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i PR B T 24 43 45 H. pylori T AL
PEWZ = 4L F I H. pylort J& Y b P Maastricht-5
SR 2 5 5 I H. pylori &Y b B 41
27 F 2016 4F 12 4 15 H 2 16 HE# LALLM 3
I . HETHAR AR H. pylori B 58 SR L KM
T EE 80 RAWE T &1,

H 2012 4E55 4 R4 1E H. pylori J& Y kb 7 4t
WEW Lok EHbr FERAEET 3 MEENH L
P HRCH. pylori B % 5T AR 2 BRI (L)
FREFREEILPD (R EZ WA H. pylori YA
T APO (LUF R/ PR 246 2 3L 380) MCH. pylori &
Ye b B ) Maastricht-5 238 ) (LT & #k Maastricht-5
PO EILRRIE T H. pylori B K& —Fh K
RetEPIN s H. pylori #HRCIE LA B2 —Ff 2% BP9
Wi MRBR H. pylori W AEN B — R WP, %
e Z PR B AMRBE H. pylori 3677 9L B4k,
Maastricht-5 3L & B 5w i [ bR 350, W& 3
K H. pylori BP LB AJr i . [ 29T T 4R
WFIT 2510 e 2 o) ok o ] B k3, A i % 5 S S L
B b 255 E ER, ®IT T RESE 5 K H. pylori
TR AL A, BT AL kW .

Lo SO IR B R /N 3 BB 2 M e B SR,
JRALE 5 R4 H. pylor: &Y b ALY 25 10 T 45
N BT B R R VALK BRI K R B L4y Tk
HRSWERTIE.

2. FEHUR G “ BR R (statements)” i) #4) & . 5 3o
ARG CHREE R - 456 H. pylori JE Y4 B v i 5%
Bl R T ) T R DG BRIR . R R e
2% T PICO(population, intervention, comparator,
outcome) JF I, If-fif % T [ M e LR

3. UEHE T & (quality of evidence) Fl#f 77 5 JiF
(strength of recommendation) ¥ ¥ fit : 2% FH GRADE

(grading of recommendations assessment, development,
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WH OB R WER AmME K%

ik HRF SRE
and evaluation) Z 5L V¥l iiF 5 Jo & A4 725 T
EFH S5 k23 Ay o O v A R R AV O A AR A R
A G ERF 5 E 43 O i A AR IR 2% 3 K T KRS L
O FIZRAEHERE R 25 K F RS . 8 Z)2 2. iF
8 o SR e A A 58 B A R R 22— I 5 I 4
IRA AT REARAS SR AEAES

4. SR S R R A Delphi J7 3% % M 6
BRI . R BRI S8 S i e T R 5
MR AR & R, 3 2 S AR5 . 904 3 R
M“BRiR”1E 2016 4 12 H 16 H & & &iHE IF
AT TRENER. 25 A0T 21 LR RS
T CBRiR” Rk & R e, R T RE L EID
AR AR KRR B R 6 & Q%4 &
ORE, A/NMBEIL:QFE. fF KEEEW;
@ORX AR QRN H/MEEEI; ©5%
R, RRBERLO+D>80% & Tikmdtin,

AICHANEI A H. pylori BERFEAE 2 W AR
BRIGIT VH. pylori &Y 55 i AEFEARE H. pylori
JEGEH. pylori JEY 5 H B MES 6 34, 3t
48 ZK“BRR”,

— . H. pylori RIE1E

[k 1] REA LEKRMFLE,H. pylori §
KA —Fr R AR,

MEGEFRRE . HERFIREE 3R, JEUUKOFE:100%.

A& H. pylori Y AL 15% ~20% K41
e 50 ~10% &4 H. pylori XA
RS2 1% KA H e R 8 . MALT i &®
BN 2 BUR Y O9F T RE R RO & E L H T A
H. pyloril&e & JLF-#BAFAEAS M1 3h ¥ B 4 (chronic
active gastritis) ,JRB) H. pylori § 4%, H. pylori
SR 508 M B P B R 22 ] R 5 R4 A Koch
JEIS S HL pylori &S] ATE N— A 22 L%,
Wt H. pylori H R A A TR (80 I & AE
AR — IR G E S L AR BR IR Y7 X R 0T 4 8 & T AE
B AR

(&R 2) ARt H. pylori 893 2 E R B Ak
W AE LS.
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ESR R . HERFRRE 5. FEYUKF-:10005,

WER H. pylori REGE#E I AL TESZ 5 AR Bt
Bt RAE J A FE R AT 2 8006 L MALT
LR ARG AR . SRR O KAE B H. pylori
SR F AL I E MALT W EUR & RER H. pylori
(3K 45 AR SR, A R R R LA B R R RS
LI T BT DI BR RS L R 2R A AN (50
HEAETIRER H. pylori TBE 8 2K 45 5 1K XU
AR ZUMRBRIA I % WG 6 77 XEBE 5 0 PR
VEAG AT I 3K 25 - UKL HE L HEAT AR A sk B

H. pylori 8 54F R — PRGBS A , T BT A
H. pylori ATEH A LEIRT . HBILE B, H AT
KE H. pylori BYeF A2 50260, 32 3 i £ B A
H. pylori BITEH I #EATIRIT I A B, BB B
SRTFE H. pylori FRERFGAE (R 1) LAE 3 3 xf 3k 45
BRI AMAIEAT H. pylori Kl FIRTT .

R 1 AT IRAT AR BR 46 i
B B 4 P BAME e

AL W5 A I 754 3 AT I A2 ) J
T AE K 2 4 50 A J
B T e A0 LR BUAE R
MO T e 0 P BB B A
T AR LT B T IR S 2 T AR YIBR
I 9 B 40 )
A5
0 490 A £ S 2 24 o 450 0 ik T D )
) I R 5 9
A ML/ 2
St SR K P 05 AR 2 40 2

1 A v B A L Ménétrier J%)
TIE S A WA 1) ST T S e

L INE A, L e Ed S G &

[ & 3Y H. pylori “# 0 F= % 57 (test and
treat)” & ¥ 3t & 2 8 & 4 £ & B (uninvestigated
dyspepsia) & 32 1 4 84, X — K ek 84 556 Bk
THELEEMNBRARE RA- AP ERE
REFWNE. RS RERNTHH>30 % AREE
RABREALIAARHARES,

TEHE TR R . HERERAE SRR, JEPUKOP 10026,

H. pylori “R il G I 7 & —F HAER AT
HEORZWRIRARSEEE SR E) 80 H. pylori,
FHAE B 25 TARBR 1A I7 M SR ms B B Bz TR
ZPENAA B ALY, X — R 1 I A
B B R R T A g R XU
AE B A B A A T R A AR Y X
St A 8 R Y BRSBTS g L 2
WEBR H. pylori fERIHEAA R AL B — 307 19 15 il
Zz— REE AR, B AR RA
FERENXESR ., X—RIEAEHTHE&SKKX

HITEAEA BB . 76 B R AR R X 98 it X — S ms , HiF
A i R R 8 A S A e AR 0 B <
35 4 A 5B 2 W A U A 9 A T e R A KU . R
ESR R S A K Y v (SRS S AE B
Wk T B B

[ i& 4] H. pylori B X TEF S EF F314&
HARRIER,

RS . HEAEIREE AR HEPUKOF: 1000,

[rRik 5) AR 7T 5 69 2h ae B AL R R4 B
B, HE M H. pylori #AX HALR R,

WEHE AL . HERESRAE R . JEPUKOF 10000,

(it 61 H. pylori B XA AR RER G E
A H. pylori 6 T4 H 5 & H g REMAK
MM, KL RFE,

EHE B h . HERRIRE 5. HEPUKF.100% .

H. pylori BRATEF 3 B&E B - EHEAR
FER , FEUEEALSE : O H. pylori R F LA R
RERBTRBREEY QBB EER H. pylori
Ja & B RFIHEAAR BRAERYY QMR H. pylori
AL 4 B T AL AR RORE R G2 A 9T R0 T
F=@ H. pylori B RAFFE B BB R MRN8 W
WK N E B WAKCOF- R e 18+ A I SR
iz gt 5 A BAEAR = A A

H. pylori 8 RAEAA RIAEREEMRER H. pylori
JETHAE A B A4 7] 43 i 3 26 O 4F R 15 2] K )
(>6 A G ; QAE R TC B3 5 O F5E AR 55 15 7] 2l 35
JEXE k. HETANSE 1 KB HENJE T H. pylori
MEMIEA B (H. pylori-associated dyspepsia) , iX
WA W H. pylori H R A LU R ALA B AE
RO EFRBEENAEARARS ™, F2RKEHER
SRA H. pylori JE&Ys AHMER H. pylori J5 i IR TCHE
SR AUA B ] 50 R & A HEBR MR BR O %8 PPT |
ERD s B ol AR R D e ETH AL AN R .

2005 4K [EH H b5 2 S H A A B AL 2 D5 4Rk
Hdg i BT L EDNREE AR RGBT R E AL
JFR 5 R RRNIRITH D) 07 REMER H. pylori
M PPLIRST s 5 F H. pylori FAYE B & MERIGIT 2
AT M 2. o 1 RIEIT AT AR 15 4K 0 &L
R R E R Y SN R R E kW
AP SRR AR BR H. pylori fERTHAEA R
AEFR A — LRGP X — SR AN AT AR X A
5 11 EL B LA 35 By 9 P 35t 9 A R A e

(% 3& 71 H. pylori B R K5 %5 £ %A
R AERBRATEDIRRATANKLEL A RZE
M Fete i H. pylori,
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EAR TR . . MEFFSRAE 0. FERUKOF 1002,

Ak v B 9% 4 48 B Bt % (duodenal
ulcer,DU) il & 1t 4% (gastric ulcer) , J& 1994 4 42 ¥R
BIK H. pylori Y kb ¥ 3 PUHETE (1) AR BR 45 4E-7
H. pylori YL 227 90% LA F DU H1 70% ~80% H
BB AR BR H. pylori W (AW B . 8%
AR Bt 55 0 2 oK RO A R A L R
H. pyloritli H. pylori HIHEWSHCHE S5 A AL —
1 S22 RS A2 T DA S A

(42 8) A& H. pylori & B3 H& § MALT
HEBY— KRBT

HEHE R . HEFRSRIE R . FEHUKOE:100% .

