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Background

Chemotherapy-induced cardiotoxicity is a concern for patients with gynecologic cancer. This study aimed to assess left ventricular (LV) myocardial deformation in patients with gynecologic cancer undergoing chemotherapy and to investigate the association between myocardial deformation and chemotherapy factors.





Methods

Cardiac magnetic resonance (CMR) was performed to assess LV deformation parameters using CMR tissue tracking based on cine images. Serum myocardial injury biomarker were measured. Deformation parameters were compared between healthy controls and patients. Changes in deformation were assessed as chemotherapy progressed. Correlations between LV deformation parameters, clinical characteristics, and serum myocardial injury biomarkers were also analyzed.





Results

A total of 86 patients with gynecologic cancer and 30 normal controls were included. Among the patients, 41 completed CMR follow-up with a median interval of 6 months. Compared to the controls, patients exhibited lower absolute value of global radial strain (GRS) (37.30 ± 8.94% vs. 44.32 ± 8.44%), global circumferential strain (GCS) (-22.12 ± 3.05% vs. -24.08 ± 2.13%) and global longitudinal strain (GLS) (median -15.72% [IQR-17.13 to -13.58%] vs. -17.51 ± 2.00 %) (all p < 0.05). Patients with preserved LV ejection fraction (LVEF) also showed impaired global strain (all p < 0.05). GRS (39.71 ± 8.09% vs. median 30.56% [IQR 26.52 to 38.15%]; p = 0.001), GCS (-23.45 ± 2.09% vs. median -19.71% [IQR -21.71 to -19.10%]; p < 0.001) and GLS (-16.17 ± 2.42% vs. median -12.12% [IQR -14.10 to -8.53%]; p< 0.001) further decreased as the number of chemotherapy cycles increased during follow-up (all p < 0.05). Multivariate analysis showed that GCS was independently associated with the number of chemotherapy regimens (Standard regression coefficient [β] = 0.397, p < 0.001).





Conclusions

Myocardial deformation is more sensitive than LVEF in detecting subclinical left ventricular dysfunction in patients with gynecologic cancer undergoing chemotherapy. GCS was associated with the number of chemotherapy regimens.
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Introduction

As the survival rates and lifespans of cancer patients continue to increase, chemotherapy-related cardiotoxicity has become a critical concern (1, 2). Gynecologic cancers pose a significant threat to women’s health, and their incidence is rising (3). Chemotherapy is a key treatment of gynecologic cancers (4), but several commonly used chemotherapy drugs have been reported to cause cardiotoxicity and myocardial dysfunction (5). Therefore, early assessment and monitoring of cardiac function are essential for patients with gynecologic cancer undergoing chemotherapy.

Clinically, left ventricular ejection fraction (LVEF), which reflects left ventricular systolic function, remains the gold standard for assessing ventricular function during and after cancer therapy. However, LVEF may be insufficient for detecting subclinical cardiac dysfunction (6, 7).

Cardiac magnetic resonance (CMR) myocardial strain values, which provide a non-invasive quantitative measurement for analyzing heart deformation, have emerged as a more promising and sensitive index for estimating ventricular systolic function (8, 9). CMR tissue tracking is a promising contrast-free quantitative method which is based on CMR cine sequence images to quantify global and segmental myocardial strain (9). It has been shown to offer diagnostic and prognostic value beyond LVEF in patients with coronary artery disease, dilated cardiomyopathy, heart failure and valvular diseases (10–13). Moreover, previous studies have applied CMR tissue tracking to monitor chemotherapy-associated cardiotoxicity (14–18), demonstrating that CMR global longitudinal strain (GLS) and global circumferential strain (GCS) can detect and predict early cardiac dysfunction. However, there is a lack of research on myocardial deformation in patients with gynecologic cancer undergoing chemotherapy. Therefore, this study aimed to assess left ventricular (LV) myocardial deformation in patients with gynecologic cancer undergoing chemotherapy using CMR tissue tracking and to investigate the association between LV myocardial deformation and chemotherapy factors.





