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Background: Aprepitant, fosaprepitant, and netupitant are three common neurokinin-1 receptor antagonists (NK-1RAs) used to prevent chemotherapy-induced nausea and vomiting, following highly or moderately emetogenic chemotherapy. Understanding their different adverse event (AE) profiles may help clinicians make appropriate treatment decisions.Methods: All data collected from the FDA Adverse Event Reporting System (FAERS) database from the first quarter of 2004 to the fourth quarter of 2023 underwent disproportionality analysis to detect, evaluate, and compare AE signals of the three NK-1RAs.Results: A total of 3,904, 1,123, and 243 AE reports related to aprepitant, fosaprepitant, and netupitant, respectively, were extracted from the FAERS database. Of these, more than 50% of respondents were female, and most of them were aged 45–65 years. General disorders and administration-site conditions, and gastrointestinal disorders were the most frequent signals in the system organ class of the three NK-1RA drugs. In addition, aprepitant was strongly associated with joint deposit (ROR = 26.27) and fosaprepitant was closely related to seizure-like phenomena (ROR = 26.90); two preferred terms (PTs) were not mentioned in the manual. Statistically, netupitant was likely to induce death (N = 63, ROR = 8.78, 95% CI: 6.75–11.42). Additionally, neutropenic colitis, colitis, and stomatitis were unique to netupitant. Furthermore, the AE profiles of the three NK-1RA drugs were different by gender.Conclusion: The AE profiles for aprepitant, fosaprepitant, and netupitant were different. In addition to paying attention to common AEs, clinicians need to pay attention to new emerging AEs, such as joint deposit, seizure-like phenomena, neutropenic colitis, colitis, and stomatitis, regarding the three NK-1RA drugs. Furthermore, the AE compositions of the three NK-1RA drugs were different in different genders, and clinicians should take these factors into account when selecting NK-1RAs for CINV treatment.Keywords: neurokinin-1 receptor antagonists, adverse events, FAERS, real-world analysis, preferred term
1 INTRODUCTION
Chemotherapy-induced nausea and vomiting (CINV) is a common side effect that significantly impacts the quality of life and treatment adherence of cancer patients (Barbour, 2012). Its occurrence involves complex regulation of multiple neurotransmitters and receptors (Gupta et al., 2021). Neurokinin-1 receptor antagonists (NK-1RAs) represent a class of medications that exert antiemetic effects by blocking central and peripheral NK-1 receptors, thereby inhibiting the release of substance P (SP) (Karthaus et al., 2019; Pojawa-Gołąb et al., 2019). These agents not only demonstrate anti-emetic properties but also exhibit unique anxiolytic and antidepressant effects. Combination therapy with 5-hydroxytryptamine 3 (5-HT3) receptor antagonists and/or corticosteroids with NK-1RAs is a common strategy recommended by guidelines such as those from the National Comprehensive Cancer Network (NCCN) and the American Society of Clinical Oncology (ASCO) for managing CINV induced by moderately and highly emetogenic chemotherapy regimens (Hesketh et al., 2020).
Among the three main NK-1RAs used clinically, aprepitant, fosaprepitant, and netupitant, each demonstrates significant efficacy in the prevention and alleviation of CINV. Aprepitant, the first NK-1RA approved by the FDA in 2003, is widely utilized for the prophylaxis of CINV in cancer patients (Aapro et al., 2015). Typically, 125 mg of aprepitant was given orally on day 1 (1 h before chemotherapy), followed by 80 mg on days 2 and 3 for adults. Additionally, aprepitant was used in combination with dexamethasone and ondansetron (Poli-Bigelli et al., 2003). Fosaprepitant, a phosphorylated prodrug of aprepitant, is administered intravenously and rapidly metabolizes into aprepitant to exert antiemetic effects. It received the FDA approval in 2008 (Hale et al., 2000; Xue et al., 2023). A single intravenous dose of 150 mg of fosaprepitant is an effective and globally well-tolerated supplement to an antiemetic regimen that includes dexamethasone and a 5-HT3 receptor antagonist (Garnock-Jones, 2016). Netupitant, a novel generation NK-1RA, possesses higher selectivity and provides prolonged antiemetic effects. It is commonly co-administered with palonosetron and used in the treatment of CINV (Rojas and Slusher, 2015). Hesketh PJ et al. indicated that the combination drug of 300 mg of netupitant with 0.5 mg of palonosetron was the optimal combination dose with good safety and tolerability (Hesketh et al., 2014).
