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Abstract

Purpose of Review Tyrosine kinase inhibitors (TKI) and monoclonal antibodies (mAbs) that target the epidermal growth
factor receptor (EGFR) have changed the therapeutic landscape across a range of solid malignancies. However, there is little
data regarding the cardiovascular (CV) impact of these agents. The purpose of this review is to discuss reported CV effects,
pathophysiology, pre-treatment screening, diagnostic workup, and treatment recommendations in this patient population.
Recent Findings It is apparent that CV events are not class dependent, and while infrequently reported in clinical trials,
unique CV toxicity may occur with EGFR inhibitors, including structural, electrical, and vascular events.

Summary There remains an unmet need to fully elucidate the spectrum of CV events associated with EGFR inhibitors. Early
CV screening, close clinical monitoring, coupled with a multidisciplinary approach between medical and cardio-oncology
is needed to minimize the potentially detrimental impact of cardiotoxicity in this patient population.

Keywords EGFR mutation - Cancer - Tyrosine kinase inhibitor - Monoclonal antibody - Cardiovascular toxicity - Cardio-
oncology
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Introduction

The advent and evolution of targeted anti-neoplastic ther-
apy against EGFR represents a paradigm shift in cancer
treatment, allowing a tailored approach focusing on the
unique genomic aberrancies of various malignancies. The
United States Food and Drug Administration (FDA) has
approved multiple EGFR-TKIs targeting receptor and non-
receptor tyrosine kinases and mAbs against growth factor
receptor kinases for the treatment of multiple cancer types,
including non-small cell lung cancer (NSCLC), colorectal
cancer (CRC), squamous cell carcinomas of the head and
neck, medullary thyroid carcinoma, and HER2-amplified
breast cancer [1]. While patient outcomes are improving,
CV adverse effects (AE) are becoming increasingly rec-
ognized, encompassing structural (left ventricular (LV)
dysfunction, heart failure), electrical (arrhythmias, QTc
prolongation, sudden cardiac arrest (SCA)), and vascular
(hypertension, coronary artery disease (CAD), myocardial
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infarction (MI)) AE. This review examines the CV patho-
physiological and clinical consequences of EGFR inhibi-
tion, providing a guide to the screening and diagnosis of
cardiotoxicity associated with EGFR-TKIs and mAbs.

Pathophysiologic Role in Cardiovascular
Development and Function

EGFR is a receptor tyrosine kinase in the erythroblastic
leukemia viral oncogene homolog (ErbB)/HER (human
epidermal growth factor receptor) family, which consists
of four different receptor/tyrosine kinase domains: EGFR/
HER1/ErbB1, ErbB2/Neu/HER?2, ErbB3/HER3, and ErbB4/
HER4 [2]. The ErbB receptor pathway is necessary in the
homeostatic regulation of cellular proliferation, differen-
tiation, and apoptosis [2, 3]. Signal transduction pathways
are propagated following ligand-induced receptor homo- or
heterodimerization and activation of downstream tyrosine
kinase activity [4] (Fig. 1).
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Fig. 1 Mechanisms of small molecule/monoclonal antibody EGFR tyrosine kinase inhibitors
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The ErbB receptor family is necessary for the develop-
ment and maintenance of the CV system [3]. In utero, the
ErbB2/ErbB4/NRG-1 signaling cascade stimulates CV
development and remains expressed in low concentra-
tions localized to the T-tubules in the adult heart [5]. Pre-
clinical and translational models assessing mutations or
blockade of the ErbB2, ErbB3, and ErbB4 pathways have
impacts on myocardial development and function. For
example, human-induced pluripotent stem cell-derived
cardiomyocytes of trastuzumab-treated patients have
impaired contractility and calcium handling properties
from mitochondrial dysfunction and impaired cardiac
energy metabolism related to alteration in the AMP-acti-
vated protein kinase pathway [6]. Deletions of ErbB2,
ErbB4, or NRG-1 in mutant embryonic mice cells resulted
in abnormal ventricular trabeculation and embryonic
lethality [7-9]. Erickson and colleagues also noted that
mice embryos deficient in ErbB2 died from a lack of ven-
tricular cardiomyocyte differentiation [10]. ErbB2 also
appears to be necessary in adults; young adult mice with
an acquired mutation in ErbB2 led to severe cardiomyo-
pathy and sudden death [5]. EGFR/ErbB1 has been shown
to play a role in vascular remodeling. Schreier et al. found
that targeted EGFR deletion in vascular smooth muscle
isolated from mice aortas led to spontaneous cell death,
resulting from reduced pentose phosphate pathway activ-
ity, disturbed cellular matrix homeostasis, and diminished
induction of ERK1/2 phosphorylation in response to oxi-
dative stress [11e]. Crosstalk between EGFR and ErbB2
can also occur; a murine model showed targeted block-
ade of ErbB1 signaling also resulted in the inhibition of
ErbB2 signaling, culminating in cardiomyocyte hypertro-
phy, chamber dilation, and dilated cardiomyopathy [12e].

