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ABSTRACT
Background: Existing research focuses primarily on common adverse events (AEs) in adults using Vascular endothelial growth factor receptor tyrosine kinase inhibitors (VEGFR-TKI), systematic reports from real-world settings and safety research on off-label use in children are lacking. Therefore, we aimed to investigate the safety profiles of VEGFR-TKIs via the FAERS. 
Method: Data regarding VEGFR-TKIs were extracted from the FAERS between 2004Q1 to 2022Q2. Reporting odds ratio (ROR) was performed to identify risk signals associations of VEGFR-TKIs with AEs. A reported AE would be defined as a potential risk signal if it simultaneously met the report cases ≥ 3, ROR ≥ 2, the lower limit of 95% CI ≥1, and χ2 ≥ 4. and categorized by the MedDRA terms. 
Results: A total of 51,841 reports containing 536 children were identified from May 18, 2005, to June 30, 2022. Despite some differences, 7 VEGFR-TKIs had similar safety profiles in the general population. The most significant ROR was PPES and the most frequent SOC was gastrointestinal disorders. In pediatrics, results varied in these agents, and the most frequent AE with significant ROR were PPES, followed by pneumothorax. Furthermore, blood and lymphatic system disorders and investigation abnormalities were both the most common SOCs. 
Conclusion: Disproportionality analysis based on the FAERS database is an effective path to recognize VEGFR-TKI-related AEs. Findings of the general population were largely consistent with real-world setting studies, and the widely recorded data in FAERS also made it possible to retrieve the safety of these agents in pediatrics. Our results can provide evidence for further clinical research and allow clinicians to select the best choice of treatment for patients in clinical practice.
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1. INTRODUCTION
Vascular endothelial growth factor (VEGF) and its receptor have crucial roles in the growth and subsequent physiologic homeostasis in endothelial cell neogenesis, angiogenesis, and neovascularization, as well as pathologic processes, such as cancer and ophthalmic disorders. Folkman et al.1,2 discovered the relationship between VEGF and neovascularization in tumors in the 1970s and proposed the concept of anti-angiogenesis therapy. In 1989, Ferrara and Henzel3 isolated and cloned VEGF, and the subsequent development of anti-VEGF antibodies decreased the growth of tumor cells, making it possible to target VEGF-VEGFR signaling in tumors. Among the members of VEGF receptor tyrosine kinases (RTKs), VEGFR-2 is the major signaling receptor, and activation of VEGFR-2 promotes mitosis in vascular endothelial cells and vascular permeability.1,2 The overexpression of VEGF-A mRNA is correlated with invasiveness, increased vascular density, metastasis, tumor recurrence, and poor prognosis in the majority of human tumors,1 and the expression of VEGFR correlates positively with tumor tissue vascularization and malignancy.3-5 Thus, except for using monoclonal antibodies, anti-angiogenesis based on VEGFR inhibition has become one of the essential strategies in anti-tumor therapy.6 
The widespread use of these agents has resulted in improved survival rates and is well-tolerated by cancer patients.2 Despite the reported efficacy of pazopanib, lenvatinib, and anlotinib off-label use in children with soft tissue sarcomas (STS),7-9 there was limited clinical evidence focusing on safety of anti-angiogenic drugs for the low prevalence and the heterogeneity of pediatric cancers.10 Multiple meta-analyses have demonstrated that multi-target VEGFR-TKIs are linked to hand-foot skin reactions (HFSR), rashes, bleeding, hypertension, and cardiotoxicity.11-13 The development of VEGFR-TKIs depends on elucidation of the VEGFR-2 kinase domain crystal structure. VEGFR-TKIs not only inhibit VEGFR, but also other structurally-related RTKs, such as the PDGF receptor, c-Kit, FLT3, and macrophage colony-stimulating factor 1 receptor (CSF1R), and some of these small molecules inhibit structurally-unrelated RTKs.2 Due to the complex physiologic mechanisms involved in VEGFR-TKI targets, the use of these multi-targeted VEGFR-TKIs may result in different types of adverse events (AEs) that are not reflected in the results of related studies. As a result, it is necessary to better understand VEGFR-TKI-related AEs in a real-world setting to ensure the prompt diagnosis and appropriate management of the condition.
