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Introduction: DNA methylation inhibitors have been approved for the prevention of Acute Myeloid Leukemia (AML), and their safety profile is not fully characterized. This study was aimed at evaluating the adverse drug reactions (ADRs) of DNA methylation inhibitors by analyzing the individual case safety reports (ICSRs) collected in the EudraVigilance (EV) database.Materials and methods: The EV database managed by the European Medicines Agency was adopted. The standardized medical terminology set MedDRA was utilized. The ICSRs data of DNA methylation inhibitors for the treatment of acute myeloid leukemia originated from the EV database (2005–2024). A descriptive exploration of the combined data from EV was undertaken to assess the age, gender of patients, severity and outcome of ADR, event year, geographical origin and the qualification of the reporting source. A comprehensive assessment was made for severe ADR cases. By means of the Reporting Odds Ratio (ROR) and 95% Confidence Interval (CI), a non-proportional analysis was made for MedDRA® SOC in DNA methylation inhibitors. Statistical analysis was executed with SPSS version 23.0, and p < 0.05 was regarded as statistically significant.Result: The study reveals that reports related to AZACITIDINE increased from 2005 to 2023, with a slight decline in 2024, while those for DECITABINE have been on the rise since 2007. ICSRs were associated with a majority of males and individuals aged 65–85. Healthcare professionals frequently reported ICSRs related to DNA methylation inhibitors. A significant portion of these ICSRs were serious and completely resolved. The most common ADRs were identified, and certain ADRs had a higher reporting probability with AZACITIDINE (e.g., Febrile neutropenia, Anamia, etc.) and others with DECITABINE (e.g., Myelosuppression, Thrombocytopenia, etc.).Conclusion: The analysis regarding ADRs of DNA methylation inhibitors was consistent with the literature information disclosed. AZACITIDINE and DECITABINE each have ADRs with a high probability of being reported. Although the study has the advantage of using the database, it is limited by the spontaneous reporting system. Future improvements are needed to accurately evaluate the safety of the drugs.Keywords: DNA methylation inhibitors, adverse drug reactions, system organ class, eudravigilance database, comparative observational study, azacitidine, decitabine
INTRODUCTION
Acute myeloid leukemia is a malignant disorder of hematopoietic stem cells, which is characterized by the explosive proliferation of myeloid blasts, expansion and differentiation arrest. This leads to ineffective normal hematopoiesis and life-threatening cytopenia and transfusion dependence (DiNardo et al., 2023), along with severe infections, anemia and bleeding (Short et al., 2018). Acute myeloid leukemia can affect individuals of all age groups; it is frequently seen in the elderly, with the median age at diagnosis being 68 years, and over two-thirds of the diagnoses of acute myeloid leukemia occur in patients aged 55 or above (Sasaki et al., 2021).
DNA methylation constitutes a crucial epigenetic modification modality (Marx, 2016). DNA methylation is indispensable to imprinting, X inactivation, and the silencing of pluripotent or tissue-specific genes, thereby governing embryonic development. It mainly acts on gene expression. Under normal conditions, the methylation status of CpG islands in the promoter region of specific genes is appropriate to regulate transcription. When abnormal, excessive methylation of tumor suppressor genes will cause them to be silent, and hypomethylation of proto-oncogenes will lead to their overexpression, increasing the risk of tumors and promoting abnormal proliferation and transformation of cells. Its abnormality will lead to malignant transformation of cells and disrupt the regulation of the cell cycle, cell apoptosis and DNA damage repair mechanisms (Gros et al., 2012). This is the pathogenesis of many diseases, such as neurological disorders, cardiovascular diseases and cancer (Li et al., 2024).