H. pylori FHA% 1) J5 # B Bt (Lugano 1 /11 181
W MALT WERRER H. pylori J&,60%~80% I
B ARG H LR BR H. pylori j& J& & B
5 H MALT BRI —ZLIB7 . A t(11,18) Ffi
1 H MALT #EBMRER H. pylor J5 28I X
S B 2 T B B Ak 23R T R (B ORI . B
A BEMBR H. pylori ¥R EEVIFEV . WIRMR
Bk H. pylori 597 J5 H MALT ik B9 JC I 2 Bl it
Ji& , W5 B A 7R T A (O TR T .

[k i& 91 MR A BT 3] IE 4k % NSAID £ 3% Ao
H. pylori 3 & & & £ HACH 5 5 K

EHE T . HERESRE . EPUKOF 10000,

fif &) PCAK \NSAID #l H. pylori B4 2 1 1k 2
Wt I R 9 O RORE R A ST fa B RS . Meta
SrBras R R A NSAID w] 84 H. pylor: &G
& RA A Bz KUK 5 ik NSAID BifRER H. pylori
A AR I 97 A A U iR AV ) 4k o ) DG A
I H. pylori BRFE B & AR LA,
2B 5E 45 R 7 ] K It g A RS o 30 R P i
HBR H. pylori v BRI & A WU

[ 10] K #AR A PPl &4 H. pylori § X
DA AEKE I B AR R XA AR ARG H. pylori
TR A AR

RS i p, HERESRE 58, FEPUKF-:10000,

H. pylori BR—BERRHULEENFHHER.
KWk PPI 2% B2 43 Wik /b . H. pylori sE RN H
F ) BB, KA H AR E R, nEERFEL
A AR AR T A 2R A T R B R
AR MR H. pylori W] FEAK S B K 1 IR
PPI 2 5 1k B % & A4 KB,

[ 11) AiE3E R+, H. pylori B35 19
JRE BBk fe A K A AR R A
FBuskZ R FARMX., EXERABT, LA
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Aokt H. pylori,
TEHR T AR, HEREREE S5, SEPUKF: 10004,
H. pylori j&3 5 B 1L E 9 A B [ P Bk Bk
PEF I3 VIAH G M BR H. pylori AT 42 Il 2L & A
KA 7 - R AR AR A P O R R S BN RS
LR T G
H. pylori BAYERE % 1L /)N Al ook 20 A 5% 8 A8 7 AR
B H. pylori J& »# 50 % A B SR E FZY 39 Vo iy L AR
F ML/ AR K OF AT 45 3 4 g K I FIAR B HL. pylori
O T M O B 1 3 [ 1ML Y05 2 2 A G 4
FIFAHERE L B H R R FARBR H. pylori “7
AW R H. pylori Y] RE S5 4EA: K B,
WA RM K, HAEER B.BkZH L 5 A H 0%
MG HRER H. pylori {GRH BN ,
[k 121 H. pylori § XT3 m KV § BR 2
B AR IR 76 ST T i 4 Ry A Y h
VPR . . HEFEOREE 9B :,ﬁ\li,[UJ(—TIZ‘:lOO%O
H. pylori BRHP . UBERNEMAZREE R
AR 73 WA H HG I, 3xX 26 B E S A: DU UG 39 0 5 1
ZIRHERME RICHZNA EHEE &L TRy
W X S B R A KR . AR BR

" H. pyloriif B T B 98 n] ¥ 5% s 4 1 5 E ok H R

SPUEUE Y AT REAR A NI REA 4 B K
HREBHEMER H. pylori J5 H BRI & P34 hn, o] 14
il GERD % = KR, {H X 2 8 & WA R BR
H. pyloriW % A B 9 (1 KU 386 . 785 3 A BOBCH:
B MR H. pylori™,

[rRig 13 H. pylori BeF5 2T 8 + =3 Mm%
R EIEARA R AARK AKX AKX G E R X & B RIESE,

R TR . HERESR T A5 . FEPUKF90. 4%,

B 3R B SR S H. pylori Y8 W4 8
A] R HAth 2 T R ARG B A G . B IEAE
£ 52 9 451 45 76 DR 0 bk 946 A BB A Ak 0 JUE S i A o L
AEIR SR AE A 4 AR IR IR L 465 Ml b g N8 T SRR
AL LU O A P 9 4 T L R g I R
SELvot) | (H X SRR G A AR E M IR R e e — 2 A
R R AT

[k 14] 4 H. pylori TR F K & F &8
KMR R, IERELETHEER HILER AL
Je 3R it MK AR AL,

EFR 5 R o HERE SR <55 2R UK P 100 %,

H. pylori &Y v] if§ & 18 P16 2t B R, i ER
H. pylori fii 8 BTS2 & BN 15 310 7 18 18 14
He BVt AT AS [ AR BE TR Y . HL pylori RS
K B I B IR S 4 AN (B0 B fk R R AR R
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JRAIAIE AR BR H. pylori W] 4 28 5 ML 1
RS R CEO Ik & A R R R
H. poylori T i 3 53 8 % 1 5 B 45 45 15 350 4% (L
W A 0 X 2 i 57

—. W

[k 1Y 6 R 2 A g E4Z AN H. pylori R
KPP, FESFARABARTIEFO T E. LK E
B REIL TS & ik, ik 2 RBIRT — 287
FRCGER TR E o B MALT kB =€ §
FBEES).

SEHRI R R MR A, JEUKOE.100%.

AR AR H. pylori K ik % 6045 IR 2 19 ik
B FEHER 0 A W 22K 5. SR Z PR R
FEUC IRE RN C IR Z IR K I P
0P AR AR B A H. pylori K I HE
VeI 2 405 7 SRR 32 HL. pylori 16 4L
43 R R OO0 L 24 WO 2 O O R A
(cut-off value) B, 45 5L A~ o] &7, A |a] g — Bt it ()
& BRI BT A A T . B AR AR B
H AR H. pylori () W PE B35 F R
A SR P PR 6 A R (O L8k .

T M BRI S B SR K H. Bylori
B 5 R 2 0 SR I A LT A R AR
Bt A HE A B L BE45) Kol o LA A48

AL ML # B AW H. pylori Hifk 1gGal ¢«

FHYEAR — & 2 BAE B, AR FHRERGITEE
AELOT TR g W A IO FH 32 BR . T b T 9
H MALT kB3 A8 R 05™ o 25 40 55 5w (B 17
£ H. pylori #50 TH R KL EH# M H. pylori |§
/b At O v A D AT R S BUR A L T
L7 27 2 56 WA A2 33 48 PR 28 5% 07 B P T R Ay

[k 2] 2B ZAFULREEOLAT HFRER)
BB FEAELEEH . EAREAEHXEAN
H.pylori e F k., RIFAE EFRFHRISR 1 3%
WRBATES ., RpF ik R E XA HRLR S
I7Ja Wik K,

UESR TR . HEFESREE A, FEYPUKF:100%0.

H. pylori 8 bR Z Bl 50 B A PR | fa] {58 A o
B AR O AR v B T S8 R A S S AR e
WAF H. pylori Kl 455, BH & BV AT AT MR BRIGIT .
H. pylori 76 8 W2 kL1701 . 25 s 15 46 AT 32 5 A6
HERPES " . ARBRIEIT G H. pylori % B AR, 16
B A e A RS L i T ARG T 2 R Al B A L PR A
W T RGBT H. pylori REMIEAE .

[4&3) AHELRRERITEBHEEALARLT
R T E N iZAT H. pylori #0), B A X & &
TRl H. pylori B3,

UEE R . MEFRRRE 3R . EPUKF:100% .

AR HERE ARER H. pylori J& H. pylori fH
PEWH A R BEEN—LKIBIT . XN EEK
PRI A A RIERE H. pylori H R EEHR
Bk H. pylori JHER Al RG22 /. 12 1EHE R A
MNGEZE S UL F 2 W TR, 2B £ 2K
TGRS N B A R R B A AT DL
A% (visible lesions) # AN HEBRAELE H. pylori B K7,
EXEB R ESED, X —1F0 T W H. pylori R
AR HEFEH TG RAT H. pylori K",

(%2 4] $HHFEAT . AZLEHNREEFRA
BABFMLEHE LERPTHE H. pylori B
kLW, GABREFIRTEARARFRERLA
H. pylori 8 . TR HFEAE,

TEHE R P HERERIE . A, FEUUKF:10074,

121k B RALFZ WA A1 “ e R G (Sydney
system)”f & T H. pylori X W W E 5, X — R
GERWM S BR(HEE 2 . BA1LMEEK2HOH
FTEAE T, T AR A SRR R
UAT I R ML 5 (H-E e 60) 8k 7T Al ik A B
H. pyloril &Y (32 Wi . T 3h t R 1 =L A7 7
FEEPE R H. pylors JRYY, WH LA 815 3 0 R K
B H. pylori, TR SR YL ARG AE , 4045 5 M 5% Yy
o, . Warthin-Starry 1 Y o s o2 4l 2L = §
SELOS i n AR AT IR R AR

[F5ik 5) 4w e & 47 H. pylori 24 # B KB,
TRAZBFRIS T EMFF EAN,

TEHE AL . HEFRIREE 3R JLPUKOF.95. 2%,

FiFRi2 W H. pylori Y5 7 & L H 97
H. pylori BBk R T 25 9 U 56 1 40 7 24 F 5%
EXE IR A — o BOARBER SRR AIG PR HAS HE 77 5
il T H. pylori Y F W™, BE S T
W EE RN KRB, B ARK N H. pylori Tif 245
H PR g€ A5 T it 24 04 O i B B W R S A E

(Rt 6] EAEABRFHTHRAGLE, ARRTAR
H.pylori BRFIEF LA Th, X L7 EEE
MEERE EERTEE2EIAXEZN, L EHEFH
FHELGEBRXEZF BB W REFFTAEA,

RS BT A, HERESRE R, UK 10020,

BN B¢ B B 45751k B 4 (nodular gastritis)
BN R BE R R H. pylord J&Y ; JHOK B8 A A8 7l
BRI WL EE B — 2 H. pylori YL FERAER
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6 B /NUA (B8O I B /NI L B T R A S
AR (E S e Ty vk 1 N PR T AR A D
WELE RENEUREMFRERABRRESR A
1 H R AS HE FE B

[k 7] R iF F A4 T 24 F 4805,
H. pylorite M L4 M PPLEY 2 B ERARHE
B AR A ARAERGFTHED 41,

WEHE R AR, HEFESRE . A . EUKOF:100% .

