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Abstract

Objectives: We aimed to investigate potential cardiotoxic effects in patients with cancer treated with PD-1/PD-L1 inhibitors.
Methods: In this prospective observational cohort study, 52 cancer patients received immunotherapy in a tertiary care
hospital. After elimination, 33 patients underwent at least two evaluations, and their examinations were analyzed. The
electrocardiographic and echocardiographic assessment was performed on the first visit before ICl administration and
three months after treatment.

Results: The mean age was 62 years. Thirty patients were at the metastatic stage. Most patients had non-small cell
lung cancer, and 84% of patients had received anti-cancer treatment previously. Pro-BNP levels were higher in the
post-treatment period (273.13+£56.15 pg/mL vs. 812.32+419.1pg/mL; p=0.034; pre- and post-treatment, respectively).
For Left ventricular stroke volume (LVSV) and cardiac output (CO) were lower in the post-treatment period (for LVSV:
61.19+13.72 mL vs. 57.80+10.15 mL; p=0.049; for CO: 5.00+1.14 L/min vs. 4.69+0.85 L/min, p=0.048). QTc interval was
prolonged post-treatment period (433.57+26.19 msec vs. 451.86+39.41 msec; p=0.029; pre- and post-treatment, re-
spectively). Total atrial conduction time was shorter in the post-treatment period (106.87+17.76 msec vs. 101.19+14.74
msec; p = 0.009; pre- and post-treatment, respectively).

Conclusion: Increased pro-BNP levels, prolonged QTc interval, and decreased total atrial conduction time were ob-
served at short-term follow-up after ICl treatment.
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ntineoplastics are associated with serious cardiovascu-  require better assessment of cardiotoxic effects. Cancer
lar adverse events such as supraventricular and ventric-  development is fundamentally driven by the fight against
ular arrhythmias, systolic and diastolic cardiac dysfunction,  the host immune system, which leads to uncontrolled cell
and coronary artery disease. Emerging cancer therapies growth and metastasis. In recent years, vital drugs have
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been researched and approved for the treatment of vari-
ous cancers. Cytotoxic T-lymphocyte-associated antigen 4
(CTLA4) and programmed death-1 (PD-1) receptors on the
surface of T cells and programmed death-ligand 1 (PD-L1)
pathways on tumor cells prevent immune response by in-
hibiting T cell activation.”? Immune checkpoint inhibitors
(ICls) have prevented cancer development to progression
and spread by targeting these immune system inhibitory
pathways. ICls have shown significant benefits for specific
malignancies and their frequency of use is increasing. PD-1
inhibitors (pembrolizumab, nivolumab, cemiplimab), CTLA-
4 inhibitors (ipilimumab, tremelimumab) and PD-L1 inhibi-
tors (atezolizumab, durvalumab, avelumab) developed as
drugs against these inhibitory pathways have been ap-
proved by the U.S. Food and Drug Administration (FDA) and
Europan Medicines Agency (EMA) for various cancer types.
B Boosting the immune system with ICls through T-cell
activation, which induces cancer response but may cause
autoimmune toxicities.”! Immune-related side effects are
more likely to occur when dual ICls, such as ipilimumab +
nivolumab, or single-agent ICls in combination with other
agents (e.g. chemotherapy or targeted therapies) are used
for cancer treatment. The most common immune-related
toxicities are fatigue, rash, thyroid disorders, diarrhea, coli-
tis, and elevated transaminases.” Cardiovascular toxicity
associated with ICls is rare but potentially fatal, and the true
incidence of these events is unknown.® Although the most
known cardiotoxic effect is fatal fulminant myocarditis,
ventricular arrhythmias, conduction disorders, atrial fibril-
lation, non-inflammatory left ventricular dysfunction, peri-
carditis, and coronary artery disease would be observed.
=1 There are no data on diastolic and atrial function that
may affect morbidity in patients treated with ICls.

Therefore, detecting immune-related cardiotoxicity is
crucial. More prospective studies on immune-related car-
diotoxicity in patients receiving ICls are needed. In this
prospective observational cohort study, we aimed to in-
vestigate the potential cardiac toxic effects on systolic, dia-
stolic, and atrial function of patients treated with ICls for
different types of cancer.

