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Abstract

Background: Lung cancers are common worldwide. First-line targeted therapy and
chemotherapy are both standard treatments in the current guidelines. With the development
of new anticancer therapy, the lifespan of patients with late-stage lung cancer has increased.
Cardiovascular events can occur during cancer treatment. This observational study aimed to
report the incidence of major adverse cardiovascular events (MACE) after cancer treatment
using real-world data.

Objectives: Patients diagnosed with advanced-stage lung cancer between January 2011 and
December 2017 were enrolled. Data were collected from the Chang Gung Research Database
(CGRD).

Design: Retrospective cohort study.

Methods: Baseline characteristics, clinical stages, pathologies, and outcomes were retrieved
from the CGRD.

Results: We identified 4406 patients with advanced lung cancer, of whom 2197 received first-
line epidermal growth factor receptor tyrosine kinase inhibitor (EGFR-TKI) therapy and 2209
received first-line platinum-based chemotherapy. Most patients in the first-line EGFR-TKI
group were never-smokers (74.9%), whereas those in the first-line chemotherapy group were
ever-smokers (66.0%). The incidence of MACE was not significantly different between the two
groups (12.0% versus 11.9%, p=0.910). However, the incidence of ischemic stroke was higher
in the first-line EGFR-TKI group than in the first-line chemotherapy group (3.9% versus 1.9%,
p<0.001).

Conclusion: MACEs are common in patients with advanced-stage lung cancer during
treatment. The incidence of MACE was similar between the first-line EGFR-TKI therapy and
first-line chemotherapy groups. Although more patients in the EGFR-TKI group were female
and never-smokers, the risk of ischemic stroke was higher in patients who received first-line
EGFR-TKI therapy than in those who received first-line chemotherapy.
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EGFR mutations.? Gefitinib was found to be better
than traditional chemotherapy in large randomized
clinical trials.>* Targeted therapies, such as erlotinib
and afatinib, are the current first-line treatments for
patients with lung adenocarcinoma with EGFR
mutations.’® The third-generation epidermal

Introduction

Lung cancers are common worldwide and sensitive
to epidermal growth factor receptor (EGFR) muta-
tions. The prevalence rates of EGFR mutations
range from 12.8% to 49.1%.! Targeted therapy is
the current gold standard for patients harboring
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growth factor receptor tyrosine Kkinase inhibitor
(EGFR-TKI), osimertinib, showed superior effi-
cacy to first-generation EGFR-TKIs in patients
with exon 19 deletion and the p.Leu858Arg muta-
tion.” In patients with non-small-cell lung cancers
(NSCLCs) without driver mutations, immune
checkpoint inhibitors, systemic chemotherapy, or
combinations are the first-line treatment according
to ESMO clinical practice guidelines.®

In the era of targeted therapy, the life span of
patients with late-stage NSCLC has greatly
improved.® Cardio-oncology is a new field focus-
ing on the detection and treatment of cardiovascu-
lar diseases during cancer treatment, while
cardio-immuno-oncology focuses on the cardio-
vascular toxicity of immunotherapy treatments for
cancer.1%1! For example, hyperlipidemia is a well-
known side effect in patients treated with lorlat-
inib, an anaplastic lymphoma kinase TKI.!? Major
adverse cardiovascular events (MACE) have also
been noted in patients receiving hormonal or
immune checkpoint inhibitor therapy.!3-15 Patients
may have a life-threatening outcome, or their can-
cer treatment may be withheld if cardiovascular
events develop.!® The European Society of
Cardiology (ESC) guideline summarized the
potential cardiovascular adverse effects induced by
EGFR-TKIs.!” The guideline recommends base-
line cardiovascular risk should be assessed before
EGFR-TKI therapies. In the animal study, EGFR-
TKIs may cause pathological heart dysfunction
and reduce contractility in female mice.!® The
other possible mechanism is related to human epi-
dermal growth factor receptor 2 (HER2), the
human epidermal growth factor receptor family.®
HER2 pathway plays a role in normal cardiac
function, and HER2 downstream pathways are
important for the survival of heart muscle cells.2?
The cardiovascular adverse events in patients
receiving EGFR-TKI may impact heart function
by inhibiting the HER2 pathway.2! Osimertinib is
associated with an increased risk of left ventricular
ejection fraction reductions.?? Afatinib targets
multiple receptors, including EGFR and HER2.
However, the data from clinical trials showed
afatinib are not related to cardiac failure.??> The
rationale for major adverse cardiovascular events
(MACE) in patients receiving these targeted thera-
pies is not fully understood.

