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Background: The incidence of immune checkpoint inhibitors (ICI)-related adverse cardiovascular events (ACEs) may be underestimated, and there are few reports on the incidence and risk factors of ICI-induced left ventricular dysfunction (LVD).

Objectives: This study aimed to investigate the incidence of ACEs caused by ICI, in particular to analyze the incidence and risk factors of LV systolic and diastolic dysfunction.

Materials and methods: A prospective clinical study was performed on patients who received ICI in our hospital from November 2020 to October 2021. They received regular cardiovascular examinations, including echocardiography, ECG, cTnT, and NT-proBNP, etc. The incidence of various ACEs was counted, and the risk factors of LVD were analyzed.

Results: A total of 106 cancer patients treated with ICI were recruited. During the follow-up, 41 patients (38.68%) developed various ECG abnormalities, 39 patients (36.79%) developed LVDD, 9 patients (8.49%) developed CTRCD, and 2 patients (1.89%) developed new pericardial effusion. The patients with elevated cTnT, CK-MB, and NT-proBNP were 10 (9.43%), 8 (7.55%), and 8 (7.5%), respectively. Thirteen of the 52 patients with LVD had hypertension, while 4 of the 54 patients without LVD had hypertension (OR = 4.17, 95% CI: 1.26–13.78; P = 0.019). The baseline LVEF and LVFS of patients with LVD were 61.54 ± 4.15% and 33.78 ± 2.73%, while those of the control group were 64.16 ± 3.68% and 34.95 ± 2.84, respectively (P = 0.003 and P = 0.048). Compared with patients without LVD, patients with LVD had lower e’ (6.99 ± 1.33 cm/s vs. 7.64 ± 1.39 cm/s, P = 0.029) and higher E to e’ ratio (11.89 ± 3.15 cm/s vs. 10.43 ± 2.52, P = 0.024). Multiple regression analysis showed that a history of hypertension (HR = 26.52, 95% CI: 2.479–283.667, P = 0.007) and lower baseline e’ (HR = 0.04, 95% CI: 0.003–0.709, P = 0.028) were risk factors for developing LVD.

Conclusion: Patients treated with ICI may develop multiple ACEs, including acute myocarditis, pericarditis, ECG abnormalities, and elevated cardiac biomarkers. ICI may lead to a high incidence of LVD, and echocardiography is helpful for early detection of LVD. Patients with hypertension or poor LV systolic or diastolic function at baseline were predictors of LVD after ICI treatment.
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Background

Immune checkpoints are a series of cellular receptors expressed on the cell surface that play a role in negative immune regulation. They play an important role in maintaining immune system balance and preventing autoimmunity (1). Currently, cytotoxic T lymphocyte-associated antigen 4 (CTLA-4), programmed cell death 1 (PD-1) and programmed cell death ligand 1 (PD-L1) are the most studied immune checkpoints. Immune checkpoint inhibitors (ICIs) are specific monoclonal antibodies against these immune checkpoints, which can activate the immune system to kill tumor cells (2). In the past 10 years, various ICIs have been gradually applied in clinical practice and have become a new progress in the field of tumor therapy (3, 4). However, activation of the immune system by ICI may lead to immune damage to one’s own tissues or organs. In recent years, there have been numerous reports of immune-related adverse events (irAEs) in cancer patients treated with ICI, some of which were fatal (5, 6). Among them, although the incidence of adverse cardiovascular events (ACEs) caused by ICI is low, serious consequences and even death have occurred in some patients. In the past few years, reports of fulminant myocarditis or fatal heart failure caused by ICI have attracted the attention of the medical community (7–9).

However, ICI have only been used clinically for a few years and there is limited understanding of their cardiotoxicity. Current studies on ICI-related cardiotoxicity are mostly case reports, database-based statistical analyses, or retrospective studies, and the incidence of ACEs may be underestimated. On the other hand, most patients treated with ICI do not undergo regular echocardiography, resulting in limited data on left ventricular dysfunction (LVD), and the risk factors are poorly understood. LVD includes LV systolic and diastolic dysfunction. LV systolic dysfunction is one of the major cardiovascular complications associated with oncology drugs (10), known as cancer therapy-related cardiac dysfunction (CTRCD). LV diastolic dysfunction (LVDD) is associated with both cardiovascular and non-cardiovascular mortality (11), and cancer treatment may also contribute to LVDD (12). A study suggested that the development of LVDD in cancer patients may be significantly associated with the development of systolic dysfunction and all-cause mortality (13). However, studies on the incidence of LVDD caused by ICI are currently lacking.

This study is a prospective clinical study, and the purpose of our study is to regularly monitor the occurrence of cardiotoxicity in patients treated with ICI by electrocardiography (ECG), echocardiography, cardiac biomarkers, etc. In particular, echocardiography is used to detect LVD, including CTRCD and LVDD, and then we will count their incidence and screen for clinical predictors of LVD development through statistical analysis.



Materials and methods


Study population

This prospective study included all cancer patients who received ICI at the First Affiliated Hospital of Chongqing Medical University from November 1, 2020 to October 31, 2021. Members of our research team assessed the clinical status of these patients and interviewed patients who met the inclusion criteria. Patients were included in the study if they agreed to undergo periodic examinations, such as ECG, cardiac biomarkers, and echocardiography, as well as clinical follow-up if necessary.


Inclusion criteria

(1) The patient received at least 2 cycles of ICI treatment; (2) Patients agreed to undergo at least one ECG, cardiac biomarker, and echocardiogram before and after treatment; (3) Before receiving ICI, the patient’s cardiac function was assessed as grade 3 or less by NYHA criteria. If the patient underwent echocardiography, the left ventricular ejection fraction (LVEF) should be greater than or equal to 50%.



Exclusion criteria

(1) Received known cardiovascular toxicity drugs, such as anthracyclines, HER-2 targeted drugs, etc., at the same time or within 3 months of ICI treatment; (2) Before receiving ICI, the patient’s cardiac function was assessed as grade 4 according to NYHA criteria, or there was a history of myocardial infarction or acute heart failure within 3 months, or the LVEF by echocardiography was less than 50%; (3) Clinically diagnosed with acute viral myocarditis or infective endocarditis within 30 days; (4) Severe liver or renal insufficiency; (5) Severe pneumonia or respiratory failure; (6) A history of cardiomyopathy such as dilated cardiomyopathy, alcoholic cardiomyopathy, and myocardial amyloidosis; (7) The electrocardiogram showed atrial flutter or atrial fibrillation.