EGFR-TKIs and mAbs have a unique array of “on-
target” and “off-target” CV events, suggesting drug-
specific mechanisms [3]. For instance, the EGFR and
HER?2 inhibitor, lapatinib, downregulates genes involved
in small molecule metabolism and reduces glucose uptake
in induced pluripotent stem cell-derived cardiomyocytes
[13]. Vandetanib, a TKI targeting the VEGF receptor,
EGFR, and RET proto-oncogene, inhibits the rapidly
activating delayed rectifier K + channel, via the blockade
of the human Ether-a-go-go-Related Gene (hERG) chan-
nel, prolonging action potential duration. In addition, its
action in human-induced pluripotent stem cell-derived
cardiomyocytes markedly reduces the maximum rate of
depolarization during the action potential upstroke [14].
Since CV risk related to EGFR-TKIs is drug-specific
rather than class-specific, it is prudent that medical
oncologists and cardiologists are familiar with the fol-
lowing agents.

Drug-Specific Cardiovascular Effects
NSCLC (1st Generation)
Erlotinib

Erlotinib is a small molecule EGFR TKI approved as
maintenance and second-line therapy for NSCLC patients
with locally advanced or metastatic disease and as first-
line therapy along with gemcitabine in locally advanced,
unresectable, or metastatic pancreatic cancer. It is also
approved by the European Medicine Agency (EMA) as
a first-line therapy for EGFR-mutated NSCLC [15-17].
A highly selective EGFR inhibitor, erlotinib has a low
CV risk profile [18, 19]. Mice models have shown upregu-
lation of the JAK/STAT pathway, which may provide car-
dioprotective effects [19]. While earlier trials in NSCLC
did not report cardiac events, several subsequent trials
have reported acute coronary syndrome (ACS) and heart
failure in patients receiving erlotinib as monotherapy or
in combination with other agents. In the National Cancer
Institute of Canada trial assessing gemcitabine + erlotinib
in advanced pancreatic cancer, there was a higher inci-
dence of reported coronary artery events (2.3% vs 1.2%)
[20e, 21e]. In a study assessing maintenance, erlotinib
in stage IIIB and IV NSCLC cardiac AE included one
patient with cardiopulmonary failure, one with cardiopul-
monary arrest, and one patient with heart failure leading
to death [22]. In a phase II trial investigating the addi-
tion of erlotinib to bevacizumab in renal cell carcinoma,
one patient out of 51 treated with erlotinib had an arte-
rial thromboembolic event [18, 23]. In a phase III trial
comparing bevacizumab with or without erlotinib, there
were similar rates of hypertension, “other cardiovascu-
lar events,” and thromboembolic events [24]. Subsequent
case reports and series have reported rare cardiac events,
including dilated cardiomyopathy and ST-elevation myo-
cardial infarction (STEMI) (Table 1, Fig. 2) [25, 26].

Gefitinib

Gefitinib is an oral selective EGFR TKI approved for
EGEFR exon 19 deletion or exon 21 substituted NSCLC
[60, 61]. CV events related to gefitinib are uncommon,
although several trials excluded patients with clinically rel-
evant CV disease [62-66]. However, there are rare reports
of fatal cardiotoxicity reported with gefitinib, including
myocarditis, cardiomyopathy, MI, atrial fibrillation, and
left bundle branch block (Table 1, Fig. 2) [21e,27-30].
Additional studies are needed to ascertain CV risk in this
patient population.
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Table 1 (continued)

Reference type

Reported cardiotoxic events

Approved indications

Target(s) Class

Medication

1. Metastatic CRC, KRAS wild type in combina- Heart failure [52, 53, 54, 55¢]; MI [52, 54e]; Clinical trials

Chimeric mAb

EGFR

Cetuximab

Retrospective studies

coronary spastic angina [54e]; QTc prolonga-
tion [56®®]; SCA [52]; unspecified cardiotox-

tion with FOLFIRI
2. Metastatic CRC in combination with irinote-

icity [55@]; troponin elevation [S6®®]; chest

pain [56@@]; arrhythmia [S6®®]

can
3. Metastatic CRC single agent in irinotecan/

oxaliplatin refractory
4. Locally/regionally advanced SCC of the head

and neck in combination with radiation
5. Metastatic SCC of the head and neck

Humanized IgG2 mAb 1. Progressive metastatic CRC cancer

Retrospective studies

QTc prolongation [54®]; arrhythmia [55®, 566,

Panitumumab EGFR

57]; heart failure [S55®, 56®e, 57]; unspecified

cardiotoxicity [58]
Atrial flutter [59ee]

Clinical trial

1. Locally advanced or metastatic NSCLC with

Chimeric IgG1 mAb

Amivantamab EGFR, MET

Acute coronary syndrome [590@]

