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BACKGROUND Anaplastic lymphoma kinase (ALK) translocations in metastatic non-small cell lung cancer (3% to 7%)

predict for response to ALK-inhibitors (eg, alectinib, first line), resulting in a 5-year survival rate of w60% and median

progression-free survival of 34.8 months. Although the overall toxicity rate of alectinib is acceptable, unexplained

adverse events, including edema and bradycardia, may indicate potential cardiac toxicity.

OBJECTIVES This study’s aim was to investigate the cardiotoxicity profile and exposure–toxicity relationship of

alectinib.

METHODS Between April 2020 and September 2021, 53 patients with ALK-positive non-small cell lung cancer treated

with alectinib were included. Patients starting with alectinib after April 2020 underwent a cardiac work-up at start,

at 6 months and at 1 year at the cardio-oncology outpatients’ clinic. Patients already receiving alectinib >6 months

underwent 1 cardiac evaluation. Bradycardia, edema, and severe alectinib toxicity (grade $3 and grade $2 adverse

events leading to dose modifications) data were collected. Alectinib steady-state trough concentrations were used for

exposure–toxicity analyses.

RESULTS Left ventricular ejection fraction remained stable in all patients who underwent an on-treatment cardiac

evaluation (n ¼ 34; median 62%; IQR: 58%-64%). Twenty-two patients (42%) developed alectinib-related bradycardia

(6 symptomatic bradycardia). One patient underwent a pacemaker implantation for severe symptomatic bradycardia.

Severe toxicity was significantly associated with a 35% higher alectinib mean Ctrough (728 vs 539 ng/mL, SD ¼ 83 ng/mL;

1-sided P ¼ 0.015).

CONCLUSIONS No patients showed signs of a diminished left ventricular ejection fraction. Alectinib caused more

bradycardia than previously reported (42%) with some instances of severe symptomatic bradycardia. Patients with severe

toxicity generally had an elevated exposure above the therapeutic threshold. (J AmColl Cardiol CardioOnc 2023;5:102–113)
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AB BR E V I A T I O N S

AND ACRONYM S

AE = adverse event

ALK = anaplastic lymphoma

kinase

CV = cardiovascular

ECG = electrocardiogram

IVC = inferior vena cava

LVEF = left ventricular

ejection fraction

MET = mesenchymal epithelial

transition

NSCLC = non-small cell lung

cancer

OV = outpatient visit

PK = pharmacokinetic

TKI = tyrosine kinase inhibitor
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P ersonalized treatment for specific molecular-
driven subgroups of metastatic non-small cell
lung cancer (NSCLC) has significantly

improved overall survival for these patients.1,2 One
of these aberrations is anaplastic lymphoma kinase
(ALK) translocations, which occur in 3% to 7% of the
patients with NSCLC, making it an orphan disease.3,4

The ALK-positive subset is younger (median age 58
years), the majority are female, and they have no
smoking history compared with all-comer NSCLC.5

Patients with ALK-positive NSCLC can be treated
with several lines of ALK inhibitors instead of chemo-
therapy. Alectinib, a small molecule tyrosine kinase
inhibitor (TKI), is the current first-line therapy. An
update of the pivotal phase III ALEX study (A Study
Comparing Alectinib With Crizotinib in Treatment-
Naive Anaplastic Lymphoma Kinase-Positive
Advanced Non-Small Cell Lung Cancer Participants)
showed a 5-year survival rate of 63% with a median
progression-free survival of almost 3 years
(34.8 months) for patients with ALK-positive NSCLC
treated with alectinib.6 Although alectinib is gener-
ally well-tolerated by most patients, long-term toxic-
ities are important to understand, particularly given
the impressive increase in life expectancy.6

A common side effect of alectinib is peripheral
edema (9% to 17%),5,6 which is also seen in the ALK
inhibitor crizotinib. Crizotinib-related peripheral
edema is believed to be induced by the mesenchymal
epithelial transition (MET) inhibiting effect of crizo-
tinib, which increases capillary permeability through
elevated vascular endothelial growth factor (VEGF)
signaling, and this effect is also seen in other MET
inhibitors.7,8 However, alectinib has no MET inhibit-
ing potential, therefore the cause of alectinib-induced
edema remains unknown.9 This shows that insights
from other ALK–small molecule TKIs cannot be
freely extrapolated to alectinib because they all
exhibit different kinase targeting properties and
pharmacokinetic and pharmacodynamic profiles10