Basic information

Patients included in the study were asked to provide a detailed medical history and to undergo a physical examination after admission. Basic information is recorded in detail, including the patient’s clinical diagnosis: type and stage of cancer, and whether surgery was performed; demographic characteristics, including the patient’s sex, age, height, weight, nicotine/tobacco use history, and alcohol intake; history of cardiovascular disease and risk factors; details of use of conventional chemotherapy drugs or ICI. ECG, chest computer tomography (CT), and cardiac biomarkers including cardiac troponin T(cTnT) and N-terminal pro brain natriuretic peptide (NT-proBNP) were performed on patients before and during treatment with ICI, and the results were recorded in detail.



Cardiac function assessed by echocardiography

Echocardiography was performed in accordance with the 2019 American Society of Echocardiography (ASE) guidelines for adult echocardiography (14). The examination items include the diameter of the heart chambers, the systolic and diastolic function of the LV. The evaluation indexes of LV systolic function were LVEF and left ventricular fraction shortening (LVFS), and LVEF was measured by biplane Simpson method.

The evaluation indexes of LV diastolic function were peak early diastolic mitral inflow velocity (E), peak early diastolic mitral annulus velocity (e’) and the ratio of the two (E/e’) (15). E was obtained from color flow imaging of the mitral valve obtained by pulsed-wave doppler imaging. e’ (septal and LV lateral wall) was measured by tissue doppler imaging (TDI). E/e’ is calculated by dividing the mitral valve E velocity by the mitral annular e’ velocity.



Study endpoints

1) ICI-associated myocarditis: (1) Endomyocardial biopsy or autopsy with typical histological features of myocarditis; or (2) Guidelines-recommended scoring system for clinically suspected myocarditis, including clinical, biomarker, and imaging features (16).

2) New abnormal ECG, abnormal cardiac biomarkers, pericardial effusion. Among them, abnormal biomarkers were defined as cTnT > 0.030 μg/L or NT-proBNP > 300 ng/L.

3) CTRCD: LVEF decreased by ≥ 10% from baseline and absolute value < 50% (17).

4) LVDD: Meet the following two. (1) E/e’ > 14. (2) At the level of the LV mitral annulus, e’ < 7 cm/s on the septal side or e’ < 10 cm/s on the LV lateral wall (15).



Statistical analysis

Continuous variables such as age, weight, etc., were described as mean ± standard deviation, and categorical variables such as gender, history of hypertension, etc., were described as percentages. According to pre-defined criteria, the number of patients with LVD (including CTRCD and LVDD) after receiving ICI was counted, and the percentage was calculated. Pericardial effusion, abnormal ECG and abnormal cardiac biomarkers were counted after ICI treatment, and results are presented as number of cases and percentages. The average value of LV cardiac function before and after ICI treatment in cancer patients was counted.

Statistical analysis was performed using SPSS 21.0 statistical software (IBM, Armonk, New York, USA). The K-S test was used to assess its normality. Continuous variables were compared using Student’s t-test or Wilcoxon rank-sum test based on their normality. One-way ANOVA was used to compare the means of 3 groups or more. Univariate and multivariate regression were used to analyze risk factors for LVDD. All P-values are two-sided, with P < 0.05 considered statistically significant.



Ethical approval and informed consent

This study was conducted in strict accordance with the requirements of the Declaration of Helsinki. Our research also passed the ethics review by the Ethics Committee of The First Affiliated Hospital of Chongqing Medical University (ethics number, 2018-10-2).




Results


Basic characteristics


Demographic characteristics

A total of 106 cancer patients treated with ICI were included in this study, and the mean follow-up time was 4.7 months. The average age was 60.08 ± 8.47 years (35–76 years), and the proportion of males was 85.8% (91/106). The mean body weight was 60.95 ± 9.48 kg, the mean BMI was 22.56 ± 2.93, and 17 patients had a BMI greater than 25. The mean systolic blood pressure (SBP) of the included patients was 124.01 ± 16.25 mmHg and diastolic blood pressure (DBP) was 76.94 ± 9.37 mmHg. According to the diagnostic criteria for elevated blood pressure (SBP ≥ 140 mmHg or DBP ≥ 90 mmHg), 26 patients had elevated SBP and 4 patients had elevated DBP. The average heart rate was 83.35 ± 10.22 beats/min, more than 100 beats/min in 5 people, and less than 60 beats/min in 1 person (Table 1).


TABLE 1    Baseline characteristics of patients and univariate regression analysis between studied parameters and left ventricle (LV) dysfunction.
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Cancer types and treatment drugs

Of the 106 cancer patients treated with ICI, 62 (58.5%) were diagnosed with lung cancer, 31 (29.2%) with esophageal cancer, and 13 (12.3%) with other cancers. There were 4 (3.8%) patients in stage 1, 32 (30.2%) in stage 2, 47 (44.3%) in stage 3, 23 (21.7%) in stage 4, and 58 patients underwent surgery. The most commonly used ICI include carrelizumab, pembrolizumab, and tislelizumab (Table 2). In addition to ICI, most patients received conventional chemotherapy, the most common of which were docetaxel and albumin-paclitaxel (Table 3).


TABLE 2    The most commonly used immune checkpoint inhibitors (ICI) and their doses and frequencies.
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TABLE 3    Traditional chemotherapeutic drugs and their commonly used methods.
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History of cardiovascular disease and its risk factors

Seventeen patients (16.0%) had a history of hypertension. There were 3 patients with coronary heart disease and 3 patients with diabetes (2.8% each). There were 56 cases (52.8%) with long-term smoking history and 34 cases (32.1%) with long-term drinking history (Table 1).



ICI-related adverse cardiovascular events

In this study, ECG, cardiac biomarkers, echocardiography, etc., were used to detect ICI-related ACEs. Among the 106 patients, one patient (0.94%) developed ICI-associated myocarditis and died during hospitalization. Forty-one patients (38.68%) had new-onset ECG abnormalities, 39 patients (36.79%) had LVDD, and 9 patients (8.49%) had CTRCD. Two patients (1.89%) developed new pericardial effusion. Some patients had elevated cardiac biomarkers, including 10 patients (9.43%) with elevated cTnT, 8 patients (7.55%) with elevated creatine kinase isoenzyme-MB (CK-MB), and 8 patients with elevated NT-proBNP (7.55%) (Figure 1).
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FIGURE 1
Number of adverse cardiovascular events caused by immune checkpoint inhibitors (ICI). ECG, electrocardiogram; cTnT, cardiac troponin T; CK-MB, creatine kinase isoenzyme-MB; NT-proBNP, N-terminal pro brain natriuretic peptide; CTRCD, cancer therapy-related cardiac dysfunction; LVDD, LV diastolic dysfunction.




