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Objective

To identify predictors of all-grade, grade ≥ 3, and onset time of immune-related adverse events (irAEs) in cancer patients undergoing immune checkpoint inhibitors (ICIs) therapy.





Methods

This retrospective analysis included cancer patients treated with ICIs at Chongqing Medical University Second Affiliated Hospital from 2018 to 2024. Logistic regression and Cox regression analyses were used to identify predictors of all-grade and grade ≥ 3 irAEs and the time of irAE onset.





Results

Among the 3,795 patients analyzed, 1,101 (29.0%) developed all-grade irAEs, and 175 (4.6%) experienced grade ≥ 3 irAEs. Multivariate logistic regression revealed that female (OR = 1.37, p < 0.001), combination therapy (OR = 1.87, p < 0.001), pre-existing autoimmune diseases (AIDs) (OR = 5.15, p < 0.001), pre-existing cirrhosis (OR = 1.34, p = 0.001), antibiotic use during ICIs treatment (OR = 1.51, p < 0.001), and a higher baseline prognostic nutritional index (PNI) (OR = 1.23, p = 0.01) were significant predictors for the development of all-grade irAEs. The predictors for grade ≥ 3 irAEs included age ≥ 60 (OR = 1.49, p = 0.023) and pre-existing AIDs (OR = 2.09, p = 0.005), For the onset time, predictors included female (HR = 1.26, p = 0.001), combination therapy (HR = 1.80, p < 0.001), pre-existing AIDs (HR = 2.25, p < 0.001), and pre-existing infection (HR = 1.20, p = 0.008).





Conclusions

Females, combination therapy, pre-existing AIDs and cirrhosis, antibiotics, and a higher baseline PNI are associated with a higher risk of developing all-grade irAEs. Those aged ≥ 60 and with pre-existing AIDs face a higher risk of severe irAEs. Females, undergoing combination therapy, with pre-existing AIDs and infection generally experience a shorter time to irAEs onset. Multicentric prospective studies are warranted to validate these findings.
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1 Introduction

Immune checkpoint inhibitors (ICIs) represent a significant advance in cancer treatment, targeting molecules such as programmed cell death 1 (PD-1), programmed cell death ligand-1 (PD-L1), and cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4). By enhancing immune cell activity, ICIs facilitate the destruction of tumor cells and control tumor growth, demonstrating remarkable anti-tumor effects (1). Clinical studies confirm that ICIs, alone or in combination with other therapies, markedly improve cancer treatment outcomes.

However, increasing immune function can sometimes harm normal cells, leading to complex autoimmune and autoinflammatory reactions termed immune-related adverse events (irAEs) (2). As ICIs become increasingly prevalent in clinical use, reports of irAEs have increased. A multicenter retrospective study found that 24% of patients experienced any grade of irAE, while 5.6% experienced grade 3-4 irAEs (3). IrAEs can manifest in any organ, most commonly affecting the skin, endocrine glands, the gastrointestinal tract, the lungs, and the musculoskeletal system (1, 4–6). Although many irAEs can be managed with systemic corticosteroids, severe cases require prompt intervention to prevent potential fatalities (1).

The pathophysiological mechanisms behind irAEs remain largely elusive (1). Current research is often limited to specific diseases (e.g., melanoma (7, 8), non-small cell lung cancer (9, 10), irAEs (e.g., colitis (11), endocrine toxicities (12, 13), or ICIs (e.g., nivolumab (12, 14), pembrolizumab (15). Studies reported that baseline high serum levels of Interleukin-1β (IL-1β), Interleukin-2 (IL-2), and Granulocyte-Macrophage Colony-Stimulating Factor (GM-CSF) are associated with the occurrence of thyroid irAEs (16). Patients with the Human Leukocyte Antigen-death receptor 4 (HLA-DR4) gene are more likely to develop ICIs induced insulin-dependent diabetes (17). Anti-nuclear antibodies (ANA) or rheumatoid factors (RF) may assist in screening for various types of irAEs (18). However, despite the potential value of these biomarkers in predicting irAEs, they are not routinely tested prior to the initiation of ICI therapy. Ideal biomarkers should be suitable for frequent testing, provide rapid results, and be cost-effective. Furthermore, incorporating easily accessible clinical and demographic characteristics enhances prediction accuracy and aids in identifying high-risk patients.

This retrospective cohort study aims to analyze the characteristics of irAEs among patients treated with ICIs and identify predictors of all-grade and severe irAEs and their onset times. This research is intended to serve as a foundation for future large-scale, multi-center studies and to provide robust data to refine clinical treatment strategies and improve the early prevention and identification of irAEs.




2 Material and methods



2.1 Study population

We retrospectively analyzed cancer patients treated with ICIs at the Second Affiliated Hospital of Chongqing Medical University from January 2018 to January 2024. Eligible participants included patients with clinically and pathologically confirmed malignancies who received ICI therapy, either as monotherapy or in combination with other treatments such as surgery, radiotherapy, or pharmacotherapy. The study excluded patients with more than 20% missing baseline variables, those participating in clinical trials, individuals who received the first dose of ICIs or underwent long-term treatment at other medical institutions, and individuals under 18 years of age (Supplementary Table 1).




2.2 Data collection

Data were extracted from the Hospital Information System and Laboratory Information Management Systems, including baseline demographics (sex, age, height, and weight), clinical characteristics, and laboratory and imaging data. Comorbidities were defined as diseases diagnosed at baseline, and concomitant medications referred to as those used during ICI therapy. Baseline blood laboratory results, obtained within one week before starting ICI therapy, were used to calculate the platelet-lymphocyte ratio (PLR) and prognostic nutritional index (PNI), the latter calculated as serum albumin plus five times the lymphocyte count. The activities of daily living (ADL) score, numerical rating scale (NRS) score for pain assessment, and nutritional risk screening 2002 (NRS-2002) score were assessed by nurses at the time of patient admission and recorded in the nursing records.




2.3 Study assessments

The causal relationship between ICIs and irAEs was categorized using the World Health Organization causality assessment into the following classifications: ‘certain,’ ‘probable,’ ‘possible,’ ‘unlikely,’ ‘unclassified,’ or ‘unclassifiable’ (19). The identification of suspected irAEs was based on the clinical judgment of the attending physician, consultations with specialists, imaging findings, laboratory results, and pathological diagnoses. We assessed the association of the suspected irAEs and categorized them as ‘certain,’ ‘probable,’ or ‘possible’ for inclusion in the study.

The severity of irAEs was assessed using the Common Terminology Criteria for Adverse Events (CTCAE) version 5.0 (20). The onset of irAEs was defined as the interval between initiating ICI therapy and observing abnormal clinical, imaging, or laboratory results indicative of irAEs. Multiple immune-related adverse events (mirAEs) were characterized as the occurrence of two or more irAEs in the same patient, irrespective of their simultaneity. This study received approval from the Ethics Review Committee of the Second Affiliated Hospital of Chongqing Medical University (approval number: (2/2023)-1, approval date: 7, February, 2024).




2.4 Statistical analysis

Continuous variables are reported as the median and interquartile range (M[P25-P75]), while categorical variables are expressed as frequency (percentage) N (%). Receiver operating characteristic (ROC) analysis was utilized to derive areas under the curve and optimal cutoff values based on the Youden index. A logistic regression model was applied to identify predictors associated with all grades and grade ≥ 3 irAEs. The timing of irAE onset was analyzed using a Cox proportional hazard model. When a covariate failed to meet the proportional hazards (PH) assumption, a Cox model with time-dependent covariate was implemented. The model assessment involved the Hosmer-Lemeshow goodness-of-fit test to evaluate completeness and predictive accuracy. To maximize statistical power and minimize bias associated with excluding missing data from analyses, multiple imputation was employed to address variables with fewer than 5% missing data, generating five datasets. For missing continuous variables (BMI and laboratory results), imputation was performed using the mean across the datasets. All analyses were repeated with the complete data cohort for comparison. All statistical analyses were performed with IBM SPSS Statistics (version 26.0), and data were visualized with GraphPad Prism 9.0 and Origin2024. Statistical significance was set at p < 0.05.





3 Results



3.1 Clinical characteristics of patients

In this retrospective study, 4,010 cancer patients received ICIs treatment. After applying exclusion criteria, 215 patients (5.4%) were excluded due to missing more than 20% of baseline data (99 patients), participation in clinical trials (5 patients), received the first dose of ICIs or underwent long-term treatment at other medical institutions (108 patients), and age under 18 years (3 patients), resulting in a final sample of 3,795 patients. Table 1 details the characteristics of the study population. The median follow-up time after ICI initiation was 22 weeks (IQR: 7 to 52), with males comprising 75% (n = 2,847) of the cohort. The median age was 61 (IQR: 54 to 70), and the median BMI was 22.31 kg/m² (IQR: 20.20 to 24.46). The educational background of the majority was at the secondary level and above (66.4%, n = 2, 520); 32.1% (n = 1,220) were current smokers, and 35.3% (n = 1339) were alcohol consumers. The most common cancers were liver (35.4%, n = 1,342) and lung (29.3%, n = 1,112). At ICI initiation, 74.4% (n = 2,824) of patients had stage III-IV disease, 62.4% (n = 2,368) were partially independent of their daily living activities (ADL = 40-99) and 81.9% (n = 3,108) reported no pain (NRS = 0). Most (40.2%, n = 1,525) had a history of tumor resection surgery, while 10.9% (n = 415) had food, medications, or contrast agents allergies. A total of 76.7% of the patients (n = 2910) had no nutritional risk (NRS 2002 = 0-2).


