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Construction of prediction model for gastric cancer mismatch
repair based on preoperative inflammatory indicators and
clinicopathological features in gastric cancer patients
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ABSTRACT Objective: To discuss the associations of mismatch repair (MMR) in gastric cancer with
preoperative inflammatory indicators and clinicopathological features in the gastric cancer patients, and to
construct a gastric cancer MMR predictive model based on preoperative inflammatory indicators and
clinicopathological features of the gastric cancer patients, and to provide new ideas for evaluation of MMR
status in gastric cancer. Methods: The data of 254 gastric cancer patients who underwent surgical
treatment from September 2020 to October 2023 were included. According to the expression of MMR
protein, the patients were divided into MMR normal (proficiout MMR, pMMR) group and MMR
deficient (AMMR) group. The preoperative inflammatory indicators and clinicopathological features data of
the gastric cancer patients in two groups were collected. The associations between inflammatory indicators,
clinicopathological features, and MMR in dMMR group and pMMR group were analyzed using Chi-square
test. The independent predictive factors for AIMMR were selected to construct the nomogram. Receiver
operating characteristic (ROC) curve and calibration curve were used to evaluate the predictive efficacy,
and decision curve was used to evaluate the practicality of the predication model. Results: A total of
254 gastric cancer patients were included in the study, with 221 patients (87% ) in pMMR group and
33 patients (13%) in dAMMR group. There were statistically significant differences (P<C0.05) in age,
tumor location, tumor differentiation degree, maximum tumor diameter, platelet-to-lymphocyte ratio
(PLR), alkaline phosphatase (AKP) , alkaline phosphatase-to-albumin ratio (AAR) , fibrinogen(FB) -to-
lymphocyte (FLR), FB-to-albumin(AL) (FAR), D-dimer (D-D), and FB of the gastric cancer patients
between dMMR group and pMMR group. Univariate and multivariate Logistic regression analysis revealed
maximum tumor diameter [odd ratio (OR) =2.958, 95% confidence interval (CI):1.196—7.314, P=
0.019], tumor location (OR=4.013,95%CI:1.596—10. 089, P=0.003) , tumor differentiation (OR=
3.006, 95%CI: 1.250—7.230, P=0.014), FAR (OR=2.793, 95%CI:1.179—6.616, P=0.020),
and carbohydrate antigen 199 (CA199) (OR=0.279, 95%CI: 0.084—0.929, P=0.038) were the
independent predictors of AMMR. The area under the ROC curve (AUC) value of the gastric cancer
MMR prediction model constructed based on inflammatory indicators and clinical pathological
characteristics was 0. 800 with the sensitivity of 0. 851 and the specificity of 0. 606. The calibration curve
of the nomogram was found to fit the ideal curve well, and in Hosmer-Lemeshow test P=0.412, the
clinical decision curve showed a better net benefit. Conclusion: The preoperative inflammatory indicators
and clinicopathological features are associated with MMR in gastric cancer; maximum tumor diameter,
tumor location, tumor differentiation, CA199, and FAR are the independent predictors of AMMR. The
prediction model based on the above predictors could predict the MMR status of the dMMR gastric cancer

patients.
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2022 4 H 95 7 3R W R R b B & e R R
Bofi, MT-REEIM . MITEARAEE
(microsatellite instability, MSI) %l & j& & 5 Jmw FE K
G o RUh ) — PP R EO AL, BT R R AR
faf I JEALRRAE , X RETRYT R A R . A
A U R TE R . BMEREERE . . B A
1A A SR Il R B R R R R Y e
foga /e . BFgE Y o . 280 E MST (high
MSI, MSI-H) /45T & & 85 (deficient mismatch
repair, dMMR) B8 . 25 50 5 N IR
AR T RE DA SR A A R YT R R 4R, PR
I, PR E /AR E MSI (low MSI, MSI-L) /
Ol B &2 fa % (proficient mismatch repair,
pMMR) RIS A8 X 8697 LT B & . IR
WOk S e A AU Ak A 7 R R I R e A B 1B R
(mismatch repair, MMR) . H F MSI-H/dMMR #
9 0 A0 A, X ET A B R R T Se s  ZU4k
SR ) BUAS R g I, Bt AR R ACHE T ik
WMMR 2R L2, HEr, ENEEHE T
— S I AR M B TN E M MMIR R AR T
B BRI ERENGEIBMEZAREINN 2SS, #n
TR R BE B T AR . S PEHE b2 I K # A 48
b, FTMILE BLAE bR . BE I ) 68 T8 br A1 A 1L 48 bR 45
WA AR, WA RN, B, AN
GEIF R BB PE 23 B, R T AR HT 98 Pk 8 A F I DR g 2R
FROES B 8 MMRORZS 09 G PE , 1 B R /i & PR 4
B A R BLARAE 5 B8 MMRREW X R, LR
— i AMMR 5 & B A5
1 #EREHE
1.1 —f&FH AT E R 415 B R
B BA SR LU O P& Be e B 22 51 s it o (A8 2L -
2024KYLL159) . W4 2020 4F 9 A —2023 4% 10 H
T LN R AR R A Ik A £ S BA SR LY O = B 4 32
HBE T AR IR T R 2 20 UL 2 K I MMIR 2 Y
254 191 15 i Ja A5 10 i A B TR B R T 48 M R B
o I 45 ARRAE . O 2 A AT ILE FL . B
1) Ge AT RE A ;. @A J5 i FEAS A W i 12 W Ay
BRI, O AL b # /I MMR & M. HEFR bR
#fE: OARKI MMRE H W8 E; OFfrBiighasT
MR OARFT 2B RATINE AL . BEmThae . )