EGFR exon 20 insertion mutation

Necitumumab

Necitumumab is a 2nd-generation monoclonal IgG1 anti-
body directed against EGFR approved for advanced squa-
mous NSCLC [51, 67, 68]. Clinical trials have rarely
reported cases of arterial thromboembolism, but the inci-
dence was similar in the necitumumab plus chemother-
apy arm and the chemotherapy alone arms [49ee, 51]. In
a phase III trial comparing necitumumab, cisplatin, and
gemcitabine to cisplatin and gemcitabine alone for stage
IV squamous NSCLC, cardiopulmonary or SCA occurred
in approximately 3% of the treatment arm versus less than
1% of patients who were on chemotherapy alone, leading
to an FDA black box warning [49ee, 68, 69]. In a phase 1b
trial investigating the addition of necitumumab to pembroli-
zumab in patients with stage IV NSCLC of both squamous
and non-squamous histology, 1 patient had SCA (Table 1,
Fig. 2) [50].

NSCLC (2nd Generation)
Afatinib

Afatinib is an irreversible second-generation EGFR/HER2-
TKI approved for first-line treatment of metastatic NSCLC
[70].

CV AE are rarely reported with afatinib. In a pooled
analysis of 49 trials, there were no reports of heart failure
or decreased LVEF [70]. One reported case of symptomatic
systolic and diastolic heart failure and pericardial effusion
occurred but resolved with temporary cessation of therapy
(Table 1, Fig. 2) [31].

Dacomitinib

Dacomitinib is an irreversible, pan-HER TKI approved
for first-line treatment of patients with metastatic NSCLC
EGFR exon 19 deletion or exon 21 L858R substitution muta-
tions [63]. In a phase III study comparing dacomitinib and
gefitinib as front line therapy in newly diagnosed NSCLC,
no cardiovascular AE were reported, but patients were
excluded if they had untreated or substantial CV disease [63,
71]. There do not appear to be any significant reports of CV
toxicity. Furthermore, there do not appear to be any clini-
cally relevant impacts to the QTc interval with dacomitinib,
based on a phase II study (Table 1, Fig. 2) [72e].

NSCLC (3rd Generation)
Osimertinib

Osimertinib is a third-generation irreversible EGFR-TKI
approved for advanced NSCLC harboring EGFR activating
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Fig.2 Cardiovascular toxici-
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mutation, advanced NSCLC following progression after
first-line EGFR TKI therapy harboring T790M mutation,
and as adjuvant therapy for stage IB-IITA NSCLC who had
EGEFR exon 19 deletions or exon 21 mutations. In a phase III
trial comparing osimertinib to pemetrexed amongst T790M
EGFR mutation-positive NSCLC who had progressed after
first-line EGFR-TKI therapy, decreases in LVEF > 10% and
an absolute LVEF <50% occurred in 5% of the osimerti-
nib arm with a median time to onset of 5.5 months, with
cardiac failure reported in 3% in the osimertinib group and
none in the pemetrexed treatment arm. Also, 4% of the osi-
mertinib arm had QTc prolongation compared to 1% in the
control arm [32e]. In a phase III trial comparing frontline
osimertinib to gefitinib or erlotinib for advanced NSCLC,
10% of osimertinib treated patients had QTc prolongation
compared to 4% in the control arm. Grade >3 QTc prolon-
gation occurred in 1% of each arm. Furthermore, decreased
LVEF occurred in 5% of osimertinib-treated patients com-
pared to 2% in the control arm [33e]. In a retrospective study
of 123 cases of advanced NSCLC receiving osimertinib, 5%
of patients had cardiac AE including MI, heart failure, and
valvular heart disease [35]. In a pharmacovigilance study
based on FDA adverse events database, reporting odds ratio
of heart failure, QTc prolongation and atrial fibrillation were
higher with osimertinib compared to first- and second-gener-
ation EGFR TKIs [36¢]. Another study based on the World
Health Organization (WHO) pharmacovigilance database,
VigiBase, found that osimertinib was associated with higher

@ Springer

odds of QTc prolongation, supraventricular tachycardia, and
heart failure [37]. In a phase III study assessing adjuvant
osimertinib compared to placebo in stage IB to IITA NSCLC,
the osimertinib arm reported cardiac AE in 5% (reduced
EF, cardiomyopathy, pulmonary edema, and cardiomyopathy
compared to 3% in the placebo group (Table 1, Fig. 2) [34e].

Mobocertinib

Mobocertinib is an irreversible EGFR/HER2-TKI recently
approved for the treatment of NSCLC harboring the EGFR
exon 20 insertion mutation [38, 73]. A pooled safety analysis
of 250 patients reported QTc prolongation and heart failure
as the most common CV events [38]. In the analysis, 1.2% of
patients developed a QTc interval > 500 ms, and around 11%
had a relative 60 ms increase in QTc interval from baseline
with one instance of torsades de pointes (TdP). Heart failure
occurred in 2.7% of patients. Prior phase I/1I trials excluded
patients with prolonged QTc [74]. Ongoing phase III trials
are evaluating the CV safety profile of mobocertinib [75]
(Table 1, Fig. 2).

