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Background: Everolimus is an inhibitor of the mammalian target of rapamycin and is used to treat various tumors. The presented study aimed to evaluate the Everolimus-associated adverse events (AEs) through data mining of the US Food and Drug Administration Adverse Event Reporting System (FAERS).
Methods: The AE records were selected by searching the FDA Adverse Event Reporting System database from the first quarter of 2009 to the first quarter of 2022. Potential adverse event signals were mined using the disproportionality analysis, including reporting odds ratio the proportional reporting ratio the Bayesian confidence propagation neural network and the empirical Bayes geometric mean and MedDRA was used to systematically classify the results.
Results: A total of 24,575 AE reports of Everolimus were obtained using data from the FAERS database, and Everolimus-induced AEs occurrence targeted 24 system organ classes after conforming to the four algorithms simultaneously. The common significant SOCs were identified, included benign, malignant and unspecified neoplasms, reproductive system and breast disorders, etc. The significant AEs were then mapped to preferred terms such as stomatitis, pneumonitis and impaired insulin secretion, which have emerged in the study usually reported in patients with Everolimus. Of note, unexpected significant AEs, including biliary ischaemia, angiofibroma, and tuberous sclerosis complex were uncovered in the label.
Conclusion: This study provided novel insights into the monitoring, surveillance, and management of adverse drug reaction associated with Everolimus. The outcome of serious adverse events and the corresponding detection signals, as well as the unexpected significant adverse events signals are worthy of attention in order to improving clinical medication safety during treatment of Everolimus.
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1 INTRODUCTION
The mammalian target of rapamycin (mTOR) is a serine/threonine kinase comprised of two functionally different protein complexes, mTOR complex 1 (mTORC1) and mTOR complex 2 (mTORC2) (Murugan, 2019). Evidence has demonstrated that mTOR regulates multiple targets and pathways simultaneously and is involved in various biological processes, including cell survival, growth, metabolism, protein synthesis, and autophagy (Tian et al., 2019). Current knowledge indicates that the dysregulation of mTOR signal is associated closely with cancer occurrence, making mTOR an attractive therapeutic target of cancer (Popova and Jücker, 2021). In recent years, a variety of mTOR inhibitors have been developed and proved to have great pharmacological activity (Zou et al., 2020). Everolimus is an orally available mTOR inhibitor, which can bind with the intracellular receptor FK506-binding protein (FKBP-12) and form the everolimus-FKBP-12 complex to block the activation of mTORC1 (Hua et al., 2019). Meanwhile, it also inhibits the expression of hypoxia-inducible factor 1 (HIF-1) and vascular endothelial growth factor (VEGF) (Kirchner et al., 2004), leading to the significant immunosuppressive and antiproliferative properties. Everolimus is already approved for: 1) hormone receptor (HR)- positive, human epidermal growth factor receptor 2 (HER2)-negative advanced breast cancer with exemestane in postmenopausal women (Du et al., 2018; Moreau-Bachelard et al., 2023), 2) advanced renal cell carcinoma after treatment with sorafenib or sunitinib therapy (Yangyun et al., 2022), 3) advanced pancreatic neuroendocrine tumors (panNET) (Chan et al., 2017), 4) renal angiomyolipoma or subependymal giant-cell astrocytoma (SEGA) in tuberous sclerosis complex (TSC) (Song et al., 2019), and has also been proposed for improving graft function in transplant patients (Tang et al., 2015). While generally well-tolerated with common adverse drug reactions (ADRs) such as stomatitis, anemia, hyperglycemia, and hyperlipidemia (Paplomata et al., 2013), some uncommon but potentially fatal adverse effects warrant specific attention, including non-infectious pneumonitis (Dabydeen et al., 2012) and gastrointestinal hemorrhage (Tsunematsu et al., 2019). Therapeutic drug monitoring adverse events (AEs) should be valued during the use of Everolimus, and more relevant real-world data is necessary for establishing clinically reasonable drug reference standards.
