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Objective: This study aimed to evaluate the risk of adverse events (AEs) in breast cancer patients treated with pembrolizumab combined with paclitaxel versus those receiving pembrolizumab or paclitaxel monotherapy, using the FDA Adverse Event Reporting System (FAERS) database.Methods: Data were extracted from the FAERS database for breast cancer patients treated with pembrolizumab combined with paclitaxel or with pembrolizumab or paclitaxel monotherapy from Q1 2016 to Q2 2023. Disproportionation analysis was performed by calculating the reporting odds ratio (ROR) with corresponding 95% confidence interval (95% CI), the information component (IC), and the lower bound of the information component 95% confidence interval (IC025) to identify potential safety signals.Results: No significant difference in AEs was observed between the combined treatment group and the pembrolizumab monotherapy group. However, the combined treatment group exhibited a substantial increase in AE risk compared to the paclitaxel monotherapy group. The most significant increases in AE risk were adrenal insufficiency (ROR = 189.94, 95% CI 25.41–1419.7, IC = 3.37, IC025 = 1.59), hypophysitis (ROR = 99.46, 95% CI 12.72–777.4, IC = 3.31, IC025 = 1.44), and myocarditis (ROR = 69.5, 95% CI 8.55–565.23, IC = 3.25, IC025 = 1.33). The time-to-event for combined treatment was 35 (34–70) days, for pembrolizumab was 43 (35–90) days, and for paclitaxel was 42 (37–76) days. The combination therapy group demonstrated significantly shorter intervals to the onset of adrenal insufficiency (p = 0.008), myocarditis (p < 0.001), and immune-related enterocolitis (p = 0.009).Conclusion: Analysis of the FAERS database indicates that combination therapy significantly elevates the risk of adrenal insufficiency, myocarditis, hypophysitis, and immune-related enterocolitis compared to paclitaxel monotherapy. These findings provide critical insights for clinicians in predicting and managing potential AEs associated with this treatment regimen.Keywords: pembrolizumab, paclitaxel, breast cancer, adverse event, FAERS
INTRODUCTION
Breast cancer is one of the most prevalent cancers in women and ranks as the second leading cause of cancer-related deaths, following lung cancer (Giaquinto et al., 2022). This highlights the critical public health threat posed by breast cancer and the pressing need for effective prevention and treatment strategies.
The disease is classified into distinct subtypes based on the expression of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor-2 (HER2): Luminal A, Luminal B, HER2, and triple-negative breast cancer (TNBC) (Goldhirsch et al., 2013). This classification facilitates tailored treatments and improves prognosis for breast cancer patients. Among these subtypes, TNBC is particularly aggressive, marked by the absence of ER and PR, and lack of HER2 amplification or overexpression (Cortes et al., 2022). This receptor deficiency renders endocrine and HER2-targeted therapies ineffective, making cytotoxic chemotherapy the standard treatment (Gucalp and Traina, 2011). However, overall survival and response duration remain limited, underscoring the need for novel treatment strategies to enhance outcomes.
Pembrolizumab, an anti-programmed death-ligand 1 (PD-L1) agent, has shown sustained antitumor activity in advanced TNBC, particularly as a first-line therapy (Adams et al., 2019a; Adams et al., 2019b; Winer et al., 2021). Enhanced clinical responses were noted in patients with high PD-L1 expression. The Phase 3 KEYNOTE-355 trial evaluated whether adding pembrolizumab could enhance the antitumor efficacy of chemotherapy, including paclitaxel and non-paclitaxel platinum-based regimens, for previously untreated locally recurrent inoperable or metastatic TNBC. Preliminary data from a pre-specified interim analysis indicated that in patients with a combined PD-L1 positive score (CPS) ≥10, pembrolizumab combined with chemotherapy significantly prolonged progression-free survival compared to placebo plus chemotherapy in PD-L1-stained cells with CPS (Cortes et al., 2020).
Regarding adverse events (AEs) associated with combination therapy, common occurrences included anemia (49.1% in the pembrolizumab chemotherapy group vs. 45.9% in the placebo chemotherapy group), neutropenia (41.1% vs. 38.1%), and nausea (39.3% vs. 41.3%). Pneumonia and kidney injury were significant contributors to AEs leading to death (Cortes et al., 2022). Pembrolizumab-induced AEs affected 54 (18%) of 294 patients in the pembrolizumab group and 21 (8%) of 276 patients in the paclitaxel group (Winer et al., 2021). In the pembrolizumab group, grade 3–5 serious AEs occurring in two or more patients included hepatitis, hypophysitis, and pneumonia (Shitara et al., 2018). The substantial impact of immunotherapy combined with chemotherapy on patient health necessitates identifying potential adverse reactions to ensure the safety of combination therapy.
The U.S. Food and Drug Administration (FDA) Adverse Event Reporting System (FAERS) is a publicly accessible database containing voluntary AE reports from healthcare professionals, consumers, and manufacturers. Its primary objective is to support the FDA’s post-market safety surveillance of drugs and biologics. Leveraging FAERS data for AE database mining provides an effective method to identify associations between drugs and AEs. The extensive and regularly updated FAERS knowledge base allows adverse reaction database mining to more accurately mirror real-world research trends. Recently, large spontaneous AE reporting system databases have gained prominence in pharmacovigilance studies for drug-safety assessment. Currently, no data mining studies based on the FAERS database address AEs in breast cancer patients treated with pembrolizumab in combination with paclitaxel (Chen et al., 2023).
This study investigated the differential risk of AEs in breast cancer patients treated with pembrolizumab combined with paclitaxel versus those treated with pembrolizumab or paclitaxel alone, utilizing the FAERS database. Additionally, the median onset time for AEs across different groups was analyzed. This research provides critical insights for improving the prevention and management of AEs in combination therapy for breast cancer.