Amivantamab-vmjw

Amivantamab-vmjw is a bispecific antibody directed
against epidermal growth factor (EGF) and MET recep-
tors, for adult patients with locally advanced or metastatic
non-small cell lung cancer (NSCLC) with EGFR exon 20
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insertion mutations who have progressed on platinum-based
chemotherapy [59ee, 76]. In the phase I trial, acute coro-
nary symptom, atrial flutter, and cardio-respiratory distress
were reported in one patient each out of 114 patients [59ee].
There is currently little data on the cardiac impacts on this
bispecific antibody, and additional assessments in upcoming
phase III studies are needed (Table 1).

Breast Cancer
Neratinib

Neratinib is a small molecule, irreversible, dual pan-HER
TKI approved for extended adjuvant treatment of early-
stage, HER2-positive breast cancer and in combination with
capecitabine for patients with advanced/metastatic HER2-
positive disease after > 2 prior lines of HER2-directed ther-
apy [39e, 77, 78].

CV AE are rare. In a phase III trial comparing neratinib
plus capecitabine to lapatinib plus capecitabine for HER2-
positive, pretreated metastatic breast cancer, cardiac moni-
toring was performed at the start of cycles 3 and 6 and every
6 cycles afterward using a single standard 12-lead digital
electrocardiogram (ECG) and multiple-gated acquisition
scans or transthoracic echocardiograms. The incidence of
arrhythmia was 3.3%, ischemic heart disease was 0.7%, QTc
prolongation was 2.3%, and decreased LVEF in 4.3%. Many
patients in this study received two or more HER2-directed
regimens in the neoadjuvant (16.9%) and adjuvant (47.6%)
setting [39¢]. In a phase III trial assessing extended adjuvant
neratinib therapy for patients with hormone receptor posi-
tive, HER2-positive, early-stage breast cancer, QTc prolon-
gation occurred in 3% compared to 7% in the placebo group,
and a decreased LVEF occurred 1% of patients in both the
treatment and placebo arms [42e]. In the extended analy-
sis, no additional cardiac toxicities were reported [77]. In a
phase III trial comparing neratinib plus paclitaxel to trastu-
zumab plus paclitaxel, grade 3 or higher cardiac events were
reported in 1.3% of patients in the neratinib group compared
to 3% in the trastuzumab group, with toxicities including
decreased LVEF and heart failure [43] (Table 1, Fig. 2).

Lapatinib Ditosylate

Lapatinib ditosylate is a reversible, small molecule EGFR/
HER2-TKI that is approved for the treatment of advanced
or metastatic HER2-positive breast cancer in combination
with capecitabine in women who have previously received
trastuzumab, and in combination with letrozole in women
with hormone receptor positive, HER2-positive metastatic
breast cancer [79-81].

In preclinical canine models, therapeutic doses of lapa-
tinib have been demonstrated to increase total peripheral

vascular resistance, QTc interval, and the plasma concen-
tration of cardiac troponin I [82]. However, reports of CV
toxicity vary widely, with clinical trials and retrospective
reports reporting AE ranging from 0.0 to 19.2% [39e, 41, 83,
84, 85, 86, 87e¢]. In the phase III study mentioned above,
arrhythmias occurred in 3.5%, ischemic heart disease in
0.6%, QTc prolongation in 3.9%, and decreased LVEF in
2.3% of patients treated in the lapatinib plus capecitabine
arm [39e]. In a phase III trial comparing trastuzumab emtan-
sine and lapatinib-capecitabine in previously treated, meta-
static breast cancer, there were no cardiac events attributed
to the lapatinib group, compared to < 1% of cardiac dysfunc-
tion in the trastuzumab arm [41]. In a phase III study of
8,381 women with HER2-positive breast cancer treated with
either trastuzumab alone or adjuvant lapatinib plus trastu-
zumab, 2-3% developed heart failure, which did not substan-
tially differ from trastuzumab plus lapatinib or trastuzumab
alone (2-3%) [40]. In a recent subanalysis of a trial com-
paring adjuvant lapatinib plus trastuzumab vs trastuzumab
alone, 8.6% of 4190 patients developed CV events. Of these,
7.9% occurred in the lapatinib + trastuzumab arm and 9.3%
in trastuzumab alone arm. Predisposing CV risk factors
included LVEF < 55%, diabetes mellitus, BMI > 30 kg/mz,
cumulative dose of doxorubicin >240 mg/m?, and of epiru-
bicin >480 mg/m? (Table 1, Fig. 2) [87ee].

