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ABSTRACT

Introduction: Lazertinib is an irreversible,
mutant-selective epidermal growth factor
receptor (EGFR) tyrosine kinase inhibitor (TKI).
Co-administration of TKIs with acid-reducing
agents (ARAs) can lead to potential drug–drug
interactions, which decreases solubility and
absorption of TKIs and is ultimately associated
with reduced efficacy of TKIs. This retrospective
analysis evaluated the effect of ARAs on the
pharmacokinetics of lazertinib using data
obtained from patients with advanced EGFR
mutation-positive non-small-cell lung cancer.
Methods: In a total of 234 patients with lazer-
tinib pharmacokinetics observed at steady state,
dose-normalized (DN) area under the concen-
tration–time curve (AUCss), maximum concen-
tration (Cmax,ss), and/or trough concentration
on day 15 (CD15) were compared between a
group receiving ARA concomitantly for at least
4 days (ARA group) and another group not

receiving ARA (non-ARA group) in a dose-pro-
portional range. Additionally, a comparison of
pharmacokinetic parameters at a therapeutic
dose of 240 mg once daily was evaluated.
Results: Geometric mean ratios (GMRs) with
90% confidence intervals (CIs) of ARA group to
non-ARA group for DNAUCss, DNCmax,ss, and
DNCD15 at 40 mg to 320 mg once daily showing
the dose proportionality were 0.8743
(0.7285–1.0493), 0.9035 (0.7482–1.0910), and
0.9126 (0.7364–1.1311), respectively. GMRs
with 90% CIs for AUCss, Cmax,ss, and CD15 at
240 mg were 0.9136 (0.6637–1.2576), 0.9012
(0.6703–1.2116), and 0.8850 (0.6463–1.2118),
respectively.
Conclusion: All pharmacokinetic parameters
were not significantly different between the two
groups (p values[ 0.05), indicating that co-ad-
ministered ARAs did not significantly affect the
steady state pharmacokinetics of lazertinib.
Therefore, no dose adjustment of lazertinib is
required in patients receiving concomitant
ARAs.
ClinicalTrials.gov identifiers: NCT03046992,
NCT04075396.
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Key Summary Points

Lazertinib is an irreversible, mutant-
selective epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitor (TKI).

Co-administration of TKIs with acid-
reducing agents (ARAs) can lead to
potential drug–drug interactions, which
decreases solubility and absorption of TKIs
and is ultimately associated with reduced
efficacy of TKIs.

ARAs did not significantly affect the
pharmacokinetics of lazertinib at the
steady state when administered together.

Concomitant use of ARAs is not expected
to affect the antitumor efficacy of
lazertinib.

No separate dose adjustment is required
for both ARAs and lazertinib in patients
receiving both drugs concomitantly.

INTRODUCTION

Lazertinib (YH25448, JNJ-73841937) is a potent,
irreversible, brain-penetrant, mutant-selective,
and wild-type-sparing third-generation epider-
mal growth factor receptor (EGFR) tyrosine
kinase inhibitor (TKI) [1]. Lazertinib 240 mg was
approved for oral administration once-daily in
January 2021 by the Ministry of Food and Drug
Safety (MFDS) in South Korea as monotherapy
for patients with locally advanced or metastatic
EGFR T790M mutation-positive non-small cell
lung cancer (NSCLC) who have progressed on or
after EGFR TKI therapy [2]. Most patients with
EGFR mutant NSCLC who receive EGFR TKIs are
resistant to first or second-generation EGFR TKIs
[3–5], so third-generation EGFR TKIs, such as
lazertinib, against T790M? tumors are currently
needed. In addition, lazertinib is expected to be
effective in treating patients with NSCLC and
brain metastasis owing to good blood–brain
barrier penetration, as well as for the treatment

of primary lung lesions and extracranial lesions
[6, 7]. Lazertinib has shown well-tolerated safety
and promising clinical activity in a first-in-hu-
man phase 1/2 study (LASER201 study) [8].