Methods




Study design

This study is part of a registered clinical research (registration No. ChiCTR-DDD-17013450, http://www.chictr.org.cn). It was approved by the institutional research ethics board of the authors’ hospital, and written informed consent was obtained from each participation prior to the investigation. In this single-center prospective cohort study, we screened patients with gynecologic cancer undergoing chemotherapy in the Division of Chemotherapy and Radiotherapy in the Department of Gynecology from September 2018 to August 2022. They all satisfied with the including criteria: (1) diagnosed (initially diagnosed or recurrent) with gynecologic cancer; (2) undergoing chemotherapy; and (3)between the ages of 18 and 75 years. The exclusion criteria included (1) preexisting cardiovascular diseases, including coronary heart disease, cardiomyopathy, valvular heart disease, congenital heart disease and pericardial disease; (2) history of cardiotoxic medication or chest radiation for other diseases; (3) CMR contraindications; and (4) poor CMR cine images quality. CMR was performed in intermission of chemotherapy or progression free interval. This study also recruited age-matched female healthy volunteers as healthy control subjects. Healthy controls with preexisting cardiovascular risk factors or disease, contraindications to CMR or poor quality of CMR cine images were excluded. Patients with LVEF ≥ 55% were classified as preserved LVEF (PLVEF) group, and patients with LVEF < 55% were classified as reduced LVEF (RLVEF) group.





Cardiac MRI

Patients and normal controls were examined in the supine position using a 3.0 T scanner (MAGNETOM Skyra, Siemens Healthineers, Erlangen, Germany) equipped with an 18-channel receiver coil. All images were obtained during breath-holding in end-expiration, and electrocardiographic gating was employed. To quantify the cardiac structure and function, 8 to 12 continuous sections were obtained from the mitral valve level to LV apex in the short-axis view using a balanced steady-state free precession pulse sequence: echo time (TE) = 1.22 ms, temporal resolution (TR) = 39.34 ms, flip angle = 40°, slice thickness = 8 mm, matrix = 208 × 208 pixels, and field of view (FOV) = 340 × 284 mm2. The vertical two-chamber long axis and horizontal four-chamber cine series were scanned using the same sequences used with the short-axis images.





Imaging analysis

Cine MRI data were analyzed by professional post-processing software (Cvi42, version 5.11; Circle Cardiovascular Imaging Inc, Calgary, Canada) to detect LVEF and LV deformation (Figure 1). According to the common division for LV myocardial strain with 16 segmentations (19), the apical cap was not included in the range of strain analysis. A set of short-axis, four-chamber and long-axis two-chamber slices were loaded into the tissue tracking module. All endocardial and epicardial borders were traced manually. The deformation parameters were then automatically determined by the software. Tissue tracking deformation parameters included LV radial, circumferential, longitudinal strain and strain rate (SR). Strain parameters included global strain and regional strain at basal, middle and apical levels. In addition, the corresponding polar maps and curve graphs of different strain were obtained.




Figure 1 | Measurement of MR tissue tracking by Cvi42. Tracing the endo- (red curve) and epicardial (green curve) borders on the short axis (A), 4-chamber (B), and 2-chamber long axis (C) cine images; define the short axis reference point (blue and red points) at the insertion of the right ventricle and left ventricle on the short axis slice.







Examination of serum myocardial injury biomarkers

Serum myocardial injury biomarkers which include cardiac troponin I (cTnI), myohemoglobin (Myo), creatine kinase (CK) and cardiac isoenzyme of creatine kinase (CK-MB) were measured on the day of CMR examination. The serum samples were measured by Siemens ADVIA Centaur XPT to gain the value of cTnI, Myo, CK and CK-MB.