FE FI MR bn R G A A SR s DI A Atk iR g B
T ZE R L

1.2 WBARBERA &S LB 55k,
AT B — FORRE S PR B ORE, AL AR AR
W5 . bR AR AL . bR R KAR . A ARRREE . M
R, DKERT . Ki-67, TNM M AR KA
K W F % & 2 (human epidermal growth factor
receptor-2, HER-2) ., #EWHLJE (carcinoembryonic
CEA) I #¥ 28 1 Jit 199 (carbohydrate
antigen 199, CA199) %, CEAIEHR LFRA 5 pg-L ",
<5 pg L LRI, =5pg L' SO BHYE
CA199 IE % EBR A 37 pg-L ', <37pgL '"%EX
FBAPE, =37 pg- L R BAYE .

1.3 X W#®Ax RUEMBAIGEE A M (white
blood cell, WBC) %, o dn il it %, ke
TR PRI, /AR (platelet, PLT)
A, “F4EE )R (fibrinogen, FB) . 61 i R B
(alkaline phosphatase, AKP). vy 2 Bti% IKHE (y-
glutamyl transpeptidase, YGGT). H#EH (albumin,
AL) 1D %k (D-dimer, D-D), ®¥HE &5
Froe kOB 4 M /9K I 48 M LE {H (neutrophil-to-
lymphocyte ratio, NLR) . i /N 4z /3K B 48 Md b {6
(platelet-to-lymphocyte ratio, PLR) . P4 40 i /i
40 Mg b {5 (monocytes-to-lymphocytes ratio,
MLR) . w4 kL 28 §d /1f /) i LG B (neutrophil-to-
platelet ratio, NPS) . &G RIEFEE (systemic
immune-inflammation index, SII). AKP/AL [t {H
(alkaline phosphatase-to-albumin ratio, AAR) . %&
AL K/ 1M/ HH (glutamyl transpeptidase-to-
plateletratio, GPR). FB/#EL 4 H{E (fibrinogen-
to-lymphocyteratio, FLR), FB/ALIE (fibrinogen-
to-albumin ratio, FAR), SII=PLTXNLR,

1.4 MMR R &34 X B & ARG R4
PRA AT S e H AL =4 I, dMMR i 4 MMR
HHRE . 4F MMR 4 H 2 58 8 £ B 90AE N
pMMR, 1Fpak 1 LA [ MMR & (4 % 35 Gl 2 5 i
FIHOAE K AMMR 0 254 1] i % MMR 25 11 3% 34
585> pMMR 41 (n=221) FldMMR 41 (n=33)
1.5 %t 44 SR SPSS 25. 0 G i 8 k47
Gi it 2 oy Mre B 2 X T AR FF AR (receiver
operating characteristic, ROC) #H £& 715 f ££ 4% W

