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ABSTRACT
Precision medicine has ushered in a new era of targeted treatments for numerous malignancies, leading to improvements
in overall survival. Unlike traditional chemotherapy, many molecular targeted antineoplastic agents are available in oral
formulation, leading to enhanced patient convenience and a perception of reduced risk of adverse effects. Although oral
antineoplastic agents are generally well-tolerated, cardiovascular toxicities are being reported with increasing frequency
in part due to U.S. Food and Drug Administration and manufacturer recommended cardiac monitoring. Monitoring
strategies have focused on left ventricular dysfunction, hypertension, and QT prolongation/arrhythmias. Given the rapid
pace of development and availability of new oral antineoplastic agents, the purpose of this review is to provide clinicians
with an up-to-date practical approach to monitoring and management of cardiovascular toxicities with the aim of
improving overall outcomes for patients with cancer. (J Am Coll Cardiol 2021;77:2693–716) © 2021 The Authors.
Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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HIGHLIGHTS
 Early detection, management, and prevention of CV toxicities with oral molecular targeted antineoplastic agents are
areas of unmet clinical need.
 Oral agents are associated with CV toxicities (LV dysfunction, hypertension, and
arrhythmia/QT prolongation).
 Adjudication of CV adverse events in
oncology trials and studies to demonstrate the overall beneﬁt of a multidisciplinary CV monitoring approach is
warranted.
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mRCC = metastatic renal cell

(Central Illustration).
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METHODS/FDA DRUG LABELING

TdP = torsade de pointes

as well as hormonal therapies (anastrozole, apaluta-

TKI = tyrosine kinase inhibitor
WCH = white coat
hypertension

Given extensive vetting associated with FDA
approval of drug labeling, we used these
documents to compile monitoring recommendations for cardiac adverse effects associated
with oral antineoplastic agents. FDA labeling for
medications

approved

before

July

2020

mide, darolutamide, and enzalutamide). Lastly, clinically signiﬁcant pulmonary arterial hypertension has
been observed with dasatinib and is reviewed elsewhere (4).
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plastic therapy, with missing identiﬁcation of CV
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C ENTR AL I LL U STRA T I O N Oral Targeted Antineoplastic Agent Cardiovascular Toxicity, Monitoring, and
Management Strategies
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Graphical illustration of how to monitor and manage LV dysfunction, arrhythmia/QT prolongation, and HTN due to oral antineoplastic agents. 2D/3D ¼ 2-dimensional/
3-dimensional; ACEi ¼ angiotensin-converting enzyme inhibitor; ARB ¼ angiotensin receptor blocker; BB ¼ beta-blocker; BP ¼ blood pressure; cMRI ¼ cardiac
magnetic resonance imaging; CV ¼ cardiovascular; DCCB ¼ dihydropyridine calcium-channel blocker; ECG ¼ electrocardiogram; H and P ¼ history and physical;
LV ¼ left ventricular; LVEF ¼ left ventricular ejection fraction.

CV toxicity risk (8,9). For most oral agents with po-

being anthracyclines and trastuzumab. Although

tential for CV toxicity, a reasonable approach includes

anthracyclines can cause irreversible LV dysfunction,

obtaining a baseline electrocardiogram (ECG), as well

including many years after treatment, there are no

as serum fasting lipid proﬁle and hemoglobin A 1C (6).

current data to suggest oral agents cause permanent

Finally, many patients with cancer have had thoracic

LV dysfunction. The mechanisms of LV dysfunction

imaging, which provides an opportunity to identify

observed with oral agents are not well characterized

atherosclerosis, which can help establish indications

but potentially include direct effects (e.g., osimerti-

for aspirin and/or statin therapies (10).

nib through inhibition of the epidermal growth factor
receptor [EGFR] and human epidermal growth factor

LV DYSFUNCTION:

receptor-2 [HER2] pathways [12]), as well as indirect

MONITORING AND MANAGEMENT

effects such as hypertension and arrhythmias.

LV dysfunction in the setting of cancer therapy is

summarized in Table 1 and Supplemental Table 1.

referred

Oral agents that can cause LV dysfunction are
cardiac

FDA label monitoring recommendations for these

dysfunction (CTRCD). The most widely accepted

to

as

cancer

therapy–related

agents are summarized in Table 2. For oral agents

deﬁnition is a decline in left ventricular ejection

with a lower incidence of LV dysfunction (<10%),

fraction (LVEF) from baseline of >10% and/or a value

we recommend a baseline LVEF and repeat assess-

of <53% (11). Multiple drugs used in oncology can lead

ment if the patient develops signs or symptoms of

to LV dysfunction, with the most common therapies

HF. However, for oral agents with a high incidence
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T A B L E 1 Oral Antineoplastic Agent CV Adverse Effects

Select Cardiac Adverse Effects

Classiﬁcation

Left
QT
Atrial
Ventricular
Prolongation Hypertension Bradycardia Tachycardia Fibrillation Dysfunction

Oncology
Indication(s)

Usual Dosage

Alectinib
(Alecensa)

NSCLC

600 mg BID

Brigatinib
(Alunbrig)

NSCLC

90–180 mg daily

Ceritinib
(Zykadia)

NSCLC

450 mg daily

þþ

þþ

Crizotinib
(Xalkori)

NSCLC

250 mg BID

þþ

+++

Lorlatinib
(Lorbrena)

NSCLC

100 mg daily

Bosutinib
(Bosulif)

CML

400–600 mg
daily

þ

þþ

Dasatinib
(Sprycel)

CML, ALL

100–140 mg
daily

þþ

þþ

PAH: þþ

Imatinib
(Gleevec)

CML, ALL, MDS,
chronic eosinophilic
leukemia,
dermatoﬁbrosarcoma
protuberans, GIST

400–800 mg
daily

þþ

PAH: þ

Nilotinib
(Tasigna)

CML

300–400 mg
daily

þ

Ponatinib
(Iclusig)

CML, ALL

45 mg daily

þ

Dabrafenib
(Taﬁnlar)

Melanoma, NSCLC,
anaplastic thyroid
cancer

150 mg BID

þ

Encorafenib
(Braftovi)

Melanoma, colorectal
cancer

300–450 mg
daily

þ

Vemurafenib
(Zelboraf)

Melanoma

960 mg BID

þþ

Acalabrutinib
(Calquence)

Mantle cell
lymphoma, CLL

100 mg BID

Ibrutinib
(Imbruvica)

Mantle cell
lymphoma, CLL,
Waldenstrom’s
macroglobulinemia,
marginal zone
lymphoma

420–560 mg
daily

Zanubrutinib
(Brukinsa)

Mantle cell
lymphoma

160 mg BID or
320 mg daily

Lapatinib
(Tykerb)

Breast cancer

1,250–1,500 mg
daily

þ

þþ

Osimertinib
(Tagrisso)

NSCLC

80 mg daily

þ

þþ

Gilteritinib
(Xospata)

AML

120 mg daily

þþ

Midostaurin
(Rydapt)

AML, mast cell
leukemia

50–100 mg BID

þþ

Drug

Other

ALK
þþ
+++

þþ

AV block: þþ

BCR-ABL

þ

MI*/VAT:
+++
+++

þ

þ

þþ

+++

MI*/VAT:
+++

BRAF
þþ

+++

BTK
þþ
+++

+++

Ventricular
arrhythmia: þ

þþ

EGFR/HER2

FLT3

Continued on the next page

of LV dysfunction (>10%) (e.g., BRAF inhibitors in

speciﬁc oral agents are still an area of active

combination with MEK inhibitors), we recommend

research, and therefore, these recommendations are

serial LVEF assessment every 3 months throughout

subject to change as more real-world studies are

duration of therapy. Monitoring algorithms for

completed.
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T A B L E 1 Continued

Select Cardiac Adverse Effects

Classiﬁcation

Drug

Oncology
Indication(s)

Left
QT
Atrial
Ventricular
Prolongation Hypertension Bradycardia Tachycardia Fibrillation Dysfunction

Usual Dosage

Other

HDAC
Panobinostat
(Farydak)

Multiple myeloma

20 mg 3 times/
week during
weeks 1 and 2 of
each 21-day
cycle

þþ

MI: þþ

Vorinostat
(Zolinza)

CTCL

400 mg daily

þþ

VAT: þþ

Abiraterone
(Zytiga)

Prostate cancer

1,000 mg daily

Anastrozole
(Arimidex)

Breast cancer

1 mg daily

Apalutamide
(Erleada)

Prostate cancer

240 mg daily

+++

þþ

MI*: þ

Bicalutamide
(Casodex)

Prostate cancer

50 mg daily

þþ

þþ

MI*: þþ

Darolutamide
(Nubeqa)

Prostate cancer

600 mg BID

þ

þþ

MI*: þþ

Enzalutamide
(Xtandi)

Prostate cancer

160 mg daily

þþ

Exemestane
(Aromasin)

Breast cancer

25 mg daily

Flutamide
(Eulexin)

Prostate cancer

250 mg TID

Letrozole
(Femara)

Breast cancer

2.5 mg daily

Nilutamide
(Nilandron)

Prostate cancer

150–300 mg
daily

Lenalidomide
(Revlimid)

Multiple myeloma,
MDS, mantle cell
lymphoma, follicular
lymphoma, marginal
zone lymphoma

10 mg daily or
20–25 mg daily
for 21 days of
each 28-day
cycle

þþ

VAT: +++

Pomalidomide
(Pomalyst)