The Food and Drug Administration Adverse Event Reporting System (FAERS) is a publicly accessible database specifically designed to facilitate the FDA’s post-marketing safety monitoring of drugs and therapeutic biologic products (Yu et al., 2021). Reports were quantitatively assessed by signal detections, where a signal meant a drug-related AE. Researchers has begun to be analyzed on a variety of drugs and diseases using the FAERS database to find potential AEs that should be of particular concern, aiming to provide guidance on clinical medication and treatment (Yang et al., 2023; Zhao et al., 2023).
In the present study, we analyzed the Everolimus-related AEs reported from the first quarter of 2009 to the first quarter of 2022 through data mining of FAERS. In addition to discovering new AE signals, exploratory investigations on the current situation and update of its safety profile were also conducted. We believe that the research will contribute to rational and safe clinical therapeutic application of Everolimus.
2 METHODS
2.1 Data collection
The FAERS is a publicly available database designed to support the post-marketing surveillance program for drugs and therapeutic biologics, including all adverse event information and medication error information collected directly from consumers and healthcare professionals. This real-world data associated with Everolimus’s AEs between the first quarter of 2009 and the last quarter of 2022 was extracted and preprocessed using MYSQL. Then the clean and standardized data were selected and mapped to MedDRA23.0 to remove the duplicated case records and identify the AEs. The significant AEs were mapped to preferred terms (PTs) and system organ class (SOC) based on the structural hierarchy of the MedDRA terminology (Mascolo et al., 2021). Data pertaining to clinical characteristics, including gender, age, and reported countries, were collected and compiled for analysis. Severe outcomes included life-threatening, hospitalization, disability, and death.
2.2 Statistical analysis
As a commonly used approach in pharmacovigilance study, disproportionality analysis was performed to detect spontaneous signals (Zink et al., 2013). Frequentist and Bayesian methods were employed to assess potential associations between everolimus and AEs using the reporting odds ratio (ROR), the proportional reporting ratio (PRR), the Bayesian confidence propagation neural network (BCPNN), and the empirical Bayes geometric mean (EBGM) (Song et al., 2020). Signals of AEs with at least 3 records were recorded for analysis, and the signals would be selected when conforming to the four algorithm criteria simultaneously, with lower limit of 95% confidence interval (CI) > 1.0. The statistical shrinkage method was employed to minimize the risk of spurious associations caused by rare events with low number of cases (Norén et al., 2013). All data processing and statistical analyses were performed using R software (version 4.0.2).
3 RESULT
3.1 General characteristics
From the first quarter of 2009 and the first quarter of 2022, a total of 24,575 reports on Everolimus were reported. The clinical characteristics of events with Everolimus are described in.
Table 1 Among all AEs, more female than male patients (54.85% vs. 36.35%) were reported. The largest percentage of reports (13.07%) were in patients aged 60–69 years. Elderly individuals (aged >60 years) accounted for a high proportion with 23.82% (n = 5,854). The country that reported the most was the United States (47.56%), followed by Japan (4.47%), Germany (4.12%), France (2.94%) and Canada (2.22%). Death (25.02%) was the most frequently reported severe outcome, followed by hospitalization and life-threatening occurring in 5,706 (23.22%) and 527 (2.14%) cases, respectively. The incidence of disability was the lowest (0.98%).
TABLE 1 | The characteristics of reports associated with everolimus from the FAERS database (2009 Q1 to 2022 Q4).
[image: Table 1]3.2 Signal detection
Signal strengths of reports of Everolimus at the System Organ Class (SOC) level are described in Table 2. Statistically, Everolimus-associated AEs occurrence targeted 24 organ systems. The significant SOCs were “Neoplasms benign, malignant and unspecified (incl cysts and polyps) (SOC: 10029104, 3515)”, “Reproductive system and breast disorders (SOC: 10038604, 211)”, “Injury, poisoning and procedural complications (SOC: 10022117, 213)”, “Musculoskeletal and connective tissue disorders (SOC: 10028395, 337)”, and “Congenital, familial and genetic disorders (SOC: 10010331, 5)”.
TABLE 2 | Signal strength of AEs of Everolimus at the System Organ Class (SOC) level in FDA Adverse Event Reporting System (FAERS) source.