(Supplemental Table 1). A cardiac cause for edema
should be considered because many small molecule
TKIs are indeed cardiotoxic,11,12 especially because
bradycardia is also a frequent adverse event (AE) of
alectinib.13 Limited awareness exists for the potential
cardiotoxicity of alectinib, but the durable prognosis
of these patients, and consideration of alectinib use
in the adjuvant setting (A Study Comparing Adjuvant
Alectinib Versus Adjuvant Platinum-Based Chemo-
therapy in Patients With ALK Positive Non-Small Cell
Lung Cancer; NCT03456076, Genetic Testing in
Screening Patients With Stage IB-IIIA Non-small
Cell Lung Cancer That Has Been or Will Be
Removed by Surgery [The ALCHEMIST Screening
Trial]; NCT02194738), and use in combination
with radiotherapy, which has cardiotoxic
properties,14,15 suggest an important need to
generate a greater understanding.

The lack of understanding of underlying
mechanism of AEs of alectinib, in combina-
tion with the infrequency of ALK trans-
locations, makes it difficult for clinicians to
make well-informed decisions about in-
terventions, that is, dose reductions, in cases
of toxicity. Because the level of alectinib
exposure in blood plasma was found to
be positively correlated to progression-free
survival with a therapeutic target level of
435 ng/mL alectinib,16 a patient might risk a
subtherapeutic exposure after dose reduc-
tion. An exposure–toxicity relationship has
not yet been established.16 Because patients

are expected to receive alectinib for several years, it is
important to minimize toxicity without undermining
its therapeutic effects.

The primary aim of this study was to describe the
results of dedicated prospective cardiac follow-up in
patients treated with alectinib and to investigate the
relationship between alectinib-related edema and
cardiac dysfunction. The secondary objective was to
describe the frequency, severity, and clinical conse-
quences of cardiac AEs and severe AEs in relation to
alectinib exposure.

MATERIALS AND METHODS

STUDY DESIGN. We performed a prospective obser-
vational study based on a cardio-oncology clinical
pathway at the Erasmus Medical Centre Cancer
Institute (CORAL study: MEC 20-0836 approved by
the medical ethical committee of the Erasmus MC),
which was implemented in April 2020. The patient
population consisted of patients with advanced ALK-
positive NSCLC treated with alectinib. Depending on
the moment of starting alectinib (before or after the
implementation of the clinical care pathway), 2 co-
horts were developed: a prospective cohort and the
cross-sectional cohort (for more details, see the
Supplemental Appendix). Patients starting alectinib
treatment after implementation of the pathway
(prospective cohort) were followed by a cardio-
oncologist for the first year of treatment (Figure 1).
Patients already on alectinib (cross-sectional cohort)
were referred for a 1-time cardio-oncology consulta-
tion at their earliest convenience. All patients under-
went clinical assessment, electrocardiograms (ECGs),
and laboratory values at outpatient visits (OVs) from
start of alectinib treatment. All patients provided

https://doi.org/10.1016/j.jaccao.2022.09.006
https://www.clinicaltrials.gov/ct2/show/NCT03456076
https://www.clinicaltrials.gov/ct2/show/NCT02194738
https://doi.org/10.1016/j.jaccao.2022.09.006


FIGURE 1 Schematic Overview of the Clinical Pathway and Patient Cohorts

Patients starting on alectinib from April 2020 onwards were included in the prospective cohort and underwent prospective cardiac follow-up. Patients already on

treatment at that moment in time were referred for a 1-time work-up. All patients were included in adverse event collection.
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written consent for data collection, and 47 patients
provided additional consent for the collection of
pharmacokinetic (PK) samples (START-TKI [Prospec-
tive Sampling in Driver Mutation Pulmonary Oncology
Patients on Tyrosine Kinase Inhibitors] trial; MEC
16-643, NCT05221372). The PK samples were used to
measure alectinib plasma concentrations.