Table 1 | General characteristics of patients.



PD-1 inhibitors were administered as follows: Sintilimab was used by 39.8% of the patients (n = 1,510), Camrelizumab by 27.2% (n = 1,034), Tislelizumab by 16.7% (n = 634), Toripalimab by 6.8% (n = 258), Pembrolizumab by 2.3% (n = 88), Serplulimab by 0.8% (n = 32), Zimberelimab by 0.6% (n = 21), Nivolumab by 0.5% (n = 19), Penpulimab by 0.2% (n = 9), and Pucotenlimab also by 0.2% (n = 7). PD-L1 inhibitors included Atezolizumab, used by 2.7% of the patients (n = 102), Durvalumab by 0.7% (n = 28), Adebrelimab by 0.6% (n = 21), Sugemalimab by 0.4% (n = 16), and Envafolimab by 0.1% (n = 4). The PD-1/CTLA-4 inhibitor Cadonilimab was also administered to 0.3% of the cohort (n = 12). The primary treatment modalities were ICIs monotherapy and ICIs combined with chemotherapy, each accounting for 35.7% of the treatments (n = 1,356). Comorbid conditions included hypertension (26.7%, n = 1,012) and diabetes (16.5%, n = 626). During treatment, 69.9% (n = 2,651) of the patients used antibiotics. The median absolute basophil count (ABC) was 0.02 × 109/L (IQR: 0.01 to 0.04), and the median absolute eosinophil count (AEC) was 0.09 × 109/L (IQR: 0.04 to 0.18).




3.2 Characteristics of irAEs

In this study, 29.0% of the patients (1,101/3,795) experienced irAEs, and 4.6% (175/3,795) developed severe irAEs of grade ≥ 3. During follow-up, 141 patients experienced mirAEs (range 2-7), resulting in 1,265 documented irAEs. The most common irAEs involved the skin (35.8%, n = 453), followed by endocrine (32.2%, n = 407), liver (7.0%, n = 89), and lung problems (6.4%, n = 81), with the rarest being edema (0.2%, n = 3) and oral complications (0.2%, n = 3). Most irAEs were mild to moderate (grades 1-2, 84.1%, n = 1,064), while 15.9% (n = 201) were classified as severe. Four deaths (0.1%) were attributed to severe interstitial pneumonia (n = 2) or myocarditis (n = 2) (Table 2). Specific types of irAEs are shown in Supplementary Table 2.


Table 2 | Characteristics of irAEs.



Following the onset of irAEs, most patients (75.3%, 952/1,265) underwent medical treatment (Supplementary Table 3), with 31.1% (394/1,265) receiving steroid therapy. For those developing endocrine irAEs, such as hypothyroidism and diabetes, treatments included glucose-lowering medications and hormone replacement therapy. Due to intolerable irAEs, 20.5% of patients (259/1,265) discontinued ICI therapy, mainly due to fatigue (83.3%, 5/6), pneumonitis (66.7%, 54/81), edema (66.7%, 2/3), and neurological issues (60%, 9/15). Of those who discontinued, a small proportion (18.1%, 47/259) later resumed ICI therapy; however, a high recurrence rate of irAEs was observed among them (72.3%, 34/47). Further details are shown in Table 2.

The median time to onset of irAEs was 15 weeks (IQR: 7-30). Infusion reactions, the earliest irAEs, occurred at a median of 4 weeks (IQR: 1-17). This was followed by gastrointestinal irAEs, which appeared at a median of 10 weeks (IQR: 5-20). Oral irAEs were at a median of 43 weeks (IQR: 22.5-47.5), as shown in Figure 1A. More than half (52.1%) of patients who experienced irAEs developed their first irAE within the first 15 weeks of starting ICI treatment, with only a minority of cases emerging after 90 weeks. Figure 1B shows the number of weeks between ICIs initiation and irAEs diagnosis.




Figure 1 | Clinical features of irAEs. (A) Time to onset of irAE s since ICIs initiation. The rhombus center lines, rhombus bounds and whiskers denote the medians, first and third quartiles and minimum and maximum values, respectively. (B) The number of weeks between ICIs initiation and irAEs diagnosis.






3.3 Frequency of irAEs for different ICIs

The patients were treated with three different types of ICIs, but the incidence of irAEs did not show significant variation between the types: PD-1 vs. PD-L1 (p = 0.531), PD-1 vs. PD-1/CTLA-4 (p = 1.0), and PD-L1 vs. PD-1/CTLA-4 (p = 0.886). The incidence of irAEs associated with PD-1 inhibitors was 29.1%, with specific rates for each drug as follows: Sintilimab at 24.6% (371/1,510), Camrelizumab at 33.7% (348/1,034), Tislelizumab at 29.8% (189/634), Toripalimab at 32.6% (84/258), Pembrolizumab at 43.2% (38/88), Serplulimab at 15.6% (5/32), Nivolumab at 42.1% (8/19), Penpulimab at 33.3% (3/9), and Pucotenlimab at 42.9% (3/7), Zimberelimab at 14.3% (3/21). For PD-L1 inhibitors, the overall irAE incidence was 26.9%, with Atezolizumab at 27.5% (28/102), Durvalumab at 35.7% (10/28), Adebrelimab at 14.3% (3/21), Sugemalimab at 25% (4/16), and Envafolimab at 25% (1/4). Cadonilimab, the PD-1/CTLA-4 inhibitor, had an irAE incidence of 25% (3/12), as detailed in Figure 2.




Figure 2 | Frequency of irAEs for different ICIs.






3.4 Analysis of predictors of all-grade and grade ≥ 3 irAEs

We categorized participants into two groups: those who experienced immunotherapy-related adverse events (irAE group, n = 1,101, 29.0%) and those who did not (non-irAE group, n = 2,694, 71.0%). The susceptibility factors for irAEs were analyzed using both univariate and multivariate analyses. Univariate analysis identified several significant risk factors for the development of irAEs, including being female (OR = 1.27, p = 0.003), having a BMI ≥ 25 kg/m² (OR = 1.19, p = 0.049), ADL scores (OR = 0.85, p = 0.029), NRS scores (OR = 0.81, p = 0.031), combination therapy (OR = 1.67, p < 0.001), pre-existing autoimmune diseases (AIDs) (OR = 5.09, p < 0.001), pre-existing cirrhosis (OR = 1.21, p = 0.019), antibiotic use during ICI therapy (OR = 1.47, p < 0.001), a higher baseline PNI (optimal cut-off ≥ 43.8) (OR = 1.24, p = 0.004), and a lower baseline PLR (optimal cut-off < 171.6) (OR = 0.80, p = 0.002), detailed in Table 3.


Table 3 | Univariate analysis to determine predictors for incidence and severity of irAEs.



Multivariate analysis demonstrated that being female (OR = 1.37, 95% CI: 1.16-1.62, p < 0.001), undergoing combination therapy (OR = 1.87, 95% CI: 1.60-2.20, p < 0.001), having pre-existing AIDs (OR = 5.15, 95% CI: 3.52-7.56, p < 0.001), pre-existing cirrhosis (OR = 1.34, 95% CI: 1.12-1.60, p = 0.001), and the use of antibiotics during ICI treatment (OR = 1.51, 95% CI: 1.29-1.79, p < 0.001), as well as a higher PNI (optimal cut-off ≥ 43.8) (OR = 1.23, 95% CI: 1.05-1.44, p = 0.01), were independent predictors of irAEs. Factors such as BMI, ADL, NRS, and PLR did not significantly correlate with an increased risk of irAEs (Figure 3A).




Figure 3 | (A) Multivariate analysis to determine predictors for incidence of irAEs. (B) Multivariate analysis to determine predictors for severity of irAEs. NRS, numerical rating scale; ADL, Activity of Daily Living; AIDs, autoimmune diseases; PNI, prognostic nutritional index; PLR, platelet-lymphocyte ratio; WBC, white blood cell count; OR, odds ratio; CI, confidence interval; Never smokers, never tried smoking; Current smokers, smoked in the 30 days prior to the survey; Former smokers, currently stopped smoking. Logistic regression models were used to analyze predictors of both the incidence and severity of irAEs.



Patients with irAEs were divided into groups: those with grade 1-2 irAEs (84.1%, n = 926) and those with grade 3-5 irAEs (15.9%, n = 175). A comparative analysis of the variables between these groups was conducted. Univariate analysis identified age ≥ 60 (OR = 1.51, p = 0.016), pre-existing AIDs (OR = 2.15, p = 0.003), and higher baseline white blood cell count (WBC) levels (OR = 1.05, p = 0.029) as significant predictors of irAE severity (Table 3). Multivariate analysis further confirmed that age ≥ 60 (OR = 1.49, 95% CI: 1.06-2.09, p = 0.023) and pre-existing AIDs (OR = 2.09, 95% CI: 1.25-3.49, p = 0.005) were independent predictors for higher-grade irAEs (Figure 3B).