antigen,
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B, K24l BE R . MR RE . Ki-67. DIBRMK
ELAEE . PR A5 W B R WBC.
PLT 1 4 7 48 i 45 R 14 M 48 A 19 1 it 9%k} i
o =2 As i, LMBE (A% (o (%) | %
N 5 < G B BNl R VAN R A
BE. AR . BRI, MR, T
N . M4r# . TNM 48 . HER-2. CEA I
CA199 it B v B L g (o3 %) [n () ]
Fon, ABEHEYRM AR . K IE ¢ K5
Fisher i VIHE R 1k . F 5 A Logistic [F1 15 5 #r
P<<0. 10 A F 94 A £ A & Logistic [F1H 5387 R
AR 4.3 VER Mt @ 5 R 1B, 2R I ROC i 28 Fi
e Ml 2k 1F M S £k B R A 58 %% BB, Hosmer-
Lemeshow L &£ B 46 96 8 80 A0 145 BE, R A Im IR
TSR 2 Pt 91 4 PR B e DR S TV o DL P<<0. 0528
ZREGIFE L.

2 &# R

2.1 BRMEG—BAF AU ILGA 254 4]
B, b B M 1984 (78%), LM 56 4
(22%), BHES LWL H R 3.5: 1, H {7 4F i
60 (54~70) % . pMMR % ¥ 2214 (87%),
dMMR 8 % 5 3341 (13%).

2.2 dMMRA##¥ MMRE & ki dMMR &
BE R MLHL S 861 (3.1%), MSH2 2k 14
(0.4%), PMS2 Gtk 7% (2.8%), MLHI M
PMS2 452 144 (5.6% ), MSH2 il MSH6 4t it
g 16 (0.4%), MSH6 1 PMS2 3t ik 2 1 4
(0.4%), MLH1, MSH2, MSH6 il PMS2 3 [A]
Je 1 (0.4%), WFE 1.

2.3 2HBEREFBGABRERLE 241w EHT

#1 dIMMREFTMMREHZE
Tab.1 Expressions of MMR protein in dMMR patients

MLH1 MSH2 MSHG6 PMS2  Expression[n(n/%)]

- + + — 14(5.5)
+ — — + 1(0.4)
+ + — — 1(0.4)
— - + + 0(0)

— + + + 8(3.1)
+ — + + 1(0.4)
+ + — + 0(0)

+ + + - 7(2.8)
— — — — 1(0.4)

% (P=0.028) . Mg &Mt (P=0.003). i
SRS (P=0.006) FiE i K4 (P=0.003)
R ZERAGITFEL, 2HB8EREEN. A1
B . TNM 1. shaiig . P RIE . Ki-67.
ISRk EL GG, PR CL A B PR O 45
CEAMCA199 lb 2z R ogiit2# i L (P>0.05) .
W2,

F2 24 BEBENIGRRERFIE
Tab. 2 Clinicopathological features of gastric cancer patients

in two groups (/%) ]
Clinicopathological pMMR dMMR ,
feature (n=221) (n=33) & P
Gender
Male 172(77.8) 26(78.8) 0.015 0.901
Female 49(22.2) 7(21.2)
Age(year)
<60 119(53.8) 11(33.3) 4.835 0.028
=60 102(46.2) 22(66.7)
Maximum tumor
diameter(cm)
4.5 128(57.9) 10(30.3) 8.825 0.003
=45 93(42.1) 23(69.7)
Tumor location
Others 123(55.7) 8(24.2) 11.539 0.003
Gastric antrum 98(44.3)  25(75.8)
Mucus component
Yes 18(8.1) 4(12.1)  0.181 0.670
No 203(91.9) 29(87.9)

Differentiation

Low 154(69.7) 15(45.5) 7.570  0.006

High/Moderate 67(30.3)  18(54.5)

T stage
T1-T2 55(24.9) 7(21.2) 0.210  0.647
T3-T4 166(75.1) 26(78.8)

N stage
NO 80(36.2) 14(42.4) 0.477 0.490
N1—N3 141(63.8) 19(57.6)

M stage
MO 208(94.1) 32(97.0) 0.068 0.794
M1 13(5.9) 1(3.0)

TNM stage
-1 104(47.1) 15(45.5) 0.030 0.863
-1 117(52.9) 18(54.5)