Acid-reducing agents (ARAs) neutralize
stomach acid and relieve stomach pain, indi-
gestion, gastritis, and stomach ulcers. ARAs may
also be prescribed for prevention if the patient
has other medical conditions that can cause
gastrointestinal problems or is taking medica-
tions related to gastrointestinal irritation. As
such, ARAs are one of the most prescribed drugs
worldwide. ARAs mainly include proton pump
inhibitors (PPIs), which reduce acid production
by inhibiting the hydrogen-potassium adeno-
sine-triphosphatase enzyme system, and H2

receptor antagonists (H2RAs), which reduce
acid secretion by interfering with H2 receptors
[9]. Taking ARAs can alter the solubility of other
drugs by suppressing gastric acid secretion and
raising the body’s pH, thereby changing phar-
macokinetics such as drug bioavailability.

Given that 2–30% of all patients with cancer
are taking ARAs (especially PPIs, which account
for about 70% of ARA prescriptions) [10], clini-
cally relevant drug–drug interactions (DDIs)
with ARAs should be considered when pre-
scribing TKIs because ARAs may alter the phar-
macokinetic (PK) properties of TKIs [11, 12]. In
the case of gefitinib and erlotinib, which are
classified as first-generation EGFR-targeted
therapeutics, TKI exposure tends to decrease
when the body’s pH rises as a result of con-
comitant ARAs [13]. When gefitinib was co-ad-
ministered with ranitidine (an H2RA), the area
under the plasma concentration–time curve
(AUC) and maximum plasma concentration
(Cmax) of gefitinib decreased to 45% and 70%,
respectively [14, 15]. The AUC and Cmax of
erlotinib decreased by 30–45% and 50–60%,
respectively, when co-administered with
omeprazole (one of the PPIs) or ranitidine
[16, 17]. Prescribing information for gefitinib
and erlotinib indicates that concomitant use of
ARAs should be avoided [14, 16].

The solubility of lazertinib in aqueous media
is pH-dependent, defined as soluble at pH
1.2–4.0 but practically insoluble at pH 7.0–8.0,
with the solubility decreasing between pH 5.0
and 6.0 [18]. Accordingly, it was necessary to
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investigate whether ARAs would alter the
pharmacokinetics of lazertinib, exploring the
potential to affect the antitumor effects of laz-
ertinib. In this retrospective PK analysis, the
impact of ARAs on the pharmacokinetics of
lazertinib was evaluated to examine the poten-
tial for DDIs, using data obtained from patients
with EGFR mutation-positive advanced NSCLC.

METHODS

Compliance with Ethics Guidelines

Since this study is a post hoc analysis of the
LASER201 study, the ethics compliance of this
study is the same as that of the LASER201 study.
The clinical protocol of the LASER201 study was
approved by the institutional review boards or
ethics committees of all participating centers.
The LASER201 study was conducted according
to the protocol and the principles expressed in
the Helsinki Declaration. All patients or legally
permitted representatives provided written
consent to LASER201 study participation and
related publications prior to any study-related
procedures being conducted. The clinical pro-
tocol and informed consent form specified
overall potential exploratory research of phar-
macokinetics, pharmacodynamics, and safety of
lazertinib.

Clinical Study Design and Data Collection

PK data of lazertinib and co-administration
information with ARAs from the LASER201
study were used in this analysis. Detailed
information about the methods and results of
the LASER201 study has been described previ-
ously [8, 19]. In brief, the study was an open-
label, multicenter, phase 1/2 study to evaluate
the efficacy, pharmacokinetics, and safety of
lazertinib in patients with EGFR mutation-pos-
itive advanced NSCLC. All patients in the study
received 20, 40, 80, 120, 160, 240, or 320 mg of
lazertinib once daily under fasting conditions
on a 21-day cycle.

For each PK evaluable patient, AUC during
the dosing interval at steady state (AUCss), Cmax

at steady state (Cmax,ss), and/or trough plasma
concentration of lazertinib on day 15 of cycle 1
(CD15) of lazertinib were obtained. The AUCss

and Cmax,ss were calculated by non-compart-
mental methods with actual sampling times
based on the plasma concentrations over the
dosing interval after the 22nd multiple dosing
of 20 to 320 mg once daily (day 1 of cycle 2),
and the CD15 was the trough plasma concen-
tration measured immediately before the 15th
multiple dosing.