Multiple myeloma,
Kaposi sarcoma

4–5 mg daily for
21 days of each
28-day cycle

þ

VAT: þþ

Thalidomide
(Thalomid)

Multiple myeloma

200 mg daily

þ

VAT/MI:
+++

Binimetinib
(Mektovi)

Melanoma

45 mg BID

þþ

VAT: þþ

Cobimetinib
(Cotellic)

Melanoma

60 mg daily for
21 days of each
28-day cycle

Trametinib
(Mekinist)

Melanoma, NSCLC,
anaplastic thyroid
cancer

2 mg daily

Hormonal
therapy
+++
MI*: þþ

MI*: þþ
MI: þþ

þþ

MI*: þ
MI*: þþ

þþ

þþ

Immunomodulator

+++

þ

MEK

+++

+++

þþ

VAT: þþ

Continued on the next page

IMAGING

limitations include uncertain reproducibility, radiation exposure (especially with serial testing), and

Currently, there is a lack of speciﬁc FDA drug label

limited visualization of nonventricular structures

guidance regarding which modality to use to screen

(14).

for LV dysfunction. Historically, multigated acquisi-

currently the most widely used imaging modality to

Two-dimensional

(2D)

echocardiography

is

tion scans were used to evaluate LVEF due to high

evaluate LVEF (15) and has advantages over multi-

availability and ability to perform in patients with

gated acquisition, given the lack of radiation expo-

obesity and poor acoustic windows (13). However,

sure and ability to evaluate valvular and pericardial
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T A B L E 1 Continued

Select Cardiac Adverse Effects

Classiﬁcation

Drug

Oncology
Indication(s)

Usual Dosage

Left
QT
Atrial
Ventricular
Prolongation Hypertension Bradycardia Tachycardia Fibrillation Dysfunction

Other

VEGFR
Axitinib (Inlyta)

RCC

5 mg BID

+++

þþ

MI/VAT: þþ

Cabozantinib
(Cabometyx)

RCC, HCC

60 mg daily

+++

þþ

MI/VAT: þþ

Lenvatinib
(Lenvima)

Differentiated
thyroid cancer, HCC,
endometrial cancer,
RCC

8–24 mg daily

þþ

+++

þþ

MI/VAT: þþ

Pazopanib
(Votrient)

RCC, soft tissue
sarcoma

800 mg daily

þþ

+++

+++

MI/VAT: þþ

Regorafenib
(Stivarga)

Colorectal cancer,
GIST, HCC

160 mg daily for
21 days of each
28-day cycle

Sorafenib
(Nexavar)

HCC, RCC,
differentiated thyroid
cancer

400 mg BID

þ

+++

þþ

MI: þþ

Sunitinib
(Sutent)

GIST, RCC, PNET

37.5 mg daily or
50 mg daily for
4 weeks of each
6-week cycle

þ

+++

+++

MI: þ

Vandetanib
(Caprelsa)

Medullary thyroid
cancer

300 mg daily

þþ

+++

þ

Entrectinib
(Rozlytrek)
(TRK, ROS1)

NSCLC, solid tumors
with NTRK gene
fusion

600 mg daily

þ

Everolimus
(Aﬁnitor)
(mTOR)

Breast cancer, PNET,
RCC

10 mg daily

Fedratinib
(Inrebic)
(JAK2, FKT3)

Myeloﬁbrosis

400 mg daily

Glasdegib
(Daurismo)
(Hedgehog
Pathway)

AML

100 mg daily

þþ

Ivosidenib
(Tibsovo)
(IDH1)

AML

500 mg daily

þþ

Niraparib (Zejula)
(PARP)

Ovarian cancer

200–300 mg
daily

Ribociclib
(Kisqali)
(CDK 4/6)

Breast cancer

600 mg daily
21 days on/
7 days off

Ripretinib
(Qinlock)
(KIT, PDGFRA)

GIST

150 mg daily

Selpercatinib
(Retevmo)
(RET)

NSCLC, thyroid
cancer

120–160 mg BID

Tretinoin
(Vesanoid)
(Retinoic Acid
Derivative)

APL

45 mg/m2/day
divided BID

MI: þ

+++

Miscellaneous
agents
(drug
target)
þþ

+++

þþ

þþ

+++
þþ

þþ

+++

þþ

+++

+++

+++

þþ

VAT: þþ

Incidence depiction represents all grade adverse effects for the listed toxicities, except for QT prolongation. Incidence depiction for QT prolongation represents the incidence of QT >500 ms. All data are
abstracted from FDA-approved drug labeling. *Associated with progression of atherosclerosis which may lead to myocardial infarction.
þ ¼ rare; incidence of adverse effect <1%; þþ ¼ uncommon; incidence of adverse effect 1% to 10%; +++ ¼ frequent; incidence of adverse effect >10%; ALK ¼ anaplastic lymphoma kinase; ALL ¼ acute
lymphocytic leukemia; AML ¼ acute myeloid leukemia; APL ¼ acute promyelocytic leukemia; BID ¼ twice daily; BTK ¼ Bruton’s tyrosine kinase; CDK ¼ cyclin-dependent kinase; CLL ¼ chronic lymphocytic
leukemia; CML ¼ chronic myelogenous leukemia; CTCL ¼ cutaneous T-cell lymphoma; CV ¼ cardiovascular; CYP ¼ cytochrome P450; EGFR ¼ epidermal growth factor receptor; FDA ¼ U.S. Food and Drug
Administration; FLT3 ¼ fms-like tyrosine kinase 3; GIST ¼ gastrointestinal stromal tumor; HCC ¼ hepatocellular carcinoma; HDAC ¼ histone deacetylase; HER2 ¼ human epidermal growth factor receptor 2;
IDH1 ¼ isocitrate dehydrogenase 1; JAK2 ¼ Janus kinase; KIT ¼ stem cell factor receptor; MDS ¼ myelodysplastic syndrome; MEK ¼ mitogen-activated protein kinase; MET ¼ hepatocyte growth factor
receptor; MI ¼ arterial thromboembolism/ischemic cardiovascular event; mTOR ¼ mammalian target of rapamycin; NSCLC ¼ non-small cell lung cancer; NTRK ¼ neurotrophic receptor tyrosine kinase;
PAH ¼ pulmonary arterial hypertension; PARP ¼ poly (ADP-ribose) polymerase; PDGFRA ¼ platelet derived growth factor receptor alpha; PNET ¼ primitive neuro-ectodermal tumors; RCC ¼ renal cell
carcinoma; Ret ¼ rearranged during transfection; ROS1 ¼ reactive oxygen species; TID ¼ 3 times daily; TRK ¼ tropomyosin receptor kinase; VAT ¼ venous and/or arterial thrombosis; VEGFR ¼ vascular
endothelial growth factor receptor.
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T A B L E 2 Oral Antineoplastic Agent CV Toxicity Monitoring Recommendations

Drug
Target

Drug

FDA-Approved Manufacturer
Labeling Recommended Monitoring

Monitoring Conducted in
Published
Phase III Clinical Trials

Recommendations for Clinical Practice*
Baseline Cardiac
Monitoring

Cardiac Monitoring
During Treatment

ALK
Alectinib
(Alecensa)

Bradycardia: monitor
periodically

HR: weeks 0, 4, 8, then
every 8 weeks

HR

Brigatinib
(Alunbrig)

Hypertension: BP after 2 weeks
then monthly
Bradycardia: monitor regularly

Ceritinib
(Zykadia)

Bradycardia: monitor
periodically
QT prolongation: ECG in
patients at risk

HR: cycle 1 days 1, 2, 8, 15
then days 1, 15 during
subsequent cycles
ECG: cycle 1 day 1, then
every cycle and end of
therapy

HR
ECG

HR: daily home monitoring,
correlate with in-clinic visits
ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation

Crizotinib
(Xalkori)

Bradycardia: monitor
periodically
QT prolongation: ECG in
patients at risk

HR: weeks 0, 4, 8, then
every 8 weeks
ECG: day 1 of cycles 1–3

HR
ECG

HR: daily home monitoring,
correlate with in-clinic visits
ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation

Lorlatinib
(Lorbrena)

AV block: ECG at baseline and
periodically

ECG: cycle 1 days 1, 8, 15,
then with each cycle up
to cycle 5

ECG

ECG: after 14 days, then if patient
develops symptoms of
bradycardia (fatigue, dizziness,
syncope, etc.)

