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Background. .e influence of concomitant use of gastric acid suppressants (AS) on survival of patients with non-small-cell lung
cancer (NSCLC) treated with epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) is inconsistent according
to previous studies. We performed a meta-analysis to evaluate the effect of additional AS in patients with NSCLC taking TKIs.
Methods. Relevant observational studies were identified by a search of Medline, Embase, and Web of Science databases. Only
studies with multivariate analyses were included. A random-effect model was used to combine the results. Results. .irteen
retrospective studies with 12259 patients were included. Pooled results showed that concomitant use of AS was associated with
worse progression-free survival (PFS, adjusted hazard ratio (HR): 1.57, 95% confidence interval (CI): 1.31 to 1.89, P< 0.001;
I2 � 65%) and overall survival (OS, adjusted HR: 1.38, 95% CI: 1.19 to 1.61, P< 0.001; I2 � 70%) in NSCLC patients taking TKIs.
Sensitivity analysis limited to studies including NSCLC with EGFR mutation showed consistent results (HR for PFS: 1.53,
P � 0.003; HR for OS: 1.43, P � 0.001). Subgroup analyses indicated that the association between concomitant use of AS and poor
survival was not significantly affected by the category of AS used (proton pump inhibitors or histamine type-2 receptor an-
tagonists) or the country of the study (Asian or non-Asian, P for subgroup analysis all >0.05). Conclusions. Concomitant use of AS
in patients with NSCLC taking TKIs may be associated with poor survival outcomes.

1. Introduction

.e epidermal growth factor receptor tyrosine kinase in-
hibitors (EGFR-TKIs) have become an effective treatment
for patients with non-small-cell lung cancer (NSCLC) [1, 2].
For patients with NSCLC with EGFR mutations, TKIs have
been reported to confer better survival benefits than con-
ventional cytotoxic anticancer therapies [3]. Gastric acid
suppressants (ASs), including proton pump inhibitors
(PPIs) and histamine type-2 receptor antagonists (H2RAs),
are frequently prescribed in NSCLC patients to alleviate
symptoms of gastroesophageal diseases [4, 5]. It has been

shown that approximately 30–50% of patients with lung
cancer are using AS [6]. Since many TKIs are weak bases that
exhibit pH-dependent solubility [7], coadministration of AS
may reduce the absorption of TKIs by increasing the
intragastric PH. Early studies showed that the plasma
concentrations of gefitinib and erlotinib, two commonly
used EGFR-TKIs, were significantly lower in NSCLC pa-
tients with concomitant AS compared to those without AS
[8, 9], which raised the hypothesis that coadministration of
EGFR-TKIs with AS may compromise the efficacy of TKIS
in patients with NSCLC [10]. However, results of previous
studies evaluating the association between concomitant AS
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on survival of patients with NSCLC taking EGFR-TKIs
showed inconsistent results [11–23]. Some studies suggested
that concomitant use of AS was associated with poor survival
in these patients [11–13, 16–18, 20], while other studies did
not show a significant association [14, 15, 19, 21–23].
.erefore, we performed a meta-analysis to comprehen-
sively summarize current evidence regarding the influence
of concomitant AS on the survival of patients with NSCLC
taking EGFR-TKIs.

2. Methods

We followed the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) [24] and Cochrane’s Handbook
[25] guidelines during the design, performing, and pre-
senting of the meta-analysis.

2.1. SearchofElectronicDatabases. We identified studies by a
systematic search of Medline, Embase, and Web of Science
electronic databases using the following terms: (1) “proton
pump inhibitor” OR “proton pump inhibitors” OR “acid
suppressive therapy” OR “antisecretory therapy” OR “PPI”
OR “anti-ulcer agent” OR “antacid” OR “acid suppressants”
OR “histamine type-2 receptor”; (2) “lung cancer”; and (3)
“survival” OR “mortality” OR “prognosis” OR “death” OR
“recurrence” OR “collapse.” Only clinical studies published
in English were selected. An additional manual check-up for
the reference lists of relevant original and review articles was
performed as a supplement. .e last literature search was
conducted on June 10, 2021.