Patients with concomitant PPIs and/or
H2RAs for at least 4 days immediately before
evaluation of PK parameters of lazertinib were
classified into an ARA group in this analysis.
The remaining patients, who did not receive
concomitant PPIs and/or H2RAs for at least
4 days, were classified into a non-ARA group.

Assessments of Dose Proportionality

Dose range showing the dose proportionality
was explored to compare the dose-normalized
(DN) PK parameters between the ARA group and
non-ARA group in the range. The dose propor-
tionality of lazertinib was assessed using a
power model with natural log-transformed
AUCss, Cmax,ss, and CD15 values as dependent
variables and the natural log-transformed dose
as an independent variable:

lnðPK parameterÞ ¼ aþ ðb� lnðdoseÞÞ:

This is, PK parameter = ea 9 (dose)b where a
is the intercept, and b is the slope, measuring
the extent of dose proportionality [20]. Dose
proportionality implied that b = 1 and was
assessed by estimating b along with its 90%
confidence interval (CI). If the AUCss, Cmax,ss,
and CD15 were not dose proportional over the
dose range of 20 to 320 mg, the dose
proportionality was reassessed by sequentially
excluding one dose level farthest from 240 mg
(i.e., in the order of 20 ? 40 ? 80 ? 120 mg).
The 160 mg and 320 mg doses were not
excluded to ensure the range of three or more
dose levels around the therapeutic dose of
240 mg in the dose proportionality
assessment. However, to prevent data loss in
the ARA group, the sequential dose exclusion
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was discontinued if the dose level with at least
one patient who had co-administration of ARAs
was met. If any of the 90% CIs of the slope for
the AUCss, Cmax,ss, and CD15 did not include 1,
the dose range with the slopes closest to 1 was
explored.

Assessments of the Effect of Acid-Reducing
Agents

In the dose range with the dose proportionality
or closest to the dose proportionality, the dose-
normalized AUCss (DNAUCss), dose-normalized
Cmax,ss (DNCmax,ss), and dose-normalized CD15

(DNCD15) values were summarized according to
the ARA group and non-ARA group. An analysis
of variance was performed on natural log-
transformed values for the dose-normalized PK
parameters, with the group (ARA group or non-
ARA group) as a fixed effect. In addition, the
point estimate and 90% CI of geometric mean
ratio of ARA group to non-ARA group were
calculated to compare the pharmacokinetics of
lazertinib between the two groups. The AUCss,
Cmax,ss, and CD15 values at 240 mg were further
analyzed in the same method.

Analysis Software

Calculation of PK parameters and all statistical
analyses were performed using Phoenix

WinNonlin (Certara, LP, Princeton, NJ, USA;
version 8.3).

RESULTS

Patient Disposition

A total of 234 patients included in the study had
PK parameters of at least one of AUCss, Cmax,ss,
or CD15 (Table 1). A total of 127 patients had
AUCss and Cmax,ss values, of which 19 patients
were classified into the ARA group and 108
patients into the non-ARA group. A total of 229
patients had CD15 values, of which 23 patients
were classified into the ARA group and 206
patients into the non-ARA group. The dose level
not classified as ARA group in any patient was
only 20 mg. Demographics and baseline char-
acteristics of liver and renal function of the
patients between the ARA group and non-ARA
group are shown in Table S1 in the supple-
mentary material. There were no baseline dif-
ferences between the two groups that could
significantly affect the interpretation of the
effect of ARAs on the pharmacokinetics of laz-
ertinib. The ARA administration information
for the ARA group is summarized in Table S2 in
the supplementary material.

