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Objective

Risk factors of new-onset atrial fibrillation (NOAF) in advanced lung cancer patients are not well defined. We aim to construct and validate a nomogram model between NOAF and advanced lung cancer.





Methods

We retrospectively enrolled 19484 patients with Stage III-IV lung cancer undergoing first-line antitumor therapy in Shanghai Chest Hospital between January 2016 and December 2020 (15837 in training set, and 3647 in testing set). Patients with pre-existing AF, valvular heart disease, cardiomyopathy were excluded. Logistic regression analysis and propensity score matching (PSM) were performed to identify predictors of NOAF, and nomogram model was constructed and validated.





Results

A total of 1089 patients were included in this study (807 in the training set, and 282 in the testing set). Multivariate logistic regression analysis showed that age, c-reactive protein, centric pulmonary carcinoma, and pericardial effusion were independent risk factors, the last two of which were important independent risk factors as confirmed by PSM analysis. Nomogram included independent risk factors of age, c-reactive protein, centric pulmonary carcinoma, and pericardial effusion. The AUC was 0.716 (95% CI 0.661–0.770) and further evaluation of this model showed that the C-index was 0.716, while the bias-corrected C-index after internal validation was 0.748 in the training set. The calibration curves presented good concordance between the predicted and actual outcomes.





Conclusion

Centric pulmonary carcinoma and pericardial effusion were important independent risk factors for NOAF besides common ones in advanced lung cancer patients. Furthermore, the new nomogram model contributed to the prediction of NOAF.
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1 Introduction

The explosive development of cancer therapeutics has led to improved cancer survival, with an expected overall survival of over 18 million people by 2030 (1, 2). It was reported that the prevalence of atrial fibrillation (AF), the most common cardiac arrhythmia (3), was higher in non-life-threatening cancer patients than those free of cancer (4). It is different from long-established risk factors for AF including aging, male sex, hypertension, valvular heart disease, left ventricular dysfunction, obesity, and alcohol consumption (5). A disproportionate increase in AF prevalence has been observed in patients with current or prior cancer diagnoses (6). Moreover, compared to patients with baseline AF, those with new-onset AF(NOAF) in malignant tumor patients had higher thromboembolism and heart failure risk, highlighting the importance of recognition and treatment of AF during cancer treatment (7). In short, cancer was likely to cause AF, which in turn led to cardiovascular events. Lung cancer is the most common malignant tumor with potentially nonnegligible NOAF incidence, especially in patients with advanced lung cancer (8). In clinical practice, NOAF was not uncommon, with incidences of 13.1% and 9.0% in male and female patients with acute coronary syndromes, respectively (9). And NOAF occurred even more frequently in patients undergoing thoracic surgeries, with documented incidence of 20-50% after cardiac surgery and 10-30% after non-cardiac thoracic surgery (10). Furthermore, the risk of systemic embolism was higher in patients with NOAF, according to a population-based registry (11). However, NOAF incidence remained scarcely reported in patients with advanced lung cancer after non-surgical therapy, possibly due to unsatisfactory survival time. Yet with the improvement in overall survival of advanced lung cancer, it is necessary to improve the prediction of NOAF occurrence to strengthen the management of this subgroup of patients. However, to our knowledge, no specific study focused on the risk factors of NOAF in advanced lung cancer patients. Therefore, the present study was performed to identify risk factors of NOAF and to construct a nomogram model to predict NOAF in patients with advanced lung cancer.




2 Method



2.1 Population

We reviewed the medical records of consecutive lung cancer patients who underwent first-line antitumor therapy in Shanghai Chest Hospital between January 2016 to December 2020. This retrospective analysis first enrolled 807 advanced lung cancer patients from January 2016 to December 2019 as the training set. The testing set included 282 advanced lung cancer patients between January 2020 and December 2020. The inclusion and exclusion criteria were listed below. Inclusion criteria were: 1) they had a histological diagnosis of lung cancer according to World Health Organization (WHO) histological classification and confirmed to have stage III-IV lung cancer according to the UICC/AJCC TNM Classification; 2) there was available electrocardiogram (ECG) data at least every 4 weeks after starting antitumor therapy; 3) Eastern Cooperative Oncology Group’s performance status (ECOG PS) of 0 to 2; 4) the patient had no AF history, if all following terms were met: (a) no previous ECG file, including health examination, supported the diagnosis of AF; (b) the first in-hospital ECG before the beginning of antitumor therapy suggested sinus rhythm without AF; (c) the patient had no AF symptoms such as paroxysmal or persistent palpitation. Exclusion criteria were: 1) age<18; 2) patients with valvular heart disease were excluded, including rheumatic heart disease, mitral stenosis or prolapse, moderate or severe mitral regurgitation, and patients after valve replacement/repair; 3) patients with medical history of hyperthyroidism or cardiomyopathy were excluded; 4) with other malignant tumors in addition to lung cancer. 5) incomplete medical records.

