& frontiers | Frontiers in Oncology

@ Check for updates

OPEN ACCESS

EDITED BY
Antonio Lax,
University of Murcia, Spain

REVIEWED BY
Mohamed Rahouma,
NewYork-Presbyterian, United States
Shane Rui Zhao,

Stanford University, United States

*CORRESPONDENCE

Dan-Qing Wang
dangingwang@163.com

Ying-Kun Guo
gykpanda@163.com

"These authors have contributed
equally to this work and share
first authorship

"These authors have contributed
equally to this work

RECEIVED 13 July 2024
AccepTED 08 January 2025
PUBLISHED 03 February 2025

CITATION

Tao K, Ye L, Xu Y-J-N, Yang M-X, Yin R-T,
Li Q-L, Lin X-J, Li K-M, Song L, Ma Y,
Zhong L, Hu Y, Xu H-Y, Wang D-Q and
Guo Y-K (2025) Assessment of myocardial
deformation by CMR tissue tracking reveals
left ventricular subclinical myocardial
dysfunction in patients with gynecologic
cancer undergoing chemotherapy.

Front. Oncol. 15:1464368.

doi: 10.3389/fonc.2025.1464368

COPYRIGHT
© 2025 Tao, Ye, Xu, Yang, Yin, Li, Lin, Li, Song,
Ma, Zhong, Hu, Xu, Wang and Guo. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Oncology

TvPE Original Research
PUBLISHED 03 February 2025
D01 10.3389/fonc.2025.1464368

Assessment of myocardial
deformation by CMR tissue
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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
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with preserved LV ejection fraction (LVEF) also showed impaired global strain (all p <
0.05). GRS (39.71 4+ 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 [B] = 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.

cardiac magnetic resonance, cardiotoxicity, tissue tracking, left ventricular

deformation, neoplasm

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
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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
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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 X
208 pixels, and field of view (FOV) = 340 x 284 mm?. 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
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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.

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
cTnl, 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

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.
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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.

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/svs. 1.50 +
0.31 1/s; p < 0.001) was lower in patients compared with controls
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TABLE 1 General characteristics of healthy control subjects and patients
with gynecologic cancer.

Patients with
Gynecologic
Cancer
(n = 86)

Healthy

Control p value

Subjects
(n=30)

Demographics

Age at CMR (years) 42.5 (36.0, 57.0) | 50.5 (45.0, 56.0) 0.072
Heart rate (beats/min) 70.6 (66.2, 74.0) = 77.0 (70.0, 90.1) 0.002*
Body surface area (m?) 1.51 £ 0.13 1.56 + 0.14 0.077
?k‘; (Z;)‘ass index 2246 +3.13 23.50 + 3.61 0.164
Systolic blood pressure
(mm Hg) 119.6 +9.2 118.0 £ 11.4 0.492
Diastolic blood pressure
(mm Hg) 73.5 (66.3, 85.0) = 79.0 (70.0, 85.0) 0.120
CVD risk factors (n, %)
Hypertension — 6 (7.0%) —
Diabetes — 3 (3.5%) —
Smoke — 1(1.2%) —
Cardioprotective Medication (n, %)
Calcium antagonist — 5 (5.8%) —
ARB — 2 (2.3%) —
ACEI — 1(1.2%) -
Diuretics — 1 (1.2%) —
Beta-blockers — 4 (4.6%) —
Cancer diagnosis (n, %)
Ovarian cancer — 48 (55.8%) —
Fallopian tube cancer — 14 (16.3%) —
Uterine neoplasm — 20 (23.3%) —
Trophoblastic tumor — 4 (4.6%) —
Cancer onset (n, %)
Initial diagnosed — 50 (58.1%) —
Recurrence — 36 (41.9%) —
Operation (n, %) — 82 (95.3%) —
Chemotherapy factors
Number of drug types — 2.5 (2.0, 4.0) —
Number of
chemotherapy cycles 60(3.0,11.0) -
Number of
chemotherapy regimens 10(10,20) -
One regimen — 50 (58.1%) —
Taxol + Platinum — 42 (48.8%) —
(Continued)
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TABLE 1 Continued

Healthy
Control

Patients with
Gynecologic
Cancer
(n = 86)

Subjects
(n=30)

Chemotherapy factors

Anthracycline
. — 4 (4.7%) —
+ Platinuml
Bleomycin
2 2' 0 J—
+ Platinuml (23%)
Others 2 (2.3%)

Two regimens — 21 (24.4%) —

Three or
. — 15 (17.4%) —
more regimens

Data were presented as median (IQR), mean + SD or number (percentage).

