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Abstract: [ Purpose ] To evaluate the cost-effectiveness of endoscopic screening for gastric cancer
based on Markov decision-making model. [Methods] A Markov decision-making model was gene-
rated, which included 4 nodes representing unscreened, screened once a year, screened once ev-
ery two years, screened once every three years. The data of natural history of gastric cancer,
screening costs and treatment costs were extracted from the literature, and incorporated into the
Markov model. In the model one-year cycle was used and through multiple cycle, the epidemiology
and health economics results of screening in a population of 40~75 years old were estimated. [Re-
sults ] The cost-effectiveness analysis showed that compared with the unscreened group, the incre-
mental cost-effect ratios(ICER) were 3 064.71 Yuan/LY, 2 161.94 Yuan/LY and 2 265.26 Yuan/LY
for screened once a year, once every two years, once every three years, respectively. The cost-utility
analysis showed that compared with the unscreened group, the incremental cost-utility ratios(ICUR)
were 3 131.09 Yuan/QALY, 2 057.39 Yuan/QALY, 2 293.18 Yuan/QALY for screened once a year,
once every two years, once every three years, respectively. [Conclusion] The study shows that
annual endoscopic screening of gastric cancer has the best cost-effectiveness for population of 40~
75 years old.
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Notes:CAG :chronic atrophic gastritis;IM:intestinal metaplasia;IGIN :low-grade intraepithelial neoplasia; HGIN :high-grade intraepithelial neoplasia

Figure 1 The natural progression of gastric cancer
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Table 1 Transition probability of Markov model

ap 2 . L= =] 23
REETER—H; J5— T HR U Disease state

Transition

robability (%) Source
e P BB R T ARSR A ) i/
. o A rogression
EHIET‘HKF{O FJ?[/J\ ,é*&ﬂ')ﬂ%‘?ﬁﬂﬁl Health — CAG 0.008 [13]
WER BRI BN R E— CAG—IM 0.025 [14]
AR, AT LGE AR & M LGN 0300 [15]
D < 4 T % \ LGIN — HGIN 0.050 [16]
2% S fEL 7 SHER  HAKR
i\z;’éjﬁ: EJ%?? t/f K[ :27 i HGIN —Gastric intramucosal carcinoma 0.168 [17]
HPAF 2 AT e e Gastric intramucosal carcinoma—Gastric submucosal carcinoma 0.010 [18]
r=—[In(1-P)) ]/t, Gastric submucosal carcinoma—Advanced GC 0.059 [19]
P,=1—-exp(-rty) Regression
. N . . CAG — Health 0.051 [20]
A 5 L1
e Py st € o
ML ¢ MG E I Py Fl LGIN — IM 0.242 [17]
J 5 h YR A A SR A, HGIN — LGIN 0.081 [21]

AT 5 R MR | X 2

Notes : CAG : chronic atrophic gastritis ; IM : intestinal metaplasia;IGIN :low-grade intraepithelial neo-
plasia; HGIN : high-grade intraepithelial neoplasia

Table 2 Mortality rate by age group(1/10°)
Age group(years old)
Parameter
40~44 45~49 50~54 55~59 60~64 65~69 70~74 75*
Gastric cancer mortality 2.67 5.44 9.36 17.31 32.69 54.48 83.61 123.19
Non-gastric cancer mortality 143.70 221.32 367.06 553.24 806.00 1384.61 2576.74 4581.77
Population mortality 146.37 226.76 376.42 570.55 838.69  1439.09 2660.35 4704.96

Table 3 Cost for patients with gastric cancer and precancerous lesion (Yuan)™®!