Clinical information was obtained from medical records. The clinical data included baseline characteristic, laboratory examination, echocardiography and treatment protocol. Smokers were defined as those who smoked regularly (at least one cigarette per week) for at least 6 months, and at least 100 cigarettes in their lifetime, the others being considered “never smokers”. Patients were classified as NOAF if they had no AF history and AF was diagnosed after lung cancer therapy. Those who had recurrent AF episodes that terminated spontaneously within 7 days were considered as having paroxysmal AF. Those with recurrent AF present for more than 7 days were considered as having non-paroxysmal AF (10). The study protocol was approved by the institutional ethics committee. (Number: IS22023 and date of approval: 2022-05-10)




2.2 Statistical analysis

Normally distributed continuous variables were expressed as mean ± standard deviation and were compared using independent-samples t-test. Non-normally distributed continuous variables were expressed as median (interquartile range, IQR) and were compared using the Mann-Whitney-U test. Categorical variables were expressed as numbers and percentages and were compared using the Chi-square test. Multivariate logistic regression analysis was performed to identify independent predictors of NOAF using a model that incorporated variables with P < 0.05 from univariate analyses. When an imbalance in baseline disturbed the analysis, 1:2 propensity score matching (PSM) was used to adjust the difference. Matching was based on propensity scores obtained by the logistic regression model. We used nearest neighbor matching method and PSM was performed without replacement. A match tolerance of 0.01 was used as the cut-off value in order to obtain satisfactory matching. We used the Chi-square test or Mann-Whitney-U test to explore the relationship between risk factors of NOAF after PSM. We used the rms package in R software to construct a nomogram prediction model of the significant predictors selected by the logistics regression, which included age, c-reactive protein, centric pulmonary carcinoma, and pericardial effusion. According to the various factors of the model, the level of each factor on the outcome factor (the degree of influence of the final influencing factor) can be obtained, and the value level of each factor can be empowered, and then the various scores can be added to the total score. The conversion between the total score and the debate that occurred in the outcome event to calculate the predicted statement of the group’s outcome event. Statistical analysis was performed using SPSS version 25 statistical software and R software version 4.1.2. All analyses were two-sided with a p-value < 0.05 considered statistically significant.





3 Result



3.1 Characteristics of the patient population

For the training set, a total of 15837 patients with lung cancer were screened, and 807 patients were finally included in the study. For the testing set, a total of 3647 patients were screened, and 282 patients were included. The detailed selection process was illustrated in Figure 1. For the training set, a total of 730 (90.5%) patients underwent chemotherapy and paclitaxel was utilized in 72 cases (8.9%). Pericardial effusion occurred in 115 patients, among which pericardiocentesis was performed in 7 patients due to symptomatic pericardial effusion such as dyspnea and chest tightness. Compared with patients without AF, patients with NOAF had higher age, c-reactive protein level, larger left atrial diameter (LAD), higher prevalence of male, hypertension, diabetes, coronary heart disease, smoking history, centric pulmonary carcinoma and pericardial effusion (all P<0.05). For the testing set, patients with NOAF also had higher age and c-reactive protein level, and a higher proportion of male, smoking history, centric pulmonary carcinoma, and pericardial effusion (all P<0.05), compared with patients without NOAF. The baseline characteristics of training set and testing set were shown in Table 1. The cardiological pharmacotherapies were as follows: in the training set, amiodarone alone in 25 patients, metoprolol alone in 15 patients, and amiodarone plus metoprolol in 10 patients; in the testing set, amiodarone alone in 7 patients, metoprolol alone in 2 patients, and amiodarone plus metoprolol in 1 patient.




Figure 1 | Flow diagram of patient selection process. AF, atrial fibrillation; NOAF, new-onset atrial fibrillation; RHD, rheumatic heart disease; LVEF, left ventricular ejection fraction.




Table 1 | Clinical characteristics of the patients studied.






3.2 New predisposing risk factors



3.2.1 Univariate and multivariate regression analysis in training set

The sex of male seemed to increase the likelihood of NOAF and vice versa. Higher age, c-reactive protein level and LAD, comorbidities including hypertension, diabetes and coronary heart disease, smoking history, centric pulmonary carcinoma and pericardial effusion were also associated with higher risk of NOAF in univariate analysis. The independent predictors for NOAF by multiple regression analysis were age, c-reactive protein level, centric pulmonary carcinoma and pericardial effusion (Figure 2, all P < 0.05).




Figure 2 | Predictors of NOAF NOAF. New-onset atrial fibrillation; CPC, centric pulmonary carcinoma; PE, pericardial effusion; LAD, left atrial diameter; CRP, c-reactive protein.






