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(WZE ] TE58M.: BEAERENME SN, 0 5 EFHM ST (neoadjuvant chemotherapy, NAC) HiJ5
N R N F3244K2 (human epidermal growth factor receptor 2, HER2 ) FikW] @221k, A T E— L8 HER2FE LY
SERME, D A IR RS IR 2, ABFE R T fE (artificial intelligence, AT) 4 il %) B 8 B NACHT &
HER2FAVEATRIAN , PN AT S FIME R al A1k, FEFFENACKT B E HER2 AN, NRZafr IS %, k.

WSk A LT L BE R R =5 DU L Bk E R 2 s . FERERE L BEALS IR TG R (NCTO01516944 ) HiZ32NACHI3974
B R IR TOR, NACHT S 85 M M NACIE T ARFRASHER 243 % & Ss 050 W45 M AT D B 0 Biv Al , IR E344 0
AEBER BRI ER S PR EE R i e AT RN PPAR 25 2 5 Rk iy — 300k, SR N ACHI /5 HER2 3R A28 fH 1 I IR
I B RAAE e SR X B TR 152 . EE R MR TALSEITAL , ADTALSS RS SARiEn) — 34 (0.766 vs 0.853,

0.773 vs 0.876) . MITALTAL, 97H (24.43% ) HBFHWHER2IENAC)E I FLEIATIE, Mmi274 (6.80% ) M HER2%
kB, RN B RHER2E IR MU S EE56R (ypN ) (P=0.019) | BELE4E0 2% (P=0.003) BB AIE, e
IRAEAERZMHER2 KA RIS fER N (P=0.032) o TUSJT, fRER2E5E 2% # ( pathologic complete response,

pCR ) HFESHERAL (overall survival, OS) R, T4 (disease-free survival, DFS) R BALFIEpCRAEH (92.9%
vs 42.5%, P=0.002; 92.9% vs 36.0%, P=0.001) . M7EJEpCRAEE T, NAC/FHER2E L T M S4EOS R MDFS R T E
W (56.7% vs 30.5%, P<<0.001; 56.1% vs 23.0%, P<<0.001) ; HZEAEpCRAYHER2 2+/3+H & W, NAC/FHER2#E A F
P SAEOSHEMDFS I THER2F A TCIAEE (56.7% vs 33.5%, P=0.003; 56.1% vs 32.0%, P=0.002) , Z&it: AR
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[ Abstract ] Background and purpose: Tumor heterogeneity exists in gastric cancer. The expression of human epidermal growth
factor receptor 2 (HER?2) is significantly different in some gastric cancer patients before and after neoadjuvant chemotherapy (NAC).
In order to further study the heterogeneity of HER2 expression and reduce the visual error of human interpretation, we used phase Il
artificial intelligence (Al) to assess the HER2 status of gastric cancer patients pre-NAC and post-NAC to evaluate the practicability
and feasibility of Al, and studied the effect of NAC on HER2 expression in gastric cancer patients, so as to provide reference for
subsequent treatment. Methods: Clinical data of 397 gastric cancer patients receiving NAC were collected from a multicenter,
prospective, randomized controlled phase Il clinical trial NCT01516944) mainly based on on the Fourth Hospital of Hebei Medical
University. HER2 expression in samples of pre-NAC endoscopic biopsies and post-NAC surgical specimens was first assessed
visually by 2 pathologists using optical microscope followed by Al-assisted microscope respectively. The comprehensive results of
three senior pathologists were set as the gold standard. The consistency between the two assessment results and the gold standard was
analyzed, and the clinicopathological features affecting the expression changes of HER2 pre- and post-NAC and the effect of HER2
change on prognosis were also explored. Results: Compared with visual assessment, the consistency between Al assessment results
and gold standard was better (0.766 vs 0.853, 0.773 vs 0.876). HER2 expression assessed by Al was down-regulated in 97 patients
(24.43%) post-NAC and up-regulated in 27 patients (6.80%). Change of HER2 expression was significantly correlated with lymph
node metastasis (ypN, P=0.019) and tumor regression grade (P=0.003). Poor tumor regression was an independent risk factor for the
upregulation of HER2 (P=0.032). The 5-year overall survival (OS) rate and disease-free survival (DFS) rate of pathologic complete
response (pCR) patients were significantly better compared with non-pCR patients (92.9% vs 42.5%, P=0.002; 92.9% vs 36.0%,
P=0.001). In non-pCR patients, the 5-year OS and DFS rates of HER2 down-regulated patients post-NAC were better compared
with HER2 up-regulated patients(56.7% vs 30.5%, P<<0.001; 56.1% vs 23.0%, P<<0.001). And for those HER2 2+/3+ non-pCR
patients, the 5-year OS and DFS rates of HER2 down-regulated patients post-NAC were better compared with HER2 unchanged
patients (56.7% vs 33.5%, P=0.003; 56.1% vs 32.0%, P=0.002). Conclusion: The application of Al technology in HER2 assessment
of NAC patients with gastric cancer can reduce visual measurement error, and Al could be a powerful tool to assess HER2 expression
efficiently and accurately. Gastric cancer patients with pCR and down-regulated HER2 post-NAC are more likely to achieve better
long-term survival. If upregulation of HER2 status may suggest poor prognosis, attention should be paid closely to the recurrence and
metastasis of such patients, and the treatment should be adjusted in time.
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Fig. 1 Al-assisted microscope assessment