ICI-associated myocarditis

One patient developed ICI- associated myocarditis after receiving ICI. The patient is a 70-year-old man with right lung adenocarcinoma with bone metastases (Figure 2). Tumor stage was T2aN0M1cIVB. He had a history of hypertension (grade 3) for 6 years, and no history of diabetes or coronary heart disease. During the first hospitalization, cTnT, NT-proBNP, ECG, and echocardiogram were all normal. The first cycle was treated with 800 mg of pemetrexed and 130 mg of nedaplatin. Three weeks later, he was re-hospitalized for a second cycle of oncology treatment with pemetrexed 800 mg, nedaplatin 130 mg, and camrelizumab (a monoclonal antibody against PD-1) 200 mg. On day 20 after receiving camrelizumab, the patient developed shortness of breath. His self-measured heart rate was 34 beats per minute, and he had no chest pain, amaurosis, or syncope. He went to a nearby hospital for an ECG examination, which showed a third degree atrioventricular block. Laboratory tests showed CK-MB 31.5 ng/ml, myoglobin 1,103 ng/ml, cTnT 5.8 ng/ml, and NT-proBNP 1,280 ng/L. He was diagnosed with coronary heart disease and received related treatment, but his symptoms did not improve after 3 days.
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FIGURE 2
Chest computer tomography (CT) showed a space-occupying lesion in the right lung.


On day 24 after receiving camrelizumab, he was admitted to the department of cardiovascular medicine of our hospital, and the ECG showed: (1) Sinus tachycardia; (2) Third-degree atrioventricular block with frequent accelerated idioventricular rhythm, ventricular escape; (3) Frequent multifocal premature ventricular contractions and short paroxysmal ventricular tachycardia; (4) Damaged ST-segment elevation in anterior wall and right ventricular leads. Echocardiography showed enlargement of right atrium and right ventricle; hypokinesis of right ventricular wall with decreased function; uncoordinated motion of LV wall and decreased LV function; moderate tricuspid regurgitation. Laboratory tests showed higher cardiac biomarkers than before. After discussion with the oncologist, the diagnosis of ICI-associated myocarditis was made. A temporary pacemaker was installed, and the ECG showed ventricular pacing rhythm. On the 26th day, intravenous infusion of methylprednisolone 1 g/d was given, but the patient gradually developed dyspnea, heart function got worse. The ECG on day 30 showed complete atrioventricular disjointness, junctional tachycardia, and anterior myocardial injury (Figure 3). The patient developed cardiac arrest in the early morning of the 31st day after receiving ICI, ECG monitoring showed pacing signal but no QRS complex and heartbeat, death still occurred after cardiopulmonary resuscitation (Figure 4).
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FIGURE 3
Electrocardiogram (ECG) changes in patients with acute myocarditis before and after immune checkpoint inhibitors (ICI) treatment. (A) Normal ECG; (B) sinus tachycardia, 3-degree atrioventricular block, frequent ventricular premature beats; (C) ventricular pacing rhythm (VVI, heart rate 70 times/min), ST segment elevation of anterior septum; (D,E) junctional tachycardia, ST segment elevation of anterior septum. ECG, electrocardiogram.
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FIGURE 4
Changes of cardiac biomarkers in patients with acute myocarditis before and after immune checkpoint inhibitors (ICI) treatment. cTnT, cardiac troponin T; NT-proBNP, N-terminal pro brain natriuretic peptide.




Abnormal ECG

A total of 41 patients (38.68%) had various new-onset ECG abnormalities, which were the most frequent cardiovascular events caused by ICI. Including ST-T changes, sinus bradycardia, sinus tachycardia, atrial premature beats, ventricular premature beats, bundle branch block, and atrioventricular block.



Left ventricular dysfunction

The structure and function of the LV in patients undergoing ICI were examined by echocardiography. The results showed that the LV was enlarged in 2 cases (1.89%), and the left atrium (LA) was enlarged in 23 cases (21.70%). According to the diagnostic criteria, a total of 39 patients (36.79%) developed new-onset LVDD, and 9 patients (8.49%) developed new-onset CTRCD.

Statistical analysis showed that the mean LVEF and mean LVFS after ICI treatment decreased from baseline (P < 0.001), while mean LA diameter increased (P < 0.001). LV end-diastolic diameter was not significantly different from baseline after ICI treatment (P = 0.473) (Table 4, Figure 5). In addition, the mean E/e’ increased compared to baseline (P = 0.001), and the mean e’ was significantly lower than baseline (P < 0.001) (Table 5, Figure 5).


TABLE 4    Mean LVEDd, LA, LVEF, and LVFS before and after immune checkpoint inhibitors (ICI) treatment.
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FIGURE 5
Time of onset of various ACEs since receiving ICI. (A) The number of patients with ECG abnormalities and the time of onset, (B) the number of patients with elevated NT-proBNP and the time of onset, (C) the number of patients with elevated cTnT and the time of onset, (D) the number of patients with LVDD and the time of onset, (E) the number of patients with CTRCD and the time of onset, and (F) the number of patients with pericardial effusion and the time of onset. ACEs, adverse cardiovascular events; NT-proBNP, N-terminal pro brain natriuretic peptide; cTnT, cardiac troponin T; LVDD, LV diastolic dysfunction; CTRCD, cancer therapy-related cardiac dysfunction.



TABLE 5    The average value of the indexes of left ventricle (LV) diastolic function before and after receiving immune checkpoint inhibitors (ICI).
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Time to adverse cardiovascular events

Electrocardiography (ECG) abnormalities and LVDD are the two most common cardiovascular system abnormalities caused by ICI, which began to appear 2–3 weeks after ICI treatment, and new cases continued to appear throughout the follow-up period, with an average onset time of 89.3 and 49.5 days, respectively. The elevation of NT-proBNP occurred more frequently in the first 10 weeks, while CTRCD and the elevation of cTnT occurred continuously during the follow-up period after receiving ICI, with an average onset time of 102 and 75.4 days, respectively (Figure 6).
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FIGURE 6
Changes of left ventricular systolic and diastolic function before (1 month) and after immune checkpoint inhibitors (ICI) treatment. (A) Mean left atrial diameter of patients before and after ICI treatment, (B) mean LVEF of patients before and after ICI treatment, (C) mean LVFS of patients before and after ICI treatment, (D) mean E of patients before and after ICI treatment, (E) mean e’ of patients before and after ICI treatment, and (F) mean E/e’ of patients before and after ICI treatment. LVEF, left ventricular ejection fraction; LVFS, left ventricular fraction shortening; E, peak early diastolic mitral inflow velocity; e’, peak early diastolic mitral annulus velocity; E/e’, the ratio of E to e’. *Compared with baseline, the difference was statistically significant (P < 0.05).




