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Objective: As a standard therapy, tyrosine kinase inhibitors (TKIs) improved

survival in patients with non-small cell lung cancer (NSCLC) and epidermal

growth factor receptor (EGFR) mutation. However, treatment-related

cardiotoxicity, particularly arrhythmia, cannot be ignored. With the prevalence

of EGFR mutations in Asian populations, the risk of arrhythmia among patients

with NSCLC remains unclear.

Methods: Using data from the Taiwanese National Health Insurance Research

Database and National Cancer Registry, we identified patients with NSCLC from

2001 to 2014. Using Cox proportional hazards models, we analyzed outcomes of

death and arrhythmia, including ventricular arrhythmia (VA), sudden cardiac

death (SCD), and atrial fibrillation (AF). The follow-up duration was three years.

Results: In total, 3876 patients with NSCLC treated with TKIs were matched to

3876 patients treated with platinum analogues. After adjusting for age, sex,

comorbidities, and anticancer and cardiovascular therapies, patients receiving

TKIs had a significantly lower risk of death (adjusted HR: 0.767; CI: 0.729–0.807,

p < 0.001) than those receiving platinum analogues. Given that approximately

80% of the studied population reached the endpoint of mortality, we also

adjusted for mortality as a competing risk. Notably, we observed significantly

increased risks of both VA (adjusted sHR: 2.328; CI: 1.592–3.404, p < 0.001) and

SCD (adjusted sHR: 1.316; CI: 1.041–1.663, p = 0.022) among TKI users

compared with platinum analogue users. Conversely, the risk of AF was similar

between the two groups. In the subgroup analysis, the increasing risk of VA/SCD

persisted regardless of sex and most cardiovascular comorbidities.
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Conclusions: Collectively, we highlighted a higher risk of VA/SCD in TKI users

than in patients receiving platinum analogues. Further research is needed to

validate these findings.
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Introduction

With improvements in anticancer therapies, the overall survival

of patients with advanced non-small cell lung cancer (NSCLC) has

improved (1, 2). In the early years, platinum-based chemotherapy

was the standard treatment for patients with advanced NSCLC (3,

4). However, it improves the five-year survival rate to only 3.5% (1,

5). In addition, platinum analogues, including cisplatin and

carboplatin, have been observed to have potential nephrotoxicity,

neurotoxicity, and cardiotoxicity (3, 4). In contrast, tyrosine kinase

inhibitors (TKIs) have dramatically increased the survival of

patients with epidermal growth factor receptor (EGFR) mutation-

positive NSCLC (6, 7). Lin et al. showed that the five-year survival

rate of patients with EGFR-mutant metastatic NSCLC increased to

14.6% (2). Notably, EGFR mutations account for 10% of patients in

the United States, 12.8% in Europe, and up to 50% in Asia (8). This

has brought awareness to a potential issue with the widespread

prescription of TKIs in Asia. Nevertheless, TKIs may exacerbate

myocardial ischemia, heart failure, hypertension, and QT

prolongation (9, 10). Among these complications, QT

prolongation-induced fatal arrhythmia requires the most

attention (9–11). However, there is a lack of comparison between

platinum analogues and TKIs regarding their long-term effects on

arrhythmia. Therefore, we assessed the risks of death and

arrhythmia, including ventricular arrhythmia (VA), sudden

cardiac death (SCD), and atrial fibrillation (AF), among patients

with NSCLCs who use platinum analogues compared with those

who use TKIs in a national cohort.
Methods

Patients and study design

Using the Taiwanese National Health Insurance Research

Database (NHIRD) and National Cancer Registry, we observed

patients with NSCLC from 2001 to 2014. Given that the

prescription of TKIs depends on whether the patients with

NSCLC had EGFR mutations, to exclude selection bias between

TKI users and non-users, which may skew the results, we randomly

selected a control group during 2001–2004, the period when TKIs

were not yet available to match with the study cohort of TKI use.