*P <0.05.

‘tthe time elapsed from the initial chemotherapy to the cardiac magnetic resonance.

CVD, cardiovascular disease; ARB, angiotensin receptor blocker; ACEI, angiotensin
converting enzyme inhibitor.

(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.

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%]

10.3389/fonc.2025.1464368

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 t0-3.00 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).

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.

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

80— Kkk 0+ ok 0+ Kok
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60
2 = 107 * 10
2 47 § g 154
o -20-
0 T T -30 T T -25 1 1
@ o & 2 & &
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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.
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TABLE 2 CMR deformation parameters of healthy control subjects and
patients with gynecologic cancer.

Healthy Patients

control subjects (n=86)

(n=30)
LVEF (%) 6391 + 5.25 6322 +6.27 0.59%4
Strain (%)
BRS 53.60 + 10.88 45.41(39.48, 50.67) 0.001*
BCS -21.00 + 2.07 -19.94 + 2.87 0.066
BLS -15.74 (-17.30, -1447)  -14.58 (-16.84, -11.41) | 0.081
MRS 43.15 + 8.25 36.55 + 9.80 0.001*
MCS 24.39 +2.19 2243 +3.19 0.004*
MLS 1672 + 2.73 -15.40 (-16.91, -13.08) = 0.008*
ARS 43.08 + 15.82 35.44 (25.56, 46.26) 0.044*
ACS -27.69 (-30.11, -24.89) | -25.86 (-27.65, -22.80) = 0.004*
ALS -20.16 + 1.98 -18.17 (-19.47, -1638)  <0.001*
GRS 4432 + 8.4 37.30 + 8.94 <0.001*
GCS 24.08 + 2.13 2212 +3.05 0.002*
GLS -17.51 + 2.00 -15.72 (-17.13, -13.58)  <0.001*
Strain rate (1/s)
RSSR 242 (2,01, 2.79) 224 (1.79, 2.68) 0.152
CSSR 119 +0.18 -1.17 (-1.33, -1.04) 0912
LSSR -0.90 (-1.07, -0.77) -0.92 (-1.17, -0.74) 0474
RDSR -3.25 (-3.73, -3.00) -2.48 (-3.01, -2.01) <0.001*
CDSR 1.50 £ 0.31 1.26 + 0.26 <0.001*
LDSR 1.06 + 023 0.94 (0.80, 1.20) 0.192

Data were presented as median (IQR) or mean + SD.

*P <0.05.

BRS, basal radial strain; BCS, basal circumferential strain; BLS, basal longitudinal strain; MRS,
mid radial strain; MCS, mid circumferential strain; MLS, mid longitudinal strain; ARS, apical
radial strain; ACS, apical circumferential strain; ALS, apical longitudinal strain; GRS, global radial
strain; GCS, global circumferential strain; GLS, global longitudinal strain; RSSR, global radial
systolic strain rate; CSSR, global circumferential systolic strain rate; LSSR, global longitudinal
systolic strain rate; RDSR, global radial diastolic strain rate; CDSR, global circumferential diastolic
strain rate; LDSR, global longitudinal diastolic strain rate.

multivariate analysis which was adjusted for demographical
confounders, GCS was independently associated with the number
of chemotherapy regimens (Standard regression coefficient [B] =
0.397, p < 0.001) (Table 5).

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).
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The results of serum myocardial injury biomarkers showed that
all patients had normal c¢TnlI (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
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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.