AZACITIDINE and DECITABINE are common DNA methylation inhibitors in recent years and hold significant positions in disease treatment. They are mainly utilized for treating hematological disorders such as myelodysplastic syndrome (MDS) and acute myeloid leukemia (AML) (Sorrentino et al., 2021). After AZACITIDINE is incorporated into DNA within cells, it can form a covalent complex with DNA methyltransferase. Under normal circumstances, DNA methyltransferases are responsible for adding methyl groups to specific regions of DNA. Once they are inactivated, they can no longer catalyze the DNA methylation reaction, thereby preventing the occurrence of DNA methylation. In tumor cells, the promoter regions of many tumor suppressor genes are in a silent state due to excessive methylation and cannot be expressed normally to exert the function of inhibiting the growth of tumor cells. This inhibitory effect enables the re-expression of tumor suppressor genes that were previously silenced due to excessive methylation, restoring their normal cellular regulatory functions and subsequently exerting anti-tumor effects (Sullivan et al., 2005).DECITABINE, on the other hand, irreversibly binds to DNA methyltransferase, causing its consumption and reducing its content within cells. Due to the reduction in the number of DNA methyltransferases, their ability to catalyze DNA methylation also decreases, thereby reducing the overall DNA methylation level of the cells. This allows the expression of some key genes to be restored, alters the biological characteristics of tumor cells, inhibits the growth and survival of tumor cells, induces their differentiation into normal cells or prompts their apoptosis, ultimately achieving the purpose of tumor treatment (Stresemann and Lyko, 2008).
In AML, abnormal DNA methylation is one of the most commonly observed alterations. Recent studies have shown that specific DNA methylation patterns are characteristic of AML. Correspondingly, epigenetic therapies (such as hypomethylating agents) have shown significant activity in AML (Schoofs and Muller-Tidow, 2011).
However, studies centered on ADRs associated with all DNA methylation inhibitors and founded on a spontaneous reporting system (SRS) database are lacking. Several concerns merit discussion. Therefore, this study was aimed at evaluating the ADRs of DNA methylation inhibitors by analyzing the ICSRs collected in the EV database.
MATERIALS AND METHODS
Data collection and collation
The EV database, managed by the European Medicines Agency, is employed for collecting and monitoring the data of suspected adverse drug reactions of authorized drugs within the European Economic Area (EEA). It offers valuable information for evaluating the risks and benefits of drugs and guaranteeing public medication safety, encompassing various significant data related to drugs. The EV database is mainly categorized into two principal modules. The Post-authorization Module of EudraVigilance (EVPM) deals with spontaneous reports and non-interventional studies. Its role is to collect and analyze the suspected ADRs that arise during the actual use of drugs after their marketing, facilitating the monitoring of the safety of drugs in widespread applications. The Clinical Trials Module of EudraVigilance (EVCTM) concentrates on adverse drug reaction reports related to interventional studies. This module is beneficial for evaluating the possible adverse reactions of drugs in a strictly controlled clinical trial environment, furnishing a basis for drug approval and regulatory decisions.
The International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH) develops and maintains MedDRA, a standardized medical terminology set that is widely applied in global drug regulatory affairs, with the intention of facilitating the consistency, accuracy, and clarity of data in drug research and development and regulation. It covers various medical terms such as symptoms, signs, disease diagnoses, etc. It has a multi-level structure including SOC, High-Level Term (HLT), Preferred Term (PT), etc., which enables more precise and detailed encoding and classification of medical information.
The data of ICSRs for DNA methylation inhibitors (identified as suspected drugs) used for the treatment of acute myeloid leukemia originated from the EV database (accessed on 25 October 2024), covering the relevant data from 2005 to 2024, including all ICSR cases of azacitidine and decitabine recorded from the drug approval time to 2024. All pre-market ICSRs with supporting literature data were excluded before conducting further analysis. Additionally, to prevent treatment bias, all ICSRs with other indications and more than one reported suspected drug were also eliminated. The selection for the analysis was determined based on the use of the SOC of the Medical Dictionary for Regulatory Activities (MedDRA®) of “Cardiac Disorders” or “Blood and Lymphatic System Disorders”.