Bosutinib
(Bosulif)

One dose with ketoconazole
did not increase QT, but
demonstrated at low
frequency in trials
Monitor for s/sx of cardiac
failure

ECG: baseline, then every 4
weeks  3 (1.5% with
QT prolongation in
study)
LVEF: baseline then as
clinically indicated

ECG
LVEF

ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation
LVEF: if s/sx of heart failure‡

Dasatinib
(Sprycel)

May increase risk of
prolongation of QTc
Monitor patients for s/sx of
cardiac dysfunction

ECG: baseline, week 4 and
as clinically indicated

ECG
LVEF

ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation
LVEF: if s/sx of heart failure‡
In patients with dyspnea, consider
obtaining a chest x-ray to rule
out a pleural effusion
Pulmonary hypertension may
contribute to dyspnea

Imatinib
(Gleevec)

Monitor for cardiac failure

LVEF: baseline, month 3,
month 12 (optional)

BP
LVEF

BP: daily home monitoring,
correlate with in-clinic visits
LVEF: if s/sx of heart failure‡

Nilotinib
(Tasigna)

ECG: at baseline, day 8, then
periodically

ECG: baseline, cycle 1 day 8,
end of cycles 3, 6, 9,
and 12

ECG
Fasting lipid
panel§

ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation
Fasting lipid panel: every 6 months§

Ponatinib
(Iclusig)

BP: monitor during therapy
Monitor for s/sx consistent with
heart failure

ECG: baseline, cycle 2 day 1,
and cycle 3 day 28
LVEF: baseline and cycle 3,
day 28

HR/BP
ECG
LVEF
Fasting lipid
panel§

HR/BP: daily home monitoring,
correlate with in-clinic visits
ECG: if s/sx of arrhythmias
LVEF: if s/sx of heart failure‡
Fasting lipid panel: every 6 months§

BP/HR

HR: daily home monitoring,
correlate with in-clinic visits
BP/HR: daily home monitoring,
correlate with in-clinic visits
LVEF: if hypertension develops to
assist with management

BCR-ABL

Continued on the next page

disease. However, disadvantages include poor image

enhancing agents such as Deﬁnity (Lantheus, North

quality in those with challenging body habitus, sig-

Billerica, Massachusetts) can improve endocardial

niﬁcant interobserver variability, and insensitivity to

deﬁnition and should be used when 2 contiguous

detect small changes in LVEF (16), suboptimal

segments of the LV cannot be visualized from an

reproducibility (17), and substantial inﬂuence of

apical view (19,20). High-quality 3-dimensional (3D)

loading conditions on the LVEF measurement. The

echocardiography

recommended method of LV volume and LVEF

(15,17,21) and intra- and interobserver and test–retest

provides

better

reproducibility

quantiﬁcation in 2D echo is modiﬁed biplane Simp-

variability (22) because it does not suffer from geo-

son’s technique (method of disks) (15,18). Ultrasonic

metric assumptions and minimizes foreshortening.
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T A B L E 2 Continued

Drug
Target

Drug

FDA-Approved Manufacturer
Labeling Recommended Monitoring

Monitoring Conducted in
Published
Phase III Clinical Trials

Recommendations for Clinical Practice*
Baseline Cardiac
Monitoring

Cardiac Monitoring
During Treatment

BRAF
Dabrafenib
(Taﬁnlar)

LVEF: baseline, at 1 month,
then every 2–3 months

ECG: baseline then months
1, 3, 6, 9, 12
LVEF: baseline then months
1, 3, 6, 9, 12

ECG
LVEF

ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation
LVEF: after 1 month then every 3
months when used in
combination with a MEK
inhibitor

Encorafenib
(Braftovi)

QT prolongation: ECG in
patients at risk

ECG: baseline, 1.5 h after
combination with
binimetinib, cycle 2 day
1, then every 12 weeks

ECG
LVEF

ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation
LVEF: after 1 month then every 3
months when used in
combination with a MEK inhibitor

Vemurafenib
(Zelboraf)

QT prolongation: ECG at
baseline, day 15, then
monthly  3 months, then
every 3 months

HR/BP
ECG
LVEF

HR/BP: daily home monitoring,
correlate with in-clinic visits
ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation
LVEF: after 1 month then every 3
months when used in
combination with a MEK inhibitor

Acalabrutinib
(Calquence)

Monitor for atrial ﬁbrillation
and atrial ﬂutter

ECG

ECG: if s/sx of atrial arrhythmias
HR: daily home monitoring,
correlate with in-clinic visits

Ibrutinib
(Imbruvica)

BP: monitor throughout
therapy
Monitor patients clinically for
cardiac arrhythmias

BP
ECG

BP/HR: daily home monitoring,
correlate with in-clinic visits
LVEF: if hypertension develops to
assist with management
ECG: if s/sx of atrial arrhythmias

Zanubrutinib
(Brukinsa)

Monitor for atrial ﬁbrillation
and atrial ﬂutter

ECG

ECG: if s/sx of atrial arrhythmias
HR: daily home monitoring,
correlate with in-clinic visits

Lapatinib
(Tykerb)

QT prolongation: consider ECG
in patients at risk
LVEF: baseline and during
treatment—monitored at 8week intervals in trials

ECG
LVEF

ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation
LVEF: if s/sx of heart failure‡

Osimertinib
(Tagrisso)

QT prolongation: ECG in
patients at risk
LVEF: at baseline and during
treatment in patients with
cardiac risk factors or if
develops s/sx

ECG
LVEF

ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation
LVEF: if s/sx of heart failure‡

Gilteritinib
(Xospata)

QT prolongation: ECG at
baseline, days 1 and 8 of
cycle 1, then day 1 of cycle 2
and 3

ECG

ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation

Midostaurin
(Rydapt)

QT prolongation: ECG if taken
concurrently with meds
that can prolong QT interval

ECG

ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation

BTK

EGFR/HER2

ECG: cycle 1 days 1, 8, 15,
day 1 of cycles 2–6, then
every 6 weeks
LVEF: cycle 1, day 1 then
every 12 weeks

FLT3

ECG: before drug on days 1,
3, and 14 of each cycle
of induction and
consolidation and day 1
of each cycle of
continuation therapy

Continued on the next page

However, there is a learning curve in acquiring and

received anthracyclines and/or trastuzumab (23,24).

analyzing images (21), and 3D echo is more costly with

GLS has also been found to be superior in predicting

less availability than 2D echo.

all-cause mortality compared with LVEF (25) and

Multiple studies have found that echocardio-

provides better risk stratiﬁcation in individuals with

graphic LV global longitudinal strain (GLS) can detect

HF (26). However, GLS is dependent on image quality

subclinical LV dysfunction early in patients who

and vendor software, and is inﬂuenced by loading
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T A B L E 2 Continued

Drug
Target

Drug

FDA-Approved Manufacturer
Labeling Recommended Monitoring

Monitoring Conducted in
Published
Phase III Clinical Trials

Recommendations for Clinical Practice*
Baseline Cardiac
Monitoring

Cardiac Monitoring
During Treatment

HDAC
Panobinostat
(Farydak)

QT prolongation: ECG at
baseline then periodically

ECG: throughout the ﬁrst 8
cycles

ECG

ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation

Vorinostat
(Zolinza)

QT prolongation: QT increases
demonstrated in clinical
studies
Canadian PI: ECG at baseline
then periodically

ECG: baseline and cycle 1
day 15; perform more
routinely as clinically
indicated

ECG

ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation

Abiraterone
(Zytiga)

Mineralocorticoid excess:
monitor blood pressure at
least monthly

BP
Fasting lipid
panel§

BP: daily home monitoring, correlate
with in-clinic visits
LVEF: if hypertension develops to
assist with management
Fasting lipid panel every 6 months§

Apalutamide
(Erleada)

Cardiac effects described; no
monitoring
recommendations provided

BP
LVEF
Fasting lipid
panel§

BP: daily home monitoring, correlate
with in-clinic visits
LVEF: if s/sx of heart failure‡
Fasting lipid panel every 6 months§

Bicalutamide
(Casodex)

Cardiac effects described; no
monitoring
recommendations provided

BP
LVEF
Fasting lipid
panel§

BP: daily home monitoring, correlate
with in-clinic visits
LVEF: if s/sx of heart failure‡
Fasting lipid panel every 6 months§

Darolutamide
(Nubeqa)

Cardiac effects described; no
monitoring
recommendations provided

BP
LVEF
Fasting lipid
panel§

BP: daily home monitoring, correlate
with in-clinic visits
LVEF: if s/sx of heart failure‡
Fasting lipid panel every 6 months§

Enzalutamide
(Xtandi)

Cardiac effects described; no
monitoring
recommendations provided

BP
Fasting lipid
panel§

BP: daily home monitoring, correlate
with in-clinic visits
LVEF: if hypertension develops to
assist with management
Fasting lipid panel every 6 months§

Flutamide
(Eulexin)

Cardiac effects described; no
monitoring
recommendations provided

BP
Fasting lipid
panel§

BP: daily home monitoring, correlate
with in-clinic visits
LVEF if hypertension develops to
assist with management
Fasting lipid panel every 6 months§

Nilutamide
(Nilandron)

Cardiac effects described; no
monitoring
recommendations provided

BP
LVEF
Fasting lipid
panel§

BP: daily home monitoring, correlate
with in-clinic visits
LVEF: if s/sx of heart failure‡
Fasting lipid panel every 6 months§

Lenalidomide
(Revlimid)

Cardiac effects described; no
monitoring
recommendations provided

Pomalidomide
(Pomalyst)

Hormonal
therapy

Immunomodulators
LVEF: according to clinician
decision

LVEF

LVEF: if s/sx of heart failure‡
Monitor for s/sx of venous/arterial
thrombosis

Cardiac effects described, but
no monitoring
recommendations

LVEF

LVEF: if s/sx of heart failure‡
Monitor for s/sx of venous/arterial
thrombosis

Thalidomide
(Thalomid)

Cardiac effects described, but
no monitoring
recommendations

HR/BP
LVEF

HR/BP: daily home monitoring,
correlate with in-clinic visits
LVEF: if s/sx of heart failure‡
Monitor for s/sx of venous/arterial
thrombosis

Binimetinib
(Mektovi)

LVEF: baseline, after 1 month
then every 2–3 months

LVEF

LVEF: after 1 month then every 3
months

Cobimetinib
(Cotellic)

LVEF: before treatment, after 1
month, then every 3
months thereafter; after a
dose reduction or
interruption at 2, 4, 10, 16
weeks, then as clinically
indicated

