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Abstract: In recent years,the incidence and mortality of gastric cancer are on the rise,which has became a major disease threatening
health ,and its diagnostic methods have attracted much attention. Exhaled breath test for cancer has the advantages of non-invasion , high
compliance, simple operation and promising prospects of clinical application,thus becoming the popular research area of cancer diagno-
sis. In this paper,the progress of gastric cancer diagnosis on exhaled breath is summarized. The analysis technique of exhaled breath test
in gastric cancer and the biomarkers in the exhaled breath volatile organic compounds (VOCs) ,exhaled breath condensate (EBC) as-

sociated with gastric cancer are introduced. It is expected to provide more reference for early screening and diagnosis of gastric cancer

with exhaled breath.
Key words : Exhaled breath;

Gastric cancer;

HRAJE R [ 2015 AR RRE SRS, B R &
BT ACRIE T P rp 0L 85— 7 ot rh 4 Bl
T A FNERS AL, B AR T g 1 R rh
el A A B I EE R o I AR b R R 2
Wr ST AR X AR IR BUR (MRI) | 2F
2 T 5 LA B NS TR b s M 2 8 B R R AR
7 BRL L AR S M e 9 O A vk, R R L A B
TR R TAE rh/r 298 A6 TR A 9 5205 K A7
FERME MR 4a 452 KA, DR G 5 0 & I 22 8 v i
W, 38R T B AR YT AL, BRI SR — R AT 2 A 8L
HLRe 3 N B 0 A B R R 3 AT 18 i e AR
A O BUA G R B V7 K

ARSE W S AT R R T — R A 1 e R
gz TR e, HBA S THAE O\ AR
PR SO0, PTER AL — A B AT R AR Y«
7o 1972 45 35 DR B ARG Teranishi 5 42
I SR P A A 250 ARl TR R A HLL G .

Volatile organic compounds;

Exhaled breath condensate; Biomarker

TEREJR 1 30 4R i FRHEIE A LU A5 R A s
AR AT, BIFTE AT T 06 o8 0 P 4 AT L st
Ptk R IT

FURIT , Bl 5 [ B il 24 it 4 LRy L v 1) 00 3K
IR, B CL) WP Arp S B AR - Tk sk
Tt (2)WFA0rR B UK T 20 B A i K Ak
EYRCEHE L. (3) MR P — S AL (NO)
RHE TR . (4) 7 C-PRE IR : i IR
AR WG [ TR T B b 2 — R AR
R TR IR T R A E Tk, (5) IR
SCHEML AR Y) J5T A o R B2 A < T A6 D0
HIERS AT A R B HE S S R BE

e PR P A — A 3 3 S — > RE A IR AR I
A HERBRT IS W R, 58 T AE IR 4%
FMEA LAY (VOCs) 7™ A ) BRLAE PR A, AT
ARVEA I S VOCs B8 2 56 T e 4 it fgE T
2 ARG 2 i) 240 M6 S 1, DAL T = 25 e 400 i



- 1062 - Z # & 725 Anhui Medical and Pharmaceutical Journal 2019 Jun,23(6)

PR L PR/ 5 1 9 738 L I 400 P 3% e f 48, 3 TG
FEAE T R S VA WL B S I W4 R A B
Wy R s H AT C 2R B 7E SR | 45
fdiss e BT e R BT R SR AT S
VOCs AR 59, LA 631 BB} 2 58 B 1T &k BT 1
ST LIS W 17 BloE ", X — B R B &5k
[ PR BR800 , i He bt f 4 B, BT
2017 4E 7 F 45 B 9V S G [ P9 SMIE S ot
—Z5aR , DU R o A= 1 0 A R 92 W 1 i e
EIEAIE =20 Si/T
1 ZEBERAMEH ST VOCs

M1 T VOCs 0B AR SRAE DT 2 A A s PR FR 5
TR S R E R RS E LR EW
s ERTIE B T LU TR I PR 2 W sk
FEIRE (4 0T (AR o B E AR [ 43 BT 7 122 43 2L A
4B TS VOCs IBFSE .
1.1 SHEeE REFEANSHBEERHS
VOCs MGl — it B AR GC-MS, I i<,
B R A L 0 3 o A B i A B
J5 T LA TR A R L . GC-MS W] L4 T . v Hi
SYBERT S AL HE FL R VOCs , )32 B TR
ST HA B D SR CERAE B 22 5
e, 3 AT REAE I PR I FH F 7 2 PR