DATA COLLECTION. Patient characteristics, labora-
tory values, cardiac investigations, and imaging were
collected from medical records from start of treat-
ment until end of treatment with alectinib in a Castor
electronic data capture database. Heart rate was
extracted from ECGs: at alectinib initiation, 1 week
(range 7-14 days), 1 month, and every 3 months after
treatment initiation. Cardiac function was measured
by echocardiography as part of the clinical pathway.
AEs were reported by the treating physician during a
dedicated TKI OV. In addition, at every OV, a dedi-
cated oncology nurse specialized in TKI therapy spe-
cifically assessed for potential TKI adverse events
through a standardized template. The following AEs
occurring during treatment with alectinib were
collected from the electronic patient records: any
grade cardiac-related AEs; bradycardia (defined as a
heart rate <60 beats/min), edema, myalgia: and
severe toxicity defined as grade $3 and/or grade <3
toxicity leading to hospital admission, dose reduc-
tion, dose interruption, or discontinuation of treat-
ment. The AEs were graded according to the National
Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE) version 5.0.17 Myalgia was
collected as a cardiac-related AE because myalgia
might be an indicator for muscle damage that might
also affect the cardiomyocytes. Additionally, survival
status (dead/alive), date of death, or end of treatment
was collected. Patients were included from April 2020
until September 2021, and data cutoff was set at
December 1, 2021, to ensure enough follow-up time
(>3 months) for the development of AEs.

During the regular multidisciplinary evaluations of
the clinical pathway, the exercise ECGs (Results sec-
tion) that showed chronotropic incompetence were
discussed. To gain further unbiased insight in po-
tential chronotropic incompetence, heart rate diaries
were introduced starting February 2021. Because a
baseline measurement was required, the heart rate
diaries were only filled in by new patients. New pa-
tients who started on alectinib after this time point
were asked to measure their heart rate daily at rest
and after a short exercise for 28 days from treatment
start using a pulse oximeter provided by the Dutch
Society of Pulmonary Physicians (NVALT).

PHARMACOKINETIC SAMPLING. Patients were pro-
spectively followed, and blood for pharmacokinetic
analysis was drawn at every OV until treatment
termination. Quantification of alectinib plasma con-
centrations was performed by a validated liquid-
chromatography tandem-mass spectrometric assay.18

The Supplemental Appendix provides more details
on the pharmacokinetic analyses.

STATISTICAL ANALYSES. The statistical analyses
were performed with SPSS v.28.0.1.0 (IBM SPSS Sta-
tistics). Differences between baseline and follow-up
echocardiography values were compared using a

https://www.clinicaltrials.gov/ct2/show/NCT05221372
https://doi.org/10.1016/j.jaccao.2022.09.006
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Wilcoxon signed-rank test (not-normally distributed).
Median values are presented with the 25th and 75th
percentile (IQR) and P value. Unless stated otherwise,
2-sided P values are reported. The heart rates from
ECGs at different time points were analyzed with a
mixed effects model with an unstructured covariance
type. The unstructured covariance type was the
preferred model after testing several models. Time as
a factor was added as fixed and random effects. All
time points were compared with baseline and 1 year.
The Bonferroni correction was used to correct for the
multiple comparisons. Model assumptions were
evaluated by assessing the residuals. The relationship
between bradycardia and other categorical variables,
that is, prior small molecule TKI treatment and my-
algias, were investigated using Pearson’s chi-square
test. Similarly, the relation between myalgias and
edema was tested using Pearson’s chi-square test.

To compare alectinib exposure between patients
with and without severe toxicity, mean Ctrough con-
centrations of alectinib at 600 mg twice daily were
analyzed with a U test. If significantly different, a t-
test could identify the differences between the
average toxic concentration of alectinib in the group
with and without severe toxicity. Mean � SD values
are presented and with P values. Similarly, to further
investigate the interpatient relationship, the Ctrough

of patients experiencing severe toxicity after their
dose reduction to 450 mg twice daily was compared
with the Ctrough of patients at 600 mg twice daily dose
who did not develop severe toxicity. A potential dif-
ference in time until first day of severe toxicity was
analyzed by Kaplan-Meier analysis. Because the
minimal follow-up time was 3 months, and most se-
vere toxicity typically occurs within the first 3 months
of treatment, a cutoff time of 6 months was used. The
cohort of patients from whom PK data were available
was therefore divided in 2 (by median) and divided in
3 tertiles (highest 33% vs the lowest 67%).