METHODS
Data sources and preprocessing
This study analyzed adverse reactions in patients treated with pembrolizumab and paclitaxel using data from the FAERS. Data were sourced from the FAERS database, specifically extracting AE reports from the FDA’s website (http://www.fda.gov/Drugs/InformationOnDrugs/ucm135151HTM). The FAERS database aggregates spontaneous AE reports from healthcare professionals, manufacturers, and consumers worldwide. Datasets on Patient Demographic and Management Information (DMEO), Drug and Biological information (DRUG), Adverse Event (REAC, AEs), and Patient Outcome (OUTC) were employed for analysis. These datasets were integrated using unique identifiers assigned to each FAERS report. AEs were classified based on the Medical Dictionary of Regulatory Activities (MedDRA, http://www.meddra.org/), 1st edition, Version 20.0, and coded using MedDRA® Preferred Terms (PT).
Drug data inclusion criteria are specified as follows: 1. For the Drug A (pembrolizumab) group: inclusion criteria encompass suspected drugs containing Drug A (Primary Suspect Drug, PS), with Drug B excluded from the drug combination (Secondary Suspect Drug, SS; Concomitant, C; Interacting, I). 2. For the Drug B (paclitaxel) group: inclusion criteria require suspected drugs containing Drug B (PS), with the drug combination excluding Drug A (SS, C, I). 3. For the Drug A+ Drug B group: inclusion criteria cover suspected drugs containing both Drug A (PS) + Drug B (SS, C, I) or Drug B (PS) + Drug A (SS, C, I).
A search for drugs related to pembrolizumab and paclitaxel was conducted using “pembrolizumab’ and ‘PACLITAXEL’ as keywords, respectively. Concurrently, the terms ‘breast cancer’, ‘advanced breast cancer’, ‘breast cancer female’, ‘breast cancer female nos’, ‘breast cancer in situ’, ‘breast cancer male’, ‘breast cancer metastatic’, ‘breast cancer nos’, ‘breast cancer recurrent’, ‘breast cancer stage i′, ‘breast cancer stage ii’, ‘breast cancer stage iii’, ‘breast cancer stage iv’, ‘estrogen receptor positive breast cancer’, ‘her2 negative breast cancer’, ‘her2 positive breast cancer’, ‘her-2 positive breast cancer’, ‘hormone receptor negative her2 positive breast cancer’, ‘hormone receptor positive breast cancer’, ‘hormone receptor positive her2 negative breast cancer’, ‘hormone refractory breast cancer’, ‘infiltrating ductal breast cancer’, ‘inflammatory breast cancer’, ‘invasive ductal breast cancer’, ‘metastatic breast cancer’, ‘node-negative breast cancer’, ‘node-positive breast cancer’, ‘oestrogen receptor positive breast cancer’, ‘triple negative breast cancer’, and ‘triple positive breast cancer’ were utilized as search terms for breast cancer.
The dataset spans from Q1 2016 to Q2 2023. After excluding duplicate reports with identical case numbers, 5,672 reports were retained for analysis, as shown in Figure 1.
[image: Figure 1]FIGURE 1 | Flowchart illustrating the screening process for adverse reactions based on inclusion criteria.
Statistical analysis
Given the limitations of the spontaneous reporting system in calculating AE rates, disproportionality analysis was utilized. This method estimates the expected reporting frequency from all drugs and events in the database, identifying drug-related AEs as signals reported more frequently than anticipated. This approach has also been used to evaluate the safety of anti-PD-1/PD-L1 therapy (Almenoff et al., 2007). The reported odds ratio (ROR), 95% confidence interval (95% CI), and the lower bound of the two-way 95% interval of the information components (IC025) were computed (Bate et al., 2002; Bate and Evans, 2009). The formulas for calculating ROR and 95% CI were as follows:
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Here, ‘a’ denoted the number of patients experiencing adverse reactions in the combination therapy group, ‘b’ represented those in the non-combination therapy group, ‘c’ corresponded to patients receiving paclitaxel/pembrolizumab therapy, and ‘d’ pertained to those not receiving paclitaxel/pembrolizumab therapy. A significant safety signal was identified when ROR > 1, and IC and IC025 > 0 (Chen et al., 2022). The timing of AEs was calculated as Time of AE = Date of event - Start date of treatment. Median and interquartile ranges (IQR) were determined to represent time to onset. All statistical analyses and graphical representations were conducted using R Studio (version 4.1.2; Boston, MA, United States).
RESULTS
Clinical baseline characteristics and adverse event trends
Table 1 detailed the clinical characteristics of the patients, the majority of whom were women (n = 1112, 99.7%). In the Paclitaxel group, 99 patients (8.9%) weighed between 50 and 100 kg, compared to 63 patients (5.6%) in the Pembrolizumab group and 146 patients (12.4%) in the combined treatment group. Regarding age, 156 patients (14%) in the Paclitaxel group, 159 patients (14.2%) in the Pembrolizumab group, and 305 patients (27.3%) in the combined treatment group were under 64 years old. Mortality due to AEs was recorded in 22 patients (2%) in the combined treatment group, 12 patients (1.5%) in the Paclitaxel group, and 15 patients (1.1%) in the Pembrolizumab group. Detailed data was provided in Table 1. Before 2017, adverse reaction incidents were fewer than 10 cases annually. However, from 2018 to 2021, the incidence increased, with 13, 19, 15, and 19 cases respectively. In 2022 and 2023, the increased use of immunotherapy for breast cancer led to a rise in adverse reactions, reaching 146 and 330 cases respectively (Figure 2).
TABLE 1 | Clinical characteristics of breast cancer patients in different groups.
[image: Table 1][image: Figure 2]FIGURE 2 | Graph depicting the number of adverse events reported in patients treated with the combination of pembrolizumab and paclitaxel from 2016 to 2023.
Statistical analysis of adverse events in different treatment groups
A statistical analysis of adverse events was performed across various treatment groups based on SOC standards. The results indicate that general disorders and administration site conditions had the highest occurrence rate among overall adverse events (N = 2877, 13.30%) (Table 2). This was followed by respiratory, thoracic, and mediastinal disorders (N = 2032, 9.39%), gastrointestinal disorders (N = 1993, 9.21%), nervous system disorders (N = 1846, 8.53%), and skin and subcutaneous tissue disorders (N = 1735, 8.02%).
