
ORIGINAL RESEARCH

Evaluation of the Effect of Proton Pump Inhibitors
on the Efficacy of Dacomitinib and Gefitinib
in Patients with Advanced Non-Small Cell Lung
Cancer and EGFR-Activating Mutations

Jerry Li . Dana Nickens . Keith Wilner . Weiwei Tan

Received: April 14, 2021 /Accepted: May 22, 2021 / Published online: June 13, 2021
� The Author(s) 2021

ABSTRACT

Introduction: Dacomitinib and gefitinib are
irreversible epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitors (TKI) indi-
cated for the first-line treatment of patients
with advanced non-small cell lung cancer
(NSCLC) and EGFR-activating mutations. Phar-
macokinetic (PK) studies in healthy volunteers
suggested that acid-reducing drugs such as
proton pump inhibitors (PPI) decreased
dacomitinib and gefitinib exposure by limiting
the pH-dependent absorption. This analysis
retrospectively evaluates the effect of concomi-
tant PPI use on dacomitinib exposure and on
progression-free survival (PFS) and overall sur-
vival (OS) in patients treated with dacomitinib

45 mg QD or gefitinib 250 mg QD in a 1:1 ran-
domized phase 3 study (ARCHER 1050).
Methods: The analysis grouped all patients
(n = 452) treated in each arm of the study as
non-PPI users, PPI users, or extensive PPI users.
PFS and OS data were presented by Kaplan–-
Meier plots and analyzed using Cox propor-
tional hazards models. Dacomitinib exposure
was compared using a linear mixed-effects
model.
Results: Results showed that dacomitinib PFS
and OS did not differ significantly when com-
paring PPI users (N = 59) to non-PPI users
(N = 152), while extensive PPI users (N = 24)
had shorter PFS [hazard ratio (HR): 1.94,
p = 0.011] and OS (HR: 1.77, p = 0.027) when
compared to non-PPI users. For patients treated
with gefitinib, PFS did not differ significantly
when comparing PPI users (N = 51) and exten-
sive PPI users (N = 19) to non-PPI users
(N = 159); however, both PPI users (HR: 1.65,
p = 0.007) and extensive PPI users (HR: 1.70,
p = 0.050) had shorter OS when compared to
non-PPI users. Further analysis by adjusting
potential confounders indicated no statistically
significant differences in PFS or OS between any
PPI user vs. non-PPI user groups in the
dacomitinib and gefitinib arms. PPI use did not
appear to affect dacomitinib exposure.
Conclusion: In conclusion, PPI use in patients
with NSCLC likely has minimal impact on
dacomitinib or gefitinib efficacy despite
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decreased absorption of these drugs observed in
PK studies.
Trial Registration: ClinicalTrials.gov identifier,
NCT01774721

Keywords: Dacomitinib; EGFR inhibitor;
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Progression-free survival; Proton pump
inhibitors

Key Summary Points

Dacomitinib is a tyrosine kinase inhibitor
(TKI) approved for first-line treatment of
patients with metastatic non-small cell
lung cancer (NSCLC) involving epidermal
growth factor receptor exon 19 deletion or
exon 21 L858R substitution based on the
results from the phase 3 trial ARCHER
1050.

Proton pump inhibitors (PPI) are widely
used pharmacotherapies for
gastroprotection in cancer patients but
may limit the absorption of TKIs that
require acidic environments for optimal
dissolution, which has been shown in
dedicated single-dose pharmacokinetic
(PK) healthy volunteer studies for both
dacomitinib and gefitinib.

This analysis evaluates the effect of
concomitant PPI use on dacomitinib
exposure and on both dacomitinib and
gefitinib survival in patients treated in the
ARCHER 1050 study.

With regard to PPI use, no significant
differences were found for progression-
free survival or overall survival in patients
treated with dacomitinib or gefitinib, and
no significant differences were found for
dacomitinib exposure.

This analysis shows that PPI use in
patients with NSCLC likely has minimal
impact on dacomitinib efficacy despite
decreased absorption observed in a PK
study.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14638194.

