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Summary
Purpose The study evaluated the potential effect of dacomitinib, a small molecule epidermal growth factor receptor (EGFR)
inhibitor, on the electrocardiogram (ECG) parameters in adult patients with advanced non-small cell lung cancer enrolled in a
multicenter, open-label, phase 2 study.Methods Patients received dacomitinib for six doses of 45mg every 12 h in a 7-day lead-in
cycle (cycle 0), then 60 mg every 12 h for six doses in a 14-day cycle (cycle 1). Clock time-matched triplicate ECGs were
performed at 0, 2, 4, 6, 8 and 10 h on day 1 (baseline) and day 4 of cycle 0, and prior to dose on days 1 and 4 of cycle 1. The QT
interval was corrected for heart rate using Fridericia’s correction (QTcF) and a study specific correction factor (QTcS). Results
Thirty-two patients in the study comprised the QTc-evaluable population. Dacomitinib had no effect on the heart rate. The upper
limits of the 95% confidence interval (CI) for the mean change from baseline in QTcF and QTcS were < 10 ms at all time points.
A lack of relationship between plasma concentrations of dacomitinib or total active moiety on QTcF and QTcS was evidenced.
All upper 90% CIs of the PR intervals were < 200 ms, although a small mean increase from baseline (2.7–6.6 ms) was observed.
Conclusions There was a lack of a clinically relevant effect of dacomitinib on ECG parameters at dacomitinib concentrations
comparable to those obtained at its highest therapeutic dosing regimen of 45 mg once daily. ClinicalTrials.gov identifier:
NCT01858389.
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Introduction

Dacomitinib is a selective, adenosine triphosphate–competi-
tive, irreversible, small-molecule inhibitor of the ErbB human
epidermal growth factor receptor (HER) family of receptor
tyrosine kinases, including epidermal growth factor receptor
(EGFR) or HER1, HER2, HER4 and their oncogenic variants

(i.e. EGFR with exon 19 deletions or exon 21 L858R muta-
tion) [1]. When used as a first-line treatment in patients with
EGFR mutation–positive non-small cell lung cancer
(NSCLC), dacomitinib was found to statistically significantly
improve progression-free survival [2] and overall survival [3]
versus gefitinib, a first-generation EGFR tyrosine kinase in-
hibitor, in a randomized, open-label, phase 3 trial (ARCHER
1050). On the basis of the results from ARCHER 1050,
dacomitinib was approved for the first-line treatment of pa-
tients with metastatic NSCLC containing EGFR exon 19 de-
letion or exon 21 L858R substitution [4].

The most common adverse events associated with
dacomitinib were diarrhea, paronychia, dermatitis acneiform,
and stomatitis; there were no cardiovascular adverse events of
note [2]. However, a number of pharmacologic agents, includ-
ing tyrosine kinase inhibitors such as sunitinib, vemurafenib,
imatinib, and erlotinib, have been reported to delay cardiac
repolarization and result in prolongation of the QT interval
as assessed by electrocardiograms (ECGs) [5]. Prolongation
of the QT interval is associated with potentially serious and
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life-threatening conditions, including ventricular arrhythmias,
seizures, and sudden cardiac death. Therefore, the
International Conference on Harmonisation guideline E14
recommends a rigorous evaluation of new drugs for potential
effects on cardiac repolarization [6] by a thorough QT/
corrected QT interval (QTc) clinical study also called a TQT
study. A TQT study is typically conducted in healthy volun-
teers and is expected to cover the maximum therapeutic expo-
sures expected in the patient population. However, conducting
a TQT study for anticancer agents in healthy volunteers is
associated with unwarranted risks of exposure, given that mul-
tiple dosing is needed to achieve steady-state plasma concen-
trations of the drug. For this reason, a TQT study in healthy
volunteers was not considered for dacomitinib.

In cases where a TQT study is not possible in healthy vol-
unteers, an alternative approach to evaluate the effect of the
drug on the QT interval includes robust ECG monitoring and
exposure-response analysis of data collected in an adequate
number of patients with predefined criteria [6, 7]. Study
A7471047 (ClinicalTrials.gov identifier: NCT01858389)
was a multicenter, open-label, phase 2 study evaluating
pulsatile intermittent dosing of dacomitinib in adult patients
with advanced NSCLC [8]. Dacomitinib was initially dosed at
45 mg every 12 h for 6 doses, which was expected to result in
plasma drug concentrations similar to the steady-state concen-
trations achieved with the therapeutic dose of 45 mg
dacomitinib once daily [2, 3, 9]. The study included 2 cohorts
of patients (cohort A, patients with EGFR T790 M–positive
tumors, and cohort B, patients with EGFR T790 M–negative
tumors that were otherwise molecularly unselected). The pri-
mary objective of the study was to evaluate efficacy as repre-
sented by best overall response per Response Evaluation
Criteria in Solid Tumors, version 1.1. A rigorous evaluation
of the potential effect of dacomitinib on QTc prolongation was
included as a key secondary objective. Intensive on-treatment
and baseline ECG assessments with clock-matched time
points were made, along with collection of pharmacokinetic
(PK) data of dacomitinib and its metabolite with similar phar-
macologic activity (PF-05199265) at each on-treatment ECG
assessment time point. This design was to enable the assess-
ments of any potential QT interval prolongation and potential
abnormality of other ECG parameters, and to characterize the
concentration-QTc (and other ECG parameters, if needed) re-
lationship of dacomitinib.