Methods

Study Population

In this prospective observational cohort study, 52 patients
who received immunotherapy as anti-cancer treatment in
the medical oncology department of a tertiary care hospital
between March 2021 and September 2021 were followed
and observed for 159.44+66.46 days. Among the 52 patients
planned for treatment, a total of 31 patients underwent at
least two evaluations and their examinations were analyzed.
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Patients with acute or chronic infections, autoimmune and/
or hematologic diseases and/or chronic liver and kidney dis-
eases who are not suitable forimmunotherapy were exclud-
ed from this study. Patients with pulmonary hypertension,
severe valvular pathology, cardiac conduction disturbances,
atrial fibrillation and/or low left ventricular ejection fraction
(LVEF) before the first ICl administration were excluded. Four
patients did not attend their appointments, and one patient
was excluded from the control group due to acute anterior
myocardial infarction after the first dose. As a result, the
study was completed with data from 31 patients.

The study protocol was approved by the local institutional
review board and conducted according to the Declaration of
Helsinki (Approval no: 02/03/2021-05). Participants were in-
formed about the study protocol, and their informed consent
was obtained before the first echocardiographic evaluation.

Clinical data collection. Demographic and clinicopatho-
logic characteristics of the patients were recorded before
the first ICI application. Laboratory values, height, weight,
blood pressure measurements, electrocardiogram (ECG)
and echocardiographic evaluations were analyzed before
the first dose and at the control visit. Follow-up visits were
performed three months after immunotherapy.

Oncological status and treatment protocol of the study popu-
lation. The entire cohort consisted of patients with pathologi-
cally confirmed locally advanced or metastatic cancer of any
type who were treated with immunotherapy (nivolumab,
atezolizumab, pembrolizumab) as a single agent until pro-
gression, death, or unacceptable side effects. In the study, ICls
doses were administered according to a specific routine for
three months: (1) nivolumab 240 mg every two weeks, (2) at-
ezolizumab 1200 mg every three weeks and (3) pembrolizum-
ab 200 mg every three weeks. As mentioned above, follow-up
visits were conducted three months after the initiation of im-
munotherapy for the early detection of cardiotoxicity.

Echocardiographic evaluation. Two-dimensional, M-mode,
pulse wave doppler and pulse tissue dopplerimaging (TDI)
were used for echocardiographic evaluations. All cardiac
chamber measurements were performed in appropriate
echocardiographic windows according to current guide-
lines.”? LVEF and left ventricular (LV) end-systolic volume
were calculated by Simpson's method.®! LV mass, relative
wall thickness (RWT), LV stroke volumes and left atrial (LA)
volumes were calculated using various formulas:

Cardiac output (CO) was calculated by multiplying LV Stroke
volume (SV) and heart rate: (HR x CO=SV*HR/1000). Cardiac
indices (Cl) were calculated by dividing cardiac output (CO) by
body surface area (BSA) according to the following formula:
Cl = CO/BSA. Left atrial volume indices (LAVI) were calculated
as left atrial volume (LAV) divided by BSA: LAVI = LAV/BSA.
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LA maximum and minimum volumes were estimated with
the appropriate LA diameters using the formula above.
Pre-contraction time refers to surface ECG measurements
taken during the onset of the p-wave. LA volume estimates
were made according to various formulas: (1) LA total stroke
volume = LA maximum volume - LA minimum volume; (2)
LA active stroke volume = LA pre-contraction volume - LA
minimum volume; and (3) LA passive stroke volume = LA
maximum volume - LA pre-contraction volume). Left atrial
ejection fractions (LAEF) were calculated by dividing the LA
total stroke volume by the LA maximum volume.

Electrocardiographic evaluation. QTc intervals were cal-
culated with the Bazett formula.” Total atrial conduction
times were defined as the time interval from the onset of
the p wave on surface ECG to the peak of the A wave on TDI
echocardiography. PA was defined as the time interval from
the onset of the P wave on the surface electrocardiogram
to the onset of the A wave obtained by the area defined in
the TDI (septal, lateral, and tricuspid valve walls). Inter- and
intra-atrium electromechanical delays were calculated by
the formulas: (1) Inter-atrial electromechanical delay = PA
lateral - PA tricuspid and (2) intra-atrial electromechanical
delay = PA septum - PA tricuspid.

Statistical Analysis

Data were analyzed using SPSS software for Windows (IBM
SPSS 25, IBM Corp., Armonk, NY). Shapiro-Wilk test was
used to evaluate distribution. Continuous variables were
expressed as meanzstandard deviation, and categorical
variables were summarized as numbers and percentages
(n, %). Paired t- and Wilcoxon signed-rank tests were used
depending on the distribution. P-value <0.05 was consid-
ered statistically significant.