INTRODUCTION

Dacomitinib is a selective, adenosine triphos-
phate-competitive, 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 mutation) [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, 4] in
comparison with gefitinib, a first-generation
EGFR tyrosine kinase inhibitor, in a random-
ized, 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 patients with metastatic NSCLC
involving EGFR exon 19 deletion or exon 21
L858R substitution [5].

Cancer patients frequently take acid-reduc-
ing agents (ARA) to alleviate symptoms of gas-
troesophageal disease, thereby raising the
potential for a common but underappreciated
drug–drug interaction (DDI) that could decrease
the exposure of anticancer medication and
result in subsequent failure of therapy. Many
approved orally administered, small-molecule
tyrosine kinase inhibitor (TKI) drugs are weak
bases that exhibit pH-dependent solubility [6].
Consequently, the oral bioavailability of these
drugs may be significantly influenced when co-
administered with ARAs. Proton pump inhibi-
tors (PPIs) are ARAs that bind covalently to the
H?/K?-ATPase pump and potently suppress
gastric acid secretion for several days [7], mak-
ing them ideal pharmacotherapies for
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gastroprotection in cancer patients [8]. How-
ever, the increase in gastric pH may limit the
absorption of TKIs that require an acidic envi-
ronment for optimal dissolution, which in turn
can lead to decreased plasma exposure (area
under the concentration curve [AUC]) [8]. This
is concerning due to the clinical significance of
exposure–response relationships of TKIs [6, 7].

ARCHER 1050 was a phase 3 study compar-
ing the safety and efficacy of a second-genera-
tion EGFR-TKI, dacomitinib, versus gefitinib as
first-line treatment for patients with advanced
NSCLC with EGFR-activating mutations [5].
Both dacomitinib and gefitinib require acidic
environments for maximal absorption, as
demonstrated in their respective healthy vol-
unteer studies testing the effect of gastric acid-
suppressing agents on exposure [9, 10]. Results
from the healthy volunteer studies showed that
co-administration of a single 45 mg dose of
dacomitinib with multiple doses of rabeprazole
(a proton pump inhibitor) decreased dacomi-
tinib Cmax by 51% and AUC0–96 h by 39%, while
co-administration of high doses of ranitidine
(an H2 receptor antagonist [H2RA]) with
sodium bicarbonate (to maintain the gastric pH
above pH 5.0) decreased mean gefitinib AUC by
47% [11, 12]. Based on these findings, it is rec-
ommended that concomitant use of proton
pump inhibitors (PPI) with dacomitinib or
gefitinib should be avoided, and an H2RA can
be taken at a staggered time of dacomitinib or
gefitinib dosing [11, 12].

This analysis evaluates the effect of con-
comitant PPI use on dacomitinib exposure and
on both dacomitinib and gefitinib survival in
patients treated in the ARCHER 1050 study.

METHODS

ARCHER 1050 Study Design

ARCHER 1050 was a multicenter, multinational,
randomized, open-label, phase 3 study to com-
pare dacomitinib versus gefitinib (1:1 random-
ization) as first-line treatment for patients with
advanced NSCLC with EGFR-activating muta-
tions. All patients in the dacomitinib arm
received a starting dose of 45 mg once daily

(QD) and were permitted to reduce doses to
30 mg QD and 15 mg QD based on patient tol-
erance. All patients in the gefitinib arm received
a starting dose of 250 mg QD, and one dose
reduction was allowed (250 mg every other day)
based on patient’s tolerance. Dacomitinib
plasma trough concentrations, which were col-
lected at pre-dose between cycle 2 and cycle 6
(28-day cycles), were used to represent dacomi-
tinib exposure. No gefitinib plasma concentra-
tions were collected. Because a large proportion
of patients required dacomitinib dose reduc-
tions, only steady-state trough concentrations
(Ctrough,ss) of dacomitinib at each dose level,
defined as at least 14 days of continuous
dacomitinib dosing at the same dose (45, 30, or
15 mg QD), were used in the analysis. Tumor
imaging assessments were done at screening, at
the end of cycles 1 and 2, and then every other
cycle until the end-of-treatment visit. All tumor
assessments used in this analysis were measured
using RECIST version 1.1 and assessed by a
blinded independent radiological central
review. The data cutoff date was July 29, 2016,
for all endpoints except OS (May 13, 2019). The
institutional review board or ethics committee
of each participating institution approved the
trial protocol. The trial was conducted in
accordance with the International Council on
Harmonisation Good Clinical Practice guideli-
nes and the provisions of the Declaration of
Helsinki. All patients provided written informed
consent before enrollment.