Risk factors of LVD caused by ICIs

Of the 106 patients treated with ICI, 52 developed LVD, including CTRCD or LVDD. Among them, before receiving ICI, the LVEF of all patients was above 50%, and 11 patients had LVDD. After ICI treatment, LV diastolic function returned to normal in 2 patients with LVDD, while 39 patients developed new-onset LVDD and 9 patients developed new-onset CTRCD (Figure 7). Risk factors for developing LVD were assessed using univariate regression analysis. Thirteen of the 52 patients with LVD had hypertension, while 4 of the 54 patients without LVD had hypertension. There was a significant difference between the two groups (OR = 4.17, 95% CI: 1.26–13.78; P = 0.019). Besides, the baseline LVEF and LVFS of patients with LVD were 61.54 ± 4.15% and 33.78 ± 2.73%, while those of the control group were 64.16 ± 3.68% and 34.95 ± 2.84, respectively. There was a statistically significant difference between the two groups (P = 0.003 and P = 0.048). Compared with patients without LVD, patients with LVD had lower e’ (6.99 ± 1.33 cm/s vs. 7.64 ± 1.39 cm/s, P = 0.029) and higher E to e’ ratio (11.89 ± 3.15 cm/s vs. 10.43 ± 2.52, P = 0.024). Baseline cardiac biomarkers, including CK-MB, cTnT, and NT-proBNP, were not significantly different between the two groups (Table 1).
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FIGURE 7
Number of patients with LV diastolic dysfunction before and after ICI treatment. LV, left ventricle.


Multivariate regression analysis showed that a history of hypertension (OR = 26.52, 95% CI: 2.479–283.667, P = 0.007) and lower baseline e’ (OR = 0.04, 95% CI: 0.003–0.709, P = 0.028) were risk factors for developing LVD (Table 6).


TABLE 6    Multivariate regression analysis with LVD.
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Discussion

The incidence of various ACEs attributable to ICI may be underestimated, and it would be interesting to conduct studies to reveal their true incidence. We conducted this prospective clinical study to detect ICI-related cardiotoxicity. The main results are as follows: first, ICI can lead to various ACEs, such as acute myocarditis, various ECG abnormalities, LVD including CTRCD and LVDD, and pericardial effusion. Its incidence is higher than that reported in many previous articles. Second, echocardiography is a useful method to detect LV systolic and diastolic dysfunction caused by ICI, and a higher incidence of CTRCD and LVDD has been found. Third, hypertension and poor baseline LV systolic or diastolic function are predictors of LVD including CTRCD and LVDD. Last, combining echocardiography, ECG, cardiac biomarkers, chest CT, etc., can early detect cardiotoxicity caused by ICI, so that patients can receive timely diagnosis and treatment, thereby improving the prognosis.

Immune checkpoint inhibitors (ICI) can lead to acute myocarditis, with an incidence of 0.27 to 1.14% (18, 19), most of which occurs about 1 month after receiving ICI (20). One case of acute myocarditis occurred in the patients included in this study. The earliest clinical symptoms were dyspnea, and the ECG showed complete atrioventricular block. Abnormal findings on cardiac biomarkers and echocardiography further confirmed the diagnosis of myocarditis. Although the patient has been implanted with a pacemaker, ICI has led to myocardial injury, edema and heart failure and the patient may eventually die of heart failure and cardiac electromechanical separation. It is very important to closely observe whether there are cardiovascular symptoms such as dyspnea in patients receiving ICI. Once symptoms are present, early examination including ECG, cardiac biomarkers, echocardiography, or cardiac magnetic resonance (CMR) is helpful in diagnosing acute myocarditis. If possible, myocardial histopathology should be performed to confirm the diagnosis, otherwise, CMR is the first choice for non-invasive diagnosis of myocarditis (21).

With the extensive clinical application of ICI, cases of ICI-related myocarditis have been reported continuously. Due to its high risk and high mortality, it has attracted more and more attention from oncologists and cardiologists (22, 23). However, the current understanding of cardiac dysfunction caused by ICI, especially chronic LV systolic and diastolic dysfunction, is still insufficient, and there are few reports. 2022 ESC Guidelines on cardio oncology mentioned that ICI can lead to asymptomatic or symptomatic CTRCD, which is one of the clinical manifestations of cardiovascular toxicity of ICI, indicating that cardiac dysfunction caused by ICI has begun to attract attention in the field of oncocardiology (24). The CTRCD caused by ICI is also called non-inflammatory left ventricular dysfunction. A retrospective study showed that the median time from the beginning of ICI treatment to presentation with myocarditis was 12 weeks, while the time to presentation with non-inflammatory left ventricular dysfunction was 26 weeks (25). This study found a higher incidence of LVD caused by ICI, including CTRCD and LVDD, which was only lower than ECG abnormalities. These results suggest that regular assessment of cardiac function during ICI therapy can aid in the early detection of LVD, which may help some patients receive timely treatment to improve outcomes.

Non-invasive cardiac function evaluation methods mainly include CMR and echocardiography. CMR is still the current “gold standard” for non-invasive evaluation of cardiac structure and function. Moreover, with the development in recent years, the ability of CMR to assess myocardial fibrosis (MF) has been confirmed by studies, and MF is closely related to the prognosis of cardiovascular disease (26). However, CMR is expensive, requires injection of contrast agent, takes a long time, and has contraindications for examination, making it difficult to be used as a routine clinical examination method.

Echocardiography is the most common method for non-invasive visualization of cardiac structure and assessment of cardiac function. It has the advantages of convenient operation, no contraindications, low price, non-invasive and non-radioactive. At present, echocardiography has been widely used in the evaluation of cardiac function before, during and after cancer therapy. However, research on ICI-induced LVD, especially LVDD, is still lacking. In this study, echocardiography was used to evaluate cardiac function in cancer patients treated with ICI. LV systolic dysfunction is one of the most common ACEs in cancer treatment and is defined as CTRCD. According to the latest recommendations from the British Society of Echocardiography (BSE) and the British Society of Cardio-Oncology (BCOS), a decline in LVEF of > 10 absolute percentage points to a value of < 50% is defined as CTRCD (17). According to this definition, 9 patients developed CTRCD after ICI treatment, an incidence of 8.49%. This incidence is higher than some database-based reports and may be related to the fact that most patients treated with ICI did not undergo routine echocardiography, leading to an underestimation of the incidence of CTRCD.

Heart failure with preserved ejection fraction (HFpEF) has received increasing attention in recent years, its prevalence is high, accounting for 50% of all HF, and it is associated with significant morbidity and mortality (27, 28). Asymptomatic LVDD has been shown to be an independent predictor of late progression to HFpEF (29, 30), of which 13–28% may later develop HFpEF, so early diagnosis and intervention of LVDD may improve patient outcomes.

In this study, echocardiography was used to assess LV diastolic function. The results suggest that ICI can lead to a high incidence of LVDD. A total of 39 patients developed new-onset LVDD, and the incidence was 36.79%, which was significantly higher than that of CTRCD. It may be a more sensitive indicator for early detection of LVD and ICI-related cardiotoxicity. In addition, mean e’ and E/e’ were significantly higher than baseline after patients received ICI, suggesting that ICI resulted in a decrease in overall LV diastolic function. These results suggest that regular echocardiography can early detect LVD caused by ICI, including CTRCD and LVDD.