Results

A total of 52 individuals were assessed at baseline, 33 of
whom received at least two assessments, and their exami-
nations were reviewed in detail. Therefore, the 31 patients
who received immunotherapy monotherapy were includ-
ed in our prospective observational study. The mean age
of the patients was 62 years. Twenty-seven patients (81.8%)
were male. Twenty-four patients (72.7%) had a history of
smoking. All patients were receiving immunotherapy for
locally advanced or metastatic disease.

The most common type of cancer in our study population
was non-small cell lung cancer (NSCLC) with 13 patients
(42.4%), including seven adenocarcinomas, three squamous
cell carcinomas and one each of adenosquamous, large cell
carcinoma and sarcomatoid. Only two patients with small
cell lung cancer (SCLC) have been reported. Other types of
cancer are divided into several types: renal cell carcinoma

Table 1. Demographic data of patients

n %

Gender, male 27 81.8
Age, years (mean) 62.76+9.74
Stage of disease

Locally advanced 3 9.0

Metastatic 30 90.9
Cerebral metastases 9 27.2
Comorbidities

Diabetes mellitus 8 24.2

Hypertension 6 18.1

Coronary artery disease 5 15.1

History of Coronary artery bypass surgery 2 6.0
Patient’s habits

Smoking 24 72.7

Alcohol consuming 10 30.3
Patients who received radiotherapy

Palliative radiotherapy 12 36.3

Mediastinal radiotherapy 8 24.2
Drug of choice

Nivolumab 26 78.7

Atezolizumab 5 15.1

Pembrolizumab 2 6.0
Prior treatment

Absent 4 12.1

Chemotherapy 13 393

Chemotherapy + Radiotherapy 6 15.1

Tyrosine kinase inhibitor 8 24.2

(n=7), bladder cancer (n=3), squamous esophageal cancer
(n=2), cutaneous melanoma (n=2), hepatocellular carci-
noma (n=1), malignant pleural mesothelioma (n=1), thymic
carcinoma (n=1) and breast cancer (n=1) (Table 1). Twelve
patients diagnosed with NSCLC received first-line platinum-
based chemotherapy followed by nivolumab monotherapy,
and one patient with 50% PD-L1 positivity received pem-
brolizumab monotherapy (Table 1). Patients diagnosed with
SCLC who received first-line treatment with atezolizumab
in combination with platinum-based chemotherapy were
excluded from the statistical analysis. Patients diagnosed
with renal cell carcinoma (RCC) received nivolumab mono-
therapy as second-line treatment after TKI (sunitinib or pazo-
panib) (Table 1). Malignant melanoma patients received im-
munotherapy after first line temozolomide treatment (Table
1). Other patients have achieved immunotherapy for salvage
therapy, mostly after second-line chemotherapy or TKI ther-
apy. Only one patient with NSCLC did not receive systemic
therapy before ICl administration (Table 1). There were no
patients receiving |0-10 combination therapy (Table 1). Eight
patients received mediastinal radiotherapy (Table 1). The de-
mographic data of the patients are summarized in Table 1.



Table 2. Laboratory findings, weight and BSA of patients
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Laboratory findings Pre-treatment Post-treatment P

Weight, kg 70.10£12.66 69.68+13.25 0.31
BSA, kg/m? 1.81+£0.18 1.80+0.19 0.23
Troponin (ng/L)* 36.86+16.71 67.82+35.2 0.18
Creatinine (mg/dl) * 1.04+0.55 1.07+0.87 0.51
ALT (IU/L)* 31.23+£11.69 19.87+3.22 0.78
TSH (mU/L)* 2.05+0.4 14.15+£7.79 0.22
CRP (mg/L)* 32.38+6.31 47.32+12.05 0.31

NT-pro BNP (ng/L)* 273.12+56.15

812.32+419.1 0.034**

*: p value was calculated with Wilcoxon signed-rank test due to abnormal distribution of data, **: p<0.05. BSA: Body surface area, ALT: Alanine amino
transferase, TSH: Thyroid stimulant hormone, CRP: C-reactive protein, NT-pro BNP: n terminal brain natriuretic peptide.