Analysis Population and Grouping

This analysis included all patients who were
randomized to either the dacomitinib or gefi-
tinib arm in the ARCHER 1050 study who
received at least one dose of the study treat-
ment. Since patients treated with dacomitinib
experienced significantly longer progression-
free survival (PFS) and overall survival (OS) than
those treated with gefitinib, patients random-
ized to different treatment arms were analyzed
separately. Within each treatment arm, patients
were divided into three groups based on their
records of PPIs: non-PPI users (reference), PPI
users, and extensive PPI users. Non-PPI users
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had no PPI use recorded prior to or during study
drug (dacomitinib or gefitinib) treatment. PPI
users took at least one dose of PPI during study
drug treatment. Extensive PPI users took at least
one dose of PPI before treatment and at least
one dose of PPI during treatment, which repre-
sents the patient population with the greatest
likelihood of frequent or long-term PPI use.
Patients whose records showed that PPI use
occurred at the end of study drug treatment or
had no start date were excluded from the anal-
ysis. The duration of PPI use was calculated by
[the date of last PPI dose or the date of last study
drug dose (whichever was earlier) - the date of
first PPI dose or the date of first study drug dose
(whichever was later) ? 1 day]. For patients
with a PPI record of ‘‘ongoing’’ status without an
end date of last PPI dose, the end date of PPI use
was imputed as the last date of study drug
administration. The percentage duration of PPI
use on study (%) was calculated as 100 9 [the
duration of PPI use/(the date of last study drug
dose - the date of first study drug dose ? 1)].

Statistical Analyses

Effect of PPI on Dacomitinib
Pharmacokinetics (PK)
A linear mixed-effects model of natural log-
transformed Ctrough,ss was used to compare
Ctrough,ss between reference and PPI users and
between reference and extensive PPI users. The
model is described as follows:

lnðyijkÞ ¼ lþ ðh1 � PPIiÞ þ ðh2 �DOSEjÞ þ gk
þ eijk;

where

• yijk = dacomitinib Ctrough,ss for the ith PPI
user group of interest, jth dose level, and kth
patient

• l = mean dacomitinib Ctrough,ss (natural log
scale) for the reference PPI user group and
dose level

• h1 = PPI effect as the mean dacomitinib
Ctrough,ss difference (natural log scale)
between PPI user group reference (PPIi = 0)
and test (PPIi = 1)

• PPIi = ith PPI group of interest [i.e. reference
(non-PPI user), or test (PPI user or extensive
PPI user)]

• h2 = Dose level effect as the mean dacomi-
tinib Ctrough,ss difference (natural log scale)
between dose levels

• DOSEj = jth dose level (i.e. 45, 30, or 15 mg)
• gk = inter-patient random effect
• eijk = intra-patient random error

Effect of PPI on PFS and OS of Dacomitinib
and Gefitinib
Patients were observed for survival status and
subsequent cancer therapies for up to
48 months from the date of the first dose.
Kaplan–Meier estimates were used to construct
progression-free survival (PFS) and overall sur-
vival (OS) curves and calculate median survival
with 95% confidence intervals (CI). Univariable
Cox proportional hazard regression was per-
formed to assess whether PPI use or extensive
PPI use was associated with survival (p\ 0.05)
for patients in the dacomitinib and gefitinib
arms. A multivariable model incorporating
patient baseline characteristics as potential
confounders was conducted comparing exten-
sive PPI users to the reference group, or if an
association was found in a univariable model
comparing PPI users to the reference group.

The following potential confounders were
considered for the multivariable analysis: gen-
der, age, race (Asian vs. non-Asian), baseline
body weight, baseline Eastern Cooperative
Oncology Group (ECOG) performance status (0
vs. 1), smoking status (former/current vs.
never), EGFR mutation type (exon 19 deletion
vs. L858R mutation), number of metastatic
sites, number of target lesions, and number of
organs with metastases. If two potential con-
founders were highly correlated (|r|[0.7), only
one was included in the multivariable analysis.
For patients with potential confounder data
that were missing, the median value was
imputed.