Healthy control subjects = PLVEF group RLVEF group P value
(n=30) (n=77) (n=9)
LVEF (%) 6391 + 525 64.56 + 4.95 51.79 + 456
Strain (%)
BRS 53.60 + 10.88 46.40 (39.58, 51.71)* 41.15 (38.69, 44.74)* 0.003
BCS -21.00 + 2.07 20.24 + 2.78 -17.36 + 2.32%% 0.002
BLS -15.74 (-17.30, -14.47) -14.82 (-16.64,-11.39) -13.29 (-18.67,-10.82) 0.245
MRS 43.15 + 8.25 37.20 + 9.71* 31.16 + 9.29* 0.002
MCS 2439 +2.19 -22.65 + 3.18* -20.49 + 2.79*# 0.001
MLS -16.72 + 2.73 -15.41 (-16.93,-13.35)* -13.94 (-17.14, -9.76)* 0.031
ARS 43.08 + 15.82 36.74 + 15.72 30.17 + 18.24 0.066
ACS -27.69 (-30.11, -24.89) -26.10 (-27.92,-23.36)* -22.89 (-26.82,-18.34)* 0.001
ALS -20.16 + 1.98 -18.45 (-19.98,-16.61)* -16.48 (-18.22,-9.75) <0.001
GRS 4432 + 8.44 37.99 + 8.65* 31.55 + 9.73* <0.001
GCS -24.08 + 2.13 2242 +2.98* -19.54 + 2.54*# <0.001
GLS -17.51 + 2,00 -15.94 (-17.19,-13.68)* -13.94 (-15.76,-12.19)* 0.001
Strain rate (1/s)
RSSR 2.42 (2,01, 2.79) 225 (1.88, 2.70) 1.62 (1.46, 2.30) 0.073
CSSR 119 £ 0.18 -1.17 (-1.37, -1.08) -0.95 (-1.28, -0.89) 0.077
LSSR -0.90 (-1.07, -0.77) -0.91 (-1.18, -0.74) -0.97 (-1.08, -0.81) 0.814
RDSR -3.25 (-3.73, -3.00) -2.49 (-3.03,-2.07)* -1.65 (-2.56, -1.07)* <0.001
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TABLE 3 Continued

P value

Healthy control subjects

PLVEF group
(n=77)

RLVEF group

(GEK{0)] (n=9)

Strain rate (1/s)

CDSR 1.51 +£0.29 ‘ 1.29 + 0.25* 1.00 + 0.19%# <0.001

LDSR 1.06 + 0.23 ‘ 0.94 (0.80, 1.21) 0.92 (0.79, 1.12) 0.444

Data were presented as median (IQR) or mean + SD.

* P <0.05 versus healthy control subjects; # p<0.05 versus PLVEF group.

RLVEF, reduced left ventricular ejection fraction, PLVEF, preserved left ventricular ejection fraction; BRS, basal radial strain; BCS, basal circumferential strain; BLS, basal longitudinal strain;
MRS, mid radial strain; MCS, mid circumferential strain; MLS, mid longitudinal strain; ARS, apical radial strain; ACS, apical circumferential strain; ALS, apical longitudinal strain; GRS, global
radial strain; GCS, global circumferential strain; GLS, global longitudinal strain; RSSR, global radial systolic strain rate; CSSR, global circumferential systolic strain rate; LSSR, global longitudinal
systolic strain rate; RDSR, global radial diastolic strain rate; CDSR, global circumferential diastolic strain rate; LDSR, global longitudinal diastolic strain rate.
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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.

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.
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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
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TABLE 4 Myocardial deformation parameters between two CMR scans.
First CMR scan Second CMRscan P Value
(n =41) (n = 41)