RESULTS

PATIENT CHARACTERISTICS. Between April 2020
and September 2021, a total of 53 unique patients
were included and were evaluable for assessment of
toxicity events. A total of 47 patients were also
included in the START-TKI trial and had at least 1 PK
sample available (Figure 2). Of the 53 patients, 19
patients were part of the prospective cohort and 34
patients of the cross-sectional cohort (Figure 2). Me-
dian age of the total population was 63 years (range
21-82 years), 59% were female, and most had good
performance status at the start of treatment (ECOG
[Eastern Cooperative Oncology Group] performance
score 0 to 1). Seven patients (14%) had more than 1
cardiovascular (CV) risk factor. Patient characteristics
at start of alectinib treatment are described in Table 1.

CARDIAC FUNCTION AND EDEMA. Nineteen patients
underwent an echocardiogram at baseline, and all
had a normal systolic left ventricular ejection fraction
(LVEF) of >50% (median 65%; IQR: 61%-67%)
(Supplemental Table 2). Thirteen of 19 patients had at
least 1 follow-up echocardiography after 6 months.
Cancer progression or death (n ¼ 2), withdrawn con-
sent for echocardiography (n ¼ 1), logistical issues
(n ¼ 1), and data cutoff (n ¼ 3) were major reasons for
echocardiograms not being performed at 6 months.
No significant differences were seen between LVEF at
baseline, at 6 months (n ¼ 11; median 61%; IQR: 60%-
63%; P ¼ 0.15) and at 9 to 12 months (n ¼ 12; median
60%; IQR: 57%-64%; P ¼ 0.14). LVEF did not decline
to <50% in any of the patients, nor were there signs of
an increased of pressure in the inferior vena cava
(IVC); median IVC diameter at baseline 17 mm;
IQR: 14-18 mm, median at 9 to12 months 16 mm; IQR:
13-20 mm; P ¼ 0.21.

Of the 34 patients included in the cross-sectional
cohort, 22 underwent an echocardiogram. The me-
dian time on alectinib treatment at time of echocar-
diography was 24 months (range 7-38 months).
Patients’ decision (n ¼ 4) or cessation of treatment
with alectinib (n ¼ 8) were the major reasons for lack
of echocardiography. All patients had a normal sys-
tolic LVEF of >50% (median 63%; IQR: 59%-64%),
except for 1 patient with pre-existing heart failure. In
addition, no patients showed signs of increased
pressure in the IVC based on IVC collapse and IVC
diameter (median 17 mm; IQR: 14-18 mm).

Alectinib-related edema was reported in 7 patients
(13%); grade 1 in 4 patients, and grade 2 in 3 patients.
In 2 patients, edema was the reason for a dose
reduction. Four patients underwent an echocardio-
gram, but showed no signs of LVEF dysfunction. One
patient had more than 1 CV risk factor. No patients
with an albumin measurement at time of edema had
evidence for hypoalbuminemia (n ¼ 6). In the pa-
tients for whom N-terminal pro–B-type natriuretic
peptide (NT-proBNP) was available around the time
of edema (n ¼ 6), no age-adjusted abnormal values
were seen (Supplemental Table 3).

ALECTINIB-RELATED BRADYCARDIA. During treat-
ment with alectinib, there was a significant decrease
in heart rate (P < 0.001 for all time points compared
with baseline). Besides the baseline heart rate, the
heart rate at the other time points was not signifi-
cantly different from the heart rate at 1 year (all
P values >0.50), suggesting stability of the heart rate

https://doi.org/10.1016/j.jaccao.2022.09.006
https://doi.org/10.1016/j.jaccao.2022.09.006


FIGURE 2 Flowchart of Patient Inclusion

In total, 53 patients were included, of whom 47 patients were also included in the START-TKI study and had pharmacokinetic samples

available. Created by biorender.com.
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after an initial decrease. Median heart rates are
depicted in Figure 3. No prolongation of QTc interval
or other conduction changes were observed. Detailed
ECG data can be found in Supplemental Table 2.