BT 2590 B 7R A 5 e B B R AR T o 2 AT
LI H. pylori A& ARG E . PPT i B B2
Gy, BER S H AN pH K-, N H. pylori
JREWEYE . H. pylor: £ wif ik F X 26 25 4 7]
FR TR S 00 (PR R R AR R R
WERID ) H. pylori K th & SUBRFAYE . H, 2
AR5 P00 % A W 25 SR A R GO e, TR R U O
Wit SR O AR B A W H. pylori HLiK, 5 T
W 5 BRI H. pylori Ko, WA 32 [ A X 46
YR

[k 8Y H. pylori A&7 )G , &% HIFME K
ZERE,

TEYE R P, HEFERRE R . HEUKOF 10024

YT HAT H. pylori BRERFREALL T FE#EH
R AR H A7 K A 7™ 355 1 KU, IR o 4 77
A B Y R E R BRIAIT G 4T H. pylori HE&™,

(&L ) R ERBRETBEERORET EAL
FFARE . ERAR AL THAEL, FHEA
ERATRERY T 4 AT,

UEHE R . HERESRE 5. EUKF:100%,

ZRBERBRHRITTEATEEEBTE, TR
FERAMT BRI H. pylori, RE WXL & H
M B 507 . A N FEARBRIBIT S G 4~
8 JE AT » 1 0 ) Al FH TR 245 0 Bk ) R R 28 B BT
BRI R 2550 PPT #2 ma e I 458 .

=. WERRIT

[ & 1) H. pylori st 535 F & F ik fe £ &
RV EHahR(ais s ERHBHFE)E LAY, &
BEA-ZHHE £F,

TEHE R, MR 9. EPUKF-:100%

WK E H. pylori A FH i 245 3 K 99 A A KA
P RS, H I M 2 R EE kA&
T EARIE . H. pylor: Tt 24 7] 53 JiUK fiif 25 (primary
resistance) Fl 4k % it 24 (secondary resistance) , J§ &
WRIT R WG 2. RE H. pylori X 5ifi % K.
P ik e 1 e SRR S TR s i 2K 10 T 24 A &2 BT
FaRE | AR H. pylori JFURTH 25 FR 5E 4L

BEN20%~50%, FRMER 409 ~70% , 72 E K
R R 20% ~50%"4 . H. pylori 7] XX #e 5 4=
ERACE . CERELEMG RIE M TR
201 F Y e U R i 2 2R > 25001 A b, X st
A TR 25 R EAR R (A A — S X 22 570,

[k 2] B A7 H. pylori 3F M £ &4k @R E
For vk vy vt BR) 64 it 25 A ARAK

TR R . HERESR AT R, JLIUKOF 10000,

5Bk 3 Fbi A R 25 R ARk, H TR E
H. pylori StPTEFEH(0~5%) . JUFRZE (0~5%)
Ik I 8 R (O~ 1 26 A fif 25 T3 AR AT . H iy
N X ST A BARBR H. pylori AT 2 BUE R
it 25, Xy AR N G A S5 A2y, R IkiE
7 5 WS AT AT E A

[kt 3] H. pylori 3 £ 42 B F Ao P A &
HHEESISUHRE  ZREFARELLEE X
Fo VP AN w0 JF AL ] W9 BR T K

TR R . HEFERE 3. LUK :100%,

B & P R S ITIERERFE T, H. pylori
Maastricht-4 $:38 & #E7¢ F 4 86 57 U BE 77 %8 (PPI+
Bl B PG AR+ U LA R - H A B AT A . R
7 D0 B SR AR L 45 24 07 W AN TRl 43 DR BT i G
58 7 d MRk PPI+ B2 PG 4k, f5 5 8¢ 7 d 1]k PPI+
PR R+ A A RYT (10 5 14 d [E] R
4 R FNR AT (AT 5 80 7 d 57 5T AR
Ja 5 B 7 d SEEFEYFIEAED . X 3 FyT kL AR R
PR B R R L TSR Y. P
2 T il e B — TR 24 B AT AR BT BT A
T RN PRI E BT Y bR M
F 4 e O T 1Y 245 BF o 3 DU R T B S8 B2 PPTA+- )
B AR BT B R AR R T IR AR BR T Y
LB 20 i s U TS 24 3 > 15 V0 B, PR RDT A
HE LK 15 5 MR Bk %, 8 Maastricht-5 3£ A F i
L 3R R A v R R A X i 2 R
it X — B E

[ 4] B 773 546 A v B8 (PPI+ 4k /) +2 #F
RAZIEAZZHZBHARR H. pylori 7 F
ZHRFETHFE).

R R K. HERERAE 3R, HEUKF-:100% .

22 MUER R DO I 7 8 il PPI40 57 + U 3F E + H
AR 2L R X — 5 W 5L T 1995 4EEY, S8 T 1996 4F
Wi HARE R R R T REET
IR 259 /0 A RN FRAIE R e AR PRl 5 4 i
FER—L R, HE PR 2R LT,
J& T RS W F RO i R 2 B E A
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FI Al C A5 B0 DY 2R 28 0 B R e T ] — 4
{35 75 11 ) (Pylera) , 76 2 BRHE W IS .

T [ A9 A SC B 28 40 B T B0 DU B Jy e on 1o ol
TE55 4 KA E H. pylori &Y fb ¥ 3L U4 45 h 2 4
7 T ALFE 2 BB R DO BK O RAE NI 5 Rl o U
BhJe 3R A W98 AR 8 T 2 ik 5 DU K %€ (PPTH-
B FR) - ] 2 G K+ B i 0, PPT - 5] - A 54 6 A +-
PUBR L0108 3y 42 B 4 A 24 9 7 A
WA 2, XEFRERMMREBEFY LT 85% ~
94% M ARKLZEBFR R T 14 dIF R, & B ame
Fh R B 1 600 mg/d e osin) gk
3 114358 43 ik 00 U K O 0T K E kI A T R
HESMY L B Maastricht-5 3% 31 il 2 48 £ 4t U
U GRS R R A A RAA

|2 METFR R BRAT A AR BR UK P LA R

2 A TR A
YIS WAEE1 hiAE 2
! BT S5PE Ak 1 000 mg, whi s & 500 mg,
2% /d 2 &k/d
g BT L PG4k 1 000 mg, AR R 500 mg,1 K /d
2%k/d 8% 200 mg,2 K /d
3 Bl BEPE 4K 1 000 mg, g e R 100 mg,
2% /d 2 %k/d
A PUER % 500 mg, H M 400 mg,
3y /d 4 %k/d 3W/de 4 Ww/d
” P43F % 500 mg, Ik I 4 il 100 mg,
3W/d a4 k/d 2 /d
6 B S P4k 1 000 mg, Al 400 mg,
2% /d 3W/dEk 4 k/d
7 B Z P4k 1 000 mg, PUFF & 500 mg,
2 /d 3 /d sk 4k/d

VE < b fE AL B O T 2 90 0700+ 6 5 2 9 /d R A0 0.5 h 1D +
2 FHLA % CRUG IR . b o 390 52 490 40 0 38 ) 36 o
20 mg. G MHr M 10 mg (5 20 mg) ., B 3 H Mk 20 mg, 2% & P sk
30 mg M FERIM 40 mg LW R 5 mg, LA b HE— s b o )k 660D
HIRER SR 220 meg SR JBe S 47 o 1) Bk 75 52 )

TESEPLRE R A2 AR D RN TP e T 2 R
BT 14 d = BEST B (PPIH P 25 94 Ak + s i 55 %,
PPI+ B 55 PG Ak + 22 S0 3 V0 &L PPT+ Bo] 55 7 bk + H
W) I A G AT RE R I8 H. pylori AR BRS04
B EAE R XS H. pylord Tt 25 0 K &5 4 39
3026 ~40 % BARBRF

SRR B DU I 7 3 1 BF R T A A AT RE AR AR
55 5 700 DU K J7 58 4 3T mOAH B0 Y AR BR 3 (H 5 [ A
o, e #R I & A R 00 S s R AS i 250 ik )
W et Et Y R R E U BB A
Ko B, BRAEA S0 7 28 2 ek A8 TR 25 5 i
X, 2R IRIT R H. pylori W 0] RE I 4 77 1Y
BA%E.

Fesorh 25 s 25 W] RE A BL H. pylori HIAE
FH AR/ D) Y7 8OR An ] 2 G MR B 7 B2 i T E 2 E R
5E .

[k S & 28R 2N H REREAMKSE
RAEENMRERFERY — K. =K, B ATHIEST
KB T ERTMRET, MRETFEAME, TE
EAFEFRFBF—FFZFRTAIKET. 7 £
BEREL Y H. pylori Ik i th F AL
WERL BBEFELGHEA KRR AR TR
o,

MRS p . HERESREE 5. JEBUKOF-:100%,

SRRITHERE T 7 PRI DUER R BR AR
BT R ERANRORIT &) S T B —
LM, AT RERDYEA PPIASEN , K ik
B EREERIAERAS.

RER T By R4 A MR 2% Y A\ Hf
WM H. pylori T 25 R M A NPL 4 R H
st OR e T H Al AR AR BR H. pylori 1R
7 88 28 N FH O v B R R L M R 2K 24 W T A e
& HBY W H. pylori HWAEM 25T BE. MM, J7
S8 1 1 B DA TR B ] I E RS R RN 25 )
AR AR AR S R PR

(4% 6 AR RV EGOFTERBHEMR TR
I TAEAANBE TG L T E,

UESE R ARMK. MR 9. JEPUKOF.95. 200,

oA D R R R TR 2 245 ) L S H A v g
KA 3¢ U 2 . W U i 25 245 ) 7 e R 1 L
TR BELEMRER H. pylor: B gt 1R AT RE E M T
XKW . HEiKE H. pylori 72 8 R B 25 %
Bk 206 ~50%"%, RELAERVDE=BRFT L
A B 70 BT A — o R R b T A EL R 2510 (H R
2R PR ARBR R . b TR R ARG
WEBRR MEEEFRLEAEESLAARDE TR
FRIwIET

[rRik 7Y AR T £ B E AL AR At ey 5
ZRMNERELRF R, WA EFLEALEE
ERAEARRIE N B R FEARER,

UEPE B AL AR . HEFRORE 0. HEPUKOF:100% .

ZIIRITHESE T P AL DUBK 7 R WIIRIR YT AT
W 6 ol RO & 28T BT R VIKIRIT
KWE A RORYT R R E R M R TS A
ARVEFE BHILDA 6 Fhor Bl e, wii
B R ORNE SR v B 7 ke e T Al R AR S
G RNERRN A ARV E TR LEL HEH
WM T EA 2 F A ELZNMHRE, EEMA
F g s 75 O Ak 70 B CH R M 386 i %8 1 600 mg/d)
MBI B T P4k R & WA R R .k
A7 SRR N 38 F T A 2 ARG YT .
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[k 8) e ABBBAMNORETFEFEA
10 % 14 d,

TEHE B AR, HEFESRE 5. JEHUKF:100%.

