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Abstract

Purpose Greater scrutiny is being placed on developing a

full understanding of potential cardiotoxicity of therapeutic

agents, especially on the potential to prolong the QTc

interval which can lead to arrhythmias such as torsade de

pointes and sudden death. This trial was designed to spe-

cifically evaluate the effect, if any, of cetuximab on the

QTc interval in patients with advanced solid tumors.

Methods Cetuximab was administered as an initial dose

of 400 mg/m2 on day 1 (week 1) followed by a mainte-

nance dose of 250 mg/m2 weekly thereafter. ECG moni-

toring was performed at screening, baseline (week 1

preceding dosing), and during week 1 to 5 of treatment.

Cetuximab concentration-to-QTc relationship was

evaluated based on cetuximab serum samples obtained at

the time of each ECG measurement to allow for accurate

correlation between any observed QT/QTc changes and

cetuximab serum concentration.

Results At the recommended dose (400 mg/m2 on day 1

followed by 250 mg/m2 weekly), cetuximab had no clini-

cally meaningful effect on QTc interval, PR or QRS

intervals, or heart rate and there was no apparent concen-

tration-dependent effect of cetuximab on any of these

electrocardiogram parameters. Safety observations in

patients treated with cetuximab in this study were consis-

tent with the agent’s known safety profile.

Conclusion These results suggest that cetuximab can be

safely administered as a single agent without risk of effect

on QTc interval.

Keywords QTc interval � Arrhythmias � Cancer �
Targeted therapy � Cetuximab

Introduction

Cardiotoxicity is a serious complication of cancer therapy

with increasing importance to patient safety and long-term

efficacy outcome. Cancer patients represent an aging

population with greater probability of co-morbidities

including cardiac disease [1]. Cardiotoxicity from anti-

cancer therapy may manifest in various forms including

hypertension, left ventricular dysfunction, thromboembo-

lism, ischemia, and ventricular arrhythmias caused by a

prolonged QT interval [2–4]. The QT interval, as measured

by electrocardiogram (ECG), represents the total duration

of ventricular activation and recovery (depolarization and

repolarization) [5, 6]. Prolongation of the QT interval (or

QTc interval when corrected for heart rate [7–10]) may
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result from a delay in cardiac repolarization which can then

lead to ventricular arrhythmias. The most important and

serious of these arrhythmias is torsade de pointes, which

can quickly progress to ventricular fibrillation and sudden

death [6]. QT prolongation may result from genetic pre-

disposition, electrolyte imbalances, acquired cardiac dis-

ease, hypothyroidism, and hyperthermia, and may also be

drug-induced [11]. Several of the classic chemotherapeutic

agents including anthracyclines (doxorubicin, epirubicin),

5-fluorouracil, some platinum compounds, and taxanes

(paclitaxel, docetaxel) have been implicated in QT pro-

longation and arrhythmias [12].

The last decade has seen the rapid expansion of

molecular-targeted therapies in the treatment for cancer.

Cardiotoxicity has been implicated in some small molecule

multi-targeted tyrosine kinases, monoclonal antibodies

targeting tyrosine kinase receptors or their ligands, antian-

giogenic compounds, histone deacetylase inhibitors, and

inhibitors of farnesyl protein transferase, Src/Abl kinase,

and protein kinase C [1, 11]. The human epidermal growth

factor receptor (HER) inhibitors, targeting the HER family

of tyrosine kinase receptors, including HER2, have dem-

onstrated potential for cardiotoxicity including decreased

left ventricular ejection fraction with trastuzumab [4].

Multi-targeted tyrosine kinase inhibitors including lapati-

nib, imatinib, nilotinib, dasatinib, sunitinib, and sorafenib

all have reported risk of cardiotoxicity including prolonged

QTc [13]. For many other targeted agents, the risk of car-

diotoxicity remains uncertain, often not arising until more

extensive use of a drug occurs, making cardiotoxicity a

leading cause for drugs to be withdrawn after approval [14].

Combination regimens of targeted therapy with radia-

tion therapy and/or traditional chemotherapeutic agents can

compound the potential for cardiac risk. Concomitant

medications taken by cancer patients including antiemetics,

antifungals, and various antibiotics may also prolong the

QT interval. Cancer patients often experience diarrhea,

nausea, and vomiting along with reduced fluid intake,

creating electrolyte imbalances which can exacerbate drug-

related cardiotoxicity and arrhythmias [4]. To better assess

risk versus benefit, an understanding of potential drug-

related effect on QTc interval must be a priority.