Materials and methods

Study design, patients, and treatment

The study design, patient population and primary results of
this open-label, phase 2 study of intermittent oral dacomitinib
were previously published [8]. Briefly, eligible patients had

advancedNSCLC either with (cohort A) or without (cohort B)
T790 M mutations. Patients with uncontrolled or significant
cardiovascular disease, including a history of myocardial in-
farction, uncontrolled angina, congestive heart failure, ventric-
ular arrhythmias, prolonged corrected QT interval, second- or
third-degree heart block, and uncontrolled hypertension were
excluded from the study. A single 12-lead ECG was per-
formed at screening to determine eligibility.

This study was conducted under the ethical principles of
the Declaration of Helsinki and International Conference on
Harmonisation Good Clinical Practice Guidelines. The final
protocol, any amendments, and informed consent documenta-
tions were approved by the institutional review boards and/or
independent ethics committees at each investigational center
participating in the study. All patients provided written in-
formed consent.

Treatment began with a 7-day lead-in cycle (cycle 0), dur-
ing which patients received dacomitinib 45 mg without food
every 12 h for 6 doses. Following the completion of cycle 0,
cycle 1 began the following week with patients receiving
dacomitinib 60 mg every 12 h for 6 doses, and cycles were
repeated every 14 days. Intrapatient dose escalation beyond
60 mg was considered for patients in cohort A, provided they
did not have substantial toxicity after 2 cycles on the same
dose, and was done in 15-mg intervals following sponsor ap-
proval. Dose interruptions followed by dose reductions in 15-
mg intervals to a decreased dose of 30 mg occurred in re-
sponse to toxicity. Dose reductions below 30 mg required
sponsor approval. Patients maintained medication diaries to
track treatment adherence. Treatment was discontinued for
progression of disease, unacceptable adverse effects,
nonadherence, or withdrawal of informed consent.

ECG assessments

A centralized ECG collection system provided by Biomedical
Systems (St Louis, Missouri, USA) was used in this study.
Standardized ECG machines (Mortara ELI 150c, Mortara
Instrument Inc., Milwaukee, Wisconsin, USA) with CAMI 7
software were supplied by Biomedical Systems to the study
sites. All ECGs were performed using a 12-lead tracing, and
all collected ECG data were sent to a central laboratory for
review and adjudication carried out by an over-reading cardi-
ologist. All ECGs for a given patient were to be read by a
single cardiologist to maintain consistency.

Twelve-lead ECGs were performed in triplicate ~2 min
apart at time 0, 2, 4, 6, 8, and 10 h on the morning of cycle
0, day 1 (C0D1; baseline; Fig. 1), and at clock-matched time
points (predose [0 h] and 2, 4, 6, 8, and 10 h post dose) on
C0D4 when dacomitinib plasma concentrations were expect-
ed to achieve steady-state concentrations following the thera-
peutic dose of 45 mg dacomitinib once daily. Triplicate ECGs
were also collected prior to the first dose on C1D1 (0 h) and
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the sixth dose on C1D4 (0 h) and at these same time points
during subsequent cycles if the dose was escalated. All ECGs
were performed before blood pressure and pulse rate assess-
ments and any type of blood draws. Meals were consumed at
approximately the same time on C0D1 and C0D4. Breakfast
was consumed at least 2 h prior to the first ECG on ECG
assessment days. Lunch and dinner were also consumed at
consistent times (recommended snacks were to be taken as
needed). ECG measurements included PR interval, QT inter-
val, RR interval, and QRS complex.

PK assessments

Blood samples were collected immediately following each
ECG assessment during C0D4 for assessment of the PK of
dacomitinib and its metabolite (PF-05199265; Fig. 1). Blood
samples for PK assessments to match ECG collections were
also collected prior to dosing on day 1 and day 4 of subsequent
cycles if the dacomitinib dose was escalated (Fig. 1). Plasma
concentrations of dacomitinib and its metabolite PF-
05199265 were determined using a validated high-
performance liquid chromatography tandem mass spectrome-
try assay [10]. The linearity of the calibration curve for
dacomitinib was in the range of 1.0 to 200 ng/mL, with a
lower limit of quantification of 1.00 ng/mL. The linearity of
the calibration curve for PF-05199265 was in the range of 0.1
to 20 ng/mL, with a lower limit of quantification of 0.1 ng/mL.

