorts, indicating a decreasing probability of ADEs over time. A clinical study by Furuse J. et al., based on a Japanese population, reported median TTOs for neutropenia, diarrhea, hepatic dysfunction, and anorexia of 21, 9, 22, and 4 days, respectively (Furuse et al., 2023). Additionally, a study by Okunaka M., also based on JADER, showed that the median TTO for diarrhea ranged from 8 to 14 days with irinotecan monotherapy or combination therapy (Okunaka et al., 2021). These findings are generally consistent with our observations in JADER. Furthermore, evidence from Europe suggests that irinotecan-induced late-onset diarrhea and neutropenia typically occur around 6 and 8 days after dosing (Bleiberg and Cvitkovic, 1996). Interestingly, in a European study, the median TTO was 5 days for patients treated with 350 mg/m2 irinotecan every 3 weeks (Yang et al., 2005), while in a U.S. trial, patients treated weekly with 125 mg/m2 for 4 weeks had a median TTO of 11 days (Hecht, 1998). We hypothesize that these differences may be related to various factors, including the number of reports, ethnicity, dosage administered, comorbidities, and the underlying disease state (Wiseman and Markham, 1996).
4.7 Limitations
Nonetheless, it is crucial to recognize the limitations of our study. Firstly, in this study, the FAERS and JADER databases represent populations primarily from the United States and Japan, respectively, and there may be differences between these populations in terms of patient age, gender, ethnicity, lifestyle, and other health factors. Additionally, the comorbidities and clinical conditions of the reporters may differ across regions, which could influence the incidence of ADEs. Therefore, when interpreting the results, especially when generalizing the conclusions to different countries and regions, it is essential to account for potential confounding factors arising from these demographic differences (He et al., 2025). Secondly, significant differences may also exist in the reporting practices between FAERS and JADER. In the FAERS database, patients can report ADEs through multiple channels, including pharmaceutical company websites or FDA platforms. In contrast, in Japan, patients generally need to report ADEs through their physicians or pharmacists, which introduces a difference in reporting pathways and data collection methods. This difference may lead to disparities in the total number of cases between the two databases, thereby affecting the comparison of data (Zou et al., 2024). Thirdly, SRS databases inherently have limitations such as underreporting, duplicate reporting, and reporting bias. Underreporting can lead to an underestimation of the incidence of certain ADEs (Ge et al., 2025). Additionally, although FDA-recommended data cleaning and deduplication processes have been implemented, duplicate reports may still exist, potentially leading to an overestimation of the signal strength for certain adverse events (Liu et al., 2025). Reporting bias can arise from factors such as the willingness of healthcare professionals to report, patients' ability to self-report, and the criteria for identifying ADEs. In some cases, more severe ADEs may be more likely to be reported, while mild ADEs may be overlooked or underreported, which could result in the occurrence rate of severe events being higher than the actual incidence (Jiang et al., 2025). Fourthly, although we selected only the primary suspect drug role codes for ADEs in this study and conducted sensitivity analysis to exclude concomitant medications, potential confounding variables, such as dosage, duration of use, and concomitant medication, may still affect the accuracy of our results (Wang et al., 2024; Wei et al., 2024). For example, certain chemotherapy drugs may increase the risk of adverse reactions to irinotecan or interact with it, leading to varying clinical outcomes, which makes the results more complex. Fifthly, signal detection in pharmacovigilance studies primarily reveals statistical associations, aiming to estimate the strength of a signal rather than establish causality. To confirm whether these statistical associations are causal, further prospective clinical studies are required (Zou et al., 2024). Despite the limitations outlined above, the cross-validation method using the FAERS and JADER databases still provides valuable insights and guidance for post-marketing safety monitoring of irinotecan and the detection of rare signals.
5 CONCLUSION
In conclusion, this study thoroughly explored ADEs associated with irinotecan and assessed them using disproportionality analysis of real-world data from the FAERS and JADER databases. The signals identified in this study that consistent with those listed in the drug label include diarrhea, neutropenia, thrombocytopenia, stomatitis, and enteritis. Additionally, we identified several unexpected signals, such as palmar-plantar erythrodysaesthesia syndrome, hyperammonaemia, steatohepatitis, second primary malignancy, and hiccups in the FAERS database, as well as myelodysplastic syndrome, cholinergic syndrome, peripheral sensory neuropathy, paronychia, and acne in the JADER database. Furthermore, we identified hepatic failure in the FAERS database as a signal with a high clinical priority score. Finally, we analyzed the onset time of these ADEs to provide healthcare providers with useful reference information. These findings offer essential safety considerations for the clinical use of irinotecan and highlight the importance of careful patient monitoring. However, given the limitations of this study, it is crucial to conduct prospective clinical trials and collect long-term data to validate these results.
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