Myocardial fibrosis is one of the main pathological bases of arrhythmia and heart failure in many heart diseases. A meta-analysis showed that among patients with ICI associated myocarditis, CMR showed a prevalence of edema of 9 to 60% and a prevalence of late gadolinium enhancement (LGE) of 23 to 83% (31). This result suggested that ICI can lead to myocardial fibrosis, which may be the pathological basis of cardiac dysfunction in many patients.

Electrocardiography (ECG) can be used to detect cardiotoxicity associated with tumor therapy, which is convenient, fast and non-invasive. It can be used for early detection of arrhythmia and myocardial injury caused by tumor drugs (32). This study found that after ICI treatment, a total of 39 patients developed various new ECG abnormalities, including ST depression, T-wave inversions, sinus bradycardia, sinus tachycardia, premature atrial contractions, premature ventricular contractions, bundle branch block, and atrioventricular block. Its incidence is highest among ICI-related ACEs, suggesting that ECG abnormalities are sensitive markers for early assessment of ICI-related cardiotoxicity. Although ECG abnormalities are not specific and may occur in patients with subclinical myocardial injury and severe myocarditis, new ECG abnormalities may indicate the occurrence of cardiotoxicity. As previously described, this patient with ICI-associated myocarditis developed new ECG abnormalities, including atrioventricular block, ST-segment depression, and T-wave inversion. This shows that patients with abnormal ECG need to be concerned and followed up.

Immune myocarditis and heart failure are major causes of ICI-related death. Cardiac biomarkers are useful indicators of myocardial inflammation, injury and cardiac dysfunction (33). LVD induced by oncology drugs is a gradual development process, which first causes inflammatory damage of cardiomyocytes, and then gradually develops cardiac dysfunction (18). Studies have shown that elevated cardiac biomarkers such as BNP/NT-proBNP, cardiac troponin are associated with subsequent development of CTRCD or LVDD (34). Furthermore, in some patients, abnormal cardiac biomarkers appeared earlier than the time when LVEF was below normal (35). Therefore, regular cardiac biomarker testing can aid in the early detection of cardiotoxicity, such as myocarditis, heart failure, and asymptomatic subclinical cardiac injury. In this study, after ICI treatment, 10 patients developed cTnT elevation, 8 patients developed CK-MB elevation, and 8 patients developed NT-proBNP elevation, which should be followed closely.

We analyzed the risk factors for LVD in the enrolled patients after receiving ICI. Univariate regression analysis showed that hypertension was an independent risk factor for LVD. This is consistent with hypertension being one of the major risk factors for the development of LVDD (36). Furthermore, lower baseline systolic and diastolic function was associated with higher subsequent LVD incidence. Specifically, patients in the LVD group had lower baseline LVEF, LVFS, and e’, and higher ratios of E to e’, compared with controls. Multivariate regression analysis also showed that hypertensive patients had a higher incidence of LVD, and poorer systolic and diastolic function at baseline was associated with a higher subsequent incidence of LVD.



Study limitations

The current study has several limitations. First, it is a single-center prospective study. Second, the relatively small number of patients included in the study reduces the statistical power of our results. Especially when analyzing the risk factors for ICI leading to ACE, some possible risk factors may be missed. Third, in this study, patients underwent periodic echocardiography to assess their systolic and diastolic function. However, some patients developed cardiac displacement after extensive lobectomy, which resulted in unsuccessful measurement of global long-axis strain (GLS) of the LV. GLS may be a more sensitive measure of LV systolic function than LVEF. Last, because many patients treated with ICI have advanced cancer, follow-up time is inconsistent, and the long-term incidence of cardiotoxicity with ICI may be underestimated.



Conclusion

Immune checkpoint inhibitors (ICI) can lead to a variety of ACEs, including acute myocarditis, pericardial effusion, LVD, ECG abnormalities, and cardiac biomarker abnormalities. Its incidence is higher than some previous retrospective studies or database-based reports. The combined use of ECG, cardiac biomarkers, echocardiography, and CMR is helpful to early identify the cardiovascular toxicity of ICI. LVD, including CTRCD and LVDD, has a high incidence, and regular echocardiography is helpful for early detection of LVD. Patients with hypertension or poor LV systolic or diastolic function at baseline were predictors of LVD after ICI.



Data availability statement

The original contributions presented in this study are included in this article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of the First Affiliated Hospital of Chongqing Medical University (ethics number, 2018-10-2). The patients/participants provided their written informed consent to participate in this study.



Author contributions

CZ conducted this clinical study, statistical analysis, and manuscript writing. SQ provided the direction and guidance throughout the preparation of this manuscript. ZZ conceived the comment and revised the manuscript. ZLC and LJS assisted in the collection of clinical data. YXZ reviewed and edited the manuscript before submission. All authors read and approved the final manuscript.



Funding

This work was supported by Chongqing Medical Scientific Research project (Joint project of Chongqing Health Commission and Science and Technology Bureau) (grant no. 2023ZDXM011).



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.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Varricchi G, Galdiero M, Tocchetti C. Cardiac toxicity of immune checkpoint inhibitors: cardio-oncology meets immunology. Circulation. (2017) 136:1989–92. doi: 10.1161/CIRCULATIONAHA.117.029626

2. Ribas A, Wolchok J. Cancer immunotherapy using checkpoint blockade. Science. (2018) 359:1350–5. doi: 10.1126/science.aar4060

3. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob J, Cowey C, Lao C, et al. Combined nivolumab and ipilimumab or monotherapy in untreated melanoma. N Engl J Med. (2015) 373:23–34. doi: 10.1056/NEJMoa1504030

4. Fehrenbacher L, Spira A, Ballinger M, Kowanetz M, Vansteenkiste J, Mazieres J, et al. Atezolizumab versus docetaxel for patients with previously treated non-small-cell lung cancer (POPLAR): a multicentre, open-label, phase 2 randomised controlled trial. Lancet. (2016) 387:1837–46. doi: 10.1016/S0140-6736(16)00587-0

5. Kumar V, Chaudhary N, Garg M, Floudas C, Soni P, Chandra A. Current diagnosis and management of immune related adverse events (iraes) induced by immune checkpoint inhibitor therapy. Front Pharmacol. (2017) 8:49. doi: 10.3389/fphar.2017.00049

6. Wang D, Salem J, Cohen J, 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) 4:1721–8. doi: 10.1001/jamaoncol.2018.3923

7. Semper H, Muehlberg F, Schulz-Menger J, Allewelt M, Grohe C. Drug-induced myocarditis after nivolumab treatment in a patient with PDL1- negative squamous cell carcinoma of the lung. Lung Cancer. (2016) 99:117–9. doi: 10.1016/j.lungcan.2016.06.025

8. Tadokoro T, Keshino E, Makiyama A, Sasaguri T, Ohshima K, Katano H, et al. Acute lymphocytic myocarditis with anti-PD-1 antibody nivolumab. Circ Heart Fail. (2016) 9:e003514. doi: 10.1161/CIRCHEARTFAILURE.116.003514

9. Moslehi J, Salem J, Sosman J, Lebrun-Vignes B, Johnson D. Increased reporting of fatal immune checkpoint inhibitor-associated myocarditis. Lancet. (2018) 391:933. doi: 10.1016/S0140-6736(18)30533-6

10. Zamorano J, Lancellotti P, Rodriguez Munoz D, Aboyans V, Asteggiano R, Galderisi M, et al. 2016 ESC position paper on cancer treatments and cardiovascular toxicity developed under the auspices of the ESC committee for practice guidelines: the task force for cancer treatments and cardiovascular toxicity of the European society of cardiology (ESC). Eur J Heart Fail. (2017) 19:9–42.