3.5 Analysis of the predictors of the onset time of irAEs

Univariate analysis using the Cox PH model and time-dependent Cox regression model identified several factors as significant predictors for earlier onset of irAEs: being female (HR = 1.25, p = 0.001), ADL scores < 40 (HR = 1.64, p = 0.039), having a NRS score of 4-10 (HR = 1.63, p = 0.04), combination therapy (HR = 1.81, p < 0.001), pre-existing AIDs (HR = 2.34, p < 0.001), pre-existing infection (HR = 1.23, p = 0.002), higher baseline absolute monocyte count (AMC) levels (HR = 1.33, p = 0.013), and higher baseline WBC levels (HR = 1.02, p = 0.029). Subsequent multivariate analysis confirmed that being female (HR = 1.26, 95% CI: 1.10-1.44, p = 0.001), undergoing combination therapy (HR = 1.80, 95% CI: 1.57-2.05, p < 0.001), having pre-existing AIDs (HR = 2.25, 95% CI: 1.80-2.81, p < 0.001), and pre-existing infection (HR = 1.20, 95% CI: 1.05-1.37, p = 0.008) were independent predictors for a faster onset of irAEs. These findings are detailed in Table 4.


Table 4 | Univariate and multivariate analysis to determine predictors of the onset time of irAEs.






3.6 Sensitivity analyses

The missing data proportion across variables ranged from 0.7% to 4.7%, with 3,556 cases providing complete data for all key variables. IrAEs were observed in 28.6% of patients, including 4.6% who developed severe irAEs (grade ≥ 3). The distribution of variables with missing data was comparable between the imputed dataset and the observed complete case dataset (Supplementary Table 4). The results of the multivariable regression analysis using complete case data were generally consistent with those from the imputed dataset (Supplementary Tables 5, 6, Supplementary Figure 1). In the complete case dataset, multivariable regression analysis showed that NRS (4–10) was significantly associated with irAE severity (OR=3.26, 95% CI: 1.17–9.11, p=0.024). In contrast, univariable analysis of the imputed dataset revealed a near-significant association (OR=2.70, 95% CI: 1.00–7.31, p=0.051).





4 Discussion



4.1 Characteristics of irAEs

The incidence of irAEs varies depending on cancer types, the category of ICIs, and patient-related factors. A recent meta-analysis, included clinical trials of ICIs in the treatment of unresectable hepatocellular carcinoma, reported an overall irAEs incidence of 31.1% and 6.6% for grade ≥ 3 irAEs (21). In addition, Shankar B et al. reported that 33.1% of patients with non-small cell lung cancer treated with anti-PD(L) experienced irAEs of all grades (22). In pan-cancer patients, a meta-analysis reported that the incidence of PD-1 inhibitors induced all-grade irAEs was 26.82%, and 6.1% for grade ≥ 3 irAEs (23). Another single-center retrospective study finding that 39.05% of patients experienced irAEs of all grades, and 9.5% for grade ≥ 3 irAEs (24). Another meta-analysis of clinical trials reported that in ICIs monotherapy, the incidence of overall irAEs was higher in CTLA-4 inhibitors (53.8%) compared to PD-L1 (17.1%) or PD-1 inhibitors (26.5%), and CTLA-4 inhibitors were also more likely to cause severe irAEs (25). Moreover, CTLA-4 inhibitors commonly cause colitis, pituitary inflammation, and rashes, whereas PD-(L)1 inhibitors were more likely to casuse pneumonia, hypothyroidism, arthralgia and vitiligo (26). In our study, the all-grade irAE incidence was 29.0% and grade ≥ 3 irAEs was 4.6%, which were similar to or slightly lower than the results reported above. The most common irAEs were related to the skin, endocrine system, liver and pulmonary. As for the reasons, we supposed that some mild (grade 1-2) irAEs might be underestimated or overlooked by the hospital information system; since our median follow-up time was 22 (IQR 7-52) weeks, some potential late-onset irAEs might not be recorded; that nobody was administrated with CTLA-4 inhibitors in our cohort, may lead to the lower incidence of overall, severe irAEs and gastrointestinal events.

It’s worth noting that 4.6% patients experienced grade ≥ 3 grade irAEs, indicating the relatively safe of ICIs. And most toxic effects were reversible and improved after discontinuation of ICI therapy and/or administration of corticosteroids. However, 4 patients died due to pneumonia (n = 2) and myocarditis (n = 2), highlighting the need for enhanced monitoring of patients during treatment, with particular emphasis on the early identification and intervention of life-threatening irAEs. In present study, 12 patients were treated with Cadonilimab, a PD-1/CTLA-4 bispecific antibody, which was demonstrated the lowest incidence of irAEs at 25%. IrAEs caused by ICIs are associated with the recruitment of immune cells bearing Fc receptors. Cadonilimab was designed to remove Fc receptor binding and effector functions, thereby improving its efficacy and safety (27). However, considering the small number of patients treated with the PD-1/CTLA-4 bispecific antibody, a larger sample size may be required to draw statistically significant conclusions.




4.2 Predictors of irAEs

Our findings suggest that women have a significantly higher risk of developing irAEs when treated with ICIs. However, the role of sex differences remains debated. A meta-analysis did not find a significant impact of gender sex on irAE occurrence (28), while other studies reported that women are more prone to endocrine irAEs, particularly thyroid dysfunction, and men to hypophysitis (29). This suggests that sex may influence the type of irAE. Additional research has proposed that female is a potential predictor for irAEs (30). Hormonal differences, particularly high estrogen levels, may enhance immune responses by increasing proinflammatory cytokines and amplifying T-helper cell responses, potentially explaining the increased risk of irAEs in women (31, 32). Similar to large randomized controlled trials of immunotherapy, there was a relatively small number of female participants in present study. This might introduce bias into the results. Thus further research is needed to clarify the relationship between sex hormones and irAEs.

While the increasing use of combination strategies might improve the efficacy of cancer immunotherapy but could also amplify irAEs (10, 33, 34). In our study, the incidence of irAEs increased significantly when ICIs were combined with chemotherapy or targeted therapies. Therefore, exploring combination therapies to maximize benefits while minimizing irAEs is crucial. Hyperthermia was found to enhance ICI efficacy and reduced irAEs, likely by improving ICI and immune cell aggregation and tumor chemotaxis (35, 36). Nanoparticle-based thermotherapy enhances treatment targeting by creating a more favorable environment for immunotherapy (37). Two-dimensional nanomaterials further improve photo-thermal therapy, drug delivery, and reduce toxicity, offering new support for tumor immunotherapy (38).

Patients with pre-existing AIDs face an elevated risk of irAEs. Although ICIs show promise in these populations, they are typically excluded from clinical trials. However, evidence is accumulating regarding the use of ICIs in this ‘at-risk’ population (8, 10, 39, 40). Therefore, patients with pre-existing AIDs should be closely monitored to mitigate the risk of irAEs during ICI therapy. Pre-existing cirrhosis was another significant risk factor for irAEs. Cirrhosis-related immune dysfunction leads to systemic immunodeficiency and inflammation. The immunodeficiency results from the disruption of local immune function in the liver and systemic immune cell dysfunction. While inflammation is reflected by an increased production of pro-inflammatory cytokines (41). The systemic symptoms of cirrhosis may affect the response to ICI treatment, but the underlying mechanisms have not been reported. Additionally, many symptoms caused by extrahepatic diseases associated with cirrhosis may be difficult to distinguish from irAEs but can synergistically worsen organ function, potentially leading to an overdiagnosis of irAEs (42). Our study preliminarily uncovered the relationship between cirrhosis and irAEs, but further validation is needed.

A significant association was found between antibiotic exposure, both after the initiation of ICIs and before the onset of irAEs, and the occurrence of irAEs. This association was also observed with antibiotic exposure prior to ICI treatment (43). It was found that patients who received antibiotics after initiating ICI therapy and before the onset of immune-mediated diarrhea or colitis (IMDC) had a significantly higher incidence of IMDC compared to those who were exposed to antibiotics either before or both before and after ICI treatment (P < 0.001) (44). Disruptions in microbial diversity, particularly affecting neutrophil and T-cell activation pathways, are linked to higher irAE incidence (43). On the other hand, emerging research suggests that the gut microbiome may help predict irAEs. A random forest classifier with 14 microbial features demonstrated strong discriminatory power between non-irAE and irAE patients (AUC = 0.88) (45). Another single-center prospective study revealed significant differences in the gut microbiome composition between patients with non-irAE and those with mild or severe irAE (46). Bifidobacterium longum and Lactobacillus sp. were found to enhance ICI efficacy and mitigate toxic reactions, while Lachnospiraceae spp. and Streptococcus spp. were linked to the development of irAEs (47). These studies indicate that the reduction in microbial diversity caused by antibiotic use may increase the risk of irAEs. Therefore, antibiotic use in ICI-treated cancer patients should be carefully evaluated to mitigate the potential risks.

Routine peripheral blood markers such as PLR and PNI have been associated with irAEs. Unlike classical inflammatory mediators such as IL-6, IL-8, and IL-17 (48), these markers are easily accessible, cost-effective, and stable in clinical settings. PNI, which combines albumin levels and lymphocyte counts, reflects a patient’s inflammatory and immune status (49). In advanced cancer, increased inflammation leads to increased neutrophils, reduced lymphocytes, and lower albumin levels, which can suppress cancer immunity and diminish ICI efficacy, possibly explaining the lower irAE incidence in patients with reduced PNI (50). Our study found that a PNI ≥ 43.8 was associated with a higher irAE risk, supported by other studies identifying high PNI as a predictor of irAE development (50, 51). Baseline PNI could be a useful tool for early irAE identification, potentially reducing hospitalization and treatment costs.

