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Abstract

Purpose

This study aimed to examine the prognostic impact of concomitant pH-regulating drug

use in patients with epidermal growth factor receptor (EGFR)-mutation-positive non-

small-cell lung cancer (NSCLC) receiving EGFR- tyrosine kinase inhibitors (TKIs).

Methods

We conducted a nationwide retrospective cohort study and reviewed clinical data of

consecutive patients with NSCLC treated with first-line EGFR-TKIs in 46 hospitals

between April 2010 and March 2020. Cox regression analyses were conducted to examine

the differences in overall survival (OS) between patients treated with and without

concomitant pH-regulating drugs, including potassium-competitive acid blockers (P-

CABs), proton pump inhibitors (PPIs), and Ho-receptor antagonists (HoRAs).

Results

A total of 758 patients were included in the final dataset, of which 307 (40%) were

administered concomitant pH-regulating drugs while receiving frontline EGFR-TKIs.

After adjusting for basic patient characteristics, patients administered gefitinib, erlotinib,

afatinib, and osimertinib with concomitant pH-regulating drugs had lower OS values than

those without concomitant pH-regulating drugs, with hazard ratios of 1.74 (with a 95%
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confidence interval of 1.34-2.27), 1.33 (0.80-2.22), 1.73 (0.89-3.36), and 5.04 (1.38—

18.44), respectively. The 2-year OS rates of patients receiving gefitinib with or without

concomitant pH-regulating drugs were 65.4 and 77.5%, those for erlotinib were 55.8 and

66.6%, and those for afatinib were 63.2 and 76.9%, respectively. The 1-year OS rates of

patients receiving osimertinib with or without concomitant pH-regulating drugs were

88.1% and 96.9%, respectively.

Conclusion

In addition to first-generation EGFR-TKIs, second and third-generation EGFR-TKIs can

also result in OS deterioration in patients with EGFR mutation-positive NSCLC when

used concurrently with pH-regulating drugs.

Keywords: non-small cell lung cancer; epidermal growth factor receptor tyrosine kinase

inhibitor; osimertinib; pH-regulating drugs; proton pump inhibitors; drug interaction
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1. Introduction

Epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) are used as

the standard treatment for EGFR-mutation-positive non-small cell lung cancer (NSCLC)

[1], and can prolong both progression-free survival (PFS) and overall survival (OS)

compared to those by conventional chemotherapies. Afatinib, a second-generation EGFR-

TKI, has been shown to prolong PFS more than chemotherapy in several randomized

phase III trials [2-4]. It has also been shown to improve PFS, time to treatment failure

(TTF), and overall response rates more than that of gefitinib in a randomized phase IIb

trial [5, 6]. Osimertinib, a third-generation EGFR-TKI, reported better survival outcomes

compared to that of gefitinib and erlotinib in the FLAURA trial and is now considered

the first-line treatment for patients with lung cancer with EGFR mutations [7, 8].

The pharmacokinetic variability of EGFR-TKIs differs from that of parenteral

anticancer agents. Most orally administered drugs are soluble in the stomach to ensure

adequate absorption, and the solubility is pH-dependent for some drugs. PH-regulating

drugs, however, increase gastric pH levels and impair the abilities of some oral drugs to

reach sufficient therapeutic concentrations systemically. The absorption of gefitinib and

erlotinib decreases with increasing gastric pH. Thus, concomitant pH-regulating drugs

use, proton pump inhibitors (PPIs), and histamine H> receptor antagonists (HoRAs) have
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been associated with poor prognoses [9-13]. Gastric pH changes due to concomitant pH-

regulating drug use do not interfere with afatinib and osimertinib absorption [14-16];

however, a decrease in OS was nevertheless reported in one study evaluating the

combination of afatinib and PPIs [17]. Additionally, whether the combination of

osimertinib and pH-regulating drugs actually contributes to OS variability remains to be

fully elucidated. Therefore, as part of the Tokushukai REAl-world Data (TREAD) project

01, we aimed to investigate the prognostic impacts of concomitant pH-regulating drug

use in patients with EGFR mutation-positive NSCLC, who received first-line EGFR-TKI

therapy [18].

2. Materials and Methods

2.1.8tudy populations

This nationwide retrospective cohort study was conducted as part of the TREAD

project, described separately elsewhere [19]. This study was approved by the Institutional

Review Board of Tokushukai Medical Group (TGE01427-024), and the requirement for

informed consent was waived owing to the retrospective nature of the study.

