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Abstract

Background and Aims: The expression of human epidermal growth factor receptor 2 (HER-2) in
gastric cancer exhibits significant heterogeneity, and comprehensive evaluation of HER-2 status in
patients is advantageous for identifying potential beneficiaries of anti-HER-2 therapy. Artificial
intelligence (Al)-assisted microscopy can integrate judgments on HER-2 status through extensive slide
readings and reduce visual errors in human assessments. This study was performed to evaluate the
practicality and feasibility of Al in evaluating HER-2 status in multiple regions of primary gastric cancer
lesions.

Methods: A total of 264 postoperative specimens from patients with advanced gastric cancer were
evaluated for HER-2 expression in the same region using two methods: visual assessment with a
conventional light microscope and Al-assisted microscopy. The accuracy of Al in HER-2 evaluation in
gastric cancer was evaluated. Additionally, using Al-assisted microscopy, HER-2 expression in other
regions of the primary lesion in the gastric cancer patients was assessed. The higher HER-2 score
between the two regions was used as the final interpretation result. Furthermore, the associations of HER-
2 overexpression with clinicopathological features and postoperative survival of advanced gastric cancer
patients were analyzed.

Results: There was no statistically significant overall difference in HER-2 scores among visual
assessment, Al-assisted microscopy, and the gold standard (P>0.05), but Al-assisted microscopy showed
higher consistency compared to visual assessment with the gold standard (x=0.86 vs. k=0.81, P<0.05).
The results of HER-2 evaluation in two different regions of the primary lesion in gastric cancer using Al
showed inconsistency in 55 cases, with a discordance rate of 20.8%. The HER-2 overexpression rate was
29.9% in region 1 and 31.0% in region 2. The comprehensive evaluation of HER-2 overexpression rate,
taking the higher score between the two regions, was 35.2%. The HER-2 overexpression rate based on
comprehensive evaluation of HER-2 expression in the two regions was higher than that of single-region
assessment, but the difference was not statistically significant (P>0.05). Further analysis revealed that
HER-2 heterogeneity in primary gastric cancer lesions was significantly associated with tumor
differentiation and Lauren classification (both P<0.05). Survival analysis showed that the median 3-year
overall survival was 23 months with a 3-year survival rate of 33.4% in HER-2 overexpressing advanced
gastric cancer patients, while it was 29 months with a 3-year survival rate of 44.6% in HER-2 non-
overexpressing advanced gastric cancer patients, and the difference was statistically significant (P<0.05).

Conclusion: Al is a practical and reliable tool for evaluating HER-2 expression in different regions of
primary gastric cancer, enabling a more comprehensive and accurate assessment of HER-2 status in
gastric cancer and improving the detection rate of HER-2 overexpression. HER-2 heterogeneous

expression is more likely to occur in gastric cancer patients with moderate to low differentiation and non-
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intestinal type Lauren classification, and HER-2 overexpression may be a poor prognostic factor in

resectable advanced gastric cancer patients.
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Figure 2 Workflow for the use of Al-assisted microscope
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Figure 3 Integration of scores from 5 typical fields of view to generate the final recommended HER-2 score by Al
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H352% . LA PEAS A X 38 HER-2 2 35 15 H Y
HER-2 3o 35 3 & Tl ) i — A XK, B =4 2%
SIEGI2EE X (P0.05) (£3).
23 BEHER2ZRHRMRESKEARRESHY

fifi AT X 5 988 JR &k S N TR X 38 HER-2 %6
Rk, SR WoR, B R & LA A X 3 HER-2
S JTME R IR S IR A L AR | Lauren 43 BB 2 A 3¢
($1P<0.05) ; SEAEMEMN . g KN W R4
TNM 53 . A5 T & A2 40 S Bk a8 I8+ T B C R
(#1 P>0.05) . F K534k & Lauren 4371 g figg 7 (1) 1
i B 5 P HER-2 S PE ik (£4),

F1 264018 EEBEERERL L E—XIF HER2 REFEA XTI ER 0 (%) ]

Table 1 The scoring results of HER-2 evaluation in the same region of primary lesions in 264 cases of gastric cancer patients

using different assessment methods [n (%))

WAl HER-2(0) HER-2(1+) HER-2(2+) HER-2(3+)
W PEAL 120(45.5) 59(22.3) 62(23.5) 23(8.7)
AT ) i 5 108(40.9) 77(29.2) 53(20.0) 26(9.8)
Grkrif 112(42.4) 73(27.7) 54(20.5) 25(9.5)

R2 AIHBBHES &7EHER-21ESERITLE (n)

Table 2 Comparison of HER-2 scoring results between Al-assisted microscopy and gold standard assessment (n)