Univariate analysis also identified a BMI ≥ 25 as a risk factor for irAEs. Studies have shown that overweight and obese individuals (BMI ≥ 30) are more likely to develop irAEs compared to those with normal BMI (52, 53). Although lower PLR levels were associated with irAEs in the literature (48), these were not independent risk factors in our study. More research is needed to validate these findings, as confounders may have influenced the results.




4.3 Severe irAEs

Although numerous studies have found a positive correlation between irAEs and treatment efficacy (54), severe irAEs can be life-threatening if not properly managed. Current guidelines recommend discontinuing treatment, either temporarily or permanently, when Grade 3 or 4 irAEs occur. Our study found that age ≥ 60 years and pre-existing AIDs were associated with severe irAEs. Retrospective analyses show that older patients are more likely to experience fatal irAEs, with a significant age difference between those with severe outcomes (median age 70 vs. 62 years; p = 0.009) (55). Patients aged ≥ 70 also have higher rates of Grade 3-4 toxicities (56). Analysis of 17,006 lung cancer patients from the FDA’s FAERS database revealed older patients not only experience more irAEs but also face higher toxicity levels (57), likely due to reduced CD8+ T cell counts associated with immune senescence (57, 58).

Pre-existing AIDs significantly increase both the risk and severity of irAEs. A prospective study found that patients with AIDs had higher odds ratios to develop any grade of irAEs (OR = 1.91) and severe irAEs (OR = 1.44) (8). These patients are also more likely to discontinue anti-PD-1 therapy due to toxicity (59). Therefore, close monitoring of elderly patients, those with AIDs is crucial to effectively managing severe irAEs.

NRS was demonstrated a significant stratification effect (NRS 4-10) in the complete case dataset (p = 0.024), although there is currently limited direct evidence supporting this association. We hypothesize that the continued use of NSAIDs or opioids for pain management may mask early symptoms of certain irAEs, such as mild arthritis, myalgia, or abdominal pain, potentially delaying diagnosis and increasing the risk of more severe irAEs. However, no significant association was observed in the imputed dataset. This discrepancy may be attributed to changes in the sample distribution within the imputed dataset, particularly the higher proportion of the low-risk group (NRS 0-3), which likely diluted the effect of NRS in the univariate analysis (p = 0.051). This suggests that the impact of NRS may vary across different datasets, potentially reflecting a weaker effect or one influenced by sample characteristics. Further research is needed to confirm this hypothesis.




4.4 Timing of irAEs

IrAEs can affect almost any organ system and may occur at any point during treatment, even months after the last ICI administration (60). Due to this unpredictability, our study aimed to identify predictors of irAE occurrence. The results indicate that females not only have a higher risk of developing irAEs but also tend to develop them earlier than males, which may be attributed to stronger immune responses in females (31).

Combination therapy with ICIs and chemotherapy or targeted therapies was associated with earlier irAE onset. A meta-analysis showed that combination therapy led to a shorter median time to all-grade irAE onset compared to nivolumab monotherapy (6.0 weeks vs. 8.2 weeks, p < 0.001) (61).

Patients with pre-existing AIDs also exhibited earlier irAE onset (8), consistent with our findings. Additionally, patients with pre-existing infections (bacterial, viral, or fungal) experienced a significantly earlier onset of irAEs. This phenomenon may be closely linked to the effects of chronic infections on the immune system. Studies suggest that chronic infections can induce T-cell exhaustion through the expression of immune checkpoints like PD-1 (62). The use of ICI may restore the immune response against pathogens, triggering inflammatory reactions to latent or chronic infections, thereby increasing the risk of irAEs (63), However, current research directly supporting the relationship between infections and the timing of irAEs is limited. Our study is a preliminary exploration, further research is needed to confirm this finding and investigate the underlying biological mechanisms.





5 Limitations

This single-center retrospective study has inherent limitations, including potential regional and informational biases. Firstly, Due to the large sample size, some variables were statistically significant but such significance in clinical practice may be limited, such as higher baseline PNI (OR = 1.23) and pre-existing infection (HR = 1.20). Secondly, the data collection based on the hospital information system may lead to underestimate and overlook the minor irAEs, while relatively short follow-up time (median [IQR], 22[7-52] weeks) may incompletely record some potential late-onset irAEs. These inevitably brought the lower incidence of overall, severe irAEs. Thirdly, the association between efficacy and irAEs was not explored due to the patients lost to follow-up or incomplete medical records, resulting in the sample size with appreciable and accurate efficacy was limited to further analysis so far. Finally, while multiple imputations were used to handle missing data, this may still introduce some bias. Therefore, multi-center further retrospective studies and prospective studies are necessary to validate our findings and gain a broader understanding of irAEs in diverse populations.




6 Strengths

This study has several strengths. First, it features a large sample size with broad inclusion criteria, reflecting real-world clinical scenarios and improving the generalizability of the findings. Second, it covers a wide range of irAEs, addressing organ-specific and systemic adverse events, providing a comprehensive view of ICI-associated complications. Finally, this is one of the first real-world studies to explore predictors of irAE onset timing, addressing an important gap in the literature and offering valuable information for future research.




7 Conclusions

Females, combination therapy, pre-existing AIDs and cirrhosis, antibiotics, and a higher baseline PNI are associated with a higher risk of developing all-grade irAEs. Those aged ≥ 60 and with pre-existing AIDs face a higher risk of severe irAEs. Females, undergoing combination therapy, with pre-existing AIDs and infection generally experience a shorter time to irAEs onset. Multicentric prospective studies are warranted to validate these findings.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by The Ethics Committee of the Second Affiliated Hospital of Chongqing Medical University. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.





Author contributions

QF: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Software, Validation, Visualization, Writing – original draft, Writing – review & editing. YQ: Project administration, Resources, Supervision, Writing – original draft, Writing – review & editing. ZX: Conceptualization, Methodology, Supervision, Writing – original draft, Writing – review & editing. HZ: Methodology, Project administration, Supervision, Writing – original draft, Writing – review & editing. YZ: Investigation, Writing – original draft, Writing – review & editing. DL: Conceptualization, Formal analysis, Funding acquisition, Methodology, Project administration, Resources, Supervision, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the Special Fund for Clinical Research of Wu Jieping Medical Foundation (320.6750.2022-01-4), Postdoctoral Research Projects of Chongqing (X2-1064), Senior Medical Talents Program of Chongqing for Young and Middle-aged and Chongqing medical scientific research project (Joint project of Chongqing Health Commission and Science and Technology Bureau) (2022GDRC003).





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.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.1508512/full#supplementary-material




References

1. Ramos-Casals, M, Brahmer, JR, Callahan, MK, Flores-Chavez, A, Keegan, N, Khamashta, MA, et al. Immune-related adverse events of checkpoint inhibitors. Nat Rev Dis Primers. (2020) 6:38. doi: 10.1038/s41572-020-0160-6

2. Liu, YH, Zang, XY, Wang, JC, Huang, SS, Xu, J, and Zhang, P. Diagnosis and management of immune related adverse events (irAEs) in cancer immunotherapy. BioMed Pharmacother. (2019) 120:109437. doi: 10.1016/j.biopha.2019.109437

3. Ngamphaiboon, N, Ithimakin, S, Siripoon, T, Sintawichai, N, and Sriuranpong, V. Patterns and outcomes of immune-related adverse events in solid tumor patients treated with immune checkpoint inhibitors in Thailand: a multicenter analysis. BMC Cancer. (2021) 21:1275. doi: 10.1186/s12885-021-09003-z

4. Si, X, Song, P, Ni, J, Di, M, He, C, Zhang, L, et al. Management of immune checkpoint inhibitor-related adverse events: A review of case reports. Thorac Cancer. (2020) 11:498–504. doi: 10.1111/1759-7714.13315

5. Yoo, MJ, Long, B, Brady, WJ, Holian, A, Sudhir, A, and Gottlieb, M. Immune checkpoint inhibitors: An emergency medicine focused review. Am J Emerg Med. (2021) 50:335–44. doi: 10.1016/j.ajem.2021.08.038

6. Schneider, BJ, Naidoo, J, Santomasso, BD, Lacchetti, C, Adkins, S, Anadkat, M, et al. Management of immune-related adverse events in patients treated with immune checkpoint inhibitor therapy: ASCO guideline update. J Clin Oncol. (2021) 39:4073–126. doi: 10.1200/JCO.21.01440

7. Nakamura, Y, Tanaka, R, Maruyama, H, Ishitsuka, Y, Okiyama, N, Watanabe, R, et al. Correlation between blood cell count and outcome of melanoma patients treated with anti-PD-1 antibodies. Jpn J Clin Oncol. (2019) 49:431–37. doi: 10.1093/jjco/hyy201

8. Placais, L, Dalle, S, Dereure, O, Trabelsi, S, Dalac, S, Legoupil, D, et al. Risk of irAEs in patients with autoimmune diseases treated by immune checkpoint inhibitors for stage III or IV melanoma: results from a matched case-control study. Ann Rheum Dis. (2022) 81:1445–52. doi: 10.1136/ard-2022-222186