[bookmark: _Hlk118932306]Pharmacovigilance is defined as the science and activities relating to the detection, assessment, understanding, and prevention of adverse effects or any other drug-related problem.14 Pharmacovigilance is an essential component of drug safety monitoring, providing early identification of potential drug-related AEs through a combination of active and voluntary surveillance efforts in a real-world setting.15 The FDA adverse event reporting system (FAERS) is a well-known AE spontaneous reporting system that documents numerous drug AE reports and medication errors and contains the largest and most normative data.16 The FAERS database can be used to assess the potential relationship between drugs and AEs during post-marketing surveillance. Therefore, we sought to explore the safety of VEGFR-TKIs using FAERS, while focusing on potential AEs associated with the off-label use of these agents in pediatric patients.
2. METHOD
2.1 Date Source
[bookmark: _Hlk117977741]Seven VEGFR-TKIs, including sunitinib, sorafenib, pazopanib, regorafenib, axitinib, cabozantinib, and lenvatinib, which have partly similar targets to anlotinib, were selected as study drugs. In the FAERS database, drug names are arbitrary, and both generic and brand names are included as the keyword in the subsequent analysis. In OpenVigil, drugs are named according to the U.S. Adopted Name (USAN) scheme. Hence, we directly leveraged OpenVigil to rely on the FAERS database for mapping the drug names to USAN. Finally, OpenVigil 2.1-MedDRA-v24 was implemented, comprising 5,236,256 case reports of FAERS data from 2004Q1 to 2022Q2.
2.2 Data Cleaning of FAERS
The data cleaning and mapping of drug names in FAERS were done by OpenVigil 2.1.14,17 This step filtered all duplicate and ambiguous reports that contain misspelled names of drugs and pharma products that are not corrected according to Drugbank or Drug@FDA. The AEs related to disease progression, tumor recurrence, off-label use, and other product use errors were excluded from the analysis. In addition, the Medical Dictionary for Regulatory Activities (MedDRA [v25.0]) was utilized to classify the AEs automatically into the broadest system organ class (SOC) and specific preferred term (PT) categories. In the FAERS database, PT is well-accepted and utilized, and both PT and SOC will be adopted to identify any possible AEs.
2.3 Data Mining
[bookmark: _Hlk113980278]Data mining to measure the association of VEGFR-TKIs with specific AEs in the PT category was performed by disproportionality analysis. The reporting odds ratio (ROR) based on the 2×2 crosstab (Table S1) was utilized to identify the signals which indicate a potentially increased risk of drug-associated AEs among VEGFR-TKIs. The computation of ROR and the criteria of a significant signal are shown as follows:



Among these, DE is the number of interest drug reports for suspect AE; dE is the number of other drug reports for suspect AE; De is the number of interest drug reports for other AE; de is the number of other drug reports for other AE. It was considered significant if a potential risk signal simultaneously had ≥ 3 report cases, a ROR ≥ 2, a lower 95% confidence interval (CI) limit ≥1, and a Chi-square test (χ2) ≥ 4. Any death or pharmacodynamic-related PTs, such as disease and tumor progression, were excluded from the analysis. 
3. RESULT
3.1 Data Population Characteristics
We retrieved 51,841 case reports involving 229,600 AE reports between 18 May 2005 and 30 June 2022. The characteristics of patients and AEs are presented in Table 1. A total of 17,434 cases were made by females (33.63%); the gender of 944 patients was unknown (1.82%). Patients > 45 years of age made up a significant proportion (92.59%) of all AE cases. Moreover, 536 cases (1.03%) involved pediatric patients. AEs resulting in hospitalization were most frequent in 17,111 patients (33.01%). Sunitinib was the drug that generated the most reports among the 7 VEGFR-TKIs (19.98%), followed by sorafenib (18.53%). At least 118 countries and regions were represented in the FAERS data, with North America contributing the majority of reports (52.85%), followed by Asia (24.05%). Additionally, the most frequent indication in general populations was renal cell carcinoma (RCC, 21.73%) and sarcoma (29.48%) in pediatric patients (Table S2).