2.2. Selection of Eligible Studies. Inclusion criteria were (1)
observational studies published as full-length articles; (2)
included adult patients (18 years or above) with a confirmed
diagnosis of NSCLC treated with EGFR-TKIs; (3) patients
with concomitant use of AS, including PPIs and H2RAs,
who considered as exposure; (4) compared progression-free
survival (PFS) or overall survival (OS) between patients with
and without concomitant use of AS; and (5) reported relative
risk for the association between concomitant use of AS and
survival outcomes in multivariate analysis including possible
confounding factors. .e definition of concomitant use of
AS was consistent with the criteria adopted in the original
articles. Reviews, noncohort studies, studies including non-
NSCLC patients, studies with patients not using EGFR-TKIs,
or studies that did not report PFS or OS were excluded.

2.3. Extraction of Data and Evaluation of Study Quality.
Two of the authors independently conducted electronic
database search, extraction of study data, and assessment of
study quality according to the inclusion criteria described
above. If there were discrepancies, they were resolved by
discussion with the corresponding author. .e extracted
data included the following: (1) name of the first author, year
of the publication, study design, and country of the study; (2)
population characteristics, including diagnosis, total num-
ber, mean age, and sex of the patients; (3) TKI used; (4)

definition of concomitant AS use and number of AS users in
each study; and (5) outcomes reported and variables ad-
justed in the multivariate model analyzing the association
between concomitant AS use and survival outcomes. .e
Newcastle–Ottawa Scale (NOS) [26] was used for study
quality assessment, which included three domains such as
defining of study groups, between-group comparability, and
validation of the outcome. .is scale totally scored from 1 to
9 stars, with 9 stars indicating the highest study quality level.

2.4. Statistical Methods. .e primary objective of the study
was to determine the association between concomitant AS
use and survival outcomes in NSCLC patients taking TKIs.
Hazard ratios (HRs) and 95% confidence intervals (CIs)
were selected as the general outcome variable for the as-
sociations. Data of HRs and standard errors (SEs) were
calculated from 95% CIs or P values, and an additional
logarithmical transformation was performed to stabilize
variance and normalize to the distribution [25]. Cochrane’s
Q test was used to evaluate the heterogeneity, and the I2
statistic was also estimated [27]. Heterogeneity was deemed
to be significant if I2> 50%. We used a random-effect model
for data synthesis because this model has incorporated the
potential between-study heterogeneity and could provide a
more generalized result [25]. Sensitivity analyses were
performed by omitting one individual study at a time to
examine the robustness of the finding [28]. Moreover,
sensitivity analysis limited to studies including patients with
EGFR mutation was also performed. Influences of study
characteristics on the association between concomitant AS
and the survival outcomes were tested with predefined
subgroup analyses, including categorizes of AS (PPIs or
H2RAs), country of the study (Asian or non-Asian), and
TKIs used. .ese variables were chosen for subgroup ana-
lyses because previous studies have suggested that differ-
ences in AS used, ethnicity of the patients, and categories of
TKIs may influence the survival of survival in cancer patients
receiving TKIs [29–31]. .e funnel plots were constructed,
and a visual inspection of the symmetry was conducted to
reflect the publication bias. Begg’s test and Egger’s regression
asymmetry test were further performed for the evaluation of
potential publication bias [32, 33]. We used the RevMan
(Version 5.1; Cochrane Collaboration, Oxford, UK) software
for the statistical analyses.

