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Abstract
Objective: Patients treated with preoperative chemotherapy and immunotherapy for 
bladder cancer may be at increased risk of cardiotoxicity and electrophysiological ab-
normalities. This study aimed to analyze their electrocardiographic (ECG) alterations.
Methods: Patients with bladder cancer who were hospitalized and receiving tisleli-
zumab plus nab-paclitaxel (TnP) were enrolled prospectively. ECG, cardiac biomark-
ers, and echocardiography were performed at baseline and the end of TnP.
Results: A total of 60 patients (76.7% males), including 30 muscle-invasive and 30 
non-muscle-invasive bladder cancer, received three or four cycles of TnP, respectively. 
Hypertension was the commonest comorbidity (41.7%), and 25 patients (41.7%) were 
prescribed cardiovascular drugs. In comparison with baseline characteristics, car-
diac troponin I (cTnI) and N-terminal pro-brain natriuretic peptide (NT-proBNP) were 
within normal ranges after TnP. However, echocardiographic parameter of left ven-
tricular ejection fraction slightly decreased after TnP (62.81 ± 3.81% to 61.10 ± 4.37%, 
p = .011). The incidence of abnormal ECG increased from 65.0% at baseline to 76.7%, 
of which only a higher prevalence of fragmented QRS (fQRS) was observed (33.3% to 
50.0%, p = .013; mainly in inferior leads). ECG parameters of QT dispersion (QTd) were 
prolonged significantly after the regimen (39.50 ± 11.37 to 44.20 ± 15.85 ms, p = .019).
Conclusion: In bladder cancer patients receiving preoperative chemotherapy com-
bined with immunotherapy, the main ECG abnormality was fQRS and QTd, with rel-
atively normal cardiac biomarkers and echocardiographic parameters. Regular ECG 
screening should be carried out carefully to detect potential cardiotoxicity in the long-
term follow-up.
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1  |  INTRODUC TION

Bladder cancer (BC) ranks among the 10 ten malignant tumors 
around the world; it can be classified into muscle-invasive BC (MIBC) 
and non-muscle-invasive BC (NMIBC) depending on the depth 
of tumor invasion (Richters et  al.,  2020). With the introduction of 
immune checkpoint inhibitors (ICIs), previous clinical studies have 
demonstrated that preoperative chemotherapy combined with im-
munotherapy could be an effective treatment option for BC patients 
(Singh et al., 2023).

However, ICIs may cause cardiovascular complications including 
myocarditis, arrhythmias, and atherosclerosis, which occur in about 
1% of patients (Thuny et al., 2022). Our team found that most major 
adverse cardiovascular events and cardiovascular hospitalizations oc-
curred during the first year after initiating ICI in cancer patients (Chan, 
Lakhani, et al., 2023). Specifically for bladder cancer, combining con-
ventional cytotoxic chemotherapy with ICIs may further increase the 
incidence of adverse events (Funt et al., 2022). Ramamoorthy et al. 
found that BC patients have a higher risk of major adverse cardio-
vascular and cerebrovascular events than breast and prostate can-
cer patients (Ramamoorthy et  al.,  2023). Furthermore, according 
to a Survey, Epidemiology, and End Results database study, cardiac 
disease was the leading cause of long-term death for bladder cancer 
survivors, followed by the primary tumor itself (Kong et al., 2019).

As a result, effective cardiovascular surveillance strategies for 
patients with BC are essential to identify high-risk populations, im-
plement protective interventions, and improve prognosis. As a rapid, 
non-invasive, and cost-effective diagnostic tool, the 2022 European 
Society of Cardiology (ESC) Guidelines on Cardio-Oncology recom-
mend the 12-lead electrocardiogram (ECG) as a first-line risk assess-
ment method to detect cardiovascular toxicity (Lyon et  al.,  2022), 
although the impact of full adherence to these guidelines on clinical 
practice remains to be elucidated (Tse et al., 2023). In the present 
study, we aimed to analyze the presence or absence of ECG abnor-
malities in BC patients receiving preoperative chemotherapy com-
bined with immunotherapy.