TABLE 2 | System organ classes (SOCs) for adverse events of combined treatment, paclitaxel and pembrolizumab.
[image: Table 2]In the combined treatment group, general disorders and administration site conditions again showed the highest occurrence rate (N = 224, 12.48%), followed by blood and lymphatic system disorders (N = 215, 11.98%). Investigations (N = 187, 10.42%), gastrointestinal disorders (N = 130, 7.24%), and skin and subcutaneous tissue disorders (N = 112, 6.24%) also exhibited high occurrence rates.
For the pembrolizumab group, the highest incidence was in general disorders and administration site conditions (N = 353, 14.67%), followed by injury, poisoning, and procedural complications (N = 259, 10.76%). Blood and lymphatic system disorders (N = 186, 7.73%), investigations (N = 183, 7.60%), and gastrointestinal disorders (N = 172, 7.15%) also showed significant incidence rates.
In the paclitaxel pembrolizumab group, the highest incidence was observed in general disorders and administration site conditions (N = 2300, 13.20%), followed by respiratory, thoracic, and mediastinal disorders (N = 1863, 10.69%). Gastrointestinal disorders (N = 1691, 9.70%), nervous system disorders (N = 1609, 9.23%), and gastrointestinal disorders (N = 1507, 8.65%) also reported high incidence rates. Detailed information is presented in Table 2.
Adverse event spectrum of paclitaxel combined with pembrolizumab treatment
The AE spectrum resulting from paclitaxel and pembrolizumab combination therapy was presented in Figures 3–6, analyzed using the ROR and Bayesian confidence propagation neural network (BCPNN) algorithm. Analysis of ROR (Figure 3) and IC values (Figure 4) indicated no significant difference in AEs between the combination therapy and pembrolizumab-only groups. However, a marked increase in AE risk was noted in the combination therapy group compared to the paclitaxel-only group (Figures 5, 6). The three most significant AE risk elevations were adrenal insufficiency (ROR = 189.94, 95% CI 25.41–1419.7, IC = 3.37, IC025 = 1.59), hypophysitis (ROR = 99.46, 95% CI 12.72–777.4, IC = 3.31, IC025 = 1.44), and myocarditis (ROR = 69.5, 95% CI 8.55–565.23, IC = 3.25, IC025 = 1.33). These results suggested that combination therapy was significantly associated with an increased risk of specific AEs, including adrenal insufficiency, hypophysitis, and myocarditis, compared to paclitaxel monotherapy.
[image: Figure 3]FIGURE 3 | Safety signals (ROR) comparing pembrolizumab combined with paclitaxel to pembrolizumab monotherapy in breast cancer. This figure highlights the top 10 adverse event risks according to ROR. ROR, reporting odds ratios. Arrows to the right indicate a high risk of adverse events in the combination therapy group, supporting monotherapy.
[image: Figure 4]FIGURE 4 | Safety signals (IC and IC025) comparing pembrolizumab combined with paclitaxel to pembrolizumab monotherapy in breast cancer. Top 10 adverse event risks according to ROR are displayed. ROR, reporting odds ratios; IC, information component; IC025, the lower limit of the 95% confidence interval of IC.
[image: Figure 5]FIGURE 5 | Safety signals (ROR) comparing pembrolizumab combined with paclitaxel to paclitaxel monotherapy in breast cancer. This figure highlights the top 10 adverse event risks according to ROR. ROR, reporting odds ratios. Arrows to the right indicate a high risk of adverse events in the combination therapy group, supporting monotherapy.
[image: Figure 6]FIGURE 6 | Safety signals (IC and IC025) comparing pembrolizumab combined with paclitaxel to paclitaxel monotherapy in breast cancer. The figure presents the top 10 adverse event risks according to ROR. ROR refers to reporting odds ratios, IC represents the information component, and IC025 denotes the lower limit of the 95% confidence interval of IC.
Comparison of time-to-set in different groups
The Time-to-Set of drug adverse events was analyzed across various groups (Figure 7A). Pembrolizumab monotherapy exhibited a median Time-to-Set of 43 (35–90) days, while paclitaxel monotherapy showed 42 (37–76) days. In contrast, combination therapy demonstrated a significantly shorter median Time-to-Set of 35 (34–70) days compared to both monotherapies. Additionally, the paclitaxel monotherapy group (HR 0.788, 95% CI 0.623–0.997; p = 0.046) and the pembrolizumab monotherapy group (HR 0.761, 95% CI 0.604–0.959; p = 0.021) exhibited a lower risk of adverse event incidence relative to the combination therapy group.
[image: Figure 7]FIGURE 7 | Timeline illustrating the duration from the initiation of pembrolizumab in combination with paclitaxel, pembrolizumab alone, or paclitaxel monotherapy to the occurrence of adverse events (SOC classification) (A) The median time to the occurrence of overall adverse events across different groups (B) The median time to the occurrence of adverse events related to general disorders and administration site conditions across different groups (C) The median time to the occurrence of adverse events related to respiratory, thoracic, and mediastinal disorders across different groups (D) The median time to the occurrence of adverse events related to gastrointestinal disorders across different groups.
An analysis based on SOC classification criteria for adverse drug reaction events identified the top three adverse drug reaction events and examined variations in their median cumulative occurrence times across different treatment groups. The leading adverse events were: general disorders and administration site conditions, respiratory, thoracic and mediastinal disorders, and gastrointestinal disorders. The Time-to-Set for general disorders and administration site conditions was 32 days (25–40) for combination therapy, which was significantly shorter than for pembrolizumab monotherapy (44 days, 43–50, p < 0.05) and paclitaxel monotherapy (43 days, 40–70, p < 0.05) (Figure 7B). For respiratory, thoracic and mediastinal disorders, no significant difference was observed (p = 0.527) between combination therapy (45 days, 34–77) and either pembrolizumab (42.5 days, 40-Inf) or paclitaxel monotherapy (42.5 days, 40-Inf) (Figure 7C). Similarly, for gastrointestinal disorders, the differences were not significant (p = 0.726) between combination therapy (41.5 days, 29–87), pembrolizumab (43 days, 22–87), and paclitaxel monotherapy (40 days, 7-Inf) (Figure 7D).