The statistical analyses were conducted using
the R functions surv(), survfit(), ggsurvplot(),
surv_median(), and coxph() from the survival
package (R version 3.6.2, R Foundation for Sta-
tistical Computing, Vienna, Austria). All data
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manipulation, figures, and analyses were con-
ducted using R.

RESULTS

Patient Population

Figure 1 summarizes the number of patients
treated with dacomitinib or gefitinib by PPI
usage. There were 152 (67%), 59 (26%), and 24
(11%) patients in the dacomitinib arm and 159
(71%), 51 (23%), and 19 (8%) patients in the
gefitinib arm grouped as non-PPI users (refer-
ence), PPI users, and extensive PPI users,
respectively. Sixteen patients from the dacomi-
tinib arm and 15 patients from the gefitinib arm
were excluded from the analysis due to incom-
plete records of PPI use according to the pre-
specified PPI use definitions. The median

durations of PPI use or median percent of PPI
use duration on study for PPI user and extensive
PPI user groups while on study were 97 days or
70% and 119 days or 100% in the dacomitinib
arm, and 70 days or 48% and 253 days or 100%
in the gefitinib arm, respectively (Table 1).

Baseline patient characteristics for each
group are summarized in Table 1. Baseline
patient characteristics were similar across all PPI
groups in both the dacomitinib and gefitinib
treatment arms, with the exception of race. The
non-PPI users had a larger proportion of Asian
patients than the PPI user and extensive PPI user
groups in both the dacomitinib and gefitinib
treatment arms.

Pharmacokinetic Analysis

Of the 227 patients who received dacomitinib
treatment, 203 had evaluable Ctrough,ss. Of the

Fig. 1 Summary of patients grouped by PPI use in the
intent-to-treat population randomized to dacomitinib or
gefitinib treatment arms. Black boxes represent groups used
in analyses. For the dacomitinib arm, the numbers of
patients with evaluable Ctrough for PK analysis are included
in the parentheses. PPI Record indicates any patient who
had a PPI record. aSixteen patients in the dacomitinib arm
and 15 patients in the gefitinib arm were not included in

the analysis. These patients either only had a PPI record
after stopping dacomitinib or gefitinib treatment, or their
PPI records had no start or end date, making it impossible
to determine whether those patients took PPIs concur-
rently with study treatment. PPI proton pump inhibitor;
Ctrough,ss steady-state trough concentration
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203 patients with evaluable Ctrough,ss, 136
(89%), 53 (89%), and 20 (83%) patients had
evaluable Ctrough,ss in the reference, PPI user,
and extensive PPI user groups, respectively.
Figure 2 displays the plasma concentrations of

dacomitinib for each dose level by PPI user
group. Dacomitinib Ctrough,ss appeared dose-
proportional across all three dosing levels (45,
30, and 15 mg). There was no significant dif-
ference in exposure between the reference

Table 1 Baseline characteristics for patients included in the analyses

Variable Category Dacomitinib Gefitinib

Non-PPI
user
N = 152

PPI user
N = 59

Extensive
user
N = 24

Non-PPI
user
N = 159

PPI user
N = 51

Extensive
user
N = 19

Duration of PPI use
(days)a

– 97 (1–905) 119 (1–745) – 70 (1–904) 253 (3–844)

% PPI use duration on
studya, b

– 70%
(0.1–100%)

100%
(0.2–100%)

– 48%
(0.2–100%)

100%
(0.6–100%)

0–49%

50–100%

– 26 (44)

33 (56)

5 (21)

19 (79)

– 28 (55)

23 (45)

4 (21)

15 (79)

Age (years)a 60
(28–83)

66 (36–87) 67 (37–81) 60
(33–83)

64 (35–86) 68 (35–79)

Weight (kg)a 58
(37–89)

63 (35–130) 64 (35–105) 59
(37–85)

63 (38–94) 65 (43–91)

Number metastatic
sitesa

3 (1–7) 3 (1–8) 3 (1–8) 3 (1–9) 3 (1–7) 4 (2–6)