2  |  MATERIAL S AND METHODS

2.1  |  Study population

This was a retrospective analysis of two clinical trials (Clini​calTr​
ials.​gov identifiers: NCT04730219 and NCT04730232) between 
September 2020 and June 2022. Briefly, these two ongoing phase 
II studies were designed to determine the safety and efficacy 
of tislelizumab in combination with nab-paclitaxel for MIBC and 
NMIBC patients prior to cystectomy or transurethral resection bi-
opsy at the Urology Department of the Second Hospital of Tianjin 
Medical University. The study received approval from the hospital's 
ethics committee. The inclusion criteria were as follows: (1) histo-
pathologically diagnosed with BC and (2) treated with preoperative 
chemotherapy combined with immunotherapy (tislelizumab plus 

nab-paclitaxel (TnP)) every 21 days. In total, patients with MIBC and 
NMIBC received 3 and 4 cycles of TnP therapy, respectively; (3) 
underwent baseline and serial cardiovascular assessments (includ-
ing ECG, cardiac biomarkers, and echocardiography). In particular, 
all patients were assessed on the first day of each cycle of TnP and 
before subsequent surgical treatment. Exclusion criteria: (1) incom-
plete clinical data; (2) poor-quality ECG; and (3) patients with uncon-
trolled or severe cardiovascular disease.

2.2  |  Echocardiography

All patients underwent transthoracic echocardiography using a 
Philips IE33 ultrasound system equipped with an X5-1 (2.5–3.5 MHz) 
probe. Echocardiography was conducted by experienced cardi-
ologists who were blinded to the clinical and ECG information and 
were measured based on current guidelines recommendation (Lang 
et al., 2015). The echocardiographic images were recorded in the fol-
lowing standard views: parasternal long-axis view, parasternal short-
axis view, apical four-chamber view, apical three-chamber view, and 
apical two-chamber view. The biplane Simpson method was used to 
determine left ventricular ejection fraction (LVEF).

2.3  |  ECG and definition of abnormal ECGs

A standard 12-lead ECG (25 mm/s, 10 mm/mV, 0.67–40 Hz bandpass 
filter; Shenzhen ECGMAC Medical Electronics Co., Ltd.) was re-
corded for enrolled patients before and after TnP.

The following automated ECG measurements were extracted: 
heart rate, PR interval, QRS duration (QRSD), QRS axis, QT interval, 
and Sokolow Lyon index (SLI). The following variables were mea-
sured manually: P-wave duration (PWD), P-wave amplitude (PWA), 
P-wave dispersion (Pd), QT dispersion (QTd), T-peak to T-end (Tp-Te), 
and QRS-wave amplitude (QRSWA) in each lead, and QRS transi-
tion zone on the precordial leads. Abnormal ECG was considered if 
any of the following features was present: sinus arrhythmia (sinus 
tachycardia and sinus bradycardia), atrial fibrillation, premature ven-
tricular complex (PVC), conduction block (atrioventricular block and 
ventricular block), fragmented QRS (fQRS), pathological Q-wave, 
ST segment, or T-wave changes, prolonged QTc interval, clockwise 
rotation of QRS transitional zone (Chen et al., 2022), and low QRS 
voltage in limb and/or chest leads.

According to the ESC guidelines recommendation, the QTc in-
terval is calculated using the Fridericia formula (QTc = QT/RR1/3). 
QTc prolongation is defined as >450 ms for males and >460 ms for 
females (Lyon et al., 2022). Pathological Q-wave: Q-wave duration 
≥40 ms, Q-wave amplitude ≥1/4 of the same lead R-wave (Delewi 
et al., 2013). QRSWA: the sum of absolute values of the maximum 
positive and negative wave amplitudes of the QRS-wave complex on 
each lead; if the QRS complex amplitudes of all six chest leads are less 
than 1.0 mV, it is defined as low QRS voltage (Kobayashi et al., 2017). 
fQRS was defined as: (1) a narrow QRS complex (<120 ms) with 
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additional R waves (R′); notches in the R or S waves; or the pres-
ence of more than one R′ in two contiguous leads; or (2) a wide QRS 
complex (≥120 ms) with more than two notches in the R or S waves 
(Das et al., 2008). Other methods for ECG measurement and specific 
definitions of abnormal ECG can refer to our previous publications 
(Chen et al., 2020; Liang et al., 2020).