Statistical analysis

All statistics were analyzed by IBM SPSS 25.0 (Armonk, NY) and GraphPad Prism 7.0 (San Diego, CA). For continuous variables, the Shapiro-Wilk test was first used to check for normality. If the data followed a normal distribution, they were presented as mean with standard deviation; if not, they were presented as median with interquartile range (IQR). Categorical variables were expressed as counts and percentages of the total. For the comparison of continuous variables between the patient group and the normal control group, if the data followed a normal distribution and had homogeneity of variance, an independent t-test was used; otherwise, the rank sum test was employed for comparison. For the comparison of continuous variables among PLVEF group, RLVEF group and normal controls, if the data followed a normal distribution and had homogeneity of variance, ordinary one-way ANOVA analysis was employed; otherwise, the Kruskal–Wallis test was employed. In the patients who completed CMR follow-up, the parameters between two scans were compared. For the comparison of CMR continuous variable data from the same patient at two scans, if the data followed a normal distribution and have homogeneity of variance, a paired t-test was used; otherwise, the Wilcoxon signed-rank test was applied. For the correlation analysis of two continuous variables, if both variables follow a normal distribution, Pearson’s correlation analysis is used; otherwise, Spearman’s correlation analysis is applied. Subsequently, the variables were entered into a multivariate linear regression model to identify the factors independently associated with the deformation parameters. P values < 0.05 were considered statistically significant.






Results




General characteristics

The general characteristics of patients with gynecologic cancer and healthy control subjects are showed in Table 1. A total of 86 patients with gynecologic cancer who underwent chemotherapy and 30 healthy control subjects were included. The mean age of patients with gynecologic cancers was 50.5 years (IQR 45.0-56.0 years). Among the 86 patients, 48 (55.8%) were diagnosed with ovarian cancer, 14 (16.3%) were diagnosed with fallopian tube cancer, 20 (23.3%) with uterine neoplasm and 4 (4.6%) with trophoblastic tumor. Among the patients, the cardiovascular risk factors were hypertension in 6 patients (7.0%) and diabetes in 3 patients (3.5%); 13 patients (15.2%) had a history of cardioprotective medication use. The median number of chemotherapy cycles was 6.0 (IQR 3.0-11.0). The median number of chemotherapy regimens was 1.0 (1.0, 2.0). 50 patients (58.1%) received only one regimen, among which the taxol plus platinum regimen was the most commonly used (n = 42, 48.8%); 21 patients (24.4%) received two regimens; and 15 patients (17.4%) received three or more regimens.


Table 1 | General characteristics of healthy control subjects and patients with gynecologic cancer.



Of the 86 patients enrolled, 41 (47.67%) completed the CMR follow-up. During a median interval of 6 months (IQR 3–9 months) between two scans, these patients had undergone a median of 3 cycles (IQR 2–5 cycles) of chemotherapy.





Deformation parameters in healthy controls subjects and patients with gynecologic cancer

No significant difference in LVEF between the healthy control subjects and patients with gynecologic cancer (p = 0.594) was observed. The absolute value of LV global radial strain (GRS) (37.30 ± 8.94% vs. 44.32 ± 8.44%; p < 0.001), GCS (-22.12 ± 3.05% vs. -24.08 ± 2.13%; p = 0.002) and GLS (median -15.72% [IQR-17.13 to -13.58%] vs. -17.51 ± 2.00 %; p < 0.001) were all lower in patients compared with controls (Figure 2). In addition, most LV regional strain parameters demonstrated significant differences between patients and controls (Table 2). The absolute value of global radial diastolic strain rate (RDSR) (-2.48 1/s [IQR -3.01 to -2.01 1/s] vs. median -3.25 1/s [IQR -3.73 to -3.00 1/s; p < 0.001) and global circumferential diastolic strain rate (CDSR) (1.26 ± 0.26 1/s vs. 1.50 ± 0.31 1/s; p < 0.001) was lower in patients compared with controls (Table 2). Patients received only taxol plus platinum regimen (n = 42) also had lower absolute value of GRS (37.40 ± 7.61% vs. 44.32 ± 8.44%; p = 0.001), GCS (-22.50 ± 2.83% vs. -24.08 ± 2.13%; p = 0.012), GLS (median -15.87% [IQR-17.07 to -13.92%] vs. median -17.60% [IQR -19.05 to -15.84%]; p = 0.001), RDSR(-2.40 1/s [IQR -3.03 to -1.92 1/s] vs. median -3.25 1/s [IQR -3.73 to -3.00 1/s; p < 0.001) and CDSR(1.26 ± 0.28 1/s vs. 1.50 ± 0.31 1/s; p = 0.002) compared with controls. There were no significant differences of LV global strain and strain rate between anthracycline-treated patients and nonanthracycline-treated patients.