TKIs included erlotinib, afatinib and gefitinib during 2005–2014.

The control group consisted of patients who had received platinum
02
analogues treatment, including cisplatin and carboplatin, and were

propensity score-matched 1:1 to patients who had received TKI

treatment for more than 90% of the time in the subsequent 30 days

following enrollment. Patients with a history of NSCLC, aged < 18

years, without complete data, who used platinum analogues or TKIs

within a year before the index date, or with medical records after

death were excluded. The index date was set as the first day of TKI

or platinum analogue use. The data used in this study were obtained

from the original claims database for the reimbursement of all

Taiwanese residents from the NHIRD (12, 13). The accuracy of

NHIRD has been validated in previous studies (12, 13). The

flowchart of the study design is shown in Supplemental Figure 1.

From the database, details on the patient’s age, sex, medical history,

concurrent drugs taken within the past three months, and

treatments or procedures were taken. Before 2015, the diagnostic

codes in the NHIRD were identified using the International

Classification of Diseases, Ninth Revision, Clinical Modification

(ICD-9-CM), while after 2016, they were changed to the

International Classification of Diseases, Tenth Revision, Clinical

Modification (ICD-10-CM). Within the NHIRD, continuous claims

data can be tracked for the same patient. The International

Classification of Disease (ICD) diagnosis and treatment codes are

presented in Supplemental Table 1. This study was approved by our

institutional review board (IRB A-EX-111-003; CV code: 10406-

E01), and the requirement for informed consent was waived owing

to the retrospective study design.
Study endpoint

The primary endpoint was death, while arrhythmias, VA,

including ventricular tachycardia and fibrillation, SCD, and AF,

were the main consequences. All patients were followed from the

index date to death or were lost to follow-up. As ICD-9-CM was

replaced by ICD-10-CM by the Taiwan National Health Insurance

in 2016, both ICD-9 and 10 codes were employed to identify

endpoints in the primary outcome during the follow-up. The

follow-up period was three years.
Statistical analysis

Continuous variables are represented as mean ± standard

deviation, and categorical variables are presented as numbers and
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percentages. Propensity score analysis was performed to reduce any

selection bias caused by variations in the clinical characteristics

between groups despite the nonrandomized nature of the trial (14).

The propensity score is defined as the probability of exposure to

treatment, conditional on the baseline characteristics of the study

subjects. In this case, the propensity score for receiving platinum

analogues or TKIs was calculated using multivariate logistic

regression analysis, subject to the factors index year, age, sex,

procedures, drugs, and comorbidities before enrollment. Instead of

statistical testing, absolute standardized mean difference (ASMD)

was used to compare the distributions of clinical features between

the two groups. An ASMD of 0.1 denotes an insignificant difference

between the two groups. The ASMD was calculated as the mean or

proportion of a variable divided by the pooled estimate of the

standard deviation of that variable. Using a multivariate Cox

proportional hazards model, we analyzed the relationship between

the endpoints and different treatments. All potential confounders

were considered when calculating the HRs and their 95% CIs from

the Coxmodels. Considering that death may reduce the incidence of

cardiovascular events, the competing risk method (subdistribution

HR [sHR]) was also used to calculate the risk of arrhythmia from the

Cox regression model after adjusting for all potential confounders.

Differences between the groups were compared using Gray’s test.

The findings were plotted using the cumulative incidence function

for outcome events and competing risk events of death. To estimate

P-values for interactions in the subgroup analysis, we utilized the

same Cox proportional hazards model (competing risk technique).