Lymph-vascular
invasion
Yes 88(39.8) 17(51.5) 1.620 0.203

No 133(60.2) 16(48.5)
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gk g
Clinicopathological pMMR dMMR , P Inflammatory pMMR dMMR ) P
feature (n=221) (n=33) x indicator (n=221) (n=33) x
Perineural invasion Lymphocytes( X 10°L 1)
Yes 47(21.3) 4(12.1) 1.497 0.221 <0.53 12(5.4)  0(0) 0.868  0.352
No 174(78.7) 29(87.9) =0.53 209(94.6) 33(100.0)
Ki-67 Monocytes( X 10" L™
<70% 189(85.5)  24(72.7) 3472 0.062 <0.40 158(71.5) 20(60.6) 1.623  0.203
0,
=70% 32(14.5) 9(27.3) =0.40 63(28.5) 13(39.4)
Lymph node metastasis R
A PLT (X10°L ")
ratio
<(236.5 155 (70.1) 18 (54.5) 3.213 0.073
<0.69% 203(91.9) 29(87.9) 0.181 0.670
=236.5 66 (29.9) 15 (45.5)
=0.69% 18(8.1) 4(12.1)
Number of positive NLR
lymph node <2.95 142(64.3) 16(48.5)  3.037 0.081
<4 137(62.0)  25(75.8)  2.356 0.125 =>2.95 79(35.7) 17(51.5)
=4 84(38.0) 8(24.2) PLR
Number of lymph node <275.65 196(88.7) 24(72.7) 6.309  0.012
yields =275.65 25(11.3) 9(27.3)
<22 143(64.7)  17(51.5)  2.143 0.143 LMR
=22 78(35.3)  16(48.5) <1.29 7(3.2)  0(0) 0.218  0.641
CEA =1.29 214(96.8) 33(100.0)
Negative 173(78.3) 29(87.9) 1.630 0.202 S1I
Positive 481D 412.1) <386.91 84(38.0) 7(21.2) 3.523  0.061
CAL99 =>386.91 137(62.0) 26(78.8)
Negative 163(73.8)  29(87.9)  3.100 0.078
. NPS
Positive 58(26.2) 4(12.1)
<20.01 45(20.4) 7(21.2) 0.013 0.910
=0.01 176(79.6) 26(78.8)
2.4 2HBREBEZANWEMHIF S5 pMMRY L AL[p,/(g-L Y]
. AMMR 41 5 5 58 % A A 4 P 547 PLR  (P— <46.65 211(95.5) 31(93.9) 0150  0.698
=46.65 10(4.5) 2(6.1)
0.012) . AKP (P=0.046). AAR (P=0.020) .
FLR (P=0.002), FAR (P<C0.001), D-D (P YOO Tlen/ (UL )
- e X : v o <145 100(45.2)  10(30.3)  2.612  0.106
0.021) M FB (P=0.002) KFF#E, dMMR 4 =145 121(54.8)  23(69.7)
B B A AR NLR A ST &, AERESIT¥E AKP[p,/(U-L )]
X (P=0.081, P=0.061). R%% 3, <289.5 128(57.9) 13(39.4)  3.990 0.046
=89.5 93(42.1) 20(60.6)
S, - AAR
#3 24 BEBEARI R
o . . . <1.86 115(52.0) 10(30.3)  5.426 0.020
Tab. 3 Inflammatory indicators of gastric cancer patients in ~ 186 106(48.0)  23(69.7)
0
two groups [(n(n/%)] oPR
Inflammatory pPMMR AMMR ] . <20.05 50(22.6) 5(15.2)  0.945 0.331
indicator (n=221) (n=33) * 20.05 171(77.4)  28(84.8)
WBC (X10°L 1) D-D[p,/(mg-1.7")]
<6.30 153 (69.2) 20 (60.6) 0.983 0.321 <20.87 169(76.5) 19(57.6)  5.330 0.021
>6.30 68 (30.8) 13(39.4) =0.87 52(23.5) 14(42.4)
Neutrophils( X 10°L ™) FB [oy/(g-1. D]
<398 114 (51.6) 14 (42.4) <3.44 165(74.7) 16(48.5)  9.606 0.002
>3.28 107 (48.4) 19(57.6) 0.964  0.326 =3.44 56(25.3) 17(51.5)
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NHE2
Inflammatory pMMR dMMR ,
indicator (n=221) (n=33) * r
FLR
<2.07 118(53.4)  8(24.2) 9.761  0.002
=2.07 103(46.6) 25(75.8)
FAR
<<0.09 167(75.6) 15(45.5) 12.817 <<0.001
=0.09 54(24.4) 18(54.5)
2.5 BAFEMMRRKEEE XM % HEF Logistic