Although all three of these NK-1RAs have demonstrated promising efficacy in controlling nausea and vomiting, clinical decisions should not be solely based on efficacy. The safety and tolerability profiles of these agents are equally important. Concerns have been raised regarding aprepitant-induced adverse events, notably cases of aprepitant-associated neurological toxicity, which have been observed in a real-world study (Kataria et al., 2017). Additionally, common adverse reactions associated with aprepitant treatment include headache, fatigue, anorexia, constipation, diarrhea, nausea, and hiccups (Larusso et al., 2008). For fosaprepitant, common adverse events observed in clinical trials include headache, dizziness, asthenia, abdominal pain, diarrhea, constipation, anorexia, and hiccups (Colon-Gonzalez and Kraft, 2010; Maru et al., 2013). Moreover, due to differences in administration routes, fosaprepitant has been associated with immediate hypersensitivity reactions, including flushing, erythema, and dyspnea, during infusion. In real-life scenarios, concerns have been raised about netupitant-induced serotonin syndrome, which can be life-threatening. In addition, the most commonly reported adverse events with netupitant include headache, constipation, and fatigue (Shirley, 2021).
The FDA Adverse Event Reporting System (FAERS) is a public database, which is aimed at supporting the post-market safety monitoring of drugs and therapeutic biologic products through spontaneous reports from consumers, healthcare professionals, drug manufacturers, and other non-healthcare providers (Ma et al., 2022). In this study, we utilized the FAERS database to compare adverse event reports associated with aprepitant, fosaprepitant, and netupitant. This research aims to provide real-world evidence to better understand the balance between efficacy and toxicity of NK-1RAs. Importantly, it may inform the management of aprepitant, fosaprepitant, and netupitant therapies based on real-world evidence.
1.1 Data sources
Considering the time to market of the three NK-1RA drugs, American Standard Code for Information Interchange (ASCII) report files were downloaded from the FAERS database from the 1st quarter of 2004 to the 4th quarter of 2023 for this study. The data were loaded into MySQL 15.0 and handled using Navicat Premium 15 software.
1.2 Data extraction and analysis
Duplicate reports were dropped. For DEMO table data with the same case id, only the latest report was retained based on the date. The primary id field was used to establish relationships between datasets and to correct for age and weight indicator anomalies. The standardization of drug names was performed through the Medex_UIMA_1.8.3 system. Reports, where the primary drug suspected to be associated with AEs was three NK-1RA drugs, were extracted. These reports included a variety of information, such as the date of the report, age, and sex of the patient, reporter, and region.
In our study, four disproportionality methods, namely, the reported odds ratio (ROR), the proportional reporting ratio (PRR), the Bayesian confidence propagation neural network (BCPNN), and the empirical Bayesian geometric mean (EBGM), were used to detect drug AE signals. Each of the four algorithms possesses distinct advantages: ROR has the strength of correcting bias due to the low number of reports for certain events, PRR has the advantage of higher specificity than ROR, BCPNN is good at combining and cross-validating data from multiple sources, and EBGM excels in detecting signals from rare events. In this study, a combination of ROR, PRR, BCPNN, and EBGM algorithms was used to expand the detection range, validate the results from multiple aspects by taking advantages of each algorithm, and rationally utilize the distinctive characteristics of different approaches to identify more reliable safety signals. The combined use of multiple algorithms provides cross-validation to minimize false positives, and by adjusting thresholds and variances, more potentially rare adverse reactions can be detected. All algorithms are based on a 2 × 2 contingency table (Supplementary Table S1). Specific formulas and cutoff thresholds are shown in Supplementary Table S1, and statistical analyses were performed using R software. Higher values indicated stronger signal strength, suggesting a more robust association between the target drug and the adverse event.