3.2 Disproportionality Analysis Characteristics for VEGFR-TKIs
We detected AE signals for seven VEGFR-TKIs in general populations. Figure 1 shows how the risk signals were distributed according to the SOC, and the quantity of PT is shown in Table S3. 
[bookmark: OLE_LINK2][bookmark: _Hlk119588617][bookmark: _Hlk115075428][bookmark: _Hlk115075418]Disproportionality analysis results in the general population caught a total of 4,975 PTs, among which 801 potential risk signals (PTs). In pediatrics, 96 of 563 PTs were potential risk signals. Statistically, we detected VEGFR-TKI-induced AE occurrence targeting 22 organ systems according to MedDRA. Except for neoplasms-related SOC, the majority of the VEGFR-TKI-induced AEs were gastrointestinal disorders (Table S3, 33.45%) with the highest risk-signal detection ratio (RSR, 15.36%). For pediatric patients, injury, poisoning, and procedural complications (Table S3, 50.09%) took the majority of cases in SOC level, but most cases in PT level were associated with off-label use. In addition, the RSR of blood and lymphatic system disorders was significantly higher when compared to the general population.
Figure 2 represents the RSR for each agent in the general population and children. In the general population, the RSR for regorafenib (20.59%) was the highest among all included VEGFR-TKIs. Axitinib had the fewest rate (9.10%) among the VEGFR-TKIs. In pediatric patients, sorafenib had the highest RSR (23.79%), followed by regorafenib (23.60%), and no risk signals were detected in axitinib according to the criteria. According to the Chi-square test results in Table S4, sunitinib, sorafenib, and lenvatinib presented significant differences between the general population and children.
3.3 Risk Signal Distribution in the General Population
[bookmark: _Hlk119528450]For the general population, gastrointestinal disorders took the most part of cases, and 10 of the top 50 most frequent PTs were related to gastrointestinal disorders (Table S5). Diarrhea was the most common PT (ROR: 5.1, n=6649), and the ROR for oral pain was the highest (ROR: 14.4, n=727). For specific agents, lenvatinib had a higher risk than other drugs in intestinal perforation (ROR: 10.6, n=32) and gastrointestinal perforation (ROR: 24.1; n=27).
Additionally, the VEGFR-TKIs presented strong signals for the hepatobiliary disorders including abnormal hepatic function (ROR, 9.2; n=952) and hepatic failure (ROR, 5.2; n=468). in Table S5. In general, there was lower risk for axitinib, with only abnormal hepatic function (ROR, 3.1; n=52) meeting the criteria. Sorafenib (ROR, 46.4; n=237) and lenvatinib (ROR, 41.6; n=132) had a high frequency and strong signal for hepatic encephalopathy.
Palmar-plantar eythrodysesthesia syndrome (PPES) was the single PT with the highest ROR (72.9; n=2885) among the top 50 PTs. Regorafenib had the highest ROR (123.2; n=528) among all included VEGFR-TKIs, followed by sorafenib (ROR,113.4; n=1086). Furthermore, other skin and subcutaneous tissue disorders such as hyperkeratosis, yellow skin, hair color changes, and skin toxicity also had a high ROR (> 10). Moreover, thyroid dysfunction including hypothyroidism (ROR, 10.8; n=722) and hyperthyroidism (ROR, 5.1; n=184) were both risk signals.
3.4 Risk Signal Distribution in Pediatric Patients
We additionally presented the top 50 from a total of 88 risk signals in pediatrics and the comprehensive results of VEGFR-TKIs based on adverse event reports (Table 2). Investigations (n=140) and blood and lymphatic system disorders (n=140) were the two most prevalent SOCs in this step.
3.4.1 Investigations
Increased alanine aminotransferase (ALT) was the most common reported PT (ROR, 5.1; n=17) for the SOC level, followed by increased aspartate aminotransferase (AST; ROR, 3.6; n=11; Table 2). The strongest signal in this step was increased thyroid stimulating hormone (TSH; ROR, 23.2; n=6), and cabozantinib contributed most of the cases (ROR, 133.7; n=5). Although the increased blood pressure was a risk signal according to the combined result, no single VEGFR-TKIs had a risk definition.