[image: Table 2]The top 40 signal strengths of AEs of Everolimus at preferred terms (PTs) level ranked by EBGM are described in Table 3. Stomatitis, pneumonitis and impaired insulin secretion that are included in the label are usually reported in patients with Everolimus. Of note, unexpected significant AEs, including “biliary ischaemia”, “angiofibroma”, “tuberous sclerosis complex”, “urinary fistula”, “renal lymphocele” and so on, were uncovered in the label. However, rash, fatigue, diarrhea, decreased appetite, nausea, hyperlipemia, and anemia, which are listed in the drug label, did not meet the top 40 signal strength. The results may provide a reference for further updating the AE in the specification of Everolimus. Besides, we screened the top 40 high level terms (HLT) of AEs to replace with classification evaluation by using ROR, PRR, BCPNN, and EBGM according to frequency ranking, and the results are shown in Supplementary Table S1. In addition, it is worth noticing that a higher number of PTs were associated with tumorigenesis and development, including “angiomyolipoma”, “metastatic renal cell carcinoma”, and “endometrial adenocarcinoma”.
TABLE 3 | The top 40 signal strength of AEs of Everolimus at preferred terms (PTs) level ranked by EBGM in FDA Adverse Event Reporting System (FAERS) source.
[image: Table 3]4 DISCUSSION
The spontaneous reporting system (SRS) has been widely conducted for exploring post-marketing drug safety and assessing suspected AEs. As a web-based and interactive database, FAERS has enabled the detection, assessment, and prevention of adverse effects or other drug-related problems aiming to monitor the safety of pharmacotherapy and enhance patient compliance. Our study conducted the most comprehensive and systematic post-marketing pharmacovigilance analysis of Everolimus-related AEs based on the FAERS, which is intended to provide a scientific reference for clinical rational administration.
In our study, 24,575 reports of Everolimus as the primary suspected drug were identified, nearly half of which came from the United States (47.56%), and the rest from other countries, including Japan (4.47%) and Germany (4.12%). The proportion of AEs occurred in female patients was higher than that in male patients, suggesting that the adverse reactions of Everolimus may be gender-related or possibly due to the indications of Everolimus for advanced hormone receptor-positive breast cancer. Our results have demonstrated a higher rate of AEs in patients aged 40–80 years (34.98%), which coincides with the increased incidence for the age range of breast cancer and renal cell carcinoma in its indications. However, it is crucial to note that age-related information was missing for more than half of the patients (56.46%), which may lead to the deviation of the results.
The most common and significant AEs at SOC levels were “Gastrointestinal disorders”, which are one of the most common AEs of Everolimus in the label and were confirmed significantly in the present study. Stomatitis is one of the most frequently stated reasons for treatment delay or dose reduction among patients receiving Everolimus treatment. According to the BOLERO-2 study, the incidence of oral mucositis is as high as 58% and 81% among Asian patients, and most adverse reactions were grade 1 or 2 (Noguchi et al., 2014). Studies indicated that efficient professional oral care could reduce the incidence and severity of oral mucositis and improve the condition of patients’ oral cavities (Umeda et al., 2021). Notably, significant AEs signal strengths among SOC of “Neoplasms benign, malignant and unspecified (incl cysts and polyps)”, and “Musculoskeletal and connective tissue disorders” were presented in this study, including “pancreatic neuroendocrine tumour”, “metastases to pleura”, “angiomyolipoma”, and “tuberous sclerosis complex”, etc. Since Everolimus has been widely prescribed for a long time for the treatment of cancers and connective tissue diseases, it cannot be directly inferred whether benign, malignant, and unspecified tumors and various musculoskeletal and connective tissue diseases ADE are directly caused by Everolimus. In addition, we also analyzed some SOCs unrelated to medical treatment, such as “Investigations (SOC: 10022891,3834)”, which were not further discussed in this study.