Tammemagi and his colleague found that several
comorbidities, such as neurologic disease, conges-
tive heart failure, and peripheral vascular disease
were associated with survival in patients with lung

cancer.?* With increasing overall survival of
patients with advanced lung cancer, further char-
acterization of major adverse cardiovascular events
is needed. This observational study aimed to report
the incidence of MACE after advanced-stage lung
cancer treatment using a real-world database.

Methods

This was a retrospective, observational, and sin-
gle-center study conducted at the Affiliated
Cancer Hospital of Nanjing Medical University,
following the Strengthening the Reporting of
Observational Studies in  Epidemiology
(STROBE) reporting guideline.

Subjects

We conducted a retrospective cohort study at
Chang Gung Memorial Hospital, following the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement.
Conducting a retrospective cohort study using
the Chang Gung Research Database (CGRD)
allows us to analyze medical data from a large
pool of patients treated at several branches of
Chang Gung Memorial Hospitals in Taiwan. The
CGRD is a valuable resource for researchers as it
provides access to de-identified electronic medi-
cal records from multiple institutions, enabling a
broader scope of investigation (https://www.
changgung.hospital/en/about.aspx?id=11&
bid=1).25-27 Patients aged >20years who were
diagnosed with advanced-stage (stages IIIB and
IV) lung cancer between January 2011 and
December 2017 were enrolled in this study. The
patient had no history of malignancy. The
International Classification of Diseases for
Oncology, 3rd edition (ICD-0-3) code for lung
cancer is C34 from the Cancer Registry Database
of the CGRD. Baseline characteristics, including
age, sexX, body mass index, smoking history, clini-
cal stage, pathology, performance status, comor-
bidities, and previous medications, were retrieved
from the medical records in the CGRD. Patients
who received platinum-doublet chemotherapy
and EGFR-TKIs were included in the study.
Patients who received targeted therapy other than
EGFR-TKIs or single-agent anticancer therapy
without platinum were excluded. Patients who
did not receive first-line therapy or who used TKI
for less than 14 days were excluded. Patients lost
to follow-up within 30days were also excluded.
The last follow-up time point included in the
study was December 2020. This study was
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approved by the Institutional Review Board of the
Chang-Gung Medical Foundation (CGMH IRB
No. 202101057B0C601), and the need for
informed consent was waived.

Medication exposure

The index date, also known as the reference date,
was defined as the date of initial prescription of
the targeted therapy or chemotherapy. Patients
were excluded if the difference between the date
of medication prescription and the date of lung
cancer diagnosis was >3 months. Previous use of
cardiovascular medications was assumed when-
ever there was an order for a prescription of more
than 28 days before the index date.

Covariates and outcomes

The patients were divided into two groups: (a) first-
line EGFR-TKI therapy and (b) first-line platinum-
based chemotherapy (cisplatin or carboplatin). The
follow-up period was from the index date until the
first occurrence of any of the study outcomes, death,
or the end of follow-up (31 December 2020).
Covariates for chronic comorbidities were collected
from the year before the index day. Comorbidities
obtained from the CGRD included atrial fibrilla-
tion, hypertension, diabetes, hyperlipidemia, gout,
kidney disease, liver disease, chronic obstructive
pulmonary disease (COPD), thyroid disease, and
cerebrovascular diseases (CVA). Medications for
cardiovascular diseases, such as antihypertensive
drugs, digoxin, statins, non-vitamin K oral antico-
agulants, warfarin, aspirin, clopidogrel, ticagrelor,
and diuretics, were included in this study. The pri-
mary outcomes, MACE, were cardiovascular (CV)
death, myocardial infarction, heart failure, stroke,
and arrhythmia. The second outcome was all-cause
mortality during the follow-up period. The study
outcomes were retrieved from the principal dis-
charge diagnoses and the National Death Registry
in Taiwan. The previous studies that have already
validated the diagnostic codes for outcomes provide
an added level of confidence in the accuracy of the
data.?® The 5-year survival rate for patients with
advanced lung cancer is approximately 10% gener-
ally. In our opinion, the 6-year follow-up period is
sufficient for the detection of the vast MACE.