To facilitate earlier identification of drug-related car-

diotoxicity, the International Conference on Harmonization

(ICH) adopted the ICH E14 Guidelines for evaluating the

potential for QT/QTc interval prolongation and proar-

rhythmic potential for non-antiarrhythmic drugs in May

2005 [15]. The Food and Drug Administration subse-

quently issued a Guidance for Industry based on the ICH

E14 Guidelines [16]. The guidelines recommend the con-

duct of a ‘‘thorough QT/QTc study’’ defined as a trial

dedicated to evaluating a drug’s effect on cardiac repo-

larization. A QTc interval exceeding a value of 450 ms

(men) or 460 ms (women) is considered to be associated

with an increased risk of life-threatening arrhythmias;

however, the exact interval length that constitutes serious

prolongation remains controversial [11]. The National

Cancer Institute’s criteria are used to grade QTc interval

prolongation with grade 1 = QTc [ 450–470 ms; grade

2 = QTc [ 470–500 or 60 ms above baseline; grade

3 = QTc [ 500 ms; and grade 4 QTc [ 500 ms with life-

threatening signs or symptoms such as torsade de pointes

[17]. In cases where a ‘‘thorough QT/QTc study’’ in heal-

thy volunteers is not possible because of safety concerns,

alternate methods for detecting effects on the QT/QTc

interval may be used (e.g., collection of ECGs at multiple

time points during dosing).

Cetuximab (Erbitux�) is a recombinant, human/mouse

chimeric monoclonal antibody that inhibits human EGFR

activity by binding specifically to the extracellular domain

of the receptor on both normal and tumor cells [18]. It

competitively inhibits the binding of epidermal growth

factor and other ligands, such as transforming growth

factor-alpha, and blocks phosphorylation and activation of

receptor-associated kinases [18]. The result is inhibition of

cell growth, induction of apoptosis, inhibition of cell

motility and invasion, and decreased production of pro-

angiogenic factors such as vascular endothelial growth

factor. Cetuximab has been approved for the treatment for

metastatic colorectal cancer [19–22] and squamous cell

carcinoma of the head and neck [23–25].

The current study was designed to determine the effect,

if any, of cetuximab on QT/QTc interval and followed the

2005 ICH E14 Guidelines for non-thorough QT (NTQT)

studies for cancer patients [15, 26]. ECG measurements

were obtained at screening, baseline (week 1 preceding

dosing), and during week 1 to 5 of treatment in male and

female patients receiving the recommended clinical dosing

regimen of cetuximab (400 mg/m2 on day 1 followed by

250 mg/m2 weekly starting on day 8). Due to tolerability

and ethical considerations, the study could not be con-

ducted in healthy volunteers. Garnett et al. [27] suggested

the assessment of concentration-to-QT relationship as a

valid alternative in cases such as this where cancer therapy

is involved. Therefore, serum samples were collected,

time-matched to each ECG measurement, to allow for

accurate correlation between QT/QTc changes and cetux-

imab serum concentration.

Methods

This study was conducted at 20 centers in the United

States, and appropriate approval was obtained from the

Institutional Review Board (IRB) prior to initiation of the

study at each site. Each patient freely gave written
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informed consent prior to study participation. This study

was registered on ClinicalTrials.gov as NCT00698841.

Study design and treatment

This was a multicenter, single-arm study of cetuximab

monotherapy conducted in patients with advanced solid

tumor malignancies. The study was designed to determine

the effect, if any, of cetuximab on QT/QTc interval and

followed the 2005 ICH E14 Guidelines for non-thorough

QT (NTQT) studies for cancer patients [15, 26].

The study design, summarized in Fig. 1, consisted of a

screening period for the determination of study eligibility,

a baseline ECG period (week 1), an on-treatment ECG

period (weeks 1–8), and an on-treatment post-ECG period

(following completion of day 29 ECGs). Patients who

discontinued treatment on or prior to the week 8 infusion of

cetuximab were followed for toxicity during the post-

treatment period.

Cetuximab was administered as intravenous infusions at

an initial dose of 400 mg/m2 administered over 120 min on

day 1 (week 1) followed by a maintenance dose of 250 mg/

m2 administered over 60 min weekly thereafter. The

administration of the recommended premedication

(diphenhydramine HCl 50 mg) was required for the first 5

doses of cetuximab. Diphenhydramine HCl 50 mg was also

required to be administered during the baseline monitoring

to account for any change in QT interval related to its

administration.

ECG monitoring was performed at screening, baseline

(week 1 preceding dosing), and during week 1 to 5 of

treatment. Serum concentration samples were obtained at

time-matched points during the administration in week 1 to

5. Following the completion of the ECG monitoring in

week 5, the addition of other therapy (e.g., chemotherapy

and/or radiation therapy) was allowed as per investigator

discretion.