9. Pavan, A, Calvetti, L, Dal Maso, A, Attili, I, Del, BP, Pasello, G, et al. Peripheral blood markers identify risk of immune-related toxicity in advanced non-small cell lung cancer treated with immune-checkpoint inhibitors. Oncologist. (2019) 24:1128–36. doi: 10.1634/theoncologist.2018-0563

10. Rong, Y, Bentley, JP, Bhattacharya, K, Yang, Y, Chang, Y, Earl, S, et al. Incidence and risk factors of immune-related adverse events induced by immune checkpoint inhibitors among older adults with non-small cell lung cancer. Cancer Med. (2024) 13:e6879. doi: 10.1002/cam4.6879

11. Geukes, FM, Rozeman, EA, van Wilpe, S, Postma, C, Snaebjornsson, P, van Thienen, JV, et al. Immune checkpoint inhibition-related colitis: symptoms, endoscopic features, histology and response to management. ESMO Open. (2018) 3:e000278. doi: 10.1136/esmoopen-2017-000278

12. Kimbara, S, Fujiwara, Y, Iwama, S, Ohashi, K, Kuchiba, A, Arima, H, et al. Association of antithyroglobulin antibodies with the development of thyroid dysfunction induced by nivolumab. Cancer Sci. (2018) 109:3583–90. doi: 10.1111/cas.13800

13. Takada, S, Hirokazu, H, Yamagishi, K, Hideki, S, and Masayuki, E. Predictors of the onset of type 1 diabetes obtained from real-world data analysis in cancer patients treated with immune checkpoint inhibitors. Asian Pac J Cancer Prev. (2020) 21:1697–99. doi: 10.31557/APJCP.2020.21.6.1697

14. Fujisawa, Y, Yoshino, K, Otsuka, A, Funakoshi, T, Fujimura, T, Yamamoto, Y, et al. Fluctuations in routine blood count might signal severe immune-related adverse events in melanoma patients treated with nivolumab. J Dermatol Sci. (2017) 88:225–31. doi: 10.1016/j.jdermsci.2017.07.007

15. Mashni, OK, Baba, DW, Mahmoud, AN, and Qur’An, TO. Retrospective study evaluating immune-related adverse events in cancer patients treated with pembrolizumab. J Oncol Pharm Pract. (2023) 29:577–81. doi: 10.1177/10781552221074374

16. Kurimoto, C, Inaba, H, Ariyasu, H, Iwakura, H, Ueda, Y, Uraki, S, et al. Predictive and sensitive biomarkers for thyroid dysfunctions during treatment with immune-checkpoint inhibitors. Cancer Sci. (2020) 111:1468–77. doi: 10.1111/cas.14363

17. Stamatouli, AM, Quandt, Z, Perdigoto, AL, Clark, PL, Kluger, H, Weiss, SA, et al. Collateral damage: insulin-dependent diabetes induced with checkpoint inhibitors. Diabetes. (2018) 67:1471–80. doi: 10.2337/dbi18-0002

18. Les, I, Martinez, M, Narro, A, Perez, I, Sanchez, C, Punti, L, et al. Association of immune-related adverse events induced by nivolumab with a battery of autoantibodies. Ann Med. (2021) 53:762–69. doi: 10.1080/07853890.2021.1931956

19.The use of the WHO-UMC system for standardised case causality assessment. Available online at: https://www.who.int/publications/m/item/WHO-causality-assessment (Accessed August 29, 2024).

20.Common Terminology Criteria for Adverse Events (CTCAE)(2020). Cancer Therapy Evaluation Program (CTEP), National Cancer Institute. Available online at: https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm (Accessed September 19, 2024).

21. Zhang, Y, Wang, M, Chen, Q, Deng, Y, Chen, J, Dai, Y, et al. Adverse events of immune checkpoint inhibitor-based therapies for unresectable hepatocellular carcinoma in prospective clinical trials: A systematic review and meta-analysis. Liver Cancer. (2023) 12:521–38. doi: 10.1159/000528698

22. Shankar, B, Zhang, J, Naqash, AR, Forde, PM, Feliciano, JL, Marrone, KA, et al. Multisystem immune-related adverse events associated with immune checkpoint inhibitors for treatment of non-small cell lung cancer. JAMA Oncol. (2020) 6:1952–56. doi: 10.1001/jamaoncol.2020.5012

23. Wang, PF, Chen, Y, Song, SY, Wang, TJ, Ji, WJ, Li, SW, et al. Immune-related adverse events associated with anti-PD-1/PD-L1 treatment for Malignancies: A meta-analysis. Front Pharmacol. (2017) 8:730. doi: 10.3389/fphar.2017.00730

24. Bai, R, Chen, N, Chen, X, Li, L, Song, W, Li, W, et al. Analysis of characteristics and predictive factors of immune checkpoint inhibitor-related adverse events. Cancer Biol Med. (2021) 18:1118–33. doi: 10.20892/j.issn.2095-3941.2021.0052

25. El, OB, Hu, F, Sadek, R, Chintalapally, R, and Tang, SC. Not all immune-checkpoint inhibitors are created equal: Meta-analysis and systematic review of immune-related adverse events in cancer trials. Crit Rev Oncol Hematol. (2017) 119:1–12. doi: 10.1016/j.critrevonc.2017.09.002

26. Khoja, L, Day, D, Wei-Wu, CT, Siu, LL, and Hansen, AR. Tumour- and class-specific patterns of immune-related adverse events of immune checkpoint inhibitors: a systematic review. Ann Oncol. (2017) 28:2377–85. doi: 10.1093/annonc/mdx286

27. Pang, X, Huang, Z, Zhong, T, Zhang, P, Wang, ZM, Xia, M, et al. Cadonilimab, a tetravalent PD-1/CTLA-4 bispecific antibody with trans-binding and enhanced target binding avidity. MAbs. (2023) 15:2180794. doi: 10.1080/19420862.2023.2180794

28. Jing, Y, Zhang, Y, Wang, J, Li, K, Chen, X, Heng, J, et al. Association between sex and immune-related adverse events during immune checkpoint inhibitor therapy. J Natl Cancer Inst. (2021) 113:1396–404. doi: 10.1093/jnci/djab035

29. Triggianese, P, Novelli, L, Galdiero, MR, Chimenti, MS, Conigliaro, P, Perricone, R, et al. Immune checkpoint inhibitors-induced autoimmunity: The impact of gender. Autoimmun Rev. (2020) 19:102590. doi: 10.1016/j.autrev.2020.102590

30. Wahli, MN, Hayoz, S, Hoch, D, Ryser, CO, Hoffmann, M, Scherz, A, et al. The role of immune checkpoint inhibitors in clinical practice: an analysis of the treatment patterns, survival and toxicity rates by sex. J Cancer Res Clin Oncol. (2023) 149:3847–58. doi: 10.1007/s00432-022-04309-2

31. Pala, L, De Pas, T, Catania, C, Giaccone, G, Mantovani, A, Minucci, S, et al. Sex and cancer immunotherapy: Current understanding and challenges. Cancer Cell. (2022) 40:695–700. doi: 10.1016/j.ccell.2022.06.005

32. Klein, SL, and Flanagan, KL. Sex differences in immune responses. Nat Rev Immunol. (2016) 16:626–38. doi: 10.1038/nri.2016.90

33. Rached, L, Laparra, A, Sakkal, M, Danlos, FX, Barlesi, F, Carbonnel, F, et al. Toxicity of immunotherapy combinations with chemotherapy across tumor indications: Current knowledge and practical recommendations. Cancer Treat Rev. (2024) 127:102751. doi: 10.1016/j.ctrv.2024.102751

34. Yang, TK, Yu, YF, Tsai, CL, Li, HJ, Yang, PS, Huang, KW, et al. Efficacy and safety of combined targeted therapy and immunotherapy versus targeted monotherapy in unresectable hepatocellular carcinoma: a systematic review and meta-analysis. BMC Cancer. (2022) 22:1085. doi: 10.1186/s12885-022-10174-6

35. Liu, P, Wu, J, Chen, L, Wu, Z, Wu, Y, Zhang, G, et al. Water-filtered infrared A radiation hyperthermia combined with immunotherapy for advanced gastrointestinal tumours. Cancer Med. (2024) 13:e70024. doi: 10.1002/cam4.70024

36. Liu, P, Ye, M, Wu, Y, Wu, L, Lan, K, and Wu, Z. Hyperthermia combined with immune checkpoint inhibitor therapy: Synergistic sensitization and clinical outcomes. Cancer Med. (2023) 12:3201–21. doi: 10.1002/cam4.5085

37. Lei, L, Liu, P, Jing, W, and Wu, Z. Advancements in modifying the efficacy of immunotherapies through the thermal effects of nanomaterials. Nano Trans Med. (2023) 2:100022. doi: 10.1016/j.ntm.2023.100022

38. Xu, G, Li, J, Zhang, S, Cai, J, Deng, X, Wang, Y, et al. Two-dimensional nano-biomaterials in regulating the tumor microenvironment for immunotherapy. Nano Trans Med. (2024) 3:100045. doi: 10.1016/j.ntm.2024.100045