This study utilized a public database. To ensure that the research met ethical standards, we took the following measures: Firstly, the obtained data were strictly anonymized to protect the privacy of data providers. Secondly, we confirmed the usage license of the database employed to guarantee that our research activities were conducted within a legal and compliant framework.
Descriptive analysis
A descriptive analysis was conducted on the aggregated data from EV to evaluate the following criteria: the age and gender of patients, ADR information (severity and outcome), the year of the event, geographical origin, and the qualifications of the primary reporting source. According to the International Council for Harmonisation E2D guidelines, ADRs are classified as severe under specific conditions: if they are considered as death or life-threatening situations, if they are considered as cases of hospitalization or prolongation of existing hospital stays, if they are considered as cases of persistent or severe disability/incapacity, if they are considered as cases of congenital anomalies or defects, or if they are included in the list of Important Medical Events (IME) updated by the European Medicines Agency based on MedDRA® every 6 months. The outcomes of ADRs are classified as “recovered/resolved”, “recovering/resolving”, “recovered/resolved with sequelae”, “not recovered/not resolved”, and “fatal”. If there are two or more ADRs with different outcomes in a single ICSR, then the outcome with the lowest resolution should be picked out and used for classification.
Comprehensive assessment of severe ADRs cases
A comprehensive assessment was conducted on severe ADR cases, with a focus on severity criteria (life-threatening, disabling, and fatal).
Disproportionate analysis
Furthermore, a disproportionate analysis was carried out using the ROR and the corresponding 95% CI to evaluate the reporting frequency of ADRs for MedDRA® SOC in DNA methylation inhibitors. The reference group included all DNA methylation inhibitors except the one of interest. If the total number of cases reached or exceeded three, the ROR and 95% CI were evaluated.
Statistical software and significance determination
Statistical analysis was carried out using version 23.0 of the Statistical Package for the SPSS for Windows (provided by IBM SPSS Statistics). All analyses conducted through SPSS were regarded as statistically significant if the p-value was less than 0.05.
RESULT ATTRIBUTES OF ICSRS
The trend over the years shows that the reports related to AZACITIDINE continued to increase from 2005 to 2023, until there was a small decline in 2024. While the reports related to DECITABINE have been continuously increasing from 2007 to 2024 (Figure 1).
[image: Figure 1]FIGURE 1 | Trend over the years of AZACITIDINE and DECITABINE, ICSRs individual case safety reports.
Substantially, ICSRs were associated with females (37.5%), males (55.4%), and individuals aged 65–85 years (52.6%). Healthcare professionals reported ICSRs related to DNA methylation inhibitors at a higher frequency (90.3%). A greater proportion of DNA methylation inhibitors-related ICSRs were serious and completely resolved (n = 7559; 47.0%) (Table 1).
TABLE 1 | Characteristics of ICSRs for DNA methylation inhibitors reported in EV.
[image: Table 1]The most commonly reported ADRs were Febrile neutropenia (n = 1738; 18.8%), Anemia (n = 826; 8.9%), Cytopenia (n = 372; 4.0%), Bone marrow failure (n = 91; 1.0%), Pericarditis (n = 74; 0.8%), Cardiac disorder (n = 42; 0.5%), Myelosuppression (n = 1950; 21.1%), Thrombocytopenia (n = 997; 10.8%), Leukopenia (n = 466; 5%), and Hematotoxicity (n = 158; 1.7%). With AZACITIDINE, a higher likelihood of reporting was demonstrated for Febrile neutropenia (ROR = 1.27; 95%CI = 1.10–1.47), Anamia (1.49; 1.20–1.86), Cytopenia (1.49; 1.07–2.07), Bone marrow failure (2.54; 1.11–5.81), Pericarditis (4.42; 1.39–14.03), and Cardiac disorder (7.52; 1.04–54.69), while with DECITABINE, it was for Myelosuppression (1.46; 1.30–1.63), Thrombocytopenia (1.21; 1.03–1.43), Leukopenia (4.44; 3.69–5.34), and Hematotoxicity (4.15; 3.02–5.70; Table 2).