All analyses of the data were performed using SAS 9.4 for Windows

(SAS Institute Inc., Cary, NC).
Results

Demographic characteristics of patients
with NSCLC

We initially identified 10582 patients with NSCLC receiving

TKIs and 7883 patients treated with platinum analogues. After

adjusting for age, sex, comorbidities, and anticancer and

cardiovascular therapies, 3876 TKI users were 1:1 matched with

3876 patients treated with platinum analogues. We observed that

the ages (average age, 66 years) and sexes of the two groups were

similar (Table 1). Only a small portion of patients received

radiotherapy or surgery for anticancer therapies. Among the

studied patients, approximately 40% had a history of

hypertension or chronic obstructive lung disease/asthma, while

approximately 15% had diabetes or hyperlipidemia. One-quarter

of the studied patients were prescribed ACEIs/ARBs, whereas

approximately one-fifth of them received beta-blockers or

antiplatelet agents. As illustrated in Supplemental Table 2, in

addition to TKIs and platinum analogues, approximately 10% of

patients were also treated with taxanes. Gemcitabine, an inhibitor of

DNA synthesis, was prescribed to 42% of platinum analogue users

compared with 11% of TKI users. Fifteen percent of platinum

analogue users, compared with 34% of TKI users, subsequently
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received vinorelbine, an antimitotic anticancer agent. The details of

anti-arrhythmic drugs are listed in Supplemental Table 3, and only

a small number of patients were on these drugs.
Risks of arrhythmia between patients with
NSCLC receiving platinum analogues and
those receiving TKIs

During the three-year follow-up period, up to 81.97% of the

study population reached the endpoint of mortality (Table 2).

Compared to patients receiving platinum analogues, those

receiving TKIs had a significantly lower risk of death (crude HR:

0.771; CI: 0.733–0.810, p < 0.001). The impact of TKI use on all-

cause death remained after adjusting for age, sex, comorbidities,

anticancer therapy, and cardiovascular medications (adjusted HR:

0.767; CI: 0.729–0.807, p < 0.001). Cancer was the main cause of

death (Supplemental Table 4). As shown in Supplement Table 5, the

time to death interval was prolonged in TKI users compared with

that in Platinum analogue users (403.11 ± 291.61 days vs. 342.42 ±

255.26 days). We examined the risk of subsequent arrhythmia,

including VA, SCD, and AF. The risk of VA in patients receiving

TKIs was significantly higher than that in patients treated with

platinum analogues (adjusted HR: 1.987; CI: 1.345–2.935; p <

0.001). Considering that a proportion of patients may die before

reaching the arrhythmia endpoint, we adjusted for mortality as a

competing risk. Interestingly, we observed significantly increased

risks of both VA (adjusted subdistribution HR: 2.328; CI: 1.592–

3.404, p < 0.001), SCD (adjusted subdistribution HR: 1.316; CI:

1.041–1.663, p = 0.022), and the composition endpoint of VA/SCD

(adjusted subdistribution HR: 1.273; CI: 1.106–1.593, p = 0.036) in

TKI users compared with those receiving platinum analogues. In

contrast, the risk of AF did not significantly change between

patients receiving TKI and those treated with platinum analogues.

The time to event intervals of VA, SCD and AF were generally

similar between the two groups (Supplement Table 5). As depicted

in Figure 1, the cumulative incidence of VA, SCD, and the

composition endpoints of VA/SCD among TKI users was

noticeably higher than that among platinum analogue users.
Subgroup analysis of arrhythmia between
patients with NSCLC receiving platinum
analogues or TKIs

As a result of our findings that TKI users had a higher risk of

VA and SCD than platinum analogue users, we further investigated

whether this phenomenon could be observed in patients with other

features. In the subgroup analysis, we discovered that the risk of a

composite endpoint of VA and SCD relatively increased in TKI

users, regardless of their sex, history of diabetes, hypertension,

CAD, or use of cardiovascular medications, compared to platinum

analogue users (Figure 2). Notably, the increased risks were most

significant in patients free from hyperlipidemia, chronic kidney

disease, statin use, or undergoing surgery for cancer therapies. In
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contrast, TKI users who received radiotherapy presented a

significantly higher risk of fatal arrhythmia than those treated

with platinum analogues. Taken together, we discovered that

although patients receiving TKIs had a significantly lower risk of
Frontiers in Oncology 04
death than those receiving platinum analogues, TKI use was

associated with significantly elevated risks of both VA and SCD

compared with platinum analogue use. The augmented risk was

independent of sex and cardiovascular comorbidities.
TABLE 1 The baseline characteristics of patients with non-small cell lung cancer (NSCLC) treated with either Platinum analogues or TKIs before and
after propensity score matching.