BP
LVEF

BP: daily home monitoring, correlate
with in-clinic visits
LVEF: after 1 month then every 3
months

Trametinib
(Mekinist)

LVEF: baseline, at 1 month,
then every 2–3 months

LVEF

LVEF: after 1 month then every 3
months

MEK

Continued on the next page
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T A B L E 2 Continued

Drug
Target

Recommendations for Clinical Practice*

Monitoring Conducted in
Published
Phase III Clinical Trials

Baseline Cardiac
Monitoring

Cardiac Monitoring
During Treatment

Hypertension: monitor as
needed
Monitor for s/sx of cardiac
failure

BP: baseline, weeks 2 and 4,
then every 4 weeks

BP
LVEF

BP: daily home monitoring, correlate
with in-clinic visits
LVEF: if s/sx of heart failure‡

Hypertension: monitor
regularly

VS: baseline, weeks 3, 5, 7,
9 then every 4 weeks

BP
LVEF

BP: daily home monitoring, correlate
with in-clinic visits
LVEF: if s/sx of heart failure‡

Lenvatinib
(Lenvima)

Hypertension: monitor at 1
week, then every 2 weeks 
2 months, then monthly
QT prolongation: ECG in
patients at risk
Monitor for s/sx of cardiac
dysfunction

ECG: day 1 of each cycle
LVEF: at baseline then every
16 weeks or sooner if
clinically indicated

BP
ECG
LVEF

BP: daily home monitoring, correlate
with in-clinic visits
ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation
LVEF: if s/sx of heart failure‡

Pazopanib
(Votrient)

Hypertension: monitor at
baseline and within 1 week
after start, then frequently
QT prolongation: ECG at
baseline and periodic
monitoring
LVEF: baseline and periodic
evaluation in patients at risk

BP: days 1, 14, 28, and 42 of
cycles 1–4 (6-week
cycles); cycle 5+ days 28
and 42
ECG: cycle 1 day 1, then day
28 of every evennumbered cycle
(6-week cycles)
LVEF: cycle 1 day 1, then
day 28 of cycle 3 then as
clinically indicated

BP
ECG
LVEF

BP: daily home monitoring, correlate
with in-clinic visits
ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation
LVEF: if s/sx of heart failure‡

Regorafenib
(Stivarga)

Hypertension: monitor weekly
for the 1st 6 weeks then
every cycle

BP

BP: daily home monitoring, correlate
with in-clinic visits
LVEF: if hypertension develops to
assist with management

Sorafenib
(Nexavar)

Hypertension: monitor weekly
for ﬁrst 6 weeks then
periodically
QT prolongation: ECG in
patients at risk

ECG as needed at baseline
and day 1 of each cycle

BP
ECG
LVEF

BP: daily home monitoring, correlate
with in-clinic visits
ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation
LVEF: if s/sx of heart failure‡

Sunitinib
(Sutent)

Hypertension: monitor
Baseline and periodic
evaluations of QT
prolongation: consider
periodic ECG monitoring in
all patients; recommend
monitoring if at risk
LVEF should be considered at
baseline and periodically as
clinically indicated during
therapy

BP: day 1 of all cycles
ECG: baseline and cycle 1
day 28, day 1 of
subsequent cycles
LVEF: baseline, day 1 of
subsequent cycles

BP
ECG
LVEF

BP: daily home monitoring, correlate
with in-clinic visits
ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation
LVEF: if s/sx of heart failure‡

Vandetanib
(Caprelsa)

Hypertension: monitor
QT prolongation: ECG at
baseline, after 2–4 weeks,
after 8–12 weeks, then
every 3 months
Monitor for s/sx of heart failure

BP
ECG
LVEF

BP: daily home monitoring, correlate
with in-clinic visits
ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation
LVEF: if s/sx of heart failure‡

Drug

FDA-Approved Manufacturer
Labeling Recommended Monitoring

VEGFR
Axitinib (Inlyta)

Cabozantinib
(Cabometyx)

Continued on the next page

conditions (15). A recent review by Liu et al. (27) de-

planes and does not make geometric assumptions like

tails when and how to use GLS in cardio-oncology.

2D echo, nor does it depend on optimal acoustic

Cardiac magnetic resonance (CMR) is considered

windows. Given these advantages, the American So-

the gold standard when measuring LVEF (28), with

ciety of Echocardiography/European Association of

signiﬁcantly better spatial resolution compared with

Cardiovascular Imaging expert consensus document

2D echo (29) that leads to highly accurate and repro-

recommends that CMR be considered if the calculated

ducible measurement of LVEF, ventricular volumes

LVEF is near the threshold of 53%, discontinuation of

and mass (30,31). It allows scanning from multiple

chemotherapy is being considered, or echo image
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T A B L E 2 Continued

Drug
Target

Drug

FDA-Approved Manufacturer
Labeling Recommended Monitoring

Monitoring Conducted in
Published
Phase III Clinical Trials

Recommendations for Clinical Practice*
Baseline Cardiac
Monitoring

Cardiac Monitoring
During Treatment

ECG
LVEF

ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation
LVEF: if s/sx of heart failure‡

BP: daily home monitoring, correlate
with in-clinic visits
LVEF if hypertension develops to
assist with management
Fasting lipid panel every 6 months§

Miscellaneous
therapies
Entrectinib
(Rozlytrek)

QT prolongation: ECG at
baseline and periodically if
at risk
LVEF: baseline in patients at
risk then if patient develops
s/sx

Everolimus
(Aﬁnitor)

Hypertension: no monitoring
recommendations

BP
Fasting lipid
panel§

Fedratinib
(Inrebic)

Cardiac failure incidence 5%,
but no monitoring
recommendations

LVEF

LVEF: if s/sx of heart failure‡

Glasdegib
(Daurismo)

QT prolongation: ECG at
baseline, at 1 week, then
monthly  2 months;
consider monitoring more
frequently in patients at risk

ECG

ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation

Ivosidenib
(Tibsovo)

QT prolongation: ECG weekly
for the ﬁrst 3 weeks, then
monthly

ECG

ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation

Niraparib (Zejula)

Monitor HR/BP monthly  1
year and periodically
thereafter

Ribociclib
(Kisqali)

QT prolongation: ECG at
baseline and approximately
day 14 of the ﬁrst cycle,
then at the beginning of the
second cycle

Ripretinib
(Qinlock)

BP: monitor regularly during
treatment
LVEF: baseline and as clinically
indicated

Selpercatinib
(Retevmo)

BP: baseline, after 1 week, then
at least monthly
QT prolongation: ECG at
baseline and periodically in
patients at risk for QT
prolongation; more
frequent monitoring with
concomitant CYP3A
inhibitors

Tretinoin
(Vesanoid)

Heart failure described, but no
monitoring
recommendations

HR/BP

HR/BP: daily home monitoring,
correlate with in-clinic visits
LVEF: if hypertension develops to
assist with management

ECG

ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation

LVEF: baseline and every
third cycle

BP
LVEF

BP: daily home monitoring, correlate
with in-clinic visits
LVEF: if s/sx of heart failure‡

Not available

BP
ECG

BP: daily home monitoring, correlate
with in-clinic visits
LVEF: if hypertension develops to
assist with management
ECG: after 14 days, then as clinically
indicated in those at risk† for QT
prolongation

HR/BP
LVEF

HR/BP: daily home monitoring,
correlate with in-clinic visits
LVEF: if s/sx of heart failure‡

*Recommendations felt to be reasonable based upon assessment of FDA labeling, monitoring in published phase III clinical trials, and clinical experience. †Patients at risk for QT prolongation include those
with congenital long QT syndrome or QT $480 ms in females or 470 ms in males at baseline, congestive heart failure, bradyarrhythmias, electrolyte abnormalities, or those on concomitant medications
known to prolong the QT interval. ‡LVEF monitoring recommended in any patient developing symptoms of heart failure such as dyspnea, edema, worsening fatigue, jugular venous distention, etc. §Aspirin
use is reasonable, unless contraindicated, in patients with atherosclerosis.
AV ¼ atrioventricular; BP ¼ blood pressure; ECG ¼ electrocardiogram; HR ¼ heart rate; LVEF ¼ left ventricular ejection fraction; PI ¼ package insert; s/sx ¼ signs or symptoms; VS ¼ vital signs; other
abbreviations as in Table 1.

quality is suboptimal (15). CMR also offers informa-

ferromagnetic hardware such as breast tissue ex-

tion on tissue characterization such as presence of

panders (15).

myocardial ﬁbrosis via T1 and T2 mapping techniques, calculation of extracellular volume fraction,

CARDIAC BIOMARKERS

or serial changes in myocardial strain that may aid in
detection of subclinical CTRCD (32–34). Disadvan-

Biomarkers have the potential to identify subclinical

tages to CMR include decreased availability, patient

cardiotoxicity before the onset of HF. Troponin I is

claustrophobia, and contraindication in patients with

sensitive and speciﬁc for myocardial injury (35), and
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F I G U R E 1 LV Dysfunction Due to Oral Antineoplastic Agents

A

Oral chemotherapeutic with potential for LV dysfunction

Assess and optimize baseline cardiovascular risk factors*

• Baseline assessment of LVEF using best available tool (2D/3D echo, GLS)
• Review Table 1 for monitoring recommendations
• Consider cMRI if baseline LVEF abnormal, or poor endocardial definition

Baseline LVEF normal: initiate agent
Baseline LVEF abnormal:
• Discuss with oncology