Gastric intramucosal  Gastric submucosal

Cost CAG M LGIN HGIN carcinoma carcinoma Advanced GC
Medical cost 0 0 0 29541.13 38676.63 38676.63 41462.68
Non-medical cost 3.13 0 137.02 1067.15 1620.87 2998.75 2414.98
Total cost 3.13 0 137.02 30608.28 40297.50 41675.38 43877.66

Notes : CAG : chronic atrophic gastritis; IM :intestinal metaplasia;1GIN:low-grade intraepithelial neoplasia; HGIN : high-grade intraepithelial neoplasia

4’ ® ﬁ 2022 jf‘ g 31 )& % 3 # China Cancer,2022,Vol.31,No.3



A BEYT 2 L O 40 0 A 2% FHE 244.415 612,
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Table 4 Health utility values in different states

State Health utility value
CAG 0.970*
M 0.970*
LGIN 0.968>
HGIN 0.930>
Gastric intramucosal carcinoma 0.850™!
Gastric submucosal carcinoma 0.850%!
Advanced GC 0.780%!

Notes: CAG : chronic atrophic gastritis ; IM : intestinal metaplasia ;
IGIN :low-grade intraepithelial neoplasia; HGIN :high-grade intraep-
ithelial neoplasia
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QALY) : I T [A] B 25 2 A= i A9 4 B8 F BT 2, 2 X A2
i 19— B AR g T £ 28

1R 4 40 (World Health Organization,
WHO) Jy % Ji& b [ S HfE 77 19 ICER | ICUR ¥ f11 #: 1
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Table 5 Cost-effectiveness analysis of different screening strategies

Cost-effectiveness analysis

Incremental analysis

Screening strategy Cost Effectiveness CER Incremental cost Incremental ICER
(Yuan) (LY) (Yuan/LY) (Yuan) effectiveness (LY ) (Yuan/LY)
None 4987.34 26.38 189.03 - - -
Once a year 29013.14 34.22 847.75 24025.80 7.84 3064.71
Once every 2 years 16950.68 31.92 531.07 11963.34 5.53 2161.94
Once every 3 years 13991.07 30.36 460.85 9003.73 3.98 2265.26
Table 6 Cost-utility analysis of different screening strategies
Cost-utility analysis Incremental analysis
Screening strategy Cost Utility CUR Incremental cost Incremental utility ICUR
(Yuan) (QALY) (Yuan/QALY) (Yuan) (QALY) (Yuan/QALY)
None 4987.34 26.35 189.26
Once a year 29013.14 34.02 852.71 24025.80 7.67 3131.09
Once every 2 years 16950.68 31.81 526.98 11963.34 5.81 2057.39
Once every 3 years 13991.07 30.28 462.09 9003.73 3.93 2293.18
AN, PRI X TR A 7 AT 1 A A 1 U S BAE sh B N AT e, SRR
W BB 29 013.14 JG . L 40 2y fifi #62 dr 4F e IF 1 4R A
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2.3 BRSNS of advanced gastric cancer) LA 2 48 (screening
XTI E R B ST U E T A5 R R, cost) B HUE A % 313 [l (Table 7) 220 43 51l X i
. BUAR R | g0 1 O
Table 7 Sensitivity analysis parameters
; Fe AR DL s A5 A 547 B
arameler Base-case value Range Source b )

Discount rate 3 0~6 [24] A 2R R AE 2 A (Figure 2~
Patient compliance 67 30~100 [25] 5), 45 RN XS H R
Direct cost of advanced gastric cancer(Yuan) 41462.68 21153.57~138039.23 [22] W EMEXT B B A AR 25

Screening cost(Yuan) 244.415 122.208~488.830  [22] GRS A
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Figure 2 Univariate sensitivity analysis for direct
cost of advanced gastric cancer
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Figure 3 Univariate sensitivity analysis for screening cost
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Figure4 Univariate sensitivity analysis for patient compliance
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Figure 5 Univariate sensitivity analysis for discount rate