AL HERE Y 7 R IR T 7 5 1 IR 1
KHT 14 d 57 R, MRBR R > 00 YL oroo1os ot ] i,
RO TREKE 14 d NiZEAEM RS, H
YT IRE H. pylori it 25 %4 v] REAFAE . 3% M X
255, QR RE S UIE 2 24 b R e U & 10 d JF AR A AR BR
R HHEF] 9020 AT EHE 10 d 7.

[k 9 Rib#1 K& AN T, I F 28
LA BEEE THARARRY EN BRI R . Bt
L % N

TEHE R AR, MR R, EPUKOF:95. 206

H. pylori XUEE it 258 I HMRERFR T
R 1) 2 B IR L T 2 X AR B R e R R 3 P =
7 ¥k (PPIH- B 52 94 AR + 50 b 8§ %, PPT+ B 52 74
M+ A AR 2 PPI Bl S g AR+ A ) . H i
KE H. pylori XF ] 58 P4 MR 245 RARAK, 7T A< 22
W AN SRR K A2 AR R R e T 2 R e
R . Bk 3 Rl & BURBE bR 14 d T R
AR R =95 %6 , 1 it 24 T Ak Je e 35 1 AR BR AR AL
20%~40%"" . R I AE G TR 24 S b X (A0 s 8 R
it 245 % >15 %", 2 WY B 25 >10%11) i
F B3R 7 i A it A7 v LA L A2 EUR YD A AT R
W 3 24 4y 4 2 ) R I LA R R R

SR » H TR DA R 5 19 28 30 3R 97 o RE 2K 1
T MR % Dk B AIR I 24 R b A= R (Bl 5295 4K | U 36
2 I I R D) 4 BRI O 6 s @ A 3 R =K 7 R
b B )L AT A B I 24 T R AR BR %R 3000 ~
40 %% s A Ak H R s AR R

52807 P M L 5T A EURA R
(9 = 1K 5 0 25 W BCR R B RN T RE 2 AT
{H 25 9y SO 56 34 i 1 9% A o B 1 R AT AR A5
R AT B R R . 2 ) UG A AR BR
H. pylori 3JT B BLA-3K 35 L i 75 2E— 25 PE Al 3L
BHAT & . CRER=ERBITIAE T,

[k 10) e A EARR 7 R PR EZMA, &
BHERABE F&EH.% CYP2C19 AR S50
o8 PPL TR HAR % %,

TEHR R AR, RSB  kF. JEUKF:100%,

H RTHE 7 O BR H. pylori J7 R &4 PPV,
PPI7EMR R H. pylori IR Y7 1y 3 BAE A0 H
R4y 6 B2 B O pH, AT R SR BT A R AE A,
375 AR AT 5 /I 400 T R E 8 I B A R Ak A R E TR AR
EEWAPUE B D PP ERAE 2 24

IR SR BE 6 £ 2 5 PPL AR CYP2C19 3
ZAEMERZ RS, EEEAERRE TR .
5% CYP2C19 3 2 5P ma /Ny PPLL i) 42 R
B L0 R B BT 4 R BEL T R (potassium-
competitive acid blocker) Vonoprazan #fl fig 43 ¥ {E
JHSE 38, HLS A SR — AR H. pylori BRERFN

(g 11] FFEF IR A RFORAOEKT R
RAFEEA: OWHRE+ FAHL; QWAL+ kb
X HOLE S S 3-8 S8 FIOFF-X % g &3
QAR EXA+THL;@OLEFLTHARRYE.

TR A, AR A, EPUKF-:100%0.

FEEFEI 7 BB ) DU I 7 F b, 5 R OT RUE
ZHAPEAHM P, FSPEAST H. pylori ff
F 3 A5y 7= A i 2 AR Sk B AN RS e AR R AR
EMRER H. pylori IWITMEEPUER. BERITK
F 0] FH 24 3R AR A DU P R AR AR S P bk . DU RS
P e K I O R P 2L R AR B S A
IR R 4L A B E S A A . XE LR S DY 3R
Z U RGP RA SR
245 o PR K 0k i e L v A R A R
PERE AR E, BETROMOHAS
ity 2 FidiA R H. pylori T 25 R E AR, W 2R %
F B AT RERF ST R RE R & 14 d.

M. H. pylori Y5 H

[%:& 1) B #7ikA H. pylori B R R0 B &
REZTHEHARR X,

PR TR . HEFESREE R, JLBUKF:95.200.

FAE 1994 48 WHO J& F 9 [ Fr s i BF 58 DL
(International Agency for Research on Cancer,
IARO) k¥ H. pylori & R B M 1 KBUEK. K
OISR BoR i 7 O G R 2RO R
3 H. pylori J&Ye  FR8E K 2 Flst A4 2 3k [F 4E A
g RO A, 2 90 %0 EBE 1T AR E K A
5 H. pylori YA X" MR KRB AL
F i AR VE B T H. pylori G AN KL
1%~ 3% Kyt 15 ¥ R 18 vk 8 R & A R B E 1
FIYST . H. pylori &Y B AU H 8 i 2/ Al
BRI fE R N AR H. pylori N RH B H— %
T 8t

[k 2] BABRES () MILEL A Kk
H. pylori #thit 7 TEABEKRET BAERNE,

EHE B b HEREIRIE . JEUKP 10024,

WBE H. pylori W] gt B R 2 KON, B Ik
oA 28 B A Ak R R R Ry iR %
4 (L LA B i Ak A0 e T R R 4 (B0
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Mtk & A AT AR BR H. pylori WHER T RAYER N, H
RSN TR A 245 0 (8D B4k 4= . BT T Correa £
KPR B A" AR LT T 58 2 BRI B S
KRB Bk E R E 4 A (B0 A
HZWER H. pylori W 2% B REZES e KR,
] A [ R P R R A U

(5 3) ik B & G 85 R A= H. pylori KIS
oM TRTHREA RBBEESEGFESREAR,

TEYE R AR, HEFEIRAE R, VK95, 2%,

A EEABRECL I H. pylor: ik H
WE 17 78— 41 i 3 2% R 5 4 Uk S5 W] O A
o e ORI AR N E S R T T
“IfiL ¥ 24 75 6 ” (serological biopsy)™'* | B & I 2
ARAERI R E AR E g A R B R A | e AR AR
RAMEME*FESNERELS G AP TREGE
58 T Bl K

[k 4) Rtk H. pylori MG B RE B B A
RABY A RA-LBLAKY .

IR TR . HEFESRIE 9. JEUKOF 10024,

[ S5) AR BAHAXARARY, A H. pylori
“TREAE TR %,

IR R . HERESRAE 3. HEHUKF-.95. 2%,

(R 6] AR RARBEANAKRK EPRR
H. pylori,

IEE R . HERESRAE 3, UK. 10020,

[k 7) 4Rt H. pylori EH B R £ % =
(BOMEHF TR,

TEHE TR K. HEFESRE 5. EPUKOF 210000,

B H. pylori ANALAT BEAR B 98 & A4 KUK .
A A % T B I AL P Bt % A HL pylord AR TR AL A
RO MR TR T BN, U B S R E R,
SEHEARER H. pylori BB 5 5K wg B A AR 45 H
gl RE N B A A H. pylori K 2% A
B8R ZHURBR H. pylori B2 i B A% A B 7 0
B R A SRR ) R UG 25 RBR H. pylori
SR WIRIT B BB H. pylori ASEH R AT KT K
WIRCR . B, 7E 3R E B 0 e & X SRR BR H. pylori
T By S 9 o s B AR S A

Y THRER H. pylori TP BB ER AKX A
BERA AR AR E AR B, R 0 1 A B R R R X 5
fiti H. pylori “Ffi#s FIIRIT "KM . X — R WE VXS
PRI B O 8 R W M 45 o A 4 v R R A R R
PR L B U A B A e KU A e

B T A B R X SEHEARBR H. pylori* i 25 Fl
BT 7R SN WA W EEAE 1 9 o XURS A A R 32 i i

— g, R EBANE T UIBRARE ARG,
CESEA B R4 A (80 b A 80k A B R A
(X %3 )& T B o KU A

1 H OB R R 2 g A (B0 W A B AT AR BR
H. pyloriJLF 7] ¢ 2 T B I B4 18 i & A= (HE A4
R 2R 4 A (80O B Ak AE AR BR H. pylori BEA 2
DASE 4 T B X — UBR 0 PRt 5 2 X X s A 1A
HATHE . 18 EH K OLGA (operative link for
gastritis assessment) 8, OLGIM (operative link for
gastric intestinal metaplasia assessment) 73] & 4t
A BT U 9 & A KR TSR IV
IR A e o s N BB U

(k% 8 Mz & A XTAET B &89 S B2 K .