11. Young K, Rodeheffer R, Chen H, Oh J, Kane G. Left ventricular diastolic dysfunction, including an impaired myocardial relaxation pattern, predicts long-term cardiovascular and non-cardiovascular mortality in the community. Eur Heart J. (2022) 23(Suppl. 1):200–7. doi: 10.1093/ehjci/jeab289.265

12. Serrano J, Gonzalez I, Del Castillo S, Muniz J, Morales L, Moreno F, et al. Diastolic dysfunction following anthracycline-based chemotherapy in breast cancer patients: incidence and predictors. Oncologist. (2015) 20:864–72. doi: 10.1634/theoncologist.2014-0500

13. Arnold J, Rozenbaum Z, Hochstadt A, Rosen R, Sherez C, Sivan A, et al. Diastolic function as an early marker for systolic dysfunction and all-cause mortality among cancer patients. Echocardiography. (2021) 38:540–8. doi: 10.1111/echo.15012

14. Mitchell C, Rahko P, Blauwet L, Canaday B, Finstuen J, Foster M, et al. Guidelines for performing a comprehensive transthoracic echocardiographic examination in adults: recommendations from the American society of echocardiography. J Am Soc Echocardiogr. (2019) 32:1–64. doi: 10.1016/j.echo.2018.06.004

15. Nagueh S, Smiseth O, Appleton C, Byrd B III, Dokainish H, Edvardsen T, et al. Recommendations for the evaluation of left ventricular diastolic function by echocardiography: an update from the american society of echocardiography and the European association of cardiovascular imaging. Eur Heart J Cardiovasc Imaging. (2016) 17:1321–60.

16. Caforio A, Pankuweit S, Arbustini E, Basso C, Gimeno-Blanes J, Felix S, et al. Current state of knowledge on aetiology, diagnosis, management, and therapy of myocarditis: a position statement of the European society of cardiology working group on myocardial and pericardial diseases. Eur Heart J. (2013) 34: 2636–48. doi: 10.1093/eurheartj/eht210

17. Dobson R, Ghosh A, Ky B, Marwick T, Stout M, Harkness A, et al. BSE and BCOS guideline for transthoracic echocardiographic assessment of adult cancer patients receiving anthracyclines and/or trastuzumab. JACC CardioOncol. (2021) 3:1–16. doi: 10.1016/j.jaccao.2021.01.011

18. Mahmood S, Fradley M, Cohen J, Nohria A, Reynolds K, Heinzerling L, et al. Myocarditis in patients treated with immune checkpoint inhibitors. J Am Coll Cardiol. (2018) 71:1755–64. doi: 10.1016/S0735-1097(18)31240-3

19. Johnson D, Balko J, Compton M, Chalkias S, Gorham J, Xu Y, et al. Fulminant myocarditis with combination immune checkpoint blockade. N Engl J Med. (2016) 375:1749–55. doi: 10.1056/NEJMoa1609214

20. Salem J, Manouchehri A, Moey M, Lebrun-Vignes B, Bastarache L, Pariente A, et al. Cardiovascular toxicities associated with immune checkpoint inhibitors: an observational, retrospective, pharmacovigilance study. Lancet Oncol. (2018) 19:1579–89. doi: 10.1016/S1470-2045(18)30608-9

21. Cau R, Solinas C, De Silva P, Lambertini M, Agostinetto E, Scartozzi M, et al. Role of cardiac MRI in the diagnosis of immune checkpoint inhibitor-associated myocarditis. Int J Cancer. (2022) 151:1860–73. doi: 10.1002/ijc.34169

22. Matson D, Accola M, Rehrauer W, Corliss R. Fatal myocarditis following treatment with the PD-1 inhibitor nivolumab. J Forensic Sci. (2018) 63:954–7. doi: 10.1111/1556-4029.13633

23. Zhang C, Qin S, Zuo Z. Immune-related myocarditis in two patients receiving camrelizumab therapy and document analysis. J Oncol Pharm Pract. (2022) 28:1350–6. doi: 10.1177/10781552211027339

24. Lyon A, Lopez-Fernandez T, Couch L, Asteggiano R, Aznar M, Bergler-Klein J, et al. 2022 ESC guidelines on cardio-oncology developed in collaboration with the European hematology association (EHA), the European society for therapeutic radiology and oncology (ESTRO) and the international cardio-oncology society (IC-OS). Eur Heart J Cardiovasc Imaging. (2022) 23:e333–465.

25. Andres M, Ramalingam S, Rosen S, Baksi J, Khattar R, Kirichenko Y, et al. The spectrum of cardiovascular complications related to immune-checkpoint inhibitor treatment : including myocarditis and the new entity of non inflammatory left ventricular dysfunction. Cardiooncology. (2022) 8:21. doi: 10.1186/s40959-022-00147-w

26. González A, Schelbert E, Díez J, Butler J. Myocardial interstitial fibrosis in heart failure: biological and translational perspectives. J Am Coll Cardiol. (2018) 71:1696–706. doi: 10.1016/j.jacc.2018.02.021

27. Shah K, Xu H, Matsouaka R, Bhatt D, Heidenreich P, Hernandez A, et al. Heart failure with preserved, borderline, and reduced ejection fraction: 5-Year outcomes. J Am Coll Cardiol. (2017) 70:2476–86. doi: 10.1016/j.jacc.2017.08.074

28. Heidenreich P, Bozkurt B, Aguilar D, Allen L, Byun J, Colvin M, et al. 2022 AHA/ACC/HFSA guideline for the management of heart failure: a report of the American college of cardiology/American heart association joint committee on clinical practice guidelines. Circulation. (2022) 145:e895–1032. doi: 10.1161/CIR.0000000000001073

29. Correa de Sa D, Hodge D, Slusser J, Redfield M, Simari R, Burnett J, et al. Progression of preclinical diastolic dysfunction to the development of symptoms. Heart. (2010) 96:528–32. doi: 10.1136/hrt.2009.177980