TABLE 2 | ROR of ICSRs with ADRs belonging to the SOC “Blood and lymphatic system disorders” or “Cardiac disorders” via PT for the comparison of DNA methylation inhibitors.
[image: Table 2]We conducted an in-depth study on the top 20 ADRs reported for each DNA methylation inhibitor in the SOCs, and a total of 152 identical signals were found in the PTs of the two inhibitors. All common signals were sorted and recorded in Table 3. Among them, the SOC with the most adverse signals was General disorders and administration site conditions, and the top five were Death, Condition aggravated, Drug Intolerance, Disease progression, and Mucosal inflammation. Next was Infections and infestations, and the top five were Infection, Sinusitis, Neutropenic sepsis, Urinary tract infection, and Staphylococcal infection.
TABLE 3 | Same ADRs among two DNA methylation inhibitors.
[image: Table 3]When comparing the top 20 ADRs of the two drugs in the SOCs, we found that there were differences in the PTs of many ADRs between the two inhibitors, such as Blood and lymphatic system disorders, Cardiac disorders, Gastrointestinal disorders, etc. (Table 4). The respective numbers of unique symptoms for AZACITIDINE and DECITABINE were 70 and 84.
TABLE 4 | Different ADRs among two DNA methylation inhibitors.
[image: Table 4]DISCUSSION
As far as our knowledge extends, this is the inaugural study that investigates the ADRs associated with DNA methylation inhibitors by means of the analysis of the EV database. DNA methylation inhibitors are of great significance in the field of clinical treatment (Zhang et al., 2024), especially in tumor therapy. They can inhibit DNA methyltransferases, demethylate and restore the expression of tumor suppressor genes, thereby restricting the proliferation of tumor cells and inducing differentiation and apoptosis. They can also upregulate differentiation genes, enhance chemotherapy sensitivity, and activate the body’s immunity to fight tumors. Ever since the emergence of DNA methylation inhibitors, the therapeutic panorama of acute myeloid leukemia has undergone a radical transformation (Sestakova et al., 2022). The rapid onset of action, outstanding patient response and favorable safety profile render DNA methylation inhibitors treatment the premier therapeutic option for acute myeloid leukemia (Li et al., 2016; Bullinger et al., 2010; Issa et al., 2015). They can reactivate tumor suppressor genes that have been silenced by abnormal methylation. In AML, some key tumor suppressor genes will lose their function due to excessive DNA methylation (Yang et al., 2019; Perez et al., 2013). DNA methylation inhibitors can reverse this process and restore the normal expression of these genes, thereby exerting the effects of inhibiting tumor cell growth and promoting cell apoptosis (Uddin and Fandy, 2021). Moreover, DNA methylation inhibitors contribute to altering the epigenetic state of leukemia cells, enabling the cells to regain sensitivity to other therapeutic approaches (Cheng et al., 2019).This implies that they can be combined with traditional chemotherapeutic drugs or targeted therapeutic drugs to enhance the overall therapeutic effect and increase the remission rate and survival rate (Das, 2018). In this study, ICSRs related to DNA methylation inhibitors presented certain characteristics. For instance, the trend of reports indicated that the reports of AZACITIDINE continuously increased from 2005 to 2023 and slightly declined in 2024; the reports of DECITABINE have been on the rise since 2007. Regarding the gender and age distribution, ICSRs mainly involved males (55.4%) and individuals aged 65–85 (52.6%). Healthcare professionals had a higher reporting frequency (90.3%). These data reflect the occurrence of adverse reactions in the practical application of DNA methylation inhibitors and are of great significance for evaluating their safety.