3.4.2 Blood and lymphatic system disorders
Among the PTs in blood and lymphatic system disorders at the SOC level, bone marrow failure (ROR, 14.9; n=20) had a strong signal, followed by lymphopenia (ROR, 12.7; n=7). Sorafenib presented strong signals for all 9 PTs, especially bone marrow failure (ROR, 30.4; n=15). Furthermore, cabozantinib had stronger signals for anemia (ROR, 17.6; n=5), febrile neutropenia (ROR, 22.4; n=8,) and neutropenia (ROR, 8.9; n=4) than the other VEGFR-TKIs.
3.4.3 Other SOCs
PPES (ROR, 324.8; n=40) was the most frequent PT, followed by pneumothorax (ROR, 60.6; n=37; Table 2). Sorafenib contributed most of the PPES cases and had the strongest signal (ROR, 741.7; n=34). Cabozantinib (ROR, 115.0; n=10) and lenvatinib (ROR, 238.1, n=13) presented significantly strong signals for pneumothorax. For other skin and subcutaneous tissue disorders, skin toxicity (ROR, 107.3; n=12) and hair color changes (ROR,138.5; n=11) also presented as strong signals. Sunitinib presented the highest ROR for hypothyroidism (ROR, 111.1; n=4), cabozantinib contributed the highest ROR for increased blood TSH (ROR, 133.7; n=5) and hair color changes (ROR, 211.3; n=3), and lenvatinib presented the highest ROR for esophagitis (ROR, 99.2; n=3).
4. DISCUSSION
The objective of this pharmacovigilance was to systemically investigate the association of reported AEs and FDA-approved multi-target VEGFR-TKIs based on the FAERS database for 74 quarters. During the study we utilized OpenVigil 2.1, a convenient and efficient tool with advanced cleaning, filtering, extraction, and analysis capabilities, to conduct data mining and analysis.17 We observed that the proportion of Asians was also very large (24.04%). Among all 51,841 cases, children accounted for 536 cases suggested that off-label use in pediatrics was not uncommon. Then, we conducted data mining using the ROR approach in disproportionality analysis. Following this, the risk signals from the previous procedure were grouped based on the SOCs, and the top 50 PTs were evaluated based on the quantity of AE reports. 
[bookmark: _Hlk118704190]The disproportionality analysis showed that the seven VEGFR-TKIs had similar safety profiles for the general population, despite some differences, and the data mining results of these agents were similar to their boxed label warnings and AEs occurring in clinical trials.18,19 The most common AEs in SOC categories in these populations were gastrointestinal disorders. The most frequent reported AE was diarrhea, which is similar to the findings of several large real-world setting studies.20-22 Furthermore, we found that PPES, also referred to as hand-foot skin reaction (HFSR), was the most significant AE in the top 50 PTs, especially sorafenib and regorafenib. Although the labels for sunitinib, sorafenib, and regorafenib all list PPES, which corresponds to the high ROR, the results of this study showed that the remaining agents also had a risk. The high risks of sorafenib and regorafenib based on disproportionality analysis were consistent with a recent meta-analysis involving regorafenib (48.6%) had the highest incidence, followed by sorafenib (48.5%).23 Notably, hypothyroidism is widely reported in the literature, we also found that hyperthyroidism was a risk for AEs among each VEGFR-TKI, as was reported in another disproportionality analysis.24
Most anti-angiogenic treatments targeting VEGFR in pediatrics have been investigated up to phase Ⅰ/II study, and at least four of these relevant clinical studies discuss safety in detail.25-28 Of the VEGFR-TKIs included in our analysis, only cabozantinib has been approved by the FDA for children over 12 with differentiated thyroid cancer (DTC).29 The safety profiles of each VEGFR-TKI were not similar for the limited data and biased agents used, and no risk for AEs was detected with axitinib. According to the combined results, investigation abnormalities and blood and lymphatic system disorders were the most common SOCs in pediatrics. Although increased ALT and AST were universal for AEs among these agents in the investigations, few hepatobiliary disorders were detected as VEGFR-TKI-related AEs in pediatric patients when compared with the general population. Furthermore, compared with the combined results of general population, blood and lymphatic system disorders were riskier with VEGFR-TKIs in pediatric patients, especially sorafenib and lenvatinib. Among them, sorafenib is similar to the results of monotherapy according to a recent meta-analysis for children, and pazopanib also has a higher incidence of hematological AEs.10 However, pazopanib has no hematological risk signal in this study.