Statistical analysis

Sample size determination

The sample size determination for the QTc evaluation was
based on a noninferiority hypothesis testing framework.
From the previous studies with data collected from >200 pa-
tients treated with dacomitinib, the estimated standard devia-
tion of change from baseline of QTc (ΔQTc) was 17.1 ms
(Pfizer Inc., unpublished observations). Hence, a minimum
of 31 dacomitinib-treated patients, evaluable for QTc, were
required for a noninferiority margin of 20 ms, assuming
90% power, an overall 1-sided significance level of 0.05,
and mean ΔQTc up to 8 ms with a standard deviation of
17.1 ms. If the upper bounds of the 1-sided 95% confidence
intervals (CIs) of ΔQTc for all 6 QTc sampling time points are
below 20 ms, the postbaseline dose QTc interval was to be
considered noninferior to the baseline QTc interval; the QTc
effect of dacomitinib was to be concluded not unacceptable.
To account for an estimated 10% nonevaluability rate for QTc,
~35 patients were to be enrolled in the study, with a minimum
of 31 patients evaluable for QTc. Additional patients could be
enrolled in the study if required to further characterize QTc
effects under the noninferiority specification with 90% power
and an overall significance level of 0.05.

The as-treated population comprised all patients who re-
ceived at least 1 dose of dacomitinib. The QTc-evaluable pop-
ulation comprised patients in the as-treated population who
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had all 6 ECG assessments performed at C0D1 (baseline) and
C0D4. The PK analysis population comprised patients in the
as-treated population who had at least 1 plasma concentration
measurement of dacomitinib or its metabolite, PF-05199265.

PK analysis

For patients in the QTc-evaluable population, observed con-
centrations of dacomitinib, PF-05199265, and the total active
moiety (dacomitinib plus PF-05269927) were summarized
using descriptive statistics by nominal postdose sample col-
lection times and visit. The concentrations of total active moi-
ety were expressed as dacomitinib-equivalent units (ng/mL)
by calculating as [concentration of dacomitinib (ng/mL)] +
[concentration of PF-05199265 (ng/mL)] × molecular weight
of dacomitinib (469.4)/molecular weight of PF-05199265
(455.9).

ECG analysis

The average (arithmetic mean) of triplicate ECG measure-
ments at each time point for each patient was used for all
summary statistics, data presentations, and analyses. If 1 or 2
of the triplicate ECGmeasurements were missing, the average
of the remaining 2 measurements or the single measurement
was used in the analysis. Any data obtained from ECGs re-
peated for safety reasons after the nominal time points were
not averaged along with the preceding triplicates.

To eliminate the dependence of the QT interval on heart
rate, 3 correction methods were evaluated including the QT
interval corrected for heart rate using Bazett’s formula (QTcB;
QT/RR0.5), QT interval corrected for heart rate using
Fridericia’s formula (QTcF; QT/RR0.33), and QT interval
corrected for heart rate using a study-specific correction meth-
od (QTcS; QT/RRS, where S is the slope of linear regression
between unaveraged singlet values of the natural log of QT
and RR intervals). QTcF was chosen prospectively as the pri-
mary end point for QTc analysis.

ECGs recorded on C0D1 were used as the baseline. For
each patient at each time point (predose and 2, 4, 6, 8, and
10 h), the ΔQTc (QTcB, QTcF, and/or QTcS) and the change
from baseline in other ECG parameters (heart rate, PR inter-
val, and QRS complex) were calculated by subtraction of the
time-matched baseline value (C0D1) at a particular time point
from the appropriately matched postbaseline value (C0D4 and
C1D4). These individual changes from baseline were summa-
rized using descriptive statistics. Maximum change from base-
line values and absolute values for ECG parameters (QTcF,
QTcB, QTcS, PR interval, and QRS complex) were summa-
rized by the number and percentage of patients using the fol-
lowing categories: <450, 450 to <480, 480 to <500, and ≥
500 ms for QTc; <30, 30 to <60, and ≥ 60 ms for ΔQTc;

≥25% PR interval changes from baseline when the absolute
baseline value was >200ms; and ≥ 25%QRS complex chang-
es from baseline when the absolute baseline value was
>110 ms. The ECG analyses were repeated separately for
the as-treated population and QTc-evaluable population.

For the QTc-evaluable population, a random-effects model
with the nominal time point as a fixed effect and the patient as
a random effect was used to estimate the mean change in QTc
from baseline at each postbaseline nominal time point. The
90% CI for the changes from baseline in QTc (equivalent to
the boundaries of the upper 1-sided 95% CI) was provided at
each postbaseline nominal time point. Only those patients
who received all scheduled doses of dacomitinib and had all
ECGs performed on days 1 to 4 of cycle 0 were eligible for
this assessment.

Exposure-response analysis

Patients in the as-treated population were included in the
exposure-response analysis. The arithmetic mean of tripli-
cate ECG measurements and corresponding dacomitinib
and total active moiety concentrations from time-matched
PK samples were used for the calculation of exposure-
response relationships for each ECG parameter. For base-
l ine ECG measurements collected on C0D1, the
dacomitinib or metabolite concentration was set to 0.
Observations with missing ECG and/or concentration data
were excluded from the analysis.