Statistical analyses

Continuous variables, such as age or body mass
index (BMI), were expressed as the mean and
standard deviation. To analyze continuous

variables, we used the Student’s z-test. Categorical
variables were expressed as frequency and per-
centage and were analyzed using the chi-squared
test. The cumulative incidence rates of MACE
were plotted using the Fine and Gray method,
accounting for the competing risk of non-cardiac
death. The Kaplan—-Meier method was used to
calculate all-cause mortality, and the log-rank test
was used to compare between-group differences
in the curves. Both the Cox proportional hazards
model and the Fine and Gray subdistribution
hazard model?® for the competing risk of non-
cardiac death were used to compare the risk of
different outcomes between the two groups. The
hazard ratios (HRs) of the study outcomes in the
first-line chemotherapy group relative to the first-
line EGFR-TKI group and the 95% confidence
intervals (CIs) were calculated according to the
Cox model and Fine and Gray model. The HRs
were adjusted by age, sex, BMI, smoking, clinical
stage, pathology, Eastern Cooperative Oncology
Group (ECOG) performance status, radiation
therapy, comorbidities, laboratory data, and pre-
vious medication. The purpose of the study is to
report the incidence of MACEs using real-world
data, and study size calculation is not needed. In
the study, statistical significance was defined as a
p-value less than 0.05. All the analyses in the
study were performed using SAS version 9.4
(SAS Inc., Cary, NC, USA).

Results

During the study period, 4406 patients with
advanced lung cancer were identified from the
CGRD (Figure 1). Among these patients, 3994
patients (90.6) had NSCLC and 412 patients
(9.4%) had small cell lung cancer. We divided the
patients into two groups, 2197 received first-line
EGFR-TKI therapy (gefitinib, erlotinib, or
afatinib), and the other 2209 received first-line
platinum-based chemotherapy (cisplatin or car-
boplatin). The baseline patient characteristics are
shown in Table 1. In the EGFR-TKI group, 60%
were female and 40% were male. Most patients
(85.4%) had stage IV lung cancer. In the EGFR-
TKI group, 74.9% of patients were never-smok-
ers. On the other hand, in the chemotherapy
group, 66% of patients were ever-smokers. The
comorbidities and previous medications of the
patients are shown in Table 1. Patients in the
EGFR-TKI group had a higher prevalence of
hypertension than those in the chemotherapy
group (33.9% wversus 28.8%). By contrast, more
patients in the chemotherapy group had COPD
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2011-2017 Advanced-stage lung
cancer adult patients from CGRD
(Age>20) (N=8541)

Exclude (N=4135):

1. Previous history of malignancy (N=789)

2. Without EGFR-TKI (first- or second-
generation) or platinum-based
chemotherapy therapy (N=2220)

3. Did not receive anti-cancer drug within 6
months after lung cancer diagnosis
(N=199)

4, Use EGFR-TKI less than 2 weeks (N=319)

5. Follow-up less than 30 days (N=268)

6. Patient had known MACE (N=340)

A 4

4406 patients were included and
followed for up to 6 years

First-line EGFR-TKI First-line chemotherapy
(N=2197) (N=2209)

Figure 1. Flow diagram of the study patients.
MACE, major adverse cardiovascular event.

than those in the EGFR-TKI group (15.1% ver-
sus 7.8%).

As shown in Table 1, there was no significant dif-
ference in the incidence of MACE between
patients treated with first-line EGFR-TKI ther-
apy and patients treated with first-line chemo-
therapy. The incidence of CV death, myocardial
infarction, heart failure, hemorrhagic stroke, and
arrhythmia was similar between the two groups.
The incidence of ischemic stroke was significantly
higher in the EGFR-TKI group than in the chem-
otherapy group. The all-cause mortality rate was
significantly different between the two groups and
most patients (88.7%) died within 6years of fol-
low-up. The median time to MACE was
18.96 months in the EGFR-TKI group. On the
other hand, in the chemotherapy group, the
median time to MACE was 10.92months. The
median overall survival in the EGFR-TKI group
was 19.92 months. By contrast, in the chemother-
apy group, the median overall survival was
11.4months (Supplemental Table S1).