Patients who were stable or responding to cetuximab at

week 9 were eligible to continue treatment off-study with

cetuximab and/or other therapy.

Eligibility criteria

Patients were eligible if they were more than 18 years of

age, had histologically or cytologically documented

advanced or metastatic malignant disease of solid tumor

origin that was considered measurable and/or evaluable,

and had an Eastern Cooperative Oncology Group (ECOG)

performance status of 0–2. Prior cancer therapies were

allowed provided that a patient had adequately recovered

from prior therapy and a minimum of 14 days (21 days for

an investigational agent or EGFR receptor antagonists) had

elapsed between the last treatment and enrollment in the

study. Patients had to have adequately recovered from any

recent surgery or radiation therapy, with 21-day elapsing

since these interventions.

Exclusion criteria included the following: a QTc interval

(corrected QT interval) [470 ms, resting heart rate \50 or

[100 bpm, sustained supine systolic blood pressure (SBP)

of[150 or\90 mmHg or a diastolic blood pressure (DBP)

of \45 or [95 mmHg, or any other clinically relevant

abnormality identified on a screening electrocardiogram

(ECG) that prevented accurate measurement of the QT

interval. Patients with a history of any of the following

were ineligible: myocardial infarction B6 months prior to

study entry, severe congestive heart failure, uncontrolled

angina, uncontrolled arrhythmias, congenital long QT

syndrome, history of risk factors for ventricular tachycardia

or torsade de pointes, fainting, or unexplained loss of

consciousness or convulsions, significant peripheral artery

disease (PAD), arterial thrombotic events requiring surgi-

cal or medical intervention within 6 months prior to study

initiation (e.g., transient ischemic attack (TIA), cerebro-

vascular accident (CVA), and active angina pectoris or

angina pectoris requiring surgical or medical intervention).

Patients with an implantable pacemaker or automatic

implantable cardioverter defibrillator (AICD) were also

ineligible.

Medications known to prolong QT/QTc interval were

prohibited during the 7-day period prior to the screening

ECG and during the ECG collection period. However,

medications in this category taken by a patient on a regular

schedule and dose and initiated [21 days prior to the

screening ECG were allowed to continue. These patients

were included in the analysis as long as the dose and

schedule did not change and the medication was not dis-

continued during the ECG collection period.

Assessments

The primary objective of this study was to determine the

change from time-matched baseline in QTc interval in the

study population.

Holter monitoring for collection of digital 12-lead ECGs

was performed during screening and the baseline ECG

period, and was initiated on days 1, 8, 15, 22, and 29 prior

to other scheduled procedures and discontinued after

completion of the last resting ECG time point for the day.

On each study day, resting ECGs were collected at the

following time points relative to the start of the infusion of

diphenhydramine: pre-dose, 1, 2, 3, and at 6 h on days 1

and 22 only. The primary ECG endpoint was the time-

matched mean change from baseline (designated as ‘‘D’’)

in QTc at each ECG sampling time point. Similar
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endpoints were evaluated for PR interval, QRS interval,

and ECG-derived heart rate (HR).

Cetuximab concentration-to-QTc relationship was also

evaluated based on cetuximab serum samples obtained at

the time of each ECG measurement to allow for accurate

correlation between any observed QT/QTc changes and

cetuximab serum concentration. A validated enzyme-

linked immunosorbent assay (ELISA) was used for the

quantification of cetuximab in human serum [28]. The

ELISA method employed a recombinant human EGFR

(full-length receptor) adsorbed onto a microtiter plate to

capture cetuximab in 0.1 % human serum, which was then

detected using a commercial rabbit anti-human IgGFC-

HRP conjugate.

Adverse events (using terminology based on the

Medical Dictionary for Regulatory Activities, or Med-

DRA, version 12.0) and other symptoms, with the

exception of grade 3 or 4 infusion reactions, were graded

according to the National Cancer Institute (NCI) Common

Terminology Criteria for Adverse Events (CTCAE), ver-

sion 3.0. A grade 3 infusion reaction was defined as

symptomatic bronchospasms, requiring parenteral medi-

cation(s), with or without urticaria, or allergy-related

edema or angioedema. A grade 4 infusion reaction was a

life-threatening event characterized by the same symp-

tomatology as a grade 3 reaction, but further complicated

by symptomatic hypotension or oxygen saturation of

70 % or less. Assessment of magnesium levels on a

weekly basis was incorporated into the study based on the

historical observation of decreased levels in patients

receiving cetuximab.