To reduce measurement errors, all ECGs were transferred to a 
personal computer and measured manually after 400% magnifica-
tion on the screen. ECG parameters were measured on three con-
tinuous heartbeats and the averages were calculated. All ECGs were 
analyzed and measured by two blinded and independent cardiol-
ogists (Z.C. and Y.Z.), further evaluated by a third senior reviewer 
(T.L.) if there was a significant disagreement.

2.4  |  Statistical analysis

Continuous variables with normal distribution were presented as 
mean ± standard deviation (SD) and compared using paired t-test; 

otherwise, median, interquartile range, and Wilcoxon test were 
applied. Categorical variables were expressed as frequencies and 
percentages and analyzed by McNemar's test. Laboratory and echo-
cardiographic observations with less than 10% missing values were 
imputed as mean values. A p value <.05 was considered statistically 
significant. The analysis was performed by using Statistical Package 
for the Social Sciences (SPSS) version 26.0.

3  |  RESULTS

3.1  |  Baseline characteristics

This study included a cohort of 60 patients diagnosed with BC, 
with a mean age of 66.4 ± 10.2 years. Twenty-five (41.7%), eight 
(13.3%), and five (8.3%) patients suffered from hypertension, 
diabetes mellitus, and coronary artery disease, respectively. 
Additionally, 25 patients (41.7%) were receiving treatment with 
cardiovascular drugs. Specifically, 23 patients (38.3%) were taking 

TA B L E  1 Baseline characteristics of included patients.

Characteristics Total BC (n = 60) MIBC (n = 30) NMIBC (n = 30) p value

Female, n% 14 (23.3) 7 (23.3) 7 (23.3) .619

Age at diagnosis, year, mean ± SD 66.4 ± 10.2 66.7 ± 10.6 66.0 ± 9.9 .773

BMI, kg/m2, mean ± SD 25.0 ± 3.5 24.4 ± 3.6 25.7 ± 3.3 .164

Systolic pressure, mmHg 131 (127, 140) 134 (128, 144) 130 (125, 135) .084

Diastolic pressure, mmHg 80 (75, 83) 80 (70, 84) 79 (75, 81) .734

Medical history, n%

Hypertension 25 (41.7) 12 (40.0) 13 (43.3) .500

Diabetes mellitus 8 (13.3) 4 (13.3) 4 (13.3) .647

Dyslipidemia 3 (5) 1 (3.3) 2 (6.7) .500

Renal insufficiency 2 (3.3) 2 (6.7) 0 (0.0) .246

History of CVD

Coronary artery disease 5 (8.3) 3 (10.0) 2 (6.7) .500

Ischemic stroke 5 (8.3) 3 (10.0) 2 (6.7) .500

Arrhythmias 4 (6.7) 3 (10.0) 1 (3.3) .306

Cardiovascular medications, n%

Antihypertensive drugs 23 (38.3) 12 (40.0) 11 (36.7) .500

ACEI/ARBs 8 (13.3) 6 (20.0) 2 (6.7) .500

β-Blocker 5 (8.3) 2 (6.7) 3 (10.0) .500

CCBs 13 (13.3) 5 (16.7) 8 (26.7) .266

Antidiabetic drugs 7 (11.7) 4 (13.3) 3 (10.0) .500

Antiplatelet drugs 4 (6.7) 1 (3.3) 3 (10.0) .306

Statins 1 (1.7) 0 (0.0) 1 (3.3) .500

Smoking, n (%) 23 (38.3) 14 (46.7) 9 (30.0) .144

Alcohol consumption, n (%) 11 (18.3) 5 (16.7) 6 (20.0) .500

Family history with CVD, n (%) 1 (1.7) 0 (0.0) 1 (3.3) .500

Family history with tumor, n (%) 2 (3.3) 0 (0.0) 2 (6.7) .246

Other cancer, n% 5 (8.3) 2 (6.7) 4 (13.3) .306

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CCB, calcium channel 
blocker; CVD, cardiovascular disease; NMIBC, non-muscle-invasive bladder cancer.
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antihypertensive agents, seven patients (11.7%) were taking anti-
diabetic agents, and four patients (6.7%) were taking antiplatelet 
agents. Among these patients, 30 individuals with MIBC under-
went three cycles of TnP, while the remaining 30 NMIBC patients 
received four cycles of TnP, and no significant difference in base-
line characteristics between the two subgroups was observed 
(Table 1).