A linear mixed-effects model was used to assess the
relationships of the RR interval, QTc, and PR interval
with dacomitinib concentration and the total active moiety
concentration (further details are in Online Resource 1:
Supplementary Methods). The arithmetic mean of the ob-
served triplicate QTc values were used in the analyses.
Nominal time was included as a factor variable on the
intercept to remove the potential effect of circadian
rhythm on the RR interval, QTc, and PR interval, as
shown in the following model equations, Eq. 1, Eq. 2,
and Eq. 3.

RRij ¼ θ1 þ θ2 þ θ3 þ θ4 þ θ5 þ θ6 þ η 1ð Þ
i

þ θ7 þ η 2ð Þ
i

� �
*CONCij þ εij ð1Þ

QTcX ij ¼ θ1 þ θ2 þ θ3 þ θ4 þ θ5 þ θ6 þ η 1ð Þ
i

þ θ7 þ η 2ð Þ
i

� �
*CONCij þ εij ð2Þ

PRij ¼ θ1 þ θ2 þ θ3 þ θ4 þ θ5 þ θ6 þ η 1ð Þ
i

þ θ7 þ η 2ð Þ
i

� �
*CONCij þ εij ð3Þ
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j indexes the measurement time for the ith patient. The
intercept parameters θ1, θ2, θ3, θ4, θ5, and θ6 represent the
mean RR interval or QTc in the absence of drug (concen-
tration = 0 for baseline data) at nominal collection times 0,
2, 4, 6, 8, and 10 h, respectively; θ7 represents the popu-
lation mean slope; i(1) and i(2) (ETAs) represent
individual-specific random effects, which were assumed
to be normally distributed with mean 0 and variance-
covariance matrix ω (OMEGA); and εij (epsilon) repre-
sents the residual random variable with mean 0 and vari-
ance Σ2 (SIGMA).

Covariates, including age and sex, were tested in these
models using a stepwise covariate model building procedure,
and those determined to be significant were incorporated to
develop the final model. The adequacy of the models devel-
oped was assessed by generating diagnostic and goodness-of-
fit plots. A visual predictive check for the final model was
generated to evaluate whether the model provided an accurate
description of the data.

Model developments, diagnostics including graphical anal-
ysis, preprocessing, and postprocessing of data were per-
formed using NONlinear Mixed-Effects Modeling
(NONMEM®), version 7.2.0 (ICON Development
Solutions, Ellicott City, MD, USA), Perl-speaks-
NONMEM®, version 4.2.0, R (version 3.2.2, R Foundation
for Statistical Computing, Vienna, Austria), and RStudio (ver-
sion 0.99.489).

Results

Patients

A total of 41 patients were enrolled (16 patients in cohort A
and 25 patients in cohort B), of whom 38 received ≥1 dose of
dacomitinib and comprised the as-treated population. The PK
analysis population comprised 37 patients, and the QTc-
evaluable population comprised 32 patients. In the QTc-
evaluable population, most patients were female (19/32,
59%) and Asian (14/32, 44%) or white (12/32, 38%), and
the overall median age was 61 years, ranging from 31 to
83 years (Table 1). The baseline demographic characteristics
of the as-treated and QTc-evaluable populations were compa-
rable (Table 1).

As previously reported [8], the median duration on treat-
ment for patients was 82 days (range 11–382 days) and
39 days (11–431 days) for cohorts A and B, respectively.
The majority of patients (9 of 16) in cohort A were dose
escalated. The maximum dose escalation was to 75 mg every
12 h in 5 patients, 90 mg every 12 h in 3 patients and 105 mg
every 12 h in 1 patient.

Plasma concentrations of dacomitinib, metabolite,
and total active moiety

Of the 32 patients in the QTc-evaluable population, 31 had
plasma concentrations of dacomitinib, PF-05199265, and total
active moiety (Table 2). Mean maximum plasma concentra-
tion of dacomitinib (86.6 ng/mL) occurred at 6 h post dose on
C0D4 after 45 mg dacomitinib every 12 h. The range of plas-
ma concentrations and maximum plasma concentrations ob-
served in this study were comparable to steady-state concen-
trations achieved after dosing with the highest recommended
therapeutic dose of dacomitinib at 45 mg once daily [4, 9, 11].

ECG analysis

The study population-specific QT correction factor, estimated
to be 0.38, was identified to be the most appropriate correction
factor for the exposure-response analysis on the basis of visual
inspection of the QTc versus RR interval plots and the slope
va lues genera ted fo r the 3 cor rec t ion methods
(Online Resource 2: Supplementary Table S1 and
Online Resource 3: Supplementary Fig. S1). QTcS along with
QTcF (the prespecified primary end point) were used for QTc
analysis data interpretation and conclusion. The results of the
QTcB analysis were included for completeness.