1.3 Signal filtering and categorization
Preferred terms (PTs) with reported counts ≥3 were selected for in the initial screening of this study. The Medical Dictionary for Regulatory Activities (MedDRA) was employed to encode, categorize, and localize signals, thus facilitating the analysis of the specific system organ class (SOC) involved in the signal of an adverse event.
2 RESULTS
2.1 Basic characteristics of neurokinin-1 receptor antagonist-related adverse drug events
Between Q1 of 2004 and Q4 of 2023, a total of 16,800,135 AE reports were collected from the FAERS, of which 3,904 were associated with aprepitant, 1,123 with fosaprepitant, and 243 with netupitant. Aprepitant was approved for use in 2003, with AE reports peaking at 545 in 2017 (Q3, AE reports = 338). The use of fosaprepitant began in 2008, and it already reached 359 AE reports in 2017 (Q3, AE reports = 292). Netupitant was put into marketed use in 2015 with an AER of less than 50 per year, as shown in Figure 1.
[image: Figure 1]FIGURE 1 | Quarterly number of adverse events reported post marketing for aprepitant, fosaprepitant, and netupitant. The x-axis represents the timeline of drug use, and the y-axis shows the number of reports per quarter.
The majority of the reports came from individuals aged 45–65 years, but a considerable proportion of unknown cases were identified. Female respondents reported 53.46%, 51.47%, and 58.02% of AE reports for aprepitant, fosaprepitant, and netupitant, respectively, (Table 1). Meanwhile, in males, 32.68%, 36.78%, and 38.68 AE reports were for aprepitant, fosaprepitant, and netupitant, respectively. Most of these reports originated in the United States, and then in France and other countries such as South Korea and Japan. Notably, reports from physicians ranked first rather than consumers, in all three medications, adding credibility to our study. Except for unknown serious medical events, hospitalization was the most commonly reported serious adverse outcome in three medications, followed by death in aprepitant (10.61%) and netupitant (31.03%), and life-threatening conditions in fosaprepitant (8.57%). Disability, required intervention to prevent permanent impairment/damage, and congenital anomalies were included; the numbers were marginal.
TABLE 1 | Basic characteristics of AE reports related to three NK-1RAs in the FAERS database.
[image: Table 1]2.2 Disproportionality analyses associated with aprepitant, fosaprepitant, and netupitant
2.2.1 Detection of signals at the system organ class level
As shown in Table 2, the occurrence of aprepitant-, fosaprepitant-, and netupitant-induced ADRs was mainly directed to 24, 21, and 15 SOCs, respectively. Some of these findings matched the SOCs corresponding to common adverse reactions in the drug inserts, indicating a solid reliability of the data. Among them, the SOCs with more AEs were general disorders and administration-site conditions (aprepitant, N = 2,346; fosaprepitant, N = 837; and netupitant, N = 143), and they were powerfully positive in all four algorithms (Supplementary Table S2). Notably, some of the apparent AE-involved SOCs were similar between aprepitant and fosaprepitant, but netupitant was apparently inconsistent with the SOCs of the two previously mentioned NK-1RA drugs. Especially in benign, malignant, and unspecified neoplasms (including cysts and polyps), the number of AE reports was 190 (1.65%) and 29 (0.75%) for aprepitant and fosaprepitant, respectively; however, netupitant was not detected.
TABLE 2 | SOCs associated with case reports of aprepitant, fosaprepitant, and netupitant adverse events.