30. Vogel M, Slusser J, Hodge D, Chen H. The natural history of preclinical diastolic dysfunction: a population-based study. Circ Heart Fail. (2012) 5:144–51. doi: 10.1161/CIRCHEARTFAILURE.110.959668

31. Arcari L, Tini G, Camastra G, Ciolina F, De Santis D, Russo D, et al. Cardiac magnetic resonance imaging in immune check-point inhibitor myocarditis: a systematic review. J Imaging. (2022) 8:99. doi: 10.3390/jimaging8040099

32. Viganego F, Singh R, Fradley M. Arrhythmias and other electrophysiology issues in cancer patients receiving chemotherapy or radiation. Curr Cardiol Rep. (2016) 18:52. doi: 10.1007/s11886-016-0730-0

33. Michel L, Mincu R, Mahabadi A, Settelmeier S, Al-Rashid F, Rassaf T, et al. Troponins and brain natriuretic peptides for the prediction of cardiotoxicity in cancer patients: a meta-analysis. Eur J Heart Fail. (2020) 22:350–61. doi: 10.1002/ejhf.1631

34. Watson C, Gallagher J, Wilkinson M, Russell-Hallinan A, Tea I, James S, et al. Biomarker profiling for risk of future heart failure (HFpEF) development. J Trans Med. (2021) 19:61. doi: 10.1186/s12967-021-02735-3

35. Tonry C, Russel-Hallinan A, McCune C, Collier P, Harbinson M, Dixon L, et al. Circulating biomarkers for management of cancer therapeutics related cardiac dysfunction. Cardiovasc Res. (2022). [Epub ahead of print]. doi: 10.1093/cvr/cvac087

36. Minotti G, Menna P, Camilli M, Salvatorelli E, Levi R. Beyond hypertension: diastolic dysfunction associated with cancer treatment in the era of cardio-oncology. Adv Pharmacol. (2022) 94:365–409. doi: 10.1016/bs.apha.2022.02.002


OPS/images/fcvm-10-1052699-g006.jpg
2 8
: S
(%) S4A7 ueaw

10.00
.00

Al
RN
NN

AMHH
__=ThH
RARNM

NN \
NN

N A““/U//“ /H/ NN
AN

AT
N N N NN
LR
/ /// /7/7,//
uwl,/r/ //.n/////ﬂ/////f,/?

//////// SR
\ A////. /I//r//. //ﬂ A/
7/%%%3///

AT

.00
.00
.00
00~

2 = g
(%) 43A7 uea

2
2
<

g 3 g

- 8 8
(wo) Ja33welp jele Yo uea

10.00
m-

Time after receiving ICI (month)

Time after receiving ICI

Time after receiving ICl (month)

25.00

20,007

15.00
10.00
5.00

i

uea

00+

//////////////// NN
N NN
AMFANR
R TN
AR

N

/,%,/w,/,ﬂ,///wm NN //,.//////,w

NN N
NN
NN

- ~

.ME_S 2 Ueay

(s/wd) 3 ueay

00—

Time after receiving ICI (month) Time after receiving ICI (month)

Time after receiving ICI (month)





OPS/images/fcvm-10-1052699-g005.jpg
a ECG abnormality

50
40— ; ° =
) g
- 30 " T
-g . ..'
& 20- ‘t’
10 I
O-W
0 100 200 300

Time after ICl treatment (days)

Q LVDD

50~
40+ 5 o

g 30 .’.-"

$ 201 f".
N

0 50 100 150
Time after ICI treatment (days)

@ Elevated NT-proBNP
10-
8- .
7]
E 6- .
k) .
©
a 4—1 .
2- .
0-rrrrrrrrrrrrrTTTTTTTTTTTTTTTT

0 100 200 300
Time after ICI treatment (days)

G CTRCD
10+

8- .
0
E 6— o
Q2 .
& 4 - o

2- .

0 r v T T T T T T T T T T T T T T T T

Time after ICI treatment (days)

G Elevated cTnT

165=
g 107 x
o
2 .
e L]
S .
5- .
0 1 I 1 1
0 50 100 150 200
Time after ICI treatment (days)
0 Pericardial effusion
2.5+
2.0+ .
£ 1.5+
X
& 1.0+ .
0.5+
0.0 1 1 1 1
0 50 100 150 200

Time after ICI treatment (days)





OPS/images/fcvm-10-1052699-g004.jpg
Changes in cardiac biomarkers after

camrelizumab treatment

2500

2000

fond
o
-
-

T-proBNP (ng/L)
=
3

Zl Camrelizumab 200mg IV

500 l

0

P

Methylprednisolone 1000mg IV ]

1 7 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Time since camrelizumab treatment (day)

~O=NT-proBNP ~O-cTnT

death

30 31 32

cTnT (ug/L)





OPS/images/fcvm-10-1052699-g003.jpg





OPS/images/fcvm-10-1052699-g002.jpg





OPS/images/fcvm-10-1052699-g001.jpg
Various Adverse Cardiovascular Events Caused by ICI

ECG Abnormal e 41
Pericardial effusion B 2
Elevated cTnT N 10
Elevated CK-MB N 3
Elevated NT-proBNP [N 8
CTRCD N 9
LVDD I 39

0 5 10 15 20 25 30 35 40 45
Number of people





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Incidence of adverse cardiovascular events associated with immune checkpoint inhibitors and risk factors for left ventricular dysfunction: A single-center prospective clinical study



		Background



		Materials and methods



		Study population



		Inclusion criteria



		Exclusion criteria







		Basic information



		Cardiac function assessed by echocardiography



		Study endpoints



		Statistical analysis



		Ethical approval and informed consent







		Results



		Basic characteristics



		Demographic characteristics







		Cancer types and treatment drugs



		History of cardiovascular disease and its risk factors



		ICI-related adverse cardiovascular events



		ICI-associated myocarditis



		Abnormal ECG



		Left ventricular dysfunction



		Time to adverse cardiovascular events



		Risk factors of LVD caused by ICIs







		Discussion



		Study limitations



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References

















OPS/images/fcvm-10-1052699-g007.jpg
Before ICl treatment After ICl treatment

Normal LV diastolic 7 n=56 ( Normal LV diastolic
function (n=95) k function (n=58)

LV diastolic dysfunction ﬁf LV diastolic dysfunction
(n=11) J n=9 L (n=48)






OPS/images/cover.jpg
& frontiers | Frontiers in Cardiovascular Medicine

Incidence of adverse
cardiovascular events
associated with immune
checkpoint inhibitors and risk
factors for left ventricular
dysfunction: A single-center
prospective clinical study












OPS/images/logo.jpg
’ frontiers | Frontiers in Cardiovascular Medicine







OPS/images/email.jpg





OPS/images/cross.jpg
@ Check for updates.