Results of the random-effects models used to estimate
mean change in time-matched ECG parameters in the QTc-
evaluable population are shown in Table 3, and least squares
mean (LSM) change in time-matched QTcF, QTcS and QTcB
intervals from baseline over time are shown in Fig. 2a–c. The
LSM changes from baseline ranged from −0.4 to 4.4 ms for
QTcF, −3.1 to 2.6 ms for QTcB, and − 3.5 to 2.4 ms for QTcS
for all observations collected on C0D4, C1D1, and C1D4
(Table 3). The upper limits of the 1-sided 95% CI for the
LSM change from baseline for QTcF and QTcS were below
10 ms for all of these observations. The largest LSM increase
from baseline in QTcF (4.4 ms) and QTcS (0.4 ms) over 10 h
of observation on C0D4 occurred 2 h post dose. The LSM
changes from baseline ranged from 2.7 to 6.6 ms for PR in-
terval, 0 to 2.0 ms for QRS complex, and − 4.3 to −0.8 bpm
for heart rate for all observations collected on C0D4, C1D1,
and C1D4 (Table 3). Summary statistics for ECG data for all
patients in the QTc-Evaluable population and in the as-treated
population are included in Online Resource 2: Supplementary
Table S2).

The categorical analysis of QTc data in the QTc-evaluable
population is shown in Table 4. No patients had a maximum
postdose QTcF or QTcS interval value ≥500 ms or a maxi-
mum increase in QTcS of ≥60ms from baseline, and 1 patient
had a maximum increase in QTcF of ≥60ms from baseline.
No clinically meaningful changes in the duration of the QRS
complex were observed, and no patient had a maximum
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increase in PR interval that was ≥25% from baseline and an
absolute value that exceeded 200 ms (Table 4). Results for
ECG analysis in the as-treated population were similar to
those in the QTc-evaluable population (Online Resource 2:
Supplementary Table S3). There were no clinically significant
findings related to ECG changes at any time point in the as-
treated population.

Exposure-response analysis

Data for the exposure-response analysis included a total of
1638 matched PK-ECG pairs from 38 patients at dacomitinib
doses ranging from 30 mg every 12 h up to 105 mg every 12 h
for a maximum of 6 doses of each cycle. At baseline (on
C0D1), the average RR interval, QTcF, and QTcS were in

Table 2 Dacomitinib and PF-05199265 concentrations by dose and visit in the QTc-evaluable population

Dose
level

Day of visit Nominal time of
collectiona (h)

Number of
patients

Dacomitinib concentration,
mean (%CV), ng/mL

PF-05199265 concentration,
mean (%CV), ng/mL

Total active moietyb,
mean (%CV), ng/mL

45 mg Cycle 0, day 4 0 31 72.0 (38) 7.66 (160) 79.9 (38)

2 31 72.8 (43) 7.90 (153) 80.9 (41)

4 31 82.3 (43) 8.19 (158) 90.8 (41)

6 31 86.6 (37) 8.38 (164) 95.2 (38)

8 31 82.1 (36) 8.06 (152) 90.4 (35)

10 31 79.4 (36) 7.65 (151) 87.3 (35)

60 mg Cycle 1, day 1 0 29 30.8 (71) 3.97 (86) 34.9 (62)

Cycle 1, day 4 0 28 105 (38) 9.29 (96) 115 (33)

Cycle 3, day 1 0 3 16.0 (69) 3.70 (125) 19.9 (80)

75 mg Cycle 3, day 1 0 6 15.5 (49) 2.96 (77) 18.5 (38)

Cycle 3, day 4 0 7 128 (42) 12.1 (114) 141 (40)

90 mg Cycle 5, day 1 0 4 20.9 (54) 2.96 (81) 23.9 (46)

Cycle 5, day 4 0 4 149 (11) 10.0 (63) 159 (14)

Cycle 6, day 1 0 1 16.3 2.77 19.2

Cycle 6, day 4 0 1 171 8.22 180

Cycle 7, day 1 0 1 32.6 5.35 38.1

105 mg Cycle 3, day 1 0 1 5.47 2.17 7.70

Cycle 3, day 4 0 1 121 10.9 132

Cycle 8, day 1 0 1 29.3 5.81 35.3

Cycle 8, day 4 0 1 285 12.5 298

a The 0 h time point is prior to dacomitinib dosing for that day
b The concentrations of total active moiety were expressed as dacomitinib-equivalent units (ng/mL) by calculating as [concentration of dacomitinib (ng/
mL)] + [concentration of PF-05199265 (ng/mL)] × molecular weight of dacomitinib (469.4)/molecular weight of PF-05199265 (455.9)

Abbreviation: CV Coefficient of Variation

Table 1 Baseline demographics
of the as-treated population and
the QTc-evaluable population

As-treated population (n = 38) QTc-evaluable population (n = 32)a

Age, median (range), years 62 (31–83) 61 (31–83)