New symptoms → LV dysfunction (LVEF <50%)
on oral agent
Compare images from baseline and newest study (consider cMRI)
• Consider other causes†
• Temporarily hold agent after discussion with oncology team

• Treat potential contributing factors
• Consider initiation of ACEi/ARB/BB
• Consider referral to cardio-oncology

If LVEF remains <50%, discuss with oncologist initiation/resumption of oral agent with reassessment
of LVEF vs. switch to different chemotherapy

B

68-year-old man with metastatic EGFR + NSCLC started on osimertinib

PMH of HTN, pre-DM → lisinopril added for SBP 150 mm Hg, rosuvastatin added for LDL 150

• Undergoes 2D Echo with LVEF 63%; GLS −20.2%
• Review Table 1: Obtain serial 2D Echo as per FDA label

Baseline LVEF normal: initiate agent
Patient with SOB after 2 months;
2D echo with LVEF 45%, GLS −13%
Baseline LVEF abnormal:
• discuss with oncology

Drop in LVEF confirmed with side-by-side comparison of 2D echo images
• Ischemic evaluation (−); SBP well controlled; Tn I normal, TSH normal
• Temporarily hold agent after discussion with oncology team

• Coreg added; ACEi continued
• Referral placed to cardio-oncology

Repeat 2D echo 6 weeks later with LVEF 49%.
Discussion with oncologist: osimertinib best treatment option.
Continue osimertinib, lisinopril, Coreg with 2D echo every 3 months

Continued on the next page
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has been shown to be elevated in individuals
receiving traditional chemotherapy such as anthracyclines and trastuzumab, as well as newer agents
such as TKIs (36–40). High-sensitivity troponin has a
high negative predictive value for LVEF decline, thus
identifying patients who may be at low risk for
CTRCD (15). One study suggested that GLS coupled
with ultrasensitive troponin increased the sensitivity
in detecting CTRCD (38). More research is needed
with regard to timing of troponin draw, optimal cutoff
values to enhance diagnostic performance, and ways
to increase speciﬁcity of a positive troponin value.
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T A B L E 3 Clinical Pearls: LV Dysfunction Due to Oral Antineoplastic Agents

Obtain baseline LVEF with best available technique (for most, 2D echo with volumetric
measurement by Simpson’s biplane) before initiation of cardiotoxic oral therapy. Repeat
imaging using the same modality with new patient symptoms or change in clinical status.
Study images should be reviewed and compared with baseline images to ensure that LVEF
variations are truly present.
Consider CMR if discrepancies in sequential LVEF are present, borderline LVEF is noted, or
echocardiogram imaging windows are poor despite contrast administration.
When LV dysfunction is noted (at baseline or after initiation of therapy), recommend ruling out
ischemic and reversible non-ischemic causes. Consider referring to cardio-oncology at onset
of LV dysfunction, or sooner.
ACE inhibitor/ARB/BB used to treat other forms of heart failure with reduced LVEF should also
be initiated in the setting of LV dysfunction with oral agents.
Multidisciplinary approach is essential when LV dysfunction occurs, weighing the risk versus
beneﬁt of continuing with oral chemotherapy.

Although FDA labels do not speciﬁcally mention
measurement of cardiac biomarkers in the setting of
oral agents that can cause LV dysfunction, growing

2D ¼ 2-dimensional; ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin-receptor blocker; BB ¼ betablocker; CMR ¼ cardiac magnetic resonance; LV ¼ left ventricular; LVEF ¼ left ventricular ejection fraction.

number of published reports supports their use in
patients with high baseline CV risk, as well as serial

appropriate

monitoring in patients requiring long-term chemo-

collaboration between the oncology and CV team is

HF

care,

ongoing

multidisciplinary

therapy to reduce the burden/cost of cardiac imaging

important to determine the risk/beneﬁt of continuing

in this setting (41).

cancer therapy. Discontinuation of oncological ther-

MANAGEMENT OF LV DYSFUNCTION

tality as a recent study demonstrated increased risk of

apy can have signiﬁcant implications on cancer morbreast cancer recurrence with trastuzumab interrup-

Recognition of a decreased LVEF, even asymptom-

tion (46). However, continuation of trastuzumab was

atic, is important because treatment with beta-

also recently shown to be safe in patients with

blockers, angiotensin-converting enzyme inhibitors,

asymptomatic LV dysfunction as long as they were

or angiotensin receptor blockers (ARBs) have been

being

shown to improve both LVEF and symptoms of HF, as

medications and closely monitored by a cardiologist

well as prevent the onset of symptoms before they

(47,48). Lastly, when initiating oral agents, recent

occur (42). In the setting of LV dysfunction, imple-

guidelines recommend a similar approach to initia-

treated

with

appropriate

cardioprotective

mentation of these therapies is a Class I indication

tion of anthracyclines or trastuzumab, including

according to the ACC/AHA guidelines (42). A few

aggressive risk factor modiﬁcation and consideration

smaller studies have also demonstrated the beneﬁt of

of switching baseline antihypertensive therapy to

these medications, including sacubitril/valsartan, in

potentially cardioprotective medications such as

the setting of anthracycline and/or trastuzumab

beta-blockers and neurohormonal modulators, until

exposure (43–45). Although data are lacking with oral

more data become available (6,49).

agents, utilization of these cardioprotective therapies
may also have a role in the prevention and treatment

ARRHYTHMIAS AND QT PROLONGATION:

of LV dysfunction in this setting.

MONITORING AND MANAGEMENT

Figure 1 shows a proposed LV function monitoring
algorithm and a clinical case highlighting manage-

ATRIAL AND VENTRICULAR TACHYARRHYTHMIAS.

ment strategies. Clinical pearls for LV dysfunction are

Patients with cancer frequently exhibit tachycardia

presented in Table 3. In addition to providing

due

to

multiple

factors.

Often,

this

is

sinus

F I G U R E 1 Continued

(A) Algorithm for LV dysfunction monitoring and management for oral antineoplastic agents. (B) Clinical scenario for LV dysfunction due to an oral antineoplastic agent.
*Baseline risk factors: family history of cardiovascular disease, exercise tolerance, hypertension, lipids, glucose, tobacco, obesity. †Causes: ischemia, hypertension,
arrhythmia, myocarditis, thyroid abnormalities, genetic. 2D/3D ¼ 2-dimensional/3-dimensional; ACEi ¼ angiotensin-converting enzyme inhibitor; ARB ¼ angiotensinreceptor blocker; BB ¼ beta-blocker; cMRI ¼ cardiac magnetic resonance imaging; DM ¼ diabetes mellitus; EGFR ¼ epidermal growth factor receptor; FDA ¼ U.S. Food
and Drug Administration; GLS ¼ global longitudinal strain; HTN ¼ hypertension; LDL ¼ low-density lipoprotein; LV ¼ left ventricular; LVEF ¼ left ventricular ejection
fraction; NSCLC ¼ non-small cell lung cancer; PMH ¼ past medical history; SBP ¼ systolic blood pressure; SOB ¼ shortness of breath; Tn I ¼ troponin I; TSH ¼ thyroid
stimulating hormone.
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T A B L E 4 Drugs to Avoid (if Possible) in Patients Taking Oral Antineoplastic Agents With QT-Prolonging Potential

Anti-Infective Agents

Antiemetics

Antidepressants

Antipsychotic Agents

Antiarrhythmic Agents

Other

Fluoroquinolones
Ciproﬂoxacin
Levoﬂoxacin
Moxiﬂoxacin
Macrolide antibiotics
Azithromycin
Clarithromycin
Erythromycin
Azole antifungals
Fluconazole
Itraconazole
Ketoconazole
Voriconazole
Antimalarials
Chloroquine
Hydroxychloroquine
Meﬂoquine

Domperidone
Droperidol
Ondansetron

SSRIs
Citalopram
Escitalopram
Fluoxetine
Paroxetine
Sertraline
Trazodone
SNRIs
Venlafaxine
TCAs
Amitriptyline
Clomipramine
Desipramine
Doxepin
Imipramine
Nortriptyline

Clozapine
Thioridazine
Haloperidol
Quetiapine
Risperidone
Ziprasidone

Amiodarone
Disopyramide
Dofetilide
Dronedarone
Ibutilide
Procainamide
Quinidine
Sotalol

Fosphenytoin
Methadone
Methylphenidate
Phenytoin

SNRI ¼ serotonin norepinephrine reuptake inhibitor; SSRI ¼ selective serotonin reuptake inhibitor; TCA ¼ tricyclic antidepressant.

tachycardia, which can either be a manifestation of

function. Vitamin K antagonists should not be used

autonomic dysfunction from cancer therapeutics or a

due to increased rates of subdural hematomas re-

consequence of another medical issue (i.e., pulmo-

ported in mantle cell lymphoma trials. The direct oral

nary embolus, dehydration, pain, or infection).

anticoagulant agents appear to be relatively safe,

Various oral agents have been associated with both

though dedicated studies in this population are

atrial and ventricular tachyarrhythmias, although the

lacking and interactions with both CYP3A4 and p-

exact incidence for many of these treatments is not

glycoprotein can lead to increased drug concentra-

known (Table 1, Supplemental Table 2) (50). A more

tions and bleeding. Pharmacy involvement can be

systematic approach to arrhythmia evaluation is

especially helpful in determining the optimal treat-

necessary to better quantitate the burden and to help

ment (54,55).

develop appropriate treatment and prevention stra-

More recently, ventricular arrhythmias have also

tegies. In general, cancer patients with tachycardia

been reported with ibrutinib, though the incidence is

should be referred for an ECG.

signiﬁcantly lower than AF (56). The incidence of

Ibrutinib is a small molecule inhibitor of the Bru-

ventricular arrhythmias has been estimated at 596

ton’s tyrosine kinase used in the treatment of various

per 100,000 person-years (57). The ventricular ar-

B-cell malignancies and has been linked to both atrial

rhythmias are not related to QT prolongation, and in

and ventricular arrhythmias. Rates of AF associated

fact, data suggest QT shortening with ibrutinib (58).

with ibrutinib range from 5% to 15%, with several

The mechanism of ibrutinib-associated arrhythmo-

systematic reviews and meta-analyses reporting the

genesis is not well-established but may be related to

relative risk to be between 3.5 and 8.8 (51–53).

on-target inhibition of cardiac BTK, off-target inhi-

Management of ibrutinib-associated AF can be chal-

bition

lenging. In general, non-dihydropyridine calcium-

pathway or C-terminal SRC kinase, or enhanced

channel blockers (NDCCB) should be avoided, given

automaticity

interactions with cytochrome P450 (CYP3A4), which

handling (59,60).

of

the

phosphoinositide

from

effects

on

3-kinase

(PI3K)

calcium-channel

can lead to increased concentrations of ibrutinib.