3.2  |  Laboratory test

Detailed laboratory test results are shown in Table 2 and Table S1. 
No significant changes in cardiac troponin I (cTnI), N-terminal 

pro-brain natriuretic peptide (NT-proBNP) were observed after 
TnP administration compared to baseline. However, creatine kinase 
was increased (72.94 (49.30–82.95) U/L to 115.08 (52.30–115.08) 
U/L, p = .008), hemoglobin was decreased ((135.1 ± 18.2) g/L to 
(129.3 ± 17.0) g/L, p = .006), and platelets ((238 ± 72) × 109/L to 
(250 ± 76) × 109/L, p = .026) were all within normal ranges.

3.3  |  Echocardiography

Among the echocardiographic findings, all patients had a preserved 
LVEF (all ≥50%) around the treatment, but a slight decrease in mean 
LVEF was observed from (62.75 ± 3.98) % at baseline to (61.05 ± 4.03) 
% after TnP (p = .010) (Table 3; Table S2).

3.4  |  Electrocardiography

The incidence of abnormal ECG rose from baseline 65.0% to 76.7% 
at the end of TnP, with fQRS prevalence increasing significantly 
(33.3% to 50.0%, p = .039), and almost all fQRS occurred on the in-
ferior leads (Table 4). A similar difference in fQRS was also seen in 
MIBC patients (Table S3). A typical case of emerging fQRS is shown 
in Figure 1.

The changes in ECG parameters are detailed in Table 4 and Table S3. 
Following TnP, the PWD (108.03 ± 10.32 to 104.07 ± 12.33 ms, 
p = .019), QRSD (94.4 ± 12.39 to 92.63 ± 12.37 ms, p = .009), and 
Tp-Te (85.17 ± 12.83 to 77.67 ± 10.29 ms, p < .05) were considerably 
shortened, while QTd (39.50 ± 11.37 to 44.20 ± 15.85 ms, p = .019) 
increased significantly, which was more pronounced in the MIBC 
group than in the NMIBC group (Figure 2).

Variables
Reference 
range Pre-TnP Post-TnP p value

cTnI, ng/mL 0–0.020 0.011 (0.011, 0.014) 0.013 (0.011, 0.013) .367

NT-proBNP, ng/L 0–125 148.0 (30.4, 170.4) 146.9 (23.8, 187.6) .735

CKMB, U/L 0–16 11.55 (7.53, 13.96) 9.83 (6.93, 11.21) .176

CK, U/L 0–190 72.94 (49.30, 82.95) 115.08 (52.30, 115.08) .008

D-dimer, ng/mL 0–500 796.3 (293.9, 783.5) 613.0 (281.1, 683.4) .622

Albumin, g/L 40–55 42.4 (39.6, 45.0) 43.1 (40.9, 46.1) .143

ALT, U/L <35 25.5 (11.3, 23.4) 24.4 (13.6, 24.8) .083

Creatinine, μmol/L 46–92 81.8 (67.8, 84.4) 78.9 (67.2, 84.2) .749

Potassium, 
mmol/L

3.5–5.3 4.2 (3.9, 4.5) 4.2 (3.9, 4.6) .636

FG, mmol/L 4.1–5.9 5.6 (4.9, 5.9) 5.6 (4.7, 5.9) .501

WBC, ×109/L 3.5–9.5 6.74 ± 2.19 6.53 ± 2.38 .385

HGB, g/L 115–150 135.1 ± 18.2 129.3 ± 17.0 .006

Platelets, ×109/L 125–350 238 ± 72 250 ± 76 .026

Abbreviations: ALT, alanine aminotransferase; cTnI, cardiac troponin I; CKMB, creatine kinase–
myocardial band; FG, fasting glucose; HGB, hemoglobin; NT-proBNP, N-terminal pro-brain 
natriuretic peptide; TnP, tislelizumab plus nab-paclitaxel; WBC, white blood cell.