Number target lesionsa 2 (0–4) 2 (0–5) 2 (0–5) 2 (0–5) 1 (0–4) 1 (0–4)

Number organ
metastatic sitesa

2 (1–6) 2.5 (1–5) 3 (1–5) 2 (1–5) 3 (1–5) 3 (2–4)

Genderb Male

Female

53 (35)

99 (65)

24 (41)

35 (59)

10 (42)

14 (58)

69 (43)

90 (57)

22 (43)

29 (57)

6 (32)

13 (68)

Raceb Asian

Non-Asian

132 (87)

20 (13)

31 (53)

28 (47)

9 (38)

15 (62)

134 (84)

24 (16)

30 (59)

21 (41)

8 (42)

11 (58)

Smoking statusb Current/former

Never

45 (29)

107 (71)

28 (47)

31 (53)

12 (50)

12 (50)

60 (38)

99 (62)

16 (31)

35 (69)

4 (21)

15 (79)

ECOGb 0

1

50 (33)

102 (67)

22 (37)

37 (63)

9 (38)

15 (62)

46 (29)

113 (71)

13 (25)

38 (75)

4 (21)

15 (79)

EGFR mutationb Exon 19
deletion

L858R
mutation

95 (63)

57 (37)

30 (51)

29 (49)

16 (67)

8 (33)

98 (62)

61 (38)

27 (53)

24 (47)

9 (47)

10 (53)

PPI proton pump inhibitor; ECOG PS Eastern Cooperative Oncology Group performance status; EGFR epidermal growth factor
receptor
a Continuous variables expressed as median (range); bCategorical variables expressed as N (%)
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versus PPI users (p = 0.664) or the reference
versus extensive PPI users (p = 0.797) based on
the linear mixed-effects model.

Effect of PPI on PFS and OS

All potential confounders were included in the
multivariable analyses except for number of
target lesions, which was excluded due to high
correlation with the number of organs with
metastasis (r = 0.81) and correlation with the
number of target lesions (r = 0.51). Median PFS
and OS (95% CI) and the potential effects of PPI
use on survival [adjusted hazard ratio (HR) and
p value] for all patients treated with dacomitinib
or gefitinib are presented in Table 2. Kaplan–-
Meier plots of PFS and OS are shown in Figs. 3
and 4, respectively, for patients treated with
dacomitinib or gefitinib.

There was no statistically significant differ-
ence in PFS or OS between reference and PPI
users (p[ 0.05) in the dacomitinib arm. How-
ever, extensive PPI use was associated with
shorter PFS, with HR of 1.94 (95% CI 1.16–3.24,
p = 0.011), and OS with HR of 1.77 (95% CI
1.07–2.94, p = 0.027), for patients treated with
dacomitinib. After incorporating all specified
potential confounders, extensive PPI use was
not associated with shorter PFS or OS (p[0.05).

There was no statistically significant differ-
ence in PFS between reference and PPI users
(p[ 0.05) or between reference and extensive
PPI users (p[0.05) for patients treated with
gefitinib. However, both PPI users (HR = 1.65,
p = 0.007) and extensive PPI users had shorter
OS, with HR of 1.65 (95% CI 1.15–2.36,
p = 0.007) and HR of 1.70 (95% CI 1.00–2.89,
p = 0.050), respectively, when compared to ref-
erence. After incorporating all specified poten-
tial confounders, neither PPI users nor extensive
PPI users were associated with shorter OS when
compared to reference (p[0.05).

DISCUSSION

The prevalence of ARA use was estimated to be
20–33% in patients with cancer [7, 13].
Recently, there has been heightened awareness
of this subject because of potential serious

consequences with certain oncology drugs.
Since there are differences in the magnitude and
duration of gastric pH elevation among various
ARAs, pH-dependent DDIs can differ with the
type, dose, and the dosing time of the ARA rel-
ative to that of the affected drug. Absorption of
an orally administered drug with pH-sensitive
solubility may be altered, leading to undesirable
clinical consequences, when it is co-adminis-
tered with an ARA. In Nov 2020, FDA issued
draft guidance on when and how clinical DDI
studies with ARAs are needed and communi-
cating findings in drug product labeling [13].