[image: Table 2]2.2.2 Detection of signals at preferred term levels
To improve specificity and reduce the probability of miscategorization, we ranked the preferred terms (PT) in descending order based on the ROR value. The top 19 for aprepitant, top 20 for fosaprepitant, and top 19 for netupitant, classified as SOCs, are shown in Table 3. The PRR, BCPNN, and EBGM results are presented in Supplementary Table S3. In the SOC of general disorders and administration-site conditions, the main PTs were site-of-administration-related, in aprepitant and fosaprepitant. Statistically, the tendency of aprepitant (ROR = 45.32, 95% CI: 34.08–60.26) and fosaprepitant (ROR = 44.91, 95% CI: 27.02–74.63) to induce phlebitis was comparable in vascular disorders of SOCs. Additionally, the signal of vein discoloration was only present in aprepitant (ROR = 51.37, 95% CI: 21.26–124.1). In the respiratory, thoracic, and mediastinal disorders, aprepitant and fosaprepitant had strong hiccup signals. In the injury, poisoning, and procedural complication systems, both drugs showed strong signals of radiation esophagitis, but the ROR comparison showed that fosaprepitant (ROR = 209.74, 95% CI: 86.57–508.17) had a higher ROR than aprepitant (ROR = 39.61, 95% CI: 30.83–50.9). Similarly, infusion-related hypersensitivity reaction was more likely to occur in fosaprepitant (ROR = 114.27, 95% CI: 36.63–356.43) than in aprepitant (ROR = 41.59, 95% CI: 13.34–129.7) in immune system disorders, as shown in Table 3.
TABLE 3 | Adverse event signaling comparison of aprepitant, fosaprepitant, and netupitant at the preferred term level.
[image: Table 3]Some signals were unique to aprepitant and were distributed in the following SOC: in benign, malignant, and unspecified (including cysts and polyps) neoplasms, testicular germ cell carcinoma metastases (ROR = 51.37, 95% CI: 21.26–124.1) and seminoma (ROR = 45.32, 95% CI: 34.08–60.26) were unique safety signals. In the investigations, the signal of a computerized tomogram thorax abnormal was strong (ROR = 26.27, 95% CI: 9.83–70.22), which was not mentioned in the instructions. Joint deposits in musculoskeletal and connective tissue disorders were, likewise, unique safety signals of aprepitant. For fosaprepitant, in addition to the common adverse reactions at the site of administration in the two SOCs of general disorders and administration-site conditions, as well as infections and infestations, attention should be paid to its seizure-like phenomena and adverse (ROR = 26.9, 95% CI: 8.66–83.54) events in the nervous system.
Although three drugs are neurokinin-1 receptor antagonists, netupitant exhibits dramatic differences in AE signals compared to aprepitant or fosaprepitant. In the gastrointestinal system, neutropenic colitis (ROR = 375.78, 95% CI: 177.88–793.86) and stomatitis (ROR = 8.92, 95% CI: 3.69–21.51) were unique safety signals that were not mentioned in the instructions. Statistically, netupitant was likely to induce death (N = 63, ROR = 8.78, 95% CI: 6.75–11.42) in general disorders and administration-site conditions of SOC. Furthermore, hyponatremia (ROR = 10.71, 95% CI: 4.44–25.85) and dehydration (ROR = 4.76, 95% CI: 1.97–11.47) in metabolism and nutritional disorders were common PT to netupitant, similar to flushing (ROR = 5.86, 95% CI: 2.19–15.66), septic shock (ROR = 8.27, 95% CI: 2.66–25.73), and bradycardia (ROR = 8.9, 95% CI: 3.33, 23.79), which were identified as strong signals of netupitant in vascular disorders, infections and infestations, and cardiac disorders of SOC, respectively.
2.2.3 Comparison of safety signals in four system organ classes
Considering the severity and specificity of PT, we compared the AE signals in the four SOCs and observed that the AE signals of the three drugs had their features, as shown in Figure 2. In general disorders and administration-site conditions, injection-site phlebitis and injection-site vasculitis were the strongest signals associated with aprepitant and fosaprepitant, as indicated by ROR and Chi_square. Among benign, malignant, and unspecified neoplasms (including cysts and polyps), testicular germ cell cancer metastatic was the most potent AE in aprepitant, and recurrent cancer was the most reported event also in aprepitant. Notably, the netupitant’s strongest signal was neutropenic colitis in the gastrointestinal disorder SOC based on the ROR and Chi_square mined. Finally, in cardiac disorders of SOC, we observed that the dominant PT for aprepitant and fosaprepitant was tachycardia, whereas the strongest signal for aprepitant was bradycardia, with minimal differences in both ROR and Chi_square.