Head and Neck, Colon Cancer
Cetuximab

Cetuximab is a recombinant chimeric human/mouse IgG1
monoclonal antibody which binds to EGFR and competi-
tively inhibits the binding of other ligands such as TGF-
beta. It is approved for metastatic, KRAS wild type, EGFR
expressing colorectal cancer in combination with folinic
acid, 5-fluorouracil, and irinotecan (FOLFIRI), in combi-
nation with irinotecan in patients who are refractory to fluo-
ropyrimidine and oxaliplatin therapy, and as a single agent
in patients who have failed oxaliplatin and irinotecan-based
chemotherapy [88-90]. In addition to colon cancer, cetuxi-
mab is approved for locally/regionally advanced squamous
cell carcinoma of the oropharynx, hypopharynx, or larynx
in combination with high-dose radiotherapy and in combina-
tion with a platinum-fluorouracil chemotherapy backbone
for metastatic disease [52, 91].

Clinical trials of cetuximab for colorectal cancer sel-
domly reported CV AE, and in several clinical trials, no CV
events were reported [88, 89, 92]. However, in an extended
analysis of a phase III trial of cetuximab + irinotecan follow-
ing first-line treatment failure in metastatic colorectal cancer,
one case of treatment-related, new-onset heart failure result-
ing in death occurred. In addition, there was another death
in the cetuximab + irinotecan arm due to cardiac failure,
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which was attributed to irinotecan [53]. In an analysis of
2,126 cetuximab-treated patients alone or in combination
with chemotherapy for metastatic colorectal cancer, car-
diotoxicity was reported in 0.9%, with 5 cases of grades 3
or 4 events, including coronary spastic angina, myocardial
infarction, and heart failure, resulting in 4 deaths. All deaths
occurred with concomitant FOLFIRI or irinotecan [54e].
In an analysis of cardiotoxicity comparing single agent
cetuximab and panitumumab in metastatic, chemotherapy
refractory colorectal adenocarcinoma, troponin elevation
occurred in 34.4%, nonspecific ST changes in 32.7%, and
QTc prolongation in 36.1%, with resolution occurring within
10 months. Chest pain occurred in 8.1% (one grade 3 event)
and 4.8% developed arrhythmias requiring medical man-
agement [56ee]. In a case control study of 27,992 patients
receiving TKIs for various malignancies, cetuximab was
associated with higher odds of new onset heart failure. Pre-
existing comorbidities that posed a risk included diabetes
mellitus, hypertension, chronic renal failure, ischemic heart
disease, valvular heart disease, arrhythmia, and smoking
[55e].

Cetuximab-associated CV toxicity is also reported in
patients receiving treatment for head and neck cancers,
although radiotherapy and platinum-based therapy are con-
founding factors. In a phase III trial assessing platinum-
fluorouracil-cetuximab vs platinum-fluorouracil as front-line
therapy in metastatic head and neck cancer, CV events were
reported in 7% and 4% of patients in the platinum-fluoroura-
cil-cetuximab treatment arm and control arm, respectively,
including heart failure (n =4 vs 1), MI or ischemia (n="7 vs
2), and SCA (n=3 vs 1), which did not significantly differ
(p=0.22) [52]. A phase II study of cetuximab plus cisplatin,
with or without paclitaxel, reported CV AE in 6% of the
treatment arm and 5% of the placebo arm with one patient in
each arm developing grade 3 or higher AEs (Table 1, Fig. 2)
[93].

Panitumumab

Panitumumab is a monoclonal human IgG2 antibody against
EGEFR that is approved for the treatment of metastatic colo-
rectal cancer that progressed on treatment with oxaliplatin,
fluoropyrimidine, and irinotecan-containing regimens [94].
CV toxicities including heart failure and arrhythmias have
been reported [55e, S6ee, 57]. A nested case—control popu-
lation-based study including 27,000 patients who received
TKIs and/or chemotherapy showed an increased risk of heart
failure in patients receiving panitumumab (OR 3.01, 95%
CI 1.02-8.85) [55¢]. In addition to heart failure, arrhyth-
mias have been documented [S6ee, 57]. Furthermore, EKG
changes including ST segment changes and QTc prolonga-
tion have been reported, none of which were considered
“serious” [56ee]. A post-marketing study involving more
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than 3,000 colorectal cancer patients in Japan reported 0.2%
incidence of CV AE with only one case of grade 3 cardio-
toxicity (Table 1, Fig. 2) [58].

Thyroid Cancer
Vandetanib

Vandetanib is a non-specific TKI with activity against VEGF
receptor, EGFR, and rearranged during transfection (RET)
tyrosine kinases, approved for the management of unresect-
able, locally advanced, or metastatic medullary thyroid can-
cer in adult patients [44e, 95].

CV toxicity is reported in clinical studies as well as post-
marketing studies, and the risk of QTc interval prolongation,
TdP, and SCA are included in FDA prescriber warnings [95].
QTc prolongation is commonly reported, is dose dependent,
and has an incidence ranging from 5.4 to 44.1 [44e, 45, 46].
Furthermore, meta-analyses have reported that the risk of
all-grade QTc prolongation and grade 3 or higher QTc pro-
longation is higher with vandetanib compared to placebo or
other VEGF inhibitors [47, 48]. Based on this data, patients
should be monitored closely for QTc prolongation given the
possibility of life-threatening arrhythmias, such as TdP and
SCA [95].