BRADYARRHYTHMIAS. Although

Similarly, digoxin should also be used with caution

occur with oral agents, severe or symptomatic con-

because levels can increase in the setting of ibrutinib

duction disease necessitating pacemaker placement

due to the latter drug’s inhibition of p-glycoprotein.

is rare. Bradycardia is most associated with the

The majority of antiarrhythmic drugs have similar

anaplastic lymphoma kinase (ALK) inhibitors, crizo-

interactions with these metabolic pathways. Overall,

tinib and ceritinib, which are used to treat non-small

beta-blockers are considered relatively safe. More-

cell lung cancer. In most cases, patients are asymp-

over, the use of anticoagulation to minimize the risk

tomatic; however, in rare cases, dose reduction is

of thromboembolism in the setting of AF is chal-

necessary (61). More commonly, bradycardia results

lenging, because ibrutinib increases the risk of

from drug–drug interactions such as NDCCB and

bleeding due to its inhibitory effects on platelet

chemotherapeutic agents that have an impact on the

bradycardia

can
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No

QT
Normalized

No

Correct for
conduction
abnormalities
and/or
arrhythmia

QT
Normalized

Correct
electrolytes
(K >4.0
mmol/l;
Mag >2.0
mEq/l)

QT
Normalized

Eliminate
other
QT
prolonging
medications

Pr Q
ol T
on
ge
d

Manually
measure
QT and use
Fridericia
Correction
Formula

Pr Q
ol T
on
ge
d

Yes

Female:
QTc >480 ms
Male:
QTc >470 ms

Pr Q
ol T
on
ge
d

QTc
increase
>60 ms
from
baseline

Pr Q
ol T
on
ge
d

F I G U R E 2 Algorithm for QT-Interval Monitoring in Patients Receiving Oral Antineoplastic Agents

Consider
alternative
cancer
therapy

QT
Normalized

Proceed With Planned Oral Cancer Therapy

If baseline QT interval is prolonged, manual measurement and Fridericia correction should be completed. If QT increases by more than 60 ms from baseline to a level
beyond 480 ms for females and 470 ms for males, QT should be corrected for conduction abnormalities/arrhythmias, electrolytes addressed, and concomitant QTprolonging medications changed before proceeding with oral chemotherapy.

CYP3A4 system. Similarly, imatinib (used to treat

appropriate measurement and management of the

chronic myeloid leukemia) and abiraterone (anti-

QT interval. The Bazett (QTcB) formula is the most

androgen for metastatic prostate cancer) both have an

frequently

impact on CYP2D6 metabolism, which can increase

assessment of the QT interval and is therefore

concentrations of beta-blockers leading to brady-

familiar to the majority of clinicians. Unfortunately,

cardia (62,63). It should also be recognized that

the QTcB is also the correction formula most prone

medical

conditions

such

as

used

algorithm

for

electronic

ECG

hypothyroidism,

to error as it signiﬁcantly overcorrects at faster

obstructive sleep apnea, and increased vagal tone

heart rates and undercorrects at slower heart rates.

from vomiting can lead to bradycardia and should be

Alternatively, the Fridericia (QTcF) formula pro-

considered in the differential of a patient with a low

vides more accurate values during tachycardia or

heart rate (64).

bradycardia. Although these methods have not been

QT PROLONGATION. Other electrophysiological ab-

compared directly to determine which is most ac-

normalities

also

curate for predicting TdP, it is generally recom-

frequently encountered with oral antineoplastic

mended to use the QTcF when evaluating patients

agents (Table 1, Supplemental Table 3) (50). Het-

with cancer (66,67).

such

as

QT

prolongation

are

erogeneity in ventricular repolarization can predis-

QT prolongation frequently results from the on-

pose to the life-threatening ventricular arrhythmia

target or off-target effects of various oncological and

torsade de pointes (TdP). It is well recognized that

nononcological pharmaceuticals. Most commonly this

the QT interval is a relatively poor surrogate for

is due to direct inhibition of the IK r potassium chan-

identifying this phenomenon. However, there are

nels; however, effects on sodium channels or intra-

few other easily measured alternatives, and there-

cellular signaling pathways such as the PI3K pathway

fore, the QT interval has been widely adopted to

can also lead to prolongation of repolarization (68).

assess risk.

Arsenic is the cancer therapy most associated with QT

Accurate assessment of the QT interval can be

prolongation although many oral agents can also

challenging, and over-reliance on the electronic QTc

affect cardiac repolarization (69). Among the oral

reported by the ECG machine can lead to inaccurate

agents, nilotinib, vandetanib, and ribociclib are

values

care

notable for their QT-prolonging effects. Nilotinib, a

(Supplemental Table 6) (65). For these reasons, it is

TKI used to treat chronic myeloid leukemia, carries an

recommended

a

FDA black box warning for QT prolongation and

the

sudden cardiac death, though the actual event rate is

and

adversely
that

affect

oncologists

cardiologist/cardio-oncologist

to

patient
partner
help

with

with
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recommendations is necessary. For oral agents that

T A B L E 5 Clinical Pearls: Impact of Oral Antineoplastic Agents on QT Interval

can prolong the QT, we recommend a baseline ECG,

and Arrhythmias

ECG at 14 days, and repeat ECG as clinically indicated

The Fridericia (QTcF) formula is recommended when evaluating the QT interval in patients with
cancer.

in those at risk (Table 2). Programming the ECG machines to calculate the Fridericia formula, if possible,

Although several oral antineoplastic agents can prolong the QT interval, the risk of torsade de
pointes is low.

would be an important ﬁrst step. Finally, if the QT

Variable deﬁnitions for QT prolongation in oncology trials remain a barrier to implementation of
standardized monitoring protocols.

remains prolonged, the patient should be referred to a
cardio-oncologist or electrophysiologist for further

Tachycardia in a patient with cancer should prompt an electrocardiogram because this may
represent sinus or a true atrial or ventricular arrhythmia.

evaluation and management.

Atrial ﬁbrillation and ventricular tachycardia are known arrhythmic complications of ibrutinib and
require a nuanced (or individualized) management approach.

ARRHYTHMIA AND QT MONITORING. Traditionally,

arrhythmia and QT monitoring has required the use of
12-lead ECG at speciﬁed time points or when sympapproximately 0.3% with a mean prolongation of the

toms necessitate evaluation. In the current COVID

QTc of only 5 to 15 ms (70). QT prolongation occurs

environment in which social distancing and mini-

more often with vandetanib (16% to 18%) with a

mizing direct interactions are often necessary, it is

weighted incidence of QT interval >500 ms at 2.6%

prudent to establish monitoring algorithms that

(71). Despite their potential to prolong the QT inter-

maintain patient safety while minimizing over-

val, a recent meta-analysis of chemotherapeutics

testing.

demonstrated these QT-prolonging effects were not

including the use of patch monitors, implantable loop

predictive of an increased risk of ventricular ar-

recorders,

rhythmias (71).

increasingly attractive to monitor for arrhythmic

Moreover,
and

leveraging novel

wearable

devices,

technology,
is

becoming

Patients with cancer are at particular risk for the

complications, including QT interval prolongation.

additive effects of multiple QT-prolonging medica-

The Apple Watch (Apple, Cupertino, California) can

tions given concurrently, including oral chemother-

provide single-lead ECG data with excellent ﬁdelity,

apeutic agents, antibiotics, antifungals, psychiatric

and the KardiaMobile 6L developed by AliveCor

medications, and antiemetics. Because the oncolog-

(Mountain View, California) for AF detection recently

ical agents are essential and cannot be easily

received emergency clearance from the FDA for QT

changed, alternative treatments that do not prolong

monitoring of COVID-19 patients. Application of these

the QT interval should be considered for other con-

devices could prove useful for cardio-oncology pa-

current conditions (Table 4). If these agents are

tients requiring arrhythmia and QT monitoring;

essential, then close monitoring for QT-interval pro-

however, dedicated studies in this population are

longation is essential (67).

thus far lacking (72,73).

