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Proton pump inhibitors (PPIs), a potent gastric acid inhibitor, are widely used in gastric acid-
related diseases such as gastroesophageal reflux disease and peptic ulcer, and are known as the
most frequently used drugs worldwide. However, as the frequency of use increases, the number
of cases of long-term PPI therapy without clear indications is increasing. Recently, there have
been concerns about the risk of gastric cancer in patients with long-term PPI users. Potential
mechanisms for the association between PPI and gastric cancer include enterochromaffin-like
cell proliferation due to hypergastrinemia caused by gastric acid suppression, progression of
atrophic gastritis, and corpus-predominant type through interaction with Helicobacter pylori
(H. pylori) infection. Several epidemiologic studies showed controversial results on the issue,
and it is difficult to prove a causal relationship between PPI and gastric cancer. Nevertheless,
long-term PPI should be administered cautiously based on individual risk-benefit profile, spe-
cifically among those with history of H. pylori infection, in high-risk region of gastric cancer.
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INTRODUCTION

FAAE ZAA A (proton pump inhibitor, PPI)= o
HAQ AR AAAZ 9 W] HAE(parietal cell)
oA FPAF IO 7t H o2 RFsto] Q4 HH|E
AAAZ]= eFAloltH1]. PPIE= YAIEHFA3Hgastro-
esophageal reflux disease, GERD), £33 #AY, &
2| Fute] mtU & 2l(Helicobacter pylori, H. pylori) *
B, 7164 A3ESST v AH RO EAGA & A
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2 7] PPI {29 $4-80] g AT wol Aol

SIH3 41, 2 TOIAE PPIS] 4] 85 FoIA =gto]

Ut gIgure] BARe] el 24 A 94 2A%
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0o R0 A NE FAd 47 2 AR 28T
o g 23 2uld-§AHenterochromaffin-like,
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[5-7]. &3 H. pylori 3937 435 &80 2 954 ¢
Ao A3P7} MFPE o] {4 WA Aol U= & U
o] 7HdE A7|= 3t 5& ATS A= BTt PPI
5.2 H, receptor antagonist (H,RA) £ & ¢ 4173

1] FFo] WS BiEo] 9 1[8,9], H. pylori
o Z+¥9¥ Mongolian gerbilolA &7]7F PPI A ¥ 9]
AQto] BHAIgHS HolE Bk QAcH10]. AAZ A
3097t PP ARG} oA A WEH| SF2 S7toke &
A& Holil glouw[11], o] AFoA Y F "W
A9 signet ring cell subtype©lA] AIFWEH] FF
I A (marken)7t @ == AS HojE A= 910
9 A9 F7F ECL AlZoA FEist9<S 7Hs/dol 9L
TH12]. 12y AR A7t A PPI9F 91 B9 FEht
Qi #AE HojE A= EES

QIZto| A PPI 7] ARg-o] @3 7FAERITL 9] 22
u| X & 3o A= 20159 LHE JAH EdvF
oA 3¢ o]49] PPI ARE, &4} 427} 257 o4’ F 16
N9l AFEE v E BEAE vt loH131. o] FollA
o7fe] AtollA H. pylori Zgel thiste] 45t PPI
9} H. pylori®te] /22§ tisto] £Ast3ATH13]. 1
A3 @F 7IAE” $£AE 243 11719 AHo4 PPI
Fo] 3 7MAER A& Utk A4S EIAR S
7} BeE 714 A diy] 1381004 298] A== A
vtk 2A Uehgom B4 7AE- 2= F44 9
(~100 pg/mL)9] A2tAe] 1-38] H=2 YebTi13].
E3H A7 580 B2 HIE 2 4709 A+ F 270
9] AtollA= 59 #F 7|7 F 1-297HA] S7skat
7} o]% QHgEE FAS EHTHI3] ECL AIX 734
of tsf H3k 1079] Aol A 25 PPI £of & ECL
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= BAR 4709 AGE e B4 248 JEE H
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Ato] AtEA] Estal AAsHA E|o] 74 nlo]a &
H}o] &(microbiome)°] FF= & 5 I=°] & LA
UtH14-16]. Sanduleanu 5[1719 A+l 954 PPI
Fo] & N3} 9 HIo|A non-H. pylori M9 £
&0] Z7HEE o1 2 4 U v|AgEo] A
St ®3 H. pylori 8 SAFolA= w|7HEA] 1]
5 PPI o= Q1% pH W37} o @A SHA Vet A+t
g7l FHeFad 4= g0l Barg Hf IoH18]. o]
3t H. pylori®} non-H. pylori M9 A 482 9=
d 189 A ARFE} A FolA o 2009 A ¢
dx= 2 A3 F7HA171Y interleukin (IL)-1p2} IL-83}
e F34 APRIEFRIS S7H7]= AoRE Yyt
[19]. ©W&tA H. pylori AldtX]|& ©]¥- PP A|&4Q1
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Azt WEeEREA 0 95t 67]€¥ o4 PPI B8 &2 4t
o= 7719 A+ F 1,789 9 $AE EASHA A
A=A YJEL 2 ZH|(odds ratio, OR) 1.5, 95% confi-
dence interval (95% CD< 0.59-3.80% A& 794
o] I A F FF Y Y BolA = ORZ 1.46 95%
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o] 33| =4 vehdE st tHOR: 1.94, 95% CI:
1.44-2.56, I*= 82%).