The analysis found that men and the 65–85 age group had a relatively high proportion in ICSRs. The possible reasons are that the incidence of AML is higher in the elderly population (Abdallah et al., 2020), and men in this age group may be more likely to fall ill or receive relevant treatments, thereby resulting in a relatively large number of reports (Short et al., 2018). Additionally, differences in drug metabolism among different genders and age groups may also affect the occurrence and reporting of adverse reactions (LeBlanc et al., 2024). The high proportion of serious ICSRs indicates that the adverse reactions of DNA methylation inhibitors cannot be ignored. This may be related to the severity of the disease and the poor basic health status of AML patients themselves. The ADRs with a higher reporting probability for AZACITIDINE include febrile neutropenia, anemia, cytopenia, bone marrow failure, pericarditis, and cardiac disorders, etc. Febrile neutropenia may be related to the inhibition of the drug on the hematopoietic function of the bone marrow, resulting in a decrease in neutrophil production and thereby increasing the risk of infection (Patel and West, 2017). The occurrence of these ADRs may adversely affect the treatment process of patients, such as increasing the risk of infection, reducing the quality of life, and affecting treatment compliance, etc. The ADRs with a higher reporting probability for DECITABINE are myelosuppression, thrombocytopenia, leukopenia, and hematotoxicity, etc. Myelosuppression is a common adverse reaction of such drugs, which affects the production of various blood cells in the bone marrow, resulting in a decrease in the number of peripheral blood cells (Nian et al., 2024). Thrombocytopenia may increase the risk of bleeding in patients, and leukopenia makes patients more prone to infection.
Studies have shown that both AZACITIDINE and DECITABINE have relatively high reporting probabilities of ADRs, which are of great reference value for clinicians’ initial drug selection. For example, when patients with poor basic conditions and high infection risk use AZACITIDINE, special attention should be paid to ADRs such as febrile neutropenia and anemia, and strengthened monitoring and preventive supportive treatment should be adopted; when patients with good bone marrow reserve function but poor tolerance to hematological toxicity use DECITABINE, attention should be focused on ADRs such as bone marrow suppression and thrombocytopenia, and blood transfusion support should be planned in advance if necessary. The key to reducing the occurrence of ADRs lies in personalized adjustment of drug doses based on individual characteristics of patients (age, weight, physical condition, gene mutation status, etc.). For elderly patients or those with liver and kidney dysfunction, the initial dose should be appropriately reduced due to the possible decrease in their ability to metabolize and excrete drugs, and then gradually adjusted according to the patient’s tolerance and treatment response. During treatment, closely monitor the treatment response and ADRs. When ADRs occur, reduce or suspend the drug in a timely manner according to the severity, and resume carefully after the ADRs are relieved, maintaining at a lower dose or adjusting the plan.
This study offers an overview regarding the safety of DNA methylation inhibitors, and the utilization of the EV database presents considerable advantages. This database is capable of collecting a large amount of real-world ICSRs data, which is helpful for discovering rare or delayed ADRs and providing more comprehensive information for drug safety assessment. Especially for newly approved or less frequently used drugs, this database-based analysis can provide early safety signals and offer important references for the subsequent development, regulatory decisions, and clinical applications of drugs. In future studies, ADR management is indispensable, and its importance is reflected in many aspects: it can not only alleviate adverse reactions such as anemia and gastrointestinal discomfort to ensure the continuity of treatment, but also flexibly adjust the plan according to the patient’s condition; it not only focuses on improving the quality of life of patients to help them receive treatment in a good physical and mental state, but also reduces the risk of complications such as infection and bleeding, comprehensively helping to improve the treatment effect.