Weight, median (range), kg 59 (41–104) 63 (41–107)

Sex, n (%)

Male 24 (63) 13 (41)

Female 14 (37) 19 (59)

Race, n (%)

White 15 (39) 12 (38)

Black 4 (11) 4 (12)

Asian 17 (45) 14 (44)

Other 2 (5) 2 (6)

a Includes patients who underwent all 6 planned echocardiogram assessments at baseline (cycle 0, day 1) and at
cycle 0, day 4. QTc corrected QT interval
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the range of 786 to 826 ms, 404 to 407 ms, and 420 to 423 ms,
respectively, across the nominal time points at baseline. On
treatment (C0D4 up to C8D4), the average RR interval, QTcF,
and QTcS were in the range of 803 to 867 ms, 405 to 412 ms,
and 419 to 423 ms, respectively. In this analysis data set, the

average on-treatment concentrations of dacomitinib, PF-
05199265, and total active moiety were 79.6 ng/mL (range,
2.26 to 285 ng/mL), 7.20 ng/mL (range, 0.17 to 87.0 ng/mL),
and 87.0 ng/mL (range, 2.46 to 298 ng/mL), respectively.

Table 3 Random-effects analysis
summary for time-matched
change from baseline of ECG pa-
rameters by time point in the QTc-
evaluable population

Visit Planned time
post dose (h)

n Change from baseline

LSM (SE) 95% CI

QTcF (ms) Cycle 0, day 4 0 32 1.7 (2.05) −1.7, 5.1
2 32 4.4 (2.05) 1.0, 7.8
4 32 0.4 (2.05) −3.0, 3.8
6 31 −0.4 (2.08) −3.9, 3.0
8 31 0.1 (2.08) −3.3, 3.5
10 31 0.6 (2.08) −2.9, 4.0

Cycle 1, day 1 0 32 4.1 (2.05) 0.7, 7.5
Cycle 1, day 4 0 32 3.4 (2.05) 0.0, 6.8

QTcB (ms) Cycle 0, day 4 0 32 −0.8 (2.07) −4.3, 2.6
2 32 1.1 (2.07) −2.3, 4.5
4 32 −0.2 (2.07) −3.6, 3.2
6 31 −3.1 (2.09) −6.5, 0.4
8 31 −1.7 (2.09) −5.1, 1.8
10 31 −2.1 (2.09) −5.5, 1.4

Cycle 1, day 1 0 32 1.8 (2.07) −1.6, 5.3
Cycle 1, day 4 0 32 2.6 (2.07) −0.8, 6.0

QTcS (ms) Cycle 0, day 4 0 32 −1.3 (2.14) −4.8, 2.3
2 32 0.4 (2.14) −3.1, 4.0
4 32 −0.2 (2.14) −3.8, 3.3
6 31 −3.5 (2.17) −7.1, 0.1
8 31 −2.1 (2.17) −5.7, 1.5
10 31 −2.5 (2.17) −6.1, 1.1

Cycle 1, day 1 0 32 1.5 (2.14) −2.0, 5.1
Cycle 1, day 4 0 32 2.4 (2.14) −1.1, 6.0

QRS complex (ms) Cycle 0, day 4 0 32 0.0 (0.75) −1.2, 1.3
2 32 0.6 (0.75) −0.6, 1.9
4 32 0.3 (0.75) −1.0, 1.5
6 31 2.0 (0.75) 0.8, 3.3
8 31 1.1 (0.75) −0.1, 2.4
10 31 0.9 (0.75) −0.4, 2.1

Cycle 1, day 1 0 32 0.5 (0.75) −0.7, 1.8
Cycle 1, day 4 0 32 0.8 (0.75) −0.4, 2.0

PR interval (ms) Cycle 0, day 4 0 31 3.4 (1.32) 1.2, 5.5
2 31 5.9 (1.32) 3.7, 8.1
4 32 5.1 (1.30) 2.9, 7.2
6 31 5.5 (1.32) 3.4, 7.7
8 31 2.7 (1.32) 0.5, 4.9
10 31 6.6 (1.32) 4.5, 8.8

Cycle 1, day 1 0 31 2.8 (1.32) 0.7, 5.0
Cycle 1, day 4 0 31 5.5 (1.32) 3.3, 7.7
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Fig. 2 Change from baseline a
QTcF, b QTcS and c QTcB over
time on cycle 0, day 4 and all of
cycle 1 in the QTc-evaluable
population. QT and RR interval
values were defined at each indi-
vidual time point value and then
combined to derive the triplicate
average values for the time point.
The mean change from baseline
in QTc and corresponding 90%
confidence intervals (error bars)
are indicated for each time point.
Baseline was defined as the ECGs
recorded on cycle 0, day 1. C,
cycle; D, day; ECG, echocardio-
gram; QTcB, QT interval
corrected using Bazett’s formula;
QTcF, QT interval corrected using
Fridericia’s formula; QTcS, QT
interval corrected using a study-
specific formula