During treatment with alectinib, 31 patients expe-
rienced bradycardia (both related and unrelated),
including 8 patients with bradycardia at baseline
(grade 1). Twenty-two patients (42%) were assessed
as related to alectinib; 16 patients were grade 1, 5
patients grade 2, and 1 patient grade 3 (Table 2).
Median time to bradycardia was 3 weeks (range
1-126 weeks), and 91% (20/22) developed bradycardia
within 3 months. In 9 patients (17%), bradycardia led
to a dose reduction. One-half of these patients (5/9)
had no improvement of the bradycardia (Figure 3),
and 3 patients required an additional dose reduction.
The patient with grade 3 bradycardia had refractory
symptoms of bradycardia (frequent spells of
dizziness, without syncope) after the second dose
reduction, for which a pacemaker implantation was
necessary. After the pacemaker implantation, the
patient was safely re-escalated to 600 mg twice daily.

No relationships between bradycardia and prior
ALK–small molecule TKI treatment (P ¼ 0.76), nor
between bradycardia and more than 1 CV risk factor
(P ¼ 0.69), and bradycardia and beta-blockade ther-
apy was found (P > 0.99).

Three patients with bradycardia underwent an
exercise ECG as advised by the cardiologist based on
the clinical presentation of the bradycardia. None of
the patients reached the target heart rate (77%, 70%,
and 54%) that indicated chronotropic incompetence
(local cutoff <80% of target heart rate19). However, all
patients had a normal or more than normal exercise

https://doi.org/10.1016/j.jaccao.2022.09.006
http://biorender.com


TABLE 1 Baseline Patient Characteristics (N ¼ 53)

Age, y 63 (21-82)

Female 31 (59)

Male 22 (41)

ECOG performance status

0-1 43 (81)

$2 9 (17)

Unknown 1 (2)

Smoker status

Never 36 (68)

Former/active 15 (29)

Unknown 2 (4)

Prior therapy 30 (57)

Small molecule TKI 14 (26)

Chemo 17 (32)

CoRTX 4 (8)

Known brain or LM metastasis, n ¼ 50 14 (26)

>1 CV risk factor, n ¼ 51 7 (14)

Follow-up time, mo 21 (1-49)

Values are median (range) or n (%). Chemotherapy received was platinum with
pemetrexed, except for 1 patient (carboplatin þ paclitaxel). Cardiovascular (CV)
risk factors included hypertension, diabetes mellitus, dyslipidemia, familial history,
and prior CV events.

CoRTX ¼ concurrent chemoradiation; ECOG ¼ Eastern Cooperative Oncology
Group; LM ¼ leptomeningeal; TKI ¼ small molecule tyrosine kinase inhibitor.

FIGURE 3 Median Heart Rate of Consecutive

Electrocardiograms

This graph shows the course of the median heart rate by

electrocardiograms at different time points and associated

25th and 75th percentile range.

TABLE 2 Summary of Adverse Events Related to Alectinib

Any Grade
(N ¼ 53)

Grade $3
(n ¼ 26)

Preferred term adverse event

Bradycardia 22 (42)

Myalgia 16 (30)

Edema 7 (13)

Preferred term for severe adverse events

CK elevation 9 (17) 3 (6)

AST/ALT increase 5 (9) 3 (6)

Bradycardia 6 (11) 1 (2)

Myalgia 6 (11) —

Creatinine increase 3 (6) —

Blood bilirubin increase 2 (4) 2 (4)

Skin rash 2 (4) 2 (4)

Fatigue 1 (2) —

Edema 2 (4) —

Pneumonitis 1 (2) —

Severe toxicity consequence

Hospital admission 1 (2)

Dose reduction 25 (47)

Treatment interruption 17 (32)

Treatment termination 2 (4)

Values are n (%).