Of all ARAs, PPIs possess the most potent and
longest duration of effect of increasing gas-
trointestinal (GI) pH [8]. PPIs are frequently
prescribed to cancer patients for gastroprotec-
tion. Our analysis data set showed a high fre-
quency of PPI use among both dacomitinib- and
gefitinib-treated patients with NSCLC of EGFR-
activating mutations, given that 75 out of 227
patients (* 33%) in the dacomitinib arm and
66 out of 225 patients (* 29%) in the gefitinib
arm reported PPI use during the study. The
frequency of PPI use is also heavily influenced
by prescribing patterns in countries/regions.
Generally, PPIs are more extensively prescribed
in Western countries than in Asian countries
[28–30], as demonstrated in our study, where
non-Asian patients had a higher frequency of
PPI use (58 and 47% for dacomitinib and gefi-
tinib, respectively) than Asian patients (19 and
18% for dacomitinib and gefitinib, respec-
tively). In this analysis, the median percentage
of PPI use duration on study for PPI users and
extensive users was 70 and 100% in the
dacomitinib arm, and 48 and 100% in the
gefitinib arm, respectively. Approximately 80%
of patients in the extensive PPI user groups for
both the dacomitinib and gefitinib arms were
administered PPIs for more than 50% of the
entire treatment duration (Table 1). With the
high frequency and long-term use of PPI in
cancer patients, pH-dependent DDIs are a
potential concern. The increased pH from PPI
use has been shown to decrease the solubility
and absorption of several TKIs, which in turn
leads to lower TKI exposure. These effects have
been demonstrated in TKIs including dacomi-
tinib, dasatinib, erlotinib, gefitinib, and
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nilotinib, where decreases in AUC ranged from
26 to 65% [11, 14–22]. The decreased exposure
from concomitant PPI use has led to concerns
from regulatory agencies on the risk of achiev-
ing subtherapeutic plasma concentrations, thus
compromising the efficacy of TKIs. As a result,
these TKI US Prescribing Information (USPI)
labels contraindicate or suggest avoiding the
concomitant use of PPIs. These recommenda-
tions are generally based on significant decrea-
ses in drug exposure observed in dedicated PK
studies with PPIs conducted in healthy

volunteers. The dedicated clinical PK studies are
generally designed to characterize a worst-case
scenario for the pH-dependent DDIs by selec-
tion of PPIs and associated dosing regimens
[13, 22]. These studies generally over-predict the
effect of the interaction in the real-world set-
ting, where patients may take lower or inter-
mittent doses of a PPI. Both dacomitinib and
gefitinib are recommended to be taken in the
absence of concomitant PPIs [11, 12], creating a
difficult situation for patients in need of both
EGFR-TKI and PPI.

Fig. 2 Steady-state dacomitinib trough concentrations at
45, 30, and 15 mg once daily across all PPI use groups.
Red, green, and blue box and dots represent dacomitinib
Ctrough,ss following at least 14 consecutive days of once
daily dacomitinib dosing at 45, 30, and 15 mg, respectively.

Ctrough,ss steady-state trough concentration; ng nanograms;
mL milliliters; PPI proton pump inhibitor; mg milligrams
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While a 39% decrease in dacomitinib AUC
was found in the dedicated healthy volunteer
study [10], our analysis of patients from the
ARCHER 1050 trial did not detect a difference in
dacomitinib exposure between PPI users,
extensive PPI users, and reference. The different
effects of PPI use on dacomitinib exposure
between the healthy volunteer study and the
ARCHER 1050 study likely occurred for two
reasons. First, the dedicated healthy volunteer

study was designed to represent the worst case,
where the maximum effect of acid suppression
by PPI on dacomitinib absorption was to be
achieved by administering rabeprazole, a PPI,
40 mg daily for 7 days prior to receiving the
dacomitinib dose. In comparison, patients in
ARCHER 1050 self-administered PPIs for varying
intervals of time and likely did not experience
the maximum acid-suppressing effects of daily
PPI use. Second, the populations differed

Table 2 Univariable and multivariable analyses comparing PFS and OS between PPI use groups (PPI users or extensive PPI
users) for patients treated with dacomitinib or gefitinib