39. Michailidou, D, Khaki, AR, Morelli, MP, Diamantopoulos, L, Singh, N, and Grivas, P. Association of blood biomarkers and autoimmunity with immune related adverse events in patients with cancer treated with immune checkpoint inhibitors. Sci Rep. (2021) 11:9029. doi: 10.1038/s41598-021-88307-3

40. Danlos, FX, Voisin, AL, Dyevre, V, Michot, JM, Routier, E, Taillade, L, et al. Safety and efficacy of anti-programmed death 1 antibodies in patients with cancer and pre-existing autoimmune or inflammatory disease. Eur J Cancer. (2018) 91:21–9. doi: 10.1016/j.ejca.2017.12.008

41. Albillos, A, Lario, M, and Alvarez-Mon, M. Cirrhosis-associated immune dysfunction: distinctive features and clinical relevance. J Hepatol. (2014) 61:1385–96. doi: 10.1016/j.jhep.2014.08.010

42. Sangro, B, Chan, SL, Meyer, T, Reig, M, El-Khoueiry, A, and Galle, PR. Diagnosis and management of toxicities of immune checkpoint inhibitors in hepatocellular carcinoma. J Hepatol. (2020) 72:320–41. doi: 10.1016/j.jhep.2019.10.021

43. Jing, Y, Chen, X, Li, K, Liu, Y, Zhang, Z, Chen, Y, et al. Association of antibiotic treatment with immune-related adverse events in patients with cancer receiving immunotherapy. J Immunother Cancer. (2022) 10:e003779. doi: 10.1136/jitc-2021-003779

44. Abu-Sbeih, H, Herrera, LN, Tang, T, Altan, M, Chaftari, AP, Okhuysen, PC, et al. Impact of antibiotic therapy on the development and response to treatment of immune checkpoint inhibitor-mediated diarrhea and colitis. J Immunother Cancer. (2019) 7:242. doi: 10.1186/s40425-019-0714-x

45. Hu, M, Lin, X, Sun, T, Shao, X, Huang, X, Du, W, et al. Gut microbiome for predicting immune checkpoint blockade-associated adverse events. Genome Med. (2024) 16:16. doi: 10.1186/s13073-024-01285-9

46. Liu, W, Ma, F, Sun, B, Liu, Y, Tang, H, Luo, J, et al. Intestinal microbiome associated with immune-related adverse events for patients treated with anti-PD-1 inhibitors, a real-world study. Front Immunol. (2021) 12:756872. doi: 10.3389/fimmu.2021.756872

47. Dora, D, Bokhari, S, Aloss, K, Takacs, P, Desnoix, JZ, Szklenarik, G, et al. Implication of the gut microbiome and microbial-derived metabolites in immune-related adverse events: emergence of novel biomarkers for cancer immunotherapy. Int J Mol Sci. (2023) 24:2769. doi: 10.3390/ijms24032769

48. Chennamadhavuni, A, Abushahin, L, Jin, N, Presley, CJ, and Manne, A. Risk factors and biomarkers for immune-related adverse events: A practical guide to identifying high-risk patients and rechallenging immune checkpoint inhibitors. Front Immunol. (2022) 13:779691. doi: 10.3389/fimmu.2022.779691

49. Arslan, B, Kinik, AH, Gonultas, S, Kose, MG, Kardas, S, Cetin, B, et al. Predictive value of Controlling Nutritional Status score and Prognostic Nutritional Index for systemic inflammatory response syndrome/sepsis after percutaneous nephrolithotomy. Int Urol Nephrol. (2023) 55:1101–07. doi: 10.1007/s11255-023-03559-4

50. Furuno, T, Sogawa, R, Hashimoto, T, Matsuo, S, Shirahama, W, Kamura, T, et al. Association between the prognostic nutritional index and the occurrence of immune-related adverse events. Biol Pharm Bull. (2024) 47:361–65. doi: 10.1248/bpb.b23-00760

51. Peng, L, Wang, Y, Liu, F, Qiu, X, Zhang, X, Fang, C, et al. Peripheral blood markers predictive of outcome and immune-related adverse events in advanced non-small cell lung cancer treated with PD-1 inhibitors. Cancer Immunol Immunother. (2020) 69:1813–22. doi: 10.1007/s00262-020-02585-w

52. Guzman-Prado, Y, Ben, SJ, and Samson, O. Body mass index and immune-related adverse events in patients on immune checkpoint inhibitor therapies: a systematic review and meta-analysis. Cancer Immunol Immunother. (2021) 70:89–100. doi: 10.1007/s00262-020-02663-z

53. Cortellini, A, Bersanelli, M, Santini, D, Buti, S, Tiseo, M, Cannita, K, et al. Another side of the association between body mass index (BMI) and clinical outcomes of cancer patients receiving programmed cell death protein-1 (PD-1)/Programmed cell death-ligand 1 (PD-L1) checkpoint inhibitors: A multicentre analysis of immune-related adverse events. Eur J Cancer. (2020) 128:17–26. doi: 10.1016/j.ejca.2019.12.031

54. Rogado, J, Sanchez-Torres, JM, Romero-Laorden, N, Ballesteros, AI, Pacheco-Barcia, V, Ramos-Levi, A, et al. Immune-related adverse events predict the therapeutic efficacy of anti-PD-1 antibodies in cancer patients. Eur J Cancer. (2019) 109:21–7. doi: 10.1016/j.ejca.2018.10.014

55. Wang, DY, Salem, JE, Cohen, JV, Chandra, S, Menzer, C, Ye, F, et al. Fatal toxic effects associated with immune checkpoint inhibitors: A systematic review and meta-analysis. JAMA Oncol. (2018) 4:1721–28. doi: 10.1001/jamaoncol.2018.3923

56. Singh, H, Kim, G, Maher, VE, Beaver, JA, Pai-Scherf, LH, Balasubramaniam, S, et al. FDA subset analysis of the safety of nivolumab in elderly patients with advanced cancers. J Clin Oncol. (2016) 34:10010. doi: 10.1200/JCO.2016.34.15_suppl.10010

57. Huang, X, Tian, T, Zhang, Y, Zhou, S, Hu, P, and Zhang, J. Age-associated changes in adverse events arising from anti-PD-(L)1 therapy. Front Oncol. (2021) 11:619385. doi: 10.3389/fonc.2021.619385

58. Tomihara, K, Curiel, TJ, and Zhang, B. Optimization of immunotherapy in elderly cancer patients. Crit Rev Oncog. (2013) 18:573–83. doi: 10.1615/critrevoncog.2013010591

59. van der Kooij, MK, Suijkerbuijk, K, Aarts, M, van den Berkmortel, F, Blank, CU, Boers-Sonderen, MJ, et al. Safety and efficacy of checkpoint inhibition in patients with melanoma and preexisting autoimmune disease: A cohort study. Ann Intern Med. (2021) 174:641–48. doi: 10.7326/M20-3419

60. Teufel, A, Zhan, T, Hartel, N, Bornschein, J, Ebert, MP, and Schulte, N. Management of immune related adverse events induced by immune checkpoint inhibition. Cancer Lett. (2019) 456:80–7. doi: 10.1016/j.canlet.2019.04.018

61. Tang, SQ, Tang, LL, Mao, YP, Li, WF, Chen, L, Zhang, Y, et al. The pattern of time to onset and resolution of immune-related adverse events caused by immune checkpoint inhibitors in cancer: A pooled analysis of 23 clinical trials and 8,436 patients. Cancer Res Treat. (2021) 53:339–54. doi: 10.4143/crt.2020.790

62. Wherry, EJ. T cell exhaustion. Nat Immunol. (2011) 12:492–99. doi: 10.1038/ni.2035

63. Champiat, S, Lambotte, O, Barreau, E, Belkhir, R, Berdelou, A, Carbonnel, F, et al. Management of immune checkpoint blockade dysimmune toxicities: a collaborative position paper. Ann Oncol. (2016) 27:559–74. doi: 10.1093/annonc/mdv623




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.


Copyright © 2025 Fang, Qian, Xie, Zhao, Zheng and Li. 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.