Hematological toxicity was not common among patients treated with Everolimus. However, in our study, the signal of blood and lymphatic system disorders were detected and several new PTs were found with significant signal strength, including lymphocele and lymphangiosis carcinomatosa. As an immunosuppressive agent, mTOR inhibitors exert dose-dependent effects on haematopoiesis, potentially leading to anaemia (Sánchez Fructuoso et al., 2007), and the inhibition of signal transduction via glycoprotein 130 (β) chain shared by certain cytokine receptors, granulocyte colony-stimulating factor and erythropoietin may induce leukopenia and thrombocytopenia (Molina et al., 2012). Decreased hemoglobin, lymphocytes, and platelets have been reported in clinical trials (Chocteau-Bouju et al., 2015; Kanesvaran et al., 2015), thus monitoring of complete blood count is recommended prior to the start of Everolimus therapy and periodically thereafter, and our results have re-emphasized the importance of the haematological observations. Drug-related pneumonitis is one of the potential adverse side effects of cancer treatments, which is characterized clinically by difficulty of breathing and dry, non-productive cough and presented radiologically as different radiographic manifestations. The reported incidence of Everolimus-related pneumonitis ranges from 13.5% to 48.7% (Penttilä et al., 2017), and the proposed etiologic factors include autoimmune response and delayed-type hypersensitivity (Garrean et al., 2005). However, studies have shown that Everolimus-induced pneumonitis is associated with improved survival in tumor patients and may serve as a biomarker of Everolimus efficacy, which means that adequate management of this adverse event may be reinforced with the goal of preserving Everolimus therapy when possible (Taboada et al., 2022).
Other AEs of SOCs involved in adverse reactions mentioned in the instructions, including Infections and Endocrine disorders, have corresponding signals detected and verified the reliability of the data in this study. Some other unexpected and new significant AEs signals that were not mentioned in the instruction or regulatory trials, such as urinary fistula and hepatic artery stenosis, were detected in our analysis, and the exact induction mechanisms of these AEs remained unclear. However, it has to be emphasized that Everolimus has a narrow therapeutic window and high pharmacokinetic variability within and between individuals, and the toxicity of drugs is closely related to the dosage and duration of medication. Therefore, during the Everolimus treatment, therapeutic drug monitoring was recommended to avoid under-immunosuppression or over-immunosuppression and to minimize the occurrence of adverse effects, especially in the transplantation setting (Shipkova et al., 2016). In addition, in our investigation we only studied the correlation between the Everolimus and AEs in advance, so the drug role we set is “preferred suspect”, that is, the correlation between the drug as a single factor and AEs. As a result, the influence of multi-factor confounding was not further investigated in our study, including secondary suspect, drug concomitant, and multi-drug interactions.
This real-world observational study with large-sample data has some limitations which need to be acknowledged. First, all of the AEs and medication error reports are voluntarily submitted by the pharmaceutical industry, healthcare providers, and consumers, thus there may be a risk of missing data or information bias. Second, definite causality is not required compulsorily when data was uploaded, so the reports can only provide safety signal strength but do not represent a real risk. Finally, due to the lack of total numbers of patients treated with Everolimus, the true incidence of ae cannot be calculated from FAERS. Prospective, large-scale, and longer-term clinical studies are still needed for further validation.
5 CONCLUSION
Our pharmacovigilance analysis of FAERS database comprehensively and systematically revealed the safety signals in treatment with Everolimus. More attention should be given to the new and unexpected AE events when medication is administered, and several life-threatening AEs warrant early detection and intervention. Long-term drug monitoring and scientifically designed prospective trials are encouraged to confirm these results in future studies.