In addition, an analysis was conducted on the three PTs exhibiting the most significant differences between combination therapy and monotherapy, focusing on variations in cumulative occurrence time and cumulative incidence rate across different groups. The results indicated that the combination therapy group experienced significantly shorter intervals to the onset of adrenal insufficiency (p = 0.008, Figure 8A), myocarditis (p < 0.001, Figure 8B), and immune-related enterocolitis (p = 0.009, Figure 8C) compared to the monotherapy group.
[image: Figure 8]FIGURE 8 | Timeline illustrating the duration from the initiation of pembrolizumab in combination with paclitaxel, pembrolizumab alone, or paclitaxel monotherapy to the occurrence of the top three high-risk PTs (available for statistical analysis) (A) The median time to the occurrence of adverse events related to adrenal insufficiency across different groups (B) The median time to the occurrence of adverse events related to myocarditis across different groups (C) The median time to the occurrence of adverse events related to immune-related enterocolitis across different groups.
DISCUSSION
This study rigorously evaluated the variance in AE risk between combined pembrolizumab and paclitaxel treatment versus monotherapy with either agent. The data suggest that combination therapy may be linked to an increased incidence of adverse events, potentially impacting patients’ quality of life.
The significant difference in adverse event incidence between the paclitaxel monotherapy group and the combination therapy group is primarily attributed to immunotherapy drug side effects. Immunotherapy-related AEs are influenced by various factors, with age being a critical determinant. The incidence and nature of immunotherapy-related AEs vary by age group. A study indicated that among patients aged 65 to 85 receiving pembrolizumab, the most common AEs were cardiac, renal, urinary disorders, and metabolic and nutritional disorders. In contrast, patients under 65 experienced reproductive system, hepatic, and hematologic disorders more frequently (Yang et al., 2023). This phenomenon is closely linked to age-related changes in immune system function (Huang et al., 2021; Wong et al., 2021). As individuals age, immune system functionality diminishes, characterized by dysregulation, including heightened autoimmunity and reduced defense against infections and cancer, a process known as “immune aging” (Yang et al., 2023). These alterations can compromise the safety and efficacy of immune-based therapies, potentially increasing cancer and respiratory disease incidences (Gubbels Bupp et al., 2018; Ye et al., 2020; Kang et al., 2021). The relationship between elderly patients and immunotherapy-induced AEs remains a subject of ongoing debate. A study indicated that elderly patients had a higher incidence of pulmonary toxicity during ICI (anti-PD-1/L1) treatment (Huang et al., 2021), while another study demonstrated that elderly patients showed better tolerance to ICI therapies (Pawelec, 2019; Nebhan et al., 2021). Extensive missing age-related information in both the immunotherapy and combination therapy groups precluded further stratified analysis by age in this study. Regarding the types of adverse events observed, regimens including pembrolizumab were more likely to cause immune-related adverse events involving the kidneys and heart compared to paclitaxel monotherapy, consistent with previous data (Yang et al., 2023). Further research is required to fully elucidate the impact of immunotherapy on adverse events in the elderly population.
Significant differences in the incidence of adverse events were observed between the paclitaxel monotherapy group and the combination therapy group, primarily due to immunotherapy drug side effects. However, no significant difference was found in the incidence of adverse events between the combination therapy group and the pembrolizumab monotherapy group. A retrospective study demonstrated that the incidence of adverse events in the combination therapy group did not significantly differ from that in the immunotherapy monotherapy group (Wang et al., 2021). Another study highlighted age differences between patients receiving monotherapy immunotherapy and those receiving combination therapy; the former group tended to be older (Pérol et al., 2022). Age affects the incidence of chemotherapy-related adverse events and tolerance to chemotherapy side effects. Consequently, older individuals are often prescribed monotherapy immunotherapy to mitigate chemotherapy side effects, while younger individuals, who generally tolerate these side effects better, are more likely to receive combination therapy. Implementing personalized treatment plans tailored to different age groups can minimize the difference in adverse event incidence between monotherapy immunotherapy and combination therapy recipients. Additionally, paclitaxel can be categorized into variants such as paclitaxel, docetaxel, and nab-paclitaxel. These formulations vary in solvents, carriers, and structures, affecting the incidence of chemotherapy-related adverse events (Dranitsaris et al., 2016). A randomized controlled study involving 1052 patients demonstrated that nab-paclitaxel, compared to paclitaxel, significantly reduces the incidence of grade ≥3 neuropathy, neutropenia, joint pain, and myalgia (Socinski et al., 2012). Utilizing paclitaxel formulations with fewer side effects, such as albumin-bound paclitaxel, mitigates the incidence of chemotherapy-related adverse reactions, thus narrowing the gap in adverse event occurrence rates relative to combination therapy.
An analysis was conducted on the time-to-set for receiving pembrolizumab monotherapy or paclitaxel monotherapy. The time-to-set for pembrolizumab monotherapy was 43 (35–90) days, and for paclitaxel monotherapy, it was 42 (37–76) days. In contrast, combination therapy had a significantly shorter time-to-set of 35 (34–70) days. Compared to the combination therapy group, both the paclitaxel monotherapy group (HR = 0.788, 95% CI = 0.623–0.997; p = 0.046) and the pembrolizumab monotherapy group (HR = 0.761, 95% CI = 0.604–0.959; p = 0.021) exhibited a lower risk of adverse event incidence. These results suggested that combination therapy significantly increased the incidence of adverse events. Additionally, the top three adverse events (general disorders and administration site conditions, respiratory, thoracic and mediastinal disorders, and gastrointestinal disorders) were analyzed for overall occurrence. Differences in median cumulative occurrence time of these adverse events among the different groups were also examined. For general disorders and administration site conditions, the time-to-set for combination therapy (32, 25–40 days) was shorter than both pembrolizumab monotherapy (44, 43–50 days) and paclitaxel monotherapy (43, 40–70 days). Additionally, the interval between the onset of adrenal insufficiency, myocarditis, and immune-related enterocolitis was significantly shorter in the combination therapy group compared to the monotherapy group. A meta-analysis reported an overall incidence of FAEs with pembrolizumab at 1.2% (95% CI: 0.5–2.8) (Sher et al., 2020). Compared to chemotherapy, the overall RR for FAEs in patients treated with pembrolizumab was 1.24 (95% CI: 0.8–1.9; p = 0.31) (Sher et al., 2020). The risk of FAEs with pembrolizumab monotherapy was similar to conventional chemotherapy (p = 0.35), whereas combining pembrolizumab with chemotherapy increased the risk of treatment-related mortality by 58%.