OEBPS/Images/fimmu.2025.1508512_cover.jpg
& frontiers | Frontiers in Immunology

Predictors of severity and onset timing of
immune-related adverse events in cancer
patients receiving immune checkpoint
inhibitors: a retrospective analysis





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Predictors of severity and onset timing of immune-related adverse events in cancer patients receiving immune checkpoint inhibitors: a retrospective analysis

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Material and methods

        

          		

            2.1 Study population

          



          		

            2.2 Data collection

          



          		

            2.3 Study assessments

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Clinical characteristics of patients

          



          		

            3.2 Characteristics of irAEs

          



          		

            3.3 Frequency of irAEs for different ICIs

          



          		

            3.4 Analysis of predictors of all-grade and grade ≥ 3 irAEs

          



          		

            3.5 Analysis of the predictors of the onset time of irAEs

          



          		

            3.6 Sensitivity analyses

          



        



        



        		

          4 Discussion

        

          		

            4.1 Characteristics of irAEs

          



          		

            4.2 Predictors of irAEs

          



          		

            4.3 Severe irAEs

          



          		

            4.4 Timing of irAEs

          



        



        



        		

          5 Limitations

        



        		

          6 Strengths

        



        		

          7 Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-16-1508512-g001.jpg
250 100

Infusion reaction
Gastrointestinal
Hepatic

Neurologic 200

80
Cardiovascular

- Frequency

150 ~—— Cumulative (%)

Cutaneous

Edema
. 60
Endocrine

Pulmonary

Number

Haematological

100

Musculoskeletal 40

Pancreatic
Renal
Fatigue
Oral
Overall

50
20

0 10 15 20 30 40 50 60 70 80 110 130 160 <5 6-10 11-15 16-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 >90
Time(Weeks) Time(Weeks)

Percentage





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Pharmacotherapy

Steroid
therapy

ICIs
discontinuation

ICls
rechallenge

IrAEs
reactivation

Cutaneous
Endocrine
Hepatic
Pulmonary
Cardiovascular
Gastrointestinal
Hematological
Musculoskeletal
Renal

Infusion reaction
Neurologic
Fatigue
Pancreatic

Oral

Edema

Overall

453 (35.8)
407 (322)
890)

81 (64)
67 (53)
3729
30 24)
29(23)
23(18)
18 (14)
15(12)
6(03)
4(03)
3002)
3002

1265 (100)

4(163)
229 (56.3)
69 (77.5)
9(1L1)
0
11297)
10 (333)
2(69)
11 478)
4(222)
0

3(50)

422 (33.4)

301 (664)
158 (38.8)
11 (12.4)
48 (59.3)
45 (672)
18 (486)
11 (367)
17 (58.6)
10 (435)
8 (44.4)
5(333)
3(50)
3(75)

3 (100)
1(333)

642 (50.8)

74(16.3)
19.(4.7)
707.9)
17 1)
19 (28.4)
8(216)
5(167)
7(241)
2(87)
4(222)
8(53.3)
0

105)

0
2(66.7)

173 (13.7)

4(09)
1(02)
2(22)
5(62)
1(15)
0
40133)
3(103)
0
2011
2(133)
0

0

0

0

24(19)

2(25)

203)

1(03)

366 (80.8)
250 (61.4)
72 (809)
64(79)
60 (89.6)
33 (892)
24 (80)

25 (86.2)
16 (69.6)
17 (944)
15 (100)
2(333)

2 (50)

3 (100)

3 (100)

952 (75.3)

235 (51.9)
17 (42)
6(67)
55 (67.9)
29 (433)
5(135)
2(67)
16(55.2)
3013

9 (50)
11(733)
0

125)

3 (100)
2(667)

394 (3L.1)

70 (15.5)
39(9.6)
10112)
54(66.7)
29(433)
9(243)
8(267)
1137.9)
5(217)
6(333)
9 (60)

5(833)
105

10333)
2(667)

259 (20.5)

13 (186)
14 (359)
3(30)
7(13)
2(69)
2(222)
1(125)
0

0
2(333)
1(1L1)
10
1.(100)
0

0

47 (18.1)

8(615)
12(857)
2(66.7)
6(857)
1(50)
1(50)
1.(100)
0

0
2(100)
1(100)
0

0

0

0

34(723)





OEBPS/Images/fimmu-16-1508512-g003.jpg
A

Variables  Category OR
Sex Female 1.37
BMI

BMI <18.5 0.91
BMI >25 1.15
ADL

ADL 40-99 0.86
ADL <40 1.02
NRS

NRS 1-3 0.86
NRS 4-10 1.34
Treatment prc Combination 1.87
AlDs Yes 5.15
Cirrhosis Yes 1.34
Antibacterial Yes 1.51
PNI >43.8 1.23
PLR >171.6 0.87

95% Cl1
1.16-1.62

0.71-1.16
0.96-1.38

0.74-1.01
0.58-1.81

0.70-1.05
0.74-2.43
1.60-2.20
3.52-7.56
1.12-1.60
1.29-1.79
1.05-1.44
0.74-1.01

B
P value ;
<0.001 L e
0.182 ¢
0.444 — —
0.124 H—o—
0.164 2 4
0.063 o
0947  ——r——
.48 ’ Variables Category OR 95% CI P value
0.134 o i
0.336 ——— Age =60 149  1.06-2.09 0.023 —o—
<0.001 —eo— ;
<0.001 — — ;
; AIDs Yes 209 125349  0.005 —e——
0.001 - —— ;
<0.001 L —e—i :
0.01 —e—i WBC 1.04  1.00-1.09 0.062 *
0.069 ,_,ﬁ_,_/m —_— |—‘—|—|—|
05 10 15 20 25 4 6 8 o 1 2 3 4

0dds Ratio (95% CI) Odds Ratio (95% CI)





OEBPS/Images/table4.jpg
Univariate analysis Multivariate analysis

Variables Category

HR 95% Cl P value HR 95% Cl P value

Demographics

Sex Female 1.25 1.09-1.42 0.001 1.26 1.10-1.44 0.001
Age* =60 1.00 1.00-1.01 0.359
BMI 0.835
BMI <185 1.06 0.87-1.31 0.549
BMI 225 101 0.87-1.17 0.889
Smoker Never smoked 0.706
Smoker Current smoker 0.95 0.84-1.09 0.491
Smoker Former smoker 095 0.80-1.12 0513
Drinker* Drinker 1.00 0.99-1.00 0394

Clinical characteristic

ADL 100 0.105 0.184
ADL 40-99 1.05 0.93-1.19 0417 0.98 0.86-1.11 0.716
ADL <40 1.64 1.03-2.64 0.039 152 0.94-2.44 0.086
NRS 0 0.067 0.226
NRS 1-3 L11 0.94-1.31 0.231 1.06 0.90-1.26 0.489
NRS 4-10 1.63 1.02-2.60 0.040 1.48 0.92-2.36 0.105
Treatment program Combination therapy 1.81 1.59-2.07 <0.001 1.80 1.57-2.05 <0.001
Surgical history* Yes 1.00 1.00-1.01 0.145

Allergy history* Yes 1.00 1.00-1.01 0.671

Comorbidities

AIDs Yes 234 1.87-2.92 <0.001 225 1.80-2.81 <0.001
Cirrhosis* Yes 1.00 1.00-1.01 0.217

Infection Yes 123 1.08-1.39 0.002 1.20 1.05-1.37 0.008
HIV Yes 0.70 0.26-1.87 0478

Concomitant medication
Antibacterial* Yes 1.00 1.00-1.01 0.178
Immunosuppressant* Yes 1.00 0.98-1.01 0.939

Laboratory results

ABC (1079/L) 0.70 0.26-1.87 0.478
AEC (1019/L) 1.02 0.85-1.23 0.794
AMC (1079/L) 133 1.06-1.67 0.013 1.19 0.92-1.55 0.186
RBC (10712/L) 0.96 0.88-1.04 0.305
WBC (1079/L) 1.02 1.00-1.04 0.029 1.01 0.99-1.03 0572
PNI =438 101 0.89-1.14 0.873
PLR = 171.6 1.00 0.88-1.12 0.948

NRS, numerical rating scale; AIDs, autoimmune diseases; ADL, Activity of Daily Living; ABC, absolute basophil count; AEC, absolute eosinophil count; AMC, absolute monocyte count; RBC, red
blood cell count; WBC, white blood cell count; PLR, platelet-lymphocyte ratio; PNI, prognostic nutritional index; HR, hazard ratio; CI, confidence interval. Never smokers, never tried smoking:
Current smokers, smoked in the 30 days prior to the survey; Former smokers, currently stopped smoking. Cox regression and Cox proportional hazards model with time-dependent covariates
was employed to assess the predictors related to the timing of irAEs onset. *Using time-dependent cox regression model.

Bold values signify p < 0.05.
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VEUELIES Category Non-irAEs SPAES
(n=2694) (n=1101)

1-2 Grades 3-5Grades

LIS (n=926) (n=175)

OR (95% ClI)

Demographics, n (%)

Sex Male 2057 (76.4) 790 (71.8) 1.27 (1.09-1.49) 0.003 669 (72.2) 121 (69.1) 116 (0.82-1.65) 0.403
Female 637 (236) 311 (282) 257 (27.8) 54 (30.9)

Age <60 1147 (426) 462 (42.0) 1.03 (0.89-1.18) 0728 403 (43.5) 59 (337) 151 (1.08-2.13) 0.016
260 1547 (57.4) 639 (58.0) 523 (56.5) 116 (6.3)

BMI (kg/m?) 185249 1887 (70.0) 754 (68.5) 0.052 614 (69.5) 110 (629) 0153
<185 299 (1L.1) 105 (9.5) 0.88 (0.69-1.11) 0287 88(9.5) 17.(97) 113 (0.65-1.97) 0.665
225 508 (18.9) 242 (220 119 (1.00-142) 0.049 194 (21.0) 48 (27.4) 145 (1.00-2.11) 0.053

Smoker Never smoked 1376 (51.1) 580 (52.7) 0.667 486 (52.5) 94 (537) 0.878
Current smoker 875 (325) 345 (31.3) 0.94 (0.80-1.10) 0.407 293 (31.6) 52 (297) 092 (063-1.33) 0.647
Former smoker 443 (164) 176 (16.0) 0.94 (077-1.15) 0.562 147 (15.9) 29 (16.6) 1.02 (065-1.61) 0932

Drinker Never drank 1721 (639) 735 (66.8) 0.88 (0.76-1.02) 0.093 613 (66.2) 122 (69.7) 0.85 (0.60-1.21) 0.366
Drinker 973 (36.1) 366 (33.1) 313 (33.8) 53(303)