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hepatic artery stenosis Vascular disorders 6 5891 (2501 589 (2501- | 569 (3.19) 5151 (21.87)
138.78) 138.72)
renal lymphocele Blood and lymphatic system disorders 3 92.89 9288 (2647- | 624 (288) 75.65 (21.56)
(26.47-326) 325.92)
metastases to pleura Neoplasms benign, malignant and 27 3421 (23.09- | 3417 (2308- | 498 (372) 3158 (21.31)
unspecified (incl cysts and polyps) 50.68) 50.61)
pneumonitis Respiratory, thoracic and mediastinal 531 2504 (2292 | 2452 (2248- | 453 (424) 2317 (21.21)
disorders 27.36) 26.74)
human herpesvirus 7 infection Infections and infestations 4 6441 (2241- | 644 (2241- | 58(286) 55.65 (19.37)
185.08) 185.03)
Iymphangiosis carcinomatosa Blood and lymphatic system disorders. 27 29.89 (2021- | 29.85 (20.2- 4.8 (3.55) 27.86 (18.84)
44.19) 44.13)
thoracic cavity drainage Surgical and medical procedures 9 38.96 (1965 38.95 5.15 (3.09) 35.6 (17.96)
77.24) (19.65-77.2)
metastatic renal cell carcinoma Renal and urinary disorders 52 2515(19- 25.09 4,57 (3.65) 23.68 (17.89)
33.29) (18.97-33.2)
rhabdomyoma Musculoskeletal and connective tissue 37104 (2082- | 7103 (2082 | 592 (264) 60.52 (17.74)
disorders 24241) 242.35)
incisional hernia repair Surgical and medical procedures 4 5751(017- | 575 (2017- | 566 (275) 50.44 (17.69)
163.96) 163.91)
liver transplant rejection Injury, poisoning and procedural 43 2553 (1875 | 2549 (1873 | 459 (359) 24.03 (17.65)
complications 3476) 3468)
metastases to kidney Neoplasms benign, malignant and 18 30.59 3057 (1893- | 483 (332) 2848 (17.63)
unspecified (incl cysts and polyps) (18.94-49.4) 49.35)
impaired insulin secretion Endocrine disorders 5 49.09 (194- 4908 (194- | 545 (281) 4386 (17.33)
124.24) 1242)
renal hamartoma Renal and urinary disorders 5 47.92 (1896 4791 (1896 | 542 (278) 42,92 (16.98)
121.14) 121.1)
cholangiolitis Hepatobiliary disorders 3 67.00 (1976 67.08 (1976 | 5.85 (2.59) 57.64 (16.98)
227.77) 227.72)
oncologic complication Neoplasms benign, malignant and 30 2567 (17.74- | 2564 (1773 | 459 (341) 2416 (16.7)
unspecified (incl cysts and polyps) 37.13) 37.07)
abdominal hernia repair Surgical and medical procedures 6 4238 (1827- 4237 (1827- | 526(282) 38.43 (16.57)
98.29) 98.25)
oral pain Gastrointestinal disorders 403 1906 (1732 1886 (17.08- | 417 (384) 18.06 (16.33)
2119) 2082)
metastatic carcinoid tumour Neoplasms benign, malignant and 6 41.65 (17.97- 41.64 (17.97- 5.24 (2.8) 37.83 (16.32)
unspecified (incl cysts and polyps) 96.53) 96.49)
Iymphatic fistula Injury, poisoning and procedural 3 6356 (1881 6355 (1881- | 578 (253) 55.02 (16.28)
complications 214.8) 214.74)
endometrial adenocarcinoma Neoplasms benign, malignant and 16 28.39 (17.1- 28.37 (17.09- 4.73 (3.15) 26.57 (16)
unspecified (incl cysts and polyps) 47.14) 47.09)
extubation Surgical and medical procedures 4 5032(17.79- | 5031 (1779- | 549 (26) 44.83 (15.85)
14229) 142.25)
drain removal Surgical and medical procedures 3 60.38 (17.94- 60.37 (17.94- 5.72 (2.48) 52.63 (15.64)
20321) 203.16)
cell marker increased Investigations 16 27.54 2752 (1659- | 4.69 (3.11) 25.82 (15.56)
(16:59-45.7) 45.66)
metastases to liver Hepatobiliary disorders 290 1838 (1633- | 1817 (16.17- 412 (3.73) 17.43 (15.49)
20.69) 2043)
heart transplant rejection Cardiac disorders 2 2525 (1641 25.23 457 (321) 238 (1547)
38.85) (164-38.8)
pancreatic neuroendocrine tumour | Endocrine disorders 7 3567 (1647- 3566 (1647- | 5.04 (276) 3284 (15.16)