Ligor 25" fdi Fi] [ AH {3 % X ( SPME ) GC-MS
et 3 ] 5 9 L SV L1 TR 25 VOCs |3 4] 5 9
CFIT A 1E 4 BE N B0 R VOCs HE AT 43T,
R B YR | BRALRR S N B L LB 2R 2 TG
XL VOCs, A N 3% 26 fk & H A Py 38
a7/

T R4 fdi ] SPME GC-MS % 37 {51 B Jiei
N 32 {50 TE B il RN EAT T 0BT, S B A 0 i
(HHETL 14. 72 ~594. 29 ng/L) Al HL IR ot (e
JEFEE 9. 20 ~970. 89 ng/L) AT LIVE N B B 7L T
AR RV EY

WA BEFEE ] SPME GC-MS % 30 4] 5 9
3N 20 I {EEERE A BEAT I AT, R BLEL I L5-2
-5 LS h | T AU AE B R AT A R AT A
W W, B R AR S 2B R © B
AT AR X 5 5 ) S 25 T (e R ) B AL, EL I o
IR R AR AR T (e e X R AL, T AE Xu 227 fif 1
YUARAGIEZR 0BT, P th AU I e e B R A4l rh
W T, PRI SE & 45 1 T A S5 8, 15—
LW
1.2 fERBEEISTBEFEHS VOCs LA
B 2 A KA R A8 FhAS [ 42 | A 2= B %

JERESARLE B T B — A MR D 25 28 52 BT H <40
Bt , B PR R I R VOCs 416k 04T 50
LW AR S 5 TARAE 7 (BB s R R
FHETSR (AR SR AN BB /3T AR HIE A R Pk
ALY, HAREE 7,

Xu 2" WFFE T BT KA R G 07 0% 34 56 o 9
SR RS A1 GC-MS ¥& LK 4k
TR IEEFIEXT 130 5] 15 B N It SREAR R4 T
FGE I ISR FH 0 590 DXL 43 A1 ( DFA ) B 150 4 7 73
DAY, B5 5 W B SAT DLIX 43 45 20 B - 5 i
L R R M A AR 89% A M 90% MET I
90% , 1 (T 1A 0 0) S (IS Fn IV 1859) B
St FLABE 89% R SEVE 94% WERE 91% , H 1R 24
HEAE, PRSI R T 5 Mg HA
BLY (2-TN NG 2- T 3 £ Tt BT | FHY 2 B 445 i A
SR ) AE B DL SO A 5 e A B T
=, AT DME A B S A b &Y . 25 Amal
ST HEAT T HE— AR B, W R R [ 484 Bl A1
968 AT H SRR A HEATAG I, A 2 B o M Oy vk
GC-MS -5 RN AR 45 G 1 58 S 48 K [ 371
T 25 R & BAE FH GC-MS 1] LLAE 15 9 21 R0 w35 RUBS:
B4 (OLGIM M~ IV ) k2 ph R I < VOCs 21
B TEA LA 2 8 FHIFH S VOCs (2-N i bk
M O R Tk TN e A4-F e 1,2,3- L
R a-HIIR M 2- T ) o BT 9K R I H
SR AT LXK 4y 5 9 S B R R - R A4 (OL-
GIM O~ V), H R 73% Fr 51 98% | HE#f 1
92% , X4y B 55 OLGIM 0 ~ 11 [ R4 K 97% 5
S 84% MERATE 87% ,IX 4y H 5 OLGIM 1M~ IV
R 93% KA 80% (MEHPE 90% |, X 43 OL-
GIMI~ I 5 OLGIM I~ IV Ay R 5 83% etk
60% EHIE 61% ,

Chen 25 RFF ] T — 5 T 3 TG 384 588 47 2 B
( SERS) f& A8 Ak ] 15 s 0 0 S b A= b i ) o
1€ SERS &8, i R Ak A 2845 (RGO) 1l LU
TEPR A i B R R R AP B A A R, SPME
P YE R4 KR T3 BILAE RGO _Efiff SERS 14 )& 2%
A RCHIAS T B AR bR B . 14 A5 R Wb
AP S P2 T Bl 3k Ry A W An R X e
K KA E R AN B R VOCs, AT %
T3 AT TSR] IF 8 SR AR I 200 i1 RIF H <
FEAS : RABE 83% 5 92% A % BR% )7 e 1 4
FAA AT AR T B8 812 W, 5 n] LG 544 15 93 A
BB T X