Management

of

QT

prolongation

requires

a

nuanced approach, focusing on both treatment
modiﬁcation as well as addressing comorbid conditions (Figure 2). Clinical pearls for QT prolongation
are presented in Table 5. Collaboration with cardiologists, oncologists, and pharmacists is essential to
minimize the risk of serious adverse events and to
avoid unnecessary drug–drug interactions. Electrolyte abnormalities should be corrected: magnesium
should be maintained at a level >2.0 mEq/l and potassium at >4.0 mmol/l. If a patient develops sustained TdP, advanced cardiac life support should be
quickly initiated with prompt deﬁbrillation. Moreover, magnesium should be infused, and mechanisms

HYPERTENSION: MONITORING AND MANAGEMENT
Vascular

signaling

pathway

(VSP)

inhibitors,

including vascular endothelial growth factor (VEGF)
inhibitors, have been associated with the development and/or worsening of hypertension (Table 1,
Supplemental Table 4). In addition, commonly used
therapies such as alkylating agents (e.g., cyclophosphamide) and adjuvant oral therapies also accentuate
hypertension. This side effect can negatively affect
cancer efﬁcacy outcomes as clinicians decrease antineoplastic agent dosing or remove these agents from
regimens (74).

to increase the heart rate should be initiated (i.e.,

INCIDENCE OF HYPERTENSION WITH ORAL

chronotropic agents such as dopamine or overdrive

VSP INHIBITORS

pacing).
The lack of a standardized deﬁnition of QT pro-

The incidence and prevalence of hypertension with

longation for cancer therapeutics makes the imple-

VSP inhibitors, speciﬁcally TKIs, may be inaccurate

mentation of screening and monitoring programs

due to a lack of standardization of hypertension

challenging. At this point, relying on FDA drug label

classiﬁcation and concrete deﬁnitions in clinical trials
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F I G U R E 3 VSP-Inhibitor Hypertension

Decreased
Natriuresis

Increased Endothelin-1
Production

Decreased Nitric Oxide
Production

Proposed
Mechanisms of
VSP-Inhibitor
Hypertension

Vascular Alterations
Nephron

Systemic Thrombotic
Microangiopathy

Capillary Rarefaction

Proposed mechanisms include decreased nitric oxide production leading to increased oxidative stress and subsequent capillary rarefaction and
possible systemic thrombotic microangiopathy that partly eliminates an important resistance reduction mechanism. In the nephron, these
cellular mechanisms lead to impaired natriuresis. VSP ¼ vascular signaling pathway.

(75). Nonetheless, VSP inhibitor-induced hyperten-

The wide range of reported incidence of hyper-

sion was noted in 30% to 80% of patients (76). A

tension with these agents may largely be due to the

meta-analysis of 77 studies reported a number needed

differences in measurement methods which included

to harm of 6 for the development of hypertension and

in-ofﬁce, home measurements, and 24-h ambulatory

17 for severe hypertension (77). Higher incidence

BP monitoring. Of these, 24-h ambulatory BP moni-

rates have been noted in metastatic renal cell carci-

toring gives us the most detailed glimpse of the effect

noma (mRCC) trials (78) and with more potent agents

of these agents. In patients with mRCC on sunitinib,

such as axitinib (79). The hypertensive effect is

there was an average increase in systolic/diastolic

not necessarily dose-related in all cases (80). In a

blood pressure of 14/11 mm Hg, respectively. This

study of normotensive patients receiving sorafenib

study demonstrated that some patients’ BPs never

for advanced solid tumors, dose escalations of sor-

returned to baseline after completion of therapy.

afenib were not associated with elevations in blood

Rather, a new baseline was noted similar to BPs

pressure (BP) uniformly, but rather showed that

recorded after the ﬁrst cycle of sunitinib (82). This

some patients had a hypertensive response, whereas

points toward a more durable change in vascular

others did not, independent of sorafenib plasma

biology in certain patients following exposure to VSP

concentrations. Complicating our ability to make

inhibition.

concrete associations, the method of BP measurement varies signiﬁcantly across trials. This inconsistency is of great importance, given the incidence of
white coat hypertension (WCH) noted in patients with
cancer. In a retrospective study comparing BP measurements completed by physicians versus nurses in
breast cancer patients, WCH was found in 59% of
patients, with a greater propensity for diastolic WCH
(81). More studies are warranted regarding the incidence, clinical signiﬁcance and management of WCH
in patients with cancer. Moreover, this observation

MECHANISMS OF HYPERTENSION
Certain patient characteristics have been associated
with the development of hypertension with oral
agents. These include pre-existing hypertension,
higher body mass index ($25 kg/m 2), higher age ($60
years), and presence of mRCC (83). VSP inhibitory
agents increase BP through multiple mechanisms that
are summarized in Figure 3 (84–88).

HYPERTENSION: A SIGNAL FOR EFFICACY?

emphasizes the need for out-of-clinic BP measurements rather than total dependence on in-clinic BP

Because the mechanisms of hypertension are a direct

values.

result of the therapeutic pathways of VSP inhibitors,
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F I G U R E 4 Oral Antineoplastic Agent–Induced Hypertension

A

BP >130/80 mm Hg
IN CLINIC
<53%
(without HF)

LVEF

≥53%
ARB +/− Dihydro CCB
(low dose)

If Not at Goal

ARB + Carvedilol
(low dose)

• Repeat home monitoring for 1 week
(including BP/HR)
On week 2 after initiation
• Evaluate for medication side effects
• BMP

If Not at Goal

ARB/Dihydro CCB
+/− Non-traditional Beta-Blocker
(e.g. carvedilol, nebivolol)

If Not at Goal

• Repeat home monitoring for 1 week
(including BP/HR)
On week 2 after initiation
• Evaluate for medication side effects
• BMP

Increase doses of ARB + Carvedilol
+/− MRA

If Not at Goal

a. Increase nontraditional beta-blocker
b. Consider addition of thiazide-like diuretic or hydralazine
(based on renal function and electrolytes)
c. Consider sleep study

B

• Repeat home monitoring for 1 week
(including BP/HR)
On week 2 after initiation
• Evaluate for medication side effects
• BMP

Increase MRA +/−
Dihydro CCB

• Repeat home monitoring for 1 week
(including BP/HR)
On week 2 after initiation
• Evaluate for medication side effects
• BMP

a. Increase dihydro CCB
b. Consider nitrate and hydralazine combination
c. Consider sleep study

67-year-old male on sorafenib for treatment of metastatic renal cell carcinoma has
blood pressures that are consistently higher than 160/100 mm Hg in various clinic
settings. Echocardiogram reveals an ejection fraction of 50-55%. Resting heart rate is
78 beats/min. He is on amlodipine 5 mg daily.
Home blood pressures are checked twice a day using an automated blood pressure
monitor. Average blood pressure is 162/98 mm Hg.

Patient was placed on carvedilol 6.25 mg twice a day and losartan 50 mg daily.
A BMP is checked 2 weeks later which is normal with a potassium of 3.9.
1 week later, a home blood pressure log is obtained which reveals a reduction in
average pressures to 145/83 mm Hg. Average heart rate is 56 beats/min. An increase in
losartan to 100 mg daily is made while the amlodipine is increased to 10 mg.
2 weeks later, a home blood pressure log shows the average blood pressure
at 128/76 mm Hg. Repeat BMP reveals a normal creatinine and potassium of 4.4 mEq/l.
The patient complains of some mild lower extremity edema since going on the higher
dose of amlodipine.

(A) Treatment algorithm for oral antineoplastic agent-induced hypertension based upon LVEF. For LVEF $53%, initiate ARB in combination with Dihydro CCB. For
LVEF <53% without signs of symptoms of HF, initiate ARB in combination with carvedilol. (B) Clinical scenario: Management of antineoplastic agent–induced hypertension. BMP ¼ basic metabolic panel; bpm ¼ beats/minute; Dihydro CCB ¼ dihydropyridine calcium-channel blocker (e.g., amlodipine); HF ¼ heart failure;
HR ¼ heart rate; MRA ¼ mineralocorticoid receptor antagonist (e.g., spironolactone); other abbreviations as in Figure 1.
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the notion that the presence of hypertension itself
being a biomarker of efﬁcacy can be postulated (89). In
1 study using pooled data from multiple trials, an association between longer overall survival and the
presence of hypertension was noted in patients undergoing treatment with sunitinib for mRCC (90). In
this study, median overall survival was 30.9 months in
patients who developed therapy-induced hyperten-

T A B L E 6 Clinical Pearls: Hypertension Due to Oral Antineoplastic Agents

Hypertension is a common adverse effect of oral antineoplastic agents owing to common
molecular pathways.
The rates of white coat hypertension may be higher in the cancer population, and hence, greater
attention must be placed on at-home blood pressure measurements.
Identiﬁcation of secondary causes of hypertension should be addressed, including untreated
obstructive sleep apnea, which may be under-recognized in this population.
The use of lower-dose, antihypertensive combination therapy may have inherent advantages
including greater efﬁcacy with lower side-effect proﬁle.

sion versus 7.2 months in patients who did not. Of the
544 patients included in the efﬁcacy analysis, 58% of
patients had systolic-deﬁned hypertension, and 48%
had diastolic-deﬁned hypertension by the end of cycle
1, whereas 80% had systolic-deﬁned hypertension and
68% had diastolic-deﬁned hypertension by the end of
cycle 2. Although overall survival was noted to be
higher in patients with a hypertensive response, more
renal side effects were noted. By contrast, in a smaller
study, no signiﬁcant association was noted between
the development of new/worsening hypertension and
worsening renal function 30 days after initiation of
any TKI for mRCC (91).
Although there is no clear-cut evidence that the
treatment of TKI-induced hypertension will worsen
antitumor response, there is, however, a signal toward ARBs playing a synergistic role in efﬁcacy
leading to survival beneﬁts. The rationale for this
lies within the mounting evidence that angiotensin
II may play a critical role in VEGF-dependent
angiogenesis. Preclinical data suggest that angiotensin II regulates VEGF and VEGF receptors after
binding to angiotensin II type 1 and type II receptors
(92). In a large pooled analysis from phase II and
phase III studies involving axitinib, sorafenib, and
sunitinib, the use of antihypertensive agents was
examined for an association with survival and
objective response rates (93). Overall survival was
longer in patients receiving ARB therapy compared
with those using other antihypertensive agents.
Moreover, progression-free survival was longer in
ARB users in comparison to those on non-ARB antihypertensive agents. Multivariate analyses highlighted the lack of ARB use, failure to develop
treatment-associated hypertension, and individual
cancer risk factors as independent predictors of
worse overall survival.