In our analysis of single AEs, we found that PPES was the most frequent in pediatric patients, followed by pneumothorax. Among the 50 included PTs, the PPES signal was the strongest. We observed that sorafenib contributed most of the cases, and among the included VEGFR-TKIs, only sorafenib was judged to be associated with the occurrence of PPES; the risk was much higher than other agents. With respect to pneumothorax, although the ROR was not as high as PPES, it involved more agents. Interestingly, except for regorafenib, pneumothorax was also a risk AE of other VEGFR-TKIs in the general population without listing in the label. In two retrospective studies and a phase II single-arm multicenter study involving anti-angiogenesis agents used in children and adolescents, the incidence of pneumothorax during treatment ranged from 13.3%-33%.30-32 Subsequent research proved peripheral lung lesions or necrosis of pleural lesions may be the cause of pneumothorax rather than the direct toxicity of chemotherapy drugs due to the tumor directly involving the pleura after chemotherapy.33,34 Factually, Solid tumors account for 30% of all pediatric cancers,10 and based on the statistics of our previous result, the indication for sarcoma accounted for the largest portion (29.48%) of pediatric patients (Table S2). The existing literature has confirmed that sarcomas usually metastasize with a stable frequency.35,36 In addition, most children treated with VEGFR-TKIs are already advanced and lung metastases are more likely.31,36,37
However, FAERS data only represents a portion of the healthcare population due to its characteristics. The trial sponsor, affected participant, and general practitioner may report this data because it was spontaneously reported. The data may contain duplicate, incomplete, inaccurate, and omitted reports. Second, we utilized the ROR method in the analysis. Although the ROR method is simple and easy to understand, the results are highly susceptible to individual values. The statistic fluctuates greatly if the cell frequency is small. Thus, when signal detecting according to the standard, we focused on AEs with many cases to avoid false positives. Finally, data mining can identify the AE profiles of the drugs but does not prove a causal relationship. The FAERS database only includes reported AEs and not all VEGFR-TKIs use reports, thus the incidence of AE cannot be determined. Although the use of the FAERS database has limitations, the comparative exploration of VEGFR-TKIs and background factors through disproportionality analysis can partially avoid the influence of confounding factors in cancer patients.38
Overall, our study showed that the risk profiles of VEGFR-TKIs vary. By analyzing the comprehensive characterization of these agents based on the FAERS, new, severe, or unexpected AE signals can be identified. These results can provide evidence for future clinical research and enable clinicians to choose the optimal therapies in clinical practice.
CONCLUSION
The present study explored the safety profile of VEGFR-TKI inhibitors using the FAERS database. Typical VEGFR-TKI-related AEs in general population include gastrointestinal disorders (e.g., diarrhea, oral pain, and gastrointestinal perforation), liver-related adverse events (e.g., hepatic function abnormalities, hepatic failure, and hepatic encephalopathy), and thyroid dysfunction (hypothyroidism and hyperthyroidism). For children, results differed among the included VEGFR-TKIs, but few severe AEs occurred. PPES was the most significant VEGFR-TKI-related AE, especially for sorafenib. Second, a pneumothorax was another common AE that needs close monitoring during the anti-angiogenesis therapy. Further research, including more observational studies, population cohorts, and clinical trials, are required to validate AEs associated with VEGFR-TKIs, particularly the off-label use in pediatrics.
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Figure:
Figure 1. Proportion of the risk preferred terms (PTs) identified in system organ class.
Figure 2. Proportion of the risk preferred terms (PTs) for each agent.
Table:
Table 1. Data characteristics.
Table 2 The ROR of the top 50 AE reports in pediatrics. SOC, system organ class; PT, preferred term; ROR, reporting odds ratio; CI, confidence interval; ✗, means that PTs not been detected as risk signal.