Figure 2 | Left ventricular global strain in patients with gynecologic cancer and normal controls. ** P<0.01, *** P<0.001. (A) Left ventricular GRS, (B) Left ventricular GCS, (C) Left ventricular GLS. Patients had lower absolute value of GRS, GCS and GLS. GRS, global radial strain; GCS, global circumferential strain; GLS, global longitudinal strain.




Table 2 | CMR deformation parameters of healthy control subjects and patients with gynecologic cancer.



Among 86 patients with gynecologic cancer, 77 patients were classified as PLVEF group, and 9 patients were classified as RLVEF group. We found a decrease in the absolute value of GRS (37.99 ± 8.65% vs. 44.32 ± 8.44%; p = 0.007), GCS (-22.42 ± 2.98% vs. -24.08 ± 2.13 %; p = 0.004), GLS (median -15.94% [IQR -17.19 to -13.68%] vs. -17.51 ± 2.00%; p = 0.001) and several regional strain parameters in PLVEF group compared with control group (Figure 3). Moreover, the absolute value of RDSR(median -2.49 1/s [IQR -3.03 to -2.07 1/s] vs. median -3.25 1/s [IQR -3.73 to-3.00 1/s; p< 0.001) and CDSR (1.29 ± 0.25 1/s vs. 1.51 ± 0.29 1/s; p < 0.001) were lower in PLVEF group compared with control group (Table 3).




Figure 3 | Comparisons of left ventricular global strain among normal controls, PLVEF group and RLVEF group. * P<0.05, ** P<0.01, *** P<0.001. (A) Left ventricular GRS, (B) Left ventricular GCS, (C) Left ventricular GLS. The absolute value of GRS, GCS and GLS decreased in both PLVEF group and RLVEF group compared with normal controls. GRS, global radial strain; GCS, global circumferential strain; GLS, global longitudinal strain; LVEF, left ventricular ejection fraction; PLVEF, preserved left ventricular ejection fraction; RLVEF, reduced left ventricular ejection fraction.




Table 3 | CMR deformation parameters of healthy control subjects, PLVEF group and RLVEF group.







Changes in deformation parameters during chemotherapy

In the 41 patients who completed follow-up, the absolute value of GRS (39.71 ± 8.09% vs. median 30.56% [IQR 26.52 to 38.15%]; p = 0.001), GCS (-23.45 ± 2.09% vs. median -19.71% [IQR -21.71 to -19.10%]; p < 0.001) and GLS (-16.17 ± 2.42% vs. median -12.12% [IQR -14.10 to -8.53%]; p< 0.001) were all decreased at follow-up (Figure 4). The decrease in the absolute value of several regional strains was also observed (Table 4). Moreover, the absolute value of RDSR (median -2.33 1/s [IQR -3.00 to -1.98 1/s] vs. median -1.89 1/s [IQR -2.48 to -1.43 1/s]; p = 0.006) and CDSR (1.32 ± 0.25 1/s vs. 1.13 ± 0.27 1/s; p = 0.002) decreased at follow-up.




Figure 4 | Left ventricular global strain in the patients between two CMR scans. *** P<0.001 . (A) Left ventricular GRS, (B) Left ventricular GCS, (C) Left ventricular GLS. The absolute value of GRS, GCS and GLS decreased significantly at the second CMR scan during follow-up. GRS, global radial strain; GCS, global circumferential strain; GLS, global longitudinal strain.




Table 4 | Myocardial deformation parameters between two CMR scans.