The combination therapy group exhibited a higher mortality rate compared to the monotherapy group, though the difference between the monotherapy groups was not significant. Further analysis revealed a significantly elevated risk of adrenal insufficiency, pituitary inflammation, myocarditis, and immune-related enterocolitis in the combination therapy group. Notably, adrenal insufficiency, myocarditis, and immune-related enterocolitis had significantly shorter onset intervals. This suggests an increased incidence of severe adverse events in the combination therapy group compared to the monotherapy group. Adrenal insufficiency, defined by cortisol deficiency, poses a life-threatening risk and can manifest as primary (adrenal), secondary (pituitary), or stage III (primarily adrenal suppression due to glucocorticoids or opioids), or as a consequence of immunotherapy medications (Macfarlane et al., 2020). Its prevalence is rising due to increased use of glucocorticoids, opioids, and immunotherapy drugs (Chalitsios et al., 2020). Evidence indicates that approximately 1%–2% of patients treated with PD-1/PD-L1 inhibitors experience adrenocorticotropic hormone (ACTH) deficiency (Morganstein and Larkin, 2020). A multicenter study observed adrenal insufficiency in 8 out of 54 patients undergoing AEs to immunotherapy (Goodman et al., 2023). Analysis revealed an elevated risk of adrenal insufficiency in the combined treatment group compared to paclitaxel monotherapy. This increased risk may be attributed to pembrolizumab, an immunotherapeutic agent, which can cause adrenal damage during anti-tumor therapy, resulting in adrenal insufficiency. Hypophysitis, associated with viral infections, immune disorders, heredity, and drug use (Joshi et al., 2018), is traditionally considered rare, with an annual incidence of 1 in 9 million (Joshi et al., 2018). However, the widespread use of immunotherapy has led to a rising incidence of hypophysitis (Baxi et al., 2018). The mechanisms linking hypophysitis to immunotherapy are twofold. Firstly, the pituitary gland shares targets with tumor antigens, eliciting similar reactivity. Immunotherapy drugs promote T cells to target tumors, inadvertently causing damage to the pituitary gland (Deligiorgi et al., 2021). Secondly, elevated interferons (IFN), particularly IFNγ, induce chemokine production (CXCL9 and CXCL10), stimulating chemotactic effects on T cells, prompting them to damage the pituitary gland (Chan and Bass, 2020). The study identified a significantly increased risk of hypophysitis in the combined therapy group compared to paclitaxel monotherapy, aligning with findings from previous breast cancer clinical studies (Shitara et al., 2018; Adams et al., 2019a; Winer et al., 2021). Myocarditis, an inflammatory heart disease, is characterized by diverse clinical manifestations and outcomes (Harris et al., 2021). Some patients may exhibit transient symptoms that resolve rapidly, while others experience severe complications such as cardiogenic shock or fatal arrhythmias (Bhatia et al., 2023). Studies examining the relationship between myocarditis and immunotherapy highlight the pivotal role of the thymus in T cell maturation, with thymic diseases amplifying the incidence and severity of immunotherapy-associated myocarditis and muscular toxicity (Fenioux et al., 2023). Chronic bidirectional ventricular tachycardia has been linked to immune checkpoint inhibitor myocarditis, underscoring its role in causing myocarditis (Zhao et al., 2023). The investigation revealed a significantly increased risk of myocarditis in the combination treatment group compared to paclitaxel monotherapy. This heightened risk is likely due to use of pembrolizumab, an immunotherapy drug that elevates the risk of immune-associated myocarditis while improving patient prognosis.
Previous studies have demonstrated that drug interactions, including synergistic and antagonistic effects, can lead to drug-drug interactions (DDI), resulting in adverse events (Alnaim et al., 2022). The efficacy of combination therapy, compared to monotherapy, reflects a complex relationship that goes beyond the simple arithmetic sum of 1 + 1 = 2. Similarly, the occurrence of adverse reactions is not merely additive. Approximately 60% of cancer patients experience DDI events due to the concurrent use of two or more drugs. The number of medications is a significant risk factor for DDI events, with treatment type (e.g., chemotherapy) and hospitalization duration also showing notable associations (Alnaim et al., 2022). Pharmacological studies reveal a high prevalence of underlying DDI, with an overall event rate of 78%, and most patients experiencing 1-2 potential DDI occurrences (39.2%). Adverse drug events include various outcomes such as reduced treatment response, prolonged QT interval, tendon rupture, myelosuppression, and neurotoxicity (Ismail et al., 2020). A comparative analysis of different treatment regimens indicated significant differences in the risk of specific adverse events, suggesting that these differences may be attributed to drug interactions.
Choosing between combination therapy and monotherapy necessitates considering factors such as tumor characteristics, adverse events, and patients’ physical condition to develop individualized treatment regimens. For patients with PD-L1 expression exceeding 50%, monotherapy immunotherapy achieves comparable efficacy to combination therapy and reduces adverse reactions (Brahmer et al., 2017). Conversely, for those with PD-L1 expression below 50%, monotherapy immunotherapy is less effective, necessitating combination therapy for improved prognosis (Paz-Ares et al., 2020). A high tumor burden and elevated NLR indicate poor response to monotherapy immunotherapy, thus requiring combination therapy despite potential increased side effects (Hwang et al., 2022). Additionally, treatment plans should consider patient lifestyle and basic characteristics. Older patients may have reduced tolerance to combination therapy, increasing the risk of cardiac toxicity and hematologic adverse events, thus favoring monotherapy (Li et al., 2020). Non-smoking patients generally benefit more from combination therapy compared to smokers (Pérol et al., 2022). Although chemotherapy combined with immunotherapy improves prognosis, it also increases the incidence of adverse events such as proteinuria, anemia, leukopenia, neutropenia, and thrombocytopenia (Li et al., 2020). In summary, balancing adverse reactions and treatment efficacy through personalized monotherapy and combination strategies can enhance patient quality of life and prognosis.