We evaluated patients with advanced/recurrent NSCLC who received EGFR-TKIs as

a first-line palliative therapy at the Tokushukai Medical Group hospitals. These included
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46 hospitals with 14,829 beds, using a shared medical record system (e-Karte and

Newtons2; Software Service Inc., Osaka, Japan) and a common chemotherapy protocol

system (srvApmDrop; Software Service Inc., Osaka, Japan) between 1 April 2010 and 31

March 2020. Patients with active double-cancers, without complete treatment histories,

or with unknown or wild-type EGFR mutations were excluded (Figure 1).

2.2.Data collection

Explanatory variables at the time of first-line EGFR-TKI initiation (sex, age, Eastern

Cooperative Oncology Group performance status [ECOG-PS], body mass index [BMI],

smoking status, disease status, histology, and EGFR mutation status), details of NSCLC

treatments (EGFR-TKIs, other systemic agents, surgery, and radiotherapy), and

prognoses (final date of survival confirmation, date of death, and cause of death) were

extracted from the medical record system, chemotherapy protocol system, and National

Cancer Registry Data in Japan [20]. Data on concomitant medications during EGFR-TKI

administration was collected from the medical record. This information included details

about the timing of pH-regulating drugs administration, such as potassium-competitive

acid blockers (P-CABs), PPIs, and H>RAs, to ascertain whether they were initiated before

or after the first-line TKI treatment initiation. Treatment patterns were defined based on
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claimed prescriptions after sequential systemic therapy with first-line EGFR-TKIs.

2.3.8tatistical analysis

Basic statistics analysis was conducted to summarize the distributions of variables

associated with patient-/tumour-related factors, other prognostic factors, and the primary

and secondary endpoints. Survival analysis of OS was performed using Cox regression.

The start and end dates of this study were 1 April 2010 and 31 March 2020, respectively,

and the time variable was the duration from EGFR-TKI therapy initiation to death from

any cause. Finally, the censored cases included patients who were alive at the study end

date or who dropped out of the study for any reason. A stratified Cox proportional model

was used to construct Kaplan—Meier survival curves adjusted by various prognostic

factors of interest, and its significance was obtained using a likelihood ratio test. Cox

regression analysis was first performed using all the prognostic factors (sex, age, BMI,

smoking status, histology, disease status, EGFR mutation status, first-line EGFR-TKI,

and study period, with or without concomitant pH-regulating drug usage). Subsequently,

a model selection was performed using backward elimination based on the Akaike

information criterion (AIC) to obtain an optimal model consisting of useful prognostic

factors [21]. In this study, when none of the P-CABs, PPIs, or H,RAs were administrated,
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it was defined as “without concomitant pH-regulating drugs,” and when any one of the

three was administrated as “with concomitant pH-regulating drugs.” All analyses were

performed using R software, version 4.0.5. All statistical analyses were two-sided, and

probability values of < 0.05 were considered statistically significant.

3. Results

3.1.Patient characteristics

A total of 1,117 patients with EGFR mutation-positive advanced NSCLC were

included in our study. Figure 1 shows that after excluding 359 ineligible patients, 758

were included in the final analysis, of which 307 (40%) had EGFR TKIs and pH-

regulating drugs (P-CABs, 14 patients; PPI, 226 patients; and HoRA, 107 patients)

combination. At the end of the study period, 375 patients had died, and 496 patients had

discontinued the first-line EGFR-TKIs. Table 1 summarises the baseline demographic

and clinical characteristics of the first-line EGFR-TKIs. Table 2 shows the administration

timing of each pH-regulating drug, which means whether the pH-regulating drug was

administrated before or after the first-line TKI treatment. Most of the patients were

receiving pH-regulating drugs before TKI administration.