Aol AtolA 20069 =9 FZE Y AR
+ AFoA = BlEEF(non-cardia) #1¥°l4 OR 1.75
(95% CI: 1.10-2.79)2 PPI9} ¢tate] A& HolF
93, 20089 ZHrte] AtofA= adjusted OR 1.46
(95% CI: 1.22-1.74)9] A5 HolFlou F A9
A H. pylori©l 4§t B*Jo] o]Fo]Z]X] Fo}%tH28,30].
200949 Poulsen 52419 dnt3 AollA H. pylori©l
gt B o] o]FojFH o A7}= incidence rate ratio
1.22 (95% CI: 0.8-2.0)2 d¥go] Y= Hlsto] 4+
vhE A3E HFou o] AFEL BF 199049 HiHE
2003497141 9] 7|1719] SAE2 HA LR kAl Q. o]
3 20179 Brusselaer 512019 29l Q7|4 IS E
Ao A= 20059FE 201297HA] = tiAF o2 PPI
6714 o) B8 22 7% U AdEa Aol dA|s)
= 233 v|wsto] Y £} T (standardized
incidence ratio, SIR)S #1591 SIRS 3.38 (95%
CL: 3.23-3.53)2. 2 Uyt on gido] H,RA AHEA
A= SIRZ 0.572 A S S7HI7IA = AR
UERg T ¥ 20209 EHE v]=9 IS E Y] 83 4
27 AFolME 1996978 2016974 & 218,196
Ho| tiqtE A} 7|Hto 2 PP ARSI} 99, tiRe, A
e, e Y= Brbslled 1 Ad 249 o]t
PPI AMg-oll A 91949] OR 1.07 (95% CI: 0.81-1.42)
2 A#do] gla= BEAsinH29]. 78 F2oll= 2021
A Abrahami 512719 AtolA F=2] di+k Holg
Hlo]A 7|¥to & 1990W¥RH 2018W97HA 1,166,587
Bo $AE e s 3¢ I 7|7 59 5 PPIE
H,RA Hi®] 45% H= {19 dAgo] S7FehS Halsiqn
($1@4][hazard ratio, HR]: 1.45, 95% CI: 1.06-1.98),
o|#gr Y¥Hl= PPI9 w3 717t} &%l HlF st F
7¥st9ion PPI Fof o9 A7to] Zojd4& A=
FAS HYTh ESH number needed to harm (NNH)
2 A7 AZ & 5394 2,121%, 10994 1,191 2
2 B TH27]. o] et A9 AtolAe] AR F
ol PPI7} ¥utoloFE(over-the-counter drug)S &
Eo] 917] W&o F&3t PPI B85 &7] o3& A}
9] APET F2 AFoz gutslelr] of=: ol
olo]