Before propensity score matching After propensity score matching

Total
N=18465

Platinum
analogues
N=7883

TKIs
N=10582 ASMD

Total
N=7752

Platinum
analogues
N=3876

TKIs
N=3876 ASMD

Age 0.549 0.112

Mean (SD) 66.38 (12.34) 62.65 (11.46) 69.16 (12.23) 66.05 (12.14) 65.37 (10.64) 66.73 (13.44)

Median (IQR) 68.00 (18.00) 64.00 (17.00) 71.00 (19.00) 68.00 (17.00) 67.00 (14.00) 70.00 (21.00)

Sex 0.067

Male, N (%) 9359 (50.69) 5171 (65.60) 4188 (39.58) 0.540 4511 (58.19) 2192 (56.55) 2319 (59.83)

Anti-cancer therapies

Radiotherapy, N (%) 497 (2.69) 214 (2.71) 283 (2.67) 0.003 253 (3.26) 125 (3.22) 128 (3.30) 0.004

Operation, N (%) 817 (4.42) 473 (6.00) 344 (3.25) 0.131 373 (4.81) 187 (4.82) 186 (4.80) 0.001

Anti-cancer drugs, N (%)* 9099 (49.28) 6560 (83.22) 2539 (23.99) 1.476 4864 (62.75) 2579 (66.54) 2285 (58.95) 0.157

CV medications

Anti-arrhythmia drugs,
N (%)**

398 (2.16) 145 (1.84) 253 (2.39) 0.038 162 (2.09) 80 (2.06) 82 (2.12) 0.004

ACEIs/ARBs, N (%) 4140 (22.42) 1184 (15.02) 2956 (27.93) 0.318 1495 (19.29) 732 (18.89) 763 (19.69) 0.020

Beta blockers, N (%) 3803 (20.60) 1462 (18.55) 2341 (22.12) 0.089 1463 (18.87) 724 (18.68) 739 (19.07) 0.010

Anti-platelet agents, N
(%)

2785 (15.08) 898 (11.39) 1887 (17.83) 0.183 1055 (13.61) 528 (13.62) 527 (13.60) 0.001

Anti-coagulants, N (%) 364 (1.97) 128 (1.62) 236 (2.23) 0.044 153 (1.97) 73 (1.88) 80 (2.06) 0.013

Statins, N (%) 1494 (8.09) 235 (2.98) 1259 (11.90) 0.345 380 (4.90) 187 (4.82) 193 (4.98) 0.007

Digoxin, N (%) 587 (3.18) 363 (4.60) 224 (2.12) 0.138 244 (3.15) 129 (3.33) 115 (2.97) 0.021

MRAs, N (%) 624 (3.38) 212 (2.69) 412 (3.89) 0.068 248 (3.20) 115 (2.97) 133 (3.43) 0.026

Comorbidities

CAD, N (%) 2553 (13.83) 1042 (13.22) 1511 (14.28) 0.031 1061 (13.69) 512 (13.21) 549 (14.16) 0.028

PAD, N (%) 357 (1.93) 119 (1.51) 238 (2.25) 0.055 143 (1.84) 69 (1.78) 74 (1.91) 0.010

Hypertension, N (%) 7927 (42.93) 2656 (33.69) 5271 (49.81) 0.331 3202 (41.31) 1566 (40.40) 1636 (42.21) 0.037

Diabetes mellitus, N (%) 3361 (18.20) 1155 (14.65) 2206 (20.85) 0.163 1270 (16.38) 638 (16.46) 632 (16.31) 0.004