SEHNT A 4 R A A2 SR S



% % E 25 Anhui Medical and Pharmaceutical Journal 2019 Jun,23(6)

- 1063 -

FESI AT T 161 35 5 10 <, (48 49 6
9 A 30 91 B e N, kIS e AT AL
B TZs VOCs N ER  —fifbik R INEE. &
s LR TR 7T LAF k2 W B 8, 9 R ) A% 1
Pl 22 25 A1k g 1 oE B R 93.00% | R L
94. 38% FIFE 514 89.93% .,

1.3 ERMEFRERESHABEFTHS VOCs
Ve B U B R SIFT-MS, B 456 T s
FR A B HR DL ST A T I A ) VOCs
AT E PR g 543 B o SIFT-MS /] P 55 i) 78 2 53
B, ELICATORE S TR B

Kumar 22V F ] SIFT-MS % = 41 3% 18 % 47
WP Ao 18 1) B — B i 18 R L fkiE
P 17 Bl fad Az i o AT A R A A R
17 1 VOCs, ffi i 2 - HF¢ e U K5 & B 4 Fh VOCs
(TR EB LB R 2 328 B ) 76 s 2 5 HoAth
HzEFAGIHE L M2 E TAERRE i 4
(ROC 1) 43471 4 #h VOCs 4H &5k X445 -1
e AT IR, 25 2R R ROC T4 R i AL (AUC)
90,91, FEANEA T x4k VOCs 7] LIVE A &4 -
FETE AR R A bR B .

PR BN BE AT 2E— A BF 52, TR R 4f ] SIFT-
MS J7 okt 81 &4 B m A (B & 48 i, B
Jig e 33 ) (129 X B89 A ( Barrett fL A= 16 ],
R A E B 62 4, 1 5 R A 51 fil) k47
R A A, KB T 12 VOCs, 1IN R 5 Wi 2
IR FNEE AL A 0 T AR Ry 845 TS B v AE 1)
kR
2 BEMHSHwNSER(EBC)

AR T 0, FEOT AU T AR 2k B
REEEIE A, BV EBC, 4l tF5¢4ieil, 78 EBC th
A UK ) 508 B s R TR Y ORI Y
Y SRR I Ok, AT 3 R TR R IGE ) N )
W E RS R T EBC R s i e
JibsRE AR T 1, 5l 2 B bR 35 W kG R ok 12 I il
Jeh , R LT A S W | W 5 R A A 7
YA % T R i PR S A (07 L T AR S
Bt ,EBC B R — D58 2 B it f2, A2
XSS FE = A, H EBC BH 2R VE T T MR
SRR & S ¢ 0 = U] i W QTR KL I K (= =1 4
255 1 o] B2 M, WA o] S B Bh A W, HL
EBC SRAEFAE H AT A AT a7 S AR 50 9 955
NS TR R A AR G o) b FH I 5%

FIRLEP ] EcoScreen ¥ EERS R AE T 66 1]
B9 A S 60 gt e A7 1 5 It SR e, I

FHARERREXT B B IF 1A EBC H) Py & F7KF-
FEROIN ., 45 SR R - B R ALY IR X EBC A
P E KR TIER XRA (P <0.01), 82 1
W, 00+ I+ VAR B8 A EBC H Py 28 VR
(P <0.05) , H @ A S e AN EBC H1) Py,
EAKFER TSI E X (P >0.05) ,EBC 1 Py,
B R I A R R M 4 R 42. 4% R
93. 4% , A5 H £ S K B R A EBC h P, R
AT T 5 8 5 Bz W7 RO 1 W b T8 &
PR REAL A (SP) AN B e 4 41 Py, 25 5 TR e il
AT EBC Py 2 X PRGN 1472 22 5 B4 3
3 BEMFEHS VOCs Hitisi £ R

Amal 25V fifi Fi] GC-MS 7 i 6 v [ 1 437 it 4
MF AL 260 A3 955 A NF AR HEAT B, S 3 rp [ R
I A R = R e N O R 07 N i B U P < R E5 3
o, 2 R AR 6-H FE-5- B -2- I 0T DA IX 43 1
ZH AT IR AR, 0 S b 05 B AR B W B2 AT
PUIX AT A PR 15t 92 2 R e X R 2, 5 s 41 S5 Ak
P A B X T, WF5E & B & A L
WL AT i 52 ) Hb B L BRI A= 3 7 5 S
XA RESE TS [R) RO =2 8] 35t 15 F1 g % 22 51 i
AR )20 it A AR B AN [R), AT 35 B VOGCss 22 57,
PRI M A 57 — 32 Hb DX AR 366 T ) O £ /<32 T A 75
SEE,
4 FHEHEWIREY B VOCs 201