3.2.2 Specific independent risk marker for NOAF in training set

Univariate and multivariate regression analysis suggested that pericardial effusion was a risk marker for NOAF. Pericardial effusion group had a higher prevalence of AF than control group (19.1% vs. 9.7%, P = 0.003), and the result remained unaltered after adjusting for baseline differences with PSM (18.6% vs. 8.7%, P = 0.015; Table 2). A similar analysis as mentioned above was also performed to verify whether centric pulmonary carcinoma was a solid risk marker for NOAF. Compared with control group, the centric pulmonary carcinoma group had a higher prevalence of NOAF (17.3% vs. 7.1%, P < 0.001). And after differences in baseline characteristics were adjusted by PSM, the result remained the same (16.7% vs. 7.4%, P = 0.002; Table 3). These results suggested that pericardial effusion and centric pulmonary carcinoma were specifically important independent risk markers for NOAF in advanced lung cancer patients.


Table 2 | Clinical characteristics of the training set.




Table 3 | Clinical characteristics of the training set.







3.3 Predictive nomogram model for NOAF

Based on the results of multivariate analysis, independent risk factors for NOAF were incorporated in a nomogram model to predict NOAF, including age, c-reactive protein level, centric pulmonary carcinoma, and pericardial effusion (Figure 3). The total point was calculated with age, c-reactive protein level, centric pulmonary carcinoma, and pericardial effusion. The point of each of these variables was given a score on the point scale axis. A total score could be obtained by adding up each single score; then by projecting the total score to the total point scale, the probability of NOAF could be estimated. The AUC was 0.716 (95% CI 0.661–0.770) (Figure 4A) indicating robust discrimination. The calibration plot showed good conformity between prediction and actual probability for NOAF (Figure 4B). The uncorrected concordance index (C-index) was 0.716, and the corrected C-index generated by internal validation was 0.748. The Brier scores of the nomogram were 0.091 and 0.071 in training set and testing set, which was close to 0, indicating great predictive ability.




Figure 3 | Nomogram for the individualized prediction of NOAF. NOAF, new-onset atrial fibrillation; PE, pericardial effusion; CPC, centric pulmonary carcinoma; CRP, c-reactive protein.






Figure 4 | ROC and calibration curve (A) ROC curve for the prediction nomogram. (B) Calibration curve showing nomogram-predicted NOAF probability compared with the actual NOAF. NOAF, new-onset atrial fibrillation.







4 Discussion

In this single-centered retrospective study of advanced lung cancer patients with NOAF, we comprehensively evaluated the NOAF-related parameters and identified several new independent risk factors. The main findings are as follows. (1) Pericardial effusion and centric pulmonary carcinoma were specific independent risk factors for NOAF among patients with advanced lung cancer. (2) The nomogram model composed of pericardial effusion, centric pulmonary carcinoma, c-reactive protein level, and age provided an effective tool for NOAF prediction in patients with advanced lung cancer.

A previous study observed that AF is not uncommon in hospitalized patients with lung cancer, and AF significantly prolonged hospital stay and care cost, suggesting potential adverse effect of AF on lung cancer (12). Moreover, another meta-analysis found a close association between diagnosis of NOAF within 90 days and risk of lung cancer, further extend the association between AF and lung cancer, and suggested the importance of detecting AF in patients with lung cancer (13).

The present study identified several risk factors for NOAF in patients with advanced lung cancer, among which senior age and c-reactive protein level were also predictors for AF among the general population (10, 14). The association between AF and these two risk factors has been reported in numerous studies (14, 15), and it is valid that such an association was also identified in advanced lung cancer patients.

Meanwhile, it is noteworthy that centric pulmonary cancer and pericardial effusion were specific independent risk factors for NOAF in patients with advanced lung cancer. The detailed mechanism remains unclear, yet it seems that the anatomical characteristics of centric pulmonary carcinoma take an important part. Ectopic firing of pulmonary vein is an important mechanism of AF (5). And since the tumor of centric pulmonary carcinoma is usually close to the hilum, the pulmonary veins are prone to be irritated by mechanical stimulus including compression and friction during respiration and heartbeat, capable of inducing ectopic firing in the pulmonary veins and ensuing AF. Moreover, inflammatory cytokines secreted by the tumor, such as TGF-β, TNF-α, IL-1, IL-6, IL-8, and IL-10, could induce local inflammation and fibrosis (16), which affect the electrophysiological characteristics of adjacent myocardium of pulmonary veins and atrium, facilitating occurrence of AF. In addition, centric pulmonary carcinoma might induce cancer-related systemic inflammation, disequilibrium of the autonomous nervous system, metabolic and electrolyte abnormalities, fluid imbalance, and infections, increasing the risk of AF (17). However, these conditions were absent in our study population, and further investigations are warranted to validate their impact on the risk of AF.