3.2. Cox regression analysis

11



184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

Cox regression analyses evaluating prognostic factors for OS showed that sex, age,

BMI, disease status, EGRF mutation status, first-line EGFR-TKI, and administration

with/without concomitant pH-regulating drugs significantly affected OS. After adjusting

age, sex, BMI, disease status, and EGFR mutation status, the hazard ratios for patients

receiving concomitant pH-regulating drugs while taking gefitinib, erlotinib, afatinib, and

osimertinib, compared to those not taking pH-regulating drugs were 1.74 (with a 95%

confidence interval of 1.34-2.27), 1.33 (0.80-2.22), 1.73 (0.89-3.36), and 5.04 (1.38—

18.44), respectively (Table 3). The 2-year OS rates of patients receiving gefitinib with or

without concomitant pH-regulating drugs were 65.4% and 77.5%, those for erlotinib were

55.8 and 66.6%, and those for afatinib were 63.2% and 76.9%, respectively. The 1-year

OS rates of patients receiving osimertinib with or without concomitant pH-regulating

drugs were 88.1% and 96.9%, respectively.

3.3. Kaplan—Meier survival curves

The Kaplan—Meier survival curves for gefitinib, erlotinib, afatinib, and osimertinib

“without concomitant pH-regulating drugs” and “with concomitant pH-regulating drugs”

are shown in Figure 2. Figure 2 (a) and (b) show crude Kaplan—Meier survival curves and

those adjusted for age, sex, BMI, disease status, and EGFR mutation status, respectively.

In all four EGFR-TKIs, patients who received concurrent pH-regulating drugs had a

12
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poorer OS compared to those who did not.

The Kaplan—Meier survival curves of the groups taking pH-regulating drugs prior to or

after EGFR-TKI treatment are shown in Figure 3. Although differences were not

statistically significant (p=0.35), there was a trend towards a reduced OS in patients

receiving pH-regulating drugs prior to EGFR-TKI treatment. The crude Kaplan-Meier

survival curves for each pH-regulating drug “without pH-regulating drug concomitant

use” and “with pH-regulating drug concomitant use” are shown in Figure S1.

4. Discussion

The results of the current TREAD study showed patients on concomitant pH-regulating

drugs use with EGFR-TKIs had lower OS, and the effect was statistically significant for

gefitinib and osimertinib. Previous retrospective and cohort studies have reported the

impact of pH-regulating drugs on cancer therapies treated with first-generation EGFR-

TKIs. Although a few studies failed to elucidate the effect of pH-regulating drugs on the

efficacy of TKIs [22, 23], many studies showed shorter PFS and/or OS by concomitant

use of pH-regulating drugs [9-13, 24, 25] and the effect was statistically significant in

some studies similar to our study [9-13]. Despite repeated warnings from pharmaceutical

companies and regulatory authorities regarding the concurrent administration of first-

generation EGFR TKIs and pH-regulating medications, our real-world study revealed a

13
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prevalence of simultaneous usage of EGFR TKIs and pH-regulating medications as high

as 40%. Although the absorption of first-generation EGFR TKIs decreases with the

concomitant use of pH-regulating drugs, second-generation afatinib shows relatively high

dissolution rates in the physiological pH range (1-7.5) [15]. Absorption of afatinib is

unlikely to decrease by pH changes caused by concomitant pH-regulating drug use. Ho

et al. demonstrated that in patients with EGFR-mutant NSCLC treated with afatinib in the

first-line therapy, the concomitant administration of PPIs increased patient mortality.

They speculated that the accelerated metabolism of afatinib and changes in the gut

microbiota were responsible for the shortened OS [17]. Likewise, the current study

confirmed a shorter OS in afatinib-treated patients with EGFR-mutant NSCLC, who also

received concomitant PPIs. Although several systematic reviews and meta-analyses have

shown that concomitant pH-regulating drug use during EGFR-TKI administration is

associated with an increased risk of death in patients with NSCLC, this has not been

reported for osimertinib [13, 14, 17]. To the best of our knowledge, this is the first study

showing that concomitant administration of pH-regulating drugs shortened the survival

of patients with EGFR-mutation-positive NSCLC treated with osimertinib. Moreover,

this scenario was consistent for P-CAB, PPI, and HoRA, regardless of pH-regulating drug