During the 6-year follow-up study period, the
cumulative patient-years for the first-line targeted
therapy group was 4492, while for the first-line
chemotherapy group, it was 3376. The incidence
of MACE was significantly different between the
first-line EGFR-TKI therapy group and the

first-line chemotherapy group (HR: 1.29; 95%
CI: 1.19-1.43, p=0.041; Table 2). There were no
statistically significant differences in the incidence
of CV death, myocardial infarction, heart failure,
ischemic stroke, hemorrhagic stroke, and arrhyth-
mia between the two treatment groups. In Figure
2, the all-cause mortality rate was significantly
higher in the first-line chemotherapy group than
in the first-line EGFR therapy group (HR: 1.31;
95% CI: 1.19-1.43, p<<0.001). To mitigate the
influence of non-cardiac deaths on MACE, due to
the chemotherapy group’s higher mortality rate
than the target group in previous years, we
employed the Fine and Gray subdistribution haz-
ard model for competing non-cardiac deaths to
assess the risks of varying outcomes between both
groups. The cumulative incidence of various
MACE plotted using the Fine and Gray method
are shown in Figure 3. There were no significant
differences in the incidence of CV death, myocar-
dial infarction, heart failure, and hemorrhagic
stroke between the two groups. However, the inci-
dence of ischemic stroke was significantly higher
in the first-line EGFR-TKI group than in the first-
line chemotherapy group but the incidence of
arrhythmia was significantly lower in the first-line
EGFR TKI group than in the first-line chemo-
therapy group. After adjusting for competing risks
(non-CV death), the risk of ischemic stroke was
still higher in the first-line EGFR therapy group
than in the first-line chemotherapy group (HR:
2.04; 95% CI: 1.18-3.45, p=0.011, the chemo-
therapy was as a reference group; Table 2).

Discussion

In this study, we analyzed real-world data from
the CGRD regarding the incidence rates of MACE
in patients with advance-stage lung cancer getting
different first-line treatments. This study showed
that the incidence rate of MACE was 11.9% in
patients with advanced-stage lung cancer during
anticancer treatment, either first-line EGFR-TKI
therapy or first-line chemotherapy.

Platinum-based chemotherapeutic agents such as
cisplatin and carboplatin are widely used to treat
various types of cancers. Platinum-based chemo-
therapeutic agents bind to DNA molecules in can-
cer cells and induce cytotoxicity. This leads to DNA
damage and the activation of cell death pathways,
ultimately resulting in cancer cell death.?° However,
platinum-based chemotherapy can also damage
healthy cells, leading to various side effects includ-
ing cardiotoxicity. The relationship between
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Table 1. Baseline characteristics by treatment.

Demographic characteristics Total population Targeted therapy Chemotherapy p Value
n (%) n (%) n (%)

Total 4406 2197 2209

Age, years <0.001
20-64 2425 (55.0) 1046 (47.6) 1379 (62.4)
=65 1981 (45.0) 1151 (52.4) 830 (37.6)

Sex <0.001
Female 1870 (42.4) 1318 (60.0) 552 (25.0]

Male 2536 (57.6) 879 (40.0) 1657 (75.0)
BMI, kg/m2, mean (SDJ* 23.3(3.7) 23.3 (3.8 23.2 (3.5) 0.593

Smoking history <0.001
Never-smoking 2396 (54.4) 1646 (74.9) 750 (34.0])

Ever-smoking 2010 (45.6) 551 (25.1) 1459 (66.0)

Clinical stage, AJCC 7th <0.001
3B 643 (14.6) 134 (6.1) 509 (23.0]

4 3763 (85.4) 2063 (94.0) 1700 (77.0)

Pathology <0.001
Adenocarcinoma 3151 (71.5) 2095 (95.4) 1056 (47.8)
Non-adenocarcinoma 1255 (28.5) 102 (4.6) 1153 (52.2)

ECOG performance status <0.001
0,1 3578 (81.2) 1712 (77.9) 1866 (84.5)
=2 741 (16.8) 438(19.9) 303 (13.7)

Unknown 87 (2.0) 47(2.1) 40 (1.8)

Received radiation therapy <0.001
Yes 1648 (37.4) 612(27.9) 1036 (46.9)

No 2758 (62.6) 1585 (72.1) 1173 (53.1)