Despite the valuable insights gained, the study has limitations. The small number of cases receiving combination therapy in the database may influence the results, necessitating further validation through additional studies. Moreover, the FAERS database primarily reflects European and American populations, with limited representation from Asia and other regions, introducing regional limitations. Additionally, insufficient demographic and disease biology data in the database impede further analysis to determine the disease incidence rate and its potential impact mechanisms. Furthermore, some spontaneous reports may be biased. A more comprehensive exploration of AE risks in combination regimens across diverse geographical areas is recommended.
CONCLUSION
Analysis of the FAERS database revealed that combination therapy significantly elevates the risk of adrenal insufficiency, myocarditis, hypophysitis, and immune-related enterocolitis compared to paclitaxel monotherapy. These findings provide a valuable reference for clinicians in anticipating and managing potential AEs associated with this treatment regimen.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
YL: Data curation, Formal Analysis, Methodology, Software, Visualization, Writing–original draft. XY: Investigation, Validation, Writing–review and editing. LM: Investigation, Project administration, Supervision, Validation, Writing–review and editing.
FUNDING
The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This research was supported by grants from the Foundation of Hebei Province for the Scientific Research of Selected Returned Overseas Professionals (No.CY201608), the Clinical Medical Talent Support Program of the Hebei Provincial Department of Finance (No.201746), the Biomedical Joint Foundation of Hebei Province (H2021206157), and the Innovation Team Support Program of the Fourth Hospital of Hebei Medical University (2023B01). The funding bodies had no role in the study design, data collection, analysis, interpretation, or manuscript writing.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Adams, S., Loi, S., Toppmeyer, D., Cescon, D. W., De Laurentiis, M., Nanda, R., et al. (2019a). Pembrolizumab monotherapy for previously untreated, PD-L1-positive, metastatic triple-negative breast cancer: cohort B of the phase II KEYNOTE-086 study. Ann. Oncol. 30 (3), 405–411. doi:10.1093/annonc/mdy518
 Adams, S., Schmid, P., Rugo, H. S., Winer, E. P., Loirat, D., Awada, A., et al. (2019b). Pembrolizumab monotherapy for previously treated metastatic triple-negative breast cancer: cohort A of the phase II KEYNOTE-086 study. Ann. Oncol. 30 (3), 397–404. doi:10.1093/annonc/mdy517
 Almenoff, J. S., Pattishall, E. N., Gibbs, T. G., DuMouchel, W., Evans, S. J., and Yuen, N. (2007). Novel statistical tools for monitoring the safety of marketed drugs. Clin. Pharmacol. Ther. 82 (2), 157–166. doi:10.1038/sj.clpt.6100258
 Alnaim, L. S., Almalki, H. M., Almutairi, A. M., and Salamah, H. J. (2022). The prevalence of drug-drug interactions in cancer therapy and the clinical outcomes. Life Sci. 310, 121071. doi:10.1016/j.lfs.2022.121071
 Bate, A., and Evans, S. J. (2009). Quantitative signal detection using spontaneous ADR reporting. Pharmacoepidemiol Drug Saf. 18 (6), 427–436. doi:10.1002/pds.1742
 Bate, A., Lindquist, M., Edwards, I. R., and Orre, R. (2002). A data mining approach for signal detection and analysis. Drug Saf. 25 (6), 393–397. doi:10.2165/00002018-200225060-00002
 Baxi, S., Yang, A., Gennarelli, R. L., Khan, N., Wang, Z., Boyce, L., et al. (2018). Immune-related adverse events for anti-PD-1 and anti-PD-L1 drugs: systematic review and meta-analysis. Bmj 360, k793. doi:10.1136/bmj.k793
 Bhatia, R. T., Finocchiaro, G., Westaby, J., Chatrath, N., Behr, E. R., Papadakis, M., et al. (2023). Myocarditis and sudden cardiac death in the community: clinical and pathological insights from a national registry in the United Kingdom. Circ. Arrhythm. Electrophysiol. 16 (9), e012129. doi:10.1161/circep.123.012129
 Brahmer, J. R., Rodríguez-Abreu, D., Robinson, A. G., Hui, R., Csőszi, T., Fülöp, A., et al. (2017). Health-related quality-of-life results for pembrolizumab versus chemotherapy in advanced, PD-L1-positive NSCLC (KEYNOTE-024): a multicentre, international, randomised, open-label phase 3 trial. Lancet Oncol. 18 (12), 1600–1609. doi:10.1016/s1470-2045(17)30690-3
 Chalitsios, C. V., Shaw, D. E., and McKeever, T. M. (2020). A retrospective database study of oral corticosteroid and bisphosphonate prescribing patterns in England. NPJ Prim. Care Respir. Med. 30 (1), 5. doi:10.1038/s41533-020-0162-6
 Chan, K. K., and Bass, A. R. (2020). Autoimmune complications of immunotherapy: pathophysiology and management. Bmj 369, m736. doi:10.1136/bmj.m736
 Chen, J., Wen, Y., Chu, X., Liu, Y., and Su, C. (2022). Pulmonary adverse events associated with hypertension in non-small cell lung cancer patients receiving PD-1/PD-L1 inhibitors. Front. Pharmacol. 13, 944342. doi:10.3389/fphar.2022.944342