Table 3. Echocardiographic data of the patients

Pre-treatment Post-treatment P
Diastolic diameter of LV, mm 46.62+4.00 46.84+4.17 0.55
Systolic diameter of LV, mm 30.16+3.17 30.25+3.03 0.79
RWT 0.41£0.06 0.41£0.04 0.20
LV Mass, gr 159.81+£34.40 158.66+41.97 0.73
LV stroke volume, mL 61.19+13.72 57.80%£10.15 0.049%*
Cardiac output, L/min 5.00£1.14 4.69+0.85 0.048**
Cardiac index, L/min/m? 2.7620.66 2.61£0.50 0.08
LV end-systolic volume, mL 22.69+7.86 22.41+7.25 0.78
LV septum thickness, mm* 10.06£1.19 9.84+1.42 0.12
LV posterior wall thickness, mm* 9.59+1.10 9.50£0.95 0.40
LVEF* 61.40£2.51 61.07£2.98 0.33
MPI* 0.58+0.26 0.59+0.18 0.81
DT, msec* 139.72+46.48 135.29+39.09 0.24
TAS, cm/s* 13.32+2.52 12.84+1.97 0.20
TAPSE, mm 19.39+2.72 19.55+2.78 0.62
e/e' ratio 8.65+3.15 9.24+3.18 0.11

*: p value was calculated with Wilcoxon signed-rank test due to abnormal distribution of data, **: p<0.05. LV: Left ventricle, RWT: Relative wall thickness,
LVEF: Left ventricle ejection fraction, MPI: myocardial performance index, DT: Deceleration time, TAS: Myocardial systolic velocity, TAPSE: Tricuspid annular

plane systolic excursion.

Patients were followed for 159.44+66.46 days (minimum:
89 days, maximum: 323 days) after immunotherapy. Brain
natriuretic peptide (NT-proBNP) levels were significantly
higher in the post-treatment period (812.32+419.1 pg/mL
and 273.13+56.15 pg/mL, p=0.034) (Table 2).

The LV echocardiographic evaluations of the patients be-
fore and after treatment are shown in Table 3. Left ventric-
ular stroke volume (LVSV) and cardiac output (CO) values
were statistically lower in the post-treatment control (for
LVSV: 61.19£13.72 mL and 57.80+10.15 mL, p=0.049; for
CO:5.00+1.14 L/min and 4.69+0.85 L/min, p=0.048; respec-
tively). Cl measurements were lower in the post-treatment
control, but it was not statistically significant (2.76+0.66 L/
min/m? and 2.61+0.50 L/min/m?, p=0.085).

Atrial measurements of the patients are shown in Table 4.
LAEF was detected higher in the post-treatment period
(68.26+13.75 and 70.17+11.98, p=0.036).

ECG measurements and electromechanical delays of the
patients are presented in Table 5. The QTc interval was
prolonged in the posttreatment period (433.57+26.19
msec and 451.86+39.41 msec, p=0.029). Total atrial con-
duction time was shorter in the post-treatment period
(106.87+17.76 msec and 101.19+14.74 msec, p=0.009).

One patient was excluded from the analyses due to receiv-
ing a chemo-immunotherapy combination. His first-line
treatment regimen consisted of a combination of carbopl-
atin, etoposide, and atezolizumab. This patient developed
an acute anterior myocardial infarction following the first
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Table 4. Atrial measurements of the patients (echocardiographic data)
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Pre-treatment Post-treatment P
LA vertical diameter, mm 49.06%7.08 48.7816.40 0.70
LA horizontal diameter, mm* 37.31+£3.14 37.06%3.85 0.36
LA maximum volume, mL* 42.80+14.80 39.48+13.30 0.04**
LA pre-contraction volume, mL 24.22+9.65 22.20+8.14 0.12
LA minimum volume, mL 13.52+£7.17 11.7316.21 0.06
LA total stroke volume, mL* 29.27+12.40 27.75+£11.41 0.95
LA active stroke volume* 10.70+6.56 10.47+5.59 0.45
LA passive stroke volume* 18.58+12.41 17.28+£10.24 0.98
LAEF* 68.26+13.75 70.17+£11.98 0.036**
LAVI* 23.66+7.67 21.92+6.40 0.08
RA vertical diameter, mm* 28.61+4.95 27.70+£3.96 0.043**
RA horizontal diameter, mm* 41.22+5.07 40.48+4.96 0.049%*

*: p value was calculated with Wilcoxon signed-rank test due to abnormal distribution of data, **: p<0.05. LA: Left atrium, LAEF: Left atrium ejection fraction,

LAVI: Left atrium volume index, RA: Right atrium.