To assess adverse events of special interest based on

clinical experience with cetuximab, composite categories

of various MedDRA terms were pooled. Rash, rash pus-

tular, rash erythematous, dermatitis acneiform, dermatitis

exfoliative, rash papular, rash pruritic, rash generalized,

rash macular, rash maculopapular, acne, acne pustular, skin

desquamation, and dry skin were pooled into a composite

event category called acneform rash. Infusion reaction

comprised infusion-related reaction, hypersensitivity, ana-

phylactic reaction, anaphylactic shock, anaphylactoid

reaction; dyspnea, pyrexia, and chills were included if

onset occurred on the first day of study treatment. Cardiac

events included coronary artery disorders, cardiac

arrhythmias, heart failures, left ventricular failures, sudden

cardiac death, cardiac death, and sudden death.

Assessments of efficacy parameters were not performed

for this study. Disease response was documented at each

evaluation visit (every 8 weeks) only for purposes of

confirming eligibility for continuing therapy. The method

of response assessment was as per the institution’s pref-

erence, and assessments were performed by the investiga-

tor at the institution.

Statistical analyses

This was a single-arm estimation trial, and thus, sample

size was based on consideration of the confidence interval

width. A time-matched mean DQTc was estimated at each

ECG sampling time point with a one-sided upper 95 %

confidence limit constructed for the population means of

DQTc, based on the assumption that DQTc was normally

distributed with a standard deviation of 20 ms. The study

was to remain open to enrollment until at least 32 evaluable

patients had completed the required study assessments.

This sample size should have provided an upper 95 %

confidence limit 5.815 ms higher than the point estimate.

QTc evaluable patients were all treated patients who

met all inclusion criteria and none of the exclusion criteria

and who were not considered unevaluable due to any of the

following: required a cetuximab dose reduction before day

29, had an interruption of cetuximab infusions on day 1 or

22 for any reason, missed any ECG time points (baseline,

day 1 or day 22), began taking any prohibited medication

prior to day 22, discontinued or modified dose of a

scheduled medication known to prolong the QT/Qc interval

between screening and day 29, received any other cancer

therapy prior to day 29, or withdrew informed consent for

any reason prior to day 23.

Fridericia’s correction formula [8] was used to calculate

the heart rate-corrected QT interval (QTcF). For each ECG

parameter (QT, QTc, RR, QRS, PR, and HR), the mean of

the triplicate measurements at each time point was con-

sidered for all analyses. ECG measurements collected on

the baseline day were used to compute time-matched

change from baseline for each ECG parameter. Individual

ECG parameter measurements and corresponding changes

from baseline were listed, and values outside a normal

range were flagged. ECG abnormalities identified by the

ECG core laboratory were listed. Adverse events and lab-

oratory tests were summarized for all treated patients.

The effect of cetuximab on the QTc interval was

assessed by summary statistics for QTc and time-mat-

ched DQTc, and examination of plots of mean (one-sided

upper 95 % confidence limit) QTc and time-matched

DQTc versus time since dosing. At each ECG sampling

time point, the mean time-matched DQTc was estimated

and a one-sided upper 95 % confidence limit was con-

structed for the population means of DQTc at the time

point.

The effect of cetuximab on QTc interval was also

assessed by frequency distributions for patients meeting or

exceeding predefined values for maximum QTc (B450,

[450–480, [480–500, [500 ms) and maximum time-

matched DQTc (B30, [30–60, [60 ms).

Cetuximab concentration-QTc response was explored

graphically using double y-axis plots of mean time-
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matched DQTc and mean drug concentration versus time

since dosing and scatter plots of individual patients’ QTc

and time-matched DQTc values versus the nearest corre-

sponding serum drug concentrations. For the plot of time-

matched DQTc versus drug concentrations, the estimated

linear regression, taken from the results of fitting a random

intercept and slope model with cetuximab concentration as

the only covariate to the data, was included in the plot.

The effect of cetuximab on QRS and PR intervals and

HR was assessed by summary statistics for reported values

and the corresponding time-matched changes from base-

line, and examination of plots of mean (?standard error)

reported values and time-matched mean changes from

baseline versus time since dosing. Cetuximab concentra-

tion–response was explored graphically as described above

for QTc, but regression analysis was not performed.

Results

Patient demographics

A total of 79 patients were enrolled on study between

February 2009 and February 2010 across 20 sites in the

United States. Of these, 51 patients received treatment with

cetuximab and were included in safety analyses; 28 were

screening failures who never received treatment. Thirty-

seven patients were evaluable for the assessment of QTc

interval, comprising the ‘‘QTc evaluable’’ patients as

described in ‘‘Methods’’. Thirty-three patients completed

8 weeks of on-study treatment. Of the 18 patients who

discontinued prior to the first scheduled tumor assessment

at week 8, the most common reasons were disease pro-

gression (7 patients) and adverse events unrelated to study

drug (3 patients).