 Chen, Y., Fan, Q., Liu, Y., Shi, Y., and Luo, H. (2023). Cardiovascular toxicity induced by SSRIs: analysis of spontaneous reports submitted to FAERS. Psychiatry Res. 326, 115300. doi:10.1016/j.psychres.2023.115300
 Cortes, J., Cescon, D. W., Rugo, H. S., Nowecki, Z., Im, S. A., Yusof, M. M., et al. (2020). Pembrolizumab plus chemotherapy versus placebo plus chemotherapy for previously untreated locally recurrent inoperable or metastatic triple-negative breast cancer (KEYNOTE-355): a randomised, placebo-controlled, double-blind, phase 3 clinical trial. Lancet 396 (10265), 1817–1828. doi:10.1016/s0140-6736(20)32531-9
 Cortes, J., Rugo, H. S., Cescon, D. W., Im, S. A., Yusof, M. M., Gallardo, C., et al. (2022). Pembrolizumab plus chemotherapy in advanced triple-negative breast cancer. N. Engl. J. Med. 387 (3), 217–226. doi:10.1056/NEJMoa2202809
 Deligiorgi, M. V., Liapi, C., and Trafalis, D. T. (2021). Hypophysitis related to immune checkpoint inhibitors: an intriguing adverse event with many faces. Expert Opin. Biol. Ther. 21 (8), 1097–1120. doi:10.1080/14712598.2021.1869211
 Dranitsaris, G., Yu, B., Wang, L., Sun, W., Zhou, Y., King, J., et al. (2016). Abraxane® versus Taxol® for patients with advanced breast cancer: a prospective time and motion analysis from a Chinese health care perspective. J. Oncol. Pharm. Pract. 22 (2), 205–211. doi:10.1177/1078155214556008
 Fenioux, C., Abbar, B., Boussouar, S., Bretagne, M., Power, J. R., Moslehi, J. J., et al. (2023). Thymus alterations and susceptibility to immune checkpoint inhibitor myocarditis. Nat. Med. 29, 3100–3110. doi:10.1038/s41591-023-02591-2
 Giaquinto, A. N., Sung, H., Miller, K. D., Kramer, J. L., Newman, L. A., Minihan, A., et al. (2022). Breast cancer statistics, 2022. CA Cancer J. Clin. 72 (6), 524–541. doi:10.3322/caac.21754
 Goldhirsch, A., Winer, E. P., Coates, A. S., Gelber, R. D., Piccart-Gebhart, M., Thürlimann, B., et al. (2013). Personalizing the treatment of women with early breast cancer: highlights of the st gallen international expert consensus on the primary therapy of early breast cancer 2013. Ann. Oncol. 24 (9), 2206–2223. doi:10.1093/annonc/mdt303
 Goodman, R. S., Lawless, A., Woodford, R., Fa'ak, F., Tipirneni, A., Patrinely, J. R., et al. (2023). Extended follow-up of chronic immune-related adverse events following adjuvant anti-PD-1 therapy for high-risk resected melanoma. JAMA Netw. Open 6 (8), e2327145. doi:10.1001/jamanetworkopen.2023.27145
 Gubbels Bupp, M. R., Potluri, T., Fink, A. L., and Klein, S. L. (2018). The confluence of sex hormones and aging on immunity. Front. Immunol. 9, 1269. doi:10.3389/fimmu.2018.01269
 Gucalp, A., and Traina, T. A. (2011). Triple-negative breast cancer: adjuvant therapeutic options. Chemother. Res. Pract. 2011, 696208. doi:10.1155/2011/696208
 Harris, K. M., Mackey-Bojack, S., Bennett, M., Nwaudo, D., Duncanson, E., and Maron, B. J. (2021). Sudden unexpected death due to myocarditis in young people, including athletes. Am. J. Cardiol. 143, 131–134. doi:10.1016/j.amjcard.2020.12.028
 Huang, X., Tian, T., Zhang, Y., Zhou, S., Hu, P., and Zhang, J. (2021). Age-associated changes in adverse events arising from anti-PD-(L)1 therapy. Front. Oncol. 11, 619385. doi:10.3389/fonc.2021.619385
 Hwang, M., Canzoniero, J. V., Rosner, S., Zhang, G., White, J. R., Belcaid, Z., et al. (2022). Peripheral blood immune cell dynamics reflect antitumor immune responses and predict clinical response to immunotherapy. J. Immunother. Cancer 10 (6), e004688. doi:10.1136/jitc-2022-004688
 Ismail, M., Khan, S., Khan, F., Noor, S., Sajid, H., Yar, S., et al. (2020). Prevalence and significance of potential drug-drug interactions among cancer patients receiving chemotherapy. BMC Cancer 20 (1), 335. doi:10.1186/s12885-020-06855-9
 Joshi, M. N., Whitelaw, B. C., and Carroll, P. V. (2018). MECHANISMS IN ENDOCRINOLOGY: hypophysitis: diagnosis and treatment. Eur. J. Endocrinol. 179 (3), R151-R163–r163. doi:10.1530/eje-17-0009
 Kang, J. H., Bluestone, J. A., and Young, A. (2021). Predicting and preventing immune checkpoint inhibitor toxicity: targeting cytokines. Trends Immunol. 42 (4), 293–311. doi:10.1016/j.it.2021.02.006
 Li, L., Li, G., Rao, B., Dong, A. H., Liang, W., Zhu, J. X., et al. (2020). Landscape of immune checkpoint inhibitor-related adverse events in Chinese population. Sci. Rep. 10 (1), 15567. doi:10.1038/s41598-020-72649-5
 Macfarlane, G. J., Beasley, M., Jones, G. T., and Stannard, C. (2020). The epidemiology of regular opioid use and its association with mortality: prospective cohort study of 466 486 UK biobank participants. EClinicalMedicine 21, 100321. doi:10.1016/j.eclinm.2020.100321
 Morganstein, D. L., and Larkin, J. (2020). Adrenal insufficiency and checkpoint inhibitors for cancer. Clin. Med. (Lond) 20 (5), e139. doi:10.7861/clinmed.Let.20.5.8