BRS 45.25 (38.86, 50.67) 49.62 + 18.27 0.236
BCS -21.25 £2.32 -19.03 (-20.27, -17.31) <0.001*
BLS -14.47 £ 3.42 -13.28 (-16.08, -11.28) 0.223
MRS 39.49 + 9.98 31.26 (24.48, 37.09) 0.002*
MCS -23.58 £2.71 -19.79 (-22.38, -18.65) <0.001*
MLS -15.49 + 3.06 -13.94 (-15.56, -12.33) 0.026*
ARS 39.86 + 13.91 23.02 +15.15 <0.001*
ACS -26.67 + 2.63 -21.73 (-24.68, -19.27) <0.001*
ALS -18.62 £ 2.19 -9.03 (-16.18, -4.85) <0.001*
GRS 39.71 + 8.09 30.56 (26.52, 38.15) 0.001*
GCS -23.45 £ 2.09 -19.71 (-21.71, -19.10) <0.001*
GLS -16.17 £ 2.42 -12.12 (-14.10, -8.53) <0.001*
RSSR 2.34 (1.86, 2.70) 1.95 (1.61, 2.50) 0.478
CSSR -1.26 £ 0.19 -1.09 (-1.29, -0.98) 0.022 *
LSSR  -0.89 (-1.10, -0.75) -0.97 (-1.20, -0.72) 0.988
RDSR  -2.33 (-3.00, -1.98) -1.89 (-2.48, -1.43) 0.006 *
CDSR | 1.32+0.25 1.13 £ 0.27 0.002 *
LDSR | 0.91 (0.81, 1.13) 0.97 (0.70, 1.14) 0.252

Data were presented as median (IQR) or mean + SD.

*P <0.05.

BRS, basal radial strain; BCS, basal circumferential strain; BLS, basal longitudinal strain; MRS,
mid radial strain; MCS, mid circumferential strain; MLS, mid longitudinal strain; ARS, apical
radial strain; ACS, apical circumferential strain; ALS, apical longitudinal strain; GRS, global radial
strain; GCS, global circumferential strain; GLS, global longitudinal strain; RSSR, global radial
systolic strain rate; CSSR, global circumferential systolic strain rate; LSSR, global longitudinal
systolic strain rate; RDSR, global radial diastolic strain rate; CDSR, global circumferential diastolic
strain rate; LDSR, global longitudinal diastolic strain rate.

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

10.3389/fonc.2025.1464368

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

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

GRS GCS GLS

Univariable P Multivariable P Univariable P Multivariable Univariable P Multivariable

r value B r B r B
Systolic -0.181 0.100 -0.192 0.101 0.054 0.623 0.099 0.369 0.213* 0.049 0.157 0.186
blood pressure
age 0.129 0.243 | 0.082 0470 | -0.197 0.070 | -0.101 0.352 -0.013 0.909  0.046 0.690
BMI -0.165 0.135 | -0.165 0.165 | 0.103 0.345 | 0.040 0.724 0.086 0431  0.091 0.453
heart rate -0.075 0.506 | -0.003 0.979 | 0.019 0.866 | -0.076 0.493 0.053 0.638  -0.004 0.976
The number of = -0.141 0.201 -0.096 0.400 0.290* 0.007 0.397* <0.001 = 0.062 0.570 0.068 0.560
chemotherapy
regimens

*P <0.05.

GRS, global radial strain; GCS, global circumferential strain; GLS, global longitudinal strain; BMI, body mass index.
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TABLE 6 Correlation between LV deformation parameters and LVEF and
serum myocardial injury biomarkers.

GRS 0.596 <0.001* -0.047  0.698 -0.121 = 0.303
GCS -0.627 | <0.001* 0.167 0.154 0.298 0.009*
GLS -0.383 | 0.001* 0.241 0.038* 0.213 0.064
RSSR 0.553 <0.001* 0.022 0.856 -0.105 = 0.369
CSSR -0.457 = <0.001* 0.137 0.245 0.342 0.003*
LSSR -0.283 | 0.008* 0.297 0.010* 0.243 0.034*
RDSR -0.549 = <0.001* -0.024  0.839 0.200 0.083
CDSR 0.482 <0.001* 0.075 0.526 -0.258 | 0.025*
LDSR 0.211 0.051 0.070 0.551 -0.079  0.496

*P<0.05. LVEF, left ventricular ejection fraction; CK-MB, cardiac isoenzyme of creatine
kinase; Myo, myohemoglobin; GRS, global radial strain; GCS, global circumferential strain;
GLS, global longitudinal strain; RSSR, global radial systolic strain rate; CSSR, global
circumferential systolic strain rate; LSSR, global longitudinal systolic strain rate; RDSR,
global radial diastolic strain rate; CDSR, global circumferential diastolic strain rate; LDSR,
global longitudinal diastolic strain rate.

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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