+

w
<l
ave

B A IR AL T AT H 5%
] 0 O RR 52 % 8 A XA TR DX A [R) AR
T Z2 AR T R RO A Y O 58 AR L X
30T PN B U A A I B AN SR 1 e PN R O A Y
BT E P By B R S, I 2 N B O A
HA RIFAETTMER FEANE, TTARNFZST KR
JKF- i DX S T LAY AR O A SR S IR L A
XTI P R O A AT AR 28 0k, A B TR
S £ B TC R B R A D B, AT A R I O AR
SR R 7 i R AN S R A TR R A 222 JF ELX
THE R A AR e 55 i B 2 X

I Markov #F HEAT T A= 855 22 0F M, Al DL
UF MNP AR s P 25 IR AR TR e I A R 5
Wel B AR DGR 2R | IR R RA TP Rt . 259 iy 4R
45, AT B4 i X6 5 i R AT TR 458 i AR ST, 6 T
AR HA 2 BN A Markov A58 AT HF 34 i
It 0 A8 A AR R R A A T R R e, 45
BES7 AL VEAN T WU ™ A B 2 T2 RO, i R
B PR 35 B A DR o Markov A5 78 3 4 FH >k
BEADLE I AR S, A0 T o AR R Y kA K e e
LR T50I0 A% G i AT i A5

ERE, HERE gLk, KR2C keEhig
W19 EL S A 22 230 (H 38 2k g B AT LA s R
(SR A e NI IR = X PN SR ey € L ES) 2 e
t o AT, B A A 7 58 2 HE AR NS 4 |
e fe NHE A AR T e Lo ki 2, FRIE 2% L
SV A O IR TR A AR 1A YT R O

AR A, - (H T R — i 3l i A, i LA
T RRAEL E B TS LSRR A 2o H R R BT T
A M55 5 B RPN BE A A s A, TERE
PR Bl ARG 2ok AR AT B 5 7 A Y — i B A
D N VRS TR <RI NP 5 s N S 2R N
R 14 8 s N E, — Bk U, 2R AR B T R R
it B A v, LA O A e Y = FE R T L HE
I ANHE RS Y H AR AR T — AR, i HL
ELA ARG 1 0 2 AP

I AR AL R R RIS T R TR
SRR TR I, B A 1 L2 W RLA T R
L U A A DN s 7 s 8 R L e i O BHL 1k
b I N A 5 R 1 BB O = BT = DN Bri Y
TR P B O A T LR R B, A e P
IR e SR BB TS L W Markov AR 45 S B
(4 2 A J b R W LA A A i ] PN 4 T ) e Jre 3
B E AR AR AT 1 ICER ICUR i vt HE AR
A KBS X CER ,CUR #E— 254087 7R |, 45400 3
I A SR W% 1 AR N AR (R8O ) G He B 4 A
1 UK 5 W T 5 A6 28 0 AR B v, 7 S A RIUCR A B
=, A3 E AT R 2 4F 1 ki Ar 3 4R 1 KA 24K
1% 7.68.2.18.3.76 QALY ; [Al B} , & 4F i £ 1 ¥k Lb X
M2 2 4F 1 i A 3 48 1 IR0 A 2 3k 159 7.84
2.31,3.86 LY., Xia %550 b8 A8 i 0 47 09 LA 25
AT, T I A W L AP 0 A SR ¢ T L
AR g5 5 BRI 2 A 5E 45 R R R R X 40 % LA
S N HE AT N LT A T RRAR I A 1 O S L0
wHE BAREE, SRR R —5,

M T WHO Frh 5 H AT &8 %A % T QALY W {H

%@ A 2022 % % 31 A% 38 China Cancer,2022,Vol.31,No.3



(AR UL R U Y 7 R A8 A5 2 QALY B, 1l LS5
WHO *F 7413 5% 8 % 4= fir 4 (disability-adjusted life
years, DALY ) (#7722 UL . 2R ICER< A ¥ GDP, 3%
P A 78 AT s WA A3 GDP<ICER <3 ff A
¥ GDP, ¥4 fin i 5 AR 1T LA $2 52 s ICER >3 f5 A3
GDP 3G A AESS . QALY 5 DALY MIME&A
FMRIZ AL, PIE 2% 8T Pk AT B A A7 )
MR BRI AE AR S LR IR (QALY b (i FH fedt e &4 )
{E, DALY i J1 45 5k 46 Bt A7 I & ) . #R4fE ICER |
ICUR (255 R TR 4855 K J 7K ST 11 1l X AT LAAR 95 75
SR PRI A Y I L 1 A T R