TEHE R K. HEFERRIE 5 . FEPUKOF: 10004,

T2 AR e T A e A IR R A0 A S R
A By FHES) B TR . 2 AR R AR R R
HamaEE " RE LN S 2L, W
G2, B A B K EiE T UG Y R BB L
RE PR B RE IR Bk 2 4 5 M N B A R R B
7 B H. pylori ] FEAR B A LR,
HORRUMARER A B R 5 s R R U
A A IE AR R E G 6 W0 55 ) g B i i
KR BABREE,

[rkik 9) A 249 H. pylori & & ¥ = TAbr & %
o R AR,

UEYE R K. HERERRIE 5. JEPUKOF:10000,

H. pylori B RAEN— RS Mg » FIA RO
BT e TG B B e B . (BRI H. pylori
PER BRI AR 5, H 2 R AR BB

. FFERARE H. pylori &G

L5k 1) RipEst 14 A FILEATHER H. pylori
¥, AT R 5L EAT H. pylori ¥ 0 A=
7 BB RAT A Btk & 69 )L E AT H. pylori
#5857,

EHE AL AR HEAEIREE R . FEPUKF 10004,

S5 AR, JLE H. pylori Y K& E
P9 A 45 T A R Bt 9 L 25 40 1k R R B R S RO Y
KBRS s EARBRIGIT AR R BB 2 A E R
TP A% /I COUHE 77 B 55 7 AR | o L 5 3R 0 T g 1)
Xt 25 9 A B R 32 d D, sk, L E
H. pyloril&Ye i — & 1 B K 7% B B AR B 5 7
e Rt AT R AT RN 14 Y
LR LEFE A H. pylori,

HAHEBG IR H. pylori K45 K, A Ao Bt
0 LT FE AT HL pylori 0 0 A3 97 R IR
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H. pylorin] BEXF A A BILE M AR A R 3%
Z NI I LEEUUT H. pylori Kol 53057

[kt 2] Z2FACEH>T70 $)4k H. pylori
BRBHARRRE R A, Bt FARR
H. pylori % 57 R # 47 K 8-R & 4 &34, MR
a2,

TEHE R AR, HEFEIREE 3R, HEUKOF 10004,

H Al br L= Z 4 N H. pylori &4 B IE
W, [ E A R, 2 80l IR BE W X2 4E A AR BR
H. pylori JaIT K2 BE #a 1 R <P . — IR &5 . &
SENSHRBR H. pylori 3697 25 %) W Tt 52 P4 FIAK M 1
BEARTST L % A B AR R BB A XU 38 et s 5
—J7 i, AR F4n M e SRR BE A R R R BR
H. pylori WP BRI WAER 4 T e, EFANPH
it 2 H A AR I B \) UG bR B NSAID F14E 4 R B, B
YR TS ARA H. pylori IERIEAE™ . &4
N B R BEA —  HRBR H. pylori 3K %5 & 5 » R X
HAEN H. pylori B #E47 3K 22 - KUK 255 & VFAl F
MMEACAEHE

N H. pylori &Y 5 B HiEMAS

[% % 1) H. pylori A& % 57 T4 8% 0 M 8
WA LZHY R TAA,

TR A . HEFESRE Sl JEUUKF.95.2%,

HATHER R H. pylori WIT T RTPELH
& 2 FhOLEE R DU R I R 2 08 i 3E R A
WAt HHE R A TE . X E
J 18 A DI BEAR A (B B AR EH (BEN R
FEGRBAE SOMRBR H. pylori PUAE RN AT A,
WHEI AT ERRBR H. pylori 16T R0 SAR BRIAST G
b FE AR 2 1 7 5 DA RRAR BT AR 3R X M B B AR S A
R mtod,

[t 2] X2 8428 TE—-ZRELEK
H. pyloritk & F 3 RG FHERR R,

RS R A, MR 3R, FEYPUKOF:95. 2%,

(%% 3) BARALTTRE H. pylori Rtk &
MAEESARIER,

TEHE R A, HEREIRAE Al EPUKF: 10000,

AWML, A BRA—, 5RER H. pylori
WITBEA 25 it R G — (R BR IR YT AT o 2[R
MRAD . HAlE A M EMRBR H. pylori 3077 F 15
B R R A i, M 56 Meta 23 A7 15 11 K [F] 45
U] SRR A R A R g AR
AREEARER H. pylori J6IT BB EAN R DA
FiHREE ARG H. pylor: RERFRN 75 E L
Bt B B IR ST

SERROER(RERDIESHFHF) W, PRI, UL,
R REZE A B, A 2R XSO Bl AT, BOR AR, VLB,
LR EF FE  a d  RRR SRR R KRS, A
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A Serological Biopsy Using Five Stomach-Specific
Circulating Biomarkers for Gastric Cancer Risk
Assessment: A Multi-Phase Study

Huakang Tu, MD, PhD%?5, Liping Sun, MD, PhD'®, Xiao Dong, MD, MS3, Yuehua Gong, MD, PhD!, Qian Xu, MD, PhD?,
Jingjing Jing, MD!, Roberd M Bostick, MD, MPH*, Xifeng Wu, MD, PhD? and Yuan Yuan, MD, PhD!

OBJECTIVES:  We aimed to assess a serological biopsy using five stomach-specific circulating biomarkers—
pepsinogen | (PGI), PGII, PGI/II ratio, anti-Helicobacter pylori (H. pylori) antibody, and gastrin-17

(G-17)—for identifying high-risk individuals and predicting risk of developing gastric cancer (GC).

METHODS: Among 12,112 participants with prospective follow-up from an ongoing population-based screening
program using both serology and gastroscopy in China, we conducted a multi-phase study involving a

cross-sectional analysis, a follow-up analysis, and an integrative risk prediction modeling analysis.

RESULTS: In the cross-sectional analysis, the five biomarkers (especially PGll, the PGI/II ratio, and

H. pylori sero-positivity) were associated with the presence of precancerous gastric lesions or GC at
enrollment. In the follow-up analysis, low PGl levels and PGI/II ratios were associated with higher
risk of developing GC, and both low (<0.5 pmol/l) and high (>4.7 pmol/l) G-17 levels were associated
with higher risk of developing GC, suggesting a J-shaped association. In the risk prediction modeling
analysis, the five biomarkers combined yielded a C statistic of 0.803 (95% confidence interval
(C1)=0.789-0.816) and improved prediction beyond traditional risk factors (C statistic from 0.580
to 0.811, P<0.001) for identifying precancerous lesions at enrollment, and higher serological biopsy
scores based on the five biomarkers at enroliment were associated with higher risk of developing GC

during follow-up (P for trend <0.001).

CONCLUSIONS: A serological biopsy composed of the five stomach-specific circulating biomarkers could be used to
identify high-risk individuals for further diagnostic gastroscopy, and to stratify individuals’ risk of
developing GC and thus to guide targeted screening and precision prevention.

SUPPLEMENTARY MATERIAL is linked to the online version of the paper at http://www.nature.com/ajg

Am ] Gastroenterol advance online publication, 21 March 2017; doi:10.1038/ajg.2017.55

INTRODUCTION

Gastric cancer (GQ) is the fifth most common cancer and the third
leading cause of cancer deaths worldwide (1). It is well accepted that
gastric adenocarcinoma, especially the intestinal type, is preceded
by a prolonged Helicobacter pylori (H. pylori)-driven precancer-
ous process (Correas model (2)). Gastroscopy (with biopsies) is

commonly accepted as the gold standard for detecting GC (3).
However, gastroscopy use is limited by its invasiveness and an insuf-
ficient supply of skilled endoscopists and endoscopy facilities, even
in highly developed countries such as Japan (3). Therefore, there is
an urgent need for biomarker-based risk stratification so that limi-
ted gastroscopy resources can be allocated to high-risk individuals.
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Pepsinogen I (PGI), PGII, and gastrin-17 (G-17) are products
of terminally differentiated gastric mucosa, and anti-H. pylori
antibodies indicate the reaction of gastric mucosa to an exo-
genous pathogen. More than 30 years ago, Samloff et al. (4) first
proposed that serum levels of PGI, PGII, and the PGI/II ratio
could reflect the morphology and function of gastric mucosa,
serving as a “serological biopsy”. In the early 1990s, Miki et al.
(5,6) promoted the use of a noninvasive serum PG test, and then
combined it with the detection of anti-H. pylori IgG (so-called
ABCD method) for GC risk assessment (7,8). Meanwhile, Sip-
ponen et al. (9) pioneered serum G-17 as another marker of mor-
phology and function of the gastric mucosa and advocated a joint
test of serum PGs, anti-H. pylori IgG, and G-17 for a compre-
hensive evaluation of the morphologic and functional status of
gastric mucosa (10,11).

Although a serological biopsy of gastric mucosa using stomach-
specific circulating biomarkers, including PGI, PGII, the PGI/
II ratio, anti-H. pylori antibodies, and G-17, has been applied for
detecting GC and precancerous lesions for over 20 years (3,12,13),
its practical utility in GC risk assessment has been controversial due
to highly varied accuracy in different regions of the world. Most
previous reports mainly focused on PGI, the PGI/II ratio, and anti-
H. pyloriantibodies while neglecting other biomarkers such as PGII
and G-17. Also, most previous investigations were cross-sectional,
but prospective studies on their performance for assessing GC risk
are limited. In addition, most previous studies assessed individual
biomarkers or combinations of a subset of these five biomarkers,
but there is a lack of joint evaluations of the five.

In 1997, we started the Zhuanghe Gastric Diseases Screen-
ing Program, an ongoing population-based screening program
using both serological tests and gastroscopy in a high GC risk
area in northern China (14,15). To investigate a possible role
of a serological biopsy using the five stomach-specific circulat-
ing biomarkers (PGI, PGII, the PGI/II ratio, anti-H. pylori IgG,
and G-17) in GC risk assessment, we conducted a multi-phase
study among a large cohort of participants in the Zhuanghe
Gastric Diseases Screening Program. We first conducted a
cross-sectional analysis to assess the associations of circulating
biomarkers with the presence of precancerous gastric lesions
and GC, then a follow-up analysis to assess their associations
with risk of developing GC, and finally an integrative predic-
tion modeling analysis for identifying individuals at high risk
of developing GC.

METHODS

Study population

The study population selection and recruitment process of the
Zhuanghe Gastric Diseases Screening Program is summarized in
Figure 1. In brief, the program selected 50 geographically repre-
sentative villages in Zhuanghe County, a rural county of northern
China that has been noted for its high GC mortality since 1984
(16). The Zhuanghe Gastric Diseases Screening Program was
initiated in 1997 to investigate the etiology of GC and to reduce
the burden of gastric diseases in Zhuanghe County in northern

The American Journal of GASTROENTEROLOGY

China that has been ongoing since 1997. The program targets all
residents in these 50 villages who are 35-70 years old or who have
upper gastrointestinal symptoms (including abdominal bloat-
ing, heartburn, acid reflux, nausea, hiccups, belching, decreased
appetite, and stomachache) or a positive family history of GC.
The screening program is ongoing, but for the present analysis,
we did not include participants recruited after 2012 to ensure
adequate follow-up time. By the end of 2012, 17,844 adults had
voluntarily participated in the screening program. After exclud-
ing those who migrated out of Zhuanghe County (n=1,763), those
with invalid follow-up information (#=15), and those who did not
have complete biomarker measurements (1=3,954), 12,112 par-
ticipants remained for analysis. Among them, 9,002 participants
underwent gastroscopy with biopsies for gastric histopathological
evaluation and were included in the cross-sectional analysis. For
the follow-up analysis, we further excluded those who had cancer
diagnosed at enrollment (1=94), leaving 12,018 for the final anal-
ysis. Interviewer-administered questionnaires were used to collect
information on age, sex, lifestyle (e.g., smoking and alcohol con-
sumption), family history of GC among first degree relatives, and
upper gastrointestinal symptoms.