Baseline demographics and characteristics for the 51

patients included in the safety analysis are summarized in

Table 1. Patients were predominantly white with 59 %

males and 41 % females. Mean age was 61 with a range of

38–84 years. More than 50 % of the patients had colorectal

cancer (8, 16 %), lung cancer (14, 28 %), or head and neck

cancer (5, 10 %), and 90 % had an ECOG performance

status of 0 or 1. All 51 treated patients received concom-

itant medications while on-study for either management of

symptoms or treatment for adverse events. One patient

initiated use of amitriptyline, a medication known to pro-

long the QT/QTc interval, during the ECG collection per-

iod and was thus excluded from the QTc analysis.

Effect of cetuximab on QTc

Table 2 summarizes the time-matched mean change in

QTcF (QT interval corrected for heart rate using the

Fridericia’s formula [8]) at each ECG time point from day

1 to day 29. No trends were apparent in terms of time-

matched mean DQTcF relative to the time that cetuximab

was administered or in relation to repeated cetuximab

infusions across all study days. The maximum change in

QTcF was 4.5 ms on day 8 at the 2-h time point.

In Fig. 2, the time-matched mean (one-sided upper

95 % confidence limit) DQTcF versus time since dosing for

each study day is presented, with a threshold of 10 ms

change from baseline depicted by a horizontal line in each

Table 1 Patient disposition and demographics

Disposition Number of

patients

Enrolled 79

Treated 51

QTc evaluable subjects 37

Duration of treatment, weeks

Median 8

Range 1–9

Discontinued prior to week 8 18

Disease progression 7

AE unrelated to study drug 3

Study drug toxicity 2

Withdrawal of consent 2

Failure to meet criteria

for continuing treatment

2

Other 2

Characteristics Treated subjects

(N = 51)

Age, years

Mean 61

Range 38–84

Gender, n (%)

Male 30 (59 %)

Female 21 (41 %)

Race, n (5)

White 45 (88 %)

Black 1 (2 %)

Asian 4 (8 %)

Other 1 (2 %)

ECOG status, n (%)

0 16 (31 %)

1 30 (59 %)

2 5 (10 %)

Tumor type

Colorectal 8 (16 %)

Lung 14 (28 %)

Head and neck 5 (10 %)

Other 24 (47 %)
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panel. The one-sided upper 95 % confidence limit for the

time-matched mean DQTcF was \10 ms at all time points

throughout the study. This was consistent with a lack of

effect of cetuximab on QTcF. A categorical analysis of the

frequency distribution of subjects with a maximum QTcF

or time-matched DQTcF meeting pre-specified criteria

yielded no QTcF values [500 ms and no time-matched

DQTcF values [60 ms. There was one patient with a his-

tory of hypertension and evidence of prior inferior myo-

cardial infarction on baseline ECGs who had mean QTcF

interval readings of 481 and 483 ms at 1 and 2 h, respec-

tively, on day 22. Thirteen patients had a maximum time-

matched DQTcF [30 and B60 ms at one or more time

points during the study, but no trends were observed over

time in the incidence of these outliers.

Scatter plots of time-matched DQTcF versus serum ce-

tuximab concentrations for each study day (Fig. 3) show no

apparent concentration-related trends in QTcF or DQTcF.

Regression analysis on these plots for DQTcF yielded point

estimates for the slope of the regression line ranging from

-0.018 to ?0.026 ms per ng/mL with two-sided 90 %

confidence intervals encompassing zero, consistent with

the lack of a trend in time-matched DQTcF with increasing

concentration of cetuximab.

Patients with advanced malignancies from solid tumors

Screening for eligibility

Registration

Baseline evaluationsWeek -1

Week 1

Weeks 2 to 5

Weeks 6 to 8

Cetuximab initial dose 400 mg/m2 - ECG and serum samples

Maintenance dose cetuximab 250 mg/m2 - ECG and serum 

Maintenance dose cetuximab 250 mg/m2 ± other agents*;
No ECG or serum samples

Disease evaluations for continuing cetuximab off studyWeek 9

Continue with maintenance dose 
cetuximab ± other agents*

Discontinue cetuximab

Stable or 
responding

Disease 
progression

Fig. 1 Study flow diagram.