AST ¼ aspartate aminotransferase; ALT ¼ alanine aminotransferase;
CK ¼ creatine kinase.
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capacity. The chronotropic incompetence was not
clinically significant.

At termination of the clinical pathway, 4 patients
had completed a heart rate diary (Figure 4). Two
of them developed alectinib-related bradycardia
(Patients 3 and 4) and showed a decrease in heart rate
during exercise, potentially indicating chronotropic
incompetence. One patient (Patient 2) had brady-
cardia at baseline, which did not worsen and was
considered as unrelated to alectinib.

MYALGIAS. Myalgias related to alectinib were re-
ported in 16 patients (30%) (grade 1 n ¼ 12, and grade
2 n ¼ 4) and led to a dose reduction in 6 patients. The
majority (13/16) had a creatine kinase increase (grade
1 n ¼ 7; grade 2 n ¼ 4; grade 3 n ¼ 1; grade 4 n ¼ 1).
Myalgias improved in 5 patients, and 1 patient
required a second dose reduction. There was a sig-
nificant association between myalgia and edema
(P ¼ 0.002). Six patients with edema also had
myalgia, 5 of which occurred simultaneously. No as-
sociation could be found between the presence of
myalgia and bradycardia (P ¼ 1.00).

EXPOSURE-TOXICITY RELATIONSHIP. From 47 pa-
tients, 270 PK samples were drawn during the study
period. Fifty-nine samples had to be excluded
because Tmax was <5 hours. From 36 patients, Ctrough



FIGURE 4 Overview of the Heart Rate Diaries

The blue line depicts heart rate at rest, and the orange line depicts heart rate after exercise. Day 0 is the day of start alectinib. Patients 2 and 3 started recording their

heart rate before starting alectinib indicated by days �1 and �2. Days with incomplete data were not included. Patients 3 and 4 developed alectinib-related

bradycardia.
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at 600 mg twice daily was calculated. Median Ctrough

at 600 mg twice daily was 569 ng/mL, with an IQR of
450 to 780 ng/mL. Twenty-seven patients had Ctrough

at 600 mg twice daily of more than 435 ng/mL
(therapeutic threshold).

From 8 patients who received a dose reduction for
bradycardia (n ¼ 9), PK samples were available either
before or after dose reduction, or at both time points.
The PK data showed that patients could develop
bradycardia at low, but still therapeutic, alectinib
concentrations (Figure 5). And after a dose reduction,
many patients (5/8) dropped below the therapeutic
exposure (based on the threshold of 435 ng/mL).

In total, 26 patients (49%) experienced severe
alectinib-related toxicity (Table 2). The most frequent
severe toxicities were creatine kinase increase,
aspartate aminotransferase/alanine aminotransferase
increase, bradycardia, and myalgia. In the group for
whom a Ctrough at 600 mg twice daily was available, at
least 1 event of severe toxicity occurred in 16 patients
(44%). The occurrence of severe toxicity was signifi-
cantly associated with a higher alectinib Ctrough

(Figure 6) (P ¼ 0.039). Average Ctrough was 35% higher
in patients who experienced severe toxicity (728 �
260 ng/mL vs 539 � 239 ng/mL; 1-sided P ¼ 0.015).
One patient with severe toxicity had a subthera-
peutic alectinib concentration (<435 ng/mL),
compared with 40% of the patients without severe
toxicity (Figure 6).

When the mean Ctrough of 18 patients with severe
toxicity after dose reduction to 450 mg twice daily
was compared with the mean Ctrough of 20 patients
without severe toxicity (who continued on 600 mg
twice daily), no difference in exposure was found
(Figure 6) (P ¼ 0.80). Mean Ctrough in the latter
group was <10% higher (539 � 239 ng/mL vs 498 �
215 ng/mL; P ¼ 0.57).