Table 5. Electrocardiographic measurements and electromechanical delays of the patients

Measurements Pre-treatment Post-treatment P
PR interval, msec 148.50+20.29 139.50+£19.32 0.05
QRS duration, msec 85.69+15.38 88.46+17.25 0.16
QTC interval, msec 433.57+26.19 451.86+39.41 0.029**
Heart rate, bpm 79.64+£14.01 87.43£19.28 0.10
Total atrial conduction time, msec* 106.87+17.76 101.19+£14.74 0.009**
PA septal, msec* 41.65+£12.25 40.84+12.64 0.67
PA lateral, msec* 55.23+16.70 53.19+14.93 0.40
PA tricuspid, msec* 28.03+11.84 26.26+9.44 0.35
Intra-atrial electromechanical delay, msec* 13.61+8.89 14.58+8.83 0.11
Inter-atrial electromechanical delay, msec 27.19+13.38 26.94+12.40 0.84

*: p value was calculated with Wilcoxon signed-rank test due to abnormal distribution of data, **: p<0.05. PA: The time interval from the onset of the P wave
on surface electrocardiogram to the beginning of A wave obtained by tissue Doppler imaging.

administration of therapy and subsequently underwent re-
vascularization of the proximal left anterior descending ar-
tery. He was a 59-year-old man with advanced-stage small
cell lung cancer (SCLC) and had two chronic comorbidities:
diabetes mellitus and chronic obstructive pulmonary dis-
ease (COPD). He also had a 40 pack-year smoking history.

Discussion

This study was conducted using clinical, electrocardio-
graphic, and echocardiographic follow-up data of patients
treated with ICI. The most relevant findings are described
below. No deaths from cardiac toxicity occurred during the
follow-up period. No cases of myocarditis were observed
during the study period. Unlike NT-pro BNP values, there
was no significant increase in the patients' troponin values.
While cardiac output and LV stroke volume decreased, no
significant change was observed in diastolic parameters

and LVEF. While a decrease in right atrium LA maximum
volume was observed, LAVI did not change. Additionally,
the decrease in total atrial conduction time and the prolon-
gation of the QTc interval are interesting.

Cancer treatment-related cardiotoxicity refers to damage to
the heart and cardiovascular system during or after cancer
treatment. It is commonly defined as a decrease in left ven-
tricular ejection fraction (LVEF) by 10% to below 50%, with
or without symptoms of congestive heart failure (CHF).'?
Newer treatments, including chemotherapy, radiotherapy,
and immunotherapies, can exacerbate cardiovascular side
effects such as myocardial dysfunction, heart failure, myo-
carditis, coronary artery disease, arrhythmias, and myo-
cardial infarction.'-*>13 Well-known cardiotoxic agents
include anthracyclines (e.g., doxorubicin), HER2-targeted
therapies (e.g., trastuzumab), tyrosine kinase inhibitors
(TKIs), and immunotherapies (e.g., nivolumab, ipilimum-



ab).2513-1%1 These agents may cause cardiotoxicity through
distinct mechanisms, such as irreversible damage (type 1)
or reversible myocardial dysfunction (type 2).>'9 Surveil-
lance for cardiotoxicity is crucial as it may necessitate treat-
ment modifications, potentially reducing cancer treatment
efficacy, impairing quality of life, and in rare cases, causing
cardiac-related mortality. Immune-related cardiotoxicity,
however, is not yet clearly defined, and ICI therapy may in-
crease cardiotoxic risks, particularly in patients with prior or
concurrent chemotherapy-related cardiac damage.

Although myocarditis was not detected in our study, it re-
mains a rare but potentially fatal complication of immune
checkpoint inhibitor (ICl) therapy, necessitating vigilant
monitoring. Both preclinical and clinical evidence indicate
that ICIs can induce T cell-mediated myocarditis through
loss of immune tolerance to cardiac antigens.'’=' PD-L1
may have a cardioprotective role, while dual ICl therapies,
such as ipilimumab and nivolumab, may increase the risk
of 'on-target' cardiac effects.'®2% The incidence of myo-
carditis ranges from 0.04% to 1.14%, with a high mortality
rate of 25% to 50%.2'22 Given the variability in onset (2
to 454 days),”! we planned to assess cardiac outcomes 3
months after ICl initiation.