*As medically indicated

Table 2 Time-matched mean

(SE) DQTcF by study day and

time point—QTc evaluable

patients

a Days 22 and 29 only
b n = 36
c n = 29

Study day Pre-dose 1 h 2 h 3 h 6 ha

Day 1 (n = 37) 3.8 (2.5)� 1.8 (1.9) 0.7 (2.1) 1.2 (1.6)b -2.4 (1.8)

Day 8 (n = 37) 1.3 (2.2) 1.9 (2.5) 4.5 (2.7) 0.8 (2.5)b –

Day 15 (n = 37) 3.2 (2.7) 2.6 (3.1) 1.2 (3.2) -0.7 (3.6)b –

Day 22 (n = 37) 2.3 (3.3) 3.4 (2.9) 4.1 (3.2) 2.2 (2.8)b 2.6 (2.4)

Day 29 (n = 30) 0 (3.4) 3.5 (2.9) 3.5 (2.7) 4.0 (3.0)c –
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Effect of cetuximab on PR and QRS interval and heart

rate

Eight patients had PR interval measurements that were

[200 ms while on-study; each of these patients also had

baseline PR interval measurements [200 ms. There were

no patients with a QRS interval measurement [120 ms

during the study. Heart rate measurements of[100 bpm at

baseline and/or on-study were reported for 15 patients with

no apparent trends in changes in heart rate observed during

the study for these patients. There were no cetuximab

concentration-related trends in prolonging PR interval,

QRS interval, or increasing heart rate.

ECG results

Twelve-lead continuous digital ECG data were collected at

screening, baseline, and on days 1, 8, 15, 22, and 29. All 37

QTc evaluable patients had at least one abnormal ECG

during screening and/or the ECG period (inclusive of the

baseline and on-treatment days). The most frequently

reported ECG conduction abnormality was a non-specific

intraventricular conduction defect, and the most frequently

reported ECG rhythm abnormality was sinus tachycardia.

There were 22 patients who had 1 or more abnormal

ECGs that were assessed as potentially clinically signifi-

cant by a consulting cardiologist, including 10 with

abnormal ECGs of potential clinical significance at

screening or baseline only. Among the remaining 12

patients, abnormalities included evidence of previous

myocardial infarction and/or conduction defects such as

inverted T waves, ST wave depression, and first-degree

atrioventricular block.

Twelve (32 %) patients had 1 or more ECGs with an

abnormal finding of prolonged or borderline prolonged

QTc interval, including 7 patients with QTc interval

abnormalities reported after initiation of treatment with

cetuximab. However, only 1 patient had QTc abnormalities

reported on an ECG that was assessed by the cardiologist

as potentially clinically significant while on-treatment.

This patient had ECGs of potential clinical significance

throughout the study, with findings of borderline prolonged

QTc and inverted T waves at week 1 (2 time points) and

week 3 (1 time point) and a consistent finding of inverted T

waves and occasional sinus tachycardia on all other

abnormal ECGs. None of the QTc interval abnormalities

identified was reported by the investigator as an adverse

event. There were no cases of torsade de pointes reported

for the patients in this study.

Safety

Adverse events were evaluated in all treated patients

(n = 51) and are summarized in Table 3. The majority of

events were grade 1 or 2. Most common were rash (43 %),

headache (24 %), dermatitis acneiform (18 %), nausea

Fig. 2 Time-matched mean (?95 % CI) DQTcF versus time since dosing on each study day—QTc evaluable patients
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(12 %), and fatigue (10 %). Most common grade 3 events

included headache (8 %) and fatigue and anemia (4 %

each); the rest of the reported grade 3 events were all 2 %

incidence. There was a single grade 4 event (pain) reported.

Two cardiac events occurred in this study, both con-

sidered unrelated to study treatment. One patient received

their week 4 (final) dose on day 22 and was then hospi-

talized due to a dislocated right shoulder and fracture after

a fall. Upon admission, she was found to be tachycardic

and an ECG revealed mild ST interval depression although

she did not report any chest pain or shortness of breath. A

cardiology consult was obtained, and a non-ST elevation

myocardial infarction (MI) was diagnosed. The treating

physician assessed the MI as grade 2 and not related to

study therapy. The patient’s history included coronary

artery disease and a prior MI in 2009 which was noted on

the screening ECG as an old anteroseptal MI. The patient

was subsequently discontinued from the study on day 68

following an event of right shoulder separation. In the

second case, the patient received two doses of cetuximab at

weeks 1 (day 1) and 2 (day 8). On day 10, the patient

experienced symptoms of acute coronary syndrome and

was admitted to the hospital; the event was assessed by the

treating physician as grade 3, not related to study therapy.

The patient’s history included diabetes, hypertension, and

hyperlipidemia. The day 8 ECG report (prior to dosing)

noted atrial fibrillation and an old inferior MI. The patient

was discharged from the hospital on day 14 and

discontinued from the study on day 19 without receiving

any additional study therapy.