agents (Figure S1).
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In a clinical pharmacological study involving healthy volunteers, the combination of
osimertinib with omeprazole did not show any clinically relevant effects on the area under
the blood concentration-time curve or maximum plasma concentration of osimertinib,
suggesting that an increase in gastric pH does not affect osimertinib absorption [16].
Several other factors may explain the decreased OS rates in patients using afatinib or
osimertinib alongside pH-regulating drugs. First, interactions between metabolites of pH-
regulating drugs and cysteine (CYS) of EGFR-TKs may lead to decreased activity of
afatinib and osimertinib. The H"/K* ATPase proton pump is composed of two subunits (a
and B), with the a subunit containing a total of 28 cysteine residues. Disulfide covalent
bonds with the CYS 813 residues of the ATPase enzymes of the H /K" ATPase proton
pump cause irreversible inhibition of the pump [26, 27]. The PPIs pharmacophore is 2-
pyridylmethylsulfinylbenzimidazole. The five PPI products currently on the market in
Japan (omeprazole, esomeprazole, lansoprazole, pantoprazole, and rabeprazole) all
contain this basic structural backbone. The sulfinyl moiety and its metabolites,
sulfenamide and sulfenic acid, irreversibly inhibit the H'/K"™ ATPase proton pump by
forming disulfide bonds with the cysteine residue [28]. Gefitinib, a 4-anilinoquinazoline
inhibitor, is structurally similar to erlotinib. It exerts its inhibitory effects by forming
hydrogen bonds between the nitrogen atom at the first position of the quinazoline ring

15
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and the amide group of methionine (MET) 793 in the ATP binding pocket [29, 30]. On

the other hand, both afatinib and osimertinib exert their inhibitory effects by binding to

the CYS 797 residue of the ATP-binding site of mutant EGFR-TK via covalent bond

formation [31-33]. It is possible that sulfenamide/sulfenic acid, a metabolite of PPI, forms

disulfide binds to CYS 797 at the ATP binding site of EGFR-TK, thus inhibiting the

binding of afatinib and osimertinib, thereby reducing their tumor-suppressive effects.

H>RA is a histamine receptor ligand containing thiourea. Sulfenic acid, the first oxidation

product of thiourea, inhibits protein function by forming disulfide complexes with

cysteine [34, 35]. Therefore, HoRA and P-CAB, like PPI, may also bind to cysteine by

producing the metabolite sulfenic acid (Figure S2, S3).

Second, drug-drug interactions between osimertinib and the final metabolites of pH-

regulating drugs might lead to a reduction in the activity of osimertinib. PPIs are absorbed

from the small intestine, reach gastric wall cells from the blood, accumulate in their

secretory glands, become activated by acids, and exert their effects by forming disulfide

bonds with the thiol group of the cysteine residue of the H/K" ATPase. Additionally, the

final metabolites of omeprazole contain thiyl radicals [36, 37]. These compounds react

with the a,B-carbonyl group of osimertinib during the metabolic process [38], which may

reduce its activity. In other words, drug interactions between the metabolites of

16
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osimertinib and omeprazole may exist, and the pharmacokinetics of their metabolism may

be a factor behind the decrease in OS rates observed under this treatment combination.

Since both H,RA and P-CAB have sulfonyl groups, their metabolites or reduced thiol

groups may react with osimertinib (Figure S2, S4).

Finally, infection-related complications arising from the long-term oral administration

of pH-regulating drugs may have a negative impact on OS, regardless of pharmacokinetic

factors. There is a concern that prolonged administration of pH-regulating drugs may lead

to infectious complications. The results of a prospective, randomized, double-blind study

of adverse events associated with 3 years of PPIs vs. placebo treatment reported

significant differences in terms of intestinal infections (as adverse events) [39, 40]. The

risks of developing recurrent Clostridioides difficile infections and increases in

Enterococcaceae and Streptococcaceae gut bacteria have been reported to be associated

with the administration of PPIs and P-CABs [41, 42]. Recent meta-analyses have shown

that intestinal infections caused by Salmonella and Campylobacter, which cannot survive

in strongly acidic conditions, increase with PPI administration [43, 44]. Some physicians

have expressed concerns that the prolonged administration of pH-regulating drugs may

lead to intestinal infections, which can decrease the ability of the stomach and the lower

esophagus to kill bacteria, in turn increasing the risk of aspiration pneumonia [45]. In this
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study, there was a trend for shortened OS of patients taking pH-regulating drugs prior to

EGFR-TKI treatment (Figure 3). It is assumed that the longer the period of administration

of pH-regulating drugs, the greater the negative effects on EGFR-TKI treatment.

The present study has some limitations. Because this was a retrospective study, first, it

did not assess actual medication adherence; thus, biases may have been introduced.