Table 1 Patient disposition

Parameters Group Dose (mg) Total

20 40 80 120 160 240 320

AUCss and Cmax,ss ARA 0 3 3 1 1 9 2 19

Non-ARA 3 21 16 22 14 24 8 108

CD15 ARA 0 4 2 1 1 10 5 23

Non-ARA 3 21 16 23 20 115 8 206

Patients with at least one pharmacokinetic parameter ARA 0 4 2 1 2 11 6 26

Non-ARA 3 21 18 23 20 115 8 208

Data are displayed as the number of patients
ARA acid-reducing agent, AUCss area under the plasma concentration–time curve during the dosing interval at steady state,
Cmax,ss maximum plasma concentration at steady state, CD15 trough plasma concentration on day 15 of cycle 1
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Dose Proportionality

The Cmax,ss increased in a dose-proportional
manner over the dose range of 20 to 320 mg
(90% CI of slope in the power model, Cmax,ss

0.9790–1.1633) (Table 2). However, the AUCss

and CD15 increased in a slightly more than dose-
proportional manner over the dose range of 20
to 320 mg (90% CI of slope in the power model,
AUCss 1.0042–1.1827, CD15 1.0731–1.2671). As
no patient at 20 mg was classified into the ARA
group (Table 1), the dose proportionality was
reassessed by excluding 20 mg. In the dose
range of 40 to 320 mg, the AUCss and Cmax,ss

increased in a dose-proportional manner, but
the CD15 increased in the slightly more than
dose-proportional manner (90% CI of slope in
the power model, AUCss 0.9706–1.1617, Cmax,ss

0.9533–1.1507, CD15 1.0470–1.2557) (Table 2
and Fig. 1). The sequential dose exclusion for
the dose proportionality assessment was dis-
continued because at least one patient at 40 mg
and higher doses was classified into the ARA
group.

In the dose range of 40 to 320 mg, the AUCss

and Cmax,ss increased in a dose-proportional
manner, and the slope values of the AUCss,
Cmax,ss, and CD15 were closest to 1. Therefore,
the use of the dose-normalized PK parameters in
the dose range of 40 to 320 mg was judged to be
appropriate to explore the effect of the ARAs on
the pharmacokinetics of lazertinib.

Effect of Acid-Reducing Agents in Dose
Range of 40 to 320 mg

For the AUCss and Cmax,ss analysis, a total of 124
patients who had administered 40 to 320 mg of
lazertinib with the dose proportionality were
included, of which 19 patients were classified
into the ARA group and 105 patients into the
non-ARA group (Tables 1 and 2). For the CD15

analysis, a total of 226 patients who had
administered 40 to 320 mg of lazertinib closest
to the dose proportionality were included, of
which 23 patients were classified into the ARA
group and 203 patients into the non-ARA
group.

In the dose range of 40 to 320 mg of lazer-
tinib, the arithmetic means (arithmetic coeffi-
cient of variation %, CV%) for the DNAUCss

were 25.51 (59.9%) and 27.61 (42.9%) h�ng/mL/
mg in the ARA group and non-ARA group,
respectively (Table 3). The arithmetic means
(arithmetic CV%) for the DNCmax,ss were 1.97
(50.1%) and 2.14 (44.3%) ng/mL/mg in the ARA
group and non-ARA group, respectively. The
arithmetic means (arithmetic CV%) for the
DNCD15 were 0.66 (62.1%) and 0.72 (63.4%) ng/
mL/mg in the ARA group and non-ARA group,
respectively. There were no noticeable differ-
ences in the distribution of lazertinib exposure
between the two groups at both 40 to 320 mg
dose range (Fig. 2).