Comorbidities

Atrial fibrillation 60 (1.4) 35(1.6) 25 (1.1) 0.187

Hypertension 1382 (31.4) 745 (33.9) 637 (28.8) <0.001

Diabetes mellitus 732 (16.4) 354 (16.1) 368 (16.7) 0.624

Hyperlipidemia 429 (9.7) 240 (10.9) 189 (8.6) 0.008

Chronic gout 155 (3.5 71(3.2) 84 (3.8) 0.304

Chronic kidney disease 98 (2.2) 63 (2.9) 35 (1.6) 0.004
(Continued)]
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Demographic characteristics Total population Targeted therapy Chemotherapy p Value
n (%) n (%) n (%)
Chronic liver disease 249 (5.7) 123 (5.6) 126 (5.7) 0.880
COPD 506 (11.5) 172 (7.8 334 (15.1) <0.001
Thyroid disease 132 (3.0) 77 (3.5) 55 (2.5) 0.048
CVA 158 (3.6) 84 (3.8) 74 (3.4) 0.398
Laboratory data, mean (SD)*
Platelet, 1000/mL 277.1 (91.7) 267.4 (86.2) 286.1(95.8) <0.001
INR 1.1(0.1) 1.0 (0.1) 1.1(0.1) 0.003
Creatinine, mg/dL 0.9 (0.7) 0.9 (0.9) 0.8 (0.5) 0.025
Previous medication
ACEI/ARB 691 (15.7) 383 (17.4) 308 (13.9) 0.001
Non-DHP CCBs 19 (0.4) 7(0.3) 12 (0.5) 0.255
DHP CCBs 857 (19.5) 461(21.0) 396 (17.9) 0.010
Beta-blocker 452 (10.3) 268 (12.2) 184 (8.3) <0.001
Digoxin 12(0.3) 8 (0.4) 4(0.2) 0.244
Statin 287 (6.5) 146 (6.7) 141 (6.4) 0.724
NOACs 27 (0.6) 16 (0.7) 11(0.5) 0.327
Warfarin 30(0.7) 19 (0.9 11(0.5) 0.139
Aspirin/Clopidogrel/Ticagrelor 317 (7.2) 176 (8.0) 141 (6.4) 0.037
Diuretics 554 (12.6) 299 (13.6) 255 (11.5) 0.039
Outcome (6-year follow-up)
All-cause mortality 3910 (88.7) 1920 (87.4) 1990 (90.1) 0.005
MACE 525 (11.9) 263 (12.0] 262 (11.9) 0.910
CV death 105 (2.4) 49 (2.2) 56 (2.5) 0.507
Myocardial infarction 158 (3.6) 74 (3.4) 84 (3.8) 0.438
Heart failure 90 (2.0) 45 (2.1) 45 (2.0) 0.979
Ischemic stroke 126 (2.9) 85 (3.9) 41(1.9) <0.001
Hemorrhagic stroke 75 (1.7) 39(1.8) 36 (1.6) 0.709
Arrhythmia 47 (1.1) 15 (0.7) 32(1.5) 0.013

*Continuous variables are expressed as mean (SD).
ACEI, angiotensin-converting enzyme inhibitors; AJCC, American Joint Committee on Cancer; ARB, angiotensin Il receptor blockers; BMI, body
mass index; CCB, calcium channel blockers; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; CVA, cerebrovascular accident;
DHP, dihydropyridine; ECOG, Eastern Cooperative Oncology Group; INR, international normalized ratio; MACE, major adverse cardiovascular

events; NOAC, non-vitamin K antagonist oral anticoagulants; SD, standard deviation.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

C-H Chang, S-H Huang et al.

Table 2. Multivariable Cox proportional hazards model analysis of death and MACE in patients treated by chemotherapy and targeted

therapy.
Outcomes (6-year Competing risk model
follow-up)
Crude HR Adjusted HR* Crude SHR Adjusted SHR*
HR (95% CI) p-Value  HR(95% CI) p-Value HR(95% Cl) p-Value HR(95% CI) p-Value
All-cause mortality 1.40 (1.31-1.49)  <0.001 1.31 (1.19-1.43) <0.001 - - - -
MACE 1.33(1.12-1.58]  0.001 1.29 (1.01-1.65) 0.041 1.01(0.85-1.20)  0.917 1.04(0.83-1.32)  0.719
CV death 1.57 (1.07-2.31)  0.022 1.57 (0.91-2.70) 0.107 1.14(0.78-1.68)  0.495 1.28 (0.74-2.20)  0.374
Myocardial infarction  1.46 (1.07-2.00)  0.017 1.40 (0.88-2.23) 0.160 1.14 (0.83-1.55)  0.419 1.07 (0.70-1.64)  0.740
Heart failure 1.29 (0.85-1.95)  0.231 1.01 (0.53-1.93) 0.966 1.00 (0.66-1.51)  0.983 0.77 (0.43--1.39)  0.382
Ischemic stroke 0.66 (0.45-0.96)  0.028 0.61(0.35-1.06) 0.078 0.48 (0.33-0.69)  <p.001  0.49(0.29-0.85)  0.011
Hemorrhagic stroke ~ 1.28(0.81-2.01)  0.294 1.67 (0.93-3.01) 0.087 0.92 (0.59-1.45)  0.717 1.34(0.75-2.40)  0.327
Arrhythmia 2.72 (1.47-5.04)  0.001 1.54 (0.64-3.71) 0.335 2.13(1.15-3.93)  0.016 1.23 (0.50-3.01)  0.650