Hyperlipidemia, N (%) 2764 (14.97) 675 (8.56) 2089 (19.74) 0.325 897 (11.57) 451 (11.64) 446 (11.51) 0.004

Valve disease, N (%) 523 (2.83) 175 (2.22) 348 (3.29) 0.065 209 (2.70) 104 (2.68) 105 (2.71) 0.002

COPD, N (%) 4917 (26.63) 2778 (35.24) 2139 (20.21) 0.341 2279 (29.40) 1151 (29.70) 1128 (29.10) 0.013

Asthma, N (%) 1861 (10.08) 932 (11.82) 929 (8.78) 0.100 789 (10.18) 408 (10.53) 381 (9.83) 0.023

CKD, N (%) 1019 (5.52) 299 (3.79) 720 (6.80) 0.135 371 (4.79) 179 (4.62) 192 (4.95) 0.016

ESRD, N (%) 26 (0.14) 3 (0.04) 23 (0.22) 0.050 7 (0.09) 3 (0.08) 4 (0.10) 0.009
front
ASMD, absolute standardized mean difference; CV, cardiovascular; ACEI/ARB, angiotensin-converting enzyme inhibitor/Angiotensin Receptor Blocker; MRA, mineralocorticoid-receptor
antagonists; CAD, coronary artery disease; PAD, peripheral artery disease; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; ESRD, end-stage renal disease.
*Anti-cancer drugs is listed in Supplemental Table 2.
**Anti-arrhythmia drugs is listed in Supplemental Table 3.
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Discussion

Although TKIs have significantly enhanced the survival of

patients with NSCLC with EGFR mutations, potential

cardiotoxicity, especially fatal arrhythmia, threatens the benefit of

long-term mortality and morbidity (9, 10). With a high prevalence

of EGFR mutations in Asia, the use of TKIs is higher in Asia than in

western countries (8). Hence, it is critical to balance the positive and
Frontiers in Oncology 05
negative effects of TKIs on survival and cardiovascular outcomes.

By analyzing this national cohort, we found that despite a lower

probability of mortality in TKI-treated patients with NSCLC than in

platinum analogue-treated patients, TKI use was associated with a

higher incidence of fatal arrhythmia, including VA and SCD, than

platinum analogue use. Notably, the increased risk was independent

of cardiovascular risk factors and comorbidities. Given that TKI

treatment related QT prolongation and arrhythmias seem to be
A

B

C

FIGURE 1

The accumulating incidences of (A) the composition endpoint of ventricular arrhythmia (VA) and sudden cardiac death (SCD), (B) only VA including
ventricular tachycardia (VT)/ventricular fibrillation (VF), and (C) only SCD between tyrosine kinase inhibitor (TKI) and platinum analogue users in
patients with non-small cell lung cancers (NSCLCs).
TABLE 2 The crude and adjusted hazard ratio (HR) and subdistribution hazard ratio (sHR) of patients with non-small cell lung cancer (NSCLC) treated
with either Platinum analogues or TKIs.

All, N (%)
N=7752

Platinum
analogues
(Ref.), N (%)
N=3876

TKIs, N (%)
N=3876

Crude HR
(95%CI)

p
value

Adjusted HR
(95%CI)

p
value

Adjusted sHR
(95%CI)

p
value

Death 6354 (81.97) 3298 (85.09) 3056 (78.84)
0.771 (0.733-

0.810)
<0.001 0.767 (0.729-0.807) <0.001

VA/SCD 312 (4.02) 137 (3.53) 175 (4.51)
1.068 (0.854-

1.337)
0.563 1.079 (0.858-1.357) 0.517 1.273 (1.106-1.593) 0.036

SCD 290 (3.74) 125 (3.22) 165 (4.26)
1.104 (0.874-

1.393)
0.407 1.116 (0.879-1.417) 0.367 1.316 (1.041-1.663) 0.022

VA (VT/
VF)