ofxJol9] &L 20184W Cheung S12119] A9
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A &F A9 A9 Ho|gH|o]A 7|§tO R clarithro-
mycin 7|9 A8 AR5E 92 AAE Ao E PPI
B4+ Bl 5-&, HRA E8F00A A% TS ¥
w5kt o] AN E 7.6199 T¢ TF 7|7 St
PPI AH8-2 HR 2.44 (95% CI: 1.42-4.20)0.2 9 &
Aol F71HE Hsta H,RA B84 g &
A3t Fo] glelrH21l. o] AtolA= PPI AR 7|7kl
w2t A BP0l STtk &F 9E WS #A|(dose-
dependent relationship)E HoFAth= FHo] 9o
U, A8 8 54 A3 59 7|12 E430A PPI AN
+3} HARGSE Afolo] ZFolo] US4 Urh= TAH
= 7HA JeH21]. oA 20213 Shin 512619 A
TollA= PPI 671 ol H-&<tolA HRA B8} H|
wsto] 9 Aol o)t glg2& B sgitHadjusted
HR: 1.01, 95% CI: 0.88-1.16). ©] A7oIx& HAA
S0 bigk ®7go] o]FoiZ H3} H. pylori A =0l o
gt HAo] o] Ro|F 1 TRt FIE FAJo] o]Fojxl &
Aol ot 71A Ao tjgt B o] RZskal A9
gt B Ao] aspirin, metformin, statin®] a4 qt o]
FOlAA o] Tt W7t FolglS 7Fs Aol = oA
o] A3tH26]. o]F UHxH Seo 12519 FU A+
A oladt &5 WS U BYst: ddi JF
A WS &9l ot et Aol gt B3-S o}
o] B8 519t 1 27 PPI B-&7oA 9 & 9
o] 2.37H &2 AL YehFon(HR: 2.37, 95% CI:
1.56-3.68), H. pylori A#ARE AT IFNAE
PPIE 671 o) B8t 3¢ 2.224) A=t &2 A
©2 YePITHHR: 2.22, 95% CIL: 1.05-4.67) [25]. 34
gk o] Ao E 54 Hdolv AT 22
83 ] AAAA ] gk BAo] o]Fo|RR] 2519
= AR S 23 Qi o] 23t At AFE2 Table 1

of 8oF= o] 3t

PPI ZRXI0IA H, pylori 20| 10l D|X|= X3t

=

PPI &7] 5822 QI3 ¥2rgoA 954 489 A
gJo]l 9lo] H. pylori 0] 583 9 st= A2
& A Ut} H. pylori 74 %710 94t E6]7F ZA+
07 A EHE AHdA = H. pyloriZt 2 AAE 9
(antral predominant gastritis)& S4sHA = A|gt,
A%l H. pylori FEL2 @3o] A&=H+= 45 94

f
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Table 1. Summary of Studies on the Association between Proton Pump Inhibitors and Gastric Cancer

Author (yr) Study design Region Covariates Results
Garcia Nested case-control UK Age, sex, calendar year, smoking, alcohol consumption, Cardia: OR 1.06
Rodriguez study BMI, gastroesophageal reflux, hiatal hernia, history of (95% CI, 0.57-2.00)
et al. [28] PUD, dyspepsia, H,RAs Non-cardia: OR 1.75
(2006) (95% CI1, 1.10-2.79)
Tamim Nested case-control  Canada Number of drug prescriptions, total length of Adjusted OR 1.46
etal. [30] study hospitalizations, number of visits to GPs, specialists, and ~ (95% CI, 1.22-1.74)
(2008) emergency rooms during the year before the diagnosis
Poulsen Population-based Denmark  Age, sex, calendar period, smoking, alcohol consumption, IRR 1.2
et al. [24] cohort study gastroscopy (= 1 year before censoring events), use of (95% CI, 0.8-2.0)
(2009) NSAIDs, H. pylori eradication, H,RAs, COPD
Brusselaers Nationwide Sweden Age, sex, calendar period, H. pylori status, indication of ~ SIR 3.38
et al. [20] population-based PPI, Barrett’s esophagus, history of PUD, dyspepsia, (95% Cl, 3.23-3.53)
(2017) cohort study H,RAs, maintenance use (> 180 days) of aspirin or other
NSAIDs
Cheung Population-based Hong Kong Age of receiving H. pylori eradication therapy, sex, HR 2.44
etal. [21] cohort study smoking, alcohol use, history of PUD, DM, other (95% CI, 1.42-4.20)
(2018) comorbidities, H,RAs, concomitant medications
Lee etal. [29] Nested case-control USA Age, sex, race, H. pylori status, smoking, alcohol OR 1.07
(2020) study consumption, history of PUD, DM, vitamin B12 (95% CI, 0.81-1.42)
deficiency, gastric histology, Barrett’s esophagus
Liuetal. [22] Nested case-control UK Age, sex, smoking, alcohol consumption, BMI, history of  1-year lag: Adjusted
(2020) study PUD, DM, other comorbidities, H,RAs, use of aspirinor ~ OR 1.49
statin (95% CI, 1.24-1.80)
2-year lag: Adjusted
HR 1.28
(95% CI, 0.86-1.90)
Shin et al. [26] Population-based Korea Age, sex, income, calendar period, H. pylori treatment, Adjusted HR 1.01
(2021) cohort study smoking, alcohol consumption, BMI, history of PUD, (95% (I, 0.88-1.16)
EGD tested count, use of statins, aspirin and metformin
Seo et al. [25] Population-based Korea Age, sex, index year, H. pylori treatment, gastric ulcer, HR 2.37
(2021) cohort study H,RA, all comorbidities, all drugs, smoking, alcohol, (95% CI, 1.56-3.68)
family history, EGD, Charlson Comorbidity Index
Abrahami Population-based UK Age, sex, alcohol-related disorders, smoking status, and HR 1.45
etal. [27] cohort study body mass index, H. pylori treatment, comorbidities, (95% CI, 1.06-1.98)
(2021) drugs