3. Results

3.1.Results ofDatabase Search. .e database search process
is summarized in Figure 1. Briefly, 1212 articles were
found in the initial literature search of the Medline,
Embase, and Web of Science databases; after excluding
the duplications, 1022 studies remained. An additional
984 were excluded through screening of the titles and
abstracts mainly because of the irrelevance to the meta-
analysis. .e remaining 38 studies underwent a full-text
review. Of the 38 studies, 25 were further excluded for the
reasons listed in Figure 1. Finally, thirteen cohort studies
[11–23] were included.
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3.2. Characteristics of the Included Studies. As shown in
Table 1, thirteen cohort studies [11–23] including 12259
patients with NSCLC that were treated with TKIs were
included. Since one study reported two cohorts of patients
taking dacomitinib or gefitinib, respectively [22], these two
datasets were included independently in the meta-analysis.
.ese studies were published between 2013 and 2021 and
performed in Canada [11, 12], Spain [16], the United States
[18, 22], Japan [15, 23], Singapore [14], and China
[13, 17, 19–21], respectively. All of the studies were retro-
spective cohort studies and included patients with advanced
NSCLC treated with TKIs. .e mean ages of the patients
varied between 61 and 76 years, and the proportions of males
varied between 28 and 65%. In most of the included studies,
the first-generation EGFR-TKIs such as erlotinib and gefi-
tinib were used except for two studies, in which some of the
patients also used the second-generation EGFR-TKIs such as
afatinib and dacomitinib [21, 22]. Concomitant use of AS
was validated by medical or prescription records in most of
the studies except for one study, which was self-reported
[11]. Concomitant use of PPIs or H2RAs was defined as
exposure in most of the included studies except for four

studies, which observed the concomitant use of PPIs
[17, 18, 22] or H2RAs [23] only. Variables including age, sex,
performance status, clinical stage, smoking history,
comorbidities, and metastatic status were adjusted to a
varying degree among the included studies. .e NOS of the
included studies was 7 to 9 stars, suggesting the generally
good quality of the included studies (Table 2).

3.3. Association between Concomitant AS and PFS in NSCLC
Patients Taking TKIs. Ten studies reported the association
between concomitant AS and PFS in NSCLC patients taking
TKIs [11–16, 19, 20, 22, 23]. Pooled results with a random-
effect model showed that concomitant AS was indepen-
dently associated with a worse PFS in NSCLC patients taking
TKIs (adjusted HR: 1.57, 95% CI: 1.31 to 1.89, P< 0.001;
I2 � 65%; Figure 2(a)). Sensitivity analyses by excluding one
study at a time showed consistent results (HR: 1.49 to 1.64, P
all <0.05). Further sensitivity analyses limited to studies
including patients with EGFR mutation also showed similar
results (HR: 1.53, 95% CI: 1.15 to 2.04, P � 0.003; I2 � 69%;
Figure 2(b)). Subgroup analyses indicated that the
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Figure 1: Flowchart of the database search and study identification.
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association between concomitant use of AS and worse PFS
was not significantly affected by category of AS used, country
of the study, or category of TKIs (Figures 2(c), 3(a), and 3(b),
P for subgroup difference all >0.05).

3.4. Association between Concomitant AS and OS in NSCLC
Patients Taking TKIs. Eleven studies reported the associa-
tion between concomitant AS and OS in NSCLC patients
taking TKIs [11–15, 17, 18, 20–23]. Results of meta-analysis
showed that concomitant AS was independently associated
with a worse OS (adjusted HR: 1.38, 95% CI: 1.19 to 1.61,
P< 0.001; I2 � 70%; Figure 4(a)), which were consistent in
sensitivity analyses by omitting one study at a time (HR: 1.33
to 1.43, P all <0.05) and limiting to studies including patients
with EGFR mutation (HR: 1.43, 95% CI: 1.15 to 1.78,
P � 0.001; I2 � 54%; Figure 4(b)). Subgroup analyses also did
not show a significant difference regarding the association
between concomitant use of AS and OS according to the
category of AS used, country of the study, or category of
TKIs (Figures 4(c), 5(a), and 5(b), P for subgroup difference
all >0.05).

3.5. Publication Bias. Figures 6(a) and 6(b) show the funnel
plots regarding the meta-analyses of the associations be-
tween concomitant AS with PFS and OS in NSCLC patients
taking TKIs. .e visual inspection found symmetry of the
plots, which suggested a low risk of publication bias. Results
of Begg’s tests (P � 0.34 and 0.77, respectively) and Egger’s
regression tests (P � 0.29 and 0.47, respectively) also sug-
gested the low risk of publication bias.