OPS/images/fcvm-10-1052699-t005.jpg
1 89 79.81 +18.95 7.29 £1.39 11.21 +2.96
2 75 79.99 + 18.69 6.11 &+ 1.26* 13.50 £ 4.12*
3 42 78.36 + 14.02 6.05 & 1.28* 13.33 £ 3.04*
4 35 75.34 +17.17 6.11::k1,35% 12.71:4:3.25%
5 22 74.50 % 15.09 6.23 + 1.60* 12.45 4 3.08
6 9 75.47 +15.04 5.88 & 1.24* 13.28 &+ 3.51
7~ 8 69.98 +21.89 5.66 &+ 2.51* 15.01 £ 7.87*
Total 280 78.24 +17.67 6.46 = 1.49 12.60 + 3.69

*Compared with baseline, the difference was statistically significant (P < 0.05). LV, left ventricle;
E, peak early diastolic mitral inflow velocity; €, peak early diastolic mitral annulus velocity; E/e,

the ratio of E to €.






OPS/images/fcvm-10-1052699-t004.jpg
LVEDd | LA (cm) | LVEF (%) | LVFS (%)

(cm)
1 93 46.05+3.75 | 29.98 +340 | 62.75+4.13 | 34.324+2.83
2 90 45.63 +3.94 | 31.47 £ 3.18% | 59.30 = 4.46* | 33.07 £ 2.73*
3 58 4578 +4.04 | 32.53 &+ 3.05* | 57.40 +4.29% | 32.33 £+ 2.73*
4 42 44554398 | 31.71 & 3.61* | 57.95 +4.87% | 31.81 + 2.83*
5 22 45.66 +4.55 | 32.75 4 3.37* | 55.72 = 4.10% | 30.63 £ 2.39*
6 16 47.00 & 5.39 | 32.44 4+ 3.93* | 55.93 +4.46* | 30.34 &+ 2.09*
Taed 15 4540 +4.15 | 31.00+3.96 | 57.53 +5.13% | 31.47 & 2.50*
Total 346 45.69 +4.06 | 31.42 4 3.48% | 59.18 +4.99% | 32.71 + 2.96*

*Compared with baseline, the difference was statistically significant (P < 0.05). LVEDd, left
ventricular internal dimension diastole; IVS, interventricular septal thickness diastolic; LVPW,
left ventricular posterior wall; LA, left atrial diameter; LVEE left ventricular ejection fraction;
LVES, left ventricular fraction shortening.





OPS/images/fcvm-10-1052699-t006.jpg
Parameter HR 95% CI P-value

Hypertension 26.52 2.479-283.667 0.007
SBP (mmHg) 1.07 0.992-1.144 0.081
NT-proBNP (ng/L) 0.99 0.984-1.002 0.124
LA (mm) 1.08 0.804-1.458 0.602
LVEF (%) 0.80 0.629-1.008 0.058
LVES (%) 0.59 0.324-1.075 0.085
€ (cm/s) 0.04 0.003 - 0.709 0.028
E/€ 0.609 0.232 -1.621 0.324

LVD, left ventricular dysfunction; SBP, systolic blood pressure; DBP, diastolic blood pressure;
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Demographic characteristics

Sex (male) 91 (85.8) 46 (85.2) 45 (86.5) 1.12 (0.37-3.34) 0.842
Age (years) 60.08 £ 8.47 59.04 £9.41 61.17 £7.31 1.03 (0.98-1.08) 0.196
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Lung cancer 62 (58.5) 29 (53.7) 33 (63.4) 1.50 (0.69-3.26) 0.309
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Surgorn 59 (55.7) 31(57.4) 28 (53.8) 0.87 (0.40-1.86) 0.712
Cancer stage 0.96 (0.60-1.55) 0.873
Stage 1 4(3.8) 1(1.9) 3(5.8) 3.25(0.33-32.2) 0315
Stage 2 32(30.2) 17 (31.5) 15 (28.8) 0.88 (0.39-2.03) 0.768
Stage 3 47 (44.3) 25 (46.3) 22 (42.3) 0.85 (0.40-1.83) 0.680
Stage 4 23 (21.7) 11 (20.4) 12 (23.1) 1.17 (0.47-2.96) 0.736

Cardiovascular disease and its risk factors

Smoking 56 (52.8) 30 (55.6) 26 (50.0) 0.80 (0.37-1.72) 0.567
Drinking 34 (32.1) 20 (37.0) 14 (26.9) 0.63 (0.27-1.43) 0.266
Hypertension 17 (16.0) 4(7.4) 13 (25.0) 417 (1.26-13.78) 0.019
Diabetes 3(2.8) 2(3.7) 1(1.9) 0.51 (0.05-5.80) 0.587
CHD 3(2.8) 3(5.6) 0 - -

Cardiac biomarker

CK-MB 1.002 4 0.294 1.045 £ 0.640 0.958 £ 0.640 0.80 (0.43-1.51) 0.494
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Structure and function of left ventricle
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LV, left ventricle; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; CHD, coronary heart disease; CK-MB, creatine kinase isoenzyme-MB; ¢TnT, cardiac troponin T
NT-proBNP, N-terminal pro brain natriuretic peptide; LVEDd, left ventricular internal dimension diastole; IVS, interventricular septal thickness diastolic; LVPW, left ventricular posterior wall; LA,

eft atrial diameter; LVEE left ventricular ejection fraction; LVFS, left ventricular fraction shortening; E, peak early diastolic mitral inflow velocity; €, peak early diastolic mitral annulus velocity; E/e,
the ratio of E to €’; OR, odd ratio; CI, confidence interval.
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Drug The usual dose and cycle of the drug

Docetaxel 75 mg/m2 v Q3w
Albumin paclitaxel 260 mg/m? v Q3w
Nedaplatin 75 mg/m2 v Q3wW
Etoposide 150 mg (D1-D3) v Q3w
Gemcitabine 1,250 mg/m2 v Q3w
Paclitaxel 100 mg/m? v QW






OPS/images/fcvm-10-1052699-t002.jpg
Approval The usual dose and

agency cycle of the drug
Camrelizumab PD-1 NMPA 200 mg v Q3w
Tislelizumab PD-1 NMPA 3 mg/kg v Q3w
Pembrolizumab PD-1 FDA, NMPA 2 mg/kg I\ Q3w
Toripalimab PD-1 NMPA 3 mg/kg v QW
Durvalumab PD-L1 FDA,NMPA | 10 mg/kg v Q3w
Navulumab PD-1 FDA, NMPA 3 mg/kg v Q3wW
Sintilimab PD-1 NMPA 200 mg v Q3w

PD-1, programmed cell death 1; PD-L1, programmed cell death ligand 1; FDA, food and drug
administration; NMPA, national medical products administration.