124 (1.60) 38 (0.98) 86 (2.22)
1.893 (1.291-

2.776)
0.001 1.987 (1.345-2.935) <0.001 2.328 (1.592-3.404) <0.001

AF 263 (3.39) 116 (2.99) 147 (3.79)
1.144 (0.896-

1.459)
0.281 1.097 (0.854-1.410) 0.468 1.188 (0.920-1.535) 0.186
frontie
SCD, sudden cardiac death; VA, ventricular arrhythmia including ventricular tachycardia (VT) and ventricular fibrillation (VF); AF, atrial fibrillation.
Model was adjusted for age, sex, therapies use during (radiotherapy, operation, anti-arrhythmia drugs, anti-cancer drugs), CV medication (ACEI/ARB, beta blocker, anti-platelet agents, anti-
coagulants, statins, digoxin, MRA), comorbidities (Coronary artery disease, peripheral artery disease, hypertension, diabetes mellitus, hyperlipidemia, valve disease, chronic obstructive lung
disease, asthma, chronic kidney disease, ESRD).
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underestimated owing to inadequate reporting in the post-

marketing setting, a strong cooperation between pharmacologists,

oncologists and cardiologists and a timely recognition of TKI use

related cardiovascular toxicity were crucial (15). Our result sheds

light on the fact that during the treatment in patients with NSCLC,

clinical practitioners should pay more attention to the potential

risks of fatal arrhythmia, while early detection of cardiotoxicities

and rapid treatment could increase the advantages of TKI therapy

(16, 17).

Cancer therapy-related cardiac dysfunction has detrimental

effects on the survival and quality of life of patients with NSCLC

(9–11). Before TKIs, platinum-based chemotherapy was the

standard treatment for patients with advanced NSCLC, but the

systemic use of platinum analogues is often associated with atrial

complexes, ventricular premature beats, and bradycardia, which can

start immediately during infusion (3, 4). Cases of VA and AF have

also been reported. Zellos et al. indicated that among patients

receiving hyperthermic cisplatin, the incidence of AF and non-

sustained ventricular tachycardia was estimated to be

approximately 18.8% and 8%, respectively (18). Platinum

analogue-induced electrolyte imbalances, including hypokalemia,

hypophosphatemia, hypocalcemia, and hypomagnesemia, have

been speculated to be major causes of arrhythmia complications

(3, 4). Owing to renal magnesium wasting and decreased intestinal

absorption, platinum-induced hypomagnesemia, which has been

reported to last for up to six years after cessation of treatment, may

cause severe and potentially fatal arrhythmia (4, 19). On the other
Frontiers in Oncology 06
hand, the development of targeted therapies has significantly

improved cancer treatment in recent decades (7, 20). The

potential benefit of TKIs on long-term outcomes in patients with

EGFR-mutated NSCLC may be constrained by cardiotoxicity

associated with off-target effects (9, 10). Given the pivotal role of

tyrosine kinases in regulating extracellular signals that control cell

growth, differentiation, metabolism, and survival (7, 10, 21),

inhibition of tyrosine kinases may result in the development of

HF, coronary spasm, and thromboembolic events (22, 23).

Mechanistically, EGFR kinase regulates the human ether-a-go-go

(hERG) subunit, which conducts the main ventricular

repolarization potassium current (IKr) potential during phases 2–

3 of the action potential (24, 25). Novo et al, indicated that through

the “off-target effect”, TKIs could also work on endothelial cells,

which plays a pivotal role in maintaining vascular homeostasis by

producing vasoconstrictor and vasodilator substances (26). It result

in different type of toxicities, including QT interval prolongation

and arrhythmias, compared with traditional chemotherapy (26, 27).