BMI, body mass index; H,RA, H, receptor antagonist; PUD, peptic ulcer disease; GP, general practitioner; NSAIDs, nonsteroidal
anti-inflammatory drugs; COPD, chronic obstructive pulmonary disease; PPI, proton pump inhibitor; DM, diabetes mellitus; EGD,
esophagogastroduodenoscopy; OR, odds ratio; CI, confidence interval; IRR, incidence rate ratio; SIR, standardised incidence ratio; HR,
hazard ratio.

Bu)xo] Ha}F AAE 0] JAA SIS (hypochlorhydria) & H. pylori %4 Sl A 491 841 div] A 9
o] ¥FAY5}aL A& %Y (corpus predominant gastritis) & 11.458] JEE mean corpus atrophy score’} &
of fIEY AR AL A Eulo] FEet QLS 5t A AIE S HAFUTHI3). WA H. pylori 7 2
= HAEE EJAA 7IAEYD 5 57 S71E 9L AollA B71ZE PPL AR Al AR 19 g 9] #iskE
=o% 94t £H)9 AstE RIetH33,34]. ol Al A]7]H o] {19 TAL H1F 8Rlo] 2 7HsAdo] At
5 A9 AR Aol Hlsf oF 34uiP =R A T4

of gk 4l A= =4 vehds Boj&E A= A

AeH351. 20159 AAF £ 1% A4 = PPl £
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PPl Z28XI0IM H. pylori Mz X|=2| Hg

H. pylori ZxAA A Z|42 Q1 PPI AHE- Al A A5
o] APt AFA Aol 7 ETE AL o8 A+
2 Zvo] ¥AH36]. WA H. pylori Ald-A| &7} PPI
AGA A A EHERl TS 7HAE 4 A0 sl
A 27 A A7 949 tH37,381. 20004 Schenk 5371
< A FA9 A g2 AolA GRAFA =R
SHHE H. pylori ¥/ A4 AR ® F7of o=t
AR A Ro] 22l 34 oRE &It A
dA 5 JI3oA AR A9Y TAE Bk 20049
Kuipers 5[3819] d+oAx 23192 H. pylori ¥/3
GERD Aol A Al#A] & -7 w2t 52449 wig F 2
| 39 2Z5HFQl H3E RIS AHAE ¥ A
5 95 A= 247 9 A4 d59 24 Bl o]
23t AFEZ P2 E 9 Maastricht V AR oA &=
PPI9] 7] Ag-ol H. pylori 199] A @ (topography)
= WSHA|7]H PPI H-EAOA AlH#A 57 918 =4
Al ¢ Qo] ¥ A £33 A3 ANFTIOE AT

A 27F BALETAL AAISFHEH39].

CONCLUSION

PP19| 7] 5-80] A9 Ad/o] A=Al st
W ZAE BAE HlolHHolA 7|9 AF-S0] TR
AT F AF9] AT of27HA] W (bias)o] F
B 5 AL, AYl 9L WAE IAES o ZA3)
7] ol# & A 59 BAFLE QI #AE A=
olZ2 AHioltt. 2T n|= oA PPl A Tdd A
&7 A3lo] TR, PPIVF Z71H o2 dQa3dh 4
2l Aol PPI &5l i 32 42 F
9 daE AAA A9 H3Fol tiste] F7142
2 gristal gt 38350] Sl 3¢ PPIE At
U S Aol Aagntal AAISHHETH40]. ¢-2uEte]
3% A% R EF H. pylori 0] &2 X922 PPI
&71 A& Aol H. pylori ol tisf &<lsta o]& A
F5te 2ol 29T 4= qUrk % o]of thgh & uekd o
FH A7t A 7 2ad Zlo s AdEn
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