Hypertension is a common AE reported with vandetanib
in clinical trials, ranging from 16 to 56% [44e, 45, 46]. In
a phase 3 trial assessing vandetanib compared to erlotinib
in previously treated advanced NSCLC, hypertension was
reported in 16% of the treatment arm compared to 2% of the
erlotinib group, and 0.4% of patients randomized to vande-
tanib had to discontinue treatment due to poorly controlled
hypertension [45]. In addition, meta-analyses have found
that vandetanib increases the risk of hypertension compared
to similar class agents (Table 1, Fig. 2) [47, 48].

Screening, Diagnosis, Management,
and Prevention of EGFR Tyrosine Kinase
Inhibitor Cardiotoxicity

Baseline Cardiovascular Risk Assessment
and Prevention

The spectrum of possible EGFR-TKI-associated cardiotoxic-
ity varies depending on the specific agent and is impacted by
baseline CV disease or risk factors (Table 1, Fig. 2). Can-
cer and CV disease share many common risk factors, and
a baseline CV risk assessment should be obtained before
initiation of potentially cardiotoxic EGFR-TKIs [96, 97,
98, 99, 100ee, 101, 102]. Modifiable risk factors including
obesity, diabetes mellitus, hypertension, current tobacco use,
and red/processed meat consumption all should be addressed
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with patients before and during EGFR-TKI therapy as each
predisposes to adverse CV events and may negatively impact
oncological outcomes [96, 102].

For example, low-density lipoprotein molecules are inde-
pendently associated with CAD, and patients with interme-
diate-to-high risk of atherosclerotic CV disease should be
on statin therapy [103]. Current tobacco consumption is
associated with major adverse CV events and worse clini-
cal outcomes during treatment of lung cancer [104]. Hence,
medical therapy should be optimized for diabetes, hyperten-
sion, dyslipidemia, and lifestyle modification and tobacco
cessation encouraged [105].

Concomitant or prior cancer therapies should be con-
sidered in CV risk stratification before administration of
potentially cardiotoxic EGFR-TKIs. Anthracyclines, plat-
inum-based therapy, alkylating agents, HER2 inhibitors,
VEGF inhibitors, immune checkpoint inhibitors, and chest
radiotherapy have been associated with LV dysfunction,
acute heart failure, systemic hypertension, and ischemic
heart disease [106—112]. Radiotherapy, particularly target-
ing the mediastinum, left chest wall, and head and neck, is
associated with accelerated coronary, cerebrovascular, and
peripheral artery atherosclerosis [113, 114]. Targeted ther-
apy with EGFR-TKIs may increase the risk of major adverse
CV events in patients who are concurrently or previously
received any of the above therapeutics.

Indications and Rationale for Screening

The increasing complexity of targeted oncological therapies
and a discrepancy in adverse CV events reported in clinical
trials of EGFR-TKIs compared to pharmacovigilance studies
highlight the importance of referring patients to a cardio-
oncologist for the prevention, detection, and management
of CV disease before initiation of potentially cardiotoxic
EGFR-TKIs [98, 99, 100ee, 101, 114, 115]. EGFR-TKIs gen-
erally have a better cardiac safety profile compared to other
antineoplastic therapies, and research is ongoing regarding
the CV risk posed by these agents [116]. Accordingly, clini-
cal guidelines and guidance statements from professional
societies have lagged in offering specific recommendations
regarding risk stratification of patients treated with EGFR-
TKIs alone with the American Society of Clinical Oncology
(ASCO) leaving no formal recommendations for this patient
population [98].

Cardiotoxicity related to EGFR-TKIs appears to be a
drug-specific rather than class specific, and screening tests
should be tailored to the AE associated with the drug (e.g.,
obtaining a 12-lead ECG to evaluate QTc interval duration
prior to administration of vandetanib or a baseline echocar-
diogram before starting osimertinib in a patient with known
CAD). The 2020 European Society of Medical Oncology
(ESMO) guidelines for the management of cardiac disease

in cancer patients accounts for the heterogeneous effects of
specific EGFR-TKIs, recommending a baseline 12-lead ECG
and electrolytes in patients before administering a drug asso-
ciated with QTc prolongation and serial quantitative assess-
ment of LVEF and diastolic function with the same imaging
modality before initiation of EGFR-TKIs associated with
cardiomyopathy and heart failure [100ee] (Fig. 3).

Role of Screening Electrocardiography
and Arrhythmia Management

Arrhythmias are not uncommon among patients undergo-
ing treatment with certain EGFR-TKIs. Atrial fibrillation
has been associated with vandetanib, osimertinib, and lapa-
tinib in pharmacovigilance studies [36e, 116]. Rate-control
medications, primarily beta blockers, are preferred over non-
dihydropyridine calcium channel blockers and antiarrhyth-
mics for medical management of atrial fibrillation related to
EGFR-TKIs due to less drug-drug interactions [99].