gi ik N BE O A HA 2T, M 40 2 TT I
AR IEAT 1 UK P BE 0 A RB 4R 2 1 A A 4 1 3Rk 45%
B REE AN IR DX B ) 5 e e 3 11
i A SR W, 1 % RO A B 8 T (A AN T 3% Z
FREE Y M T A B2 R DL R 2 KO

eS¢

[1]  Kim GH,Liang PS,Bang SJ,et al. Screening and surveil-
lance for gastric cancer in the United States: is it needed?
[J]. Gastrointest Endosc,2016,84(1): 18-28.

[2]  Yang L,Ying X,Liu S,et al. Gastric cancer:epidemiolo-
gy, risk factors and prevention strategies[J]. Chin J Cancer
Res,2020,32(06) : 695-704.

[3] Karimi P,Islami I, Anandasabapathy S, et al. Gastric can-
cer:descriptive epidemiology ,risk factors,screening,and
prevention[]J]. Cancer Epidemiol Biomarkers Prev,2014,
23(5):700-713.

[4]  Thrift AP, El-Serag HB. Burden of gastric cancer|J]. Clin
Gastroenterol Hepatol ,2020, 18(3):534-542.

[S]  Ge X,Zhang X,Ma Y et al. Diagnostic value of macrophage
inhibitory cytokine 1 as a novel prognostic biomarkers for
early gastric cancer screening[J]. J Clin Lab Anal,2021,35
(1):e23568.

[6] Areia M,Spaander MC,Kuipers EJ,et al. Endoscopic
screening for gastric cancer: a cost-utility analysis for
countries with an intermediate gastric cancer risk [J].
United European Gastroenterol J,2018,6(2):192-202.

[71  Yeh JM,Hur C,Ward Z,et al. Gastric adenocarcinoma
screening and prevention in the era of new biomarker and
endoscopic technologies: a cost-effectiveness analysis|J].
Gut,2016,65(4):563-574.

[8] Kim B,Cho SJ. Endoscopic screening and surveillance for
gastric cancer[]J]. Gastrointest Endosc Clin N Am, 2021,
31(3):489-501.

[9]  Wu JT,Zhou J,Naidoo N,et al. Determining the cost-ef-

4’ ® ’@ 2022 jf‘ % 31 )& % 3 # China Cancer,2022,Vol.31,No.3

[13]

[14]

[15]

[18]

fectiveness of endoscopic surveillance for gastric cancer in
patients with precancerous lesions[J]. Asia Pac J Clin On-
col,2016,12(4):359-368.

B N SN A i R LA R O A B A B 2 A Bt
AW (2014 4F 4 H - KI)[J]. B i3~ ,2014,19(7):
408-427.

Liao Z,Sun T,Wu H,et al. Consensus views on screening
and endoscopic diagnosis and treatment of early gastric
cancer in China (April 2014, Changsha) [J]. Gastroentero-
logy,2014,19(7):408-427.

Pourrahmat MM, Kim A ,Kansal AR ,et al. Health state
utility values by cancer stage: a systematic literature review
[J]. Eur J Health Econ,2021,22(8):1275-1288.

JRHE, BB AT #E PR 259 4 55 T AN Markov A5 1
FRMEARTI SRR (1] T E A 29 ,2017,36(12):
40-42.

Zhou T,Ma AX,Fu LY. Discussion on the calculation of
Markov model transition probability in pharmacoeco-
nomics evaluation[J]. Chinese Health Economics,2017,36
(12):40-42.