Leja 2 fdi ] GC-MS FNGHKAL I ES 4007 T 10
5] 5] — A B e N GESE 3 d R 17 1) B R A
B THEAT B ATT RS B0 .61 191 8 i A 18
THVERTE RIS, R IE — A 3 d IR R
VOCs 2R E /Y, UEBH T VOCs 43 H7 it v A Pk F1 8 31
P, a-JEM (P =0.028 0) . LR ZEE(P =0.030 0)
TEPUA 2N 5 3880, PR T 78 235 i e A A il g 1 v
FJEHAM(P =0.000 1), 340 A 2 R i i 4
BB YR T R VOCs (145
JIF A5 B HEAT B 2 W58 R BRAIE VOCs 4347 B4 HE Ay
P FEIXEE bR A5 W T A Ak R I PR S B =2 i AT 7
BRI S Bk, 0 i SR 2 A0 A T A v At
PRIFSE I S 2

gE BRTR, BORGER T B R
GC-MS fL @& #2151 SIFT-MS \EBC X JLANJ7 1 ,
WAMHESCAFFE IR AR X EE D o R, B 22 56 F 1 g I
AW T DR R B R, ARk S S
15 BT < VOCs 1] B Y A AL 8 B BT 5T, pr Ak



- 1064 -

2z # E 75  Anhui Medical and Pharmaceutical Journal

2019 Jun,23(6)

IR B R A 8 AR R TR 22 v AR IR X

ZWisE .
52 Uk
[1] CHEN WQ,ZHENG RS, BAADE PD, et al. Cancer statistics in

(2]

(3]

[4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14

[

[15]

[16]

China,2015 [ J]. CA:a Cancer Journal for Clinicians, 2016, 66
(2):115-132.

BUSZEWSKI B,ULANOWSKA A,LIGOR T,et al. Identification of
volatile organic compounds secreted from cancer tissues and bacte-
rial cultures[ J].J Chromatogr B Analyt Technol Biomed Life Sci,
2008 ,868(1/2) :88-94.

TERANISHI R,MON TR,ROBINSON AB, et al. Gas chromatogra-
phy of volatiles from breath and urine[ J]. Anal Chem,1972,44

(1) :18-20.

KNEEPKENS CM,LEPAGE G,ROY CC. The potential of the hy-
drocarbon breath test as a measure of lipid peroxidation[ J]. Free
Radic Biol Med,1994,17(2) :127-160.

TOYOKUNI S. Molecular mechanisms of oxidative stress-induced
carcinogenesis ; from epidemiology to oxygenomics [ J]. [TUBMB

Life 2008 ,60(7 ) :441-447.

HAKIM M,BROZA YY,BARASH O, et al. Volatile organic com-
pounds of lung cancer and possible biochemical pathways[]J].
Chem Rev,2012,112(11) :5949-5966.

WANG CS,SUN B, GUO L, et al. Volatile organic metabolites i-
dentify patients with breast cancer, cyclomastopathy, and mammary
gland fibroma[ J]. Sci Rep,2014 ,4.5383.

WANG CS, KE CF, WANG XY, et al. Noninvasive detection of
colorectal cancer by analysis of exhaled breath[ J]. Anal Bioanal
Chem,2014,406(19) :4757-4763.

PHILLIPS M, ALTORKI N, AUSTIN JH, et al. Prediction of lung
cancer using volatile biomarkers in breath[ J ]. Cancer Biomark,
2007,3(2) :95-109.

NAKHLEH MK,AMAL H,JERIES R, et al. Diagnosis and classifi-
cation of 17 diseases from 1404 subjects via pattern analysis of ex-
haled molecules[ J]. ACS Nano,2017,11(1) :112-125.

MARKAR SR, WIGGINS T,KUMAR S, et al. Exhaled breath anal-
ysis for the diagnosis and assessment of endoluminal gastrointesti-
nal diseases[ J].J Clin Gastroenterol ,2015,49(1) :1-8.

LIGOR T,SZELIGA ]J,JACKOWSKI M, et al. Preliminary study of
volatile organic compounds from breath and stomach tissue by
means of solid phase microextraction and gas chromatography-mass
spectrometry[ J]. J Breath Res,2007,1(1) :016001.