[image: Figure 2]FIGURE 2 | Comparison of safety signals of the three neurokinin-1 receptor antagonists in four system organ classes. (A) General disorders and administration-site conditions. (B) Benign, malignant, and unspecified neoplasms (including cysts and polyps). (C) Gastrointestinal disorders. (D) Cardiac disorders. The size of the dot indicates the number of adverse reactions reported.
2.2.4 Sex scans of safety signals
To investigate the changes in each signal in different genders, this study mapped the sex scans of the safety signals of the three drugs. As shown in Figure 3A, death was a stronger positive signal in males than in females in the netupitant. In addition, the second and third significant signals were different in netupitant, encephalopathy, and disease progression in males, and drug interaction and nausea in females. In fosaprepitant and aprepitant, both sexes showed strong signals of flushing, but females showed a higher signal than males. Moreover, in female users of aprepitant and fosaprepitant, the positive signals for infusion-related reaction and injection-site phlebitis were stronger than in males compared to females (Figure 3). In addition, dyspnea signals were more common in women taking fosaprepitant and aprepitant.
[image: Figure 3]FIGURE 3 | Comparison of both sex safety signals among three neurokinin-1 receptor antagonists: (A) netupitant, (B) fosaprepitant, and (C) aprepitant.
3 DISCUSSION
Disproportionality analysis based on the FAERS database revealed that AE profiles were different among three NK-1RAs. Specifically, aprepitant and fosaprepitant demonstrated consistent signals across multiple SOCs, primarily concentrated in the general disorders and administration-site conditions. On the other hand, netupitant exhibited unique signals in the gastrointestinal disorders and metabolism and nutritional disorders of SOCs. These differences may be attributed to the variations in the chemical structure, metabolic pathways, pharmacokinetic properties, receptor affinity characteristics, and combination therapy among the three drugs. Understanding these molecular mechanisms can help optimize drug selection and manage adverse reactions effectively.
A higher occurrence and association of AEs such as injection-site vasculitis and injection-site phlebitis were noted with fosaprepitant. This could be attributed to the presence of non-ionic surfactant polysorbate 80 in fosaprepitant for injection (Boccia et al., 2019). Polysorbate 80 is a biologically active compound which is widely used in various intravenous formulations, such as docetaxel and recombinant human erythropoietin injection (Garnock-Jones, 2016). Injection and infusion-site adverse events (ISAEs), such as allergic reactions, injection-site pain, erythema, and thrombophlebitis, may partially result from the presence of polysorbate 80 (Boccia et al., 2019). Clinical trials have shown a higher incidence of ISAEs with fosaprepitant than aprepitant (Schwartzberg and Navari, 2018). A retrospective study suggests that fosaprepitant infusion via a central venous catheter reduces the incidence of ISAEs in breast cancer patients (Tsuda et al., 2016). It is suggested that changing the way the infusion is administered may reduce fosaprepitant infusion-site-related adverse effects.
Additionally, some studies have suggested the occurrence of neurotoxicity events reported with the combination of aprepitant/fosaprepitant and ifosfamide (Durand et al., 2007; Kataria et al., 2017; Vazirian et al., 2022). However, there were also studies that have noted no statistically significant association between ifosfamide-induced neurotoxicity and aprepitant administration (Szabatura et al., 2015; Modi and Cimino, 2021; Vazirian et al., 2022). To explain the occurrence of associated neurotoxic AEs, it has been suggested that the pharmacokinetics of ifosfamide concentrations are significantly altered due to the inhibition of the CYP3A4 concomitant administration of aprepitant or fosaprepitant (Durand et al., 2007; Séjourné et al., 2014). However, a study evaluating the effect of aprepitant on the pharmacokinetics of ifosfamide showed that no substantial changes in ifosfamide concentrations were detected after the administration of aprepitant (Xiong et al., 2019). In our study, fosaprepitant was found to be associated with seizure-like phenomena adverse events (ROR = 26.9, 95% CI: 8.66–83.54), which suggests that patients’ neurological symptoms should be closely monitored while using fosaprepitant, and if necessary, an epileptiform electroencephalography is suggested. In conclusion, further studies and larger data are needed to clinically validate the association between NK-1RA and ifosfamide-induced neurotoxicity.