Case ascertainment

Case ascertainment was conducted by three complementary
methods: (1) Study participants were linked to the Zhuanghe
Cancer Registry files and Zhuanghe Death Registry files
between 1997 and 2013. Cancer cases were diagnosed based on
histological discharge forms and oncology reports, and classi-
fied according to the International Classification of Diseases
(ICD-10). Details of case ascertainment methods were reported
previously (17). Zhuanghe Cancer Registry is part of the WHO
Cancer Incidence in Five Continents project with well-estab-
lished cancer registry quality. (2) In order to minimize potential
under-reporting of cancer cases and deaths and to identify par-
ticipants who had migrated out of Zhuanghe County, we con-
ducted a separate active follow-up at the end of 2013 by directly
contacting study participants. The active follow-up was led and
supervised by Zhuanghe Gastric Diseases Screening Program
investigators, and a questionnaire was specifically designed to
ask information including past diagnosis of cancer and other
diseases, diagnosis date, diagnosis hospital, vital status, and
cause of death. Zhuanghe Center for Disease Control and Pre-
vention (CDC) was responsible for implementing the active
follow-up and training 117 local village doctors who conducted
in-person interviews with the study participants or relatives of
deceased participants. The completed questionnaires were dou-
ble checked by 32 Zhuanghe CDC employees for completeness
and logical errors. (3) Follow-up gastroscopies with biopsies for
gastric histopathological evaluation were conducted on 2,845
high-risk participants to identify incident GC cases. Follow-up
endoscopic examination was usually done within one or two
years of the initial endoscopic examination. During a median
of 11.6 years and 113,234 person-years of follow-up, 86 newly-
developed GC cases (median time to diagnosis of 6.3 years)
were recorded as of 12/31/2013.
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Zhuanghe County: 361 villages, =~ 900,000 residents

v

50 geographically representative villages, covering a total of about
170,000 people (19% of Zhuanghe residents)

—> Invitation by print notice and announcement

Targeted population: residents 35 =70 years old or with gastrointestinal
symptoms or with family history of gastric cancer (GC) (1997 — 2012)

v
17,844 voluntary participants

—> Excluded:

- Migrated out of Zhuanghe county (n=1,763)

« With invalid follow-up information (n=15)

«  Without complete biomarker measurements (n=3,954)

4

| 12,112 voluntary participants |

/

w the 94 prevalent GC cases at enroliment

9,002 participants underwent gastroscopy with
biopsies for gastric histopathological evaluation

12,018 GC-free participants at enrollment were

prospectively followed

94 were found to have prevalent GC at
enroliment

86 were found to have newly developed

GC during follow-up

Figure 1. Flow diagram of included and excluded participants.

Serological measurements and endoscopic and histopathological
examinations

Details on the serological measurements and endoscopic and his-
topathological examination procedures were previously described
(18,19). Serum PGI, PGII, anti-H. pylori IgG, and G-17 concen-
trations in morning fasting blood samples were measured using
enzyme-linked immunosorbent assays (ELISAs; Pepsinogen I
ELISA; Pepsinogen II ELISA; H. pylori IgG ELISA; and Gastrin-17
ELISA kit, BIOHIT Plc, Helsinki, Finland).

Mucosal biopsies were obtained from the gastric body (around
8cm from the cardia in the greater curvature and around 4cm
from the angulus in the lesser curvature), angulus (in the lesser
curvature), antrum (around 2-3 cm from the pylorus in the greater
curvature and around 2-3 cm from the pylorus in the lesser curva-
ture), and, if applicable, lesion site, and were evaluated by two gas-
trointestinal pathologists using standard criteria from the WHO
classification for GC (20) and the visual analog scale of the updated
Sydney System for gastritis (21). Each participant was assigned a
global diagnosis based on the most severe lesion found among
all the biopsy specimens. Accordingly, the 9,002 participants who
underwent gastroscopy with biopsies for histopathological evalu-
ation were grouped as: normal or nearly normal gastric mucosa
(n=1,956, the reference group), non-atrophic gastritis (n=3,740),
atrophic gastritis/intestinal metaplasia (1=2,812), intraepithelial
neoplasia (formerly dysplasia, n=400), and GC (n=94).

© 2017 by the American College of Gastroenterology

Statistical analyses

H. pylori sero-positive was defined as anti-H. pylori IgG titer >34
enzyme immunounits (EIU) according to manufacturer’s instruc-
tions. PGI and the PGI/II ratio were categorized according to
commonly used cut-off points (i.e., 30 and 70 ng/ml for PGI; 3 and
7 for the PGI/II ratio). Biomarkers without well accepted cut-oft
points (PGII and G-17) were categorized according to quartiles
of their distributions in the study cohort. For the cross-sectional
analysis, odds ratios (ORs) with 95% confidence intervals (95%
confidence intervals (CIs)) were calculated using logistic regres-
sion, and corresponding sensitivity and specificity were calcu-
lated. For the follow-up analysis, the time to event was calculated
as from the date of enrollment to the date of GC diagnosis, death
due to any causes other than GC, or the end of the study follow
up (12/31/2013), whichever came first. We used Cox proportional
hazards regression to estimate hazard ratios (HRs) and 95% Cls.
We conducted a sensitivity analysis when we excluded incident
cases within 1 year or 3 years of follow-up.

In the risk prediction modeling analysis, receiver operator char-
acteristic curves with corresponding C statistics (area under the
curve, AUC) based on logistic models were used to measure the
discriminatory performance of combination of predictors where
the pathology diagnosis was considered the “gold standard”. The
logistic regression coefficients of the five biomarkers were trans-
formed into an integer risk point by rounding the quotient of
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Table 1. Selected baseline characteristics of the study participants

Characteristics?

Cross-sectional analysis population®

Follow-up analysis population

Prevalent GC GC-free at enrollment

N=94 N=8,908

Age, years, mean (s.d.) 61.2(11.4) 50.7 (10.1)
Sex, no. (%)

Male 68 (72.3) 4,179 (47.0)

Female 26 (27.7) 4,716 (53.0)
Current smoker, no. (%)

Yes 38 (52.1) 3,011 (40.2)

No 35 (47.9) 4,481 (59.8)
Current drinker, no. (%)

Yes 17 (23.3) 2,522 (33.7)

No 56 (76.7) 4,970 (66.3)

GC, gastric cancer.
20nly those who underwent gastroscopies with mucosal biopsies were included.

dividing the regression coefficient by a single constant, which is the
logistic regression coefficient for a 2-year increase in age in rela-
tion to GC risk in this population. We created a serological biopsy
score which is the sum of the individual risk points correspond-
ing to the five biomarkers. All statistical analyses were performed
using STATA version 13 (StataCorp, College Station, TX, USA). A
P value<0.05 (two-sided) was considered statistically significant.

RESULTS

Selected baseline characteristics of the study participants
Selected characteristics of the study participants in the cross-
sectional analysis (only those who underwent gastroscopies with
mucosal biopsies) and in the follow-up analysis are summarized
in Table 1. In the cross-sectional analysis population, prevalent
GC cases were on average, older, and more likely to be men and
current smokers. In the follow-up analysis population, incident
GC cases were more likely to be men and, on average, were older.

Cross-sectional associations of circulating biomarkers with
baseline gastric histopathology

As shown in Table 2, all of the five biomarkers were associ-
ated with baseline gastric histopathology, and the associations
were stronger for PGIL, the PGI/II ratio, and anti-H. pylori IgG
than for PGI and G-17. Specifically, extremely low PGI levels
(<30ng/ml vs. >70ng/ml) were associated with increasing odds
of having more advanced precancerous lesions or GC (follow-
ing the Correa’s model of gastric carcinogenesis). There was a
dose-response relationship between higher PGII levels or lower
PGI/II ratios and the presence of precancerous lesions or GC
(P for trend <0.001). Those who were H. pylori-seropositive
had statistically significant, 5-, 7-, 6-, and 5-fold higher odds
of having non-atrophic gastritis, atrophic gastritis/intestinal

The American Journal of GASTROENTEROLOGY

P value Incident GC GC-free during follow-up P value
N=86 N=11,932
<0.001 59.0 (10.6) 49.6 (10.7) <0.001
71 (82.6) 5,375 (45.1)
<0.001 15 (17.4) 6,544 (54.9) <0.001
30 (39.0) 3,806 (36.4)
0.04 47 (61.0) 6,649 (63.6) 0.64
28 (36.4) 2,965 (28.4)
0.06 49 (63.6) 7,490 (71.6) 0.12

metaplasia, intraepithelial neoplasia, and GC, respectively. There
was a J-shaped association between G-17 and the presence of
non-atrophic gastritis or atrophic gastritis/intestinal metaplasia.
Supplementary Tables S1 and S2 online show the measures of
accuracy corresponding to different cutoff points of circulating
biomarkers for identifying GC and precancerous gastric lesions.

We investigated whether the five biomarkers were indepen-
dently associated with the presence of precancerous lesions or
GC. As shown in Supplementary Table S3, when all five bio-
markers were included simultaneously, the strength of association
was weaker than that in Table 2, and again the associations were
stronger for PGII, the PGI/II ratio, and anti-H. pylori IgG than for
PGI and G-17.

We further stratified GC by major histological types (intesti-
nal and diffuse gastric adenocarcinoma), and the associations of
the five biomarkers were stronger with intestinal adenocarci-
noma than with diffuse adenocarcinoma (see Supplementary
Table S4).