P ENEERTAT G .
HER-2(0) HER-2(1+) HER-2(2+) HER-2(3+)

HER-2(0) 105 7 0 0 112
HER-2(1+) 3 66 4 0 73
HER-2(2+) 46 4 54
HER-2(3+) 3 22 25
ait 108 77 53 26 264
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Table 3 Analysis of HER-2 expression in two different regions of primary gastric cancer using Al assessment [n (%)]

X3, HER-2(0) HER-2(1+) HER-2(2+) HER-2(3+)
X1 1 108(40.9) 77(29.1) 53(20.1) 26(9.8)
X152 126(47.7) 56(21.2) 60(22.7) 22(8.3)
ZEA AN X, 101(38.3) 70(26.5) 64(24.2) 29(11.0)

X 8.37
P 0.212

F4 MAXEHHER2FABAERRAFRESHX R
[n (%) ]
Table 4 Relationship between HER-2 scoring in two
regions and clinicopathologic parameters [ (%)]

FEIE A= —3 X P

53]
5 38(69.1) 168(80.4)

3239 0.072
i 17(30.9) 41(19.6)
fiffE K/ (em)
<5 41(74.5) 162(77.5)

0216  0.642
>5 14(25.5) 47(22.5)
Jieba AL
BT 11(20.0) 67(32.1)
EREN 14(25.5) 57(27.3) 4.121  0.127
EES 30(54.5) 85(40.6)
BE B AT IE
s 10(18.2) 42(20.1)

0.101  0.751
wH 45(81.8) 167(79.9)
S URE
K534k 17(30.9) 87(41.6)
Pk 26(47.3) 50(23.9)  11.566  0.003
thr ik 12(21.8) 72(34.5)
Lauren 4374
li7Eil 10(18.2) 73(34.9)

5.665  0.017
PRI IR R A 7 45(81.8)  136(65.1)
TNM 533
I~1143 17(30.9) 49(23.4)

1.294  0.255
M-IV 38(69.1) 160(76.6)
AL
Terh 2250 13(23.6) 73(34.9)

2528  0.112
AL 42(76.4)  136(65.1)
o 42(76.4) 157(75.1)

0.036  0.849
1 13(23.6) 52(24.9)
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19 220 19147 AR 36 PR DT B 09 1 R 0 15 g R R AT
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HER-2 45 24, Kaplan-Meier 4= 17 73 7 M Log-rank
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Figure 4 Survival curves of advanced gastric cancer

patients with different HER-2 expression levels

BN T RWRE BN EZ—, W
Hokp ke, F0im AR A, 7E R E 2
BETHEHCLATHEREY, RETHELHR
BT ARIBIT, EARGEBRBUS IR AEE 1kl
& XF R o T A PSS AR W IR A, HER-2 K L7
GRELEN 2V 3 o Rt W DR DR (i S )
P HER-2 9L )35 75 © A HER-2 B B 8 8 1Y
HENAT T B, 20000 R R R, aliE
i i 2 R I P 24 AL T iR T R SOk AR 4
H7 8 S B DA I v B A S i AR HER-2 3%
PR ECTEE, T B8 B 21 B8 i 48 1
RITRIBLZ .

SR A4 G5 19 15 988 HER-2 PG A5 47 16 4R 22 ) 15
LU A A0 8 DA ok 9 T UL 25 DL KR O L FL IR
TR A SRR, 45 HER-2 KA ok — 2 M EE

http://www.zpwz.net



572 W E AR A

532 4

1M HER-2 PF- 43 19 AT A8 PR R BEAIR 1 HER-2 A6 I 11 T
Ji AT B S, Rk an A8 U) 75— S Al g
19 T HOR 32 = HER-2 12 W 45 51 (1) B 52 nf 5 4 DLIE
N H 25 B8 I R oK

T SEAE R, B TR 2 2 B B R 42 ) 4% 4%
RN A BB LN AW LIRS, MR H
22300 AT E R 51 A B T HER-2 g 3846 1 24 rp 5k
Tuominen S IF 1 A 93 IR P FH A6 0 #8821 4k
HER-2RA, % F2 7 i 3 6 K B Bk T Y a0
B, IO O R AT A M A R, 45 AR
Yo (1 58 BE RN 56 BV A e B OE Y, SR IR AR A5 R
7R 50 B W ) PEAL 45 R A AR I i — BobE (RL
i k=0.80), 5 FISH-% % 4 1k SRR —BORUH
3.5% . FHELT R 2280 ALBE AU JE 56T WSIs i 17 53 Hr
FEE, ASHEGE R Y AT AR 7Y 2 I T 1 fUB% S i) A
BtFT b, AT WSIs i HIfE . fEfrad i, A
A 5 v B I 0 0 90 45 ) AT J B b ek B A% e
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