Second, information on performance status was missing in many patients, and PFS could

not evaluated. Third, it did not consider patients who received over-the-counter

medications or who had them prescribed in other hospitals or pharmacies, supporting the

likelihood of underestimating the proportion of patients using pH-regulating drugs.

Fourth, although we have confirmed whether pH-regulating drugs were prescribed prior

to EGFR-TKIs, we have not investigated the duration of this treatment, which raises

concerns about the possibility of immortal time bias. Finally, the number of events was

insufficient to assess the OS rates of patients treated with afatinib and osimertinib between

2014 and 2020. Therefore, further long-term follow-up studies are needed to assess the

OS with osimertinib treatment more accurately. Despite these limitations, the strength of

this study lies in its inclusion of a large population, clearly demonstrating that the

concurrent use of pH-regulating drugs negatively impacts OS in patients with EGFR-

mutation-positive NSCLC. The impacts were observed not only with gefitinib and

18
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erlotinib, which are known to be affected by reduced absorption due to gastric acid

inhibition, but also with afatinib and osimertinib, for which interactions with pH-

regulating drugs are not well-established. Further investigation of the interaction

mechanisms between EGFR-TKIs and pH-regulating drugs is required.

5. Conclusion

Our real-world study demonstrated that the concurrent use of pH-regulating drugs

significantly and adversely affected OS in patients with advanced/recurrent NSCLC

receiving all-generation EGFR-TKIs as a first-line palliative therapy. Thus, physicians

should be cautious in concurrently prescribing EGFR-TKIs and pH-regulating drugs.
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552

Tables

Table 1. Patient’s characteristics according to first-line EGFR-TKIs

PH-regulating drug

PH-regulating drug

Total
Characteristics ~ Category treatment (+) treatment (-)
N=758 (%)
N=307 (40.5) N=451 (59.5)
S Women 444 (58.6) 182 (59.3) 262 (58.1)
ex
Men 314 (41.4) 125 (40.7) 189 (41.9)
<80 562 (74.1) 223 (72.6) 342 (75.8)
Age (years)
> 80 196 (25.9) 84 (27.4) 109 (24.2)
0 75 (9.9) 17 (5.5) 58 (12.9)
211 (27.8 87 (28.3 124 (27.5
ECOG-PS (27.8) (28.3) (27.5)
>2 55(7.3) 34 (11.1) 21 (4.7)
NA 417 (55.0) 169 (55.1) 248 (55.0)
<25 659 (86.9) 264 (86.0) 390 (86.5)
Body mass index > 25 73 (9.6) 29 (9.4) 41 (9.1)
NA 26 (3.4) 16 (3.9) 20 (4.4)
Current or
161 (21.2) 225 (73.3) 325 (72.1)
) former
Smoking status
Never 550 (72.6) 69 (22.5) 92 (20.4)
NA 47 (6.2) 13 (4.2) 34 (7.5)
] Adenocarcinoma 701(92.5) 278 (90.6) 423 (93.8)
Histology
Others 57(7.5) 29 (9.4) 28 (6.2)
Advanced/inoper
83 (11.9) 32 (10.4) 51(11.3)
] able
Disease status )
Metastatic 522 (68.9) 227 (73.9) 295 (65.4)
Recurrent 153 (20.2) 48 (15.6) 105 (23.3)
Del 19 314 (41.4) 133 (43.3) 181 (40.1)
L858R 315 (41.6) 115 (37.5) 200 (44.3)
T790M 42 (5.5 17 (5. .
EGFR mutational (5:5) (5-5) 25(:9)
Other uncommon
status . 59 (7.8) 35(11.4) 24 (5.3)
mutations™®
Positive (detail
28 (3.7) 7(2.3) 21 (4.7)

unknown)**
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553

554

555
556
557
558

559

560

Gefitinib 411 (54.2) 162 (52.8) 249 (55.2)

First-line EGFR- Erlotinib 107 (14.1) 54 (17.6) 53(11.8)
TKI Afatinib 104 (13.7) 40 (13.0) 64 (14.2)
Osimertinib 136 (17.9) 51 (16.6) 85 (18.8)

ECOG-PS, Eastern Cooperative Oncology Group performance status Scale; EGFR,

epidermal growth factor receptor; NA, not available; TKI, tyrosine kinase inhibitor

*Exon 18 G719X (n=33), exon 19 K739-1744 duplication (n=1), exon 20 insertion (n=4),
exon 20 S768I (n=4), exon 21 L861Q (n=17)
**During the early 2010s, information was only available indicating the presence or

absence of mutations.
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561  Table 2. Administration timing for each pH-regulating drug

Timing of taking pH-

H>RAs (n=107) PPIs (n=226) P-CABs (n=14)
regulating drugs*
Prior to the start of

82 (76.6) 153 (67.7) 13 (92.9)
TKI treatment
After the start of TKI

25(23.4) 73 (32.3) 1(7.1)
treatment

562  *There were 40 cases in which pH-regulating drugs were changed during the study period.