TA B L E  2 Laboratory variables change 
in included patients before and after TnP.

TA B L E  3 Echocardiographic parameters change in patients 
before and after TnP.

Pre-TnP Post-TnP p value

LAD, mm 36.53 ± 4.11 38.25 ± 8.32 .128

RVAWT, mm 3.48 ± 0.40 3.50 ± 0.33 .743

RVEDD, mm 20.73 ± 2.09 20.71 ± 3.42 .972

LVEDD, mm 47.58 ± 3.73 47.67 ± 4.28 .847

LVEF, % 62.81 ± 3.81 61.10 ± 4.37 .011

E/A 0.70 ± 0.19 0.73 ± 0.17 .451

E/e′ 10.63 ± 3.24 10.94 ± 3.02 .436

Abbreviations: E/A: The ratio of early and late diastolic left ventricular 
filling peak velocity; E/e′, the ratio of early diastolic left ventricular 
filling peak velocity and early peak mitral annular velocity; LAD, left 
atrial diameter; LVEDD, left ventricular end-diastolic dimension; LVEF, 
left ventricular ejection fraction; RVAWT, right ventricular anterior 
wall thickness; RVEDD, right ventricular end-diastolic dimension; TnP, 
tislelizumab plus nab-paclitaxel.
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4  |  DISCUSSION

This study evaluated cardiovascular changes using echocardiogra-
phy and ECG in patients with bladder cancer receiving preoperative 
chemotherapy and immunotherapy. We found that hypertension 
was the most common comorbidity (41.7%), and aberrant ECGs in-
creased from 65.0% at baseline to 76.7% after treatment, which was 
mainly due to a higher proportion of fQRS. Among ECG parameters, 
PWD, QRSD, and Tp-Te were significantly shortened, but PWA, Pd, 
and QTd increased after the regimen. In addition, cTnI, NT-proBNP, 
and echocardiographic parameters were within normal limits.

With great advancements in anti-tumor therapy and extension 
of survival, CVD is becoming an important issue for cancer survivors 
(Chan, Satti, et al., 2023; Zhang, Wei, et al., 2023). In a retrospec-
tive study of 1638 patients with BC by Barone et al., hypertension 
(59.9%), CVD (23.4%), and diabetes mellitus (22.4%) were the most 
common comorbidities (Barone et  al.,  2023). Another study from 
France found that the patients with MIBC who received cisplatin-
based neoadjuvant chemotherapy had a median age of 79 years old, 
and the prevalence of hypertension, atherosclerosis, and smoking 

were 36%, 13%, and 66%, respectively (Dumont et al., 2023). These 
findings were consistent with our results, suggesting a high burden 
of CVD and risk factors, as well as the necessity for timely interven-
tion by clinicians.

Our previous studies have shown that the incidence of abnormal 
ECG in patients with diffuse large B-cell lymphoma and breast can-
cer increased by 12% (36% to 48%) and 22% (43% to 66%), respec-
tively, after anthracycline-based chemotherapy (Chen et al., 2020; 
Liang et al., 2020). Similar changes were also observed in the pres-
ent study. However, a small sample study from China revealed that 
the prevalence of abnormal ECGs decreased by 10% (46% to 36%) 
following nab-paclitaxel-containing therapy in breast cancer (Wang 
et  al.,  2022). Another prospective study found that 41 cancer pa-
tients (38.68%) developed various ECG abnormalities among 106 
patients receiving ICI therapy (Zhang, Chen, et al., 2023). These dif-
ferences may be related to differences in population, comorbidities, 
and cancer therapies and require more epidemiological studies.