A: Selected the area; B: Completed convolution network located tumor cells, delineated the stained membranes in different color; C: Shielded the
signal of non-tumor cells and highlighted the stained cell membrane. The results showed that the complete and incomplete strong staining rates were
89.3% and 91.7%, the complete and incomplete weak staining rates were 0.0% and 0.0%, the no staining rate was 0.0%, suggested rating +++.
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Final HER2 result
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Fig.2 The flow charts of Al-assisted microscope
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i Hl ek Ay L IEH R SHMARZ I (positron
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FHGraphPad Prism 8.0.2#1 742K, P<<0.05hZ=5
Aot Lo

2 4 R

2.1 M. Al &fRE=fAFXITHMHER2E
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397 EILGE . AL, EARifE = FhPEAL 7 =X
FHER2F A1 B UL I3 . = 14451 AR J5 s B2
ki HpCR, W TEEKMNACKE FARFRA K
HER2FRE . —FiPAl 7 =UNACTHT JFHER2 5K 5
I EF TG FE L (£=10.737, P=0.097;
1=11.569, P=0.072) .
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A B
2007 M Vision 2501 M Vision
W Al W Al
159 M Gold standard 200t 189 M Gold standard
150 6
133 145
150 131
100 | "
100 |
50 38 38 39 sol 59 55 57
32 30 32
0 0
0 1+ 2+ 3+ 0 1+ 2+ 3+
Pre-NAC HER?2 status Post-NAC HER2 status

E3 NACHIF#MHE. Al. StRETMIHER2RIX
Fig.3 The pre- and post-NAC HER2 status assessed by vision, Al and gold standard
A: Pre-NAC (P=0.097); B: Post-NAC (P=0.072).
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B4 BT, AT S SRR — R
Fig.4 Comparison of consistency between visual assessment, Al-assisted assessment and gold standard assessment

A: Consistency of pre-NAC HER2 between visual assessment with gold standard (x=0.766); B: Consistency of pre-NAC HER2 between Al
assessment with gold standard (k=0.853); C: Consistency of post-NAC HER2 between visual assessment with gold standard (x=0.773); D:
Consistency of post-NAC HER2 between Al assessment with gold standard (k=0.876).
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®1 AFFERINACEHERZRIZEW K IR RRIEZ S AL
Tab.1 Changes in HER2 status after NAC assessed by Al and clinicopathologic factors

HER?2 expression changes/%

Clinicopathological parameter Fa P value
Down-regulated expression (n=97)  Up-regulated expression (#=27)

Gender 0.033 0.856
Male 77 (79.4) 21(77.8)
Female 20 (20.6) 6(22.2)

Agelyear 0.808 0.369
<60 48 (49.5) 16 (59.3)
=60 49 (50.5) 11 (40.7)

NEC regimen 0.201 0.654
XELOX 55(56.7) 14 (51.9)
SOX 42 (43.3) 13 (48.1)