Prospective associations of circulating biomarkers with risk

of developing gastric cancer

In univariate analyses, PGI, PGII, the PGI/II ratio, and G-17 were
associated with risk of developing GC (Table 3). In multivariate
analyses, extremely low PGI levels (<30 ng/ml vs. >70 ng/ml) were
associated with a statistically significant 2.55-fold higher risk of
developing GC. PGI/II ratios were inversely associated with risk
of developing GC (P for trend <0.001), and risk for ratios <3 and
ratios 3-7 (relative to ratios >7) was statistically significantly 3.13-
and 2.15-fold higher, respectively. We found a J-shaped associa-
tion between G-17 and risk of developing GC; relative to those in
the second quartile of G-17, risk for those in the first and fourth
quartiles was statistically significantly 2.42- and 2.95-fold higher,
respectively. Further, using restricted spline regression (see
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Table 3. Prospective associations of circulating biomarkers with risk of developing gastric cancer

Biomarkers GC/GC-free GC rate? Crude HR (95% CI) P value Adjusted® HR (95% CI) P value
PG/ (ng/ml)
>70 59/8,290 76.0 Reference NA Reference NA
30-70 18/3,299 56.1 0.74 (0.44-1.26) 0.27 0.93 (0.55-1.59) 0.80
<30 9/343 256.8 3.39 (1.68-6.85) 0.001 2.55 (1.25-5.20) 0.01
PGII (ng/ml)
Q, (<6.00) 14/3,034 50.2 Reference NA Reference NA
Q, (6.01-9.73) 13/2,948 48.2 0.96 (0.45-2.04) 0.92 0.75 (0.35-1.60) 0.46
Q, (9.74-16.78) 19/2,986 65.8 1.31 (0.66-2.62) 0.44 0.98 (0.49-1.96) 0.96
Q, (>16.78) 40/2,964 135.6 2.66 (1.44-4.91) 0.002 1.82 (0.98-3.38) 0.06
P for trend <0.001 0.01
PGI/II ratio
>7 30/7,676 429 Reference NA Reference NA
3-7 41/3,528 1154 2.61 (1.62-4.19) <0.001 2.15(1.34-3.46) 0.002
<3 15/728 1934 4.48 (2.41-8.34) <0.001 3.13 (1.68-5.84) <0.001
P for trend <0.001 <0.001
Anti-H. pylori IgG (EIU)
Sero-negative (<34) 45/6,769 70.3 Reference NA Reference NA
Sero-positive (>34) 41/5,163 83.3 1.16 (0.76-1.77) 0.50 1.20 (0.78-1.83) 0.41
G-17 (pmol/l)
Q, (<0.50) 28/2,991 87.8 2.26 (1.15-4.45) 0.02 242 (1.23-4.78) 0.01
Q, (0.51-2.00) 13/3,080 42.3 Reference NA Reference NA
Q, (2.01-4.80) 19/2,888 69.3 1.79 (0.87-3.69) 0.11 1.98 (0.96-4.09) 0.06
Q, (>4.80) 26/2,973 112.2 2.96 (1.49-5.89) 0.002 2.95 (1.48-5.87) 0.002

Cl, confidence interval; EIU, enzyme immunoassay units; GC, gastric cancer; G-17, gastrin-17; H. pylori, Helicobacter pylori; HR, hazard ratio; NA, not applicable; PG,

pepsinogen.
2Per 100,000 person-years.
Adjusted for age, sex, smoking status, and drinking status.

Supplementary Figure S1), a decreasing PGI/II ratio was asso-
ciated with increasing risk of developing GC, and the increasing
risk seemed to accelerate below a PGI/II ratio of 7.

We investigated whether PGI, the PGI/II ratio, and G-17
were independently associated with risk of developing GC.
As shown in Supplementary Table S5, when PGI, the PGI/II
ratio, and G-17 were included simultaneously, only PGI/II
ratio and G-17 remained statistically significantly associated
with GC risk, and the strength of association was similar to that
in Table 3.

As a sensitivity analysis, we excluded incident cases within
1 year or 3 years of follow-up (see Supplementary Table S6).
PGI, the PGI/II ratio, and G-17 remained statistically signifi-
cantly associated with risk of developing GC and the associations
became stronger. In addition, when incident cases within 3 years
of follow-up were excluded, the highest quartile of PGII became
statistically significantly associated with higher risk of develop-
ing GC.

The American Journal of GASTROENTEROLOGY

Integrative prediction model for identifying individuals at high
risk of developing gastric cancer

Given the strong associations of circulating biomarkers with
the presence of precancerous gastric lesions (i.e., non-atrophic
gastritis, atrophic gastritis/intestinal metaplasia, and intraepi-
thelial neoplasia) observed in the cross-sectional analysis,
we built a prediction model based on the five biomarkers for
identifying persons with precancerous gastric lesions at enroll-
ment using the cross-sectional data. As shown in Figure 2a, the
five biomarkers combined yielded a C statistic of 0.803 (95%
CI=0.789-0.816). Furthermore, the five biomarkers in com-
bination provided added predictive value to traditional risk
factors (age, sex, smoking, family history of GC, and upper
gastrointestinal symptoms), and the C statistic improved from
0.580 to 0.811 (P<0.001). The results were similar when non-
atrophic gastritis (Figure 2b), atrophic gastritis/intestinal
metaplasia (Figure 2c), and intraepithelial neoplasia (Figure
2d) were assessed separately.

www.nature.com/ajg
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a Precancerous lesions b Non-atrophic gastritis
1.00 A 1.00
0.75 + 0.75 +
0.50 4 0.50 4
0.25 0.25
0.00 0.00 +
T T T T T T T T T T
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
1-Specificity 1-Specificity
e Tradlitional risk factors (¢ = 0.580) e Traditional risk factors (c = 0.559)
e Five circulating biomarkers (c = 0.803) s Five circulating biomarkers (¢ = 0.815)
e Tradlitional risk factors + five circulating biomarkers (¢ = 0.811) e Tradlitional risk factors + five circulating biomarkers (¢ = 0.819)
Reference Reference
¢ Atrophic gastritis/intestinal metaplasia d Intraepithelial neoplasia
1.00 + 1.00 4
0.75 4 0.75 4
0.50 4 0.50 A
0.25 0.25 4
0.00 + 0.00 +
T T T T T T T T T T
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
1-Specificity 1-Specificity

e Traditional risk factors (¢ = 0.612)
e Fivee circulating biomarkers (c = 0.805)
e Tradlitional risk factors + five circulating biomarkers (¢ = 0.825)

Reference

e Traditional risk factors (c = 0.650)
e Five circulating biomarkers (¢ = 0.756)
= Tradlitional risk factors + five circulating biomarkers (c = 0.783)

Reference

Figure 2. Receiver-operator characteristic curves of age, sex, smoking, family history of gastric cancer among first degree relatives, upper gastrointestinal
symptoms, and circulating biomarkers (pepsinogen |, pepsinogen Il, pepsinogen I/Il ratio, anti-H. pylori antibody, and gastrin-17) for discriminating of pre-
cancerous gastric lesions combined (i.e., non-atrophic gastritis, atrophic gastritis, and intestinal metaplasia, a), non-atrophic gastritis (b), atrophic gastritis/
intestinal metaplasia (c), or intraepithelial neoplasia (d) from the reference group. Note: because a history of upper gastrointestinal symptoms was collected
only from 2008 onwards, this analysis was limited to 4,046 participants recruited from 2008 and on. A full color version of this figure is available at the

American Journal of Gastroenterology journal online.

In order to make the serological biopsy more applicable in practice,
we created the serological biopsy score. Table 4 shows the individual
risk points corresponding to different levels of the five biomarkers,
and the serological biopsy score summarizes the five biomarkers
into a single score. Table 5 shows the measures of accuracy associ-
ated with different serological biopsy scores for identifying GC and
precancerous gastric lesions combined. The maximal sum of sensi-
tivity and specificity was achieved at a score of 5, 6, 7, or 8.

We further assessed the performance of the serological biopsy
score using the follow-up data and investigated whether the sero-
logical biopsy score at enrollment was associated with risk of
developing GC during follow-up. As shown in Table 6, higher
serological biopsy scores were associated with higher risk of devel-
oping GC (P for trend <0.001), and those with a score 214 had
a 3.9-fold (95% CI=1.70-8.90; P=0.001) higher risk of developing
GC relative to those with a score <2.

© 2017 by the American College of Gastroenterology

DISCUSSION

Our results suggest that, at least in this Chinese population,
(1) the five circulating biomarkers, (especially PGII, the PGI/
IT ratio, and anti-H. pylori IgG) are associated with the pres-
ence of precancerous gastric lesions or GC at baseline; (2) PGI,
the PGI/II ratio, and G-17 are associated with risk of develop-
ing GC during follow-up; (3) a serological biopsy composed
of the five stomach-specific circulating biomarkers yields ade-
quate prediction accuracy for identifying precancerous lesions
at enrollment and substantially improved prediction beyond
traditional risk factors, and higher serological biopsy scores
based on the five biomarkers at enrollment were associated
with higher risk of developing GC during follow-up. To our
knowledge, this study is the first joint evaluation of the five
biomarkers for GC risk assessment using a multi-phase study
design.

The American Journal of GASTROENTEROLOGY

7





8

Tu et al.

Table 4. Multivariate odds ratios and risk points of each
circulating biomarker

Biomarkers OR (95% CI) Risk points?
PGI (ng/ml)
>70 Reference 0
30-70 0.92 (0.80-1.05) 0
<30 1.21 (0.76-1.93) 1
PGII (ng/ml)
Q1 (<6.00) Reference 0
Q2 (6.01-9.73) 1.17 (1.02-1.35) 1
Q3 (9.74-16.78) 1.82(1.563-2.17) 3
Q4 (>16.78) 3.22 (2.50-4.15) 6
P for trend
PGI/II ratio
>7 Reference 0
3-7 2.10(1.73-2.54) 4
<3 2.44 (1.58-3.77) 4
Pfor trend
Anti-H. pylori IgG (EIU)
Sero-negative (<34) Reference 0
Sero-positive (>34) 3.76 (3.27-4.32)
G-17 (pmol/l)
Ql (<0.50) 1.27 (1.11-1.47) 1
Q2 (0.51-2.00) Reference 0
Q3 (2.01-4.80) 1.33 (1.14-1.55) 1
Q4 (>4.80) 1.75 (1.49-2.06) 3

Cl, confidence interval; EIU, enzyme immunoassay units; G-17, gastrin-1;

H. pylori, Helicobacter pylori; OR, odds ratio; PG, pepsinogen.

Calculated by rounding the quotient of dividing the regression coefficient by
a single constant (0.20) to the nearest integer. The constant chosen was the
logistic regression coefficient for a 2-year increase in age in relation to gastric
cancer risk in this population.