4. Discussion

In this meta-analysis, by pooling the results of available
studies, we found that concomitant use of AS in NSCLC
patients taking EGFR-TKIs was associated with worse PFS
and OS as compared to those without AS. Further sensitivity
analysis by excluding one dataset at a time and limiting to
studies including patients with EGFR mutation only showed
consistent results. Moreover, subgroup analysis did not
show a significant different association in studies with PPIs
or H2RAs, in Asian or non-Asian studies, or in studies with
different TKIs. Taken together, these results suggested that
concomitant use of AS may be independently associated
with poor survival in NSCLC patients taking EGFR-TKIs.
.e combined use of AS and TKIs in patients with NSCLC
should be cautious.

Several methodologic strengths of the meta-analysis
should be noticed before the interpretation of the results.
Firstly, an extensive search strategy was used to identify up-
to-date studies relevant to the aim of the meta-analysis. .is
expanded search strategy was applied to avoid the missing of
potentially relevant studies. In addition, only studies with
multivariate analyses were included, aiming to provide an
independent relationship between concomitant use of AS
and poor survival of NSCLC patients taking TKIs. Finally,
multiple predefined sensitivity and subgroup analyses were
performed to evaluate the stability of the findings. Results of

sensitivity analyses indicated that the possible independent
relationship between concomitant use of AS and poor
survival of NSCLC patients taking TKIs was not primarily
driven by either of the included studies and remained sig-
nificant in patients with EGFR mutations. Results of sub-
group analysis showed that the above association was not
significantly affected by categories of AS, location of the
study, or TKIs used. As mentioned previously, the phar-
macological basis for the finding is the potential drug in-
teraction between AS and TKIs, which causes the reduced
absorptions and plasma concentrations of TKIs in patients
with NSCLC and compromised anticancer efficacies [34].
Considering the solid efficacy of EGFR-TKIs in NSCLC
patients with EGFRmutations and the high prevalence of AS
prescription in these patients, indications of AS should be
strictly followed to reduce the unnecessary combined use of
TKIs and AS in these patients.

We performed multiple subgroup analyses to influence
whether the difference in categorizes of AS (PPIs or H2RAs),
country of the study (Asian or non-Asian), and TKIs used
may affect the influence of AS on survival in NSCLC patients
treated with TKIs. Although subgroup analysis was usually
used to analyze the source of heterogeneity, subgroup an-
alyses could also be performed to investigate whether the
outcomes are different according to the predefined subgroup
variables (test for subgroup difference). Accordingly, for
subgroups with I2 remains significant (>50%), it may in-
dicate that differences in predefined subgroup analyses, such
as the category of AS used, country of the study, or category
of TKIs, were not the major source of heterogeneity. Al-
though our subgroup analysis did not show that category of
AS had significant influences on the association between AS
and poor survival in NSCLC patients taking TKIs, the as-
sociations with poor PFS and OS were significant in the
subgroup of studies with PPIs but nonsignificant in the
subgroup of studies with H2RAs. Although validation in
large-scale prospective cohort studies is needed, these
findings might suggest a less influence of H2RAs than that of
PPIs on the anticancer efficacy of TKIs. .is may be
explained by the fact that, compared to PPIs, H2RAs gen-
erally have a shorter duration of acid-suppressive effects and
achieve a lower intragastric PH [35], which may influence
less on the absorption of TKIs. .erefore, the use of HR2As
may be considered over PPIs in NSCLC patients who need a
combined treatment. Besides, results of subgroup analysis
according to the type of TKIs showed that the association
between concomitant AS and poor survival of NSCLC pa-
tients was significant in patients taking the first-generation
TKIs including gefitinib and erlotinib but not significant in
patients taking dacomitinib, the second-generation TKIs.
.ese results should be interpreted with caution since only
one dataset is available for dacomitinib, and the between-
subgroup difference was not significant (P � 0.21 for PFS
and 0.38 for OS). However, the use of alternative TKIs that
may be affected less by AS could be a resolution for NSCLC
patients who have to use a combined treatment of AS and
TKIs. For example, it has been shown that afatinib is highly
soluble throughout the physiologic pH range of 1–7 andmay
therefore have fewer interactions with AS [36]. In addition,
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Figure 2: Forest plots for the meta-analysis of the association between concomitant AS use and PFS in NSCLC patients taking TKIs. (a)
Forest plots for the overall meta-analysis, (b) forest plots for the sensitivity analysis in patients with EGFR mutation, and (c) forest plots for
the subgroup analysis according to AS used.
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Figure 3: Forest plots for the subgroup analyses of the association between concomitant AS use and PFS in NSCLC patients taking TKIs. (a)
Subgroup analysis according to the country of the study and (b) subgroup analysis according to TKIs used.
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Figure 4: Forest plots for the meta-analysis of the association between concomitant AS use and OS in NSCLC patients taking TKIs. (a)
Forest plots for the overall meta-analysis, (b) forest plots for the sensitivity analysis in patients with EGFR mutation, and (c) forest plots for
the subgroup analysis according to AS used.
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Figure 5: Forest plots for the subgroup analyses of the association between concomitant AS use and OS in NSCLC patients taking TKIs. (a)
Subgroup analysis according to the country of the study and (b) subgroup analysis according to TKIs used.
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the plasma level of osimertinib, a third-generation TKIs, was
not determined by coadministration with food or PPIs [37].
Future studies are warranted to determine the influence of
concomitant AS use on the survival of NSCLC patients
receiving these TKIs [38].