Caution should be exercised when using direct oral anti-
coagulants in patients receiving vandetanib or lapatinib as
both are CYP3A4-type cytochrome P450 and p-glycoprotein
inhibitors and can increase risk of bleeding events [117].
Left atrial appendage occlusion devices are promising alter-
natives to long-term anticoagulation for patients with atrial
fibrillation on these agents, although these technologies have
not been specifically evaluated in patients with cancer [118].

A baseline standard 12-lead ECG should be obtained
in patients who are starting arrhythmogenic EGFR-TKIs
or mAbs, as summarized in Table 1 and Fig. 2. The QT
interval should be measured manually and QTc estimated
by the Fridericia formula [QT interval/(RR interval)'] as
it is more accurate at extreme heart rates [67, 101, 118].
Risk of arrhythmia is increased with high-grade QTc pro-
longation (QTc > 500 ms), and an alternative agent should be
considered in these patients [98]. ECGs should be obtained
frequently every 3—4 weeks during initial treatment. Nones-
sential QTc prolonging medications should be discontinued,
and electrolytes obtained before treatment. Nausea and vom-
iting which may induce hypokalemia and QTc prolongation
should be addressed before and during treatment.

If ventricular arrhythmia or cardiogenic syncope occurs,
the drug should be discontinued. Intravenous magnesium
sulfate should be administered for TdP, and refractory TdP
should be addressed with isoproterenol or temporary trans-
venous pacing to maintain the heart rate > 100 beats/minute
[118].

Role of Serum Biomarkers
Currently, there is insufficient evidence regarding the utility

of serum cardiac troponin, N-terminal pro-B-type natriuretic
peptide (NT pro-BNP), or BNP levels for the surveillance
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Fig.3 Screening and manage-
ment of EGFR-TKI car-
diovascular toxicities. “Low to
intermediate CV risk patients in
which decision about statin use
is uncertain. *Baseline echocar-
diography (may consider strain
protocol if available) is recom-
mended in high-risk patients

or patients pending initiation

of agents associated with heart
failure listed in Fig. 2. May
consider baseline stress test or
coronary CT angiography in
patients with stable ischemic
heart disease or congestive heart
failure and no recent ischemic
evaluation. /Cardiac MRI with
stress preferred over myocardial
perfusion imaging or coronary
CT angiography for evalua-
tion of ejection fraction and
ischemia unless contraindica-
tions present

[}
£
()]
N
©
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Any patient scheduled to
receive potentially cardiotoxic
EGFR-TKI therapy

Blood pressure and heart rate
12-lead ECG and QTc interval by Fridericia
Biomarkers (hs-troponin | or T, BNP or NT-proBNP)

Coronary artery calcium*
Echocardiography* (may consider strain)

Reduced ejection fraction (<50%)
Poor acoustic windows

Optimize treatment of comorbid
conditions including
hypertension, diabetes, CAD

Vitals and clinical monitoring
ECG and cardiac biomarkers
every 3 weeks with each cycle

Acute myocardial infarction or
acute decompensated heart

High-risk patients with
pre-existing CVD or prior high-risk
radiotherapy or systemic therapy

Cardiac MRI +/- stress’

Consider ACE
inhibitors or ARBs

Consider cardiac
catheterization and

of cardiotoxicity related to EGFR-TKIs [99]. Both the Euro-
pean Society of Cardiology and ESMO recommend obtain-
ing baseline serum troponin I and NT-proBNP or BNP lev-
els in high-risk patients or all patients starting potentially
cardiotoxic therapies, although evidence in support of the
practice is currently limited to observational studies [100ee,
119]. Just as in all other patients, cardiac biomarkers should
be obtained when clinical signs or symptoms of heart failure
or myocardial infarction is suspected during treatment with
EGFR-TKIs and should be considered in baseline assess-
ment of patients with history of heart failure.

Role of Multimodality Imaging

Baseline echocardiography should be obtained before start-
ing potentially cardiotoxic therapies and in high-risk patients
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failure optimize GDMT

(e.g., established CV disease, >3 CV risk factors, survivors
of childhood or young adulthood cancers, prior chest or
mediastinal radiotherapy, and prior cardiotoxic systemic
therapy per ASCO and the American Society of Echocar-
diography [98, 120]. The best available method is recom-
mended for evaluation (i.e., three-dimensional preferred
over two-dimensional) and the modified Simpson’s biplane
method is preferred with two-dimensional echocardiography
[120]. Speckle tracking echocardiography with global longi-
tudinal strain (GLS) is recommended for detection of subtle
changes in LV contractility, and the same vendor and soft-
ware should be utilized in each echocardiogram [120-122].
A GLS > —16% is considered abnormal and indicative of
subclinical LV dysfunction, and cancer therapeutics-related
cardiac dysfunction is defined as a> 10% absolute reduction
in EF from baseline or a relative reduction in GLS > 15%
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[122]. The utility of strain protocol echocardiography and
optimal screening interval in asymptomatic patients receiv-
ing EGFR-TKIs remains ill-defined, although it should
incorporate each patient’s risk as well as the risk of the spe-
cific chemotherapy [99, 100ee, 122, 123].