Pepsinogens are products of terminally differentiated gastric
mucosa. There are two isoforms of PG: PGI and PGII (22). PGI
is produced only in the glandular mucosa of the stomach fun-
dus and body, whereas the distribution of PGII-producing cells
includes the entire stomach and duodenum (23). Low PGI lev-
els and/or low PGI/II ratios (e.g., PGI<30-70 ng/ml plus PGI/II
ratio<3.0) in the serum are commonly used to indicate chronic
atrophic gastritis in the fundus/body (24), a precancerous lesion
for GC (25), and the results of a microsimulation study sug-
gest that the PG test could be a cost-effective strategy to reduce
intestinal-type of GC mortality among high-risk individuals in
United States (26). Consistent with previous studies, we found
that low PGI levels and low PGI/II ratios were both associated
with the presence of atrophic gastritis/intestinal metaplasia. As
expected, the associations of low PGI levels and low PGI/II ratios

The American Journal of GASTROENTEROLOGY

with GC were stronger for the intestinal type of gastric adeno-
carcinoma than for the diffuse type because the intestinal type
is more closely related to atrophic gastritis/intestinal metapla-
sia. Further, we found that low PGI levels and low PGI/II ratios
were associated with higher risk of developing GC, which is con-
sistent with the results from previous studies (7,27-36). Unlike
most previous studies which used one specific cutoff point (e.g.,
PGI/II ratio<3.0), we used restricted spline regression in which
the PGI/II ratio was analyzed as a continuous variable, and our
results indicated that a lower PGI/II ratio was associated with
a higher risk of developing GC without a threshold effect. The
spline analysis results also suggested that the increasing risk
accelerated below a PGI/II ratio of 7, a finding that was consist-
ent with the results that PGI/II ratios <7.0 were associated with
statistically significantly higher risk of developing GC when the
PGI/II ratio was analyzed using two pre-specified cutoff points
(i.e.,, 3and 7).

Interestingly, we found that extremely low (i.e., <30ng/ml)
but not intermediate (30-70ng/ml) PGI levels were associ-
ated with statistically significantly higher risk of developing
GC. However, this significant association disappeared when
PGI and the PGI/II ratio were simultaneously included in one
model. This observation suggests that PGI is not a significant
predictor independent of the PGI/II ratio, which already takes
into account atrophy in the stomach fundus and body (via the
PGI component). In addition, elevated serum PGII levels were
strongly associated with the presence of precancerous gastric
lesions or GC and was associated with higher risk of developing
GC when incident cases within three years of follow-up were
excluded.

H. pylori infection has been consistently associated with risk
of developing GC (37). We found that H. pylori sero-positivity
(EIU=34 vs.<34) was strongly associated with the presence of
precancerous gastric lesions or GC but not with risk of develop-
ing GC. However, when anti-H. pylori IgG titers were categorized
into three groups according to tertiles, intermediate levels com-
pared with low levels (i.e., second tertile vs. first tertile) were asso-
ciated with significantly higher risk of developing GC (data not
shown). This is probably because that at the final stage of the gas-
tric carcinogenesis sequence, the gastric mucosa may be a more
inhospitable environment for H. pylori, leading to a reduction or
eradication of the infection (12,38-43). Another explanation is the
high prevalence of H. pylori-related precancerous gastric lesions
among our study populations.

G-17 is released by the G cells in the antrum of the stomach in
response to various stimulating factors, including low acidity in
the stomach (44), and serum G-17 levels are, therefore, mainly
dependent on the number of G cells and intra-gastric acidity (3).
Our study is the first to report a J-shaped association between
circulating G-17 levels and risk of developing GC, with higher
risks for those with either low (<0.5 pmol/l) or high G-17 (2.0-4.7
or >4.7pmol/l) levels. A limited number of studies have inves-
tigated this association. One recent study with a small sample
size found that low (<1 vs. 21 pmol/l) G-17 levels were associ-
ated with higher risk of developing GC (36), but the finding was

www.nature.com/ajg
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Table 5. Measures of accuracy associated with different serological biopsy scores for identifying gastric cancer and precancerous gastric

lesions combined

Serological Sensitivity Specificity Sum of sensitivity and
biopsy score (%) (%) specificity (%)
0 100 0 100
1 96 12 108
2 86 41 126
3 80 54 134
4 76 63 140
5 71 72 143
6 70 73 143
7 67 76 143
8 64 79 143
9 57 85 142
10 52 88 141
11 47 92 139
12 87 E5) 131
13 36 95 131
14 30 97 126
15 26 97 123
16 22 98 120
17 20 98 118
18 15 99 114
19 8 99 107
20 7 99 107
21 0 100 100

Positive predictive Negative predictive Likelihood Likelihood

value (%) value (%) ratio+ ratio—
78 Undefined 1.0 Undefined
80 45 1.1 03
84 44 14 0.4
86 43 1.7 0.4
88 43 2.1 0.4
90 41 25 0.4
90 40 2.6 0.4
91 39 2.8 0.4
92 38 3.1 0.5
93 35 3.9 0.5
94 34 4.5 0.5
95 3 5.6 0.6
96 29 6.8 0.7
96 29 6.9 0.7
97 28 8.5 0.7
97 27 8.9 0.8
97 26 9.5 0.8
97 26 10.0 0.8
97 24 10.5 0.9
98 23 134 0.9
98 23 13.2 0.9
100 22 Undefined 1.0

Table 6. Prospective associations of the serological biopsy score at enroliment based on five circulating biomarkers with risk of developing

GC during follow-up

Serological biopsy score GC/GC-free GC rate? Crude HR (95% CI) P value Adjusted® HR (95% Cl) P value
<2 713,302 24.1 Reference NA Reference NA
3-8 24/3,120 77.7 3.19 (1.37-7.40) 0.007 2.83 (1.22-6.57) 0.02
9-13 25/2,879 86.8 3.58 (1.55-8.27) 0.003 3.15 (1.36-7.29) 0.007
>14 30/2,631 122.7 4.92 (2.16-11.24) <0.001 3.89 (1.70-8.90) 0.001
P for trend <0.001 0.002

Cl, confidence interval; GC, gastric cancer; HR, hazard ratio; NA, not applicable.
aPer 100,000 person-years.
Adjusted for age, sex, smoking status, and drinking status.

not statistically significant. Another study found that individuals
with higher combined serum gastrin —34 and —17 levels had
higher risks of GC (30). Our finding of a J-shaped association
between serum G-17 levels and GC risk is biologically plausible.

© 2017 by the American College of Gastroenterology

The results of cross-sectional studies suggest that low serum
G-17 may be a biomarker for atrophic gastritis in the stomach
antrum (i.e., fewer G cells in the antrum) (10,45-47), while high
serum G-17 may be an indication of atrophic gastritis limited to
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the stomach fundus/body where acid-secreting glands are located
(47,48), which is also supported by our previous results (18). In
addition to being a marker of atrophic gastritis in the gastric
corpus, high G-17 levels directly promoted gastric carcinogenesis
in a mouse model (49), possibly due to the proliferative effect of
gastrin on gastric mucosa (44).

For the first time, we built an integrative prediction model for
identifying persons with precancerous gastric lesions at enroll-
ment, and our results suggest that the five biomarkers combined
yielded adequate prediction accuracy and substantially improved
prediction beyond traditional risk factors. Then, we further
assessed the performance of the prediction model using our fol-
low-up data, and our results suggest that serological biopsy scores
based on the five biomarkers at enrollment were positively asso-
ciated with risk of developing GC during follow-up, which sup-
ported that the serological biopsy comprised of the five biomarkers
could predict risk of developing GC. The results from the follow-
up analysis indicate that the PGI/II ratio and G-17 components
of the serological biopsy might contribute more than other com-
ponents. As mentioned above, the PGI/II ratio and G-17 provide
complementary information.

Our study has several limitations. First, our study population
was from a high-risk area in northern China, so caution should
be taken when generalizing our results to populations in other
regions. Second, further external validation of the usefulness of
the serological biopsy for GC risk assessment is needed. Third,
our study was conducted mainly in population-based settings, a
so called “natural population”; therefore, the value of the serologic
biopsy in clinical settings should be prospectively tested in a sepa-
rate set of patients. In fact, recently the serological biopsy has been
gradually applied in clinical practices such as monitoring curative
effect of H. pylori eradication, monitoring the evolution of pre-
cancerous lesions, indicating recurrence after curative treatments
of GC, and assisting diagnosis of gastroesophageal reflux disease.
However, there is no consensus on its role in routine clinical prac-
tice due to some unsolved questions. For example, proton pump
inhibitors (PPI), which can increase serum PG value (especially
PGI) and G-17 value, has been widespread in clinical settings, and
we will need to answer whether the subjects on long-term PPI can
be evaluated by the serological biopsy. In our opinion, long-term
PPI users not only can receive delayed serological biopsy after
stopping PPI to determine their baseline levels but also can receive
repeated real-time serological biopsy to monitor the dynamic
change of serological biomarkers and determine their responses
to PPI stimulation, which is similar to the oral glucose tolerance
test for evaluating the function of the insulin island to respond to
glucose intake. This is a very interesting research topic and has
important clinical implications. It did not get enough attention in
the past, and more studies are needed to demonstrate the useful-
ness of the serological biopsy among PPI users. Our study utilized
a population-based sample from a rural area in China and the rate
of PPI use in our study population is expected to be low, so the
impact of PPI treatment on our results is minimal.

In summary, we evaluated the potential role of a serological
biopsy (comprised of five circulating stomach-specific biomarkers:

The American Journal of GASTROENTEROLOGY

PGI, PGII, the PGI/II ratio, anti-H. pylori I1gG, and G-17) in
GC risk assessment using a multi-phase study design. Each of
the five biomarkers represents an independent aspect of the
morphology and function of gastric mucosa, and a serological
gastric biopsy comprised of the five biomarkers could suggest
the presence of precancerous gastric lesions and GC, serving
as a tool to identify high-risk individuals for further diagnostic
gastroscopy. Furthermore, a serological gastric biopsy using the
five biomarkers, especially the PGI/II ratio and G-17 components,
was independently associated with risk of developing GC, sup-
porting the serological gastric biopsy as a non-invasive tool to
stratify risk of developing GC and thus to guide targeted screen-
ing/precision prevention. Applying a serological gastric biopsy in
GC risk assessment may help to develop cost-effective GC pre-
vention strategies.
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Study Highlights

WHAT IS CURRENT KNOWLEDGE

Pepsinogen | (PGI), PGII, PGI/II ratio, anti-H. pylori
antibody, and gastrin-17 (G-17) are potential biomarkers
for gastric cancer (GC) risk assessment.

Few studies have evaluated PGIl and G-17.
There is a lack of joint evaluations of the five biomarkers.
WHAT IS NEW HERE

The five circulating biomarkers (especially PGlI, the PGI/II
ratio, and H. pylori sero-positivity) were associated with the
presence of precancerous gastric lesions or GC.

We found a J-shaped association between G-17 levels
and risk of developing GC during follow-up in addition to
inverse associations with PGI levels and PGl/II ratios.

The five biomarkers combined substantially improved
prediction beyond traditional risk factors for identifying
precancerous lesions at enrollment, and higher serological
biopsy scores based on the five biomarkers were associated
with higher risk of developing GC during follow-up.
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