Tumor location 1.050 0.592
Esophagogastric junction 31(32.0) 6(22.2)
Stomach body 37 (38.1) 11 (40.7)
Antrum 29 (29.9) 10 (37.0)

Tumor length D/cm 1.323 0.250
<5 72 (74.2) 17 (63.0)
>5 25(25.8) 10 (37.0)

Differentiation 0.473 0.491
Moderate 37 (44.6) 10 (37.0)
Poor 46 (55.4) 17 (63.0)

Lauren type 3.248 0.197
Intestine 33(39.8) 10 (37.0)
Diffused 30 (36.1) 6(22.2)
Mixed 20 (24.1) 11 (40.7)

Tumor regression grade 8.557 0.003
<2 66 (68.0) 10 (37.0)
3 31(32.0) 17 (63.0)

Nerve invasion 2.630 0.105
Yes 37 (38.1) 15 (55.6)
No 60 (61.9) 12 (44.4)

Vascular tumor embolus 1.563 0.211
Yes 18 (18.6) 8(29.6)
No 79 (81.4) 19 (70.4)

ypT 1.591 0.207
T 34 (35.1) 6(22.2)
T, 63 (64.9) 21(77.8)

ypN 5.509 0.019
N, 46 (47.4) 6(22.2)
N, 51(52.6) 21 (77.8)

ypM 1.151 0.576
M, 93 (95.9) 27 (100.0)

M, 4(4.1) 0 (0.0)
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397451 83N AC/F HER2 FE 3k Hy++/+++
AR R0/+, 14FINACIHILFIpCR, FTILHK T
24.43%; 270/ + HEAR Ry ++/+++, FikFK |
#6.80% . PHALMIPER], il . NACH . M
AL . MRS . B FREE . Laurengy A,
Mzl WKERRE. ypT 8. ypMar e 5
TGt #E L (P>0.05) , HER2FE AL
ypNZ A (*=5.509, P=0.019) . J&iE 4545
% (=8.557, P=0.003) BIWAIE (F1) . ¥
ypNIMH K g IR 45 oy BN A Z R ZE b, 2
FKlogistic[FHTa5 R Bx, MRiR4s AMER
HER2FE A _FIHP A fER 2R (P=0.032,
OR=2.806, 95%CI: 1.090~7.222, $2) .
2.4 NACHIEAREEHHER2R AT X F/EHY
=21

LB NACKpCR ., EpCREH A AF 1],
45 R /RpCREH 54FOS . DFSHEFAEpCREH
(92.9% vs 42.5%, P=0.002, HR=10.98, 95%

CI: 5.88~20.51; 92.9% vs 36.0%, P=0.001,
HR=13.08, 95% CI: 7.37~23.21, KI5) .

3831|dEpCRE i &, A 11041 8 #
M THER2F XM FIHalE NIH ., SR BR,
NACJSFHER2#E L F M 5S40S. DFSILT LM
Z (56.7% vs 30.5%, P<<0.001, HR=2.81, 95%
CI: 1.31~6.03; 56.1% vs 23.0%, P<<0.001,
HR=2.82, 95%CI: 1.37~5.81, El6A. 7A) .

1411]4EpCRIVHER?2 2+/3+ HFH, NAC/K
HER2 A TCHEH H20S . DFS44l434.0.
22.0H, 54E0S. DFSZM91H33.5% . 32.0%,
Y14 FHER2E A T (P=0.003, HR=2.11,
95% CI: 1.24~3.57; P=0.002, HR=2.08, 95%
Cl: 1.27~3.45, E6B., 7B) . 242%dEpCRH
HER2 0/+ ## 1, NAC/FHER2IRAS LI #
£70S. DFS/3l }35.0, 22.00H, 540SH
DESHE /5 41.4% . 31.4%, SHER2% X I
WEAANMZER LSRN (P>0.05, &
6C. K7C) .