Notably, the main increase in abnormal ECG was fQRS (33.3% 
to 50.0%, p = .041), and nearly all of these occurred in inferior 
leads. As a marker of abnormal ventricular depolarization and 

Pre-TnP Post-TnP p value

Abnormal ECG, n (%) 39 (65) 46 (76.7) .118

ST-T changes, n (%) 6 (10.0) 7 (11.7) 1.000

ST changes, n (%) 3 (5.0) 1 (1.7) .625

T-wave changes, n (%) 5 (8.3) 8 (13.4) .250

QTc prolongation, n (%) 9 (15.0) 3 (5.0) .070

fQRS, n (%) 20 (33.3) 30 (50.0) .013

Inferior fQRS, n (%) 20 (33.3) 28 (46.7) .039

Pathological Q wave, n (%) 1 (1.7) 2 (3.3) 1.000

Low QRS voltage, n (%) 4 (6.7) 4 (6.7) 1.000

Sinus arrhythmia, n (%) 8 (13.3) 6 (10.0) .727

Atrial fibrillation, n (%) 1 (1.7) 2 (3.3) 1.000

PVC, n (%) 0 2 (3.3) .500

First-degree AV block, n (%) 4 (6.7) 6 (10.0) .500

Intraventricular block, n (%) 4 (6.7) 3 (5.0) 1.000

ECG parameters

HR (bpm) 73.07 ± 11.01 74.02 ± 10.37 .493

PWD (ms) 108.03 ± 10.32 104.07 ± 12.33 .019

PRI (ms) 173.53 ± 30.37 178.37 ± 32.77 .246

QRS axis (°) 30.72 ± 31.99 31.10 ± 33.30 .816

QRSD (ms) 94.4 ± 12.39 92.63 ± 12.37 .009

QTc (ms) 419.47 ± 37.40 412.95 ± 26.46 .054

QTd (ms) 39.50 ± 11.37 44.20 ± 15.85 .019

Tp-Te (ms) 85.17 ± 12.83 77.67 ± 10.29 <.05

SLI (mV) 1.70 ± 0.70 1.68 ± 0.70 .695

iCEB 4.23 ± 0.61 4.23 ± 0.53 .886

Abbreviations: fQRS, fragmented QRS; HR, heart rate; iCEB, index of cardio-electrophysiological 
balance; PRI, PR interval; PVC, premature ventricular complex; PWD, P-wave duration; QRSD, QRS 
duration; QRSWA, QRS-wave amplitude; QTd, QT dispersion; QTI, QT interval; QTc, corrected QT 
interval; SLI, Sokolow–Lyon index; TpTe, T-peak to T-end; TnP, tislelizumab plus nab-paclitaxel.

TA B L E  4 ECG changes in patients 
during TnP.

 1542474x, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/anec.13107 by T

est, W
iley O

nline L
ibrary on [07/02/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



6 of 9  |     CHEN et al.

myocardial fibrosis, the proportion of fQRS was also increased 
significantly after chemotherapy in patients with DLBCL (15.8% 
to 28.9%, p = .041) and breast cancer (26.6% to 53.1%, p < .01; 
Chen et al., 2020; Das et al., 2008; Liang et al., 2020). However, 
the clinical significance of fQRS may vary depending on its differ-
ent distribution in the coronary artery territory. A large general 

population study from Finland found that the incidence of fQRS 
was 19.7%, with 15.7%, 0.8%, and 2.9% in the inferior, lateral, and 
anterior leads, respectively. Only lateral fQRS was associated with 
a higher risk of all-cause mortality, arrhythmia, and cardiogenic 
death (Terho et al., 2014). Another study in heart failure patients 
with preserved ejection fraction showed that both inferior and 

F I G U R E  1 An example of ECG changes in a 67-year-old man. (a) Normal ECG at baseline. (b) An emerging fQRS on the inferior leads (II, III, 
and aVF) after preoperative therapy.

 1542474x, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/anec.13107 by T

est, W
iley O

nline L
ibrary on [07/02/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  7 of 9CHEN et al.

anterior/lateral fQRS were associated with a higher-risk cardio-
vascular and all-cause mortality (Sung et al., 2023). The prognostic 
value of fQRS in cancer populations will be the subject of further 
investigation.