B3 54 A &K Logistic [A] 19 43 B 45 S s
BOEAEWS . MR RIS AL IR R R E . PLR,
FLR Al FAR /& dMMR i 3 i X 7 (P<<0.05) .
B Logistic [\ 059 43 B o B A7 P<<0. 10 (1 48
e GRFEAER . MR R&E . Ki-67. gLt
J . CA199, PLT. NLR. PLR, SII. AKP,

AAR. D-D. FB. FLR #il FAR) W A £ H £
Logistic [543 87, R H ] J5 & 25 [ 5 32 i % 22
w, AHAZAREMMENFEL 2 HE Logistic Bl 9 53
Mrasfens. Wi KRE=4.5cm [ (odd
ratio, OR) =2.958, 95% % {5 X [d] (confidence
CI): 1.196~17.314, P=0.019] . ff
R e AR L D B 8 E8 (OR=4.013, 95%CI:
1.596~10.089, P=0.003) . & 71k #& )& A h
w4y 4k (OR=3.006, 95%CI: 1.250~7.230,
P=0.014) . FAR=0.09 (OR=2.793, 95%CI:
1.179~6.616, P=0.020) F1CA199 [H¥: (OR=
0.279, 95%CI: 0.084~0.929, P=0.038) 54
A% 8 B 2 S MIMR B 2 57 000 B 7, bR AR K
=45 e, M A ER AL O SR . PR
346 F1 FAR=0. 09 3y dMMR ' 9 19 12 3k P %,
CA199 B £ & dMMR & 8 & W & W £ .
W5,

interval,

*4 HERBER
Tab.4 Assignment table of independent variables

Independent variable

Assignment method

Region(Gastric antrum)

Differentiation(High/Moderate )

Others=0, Gastric antrum=1

Low=0, High/Moderate=1

CA199(Positive) Negative=0, Positive=1
Age(=60 years) <60 years=0, =60 years=1
Maximum tumor diameter(=4.5 cm) <4.5cm=0, =4.5cm=1
AKP(=89.5U L") <89.5U-L '=0, >89.5U-L '=1
FAR(=0.09) <<0.09=0, =0.09=1

%5 MMRREEMEEAETHLHEE Logistic B

Tab.5 Multivariate Logistic regression analysis on influencing factors for MMR status

95%CI

Predictor variable s SE Wald »* OR P
Lower limit Upper limit
Region (Gastric antrum) 1.389 0.470 8.723 4.013 1.596 10.089 0.003
Differentiation (High/Moderate) 1.101 0.448 6.044 3.006 1.250 7.230 0.014
CA199 (Positive) —1.277 0.614 4.327 0.279 0.084 0.929 0.038
Age(=60 year) 0.807 0.449 3.222 2.241 0.929 5.406 0.073
Maximum tumor diameter(=4.5 cm) 1.085 0.462 5.515 2.958 1.196 7.314 0.019
AKP(=89.5U-1L°") 0.793 0.427 3.456 2.211 0.958 5.102 0.063
FAR(=0.09) 1.027 0.440 5.449 2.793 1.179 6.616 0.020
Constant —4.833 0.692 48.736 0.008 — — <<0.001
“—": No data.

26 MMRIB M BB ey KEFEZH KX HAWMA. &> EHEE. FAR M CAL99

Logistic [l 5 7 B 25 &, ik W 8 & K A2 . b

5 A AR AR O KUBS: DR M A T R R, Sr
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JiE MMR IR 25 B0 A 8, JF B0 26 [ o o il
DA R0 B 2 1R R s s R R R AR BER L FAR K
SR, 0 S 2R Y T ROR R, b R K R L

Oy HOSEER MR o A R E D b e 4B R CAT99
B M & 25 MMR R 25 o dMMR B 7] 8 PE 51K .
y_ll—ll?gllo

boint 0 10 20 30 40 50 60 70 80 90 100
oints
si =45cm
ze <4.5cm
Redi Gastric antrum
egion Others
High/Moderate
Differentiation T o
Low
=0.09
FAR T
<0.09
Negative
CA199 e =5
Positive
Total points T
0 50 100 150 200 250 300 350 400 450 500
Risk r T T T
01 0.3 05 0.7
Bl BEHREMMRRETMEL

Fig. 1 Prediction model of MMR status of gastric cancer patients

2.7 FLEHROCH LR AB L L H ROC
iy 26 FAS 1 il 2D A 1 e MIMIR AR 2 390000 A5 7 1)
KRB, AT 58 K 8 ) W0 AL A () ROC il £k T 1 AR
AUC) fH 4 0.800 (95% CI:
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