PPI user group Non-PPI user survival
Months (median 95% CI)

PPI user group survival
Months (median 95% CI)

Adjusted HR (95% CI) p value

Dacomitinib

PFS

PPI users 14.8 (11.1–18.4) 12.9 (10.9–18.2) 1.24 (0.84–1.81) 0.278

Extensive PPI users 11.1 (7.1–18.0) 1.94 (1.16–3.24) 0.011

Extensive PPI usersa – – 1.35 (0.69–2.65) 0.375

OS

PPI users 34.1 (29.5–42.1) 35.7 (26.4-NR) 1.04 (0.70–1.55) 0.833

Extensive PPI users 26.3 (15.6–44.4) 1.77 (1.07–2.94) 0.027

Extensive PPI usersa – – 1.19 (0.65–2.18) 0.570

Gefitinib

PFS

PPI users 9.3 (9.1–11.1) 9.3 (7.6–12.5) 1.13 (0.80–1.59) 0.479

Extensive PPI users 10.8 (7.3–12.8) 1.28 (0.76–2.16) 0.356

Extensive PPI usersa – – 1.08 (0.61–1.94) 0.787

OS

PPI users 29.1 (25.5–40.0) 22.8 (20.5–32.3) 1.65 (1.15–2.36) 0.007

Extensive PPI users 26.6 (16.1-NR) 1.70 (1.00–2.89) 0.050

PPI usersa – – 1.31 (0.89–1.93) 0.165

Extensive PPI usersa – – 1.01 (0.56–1.82) 0.981

Adjusted HR and p value represent the comparison between non-PPI user and PPI user group survival for each row in the
table
PPI proton pump inhibitor; HR hazard ratio; CI confidence interval; PFS progression free survival; OS overall survival; NR
not reached
a Multivariable analysis comparing extensive PPI users to non-PPI users includes all potential confounders listed in Table 1
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between the two studies. Participants in the
ARCHER 1050 study were patients with NSCLC,
reflecting a more medically complex population
than healthy volunteers in the single-dosing
study. The patient population had more con-
current medications and pre-existing

comorbidities, which may confound the effects
of PPI on dacomitinib exposure.

Our survival analyses showed that PPI users
or extensive PPI users had no statistically sig-
nificant difference in PFS or OS compared with
non-PPI users in patients with NSCLC treated

Fig. 3 Kaplan–Meier plots of PFS for patients treated
with a dacomitinib or b gefitinib based on PPI use groups.
Red lines represent patients in the reference (non-PPI
user) group, green lines represent the PPI user group, and
blue lines represent patients in the extensive PPI user

group. PFS progression-free survival; PPI proton pump
inhibitor
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with dacomitinib or gefitinib. Similar results
were reported for other TKIs with limited solu-
bility at high pH [23–25]. A retrospective anal-
ysis of patients in a phase III trial for erlotinib
found that the co-administration of acid-sup-
pressive medications did not appear to impact
the median plasma drug levels or survival

outcomes [23]. A retrospective analysis of
patients with metastatic renal cell carcinoma
(RCC) found that concomitant PPI or H2RA
usage was not associated with a reduction in PFS
or OS for patients receiving pazopanib [24]. A
pooled analysis of metastatic RCC patients
treated with various vascular endothelial

Fig. 4 Kaplan–Meier plots of OS for patients treated with
a dacomitinib or b gefitinib based on PPI use groups. Red
lines represent patients in the reference (non-PPI user)
group, green lines represent the PPI user group, and blue

lines represent patients in the extensive PPI user group. OS
overall survival; PPI proton pump inhibitor
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growth factor TKIs demonstrated that PPI use
did not appear to negatively affect efficacy [25].
Although decreased efficacy of erlotinib with
concomitant use of ARAs was controversially
reported in several studies [26, 27], the
increasing number of analyses suggesting an
absence of PFS and OS reduction with con-
comitant PPI use raises the question of whether
PPI contraindication is warranted if a change in
exposure is found in dedicated healthy volun-
teer studies.