Netupitant/palonosetron is a novel fixed-dose combination, comprising 300 mg netupitant and 0.50 mg palonosetron, approved in the US and the EU for preventing CINV in adults (Keating, 2015). A phase III clinical study evaluating its efficacy and safety in preventing CINV showed that the most common adverse events were headache and constipation, without related AE, leading to discontinuation or death (Aapro et al., 2014). However, our study found a statistically significant likelihood of death (N = 63, ROR = 8.78, 95% CI: 6.75–11.42) associated with netupitant in the general disorders and administration-site conditions of SOC. Furthermore, netupitant showed a strong signal with neutropenic colitis and colitis, which are not listed as drug instructions. This may be related to substance P (SP) activation or another component of palonosetron. Cancer patients undergoing chemotherapy or other immunosuppressive treatments often experience decreased neutrophil levels. Therefore, when using netupitant to prevent CINV, enhanced monitoring and management of neutropenia should be emphasized. To date, there have been few reported cases of adverse events with netupitant/palonosetron, and further research and clinical data are needed to draw definitive results.
NK-1RA is considered a promising therapy for tendinopathy, rheumatoid arthritis, and osteoarthritis (Ko et al., 2022). SP is a neuro-inflammatory mediator produced by sensory nerve fibers and local inflammatory cells, playing a crucial role in various physiological and pathological functions such as inflammation, angiogenesis, and pain (Janelsins et al., 2013; Ko et al., 2022). Aberrant expression of the SP–NK1R pathway in various inflammatory diseases suggests its involvement in the inflammatory process. Our study results indicated a strong association of joint deposits with aprepitant, which was not mentioned in drug’s labeling and possibly related to the activation of the SP–NK1R pathway. Joint deposit is usually associated with the inflammatory response, accumulation of metabolites, or other pathological substances around the joints; therefore, special attention should be paid to the presence of patients at risk for gout, hemochromatosis, and chronic inflammatory diseases when using aprepitant for CINV. Additionally, there were significantly more reports from female patients than male patients, indicating a potential gender-specific occurrence of AEs with NK-1RAs. For instance, male patients showed a higher frequency of death with aprepitant, whereas females exhibited higher signals for infusion-related reactions and injection-site phlebitis. These sex-specific differences underscore the importance of gender consideration in pharmacovigilance and personalized medicine approaches.
This study provides post-marketing AE signal analysis based on real-world data with a large sample size, which is crucial for evaluating drug safety risks. However, it has certain limitations. First, the FAERS database is a self-reporting system, leading to potential inaccuracies, under-reporting biases, and reporting biases, which may affect study results. Second, although methods such as ROR, PRR, BCPNN, and EBGM are commonly used for identifying drug adverse signals and reducing data biases, false-positive signals may still occur. Third, due to the limitations of the database, information on the entire population receiving the drug is lacking, making it impossible to calculate the incidence rate of adverse events related to the target drug NK-1RA. Moreover, the FAERS database has a greater proportion of data from the United States and fewer AE reports from other countries, resulting in an inherent bias in the dataset. The identified adverse event signals only demonstrate the statistical association between NK-1RA and these events, but high-quality clinical trial research is still needed for clinical decision-making.
4 CONCLUSION
Among three NK-1RAs, the AE profiles for aprepitant, fosaprepitant, and netupitant were different. Joint deposits and seizure-like phenomena were AE signals specific to aprepitant and fosaprepitant, respectively, and they were not described in the instructions. Netupitant-induced neutropenic colitis, colitis, stomatitis, and death should be given enough attention, and its long-term effects remain unknown. Furthermore, the AE compositions of the three NK-1RA drugs were different in different genders, and clinicians should take these factors into account when selecting NK-1RAs for CINV treatment, with an emphasis on a personalized medical therapy approach.
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