In this present study, elevated BNP levels in the absence
of a corresponding rise in troponin suggest the presence
of functional, non-inflammatory cardiotoxicity following
immune checkpoint inhibitor (ICl) therapy. Although no
clinical arrhythmias were documented, the observed QTc
interval prolongation is of potential concern, as QTc values
exceeding 500 ms or increases of more than 50 ms from
baseline are associated with a heightened risk of torsades
de pointes (TdP).2¥ While BNP elevation and QTc prolonga-
tion reflect distinct aspects of cardiac physiology—myocar-
dial wall stress and ventricular repolarization, respectively—
they may share common underlying mechanisms, including
myocardial strain, subclinical inflammation, or autonomic
dysfunction.”>? Notably, a recent meta-analysis of 32 clini-
cal trials demonstrated a significantly increased risk of both
all-grade and grade 3-5 arrhythmias with PD-1/PD-L1 inhib-
itors combined with chemotherapy, compared to chemo-
therapy alone.”’ These findings underscore the importance
of routine QTc monitoring and proactive management of
modifiable risk factors, such as concomitant QT-prolonging
medications and electrolyte imbalances, during ICl therapy.
However, the clinical implications of these findings remain
to be fully elucidated, particularly in the context of small ob-
servational studies lacking longitudinal outcome data.

Cardiac dysfunction related to cancer treatment is typical-
ly defined by a decline in left ventricular ejection fraction
(LVEF);28 however, the role of diastolic dysfunction remains
less well established, with conflicting evidence regarding its
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timing, association with treatment, and prognostic implica-
tions.?? In our study, no deterioration in LVEF was observed.
While some studies have reported that changes in diastolic
parameters during anthracycline- or trastuzumab-based
therapies may predict future systolic dysfunction,°-32 oth-
ers have not confirmed this relationship.® To date, the im-
pact of immune checkpoint inhibitors (ICls) on diastolic and
left atrial (LA) function has not been well investigated. In
this cohort, no evidence of diastolic dysfunction was iden-
tified; left atrial volume index (LAVI) remained unchanged,
and LA contractile function improved following treatment.
Furthermore, total atrial conduction time, a surrogate
marker for atrial remodeling and a known predictor of atrial
fibrillation (AF), was significantly reduced post-treatment,
and no AF episodes were recorded. Although not statisti-
cally significant, a trend toward reduction in LA diameter
may have contributed to these findings. Collectively, these
results suggest that ICl therapy does not adversely affect
diastolic or atrial function, at least over the short term.

In our study, cardiac systolic and diastolic functions re-
mained preserved; however, a significant prolongation
of the QTc interval, a reduction in total atrial conduction
time, and an elevation in proBNP levels were observed at
the three-month follow-up following ICI therapy. These al-
terations may indicate an increased risk for cardiac arrhyth-
mias, including Torsades de Pointes. Currently, standard-
ized diagnostic criteria and uniform biomarker monitoring
protocols for immune-related cardiotoxicity are lacking.
The NCCN guidelines recommend cardiology consultation
and a range of diagnostic evaluations (e.g., ECG, echocar-
diography, cardiac biomarkers, inflammatory markers,
cardiac MR, catheterization, or myocardial biopsy) when
myocarditis, pericarditis, or vasculitis is clinically suspected.
134 Based on our findings, we propose that cardiac moni-
toring is essential during ICl therapy. A comprehensive as-
sessment of pre-existing cardiac disease, comorbidities,
and polypharmacy should be undertaken prior to treat-
ment initiation, with subsequent monitoring—including
ECG, echocardiography, and cardiac biomarkers—at regu-
lar intervals (every 2 to 3 months) or in the event of new
cardiovascular symptoms to facilitate early detection and
management of immune-related cardiotoxicity.

This study has several limitations. First, it is a single-center
study with a small sample size and short-term follow-up,
which may limit the generalizability and long-term clini-
cal implications of the findings. Second, cardiac magnetic
resonance imaging (MRI) and myocardial strain imaging—
both valuable tools for detecting subclinical cardiotoxici-
ty—were not utilized. Third, no patients received combina-
tion immune checkpoint inhibitor therapy, which is known
to increase the risk of immune-related adverse events and
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may have altered cardiac outcomes. Lastly, all echocardio-
graphic assessments were performed by a single operator,
which, while reducing inter-observer variability, may intro-
duce measurement bias.

Conclusion

Our study demonstrated that, during short-term follow-up
after immune checkpoint inhibitor (ICl) therapy, cardiac
systolic and diastolic functions remained stable, while QTc
interval prolongation and a reduction in total atrial con-
duction time were observed. These electrophysiological
changes may reflect early subclinical alterations in cardiac
function. However, the clinical relevance of these findings
remains uncertain. Therefore, long-term prospective stud-
ies with larger patient cohorts are warranted to better de-
fine the cardiovascular effects of ICl therapy and to deter-
mine their prognostic implications.
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