Association between LV deformation parameters and general characteristics

The correlation analysis between deformation parameters and demographics showed that GLS was positively correlated with systolic blood pressure (r = 0.213, p = 0.049). We also did the correlation analysis between deformation parameters and chemotherapy-related factors, including the number of chemotherapy cycles and the number of chemotherapy regimens. Univariate analysis showed that GCS was positively correlated with the number of chemotherapy regimens (r = 0.290, p = 0.007). In the multivariate analysis which was adjusted for demographical confounders, GCS was independently associated with the number of chemotherapy regimens (Standard regression coefficient [β] = 0.397, p < 0.001) (Table 5).


Table 5 | Univariable and multivariable association analysis of global strain and general characteristics.







Correlation between LV deformation parameters and LVEF and serum myocardial injury biomarkers

Correlation analysis showed that all global strain parameters and most strain rate parameters were correlated with LVEF (p < 0.05) (Table 6).


Table 6 | Correlation between LV deformation parameters and LVEF and serum myocardial injury biomarkers.



The results of serum myocardial injury biomarkers showed that all patients had normal cTnI (0~0.06 ug/L) and Myo (0~110 ug/L); 85 patients had normal CK-MB (0~5 ug/L) and CK (39~192 U/L). Among the serum biomarkers, CK-MB was correlated with GLS (r = 0.241, p = 0.038) and global longitudinal systolic strain rate (LSSR) (r = 0.297, p = 0.010); and Myo was correlated with GCS (r = 0.298, p = 0.009), global circumferential systolic strain rate (CSSR) (r = 0.342, p = 0.003), LSSR (r = 0.243, p = 0.034) and CDSR (r = -0.258, p = 0.025) (Table 6).






Discussion

The main findings of this study were as follows: (1) Patients with gynecologic cancer undergoing chemotherapy showed significant decrease in LV deformation parameters compared with control subjects. Moreover, LV deformation parameters further decreased as the chemotherapy cycles increased during follow-up. The above results indicated that chemotherapy could result in LV deformation impairment in patients with gynecologic cancers. (2) The deformation parameters were correlated with LVEF. In patients with preserved LVEF, the deformation parameters were impaired, which indicated that LV dysfunction had already occurred even when the LVEF was within the normal range. (3) GCS was independently associated with the number of chemotherapy regimens, indicating that the circumferential strain impairment was obvious with the increase of chemotherapy regimens. (4) Some LV deformation parameters were correlated with serum myocardial injury biomarkers.

Antineoplastic therapy is frequently complicated by the development of cardiotoxicity (5). Detection of myocardial dysfunction in patients with cancers is essential to predict prognosis and improve the survival rates and quality of life in patients. CMR tissue tracking have shown promise for quantitatively assessing subclinical cardiac dysfunction (20). Our study found that the absolute value of global strain was lower in cancer patients undergoing chemotherapy compared with healthy controls. It was consistent with the result of a prior study reported by Lunning MA et al. who investigated 10 adult patients treated with anthracycline-based chemotherapy by CMR and showed that GCS (p = 0.046) and GLS (p = 0.035) of the patients were lower than that of controls (21). Our study also found that deformation parameters further decreased as the chemotherapy cycles increased during follow-up, which was similar with the results of several prior studies. Drafts BC et al. showed that the mid-wall circumferential strain changed (-17.7 ± 0.4% vs. -15.1 ± 0.4%, p = 0.0003) within 6 months after low to moderate doses of anthracycline-based chemotherapy (22). Jolly MP et al. found that the mean mid-wall circumferential strain fell from −18.8 ± 2.9% to −17.6 ± 3.1%(p = 0.001)after 3 months of chemotherapy (18). Jordan JH et al. showed that mid-wall Eulerian circumferential strain declined from -17.99% to -17.23% (p = 0.0052) (17). Similarly, our study showed the decrease of the absolute value of MCS. Lunning MA et al. found that GCS was significantly decreased in patients after 3 months of chemotherapy (p = 0.018) (21); and Jordan JH et al. found that GLS decreased from -15.44% to -14.79% (p = 0.0069) (17). Our study also showed the decrease of the absolute value of GCS and GLS.