 Nebhan, C. A., Cortellini, A., Ma, W., Ganta, T., Song, H., Ye, F., et al. (2021). Clinical outcomes and toxic effects of single-agent immune checkpoint inhibitors among patients aged 80 Years or older with cancer: a multicenter international cohort study. JAMA Oncol. 7 (12), 1856–1861. doi:10.1001/jamaoncol.2021.4960
 Pawelec, G. (2019). Does patient age influence anti-cancer immunity?Semin. Immunopathol. 41 (1), 125–131. doi:10.1007/s00281-018-0697-6
 Paz-Ares, L., Vicente, D., Tafreshi, A., Robinson, A., Soto Parra, H., Mazières, J., et al. (2020). A randomized, placebo-controlled trial of pembrolizumab plus chemotherapy in patients with metastatic squamous NSCLC: protocol-specified final analysis of KEYNOTE-407. J. Thorac. Oncol. 15 (10), 1657–1669. doi:10.1016/j.jtho.2020.06.015
 Pérol, M., Felip, E., Dafni, U., Polito, L., Pal, N., Tsourti, Z., et al. (2022). Effectiveness of PD-(L)1 inhibitors alone or in combination with platinum-doublet chemotherapy in first-line (1L) non-squamous non-small-cell lung cancer (Nsq-NSCLC) with PD-L1-high expression using real-world data. Ann. Oncol. 33 (5), 511–521. doi:10.1016/j.annonc.2022.02.008
 Sher, A. F., Golshani, G. M., and Wu, S. (2020). Fatal adverse events associated with pembrolizumab in cancer patients: a meta-analysis. Cancer Invest 38 (2), 130–138. doi:10.1080/07357907.2020.1721521
 Shitara, K., Özgüroğlu, M., Bang, Y. J., Di Bartolomeo, M., Mandalà, M., Ryu, M. H., et al. (2018). Pembrolizumab versus paclitaxel for previously treated, advanced gastric or gastro-oesophageal junction cancer (KEYNOTE-061): a randomised, open-label, controlled, phase 3 trial. Lancet 392 (10142), 123–133. doi:10.1016/s0140-6736(18)31257-1
 Socinski, M. A., Bondarenko, I., Karaseva, N. A., Makhson, A. M., Vynnychenko, I., Okamoto, I., et al. (2012). Weekly nab-paclitaxel in combination with carboplatin versus solvent-based paclitaxel plus carboplatin as first-line therapy in patients with advanced non-small-cell lung cancer: final results of a phase III trial. J. Clin. Oncol. 30 (17), 2055–2062. doi:10.1200/jco.2011.39.5848
 Wang, X., Niu, X., An, N., Sun, Y., and Chen, Z. (2021). Comparative efficacy and safety of immunotherapy alone and in combination with chemotherapy for advanced non-small cell lung cancer. Front. Oncol. 11, 611012. doi:10.3389/fonc.2021.611012
 Winer, E. P., Lipatov, O., Im, S. A., Goncalves, A., Muñoz-Couselo, E., Lee, K. S., et al. (2021). Pembrolizumab versus investigator-choice chemotherapy for metastatic triple-negative breast cancer (KEYNOTE-119): a randomised, open-label, phase 3 trial. Lancet Oncol. 22 (4), 499–511. doi:10.1016/s1470-2045(20)30754-3
 Wong, S. K., Nebhan, C. A., and Johnson, D. B. (2021). Impact of patient age on clinical efficacy and toxicity of checkpoint inhibitor therapy. Front. Immunol. 12, 786046. doi:10.3389/fimmu.2021.786046
 Yang, F., Shay, C., Abousaud, M., Tang, C., Li, Y., Qin, Z., et al. (2023). Patterns of toxicity burden for FDA-approved immune checkpoint inhibitors in the United States. J. Exp. Clin. Cancer Res. 42 (1), 4. doi:10.1186/s13046-022-02568-y
 Ye, Y., Jing, Y., Li, L., Mills, G. B., Diao, L., Liu, H., et al. (2020). Sex-associated molecular differences for cancer immunotherapy. Nat. Commun. 11 (1), 1779. doi:10.1038/s41467-020-15679-x
 Zhao, Y. T., Huang, Y. S., and Wang, L. (2023). Slow bidirectional ventricular tachycardia associated with immune checkpoint inhibitor myocarditis. Intensive Care Med. 49 (11), 1404–1405. doi:10.1007/s00134-023-07207-4
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2024 Li, Yang and Ma. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-15-1345671-g005.gif
mmi
mm m W
et






OPS/images/fphar-15-1345671-g006.gif





OPS/images/fphar-15-1345671-g003.gif
soom e s o | -
—_—

PR e oy





OPS/images/fphar-15-1345671-g004.gif





OPS/images/fphar-15-1345671-t001.jpg
Characteristics

Paclitaxel (n, %

Pembrolizumab (n, %)

Combined treatment (n, %,

Female

203(18.20)
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Male
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Missing 10(0.90) 127(11.40) 152(13.60)

Death 12(1.10) 15(1.50) 22(2.00)
Disability 5(0.40) 6(050) 9(0.80)
Hospitalization - Initial or Prolonged 83(7.40) 87(7.80) 166(14.90)
Life-Threatening 11(1.00) 8(0.70) 20(1.80)
Other Serious (Important Medical Event) 90(8.10) 230(20.60) 309(27.70)
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Skin and subcutaneous tissue disorders 1735(8.02) 112(6.24) ‘ 1507(8.65) 116(4.82)
Blood and lymphatic system disorders | 1297(6.00) [ 215(11.98) [ 896(5.14) 186(7.73)
Investigations | 1224(5.66) 187(10.42) 854(4.90) 183(7.60)
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Renal and urinary disorders 326(1.51) 40(2.23) 246(1.41) 40(1.66)
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Surgical and medical procedures 151(0.70) 39(217) 47(0.27) 65(2.70)
Ear and labyrinth disorders 56(0.26) 200.11) 54(031) 0(0.00)
Reproductive system and breast disorders 56(0.26) 6(0.33) 45(0.26) 5(021)
Social circumstances 54(0.25) | 25(1.39) 22(0.13) 7(0.29)
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