563  HoRAs, Ha-receptor antagonists; PPIs, proton pump inhibitors; P-CABs, potassium-

564 competitive acid blockers; TKI, tyrosine kinase inhibitor
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565  Table 3. Hazard ratios of the pH-regulating drug administration vs. non-pH-regulating drug groups for each EGFR-TKI

PH-regulating drug Univariate analysis Multivariate analysis (adjusted for background factors)
EGFR-TKI reat .
reatmen HR (95% CI) p-value HR (95% CI) p-value
- 1.000 - 1.000 -
Gefitinib
+ 1.885 (1.462-2.429) 0.000 1.742 (1.338-2.268) 0.000
- 1.000 - 1.000 -
Erlotinib
+ 1.328 (0.833-2.116) 0.233 1.329 (0.797-2.216) 0.275
o - 1.000 - 1.000 -
Afatinib
+ 1.952 (1.021-3.733) 0.043 1.729 (0.891-3.356) 0.101
- 1.000 - 1.000 -
Osimertinib
+ 4.569 (1.404-14.870) 0.012 5.040 (1.378-18.436) 0.015

566  CI, confidence interval; HR, hazard ratio; EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitor
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Figure captions

Figure 1 Consort diagram

EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitor

Figure 2 Kaplan—Meier survival curves for “without concomitant pH-regulating drugs”

and “with concomitant pH-regulating drugs” by (A) Gefitinib, (B) Erlotinib, (C) Afatinib,

and (D) Osimertinib. Crude Kaplan—Meier survival curves are shown in (a), and adjusted

Kaplan—Meier survival curves for sex, age, body mass index, disease status, and EGFR

mutation status are shown in (b)

BMI, body mass index; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase

inhibitor

Figure 3 Kaplan—Meier survival curves according to the time of pH-regulating drug

administration. Red curves indicate patients who were taking pH-regulating drugs before

receiving EGFR TKIs, and blue curves indicate patients who were taking pH-regulating

drugs after receiving EGFR TKIs. Crude Kaplan—Meier survival curves are shown in (a),

and adjusted Kaplan—Meier survival curves for sex, age, BMI, disease status, and EGFR

mutation status are shown in (b)
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Patients with advanced/recurrent
non-small cell lung cancer treated
with EGFR-TKI
(n=1,117)

Excluded patients (n=359)
Active double cancer (n=73)
Inadequate treatment history (n=7)
Unknown EGFR mutation status (n=200)
EGFR wild type (n=79)

Eligible patients

(n=758)
pH-regulating drugs treatment (+) pH-regulating drugs treatment (-)
(n=307) (n=451)
Gefitinib (n=162) Gefitinib (n=259)
Erlotinib (n=54) Erlotinib (n=53)
Afatinib (n=40) Afatinib (n=64)
Osimertinib (n=51) Osimertinib (n=85)

Figure 1. Consort diagram
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Figure 2. Kaplan—Meier survival curves for “without concomitant pH-regulating drugs” and “with concomitant pH-regulating
drugs” by (A) Gefitinib, (B) Erlotinib, (C) Afatinib, and (D) Osimertinib. Crude Kaplan—Meier survival curves are shown in (a)

and adjusted Kaplan—Meier survival curves for sex, age, body mass index, disease status, and EGFR mutation status are
shown in (b).
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Figure 3. Kaplan—Meier survival curves according to the time of pH-regulating drug administration. Red curves indicate
patients who were taking pH-regulating drugs before receiving EGFR TKils, and blue curves indicate patients who were taking
pH-regulating drugs after receiving EGFR TKIs. Crude Kaplan—Meier survival curves are shown in (a), and adjusted Kaplan—
Meier survival curves for sex, age, body mass index, disease status, and EGFR mutation status are shown in (b).
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