Through the analysis of a large amount of data, we can describe more accurately the characteristics of adverse reactions of DNA methylation inhibitors in different populations, providing a basis for individualized treatment. However, this study also has certain limitations. The spontaneous reporting system itself has some inherent problems. For example, data missing may lead to incomplete partial information, affecting the comprehensive assessment of adverse reactions; report duplication may cause data redundancy, interfering with the judgment of the true incidence rate; the lack of the denominator (i.e., the total number of patients with acute myeloid leukemia who have received treatment) makes it impossible for us to accurately calculate the incidence rate of adverse reactions. We can only assess the relative frequency through methods such as the ROR, which has certain limitations. Additionally, there may be underreporting phenomena. Some mild or atypical adverse reactions may not be reported, thereby underestimating the actual adverse reaction risk of the drug. In terms of sample size, although a certain number of ICSRs have been collected, the analysis of some rare adverse reactions may still be insufficient. The study’s time range may also have an impact on the results. For instance, over time, the usage of drugs and patient characteristics may change, and these changes may not be fully covered within the time span of this study. The analysis method (such as ROR analysis) also has its limitations. It can only indicate the degree of association between the drug and adverse reactions and cannot determine the causal relationship. Further studies are needed for verification. Future studies can consider integrating multiple data sources, improving data collection methods, expanding the sample size, extending the study time, and adopting more advanced analysis methods to overcome these limitations and assess the safety of DNA methylation inhibitors more accurately.
Although the current research indicates that DNA methylation inhibitors (such as AZACITIDINE and DECITABINE) have certain therapeutic effects in the treatment of acute myeloid leukemia (AML), single-drug therapy has limitations. Subsequent studies can focus on exploring the optimal regimens for combination use with other new targeted drugs (such as FLT3 inhibitors, IDH inhibitors, etc.), including drug combinations, dose ratios, administration sequences, and treatment cycles. The safety and efficacy of combination therapy can be evaluated through large-scale clinical trials to improve the remission rate and survival rate of patients. Additionally, as the treatment progresses, some patients may develop resistance to DNA methylation inhibitors. In the future, in-depth research can be conducted on the molecular mechanisms related to drug resistance, such as mutations in DNA methyltransferase genes, changes in epigenetic modifications, and the influence of the tumor microenvironment, to find new targets and strategies to overcome drug resistance, and to develop targeted resistance-reversal agents or new therapeutic drugs to improve the treatment effect of patients with drug resistance. When using DNA methylation inhibitors in individualized therapy, first, the gene mutation status is crucial for the selection and use of DNA methylation inhibitors. Different gene mutations may affect the sensitivity and reactivity of tumor cells to the drugs. For example, if a patient has specific gene mutations closely related to DNA methylation, it may be necessary to adjust the dose of the inhibitor or select a specific type of inhibitor. Age is also a key factor. For young patients, their physical functions are usually better and they may be able to tolerate higher doses or more intensive treatment regimens. However, elderly patients may need to reduce the drug dose due to reasons such as organ function decline and decreased metabolic capacity to avoid serious side effects. Comorbidities also affect treatment decisions. If the patient has comorbidities such as cardiovascular diseases, liver and kidney function disorders at the same time, the metabolism and excretion of the drug may be affected. Therefore, it is necessary to carefully select the dose and treatment cycle, and closely monitor the adverse reactions of the drug.
CONCLUSION
The analysis of ADRs related to DNA methylation inhibitors was in accordance with the information reported in the literature. The reports in the study were mostly submitted by healthcare professionals. The proportion of serious ICSRs cannot be ignored, and AZACITIDINE and DECITABINE each have ADRs with a high probability of being reported. For AZACITIDINE, the ADRs with a higher reporting probability are febrile neutropenia, anemia, cytopenia, bone marrow failure, pericarditis, and cardiac disorders. For DECITABINE, they are myelosuppression, thrombocytopenia, leukopenia, and hematotoxicity. Although the study benefits from the utilization of the database, it is constrained by the spontaneous reporting system. Future enhancements are requisite to precisely assess the safety of the drugs. In practical applications, doctors need to comprehensively consider all the various factors we mentioned earlier. The gene mutation status of the patient can be clarified through genetic testing, and the overall health status of the patient can be evaluated in combination with age and comorbidities. Before the start of treatment, an individualized treatment plan should be formulated, including the initial dose, treatment interval and expected treatment cycle. During the treatment process, closely monitor the patient’s response, such as symptom improvement and changes in blood indicators, and adjust the treatment plan in a timely manner according to the monitoring results to achieve the best treatment effect and the least adverse reactions.
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