One or more serious adverse events (SAEs) were

reported for 16 (31 %) patients, with disease progression

as the most frequent event (8 %). There were 9 patients

who reported grade 3 SAEs and 1 with a grade 4 SAE

(intractable pain). Only two SAEs were considered

related to study therapy, both of which were related to

infusion reactions during administration of the first

infusion of cetuximab and resulted in discontinuation of

treatment. Six patients died while on-study; cause of

death in each case was underlying disease and was

unrelated to study drug.

No new safety concerns related to laboratory data were

identified during the present study. Based on observations

of decreased magnesium levels in patients receiving ce-

tuximab, a class effect of anti-EGFR monoclonal antibody

therapies [29], the study protocol was amended prior to

enrollment of the first patient to include collection of

magnesium levels during the portion of the study when

ECGs were performed. Serum chemistry changes from

baseline are summarized in Table 4. Hypomagnesemia was

reported for 11 (29 %, n = 38) patients while on cetux-

imab therapy; the majority were grade 1 and 2 with only a

single grade 4 case. The most common serum chemistry

abnormalities were low albumin (60 %) and elevations in

glucose (82 %), alkaline phosphatase (56 %), and aspartate

transaminase (42 %).

Fig. 3 Scatter plots of time-matched DQTcF versus cetuximab concentration on each study day—QTc evaluable patients
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Discussion

Since its approval for colorectal cancer in both the USA and

European Union in 2004, cetuximab has demonstrated

clinical benefit in multiple tumor indications as a single agent

or in combination with chemotherapy [19–25]. However, the

effect of cetuximab on QT/QTc in humans was not rigor-

ously characterized prior to initial approval, as is currently

recommended for new pharmaceutical agents in the 2005

ICH E14 Guidelines [4]. Therefore, the primary goal of this

study was to determine whether cetuximab showed any

effect on QTc interval in patients with advanced solid

tumors.

Cetuximab at the approved dose and dosing regimen

(initial dose of 400 mg/m2 administered over 120 min on

day 1 followed by a maintenance dose of 250 mg/m2

administered over 60 min weekly thereafter) did not result

in a clinically meaningful prolongation of the QTc interval

in this study. The DQTcF was small, and the one-sided

upper 95 % confidence limit for the time-matched mean

DQTcF was \10 ms at all time points studied. There were

no QTcF values [500 ms and no time-matched DQTcF

values C60 ms. No QTc abnormality was reported as an

AE by the investigators. No serum concentration-depen-

dent effect for cetuximab on QTcF or DQTcF was appar-

ent. In addition, no effect of cetuximab treatment or its

serum concentration was apparent on the PR interval, QRS

interval, or heart rate.

Adverse events reported for patients on-study were con-

sistent with the known safety profile for cetuximab. Addi-

tionally, the laboratory data did not reveal any new safety

concerns for cetuximab. Given the propensity for cancer

patients toward electrolyte imbalances which can exacerbate

cardiac events, the added potential of cetuximab to cause

decreased magnesium levels was of interest. The lack of any

QTc prolongation in cancer patients with a variety of co-

morbidities, susceptibility to hypomagnesemia, and receiving

Table 3 Summary of on-study adverse events

Preferred AE term Number (%) of subjects

Any grade Grade 3 Grade 4

Skin disorders 35 (69 %) 2 (4 %) 0

Rash 22 (43 %) 0 0

Dermatitis acneiform 9 (18 %) 0 0

Pruritus 3 (6 %) 0 0

Skin exfoliation 3 (6 %) 0 0

Acne 1 (2 %) 1 (2 %) 0

Blister 1 (2 %) 1 (2 %) 0

General disorders 19 (37 %) 3 (6 %) 1 (2 %)

Fatigue 5 (10 %) 0 0

Disease progression 4 (8 %) 2 (4 %) 0

Pyrexia 4 (8 %) 0 0

Chills 3 (6 %) 0 0

Infusion-related reaction 3 (6 %) 1 (2 %) 0

Non-cardiac chest pain 2 (4 %) 0 0

Pain 1 (2 %) 0 1 (2 %)