Table 2 Dose proportionality of lazertinib using a power model

Dose range Parameter Slope 90% CI of slope Intercept 90% CI of intercept

Lower Upper Lower Upper

20–320 mg AUCss 1.0934 1.0042 1.1827 2.7539 2.3232 3.1847

Cmax,ss 1.0711 0.9790 1.1633 0.2994 - 0.1453 0.7440

CD15 1.1701 1.0731 1.2671 - 1.3737 - 1.8699 - 0.8776

40–320 mg AUCss 1.0661 0.9706 1.1617 2.8926 2.4283 3.3570

Cmax,ss 1.0520 0.9533 1.1507 0.3963 - 0.0834 0.8760

CD15 1.1513 1.0470 1.2557 - 1.2746 - 1.8107 - 0.7384

AUCss area under the plasma concentration–time curve during the dosing interval at steady state, Cmax,ss maximum plasma
concentration at steady state, CD15 trough plasma concentration on day 15 of cycle 1, CI confidence Interval
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The geometric mean ratios (90% CIs) of ARA
group to non-ARA group for the DNAUCss,
DNCmax,ss, and DNCD15 were 0.8743
(0.7285–1.0493), 0.9035 (0.7482–1.0910), and
0.9126 (0.7364–1.1311), respectively (Table 4
and Fig. 4). On the basis of the results of the
analysis of variance (Table 5), the DNAUCss,
DNCmax,ss, and DNCD15 were not significantly
different between the two groups (all
p values[ 0.05).

Effect of Acid-Reducing Agents at 240 mg

A total of 115 patients received 240 mg of laz-
ertinib among all 234 patients who had at least
one of the PK parameters in the study (Table 1).
Of these, for the AUCss and Cmax,ss analysis at
240 mg, a total of 33 patients were included, of
which 9 patients were classified into the ARA
group and 24 patients into the non-ARA group.
For the CD15 analysis at 240 mg, a total of 125

Fig. 1 Dose proportionality of lazertinib in the dose range
of 40 to 320 mg. The circles represent the observed values,
the black straight line represents the linear regression line,
and the red and blue dashed lines represent the 90%

confidence limits and 90% prediction limits, respectively:
a ln(AUCss) versus ln(dose); b ln(Cmax,ss) versus ln(dose);
c ln(CD15) versus ln(dose)
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patients were included, of which 10 patients
were classified into the ARA group and 115
patients into the non-ARA group.

In the lazertinib 240 mg group, the arith-
metic means (arithmetic CV%) for the AUCss

were 6673.26 (66.8%) and 6754.43 (48.9%)
h�ng/mL in the ARA group and non-ARA group,
respectively (Table 3). The arithmetic means
(arithmetic CV%) for the Cmax,ss at 240 mg were
492.73 (54.7%) and 522.39 (40.4%) ng/mL in
the ARA group and non-ARA group, respec-
tively. The arithmetic means (arithmetic CV%)
for the CD15 at 240 mg were 159.01 (62.4%) and
175.70 (59.4%) ng/mL in the ARA group and

non-ARA group, respectively. There were no
noticeable differences in the distribution of
lazertinib exposure between the two groups at
240 mg (Fig. 3).

The geometric mean ratios (90% CIs) of ARA
group to non-ARA group for the AUCss, Cmax,ss

and CD15 were 0.9136 (0.6637–1.2576), 0.9012
(0.6703–1.2116), and 0.8850 (0.6463–1.2118),
respectively (Table 4 and Fig. 4). According to
the analysis of variance (Table 5), the AUCss,
Cmax,ss, and CD15 at 240 mg did not show any
significant difference between the two groups
(all p values[ 0.05).

Table 3 Summary of pharmacokinetic parameters of lazertinib according to the ARA group and non-ARA group

Group Statistic 40–320 mg 240 mg

DNAUCss DNCmax,ss DNCD15 AUCss Cmax,ss CD15
(h�ng/mL/mg) (ng/mL/mg) (ng/mL/mg) (h�ng/mL) (ng/mL) (ng/mL)