Median time to severe toxicity was 2.7 weeks (IQR:
1.9-4.0 weeks). Dividing the cohort in 2 based on
median Ctrough (<569 ng/mL vs >5,693 ng/mL) did not



FIGURE 5 Exposure–Toxicity Association

Mean plasma concentrations of alectinib before and after dose reduction due to brady-

cardia. The Roman numerals indicate the grade of severity of bradycardia. Plus means

the bradycardia improved, minus means the bradycardia remained unchanged or wors-

ened. A sample before dose reduction was not available for all patients. Patient 4

developed grade 2 bradycardia after a first dose reduction for a grade 3 rash.
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show a significant difference in time to onset of se-
vere toxicity: median 2.26 months vs not reached;
P ¼ 0.17. In the one-third of patients with the higher
Ctrough (>700 ng/mL), however, it was clear that se-
vere toxicity occurred significantly earlier compared
with the two-thirds of patients with a lower Ctrough

(median 2.3 [95% CI: 0.0 to 8.6] months vs not
reached; P ¼ 0.030).

DISCUSSION

To our knowledge, this is the first study performing
prospective cardiac follow-up, reporting on the real-
world (cardio)toxicity of alectinib, and demon-
strating a safety-exposure relationship in treatment
with alectinib. In this study, intensive prospective
cardiac follow-up showed that alectinib-related
edema was not associated with decreased cardiac
function (Central Illustration). Our data furthermore
showed alectinib-related bradycardia to be far more
common than previously reported. Dose reductions
due to bradycardia left many patients exposed to
subtherapeutic levels of alectinib. However, in
general, patients with severe toxicity related to
FIGURE 6 Plasma Exposure per Toxicity Group

This figure shows the difference in alectinib minimal plasma concentration (Ctrough) between patients with (blue dots) and without severe

toxicity (red squares) when treated with alectinib 600 mg twice daily. The green triangles are Ctrough concentrations from patients with

severe toxicity who were reduced in alectinib dose to 450 mg twice daily because of severe toxicity. Data shown as mean � SD. *P < 0.05;

ns ¼ not statistically significant. The dotted line at 435 ng/mL shows the therapeutic threshold of alectinib.



CENTRAL ILLUSTRATION Cardiac Toxicity With Alectinib

Pruis MA, et al. J Am Coll Cardiol CardioOnc. 2023;5(1):102–113.

Main results of prospective cardiac follow-up, adverse events collection, and pharmacokinetic sampling in patients with anaplastic lymphoma kinase (ALK)-positive

lung cancer treated with alectinib. AE ¼ adverse event; bpm ¼ beats/min; LV ¼ left ventricular; LVEF ¼ left ventricular ejection fraction; NSCLC ¼ non-small cell lung

cancer; PFS ¼ progression-free survival; PMI ¼ pacemaker implantation; TDM ¼ therapeutic drug monitoring.
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alectinib did have a relatively high exposure to
alectinib.

We prospectively confirmed earlier retrospective
studies that alectinib does not seem to induce heart
failure.20 Systolic dysfunction as a cause for edema
could also be excluded, as well as hypoalbuminemia.
Although our sample size was small, we do not believe
our results suggest a need for routine screen for sys-
tolic dysfunction. Our reported frequency of edema
(13%) was comparable to the large clinical trials (9%-
17%).5,6 By contrast, we reported a higher prevalence
of bradycardia (42%) compared with phase II and
phase III trials (0.01%-30.0%), which included all
bradycardia regardless of relatedness.6,21-23 In
this study, bradycardia was the most common reason
for a dose reduction, even if patients were asymp-
tomatic. Based on these results, we formulated our
site-specific general recommendations for manage-
ment of bradycardia and severe toxicity (Figure 7).
These recommendations clearly need to be validated



FIGURE 7 Our Institutional Recommendations for Management of Alectinib-Related Toxicity

The person icons reflect the frequency in an alectinib population. These recommendations are based upon our cohort findings and clinical experience and need to be

further validated. AE ¼ adverse events; bid ¼ twice a day; PMI ¼ pacemaker implantation; TDM ¼ therapeutic drug monitoring. Created by biorender.com.
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in a larger prospective study. Because most patients in
this population were active and some even regularly
performed strenuous exercise, further prospective
research should be done into the clinical relevance of
potential chronotropic incompetence to better guide
these patients. In cases of persistent symptomatic
bradycardia, pacemaker implantation should be
considered, which could allow for dose escalation.
Although these patients have advanced lung cancer,
their expected life expectancy typically surpasses the
required expectancy for a pacemaker implantation of 1
year.24 Currently, the European Medicines Agency
does not recommend routine heart rate measurements
during alectinib treatment.13 However, with the high
prevalence and early occurrence of bradycardia, this
might be indicated for the first 6 months to identify
patients at risk for symptomatic bradycardia.
Increased heart rate monitoring should be accompa-
nied with clear instructions for dose reductions to
avoid unnecessary dose reductions.