BRCET, X F R, X & T AR fR e A B 2016—2019
AR VR ZE AR 1 2 A DL AT SE R R A (], v B
22417 ,2020,17(20): 70-74.

Zhong CX,Liu YH,Liu ZX,et al. Analysis of the inci-
dence and related factors of chronic atrophic gastritis in
Renhua County , Shaoguan City,2016—2019[J]. Medical
Innovation of China,2020,17(20):70-74.

X, A R AL 102 (48 R 2R A v R OT
HP &Y 10 SEREVIRTSE [J]. AR RS 2224 ,2012,39(15):
3958-3960.

Zhao JM,Wang LZ,Wang HJ,et al. A follow-up outcome
of 102 patients with chronic atrophic gastric caused by HP
infection for 10 years|J]. Mordern Preventive Medicine,2012,
39(15):3958-3960.

B R WRIEAR A W TR AT AR BR S AR
PR B AR ST ()] IR 25 %€ ,2005,16:911-913.

Ge JH,Dong LH,Chen LG, et al. Pathological changes of
gastric mucosa after eradication of Helicobacter pylori[J].
Clinical Focus,2005,16:911-913.

You WC,Li JY,Blot W], et al. Evolution of precancerous
lesions in a rural Chinese population at high risk of gas-
tric cancer|J]. Int J Cancer,1999,83(5):615-619.

FERRAE VRS e SRR L B AR R R AR DT M
HR R 2 BT[] BRI A 24k, 2019,39(2): 132-136.
Lu LH,Xu QH,Zhou Y. A follow-up and analysis of relat-
ed factors of patients with gastric mucosal intraepithelial
neoplasia[J]. International Journal of Digestive Diseases,
2019,39(2): 132-136.

SRR b N R A R B A B 9
PR TR A8 L8 B A BER T 5 AR TR RO U SE D).



[19]

[20]

[21]

[22]

[24]

[25]

Jemt: o E N RAF AR R B, 2011,

Wu B. The outcome of low-grade gastric intraepithelial
neoplasia and the comparative studybetween endoscopic
therapyand surgical resection for high-grade gastric in-
traepithelial neoplasia and early gastric cancer|D|. Beijing:
China PLA General Hospital & Medical School,2011.
AR AT T e T g e 72 I PR BT PN B R AR AT 5T
[D]. HLIH : VLKA, 2015.

Lin J. The study of the clinicopathological and endoscopic
characteristics of early gastric cancer and precancerous le-
sions[D]. Hangzhou : Zhejiang University,2015.

AR SC. H I ETEER 500 10 9 B A A K BE DT[], AR
L BE 2% 35,2001 ,1:23-25.

Lin ZW. Analysis of gastroscopic and follow-up about 500
cases of precancerous disease of stomachlJ]. Chinese Journal
of Digestive Endoscopy,2001,1:23-25.

RAMEAE S bR R, AFL 370 51 BRI L K e A
i A BRI R [CY/P R T ES Gy BT h
Joe 2 [E] o T R 45 A R GO AR B0 SCEE .
B E P R A5 45 2 2x 2013,

Zhu YH,Wu YL,Wu W,et al. Study on gastric cancer
screening in 370 patients with gastric intraepithelial neo-
plasia [C]// Chinese Assciation of the Integration of Tradi-
tional and Western Medicine. Proceedings of the 25th na-
tional conference on integrated Chinese and Western
medicine and digestive disease. Nanchang: Chinese As-
sociation of the Integration of Traditional and Western
Medicine,2013.

HRF . Ll 2R A8 AR Ml X b 9 Al T R 7 A ) T A 22
VN [D]. BEE - 1L AR K, 2019.

Shao YC. Health economics evaluation of upper gastroin-
testinalcancer screening in rural areas of Shandong
Province[D]. Jinan: Shandong University,2019.

Xia R,Zeng H,Liu Q,et al. Health-related quality of life
and health utility score of patients with gastric cancer:A
multi-centre cross-sectional survey in China [J]. Eur J
Cancer Care (Engl),2020,29(6):e13283.