Table 3 (continued)
Visit Planned time

post dose (h)
n Change from baseline

LSM (SE) 95% CI

Heart rate (bpm) Cycle 0, day 4 0 32 −3.1 (1.46) −5.5, −0.7
2 32 −4.3 (1.46) −6.7, −1.9
4 32 −0.8 (1.46) −3.2, 1.6
6 31 −3.1 (1.47) −5.5, −0.6
8 31 −2.1 (1.47) −4.6, 0.3
10 31 −3.0 (1.47) −5.5, −0.6

Cycle 1, day 1 0 32 −3.0 (1.46) −5.4, −0.5
Cycle 1, day 4 0 32 −1.8 (1.46) −4.2, 0.6

bpm beats per minute,CI confidence interval, ECG electrocardiogram, LSM least squares mean,msmillisecond, n
number of patients, QTcB QT interval corrected using Bazett’s formula, QTcF QT interval corrected using
Fridericia’s formula, QTcS QT interval corrected using a study-specific formula, SE standard error
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Effect of dacomitinib on heart rate

The relationship between the dacomitinib concentration and
the RR interval was analyzed using a linear mixed-effects
model with nominal time as a factor variable on the intercept
as shown previously in Eq. 1. The slope estimate for the
concentration-RR interval relationship was 0.14 ms per ng/
mL (90% CI, 0.013, 0.267). The results projected a slight
decrease in heart rate (4 beat per minute) from baseline at
the highest mean concentration of 105 ng/ml observed on
C1D4 after 60 mg dacomitinib every 12 h, indicating that
dacomitinib had no clinically relevant effect on the heart rate.

Exposure-response relationship for QTc

A linear mixed-effects model with an intercept and slope was
used to model the QTcF and QTcS against plasma concentra-
tions of dacomitinib or total active moiety. No covariates (age,
sex) were identified to be significant by stepwise covariate
modeling and therefore no covariates were included in the
final models. The slope estimates of the final models were

0.003 ms per ng/mL (90% CI, −0.015, 0.021) and 0.007 ms
per ng/mL (90% CI, −0.013, 0.026) for QTcS vs plasma con-
centration (Online Resource 3: Supplementary Fig. S2A) and
QTcF vs plasma concentration (Online Resource 3:
Supplementary Fig. S2B), respectively. As the 95%CI includ-
ed zero for both QTc assessments (QTcS and QTcF), the re-
sults of the exposure-response analyses suggested a lack of
relationship between QTc and dacomitinib plasma concentra-
tion. Similar results were observed for the relationship of total
active moiety concentration versus QTc (QTcS and QTcF).

Exposure-response relationship for PR interval

The relationship between the concentration of dacomitinib or
total active moiety and the PR interval was analyzed using a
linear mixed-effects model with nominal time as a factor var-
iable on the intercept as shown in Eq. 3. The slope estimate of
the final model was 0.044 ms per ng/mL (90% CI, 0.030,
0.058) and 0.040 ms per ng/mL (90% CI, 0.027, 0.053) for
PR interval-dacomitinib concentration and PR interval-total
active moiety, respectively. Diagnostic plots and visual

Table 4 Categorical summary of
the maximum postdose values
and maximum increases from
baseline for ECG data in the QTc-
evaluable population

Criteria QTc-evaluable population,
n (%) (n = 32)

QTcF Maximum postdose value <450 ms 29 (90.6)

Maximum postdose value between ≥450 and < 480 ms 3 (9.4)

Maximum postdose value between ≥480 and < 500 ms 0

Maximum postdose value ≥500 ms 0

Maximum increase from baseline <30 ms 29 (90.6)

Maximum increase from baseline between ≥30 and < 60 ms 2 (6.3)

Maximum increase from baseline ≥60 ms 1 (3.1)

QTcS Maximum postdose value <450 ms 28 (87.5)

Maximum postdose value between ≥450 and < 480 ms 3 (9.4)

Maximum postdose value between ≥480 and < 500 ms 1 (3.1)

Maximum postdose value ≥500 ms 0

Maximum increase from baseline <30 ms 29 (90.6)

Maximum increase from baseline between ≥30 and < 60 ms 3 (9.4)

Maximum increase from baseline ≥60 ms 0

QTcB Maximum postdose value <450 ms 29 (90.6)

Maximum postdose value between ≥450 and < 480 ms (9.4)

Maximum postdose value between ≥480 and < 500 ms 0

Maximum postdose value ≥500 ms 0

Maximum increase from baseline <30 ms 29 (90.6)

Maximum increase from baseline between ≥30 and < 60 ms 3 (9.4)

Maximum increase from baseline ≥60 ms 0

QRS
complex

Maximum increase from baseline ≥25% and maximum absolute
value >110 ms

0

PR interval Maximum increase from baseline ≥25% and maximum absolute
value >200 ms

0

QTcBQT interval corrected using Bazett’s formula,QTcFQT interval corrected using Fridericia’s formula, QTcS
QT interval corrected using a study-specific formula
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predictive check plots showed no apparent model mis-speci-
fications, indicating that the model was adequate to describe
the observed data. Themodel-basedmean and 2-sided 90%CI
change from baseline in PR interval at the highest observed
steady-state mean maximum concentration of 105 ng/ml was
predicted to be 4.6 ms (90% CI, 3.1, 6.0), suggesting that
dacomitinib had no clinically relevant effect on PR interval
prolongation at the recommended therapeutic dosing regimen.