Also, using whole-cell patch-clamp technique in guinea pig

ventricular myocytes, Jie et al. reported that gefitinib could delay

repolarization as well as prolong QTc interval by potently blocking

hERG channel (28). Likewise, using a small animal model and

primary cardiomyocytes, we previously showed that TKIs suppress

the amplitude of the slowly activating delayed-rectifier K + current

(IKS) in a time- and concentration-dependent manner, which could

be an important mechanism underlying changes in QTc intervals

(24). To date, there is a lack of an effective method to reverse drug-
FIGURE 2

The subgroup analysis of the composition endpoint of ventricular arrhythmia (VA) and sudden cardiac death (SCD) between tyrosine kinase inhibitor
(TKI) and platinum analogue users in patients with non-small cell lung cancers (NSCLCs).
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induced fatal arrhythmia; thus, close monitoring during TKI use

is warranted.

In the subgroup analysis, we observed that the risks of VA/SCD

relatively increased in TKI users compared to platinum analogue

users, independent of their sex, cardiovascular risk factors, or use of

cardiovascular drugs. Interestingly, TKI users who received

radiotherapy presented a significantly higher risk of fatal

arrhythmia than those treated with platinum analogues. As

previously reported, radiation therapy may contribute to

myocardial fibrosis and autonomic dysfunction, leading to

arrhythmia (29, 30). Therefore, combined TKI use and

radiotherapy may have a detrimental effect on VA/SCD.

However, the risk of AF was not significantly different between

patients treated with TKI and those receiving platinum analogues.

Tamargo et al. reported a wide range of AF incidence, with cisplatin

use ranging from 15% to 32%, whereas the incidence of AF varies

among different types of TKIs (31). Ibrutinib, a small-molecule drug

that inhibits B-cell proliferation, has been reported to increase the

risk of AF, reaching 38% (32). Likewise, the FDA Adverse Events

Reporting System has indicated that osimertinib, a third-generation

TKI for NSCLC, has fourfold increasing risks of AF compared to the

control arm (33). However, regarding the first- and second-

generation TKIs included in this study, the AF incidence ranged

from 0.43 to 1.79% (34). The structural difference between each

drug is plausible to be the reason for the different effects

on arrhythmia.

Our study has some limitations. First, owing to the relatively

limited survival in advanced NSCLC, patients may die before

reaching cardiovascular endpoints. Alternatively, we adjusted for

mortality as a competing risk and observed a persistent increase

inarrhythmias in TKI users compared with non-users. Second,

given that arrhythmias could not only attribute to the sue of TKIs

but the effects of NSCLC, such as systemic inflammation, per se,

whether the cardiovascular complications that we observed was

merely owing to the treatments required more evidences. However,

through a careful matching, TKI use was still associated with a

higher risk of ventricular arrhythmia than those receiving

conventional chemotherapy of platinum analogues in patients

with the background of NSCLC. Third, although the control

group of platinum users were selected during the time before

TKIs were available, there could still be patients subsequently

receiving TKIs during the follow-up period after TKIs were

launched and those patients who had EGFR mutations. The

switch between groups may influence the impact of each drug on

the outcomes. Forth, some clinical information such as the QT

interval and laboratory data were not available in this cohort. Last,

osimertinib has been shown to have an increased risk of

cardiotoxicity compared with first-generation TKIs (33, 35).

Osimertinib-related information was not included in the study

because it was not yet available in the NHIRD. Third, TKI use

depends on EGFR mutations, which may be an inherent overall

survival difference between TKI and platinum analogue groups. To

overcome selection bias, we randomly selected a control group at

the time when TKIs were not yet available to match with a study

group of TKI use.
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Conclusions

The development of TKI has significantly improved the

treatment of patients with NSCLC; however, its benefits may be

attenuated by off-target effects related to arrhythmia. In this

nationwide cohort, we identified that TKI was associated with a

lower mortality risk but a higher risk of fatal arrhythmia than

platinum analogues. Here, we provide evidence for ongoing

surveillance of cardiovascular problems during TKI use. Further

research is required to validate our findings.
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