Clinical characteristic, n (%)

ADL 100 939 (34.9) 25 (386) 0.092 360 (38.9) 65 (37.1) 0759
40-99 1710 (63.5) 658 (59.8) 0.85 (0.74-0.98) 0.029 550 (59.4) 108 (61.7) 1.09 (0.78-1.52) 0.624
<40 45(17) 18 (1.6) 0.88 (0.51-1.55) 0.665 16 (1.7) 2(11) 0.69 (0.16-3.08) 0.629

NRS 0 2186 (81.1) 922 (83.7) 0.071 778 (84.0) 144 (823) 0.146
13 473 (17.6) 161 (14.6) 0.81 (0.66-0.98) 0.031 136 (14.7) 25(143) 099 (0.63-1.58) 0.977
4-10 35(1.3) 18 (1.6) 1.22 (0.69-2.16) 0.498 12 (1.3) 6 (3.4) 270 (1.00-7.31) 0.051

Treatment program monotherapy 1051 (39.0) 305 (27.7) 167 (143-195) <0.001 252.(272) 53 (303) 06 (0.60-1.23) 0.405
Comblnitan 1643 (61.0) 796 (72.3) 674 (72.8) 122 (69.7)
therapy

Surgical history Yes 1067 (39.6) 458 (41.6) 1.09 (0.94-1.25) 0.256 385 (41.6) 73 (41.7) 101 (0.72-1.40) 0.973

Allergy history Yes 278 (10.3) 137 (124) 1.24 (0.99-1.54) 0.057 114 (12.3) 23 (13.1) 1.08 (0.67-1.74) 0.760

accl 7(58) 7(8) 101 (098-1.05) 0437 7(58) 7(69) 102 (0.94-1.10) 0654

Comorbidities, n (%)

AIDs Yes 43 (1.6) 84(76) 5.09 (3.50-7.41) <0.001 61 (6.6) 23 (13.0) 215 (129-3.57) 0.003
Yes 660 (24.5) 310 (282) 1.21 (1.03-141) 0.019 266 (28.7) 44 (250 0.83 (058-1.21) 0334
Yes 787 (29.2) 344 (312) 1.10 (0.95-128) 0214 279 (30.1) 65 (37.1) 137 (0.98-192) 0.067
HIV Yes 16 (06) 4(04) 0.61 (020-1.83) 0378 404 0(00) 0.00 (0.00-) 0.999

Concomitant medication, n (%)
Antibacterial Yes 1821 (67.6) 830 (754) 147 (125-172) <0.001 693 (74.8) 137 (783) 121 (082-179) 0332
Immunosuppressant Yes 24(09) 10 (09) 1,02 (0.49-2.14) 0959 8(09) 2010 133 (0.28-6.30) 0722

Laboratory results, median (IQR)

AEC (1079/1) 009 (0.04-0.18) 0.10 (0.05-0.19) 1,02 (0.81-130) 0849 0.10 (0.05-0.18) 0.10 (0.05-0.22) 123 (061-247) 0.564
ABC (10A9/1) 002 (0.01-004) 0,02 (0.01-0.04) 0.17 (0.01-4.71) 0298 0.02 (0.01-0.04) 002 (0.01-0.04) 0.34 (0.00-124005)  0.794
AMC (10A9/L) 043 (032-059) 043 (0.30-0.59) 0.86 (0.65-1.14) 0292 043 (030-0.58) 044 (0.29-0.66) 162 (0.87-3.02) 0.131
RBC (10M2/L) 4.04 (355-4.48) 4.06 (3.62-4.51) 107 (0.97-1.18) 0186 408 (3.65-4.52) 395 (3.50-4.49) 0.85 (0.68-1.08) 0.183
WBC (10°9/1) 5.66 (4.22-7.42) 549 (4.13-7.40) 0.99 (0.97-1.02) 0579 549 (4.06-7.26) 570 (4.41-8.06) 1.05 (1.00-1.10) 0.029
PNI 2438 1554 (57.7) 691 (62.8) 124 (1.07-143) 0.004 583 (63.0) 108 (61.7) 0.95 (0.68-1.32) 0.755
PLR 21716 1449 (53.8) 532 (48.3) 0.80 (0.70-0.92) 0.002 443 (47.8) 89 (509) 113 (0.82-156) 0.464

Data are presented as frequencies and percentages for categorical variables, continuous variables were expressed as median and interquartile range M(P25-P75). NRS, numerical rating scale; aCCl, age-adjusted Charlson Comorbidity Index; AIDs, autoimmune diseases;
ADL, Activity of Daily Living; AEC, absolute eosinophil count; ABC, absolute basophil count; AMC, absolute monocyte count; RBC, red blood cell count; WBC, white blood cell count; PNI, prognostic nulritional index; PLR, platelet-lymphocyte ratio; Never smokers, never
tried smoking; Current smokers, smoked in the 30 days prior to the survey; Former smokers, currently stopped smoking, Logistic regression models were used to analyze predictors of both the incidence and severity of irAEs.

Bold values signify p < 0.05.
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Characteristics n=3795 Percentage (%)

Demographics, n (%)

Duration of follow-up from first 22 (7-52)
infusion (weeks)

Sex Male 2847 75.0
Female 948 25.0
Age (year), 61 (54-70)
median (IQR)
Age (year) <60 1609 424
> 60 2186 57.6
BMI (kg/m?), median (IQR) 22.31(20.20-24.46)
(Missing =179)
BMI (kg/m?) 18.5-24.9 2493 65.7
<18.5 392 10.3
>25 731 19.3
Unknown 179 4.7
Educational level Primary 1275 336
education
and below
secondary 2520 66.4
education
and above
Smoker Never smoked 1956 51.5
Current smoker 1220 321
Former smoker 619 16.3
Drinker Never drank 2456 64.7
Drinker 1339 35.3

Clinical characteristic, n (%)

Tumor types Liver 1342 354
Lung 1112 29.3
Esophagus 213 5.6
Stomach 146 3.8
Pancreas 139 37
Others 843 222

Disease stage 203 53

(Missing = 503)

1 265 7.0
11 992 26.1
vV 1832 483
Unknown 503 133
ADL 100 1364 359
V 40-99 2368 62.4
<40 63 1.7
NRS 0 3108 81.9
1-3 634 16.7
4-10 B3 14
NRS 2002 0-2 2910 76.7
(Missing = 568)
‘ 23 317 8.4
Unknown 568 15.0
Surgical history No 2270 59.8
Yes 1525 40.2
Allergy history No 3380 89.1
Yes 415 10.9
aCCI, median 7 (5-8)
(IQR)
PD-1 Sintilimab 1510 39.8
Camrelizumab 1034 272
Tislelizumab 634 16.7
Toripalimab 258 6.8
Pembrolizumab 88 23
Serplulimab 32 0.8
Zimberelimab 21 0.6
Nivolumab 19 0.5
Penpulimab 9 0.2
Pucotenlimab Z 0.2
PD-L1 Atezolizumab 102 2.7
Durvalumab 28 0.7
Adebrelimab 21 0.6
Sugemalimab 16 0.4
Envafolimab 4 0.1
PD-1/CTLA-4 Cadonilimab 12 0.3
Treatment program CIs 1356 35.7
ClIs+Targeted 911 24.0
therapy
ClIs 1356 35.7
+Chemotherapy
Cls 172 4.5
+Chemotherapy

+Targeted therapy

Comorbidities, n (%)

Hypertension Yes 1012 26.7
Diabetes Yes 626 16.5
AlDs Yes 127 33
Infection Yes 1131 29.8
Cirrhosis Yes 970 25.6
HIV Yes 20 0.5

Concomitant medication, n (%)

Systemic Yes 1591 41.9
corticosteroids

Immunosuppressant =~ Yes 34 0.9
Antibacterial Yes 2651 69.9

Laboratory results, median (IQR)

ABC (10A9/L) Missing = 25 0.02 (0.01-0.04)
AEC (1079/L) Missing = 25 0.09(0.04-0.18)
ALC (10A9/L) Missing = 27 7 1.01(0.69-1.36)
AMC (10A9/L) Missing = 26 0.43(0.31-0.59)
ANC (10A9/L) Missing = 713 7 3.85(2.69-5.4)
PLT (10A9/L) Missing = 28 183(126-252)
RBC (10A12/L) Missing = 25 4.05(3.57-4.48)
WBC (10A9/L) Missing = 25 5.62(4.18-7.42)
ALB (g/L) Missing = 67 39.8(36-43)

Data are presented as frequencies and percentages for categorical variables, continuous
variables were expressed as median and interquartile range M(P25—P75). IQR, interquartile
range; NRS, numerical rating scale; NRS2002, nutrition risk screening; aCCl, age-adjusted
Charlson Comorbidity Index; AIDs, autoimmune diseases; ADL, Activity of Daily Living;
ABC, absolute basophil count; AEC, absolute eosinophil count; ALC, absolute lymphocyte
count; AMC, absolute monocyte count; ANC, absolute neutrophil count; PLT, platelet count;
RBC, red blood cell count; WBC, white blood cell count; ALB, Albumin; Never smokers, never
tried smoking; Current smokers, smoked in the 30 days prior to the survey; Former smokers,
currently stopped smoking.