Gastrointestinal disorders 18 (35 %) 3 (6 %) 0

Nausea 6 (12 %) 1 (2 %) 0

Abdominal pain 4 (8 %) 0 0

Diarrhea 4 (8 %) 0 0

Vomiting 4 (8 %) 0 0

Ascites 1 (2 %) 1 (2 %) 0

Distal intestinal obstruction 1 (2 %) 1 (2 %) 0

Nervous system disorders 14 (28 %) 4 (8 %) 0

Headache 12 (24 %) 4 (8 %) 0

Respiratory disorders 10 (20 %) 2 (4 %) 0

Dyspnea 3 (6 %) 1 (2 %) 0

Lung infiltration 2 (4 %) 1 (2 %) 0

Pleural effusion 2 (4 %) 1 (2 %) 0

Bronchospasm 1 (2 %) 1 (2 %) 0

Infections 9 (18 %) 1 (2 %) 0

Urinary tract infection 4 (8 %) 0 0

Sepsis 1 (2 %) 1 (2 %) 0

Musculoskeletal disorders 8 (16 %) 2 (4 %) 0

Back pain 2 (4 %) 1 (2 %) 0

Neck pain 1 (2 %) 1 (2 %) 0

Metabolism and nutrition disorders 7 (14 %) 1 (2 %) 0

Hypokalemia 1 (2 %) 1 (2 %) 0

Investigations 6 (12 %) 1 (2 %) 0

Weight decreased 3 (6 %) 0 0

Aspartate aminotransferase

increased

1 (2 %) 1 (2 %) 0

Blood and lymph system disorders 5 (10 %) 2 (4 %) 0

Anemia 3 (6 %) 2 (4 %) 0

Injuries 4 (8 %) 2 (4 %) 0

Gastrointestinal stoma

complication

1 (2 %) 1 (2 %) 0

Joint dislocation 1 (2 %) 1 (2 %) 0

Table 3 continued

Preferred AE term Number (%) of subjects

Any grade Grade 3 Grade 4

Neoplasms 4 (8 %) 1 (2 %) 0

Pancreatic carcinoma 1 (2 %) 1 (2 %) 0

Cardiac disorders 3 (6 %) 1 (2 %) 0

Acute coronary syndrome 1 (2 %) 1 (2 %) 0

Myocardial infarction 1 (2 %) 0 0

Hepatobiliary disorders 1 (2 %) 1 (2 %) 0

Bile duct obstruction 1 (2 %) 1 (2 %) 0

Renal and urinary disorders 1 (2 %) 1 (2 %) 0

Hydronephrosis 1 (2 %) 1 (2 %) 0
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a variety of concomitant medications suggests that cetuximab

can be administered as a single agent at the approved dose and

schedule without risk of a clinically meaningful effect on the

QTc interval.

Agents that target the HER receptor family exhibit dif-

ferences in their potential for cardiotoxicity. Trastuzumab,

a humanized monoclonal antibody targeting the HER2

receptor used in treatment for metastatic breast cancer, can

cause decreased left ventricular ejection fraction, espe-

cially when administered with an anthracycline [30, 31].

QTc prolongation is not a reported event associated with

trastuzumab. However, lapatinib, a tyrosine kinase inhibi-

tor also targeting HER2, has been associated with QTc

prolongation [4]. Given the differences observed between

trastuzumab and lapatinib, both of which target HER2, the

different spectrum of cardiotoxicities does not appear to be

associated with the drugs’ target.

Cetuximab and panitumumab are both monoclonal

antibodies, like trastuzumab, but their target is the EGF

receptor (HER1). Panitumumab is a fully humanized

monoclonal antibody with side effects that are similar to

cetuximab, including rash, infusion reaction, and hypo-

magnesemia; cardiotoxicity has not been reported [32]. An

ongoing phase 3 trial of panitumumab versus best sup-

portive care in patients with metastatic colorectal cancer

includes endpoints investigating the potential QT effects of

panitumumab [33].

The present study of cetuximab was designed and con-

ducted based on the parameters around QT interval length

in the 2005 ICH E14 Guidelines. Specifically, we used as

the limit for concern a QTc interval exceeding 500 ms

during treatment or an increase[60 ms from baseline [15].

Applying those boundaries, the results of the present study

do not indicate a concern for single-agent cetuximab at the

approved dose. Generally, a QTc interval exceeding

500 ms is the point at which the risk of developing torsade

de pointes increases significantly. However, there has yet

to be an established threshold for QTc prolongation under

which there is no longer any concern for arrhythmias to

develop [34]. Likewise, there is no consensus on what

constitutes a prolonged QTc interval other than the use of

the NCI CTCAE Guidelines for grading severity of QTc

prolongation. This leaves treating physicians with the

dilemma of having no clear-cut parameters on which to

base the decision of when to discontinue drugs that prolong

the QTc interval. Until such a consensus is reached and

guidelines are updated, a multidisciplinary approach may

be best, in which cardiac risk factors are thoroughly

explored in cancer patients prior to deciding upon a course

of therapy, and patients are then closely monitored during

that therapy [1, 2]. Indeed, while the results of this study

address single-agent therapy with cetuximab, patients

treated with cetuximab in combination with other drugs

still need to be monitored due to the potential for new

cardiac issues to arise from such combinations.
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