*HRs were adjusted by age, sex, BMI, smoking, clinical stage, pathology, ECOG, radiation therapy, comorbidities, laboratory data, and previous

medication. The targeted therapy was as a reference group.

Cl, confidence interval; CV, cardiovascular; HR, hazard ratio; MACE, Major adverse cardiovascular events; SHR, subdistribution hazard ratio.

cardiotoxicity and chemotherapy is well understood
in previous studies.3%3! Cisplatin interferes with the
DNA repair mechanism.3! The mechanisms under-
lying platinum-based chemotherapy-induced car-
diotoxicity include oxidative stress and the potential
promotion of thrombosis.3233 Oxidative stress plays
an important role in cardiotoxicity in cancer cispl-
atin-based chemotherapy.?* The incidence of car-
diotoxicity varies depending on the dose
administered; however, it is generally higher in
patients with preexisting heart disease or risk fac-
tors for cardiovascular disease.3> With the improve-
ment in the overall survival of patients with lung
cancer, MACE, including myocardial infarction,
arrhythmias, stroke, heart failure, and cardiac
arrest, were also recorded. Symptoms of cardiotox-
icity range from mild, such as shortness of breath
and fatigue, to severe, such as cardiac arrest.

EGFR-TKIs, such as afatinib, gefitinib, and erlo-
tinib, have shown significant efficacy in the treat-
ment of patients with NSCLC with activating
EGFR mutations. However, few studies reported
on MACE after cancer therapy in the TKI era.
Understanding the risks associated with MACE
during anticancer therapy is crucial. Our study
reported that 12% of advanced patients with
NSCLC who received EGFR-TKIs developed
MACE at a median of 18.96 months (interquartile
range: 25.44) from lung cancer diagnosis. EGFR-
TKI-induced cardiotoxicity has been previously

reported.3% A study conducted at a cancer institute
in Japan reported osimertinib-associated cardiac
toxicity in a patient cohort.3” Several mechanisms
have been proposed for the cardiotoxicity of
EGFR-TKIs, including direct effects on the heart,
such as inhibition of the human epidermal growth
factor receptor 2 pathway.38

Gefitinib and erlotinib showed no significant car-
diovascular toxicity as reported in a previous
study.?® A systematic review analyzed the adverse
effects of EGFR-TKIs and showed that patients
treated with second-generation EGFR-TKIs had
more high-grade vascular disorders than those
treated with first-generation EGFR-TKIs.4 With
third-generation EGFR-TKIs, heart failure with
reduced left ventricular ejection fraction devel-
oped after osimertinib treatment.*#2 Another
study found that patients treated with osimertinib
had a higher incidence of heart failure, atrial
fibrillation, and QT prolongation than those
treated with other EGFR-TKIs.#3 In our data-
base, the number of patients who received osi-
mertinib was relatively small. Further studies
using real-world databases should be conducted
in the future. Cardiac function evaluation may be
required for patients at cardiac risk who are
receiving EGFR-TKIs.

Immune checkpoint inhibitor-related cardiotoxic-
ity is uncommon but often fatal.#* A recent study
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Figure 2. Six-year cumulative incidence curves for (a) MACE adjusted for competing risks of death and (b) all-

cause mortality.
MACE, major adverse cardiovascular event.

analyzed MACE after the first immune checkpoint
inhibitor (ICI) therapy in lung cancer patients, and
11% of patients had MACE after the first ICI infu-
sion therapy.#> The incidence of MACE was simi-
lar to that observed in the present study.