QTd is measured as the change between the maximum and 
minimum QT interval within a 12-lead ECG, and reflects the re-
gional heterogeneity of ventricular repolarization. As a traditional 
ECG predictor of ventricular arrhythmias, several studies have 
shown that QTd was associated with a greater risk of malignant 
arrhythmias in patients with heart failure or myocardial infarction 
(Bazoukis et al., 2020). However, Cosgun et al. found no distinct 
relationship between QTd and SYNTAX score-assessed coronary 
artery disease severity in patients with stable angina pectoris 
(Cosgun et al., 2021). Furthermore, it has been reported that QTd 
prolonged significantly in patients with gastrointestinal cancer 
and non-Hodgkin lymphoma following chemotherapy (Kuittinen 
et  al.,  2010; Oztop et  al.,  2004). Another research showed that 
ICI combination treatment significantly increased QTd in patients 
with advanced melanoma (31 ± 14 ms vs. 50 ± 14 ms, p < .0001), 
whereas ICI monotherapy had no effect on QTd (Pohl et al., 2020). 
Our results supported the findings mentioned above and appeared 
to emphasize the potential cardiotoxicity caused by ventricular re-
polarization instability.

The underlying mechanisms of abnormalities in ventricular depo-
larization and repolarization reflected by fQRS and QTd are not yet 
fully elucidated in BC patients treated with nab-paclitaxel and tisleli-
zumab. Conventional microtubule inhibitors, such as paclitaxel and 
docetaxel, have been associated with an increased risk of reversible 
asymptomatic sinus bradycardia, conduction block, and myocardial 
ischemia, possibly due to abnormal calcium handling and histamine 
release induced by vehicle cremophor (Al-Mahayri et  al.,  2021). 
Nab-paclitaxel is a novel nanoparticle albumin-bound paclitaxel 
with an improved safety than traditional forms (Henderson & 
Bhatia, 2007). However, there are no reports regarding the effects 
of nab-paclitaxel on ECG parameters. On the other hand, ECG ab-
normalities in patients with ICI-associated myocarditis have been 
well described, with cardiac inflammation and fibrosis playing an 
important role (Zlotoff et  al.,  2021), but the exact mechanism of 
ECG alteration in asymptomatic patients treated with short-term ICI 
is currently unknown. In a preclinical study, Vincenzo et  al. found 
that 10 days of ICI treatment could increase myocardial fibrosis 

and induce pro-inflammatory cytokine storm through NLRP-3 and 
MyD-88 pathways (Quagliariello et  al.,  2022). Another basic re-
search demonstrated that short-term ICI therapy in mice induces 
T-cell-mediated plaque inflammation and worsens plaque progres-
sion (Poels et al., 2020). The same phenomenon may also occur in 
elderly cancer patients with comorbidities who often have subclin-
ical atherosclerosis, ultimately leading to myocardial ischemia and 
fibrosis. We speculate that these factors may partly account for the 
increased fQRS and QTd in BC patients who received preoperative 
chemotherapy and immunotherapy.

Moreover, we also found a slight impairment of LVEF in BC 
patients, but none of them meet the definition of cancer therapy-
related cardiovascular toxicity according to current guidelines 
(Lyon et al., 2022). Interestingly, changes in fQRS, QTd, and LVEF 
were more significant in patients with MIBC than NMIBC, de-
spite similar baseline characteristics and the fact that NMIBC 
patients received one more cycle of TnP therapy. Future studies 
are warranted to investigate the correlation among myocardial 
histological changes, cardiac function, and electrocardiographic 
characteristics using advanced imaging techniques such as CMR 
and PET-CT.

This study has several limitations. First, as a single-center study, 
the sample was limited. Second, there was a lack of long-term fol-
low-up. Finally, the ability of different ECG biomarkers to predict 
adverse outcomes was not investigated. Future studies with larger 
sample sizes and long-term follow-up are needed to determine 
the relationship between abnormal ECG parameters and clinical 
outcomes.

5  |  CONCLUSION

In summary, ECG parameters including fQRS and QTd were signifi-
cantly altered in BC patients receiving preoperative chemotherapy 
combined with immunotherapy. Regular ECG monitoring should 
be carried out carefully to detect potential cardiotoxicity on the 
follow-up.
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