Our study has limitations, too. Firstly, all of the included
studies were retrospective, which may expose the meta-
analysis to a higher risk of recall and selection biases. Large-
scale prospective cohort studies are needed to validate the
findings. Besides, as previously mentioned, the results of the
meta-analysis were primarily derived from studies with
gefitinib and erlotinib. Future studies are needed to deter-
mine the influence of concomitant AS use on the survival of
NSCLC patients receiving other EGFR-TKIs, such as afa-
tinib, dacomitinib, and osimertinib. In addition, subgroup
analyses should be interpreted with caution because of the
limited datasets available for each subgroup. Moreover,
influences of patient characteristics on the association be-
tween concomitant AS use and poor survival could not be
fully analyzed in this study since it is a meta-analysis based
on data from the study level. A meta-analysis based on
individual patient data may be considered. In addition, for
studies that were included in sensitivity analyses limited to
patients with EGFR mutation [13–15, 19, 21, 22], only pa-
tients with EGFR mutations were included but not for
patients without EGFR mutation. For other studies that did
not specify the EGFR mutational status of the patients
[11, 12, 16–19, 23], both patients with and without EGFR
mutation were included. However, no subgroup data
according to EGFR mutational status were provided in these
studies. Accordingly, we could not perform subgroup an-
alyses to compare the associations between patients with and
without EGFR mutation. Future studies are warranted to
determine whether the EGFR mutational status could affect
the association between AS use and survival in NSCLC
patients taking EGFR-TKIs. Finally, although we included
only studies with multivariate analyses, there might be re-
sidual uncontrolled factors that may also confound the

association, such as the dietary factors, other concurrent
medications, and the time gap between administration of AS
and TKIs.

5. Conclusions

In conclusion, results of this meta-analysis showed that
current evidence based on retrospective studies suggested
that concomitant use of AS may be independently associated
with poor survival in NSCLC patients taking EGFR-TKIs
such as gefitinib and erlotinib. .e combined use of AS and
TKIs in patients with NSCLC should be done with caution.
Large-scale prospective cohort studies are needed to validate
these findings and to clarify whether the type of AS and TKIs
may affect the association.
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.e data used to support the findings of this study are
available from the corresponding author upon request.

Additional Points

Review Criteria. (i) A comprehensive search strategy using
combined keywords was designed. (ii) Medline, Embase, and
Web of Science were searched up to June 10, 2021. (iii)
Studies evaluating the association between concomitant AS
use and survival outcomes in NSCLC patients taking TKIs
were included.Message for the Clinic. (i) Concomitant use of
AS may be independently associated with poor survival in
NSCLC patients taking EGFR-TKIs. (ii) Combined use of AS
and TKIs in patients with NSCLC should be cautious.
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Figure 6: Funnel plots for the publication bias underlying the meta-analyses. (a) funnel plots for the meta-analysis of the association
between concomitant AS use and PFS in NSCLC patients taking TKIs and (b) funnel plots for the meta-analysis of the association between
concomitant AS use and OS in NSCLC patients taking TKIs.
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