In previous studies, the cancer types of the subjects were mainly breast cancer and lymphoma (14, 15, 21). Different from previous studies, the subjects of our study were patients with gynecologic cancer. To the best of our knowledge, the present research is the first prospective study to focus on LV myocardial deformation parameters associated with chemotherapy for gynecologic cancer. In our previous cross-sectional study, we focused on chemotherapy effect on myocardial fibrosis markers in patients with gynecologic cancers and low cardiovascular risk and found that these patients had impaired LV GLS compared with healthy controls. However, in this prospective study, all global strain were impaired. This is likely because this study did not exclude individuals with cardiovascular risk factors.

CMR myocardial tissue tracking using balanced steady-state free precession (bSSFP) cine imaging has been developed to meet the need for fast and quantitative assessment of myocardial strain analysis. It serves as the CMR-equivalent of speckle-tracking echocardiography while addressing some of the limitations of echocardiography, such as acoustic window constraints and low spatial resolution (23, 24). Validated against myocardial tagging, CMR tissue tracking can conveniently be performed using bSSFP imaging as part of a routine CMR scan, requiring no additional sequences (25, 26). Furthermore, CMR tissue tracking contribute to detect early changes in myocardial mechanics in pathology (subclinical) with normal or preserved ejection fraction (27). In our study, the PLVEF group demonstrated impaired LV deformation parameters, even when LVEF remained within the normal range. This suggests that LV deformation parameters can detect LV dysfunction earlier than LVEF. Additionally, a significant correlation was observed between LV deformation parameters and LVEF, reinforcing the notion that LV deformation parameters are more sensitive than LVEF in detecting subclinical LV dysfunction.

We studied the association between LV deformation parameters and chemotherapy-related factors. Our previous study has found that the number of chemotherapy cycles was positively related to extracellular volume fraction and negatively related to intracellular mass indexed (28). Unlike our previous study, this study revealed the association between the number of chemotherapy regimens and GCS. Our finding indicated that the LV circumferential strain impairment was obvious with the increase of chemotherapy regimens.

The chemotherapeutic drugs can damage myocyte’s sarcolemma which caused release of bioactive markers into extracellular environment (29). However, conventional biomarkers cannot reflect chemotherapy-induced myocardial toxicity early (29). One previous study collected blood samples of lung cancer patients who received chemotherapy and found that chemotherapy didn’t cause obvious elevation of CK-MB (30). Similarly, our study showed that almost all patients had normal serum biomarkers. However, the impairment of deformation parameters of patients was found in our study. We also found that some LV deformation parameters were correlated with serum biomarkers. These findings indicated that LV deformation parameter impairment might be associated with myocardial injury and that deformation parameters could reflect myocardial injury earlier than serum biomarkers.

Anthracyclines can contribute to dose-related cardiotoxicity and left ventricular dysfunction (31–33). In our study, we compared the deformation parameters in anthracycline-treated patients and nonanthracycline-treated patients and found that there was no significant difference. We also found that patients received only taxol plus platinum regimen had impaired global deformation parameters compared with control subjects. These findings indicated that nonanthracycline chemotherapy could also cause subclinical LV dysfunction.

Our study had several limitations. Firstly, this study was conducted at a single center with a relatively small sample size, a short follow-up period, and a low follow-up rate.The limited follow-up period restricts the ability to observe long-term outcomes like the development of heart failure. This could lead to an underestimation of the true incidence and introduce bias by under-representing patients with late-onset outcomes. To mitigate this limitation, future studies with longer follow-up periods or supplemental observational data are necessary for a more comprehensive assessment. Secondly, not all inpatients were invited to participate, and a selection bias cannot be ignored. Thirdly, there were several chemotherapy regimens used in this population, so the respective effects of these drugs require further elucidation. However, we believe this reflects the real-world situation of the gynecologic malignancy population.





Conclusions

In conclusion, patients receiving chemotherapy for gynecological cancer develop subclinical LV dysfunction during treatment. Myocardial deformation is a more sensitive measure than LVEF for detecting subclinical dysfunction in patients with gynecologic cancer undergoing chemotherapy. Additionally, global circumferential strain was associated with the number of chemotherapy regimens in these patients.
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