Discussion

The QTc evaluation in this study was conducted as an alter-
native assessment to a thorough QT study to investigate the
potential effects of dacomitinib on cardiac repolarization at
equivalent plasma concentrations of dacomitinib and its active
metabolite PF-05199265 to the therapeutic dose of 45 mg
once daily. Conducting a thorough QT study in oncology is
challenging because dosing of anticancer agents in healthy
individuals is not always feasible. Although single dose stud-
ies following a washout have been conducted with
dacomitinib in healthy volunteers, an expected 5–6 fold accu-
mulation of plasma dacomitinib concentrations at steady state
following once daily dosing in clinical use precluded evalua-
tion following a single oral dose. Therefore, a thorough QT
study in healthy individuals was not considered because of the
unknown risks of unwarranted exposure in this population.

Dacomitinib plasma concentrations with 45 mg once daily
are expected to reach steady state within 14 days. To control
for variability due to time lapse from baseline and on-
treatment ECG measurements and to minimize patient non-
evaluability due to dose reductions, dosing interruptions, or
permanent treatment discontinuations prior to reaching steady
state, ECG evaluations were conducted in this study following
an every 12 h dose schedule. Using this every 12 h dosing
approach, therapeutic concentrations of dacomitinib were
quickly achieved with six 45-mg doses given every 12 h in
the lead-in cycle (cycle 0). Slightly higher concentrations were
achieved following six 60-mg doses given every 12 h in cycle
1 of treatment. Further, for patients in cohort A who were
eligible for dose escalation, six doses up to 105 mg every
12 h in cycles 3–8 were administered. This enabled evaluation
of ECGs at plasma concentrations higher than those expected
following the recommended therapeutic dose of 45 mg once
daily.

The random-effects analysis of the QTc data in this study
showed that the upper bounds of the 1-sided 95% CI for the
mean time-matched change from baseline for QTcF, QTcS,
and QTcB were < 10 ms at all 6 time points on C0D4 in the
QTc-evaluable population, indicating that a large QTc effect
(i.e. >20 ms), which is considered as a clinically relevant ef-
fect, could be excluded at steady-state concentrations of
dacomitinib following 45 mg once daily dosing. No patients

had a maximum postdose QTcF or QTcS value ≥500ms or a
maximum increase in QTcS of ≥60 ms from baseline. One
patient had a maximum increase in QTcF of ≥60 ms from
baseline. Collectively, these results indicate a lack of a clini-
cally relevant effect of dacomitinib treatment on QTc.

Further evidence of the lack of a QT interval prolongation
effect of dacomitinib was demonstrated by exposure-response
(concentration-QTc) modeling. The linear mixed-effects anal-
ysis was adequate to describe the relationship between
dacomitinib concentrations and QTc, PR interval, and RR
interval. To account for the potential effect of circadian
rhythm on the QT interval, nominal time was incorporated
as a factor variable on the intercept in the model. The results
of concentration-QTc analyses demonstrate a lack of relation-
ship between plasma concentrations of dacomitinib or the total
active moiety on QTc (QTcF and QTcS).

The random-effect analysis demonstrated that there was a
small increase of LSM in the PR interval from baseline (range,
2.7 to 6.6 ms) observed across all prespecified post-dose time
points on C0D4 through C1D4 in the QTc-evaluable popula-
tion (Table 3). However, the highest absolute value of the
mean postbaseline PR interval, which occurred at both 2 and
10 h post dose on C0D4, was 170.3 ms with 95% CIs of
161.5, 170.0 and 160.8, 179.8, respectively (Pfizer Inc., un-
published observations). The highest upper bound of the 95%
CI of the PR interval for all time points was <200 ms, indicat-
ing there was little risk for an occurrence of the first-degree
atrioventricular block. The concentration-PR interval analysis
demonstrated a slight positive relationship between plasma
concentrations of dacomitinib on the PR interval. The
model-based predicted increase in PR interval from baseline
at the highest mean maximum concentration of dacomitinib
was small (4.6 ms), suggesting a lack of clinically relevant
drug-induced increase in the PR interval.

In conclusion, these results indicate a lack of a clinically
relevant effect of dacomitinib treatment on the QTc, heart rate,
or PR interval at concentrations comparable to those obtained
when dacomitinib is administered at its recommended thera-
peutic dosing regimen of 45 mg once daily.
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