ARA n 19 19 23 9 9 10

Arithmetic mean 25.51 1.97 0.66 6673.26 492.73 159.01

Arithmetic SD 15.28 0.98 0.41 4456.26 269.66 99.25

Arithmetic CV% 59.9 50.1 62.1 66.8 54.7 62.4

Minimum 8.59 0.75 0.21 2061.85 199.92 50.82

Median 21.32 1.86 0.60 6576.00 417.64 150.79

Maximum 71.67 4.41 1.60 17,200.63 1058.95 351.05

Geometric mean 22.13 1.75 0.56 5621.83 434.74 132.75

Geometric CV% 58.0 52.8 67.1 68.0 56.8 72.5

Non-ARA n 105 105 203 24 24 115

Arithmetic mean 27.61 2.14 0.72 6754.43 522.39 175.70

Arithmetic SD 11.84 0.95 0.46 3301.09 211.10 104.43

Arithmetic CV% 42.9 44.3 63.4 48.9 40.4 59.4

Minimum 7.99 0.60 0.14 2760.60 222.91 39.02

Median 27.27 1.97 0.62 6044.61 483.69 149.64

Maximum 68.80 5.10 3.01 16,511.38 1058.39 716.01

Geometric mean 25.31 1.94 0.61 6153.58 482.42 150.00

Geometric CV% 44.2 47.3 64.3 44.5 43.3 61.8

ARA acid-reducing agent, DN dose-normalized, AUCss area under the plasma concentration–time curve during the dosing
interval at steady state, Cmax,ss maximum plasma concentration at steady state, CD15 trough plasma concentration on day 15
of cycle 1, n number of patients, SD standard deviation, CV coefficient of variation
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DISCUSSION

In 2020, lung cancer had the highest mortality
rate compared to other cancers according to
GLOBOCAN, which provides global cancer
statistics including cancer incidence and mor-
tality [21]. Therefore, lung cancer is the leading
cause of cancer death worldwide, with NSCLC
accounting for approximately 85% of patients
with lung cancer [22]. Treatment of advanced
NSCLC is initially decided by the molecular

subtypes of the tumor, and EGFR TKIs are rec-
ommended as first-line therapy in the presence
of EGFR mutations. Considering that ARAs are
widely used as adjuvant therapy for patients
with cancer because of gastroesophageal reflux
diseases or gastritis, many studies have been
conducted on how the pH change in the body
caused by the use of ARAs changes the blood
concentration of anticancer drugs [10, 23].
Pharmacokinetics of TKIs may vary significantly
as a result of these drug interactions, which may

Fig. 2 Comparison of the dose-normalized pharmacoki-
netic parameters of lazertinib between the ARA and non-
ARA groups in the dose range of 40 to 320 mg. The
dashed and solid lines across each box represent the
median and arithmetic mean of the dose-normalized

pharmacokinetic parameters, respectively. The upper and
lower whiskers represent the maximum and minimum
values within 1.5-fold interquartile range: a dose-normal-
ized AUCss; b dose-normalized Cmax,ss; c dose-normalized
CD15
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increase the interpatient variability and lead to
subsequent risks of decreased therapeutic out-
comes [24]. Considering that the solubility of
lazertinib decreased with increasing pH in an
in vitro study [18], it was necessary to evaluate
the effect of ARAs on the pharmacokinetics of
lazertinib with clinical data. In vitro study
showed that lazertinib was predominantly
metabolized by cytochrome P450 (CYP) 3A4,
and all patients were prohibited concomitant
use of medications, herbal supplements, and/or
ingestion of foods with known potent inducer/
inhibitory effects on CYP3A4 activity through-
out the clinical study. Therefore, we could rule
out a confounding effect between ARAs and
CYP3A4 inhibitors or inducers on the pharma-
cokinetics of lazertinib [8].

There is no standard criterion for the dura-
tion of ARAs administration to evaluate DDI
with ARAs. A review by Hussaarts et al. reported
that ARAs may affect the pharmacokinetics of
multikinase inhibitors, including the tyrosine

Table 4 Statistical assessment of effect of acid-reducing
agents on pharmacokinetics of lazertinib

Dose Parameter Geometric mean ratio (ARA
group/non-ARA group)

Point
estimate

90% confidence
interval

40–320 mg DNAUCss 0.8743 0.7285–1.0493

DNCmax,ss 0.9035 0.7482–1.0910

DNCD15 0.9126 0.7364–1.1311

240 mg AUCss 0.9136 0.6637–1.2576

Cmax,ss 0.9012 0.6703–1.2116

CD15 0.8850 0.6463–1.2118

ARA acid-reducing agent, DN dose-normalized, AUCss

area under the plasma concentration–time curve during
the dosing interval at steady state, Cmax,ss maximum plasma
concentration at steady state, CD15 trough plasma con-
centration on day 15 of cycle 1