The mechanism of alectinib-induced bradycardia is
poorly understood.25 Bradycardia is also described
with other ALK–small molecule TKIs, but the fre-
quency varies between trials, and limited real-world
data are available.26,27 One proposed mechanism
might be a direct inhibition of cardiac pacemaker cells
in the sinus atrial node, but this has only been
researched with crizotinib in mouse models.25 Other
anti-cancer therapies rarely cause bradycardia, and
no clear pattern of mode of action could be found.28-31

Because lorlatinib, another highly selective ALK in-
hibitor, does not seem to cause bradycardia, the

http://biorender.com


PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: In

patients treated with alectinib, bradycardia is a more

common side effect than previously reported (40% of

the patients) and can result in clinically significant

symptoms. Regular heart rate measurements in the

first period after treatment initiation may be useful.

Alectinib appears to have an exposure–toxicity asso-

ciation, and therapeutic drug monitoring might pre-

vent severe toxicity.

TRANSLATIONAL OUTLOOK: Investigations into

the etiology of the alectinib-induced bradycardia are

needed to increase our understanding of alectinib’s

inhibiting properties. Further research needs to be

performed into the pharmacokinetics of alectinib with

the aim of further defining and validating a toxic

threshold for accurate therapeutic drug monitoring.
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bradycardia could be caused by off-target inhibition
of other pathways of alectinib.32,33

In clinical practice, we observed that dose re-
ductions and severe toxicity due to alectinib-related
toxicity were more prevalent than in clinical trials.34

This may be due to our definition of severe toxicity,
which not only included grade 3 events, but also
milder adverse events that were relevant to the pa-
tient. Adverse events that are not compatible with
long-term dosing should be taken into account in
defining a toxic threshold. Quantification of a Ctrough

after 1 or 2 weeks could identify patients at risk of
severe toxicity. Based on our findings, we expect the
toxic plasma concentration limit to be >700 ng/mL,
but this should be further validated. Defining a ther-
apeutic window with a therapeutic threshold and a
toxic limit would support clinicians in making de-
cisions about dose modifications. Personalized dosing
with alectinib is especially interesting, because it
shows high interpatient variability, and suffers from a
large positive food effect.35 Currently, a randomized
controlled trial is ongoing to further investigate the
therapeutic drug monitoring–guided alectinib dosing
(NCT05525338).

STUDY LIMITATIONS. Because rapid initiation with
alectinib in these patients had the highest priority, it
was not possible to consistently obtain echocardiog-
raphy before start of treatment. Because a decrease in
LVEF would be expected after a longer period,36-38 we
believe it was justified to perform an echocardiogra-
phy within 3 months after starting treatment,
although we cannot exclude earlier declines. Diastolic
function was also not systematically assessed; as a
result, we cannot exclude abnormal diastolic function
as the cause of edema. The relatively small sample
size and missing data should be taken into account
when interpreting these results. Nevertheless, we
provide new insights that motivate additional clinical
research into alectinib. In our mixed model, the re-
siduals showed a slight deviation from normality.
However, because the differences between heart rate
at baseline and during treatment were very clear, we
do not expect this slight deviation to have an impact
on the final conclusion.

CONCLUSIONS

Involvement of cardiologists, both by cardio-oncology
outpatient service and in research, is pivotal to better
understand cardiotoxicity of novel anticancer drugs.39

Further clinical and translational research into
alectinib-related bradycardia, potential chronotropic
incompetence, edema, and the exposure–toxicity
relationship is highly recommended. Because ALK
translocations are uncommon, sharing clinical
observations from experience is pivotal to ensure that
patients worldwide treated with alectinib receive
up-to-date and consistent management of toxicity to
ensure long-term safe dosing.
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