X%, AIRREGER  fRE . H  TAE  TEEVE R A
P TE R T PEBE S P A R (D). i AR B A Ak
2018,10(02):80-84.

Liu M,Linghu EQ,He Y. Application of common health
economic evaluation methods in therapeutic study of gas-
trontestinal cancer [J]. Chinese Journal of Oncology Pre-
vention and Treatment,2018,10(02).80-84.

RS BRI ATL0 8, 55, R A B ALIE R R 2 Rah
W 5 0 25 ISR P 52 ol PR R 23 B (0], v R, 2019, 28
(9):651-656.

Hu FQ,Chao LN,Ren HQ,et al. Factors influencing the

compliance of follow-up screeningfor early diagnosis and

176

[26]

[27]

(28]

[30]

(32]

[33]

[34]

[35]

treatment of upper gastrointestinal cancer in rural areas[J].
China Cancer,2019,28(9):651-656.

Yang L,Wang J,Cheng J,et al. Quality assurance target
for community-based breast cancer screening in China:a
model simulation[J]. BMC Cancer,2018,18(1):261.

Wang J,Greuter M,Zheng S, et al. Assessment of the ben-
efits and cost-effectiveness of population-based breast
cancer screening in urban china:a model-based analysis
[J]. Int J Health Policy Manag,2021,Jul 4. doi:10.34172/
ijhpm.2021.62. [Epub ahead of print]

A1, PNFIAE . 5 i R AL i 4 R A3 5% R R L i 4R R
A= LR A ()] b DB 25 44 3 ,2020,29(22):2632—
2635.

He W,Sun LH. The comparative study of QALY and
DALY in the cost-utility analysis[J]. Chinese Journal of
New Drugs,2020,29(22):2632-2635.

Kayhan A,Gurdal SO,Ozaydin N,et al. Successful first
round results of a Turkish breast cancer screening pro-
gram with mammography in Bahcesehir, Istanbul[J]. Asian
Pac J Cancer Prev,2014,15(4):1693-1697.

M Fe 2, SOME AT | B0 R 1L 300 9 98 0 A O 12 1 F 50 3k
JE[)]. 2B 2#1835,2019,23(28):4132-4134.

Tian LR,Ai YW, Yan XL. Research progress of screening
methods for early gastric cancer [J]. The Medical Forum,
2019,23(28):4132-4134.

K i, PR AR, BT, AL R R A B OF 5T RS (I]. I
J,2020,29(6):411-418.

Zhang R,Lei L,Peng J,et al. Research progress of gastric
cancer screening[J]. China Cancer,2020,29(6):411-418.
LTS BLOCHR. b A 5 A AR 2 R I E R
WeAs . Pl [J). Th AR TR BE 2 2, 2019(11):
1084-1087.

Wang GQ,Wei WQ. A new transition of the screening,early
diagnosis and early treatment project of the upper gastroin-
testinal cancer: opportunistic screening[J]. Chinese Journal
of Preventive Medicine,2019(11):1084-1087.

SLEF R T USRS — I IR B SR AR R () i A e 0 A SR
TR LA PP D]. HE KRHEE R %, 2020.

Peng (). Health economic evaluation of stroke screening
strategy using decision tree markov model[D]. Tianjin :
Tianjin Medical University,2020.

PRI, 455, 3905, &8, b R T R E s R Ui E
HERE[T]. [ bRz ,2019,28(1): 23-25.

Chen WQ,Li N,Shi JF,et al. Progress of cancer screening
program in urban ChinalJ]. China Cancer,2019,28(1):23-25.
Xia R,Zeng H,Liu W, et al. Estimated cost-effectiveness
of endoscopic screening for upper gastrointestinal tract
cancer in high-risk areas in China[J]. JAMA Netw Open,
2021,4(8):2121403.

¥ @AM 2022 % % 31 A% 38 China Cancer,2022,Vol.31,No3