The ESC guideline recommends baseline cardio-
vascular toxicity risk assessment before EGFR-
TKI therapies.!” The guideline also suggests
electrocardiogram (ECG) and transthoracic echo-
cardiography before osimertinib treatment.
Besides, monitoring of magnesium levels and fol-
low-up echocardiography is recommended during
osimertinib treatment. Long-term vascular effects
and stroke can also be seen in patients treated with
cisplatin.46-4¢ However, in the study, the risk of
ischemic stroke was higher in patients who
received first-line EGFR-TKI therapy than in
those who received first-line cisplatin-based chem-
otherapy. Lifestyle modification, treatment of
underlying cardiovascular conditions, stroke pre-
vention, baseline ECG, and risk factors of atrial
fibrillation assessment should be considered.

Cardiovascular disease differences exist not only
between countries but also within different ethnic
groups.#® It is a reminder that cardiovascular health
is influenced by a complex interplay of genetic, life-
style, and environmental factors. An observational
study enrolled from the United Kingdom Biobank
reported that the risks of MACE were different
between South Asian and European subjects.’® A
research article reviews 41 studies, and the authors
showed that South Asians had higher cardiovascu-
lar disease-related mortality than Whites.>! Ethnicity
plays a role in cardiovascular disease risk. The sub-
jects in the study were all Asian populations, and the

result should be interpreted for global populations
carefully. The MACE:s in patients with lung cancer
are difficult to predict before EGFR-TKI or other
anticancer treatment, but the incidence of MACE is
not rare in the study. Besides closely monitoring the
MACEs during anticancer treatment, genetic
research, and predicting MACEs using artificial
intelligence and big data should be conducted in
future research in this emergent field of cardio-
oncology. Future investigations to mitigate MACEs
by personalized risk assessments and early interven-
tion strategies are warranted.

The overall MACE risk was not significantly differ-
ent between patients in the first-line EGFR-TKI
treatment group and those receiving first-line plati-
num-based chemotherapy in this study. Although
more patients in the EGFR-TKI group were female
and never-smokers, the risk of ischemic stroke was
higher in patients who received first-line EGFR-
TKI therapy than in those who received first-line
chemotherapy. To minimize the risk of cardiotoxic-
ity in lung cancer patients, physicians may arrange
for cardiac testing before treatment to assess base-
line heart function and identify any preexisting car-
diac conditions that may increase the risk of
cardiotoxicity. In addition, patients may be moni-
tored regularly during treatment to detect any signs
of cardiac damage or dysfunction and to adjust anti-
cancer therapy individually. Controlling and man-
aging cardiovascular risk factors is crucial in
reducing the risk of cardiotoxicity and cardiovascu-
lar events in patients with lung cancer. Some com-
mon risk  factors include  hypertension,
hyperlipidemia, diabetes, and smoking. Managing
cardiovascular risk factors and using cardioprotec-
tive medications are essential strategies to reduce
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Figure 3. Six-year cumulative incidence curves for (a) cardiovascular (CV] death, (b] myocardial infarction, (c]
heart failure, (d) ischemic stroke, (e] hemorrhagic stroke, and (f) arrhythmia adjusted for competing risks of death.

the risk of cardiotoxicity in patients with lung can-
cer. Certain cardioprotective medications, such as
ACE inhibitors and beta-blockers, have shown
potential cardioprotective effects in patients under-
going cancer treatment.

Limitations
First, because the study is a retrospective observa-
tional study, it is challenging to control for all

potential confounding variables. We used pro-
pensity scores to balance the comorbidities
between groups with first-line targeted therapy
and chemotherapy. Second, the second-line anti-
cancer therapy varies, the aim of this study is to
follow up the MACE in these patients with lung
cancer. We did not discuss the second-line anti-
cancer treatment in this study. Third, relying on
principal discharge diagnoses to determine study
outcomes, such as cardiovascular death, can lead
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to potential detection bias. Fourth, we were una-
ble to evaluate the compliance of target therapy in
a database study.

Conclusion

In conclusion, MACEs are common among
patients with advanced-stage lung cancer under-
going anticancer treatment. The incidence of
MACE was similar between the first-line EGFR-
TKI therapy and first-line chemotherapy groups.
Although more patients in the EGFR-TKI group
were female and never-smokers, the risk of
ischemic stroke was higher in patients who
received first-line EGFR-TKI therapy than in
those who received first-line chemotherapy. Due
to the longer overall survival of patients treated
with first-line EGFR-TKIs, doctors should be
aware of the risk of MACE after anticancer
treatment.
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