The other specific risk factor was pericardial effusion. Lung cancer is the most common malignancy causing pericardial effusion, indicating an advanced stage of cancer and a poor outcome (18, 19). Previous studies have identified the close association between pericardial effusion and the onset of AF, with possible mechanisms including mechanical compression and local inflammation (20, 21). Even small collection of fluid in the pericardium could trigger AF, especially in the proximity of atrium (22, 23), yet effective continuous drainage of the pericardial cavity could reduce the arrhythmic triggers and AF incidence (20). Furthermore, pericardial effusion most primarily caused by cancer invasion and immune reaction to chemotherapy (24), and therefore contains leukocytes and inflammatory cytokines, such as TGF-β, IL-1, and IL-6, directly affecting the electric activity of atrial myocardium and facilitating onset of AF.

The association between lung cancer and AF has been reported extensively in previous studies, most of which focused on postoperative AF (POAF). A study by Roselli et al. showed that the incidence of POAF in patients undergoing thoracic surgery for lung cancer was 19%. Moreover, the incidence varies according to the extent of lung resection, being lower for wedge resections (2–4%), intermediate for lobectomies (10–15%), high for pneumonectomies (>20%) (25). And to a large extent, POAF has been deemed as a benign and temporary complication of lung cancer surgery, with possible mechanisms such as inflammation, oxidative stress, and autonomic nervous system dysfunction (25). And the association between AF and advanced lung cancer remained unelucidated. The present study enrolled patients with advanced lung cancer for whom surgical treatment was unsuitable. Therefore, the mechanism and significance of AF in this subgroup of patients could be greatly different from POAF.

AF and cancer may interact with each other on pathophysiological grounds usually including cancer-related systemic inflammation, disequilibrium of the autonomous nervous system, metabolic and electrolyte abnormalities, fluid imbalance, and infections (17). In our study, pericardial effusion and centric pulmonary carcinoma were specific independent risk factors for NOAF among patients with advanced lung cancer, which emphasized local immune response rather than systemic effects.

The application of anticoagulation for advanced lung cancer patients with AF remains in debate. Anticoagulation-related bleeding risk in patients with active cancer has been estimated 2-6 times higher than in non-cancer patients (26, 27). Yet recent studies have reported favorable efficacy and safety outcome of new oral anticoagulants compared with vitamin K antagonist (28, 29). Further study is warranted to improve anticoagulation regimen through comprehensive evaluation and balancing of the risk of ischemic and bleeding events.

With the improvement of cancer treatment, the number of advanced lung cancer patients has significantly increased as the survival improved (30). Given the close association between AF and lung cancer and the fact that NOAF is associated with adverse outcome in lung cancer patients (7, 8), it is of great importance to identify advanced lung cancer patients with high risk of NOAF. We aim to construct and validate a nomogram model to evaluate NOAF risk in advanced lung cancer patients.

Based on a large study population, we constructed and verified the accuracy of the nomograph via training set and testing set. And our study developed a reliable nomograph to identify advanced lung cancer patients at high risk of NOAF, which is remarkably plausible and convenient for physicians to accomplish risk assessment.




5 Limitation

The retrospective design is the main limitation of this study, and the conclusions require further confirmation in larger prospective cohort studies. We did not use continuous rhythm monitoring, which may underestimate the occurrence of AF.

External validation could not be performed considering that this is a single-centered study, so the clinical value of this nomogram lacks further validation. AF occurrence could be underestimated by ECG due to its transient time-span of observation. No further electrophysiological examination about ectopic firing of triggers and vulnerable substrate mapping was performed, so it is difficult to identify the specific mechanism of AF.




6 Conclusion

Centric pulmonary carcinoma and pericardial effusion were important independent risk factors for NOAF besides common ones in advanced lung cancer patients. Furthermore, the new nomogram model contributed to the prediction of NOAF.
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cancer; SCLC, small cell lung cancer; CRP, c-reactive protein; TTE, transthoracic echocardiography; LAD, left atrial diameter; LVESD, left ventricular end diastolic diameter; LVEDD, left
ventricular end diastolic diameter;LVEF, left ventricular ejection fraction; NOAF, new-onset atrial fibrillation.
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cancer; SCLC, small cell lung cancer; CRP, c-reactive protein; TTE, transthoracic echocardiography; LAD, left atrial diameter; LVESD, left ventricular end diastolic diameter; LVEDD, left
ventricular end diastolic diameter;LVEF, left ventricular ejection fraction; NOAF, new-onset atrial fibrillation.
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Data are presented as median (interquartile range) or n (%). NOAF, new-onset atrial fibrillation; CPC, centric pulmonary carcinoma; PPC, peripheral pulmonary carcinoma; PE, pericardial
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