Table 5 Analysis of variance for statistical assessment of effect of acid-reducing agents on pharmacokinetics of lazertinib

Dose Parameter Source Degrees of freedom Sum of squares Mean square F value P value

40–320 mg DNAUCss Group 1 0.2902 0.2902 1.49 0.2248

Residual error 122 23.7828 0.1949

DNCmax,ss Group 1 0.1657 0.1657 0.8 0.3742

Residual error 122 25.4098 0.2083

DNCD15 Group 1 0.1726 0.1726 0.5 0.4824

Residual error 224 78.1158

240 mg AUCss Group 1 0.0535 0.0535 0.23 0.6349

Residual error 31 7.2078 0.2325

Cmax,ss Group 1 0.0709 0.0709 0.36 0.5554

Residual error 31 6.1832 0.1995

CD15 Group 1 0.1373 0.1373 0.42 0.5206

Residual error 123 40.693 0.3308

The analysis of variance model included natural log-transformed values for the pharmacokinetic parameters as response
variable, and group as fixed effect
DN dose-normalized, AUCss area under the plasma concentration–time curve during the dosing interval at steady state,
Cmax,ss maximum plasma concentration at steady state, CD15 trough plasma concentration on day 15 of cycle 1
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kinase inhibitors, and the duration of ARA
administration to evaluate DDI regarding gas-
tric acid suppression varied from 1 to 7 con-
secutive days [24]. Ideally, changes in exposure
to TKIs should be observed after the repeated
administrations of ARAs for a period that can
ensure the maximal intragastric pH-elevating
effect of ARAs. PPIs are slow to reach steady-
state inhibition of gastric acid secretion, typi-
cally taking approximately 4 days by continu-
ous multiple dosing [25–27]. For H2RAs, they

act quickly with a peak effect of gastric pH ele-
vation at 1–3 h after first dosing [26, 28, 29].
However, other clinical studies have shown that
the effect of H2RAs on gastric pH elevation
reaches a plateau in 3–4 days after continuous
multiple dosing [30, 31]. Therefore, this analysis
was performed assuming that the elevation of
gastric pH was sufficiently expressed after about
4 days of multiple dosing of H2RA and PPI,
which were the criteria for classifying the ARA
group and non-ARA group [8, 19]. In the non-

Fig. 3 Comparison of the pharmacokinetic parameters of
lazertinib between the ARA and non-ARA groups at
240 mg. The dashed and solid lines across each box
represent the median and arithmetic mean of the

pharmacokinetic parameters, respectively. The upper and
lower whiskers represent the maximum and minimum
values within 1.5-fold interquartile range: a AUCss;
b Cmax,ss; c CD15
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ARA group, no one took ARAs for 1, 2, or 3 days
during the 4 days immediately before evalua-
tion of the PK parameters of lazertinib.

This study is a retrospective PK analysis that
analyzed the PK data obtained from the
LASER201 study to understand the effect of
ARAs on the pharmacokinetics of lazertinib.
Since the steady state was reached within
15 days of once-daily administration of lazer-
tinib [8], the obtained AUCss, Cmax,ss, and CD15

were considered indicative of the steady-state
pharmacokinetics of lazertinib. To investigate
the effects of ARAs at the therapeutic dose of
lazertinib 240 mg as well as a larger sample size,
a dose range with dose proportionality was
explored, and the effect was assessed using dose-
normalized PK parameters of the dose range.
ARAs had minimal effect in reducing exposure
of lazertinib by approximately 10% at the
steady state. Exposure variability of lazertinib
with ARAs co-administration was similar to or
slightly higher than without ARAs. This differ-
ence is likely because the number of subjects
classified into the ARA group accounted for
approximately 10% of the total subjects, much
lower than that of the non-ARA group,