Other ARAs such as H2RAs and antacids were
not included in our analysis data set. Antacids
such as magnesium hydroxide, aluminum
hydroxide, and calcium carbonate exert their
effects by directly neutralizing gastric acid,
resulting in a quick onset and a short duration
of suppression of gastric acid production, with
the effect usually diminishing after 2 h post-
dose [22]. H2RAs compete reversibly with his-
tamine at the H2 receptors in the gastric parietal
cells, leading to reduced gastric acid production,
which generally lasts for up to 12 h at thera-
peutic doses [22]. Compared with PPIs, both
H2RAs and antacids have less impact on the
pharmacokinetics, and the interaction can be
minimized by staggered dosing approaches. Co-
administration of dacomitinib with multiple
doses of rabeprazole (a PPI) decreased dacomi-
tinib AUC by 39%, while co-administration of
dacomitinib with a local antacid (Maalox�

Maximum Strength, 400 mg/5 mL) did not
cause clinically relevant changes in dacomitinib
concentrations [12]. Although the effect of an
H2RA on the plasma concentrations of
dacomitinib is unknown, it is expected to be
less than that of a PPI. Thus, the effect of H2RA
on survival outcomes is not expected to be sig-
nificant. While the dedicated DDI study in
healthy volunteers found reduced gefitinib
plasma exposure when gefitinib was co-admin-
istered with ranitidine (an H2RA) and sodium
bicarbonate (an antacid), the investigators of
the study considered that gefitinib dose adjust-
ment was not necessary to maintain efficacious
plasma concentrations even after accounting
for inter-subject variability [9]. Biologically rel-
evant gefitinib plasma concentrations
([100 ng/mL, equivalent to the IC90) were
generally maintained at doses[100 mg QD [9].

In the ARCHER 1050 study, patients were
instructed to take gefitinib 6 h after or 6 h
before an H2RA, according to the gefitinib USPI
label recommendations [12]. The effect of con-
comitant H2RA use on gefitinib exposure is
therefore expected to be negligible in the gefi-
tinib-treated patients. Moreover, concomitant
gastric acid-suppressive therapy was not found
to have an adverse impact on survival in a
review of 130 patients with advanced EGFR
mutation-positive NSCLC treated with gefitinib
or erlotinib [31]. For these reasons, our analysis
evaluated the effect of PPIs, a type of ARA with
the highest probability of having an effect on
survival, if any.

Our analysis had limitations. First, the anal-
ysis was retrospective based on the database of a
randomized active control phase 3 study. Even
though complete patient demographic baseline
data and concomitant medication data were
captured to enable multivariate analyses, post
hoc analyses intrinsically carry biases, especially
when there can be imbalanced distribution of
baseline characteristics across non-PPI user and
PPI user groups. In fact, non-PPI groups had
more Asian than non-Asian patients, while PPI
groups generally had more non-Asian than
Asian patients, as a result of a higher frequency
of PPI use in non-Asian patients than in Asian
patients. Despite our approach to include base-
line covariates to adjust for patient differences
between PPI groups, the results of our analysis
may likely be confounded by race, which has
been shown to predict longer PFS and OS in
patients treated with dacomitinib [5]. Second,
the total number of patients in the PPI user and
extensive PPI user groups was limited in our
analysis data set. To overcome issues of patient
selection bias and the limitation in the number
of patients, future analyses including real-world
data with a propensity score matching analysis
should be considered. Finally, the extensive PPI
user and PPI user groups were defined based on
the presence of PPI records before and during
the study, but there was no way to confirm
compliance of PPI use during these periods.
Therefore, the results of our analysis should be
interpreted with caution.
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CONCLUSIONS

In conclusion, this retrospective analysis
showed that the co-administration of PPIs in
patients from ARCHER 1050 did not affect PFS
or OS for patients receiving dacomitinib or
gefitinib after accounting for potential con-
founders. The finding for dacomitinib was also
supported by similar dacomitinib exposure
observed from patients with or without the
concomitant use of PPIs. As a result, the use of
PPIs in patients with advanced NSCLC with
activating EGFR mutations is unlikely to impact
dacomitinib or gefitinib treatment efficacy
despite decreased absorption of these drugs
observed in PK studies with a PPI in healthy
volunteers.
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