Cardiac magnetic resonance imaging (CMR) is the most
accurate modality for quantification of LVEF and provides
further assessment of myocardial inflammation and tis-
sue characterization compared to echocardiography. CMR
should be considered in cases where echocardiogram images
are suboptimal, situations where drug discontinuation is con-
sidered, and accurate quantitative assessment of LVEF is
desired [97, 98, 120]. However, observational studies have
yet to demonstrate a clear pattern in myocardial inflamma-
tion and fibrosis with EGFR-TKI cardiotoxicity [124].

Diagnosis and Management of Stable Ischemic
Heart Disease and Myocardial Infarction

Certain EGFR-TKISs are associated with ischemic heart dis-
ease [20e, 21e, 28, 29, 53, 91] (Fig. 2, Table 1). Patients
with CV risk factors should be considered for anatomic or
functional ischemic evaluation for risk stratification and ini-
tiation of cardioprotective medications before commencing
treatment with these agents [26]. Coronary artery calcium
scanning involves non-contrast computed tomography (CT)
imaging to evaluate coronary plaque burden and prognos-
ticates risk of major adverse CV events in asymptomatic
patients with low to intermediate pretest probability of
CAD [125]. Coronary CT angiography utilizes ECG gating
for noninvasive assessment of coronary arteriosclerosis in
patients with stable angina and recommended every 5 years
by the Society of Cardiovascular Angiography and Interven-
tions for asymptomatic patients requiring cancer therapies
associated with CAD [126].

Stress echocardiography and CMR with perfusion map-
ping is preferred over single-photon emission CT myocardial
perfusion imaging for functional assessment of ischemia,
as the former have been evaluated in the cardio-oncology
population and offer additional information regarding sub-
clinical LV dysfunction, contractile reserve, myocardial per-
fusion reserve, and myocardial scar burden [120, 127, 128].
Patients with ACS or an abnormal stress test should undergo
cardiac catheterization to allow for therapeutic percutane-
ous coronary intervention of culprit lesions and physiologic
assessment of intermediate lesions [126].

Management of Cardiomyopathy and Acute
Decompensated Heart Failure

Echocardiography and cardiac biomarkers should be
obtained in patients who are to receive lapatinib, neratinib,
osimertinib, and vandetanib due to the increased risk of

cardiomyopathy reported in clinical trials and post-market-
ing surveillance of these medications [20e, 21e, 27, 28, 30,
36¢,119-122, 124, 127, 128]. Risk factors and comorbidi-
ties should be addressed at baseline and subsequent visits,
although there is insufficient evidence to support starting
cardioprotective medications such as beta blockers, angio-
tensin convertase enzyme inhibitors, or aldosterone receptor
blockers pre-emptively in patients with normal LV func-
tion [100ee]. Alternative agents should be considered in
asymptomatic patients with a baseline EF < 50% or impaired
GLS < — 16%, although lapatinib and neratinib may be con-
tinued in patients with an EF 40-49% who are initiated on
cardioprotective medications and undergo close clinical and
serial echocardiography every 3 months based on the SAFE-
HEaRT protocol [129]. Treatment should be held in patients
who develop heart failure and a cardiology consultation
obtained for initiation of diuretics and guideline-directed
medical therapy (GDMT) per current guidelines [101, 102].

Diagnosis and Management of Pericardial Disease

Pericardial effusions are not uncommon in patients with
lung cancer and may be a clinical predictor of treatment
resistance to EGFR-TKIs [130]. Pericarditis and cardiac
tamponade have been reported with use of erlotinib, gefi-
tinib, afatinib, and osimertinib, although these findings are
likely confounded by progression of NSCLC, prior or con-
current radiotherapy, or immune checkpoint inhibitors [36e].
Patients with cardiac tamponade should undergo urgent peri-
cardiocentesis and recurrent pericardial effusions warrant
cardiothoracic surgery consultation regarding pericardial
window [131].

Conclusions

EGFR/ErbB1 targeted therapy has improved outcomes
across a range of solid malignancies. The spectrum of CV
toxicity is variable and appears to be drug dependent. While
infrequently reported in clinical trials, it is plausible that
the true gamut of CV events with EGFR TKIs is under-
reported due to lack of pre-specified endpoints in clinical
trials or trial exclusion of patients with pre-existing cardiac
disease. Additional studies are needed to ascertain the true
breadth of drug-specific cardiovascular toxicity. A balance
of care and close collaboration between medical oncology
and cardio-oncology is crucial in ensuring the minimization
of unique, drug specific, adverse cardiovascular events out-
comes that could result in significant mortality or morbidity,
delayed oncologic treatment, or premature discontinuation
of therapy.
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