T# RS RO, A BRI VPR P R M b AR A R
P HrL)]. ERIER R4 ,2012,47 (4) 1465467,

XU ZQ, BROZA YY,IONSECU R, et al. A nanomaterial-based
breath test for distinguishing gastric cancer from benign gastric con-
ditions[ J]. Br J Cancer,2013,108(4) :941-950.

KRILAVICIUTE A,HEISS JA,LEJA M, et al. Detection of cancer
through exhaled breath ;a systematic review[ J]. Oncotarget,2015 ,
6(36) :38643-38657.

BROZA YY, HAICK H. Nanomaterial-based sensors for detection

of disease by volatile organic compounds[ J]. Nanomedicine,2013 ,

[17]

[18]

[20]

[21]

[22]

(23]

[24]

[26]

[27]

[29]

[30]

[31]

[33]

8(5) :785-806.
AMAL H,LEJA M, FUNKA K, et al. Detection of precancerous
gastric lesions and gastric cancer through exhaled breath[ J]. Gut,
2016,65(3) :400-407.
CHEN YS,ZHANG YX, PAN F, et al. Breath analysis based on
surface-enhanced raman scattering sensors distinguishes early and
advanced gastric cancer patients from healthy persons [ J]. ACS
Nano,2016,10(9) :8169-8179.
DANIEL DA, TANGAVEL K. Breathomics for gastric cancer classi-
fication using back-propagation neural network [ J]. J Med Signals
Sens,2016,6(3) :172-182.
SPANEL P, SMITH D. Progress in SIFT-MS: breath analysis and
other applications [ J ]. Mass Spectrom Rev, 2011, 30 (2):
236-267.
KUMAR S, HUANG JZ, ABBASSI-GHADI N, et al. Selected ion
flow tube mass spectrometry analysis of exhaled breath for volatile
organic compound profiling of esophago-gastric cancer [ J]. Anal
Chem,2013,85(12) :6121-6128.
KUMAR S,HUANG JZ,ABBASSI-GHADI N, et al. Mass spectro-
metric analysis of exhaled breath for the identification of volatile or-
ganic compound biomarkers in esophageal and gastric adenocarci-
noma[ J]. Ann Surg,2015,262(6) :981-990.
HUNT J. Exhaled breath condensate ; an overview[ J]. Immunol Al-
lergy Clin North Am,2007,27(4) :587-596,v.
KHARITONOV SA,BARNES PJ. Exhaled biomarkers[ J]. Chest,
2006,130(5) :1541-1546.
KONSTANTINIDI EM, LAPPAS AS,TZORTZI AS, et al. Exhaled
breath condensate ; technical and diagnostic aspects[ J]. Scientific
World Journal ,2015,2015 :435160.
HAYES SA, HAEFLIGER S, HARRIS B, et al. Exhaled breath
condensate for lung cancer protein analysis: a review of methods
and biomarkers[ J ]. ] Breath Res,2016,10(3) :034001.
GESSNER C. Detection of p53 gene mutations in exhaled breath
condensate of non-small cell lung cancer patients[ J]. Lung Canc-
er,2004,43(2) :215-222.
Wi st , MR  ERAR AL, 5. /N0 MO i £ 2 I 1 SV BE IR
ops3 FE R ARG M B BE S [ )], [H R F g 2% A, 2011, 31
(10) :736-739.
HORVATH I,HUNT J,BARNES PJ, et al. Exhaled breath conden-
sate; methodological recommendations and unresolved questions
[J]. Eur Respir J,2005,26(3) :523-548.
Th ER BRI EE VI R BER SR 418U Py
HERRMI]. P EBUCEE:,2016,54(18) :9-11,15.
AMAL H,LEJA M, BROZA YY, et al. Geographical variation in
the exhaled volatile organic compounds[ J]. J Breath Res,2013,7
(4):047102.
LEJA M,AMAL H,LASINA I, et al. Analysis of the effects of mi-
crobiome-related confounding factors on the reproducibility of the
volatolomic test[ J].J Breath Res,2016,10(3) :037101.
SCHMIDT K, PODMORE I. Current challenges in volatile organic
compounds analysis as potential biomarkers of cancer[ J]. Journal
of Biomarkers,2015,2015.1-16.

(Wi H 4:2017-10-21 , &[] H 11 .2017-12-08 )