metastatic 77.28) 77.24)
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Everolimus

Counts Percentages (%)

Number of events 24,575
Gender

Male 8934 3635
Female 13479 5485
Unknown 2,162 880
Age

<20 697 284
20-29 330 134
30-39 485 197
40-49 996 405
50-59 2337 951
60-69 3213 1307
70-79 2051 835
>80 590 240
Unknown 13,876 56.46

Reported Countries (the top ranked)

US (United States) 11,687 47.56
JP (Japan) 1,099 447
DE (Germany) 1013 412
FR (France) 723 294
CA (Canada) 546 222
Serious Outcomes

» Hospitalization 5,706 2322

Daah 6,148 2502
Life-threatening 527 214
Disability 241 098
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Case ROR PRR X2 Ic EBGM
Reports (95% CI)  (95% CI) (1C025) (EBGMO5)
10022891 Investigations 3834 421 (406-4.36) | 371 (36:382) 784361 | 188 (177) 3.68 (3.56)
10017947 Gastrointestinal disorders 4726 6.73 (6.52:6.95) 563 1836174 | 248 (237) 5.56 (5.39)
(5.48-5.77)
10029104 Neoplasms benign, malignant and 3515 1185 (1143- | 1029 (998- 2917470 | 333 (321) 1006 (9.71)
unspecified (incl cysts and polyps) 12.28) 1062)
10038738 Respiratory, thoracic and mediastinal 3588 4.85 (4.68-5.03) 429 927206 | 2.09 (1.97) 425 (4.11)
disorders (4.16-4.42)
10038359 Renal and urinary disorders 892 528 (494-5.65) | 512 (48547) 294470 | 234 (212) 507 (4.74)
10018065 General disorders and administration site 7492 492 (479-506) | 372 (365-38) 1612532 189 (1.8) 37 (36)
conditions
10042613 Surgical and medical procedures 306 349 (3.11-3.9) 346 53145 | 178 (14) 344 (3.07)
(3.09-3.86)
10019805 Hepatobiliary disorders 575 8.68 (7.99-9.44) | 85(784922) 373776 | 3.06 (278) 8.35 (7.68)
10021881 Infections and infestations 201 423 (3.68-4.86) | 42 (366-482) 48594 | 2.06 (159) 417 (362)
10038604 Reproductive system and breast disorders n 1027 (895- 1019 (889 170662 | 332 (2.86) 9.96 (8.68)
11.78) 11.67)
10005329 Blood and lymphatic system disorders 720 378 (351-4.07) | 37 (344:398) 141738 | 188 (163) 3.68 (3.41)
10027433 Metabolism and nutrition disorders 1635 4.06 (3.86-4.27) 385 348330 | 1.94 (177) 383 (3.64)
(3.68-4.04)
10022117 Injury, poisoning and procedural 213 1354 (1181- | 1344 (1173- | 237391 37 (325) 13.03 (1136)
complications 1553) 15.39)
10014698 Endocrine disorders 289 7.69 (6.84-8.65) 761 163198 | 291 (251) 7.49 (6.66)
(678-8.55)
10028395 Musculoskeletal and connective tissue 337 1485 (1331- | 1466 (1316- | 414376 | 3.83 (346) 14.18 (1271)
disorders 16.57) 16.34)
10040785 Skin and subcutaneous tissue disorders 446 4.89 (445-5.37) 481 133711 225 (194) 477 (434)
(4.39-5.28)
10007541 Cardiac disorders 931 418 (3.91-4.47) 406 214624 | 2,01 (179) 403 (377)
(3.81-4.33)
10047065 Vascular disorders 409 466 (423-5.14) | 46 (418507) 114416 | 219 (186) 456 (4.13)
10029205 Nervous system disorders 400 3.56 (3.22-3.93) 351 71640 | 18 (147) 349 (3.16)
(3.19-3.87)
10021428 Immune system disorders 358 5.9 (5.31-6.56) 5.83 141585 | 2.53 (2.17) 5.76 (5.19)
(5.26-6.47)
10077536 Product issues 12 684 (387- 684 5885 | 275 (1.01) 674 (381)
1211) (3.87-12.1)
10037175 Psychiatric disorders 102 5.97 (491-7.26) 595 41394 255 (191) 5.88 (4.83)
(4.89-7.23)
10010331 Congenital, familial and genetic disorders 5 175 (7.15- 175 (7.15- 7454 | 407 (154) 1681 (6.87)
42.86) 42.84)
10015919 Eye disorders 4 826 (3.07- 826 (3.07- 2500 3.02 (033) 811 (301)
222) 222)
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