DIAGNOSIS. The ﬁrst indication of VSP-induced hy-

pertension is often an elevated BP in the clinic. Tips
to ensure an accurate BP is obtained are reviewed in
Table

Moreover, rates of WCH have been proposed to be
higher in the cancer population (94). A greater reliance on nonclinic BPs may lead to a better understanding of whether a patient is truly hypertensive. A
special population worth mentioning includes patients who have undergone unilateral or bilateral
mastectomy in which axillary lymph node dissection
was performed. Although guidelines have called for
avoidance of BP measurements on the ipsilateral arm
of the axillary lymph node dissection (95), these
measurements have not been shown to prolong lymphedema or increase rates of infection (96,97). Lymphedema also does not compromise accuracy of BP
measurement so long as an appropriately sized cuff is
used. Some clinics have opted for the use of wrist or
ﬁnger cuff techniques for BP monitoring. Several
limitations of these cuffs include: internal sensors
must be placed directly over the radial artery to
obtain an accurate reading, the monitor may shift
with pressure inﬂation causing the sensor to deviate
from its target spot, and they have been noted to
provide lower values than those obtained by more
conventional methods (98).
Given the myriad issues confounding accurate inclinic BP measurement, greater importance has been
placed on home BP values. Patients should be
instructed to take their BP twice a day, once upon
getting up before taking morning medications and
once before bedtime. Patients are also encouraged to
purchase a BP monitor that can record heart rate to
aid in detection of arrhythmias and ectopy that can be
seen in this population. An average daytime home
BP $130/80 mm Hg would be considered hypertensive (99). The daily exposure of oral antineoplastic
agents versus cyclical exposure to parenteral agents
further highlights the importance of home BP moni-

MANAGEMENT OF VSP-INDUCED HYPERTENSION

Supplemental
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7.

Understandably,

these

toring.

The

addition

of

nonsteroidal

anti-

inﬂammatory drugs and corticosteroids, as well as
pain, can also cause BP elevation. In some cases, the
lack of hypertension may speak toward issues with
adherence to both antineoplastic and/or antihypertensive agents.

rigorous steps are not undertaken at most busy

TREATMENT. For the treatment of VSP-induced hy-

clinics, leading to spuriously high in-ofﬁce BPs.

pertension, action algorithms have been proposed by
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experts and medical societies (94,100). Figure 4

anthracyclines (114). Similarly, nebivolol, a car-

shows an algorithm and a clinical scenario outlining

dioselective beta-blocker, possesses nitric oxide–

steps that can be taken to ensure optimal manage-

mediated vasodilatory effects (115). This latter effect

ment in the cardio-oncology patient. It is important to

may be conveniently attractive against the nitric

recognize that there is lack of speciﬁc trial data

oxide–depleting effects of VSP inhibitory agents.

examining optimal agents for therapy and that much

Prospective studies to understand whether these

of the treatment of VSP-induced hypertension has

theoretical advantages translate to improved clinical

relied upon relatively theoretical beneﬁts. As a result,

responses are warranted. Clinical pearls for VSP hy-

ARBs, due to their proposed efﬁcacy signal (93,101)

pertension are presented in Table 6.

and renal beneﬁts in attenuating the progression of
proteinuria

and

renal

dysfunction,

have

been

ONCOLOGIST PERSPECTIVE

considered ﬁrst-line agents (102). Although most clinicians in the United States use generic ARBs (los-

Patients receiving intravenous cancer therapy are

artan or valsartan) as their agents of choice (103),

closely monitored (e.g., heart rate and BP) in an

there are signiﬁcant intraclass differences in BP

infusion center for potential acute cancer treatment–

reduction, hence, choosing nongeneric ARBs (irbe-

related toxicity. However, familiarity with

sartan or olmesartan) may have beneﬁts in selected

monitoring of cardiovascular toxicities associated

patients (104) (Supplemental Table 8). Dihydropyr-

with oral targeted therapies is more challenging. The

idine calcium-channel blockers (DCCB) (e.g., amlodi-

American Society of Clinical Oncology published

pine, felodipine) have also been espoused as ﬁrst-line

guidelines for prevention and monitoring of cardiac

agents due to direct vasodilatory effects via arteriolar

dysfunction in patients undergoing cancer therapy

smooth muscle (105). Despite their efﬁcacy, these

(49). The National Comprehensive Cancer Network

agents can have a bothersome side effect of lower

guideline also recommends monitoring for CV com-

extremity edema. This is a particularly cumbersome

plications as an important part of survivorship (116).

feature, given that many oral chemotherapeutic

However,

agents (speciﬁcally TKIs) will leave patients at a

parental chemotherapeutics such as anthracyclines

higher risk of developing lower extremity edema

and HER2 targeted therapies. A multidisciplinary

(106). Independently, DCCB edema frequency is dose-

effort is needed to provide guidance on CV moni-

dependent and has been noted to occur in 5% to 70%

toring strategies for patients prescribed oral targeted

of recipients (107,108). Hence, the strategy of using

agents, given the number of new drugs with potential

an ARB alongside a DCCB as upfront therapy may

for CV toxicity being introduced into clinical practice

have certain advantages. The practice of initiating

each year.

these

guidelines

focused

mainly

and

on

lower doses of both agents (preferably in ﬁxed-dose

To the CV health professionals looking to establish

formulations) could minimize dose-dependent side

CV monitoring algorithms for oral agents, we recom-

effects and possibly minimize lower extremity edema

mend they: 1) emphasize to the oncologist that the

as the venodilatory effect of ARBs may improve blood

goal of CV monitoring is not to stop anticancer ther-

ﬂow throughput through the lower extremity circu-

apy but rather to continue it safely; 2) engage the

latory

nocturnal

oncology pharmacist and/or oncology nurse navigator

administration of the DCCB may also minimize edema

to help set up QT/arrhythmia, LV dysfunction, and

(111). Diuretic agents have had limited effect on this

hypertension monitoring algorithms/treatment plans,

edema due to the vasodilatory etiology and can

ideally embedded within the electronic medical re-

additively worsen renal dysfunction and electro-

cord; 3) have an action plan when CV toxicity occurs

lyte abnormalities.

and communicate promptly with the oncologist; 4)

system

(109,110).

In

addition,

Conversely, the use of NDCCB (e.g., verapamil,

establish a rapid referral process and/or e-consult to

diltiazem) is to be avoided secondary to high CYP450

allow for more seamless care and prevent delays in

interactions (most commonly 3A4) with multiple oral

treatment; 5) attend oncology tumor boards to show

agents, thereby increasing VSP inhibitor toxicity po-

the value that the cardiologist brings to the treatment

tential (112). Nontraditional beta-blockers may have a

team; and 6) use telemedicine when appropriate to

role in the treatment of VSP-related hypertension.

treat vulnerable oncology patients during the COVID-

Carvedilol, both an alpha- and beta-blocker, has the

19 pandemic. Following these steps will enable a care

beneﬁt of having free-radical binding properties (113).

continuum and risk minimization strategy, allow for

It is this effect that has been postulated as its ratio-

immediate interventions in the event of complica-

nale for efﬁcacy for protection against the cardiotoxic

tions, and provide the best care for patients with

effects of other chemotherapeutic agents such as

cancer.
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CONCLUSIONS/FUTURE DIRECTIONS

previously published documents, as well as to provide a practical approach to management of CV

Oral molecular targeted antineoplastic agents are

adverse events, including LV dysfunction, hyperten-

increasingly being used in the treatment of cancers.

sion, and QT prolongation/arrhythmias. As survival in

These agents target a variety of molecular pathways,

patients with cancer continues to improve, the rele-

and their CV side effects are heterogeneous, span-

vance of early detection, management, and/or pre-

ning from hypertension, LV dysfunction, to AF and

vention of CV effects will continue to increase.

QT prolongation. Given their outpatient administra-

Involvement of cardio-oncologists in oncology clin-

tion and often prolonged use, in particular in the

ical trial design will be important for prospective

setting of advanced cancer, health care providers are

deﬁnitions of clinically relevant CV effects and end-

increasingly likely to encounter patients receiving

points and more accurate adverse effect adjudication.

these agents in their daily practice. Although the

We look forward to further research that will guide

number of cardio-oncology statements and guideline

regulatory and clinical practice recommendations and

documents have signiﬁcantly increased over the past

conﬁrm the overall beneﬁt to clinical outcomes with

few years, the exponential growth of approved novel

this multidisciplinary approach.

oral targeted agents continues to create unique
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