indicating relatively high variability within the
ARA group. Also, since the exposure variability
did not show statistically significant differences
between groups, it is difficult to argue that ARAs
significantly affected lazertinib exposure. The
slight decrease in the systemic exposure of laz-
ertinib observed at a steady state is not clinically
relevant on the basis of the results of the
LASER201 study, which demonstrated a rela-
tively flat dose–response relationship with a
durable response to antitumor effects at doses of
lazertinib ranging from 120 to 240 mg, even
though the systemic exposure increased dose
proportionally. Considering these results, it was
recognized that ARAs had little effect on the
bioavailability of lazertinib, so the MFDS
approved the co-administration of lazertinib
and ARAs without changing the dosage regimen
of both drugs [2]. In addition, consistent with
the findings of this study, a high-fat meal that
could increase intragastric pH did not signifi-
cantly affect the pharmacokinetics of lazertinib
in healthy subjects [32, 33].

Since most TKIs are weak bases with pH-de-
pendent solubility, ARAs may decrease their
bioavailability [34]. However, other studies have
shown that about half of TKIs with pH-depen-
dent solubility did not have a clinically signifi-
cant effect on their pharmacokinetics caused by
ARAs [11, 35]. The solubility of crizotinib
decreased at higher pH ([ 10 mg/mL at pH 1.6
and 0.1 mg/mL at pH 7.7), but esomeprazole
had no clinically significant effect on crizotinib
pharmacokinetics [36]. Although nintedanib
exhibited a pH-dependent solubility profile
with increased solubility at acidic pH\ 3, nei-
ther PPI nor H2RA affected nintedanib exposure
[37]. The solubility of ponatinib at pH 1.7, 2.7,
and 7.5 was 7790, 3.44, and 0.16 lg/mL,
respectively, but lansoprazole did not have a
clinically significant effect on ponatinib expo-
sure [38]. Although cobimetinib exhibited
100-fold less solubility at pH 6.4 compared to
pH 1.9, rabeprazole under fed and fasted con-
ditions did not result in a statistically significant
effect in cobimetinib exposure [39, 40]. Toge-
ther, these studies, as well as this analysis for
lazertinib, suggest that, even for drugs that
exhibit pH-dependent solubility in in vitro,

Fig. 4 Geometric mean ratios of ARA group to non-ARA
group with 90% confidence intervals of pharmacokinetic
parameters of lazertinib: empty circle, square, and triangle
represent the geometric mean ratio of the dose-normalized
AUCss, Cmax,ss, and CD15 of ARA group to non-ARA
group, respectively, in the dose range of 40 to 320 mg.
Filled circle, square, and triangle represent the geometric
mean ratio of the dose-normalized AUCss, Cmax,ss, and
CD15 of ARA group to non-ARA group, respectively, at
240 mg. The line extending from the point represents the
90% confidence interval for each geometric mean ratio
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ARAs may not necessarily have a significant
effect on their pharmacokinetics in the body.

This study has design limitations in that it is
an integrated analysis of the LASER201 study.
This study was a post hoc analysis incorporating
the four parts of the LASER201 study; thus, the
endpoints were not pre-specified, and we did
not observe the effect of a specific drug among
the ARAs on the pharmacokinetics of lazertinib.
In addition, the effect of ARAs was not derived
from a within-subject comparison. However,
this study is meaningful in that it is the first
nationwide study of DDIs between the new
EGFR TKI drug lazertinib and ARAs. For appro-
priate PK analyses within our limited data, we
defined the ARA group by ensuring a duration
of ARA multiple doses that could maintain the
maximum pH of ARAs for each PK parameter
most representative of lazertinib exposure.
Although the sample size of the ARA group in
this study was relatively small, we attempted to
reflect the patient’s ARAs prescribed and taken
information in the real world, and to consider
the appropriate multiple-dose period of ARAs to
identify potential DDIs with lazertinib.

In conclusion, ARAs did not significantly
affect the pharmacokinetics of lazertinib at the
steady state when administered together.
Therefore, concomitant use of ARAs is not
expected to affect the antitumor efficacy of
lazertinib, and it is unlikely that additional
consideration should be given to the co-ad-
ministration of ARA when taking lazertinib. No
separate dose adjustment is required for both
ARAs and lazertinib in patients receiving both
drugs concomitantly.
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