F2 HIHATEHERINACEHER2RIZT U NS EAE LT
Tab.2 Multivariable analysis of the changes in HER2 status after NAC assessed by Al

95% CI
Clinicopathological parameter B SE Wald P value OR
Lower Upper
Tumor regression grade 1.032 0.482 4.573 0.032 2.806 1.090 7.222
ypN 0.777 0.541 2.064 0.151 2.175 0.754 6.277
A B
120 — pCR 120 ¢ —pCR
—— Non-pCR ——Non-pCR
100 on-pC 100 . on-pC
80 | 80
< S
» 60} w60 |
= 8
40 + 40
20 | 20 |
0 - - - . 0 - - - !
0 20 40 60 80 0 20 40 60 80
t/month t/month

BE5 pCR5IEpCREEMOSH LFDFS ALk
Fig. 5 OS and DFS curves of pCR and non-pCR patients

A: OS (n=397); B: DFS (n=397).
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El6 AIFFfEHINACEHER2R AT BEOSH
Fig. 6 Impact of the changes in HER2 status after NAC assessed by AI on OS

A: OS (n=110); B: OS (n=141); C: OS (n=242).
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—HER?2 down-regulation
——HER?2 unchanged
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t/month
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E7 ANEEHNACIEHER2R AL £EDFSH 4
Fig. 7 Impact of the changes in HER2 status after NAC assessed by AI on DFS

A: DFS (n=110); B: DFS (n=141); C: DFS (n=242).
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A TRAMHER2 2+, 45 R TR B
BB IR F 3 S 58 5 2 5, Sy ARy
5 1 T B P A S B S b, BN T FISHAS I
R RO B A A RS 2 L ARG Y
AV B B s 3 TR BRI ZR R 22>,
AR ST, R T AR RS Y €0 25 S 1 i Rd
YRR G R0 R AR . ARWTFSE RIS PEAL |
A4S BYHER2 5 4 b v — B0 70 7] 83.38%
(331/397) . 89.42% (355/397) . AIfgWEu/>
PRGE DA 7 o B I 1R 2%, A L 0T 4 b
HE, ATPATEALSEPTAL 0 s AR AT 5 rh 45 21
AT

NACHT JG HER2 R 15 # A7 7 A [A) B2 B () A%
k. Hedner ' Xf 1664532 H i BhiGy 7 iy &4
KB RE K A T2 R K8, &R
ST G4 5.9%0 3t IHER 2R 54675, Horp B
PR, BAELFASH], FIaez 2 BIERRS, I
R IHER 238 158 20428 5 iR 18 4 43 25 =2 [8] 1 ¢
2. I E sy 2 WS FINACF HER2
FEIk FAEE B BREE o 3 atil, #5782 01.83%
ARSI R, NACH]JSHER2FE—E /I
IR, 3971 H 83 HINAC/FHER2 K 1k
2+/3+5A8R0/1+, 14BINACIHIAF|pCR, Fik
T R24.43%; 27H1H0/1+ 55738 K2 +/3+, 3
ik B N6.80%, L HANACIHER2K A
SR N SN G )7 S st 2 S R A S TN
IV )5 R 46 A ., BDXHEy 7 SUR Y B HER2
FEIR N VR A R B I 33T BE SR R A A
ABI7 AT DL 5 A s 40 i F HER 2 P 2] BA 1 A 7
AR LA Y SHER2BIME A A [, HER2
BH 1 5 e 40 B B B T 0 kT R
P TMiPusztai®s ) OB R BN, BRI
FRITARICIRIZRA,  Jieg P iy 240 e 2 [ ) S o 1
[FIREANZS BN o I S5 B Pk A 4[] — A g 74
[N, Bl TR]—A B3 RR A [ A6 e DA S5
PR B R AR 225, X S BUMR A AL
HEE R R e . B e, AR BAREfE
TR B, X RR Kk A T 2 S RO, ]
DL EATHER2APIRAS , Wi/ 23 (8] 53 M (1) 5%

i, 5 98 FR B NACJR HER2 3 18 P08 14 A 124 AL
il e i — 2 AT B B

HIFENACH] G HER2ZR XUV 5 HiUS LAY
MR FEIEAZ, AT 1Y AH U B K 22 R [l i
PERIFSE . — ORI A [l P AIF 5T 20T 9 A T 2011
AE—20184F384 B HER2 PH P 14 355 4l By 400 1) B¢ &
I FUBEE B, MR UESE 28 BR T i HER2 4%
B R ICe AZ AL R]OS . ok & HEAF (relapse-free
survival, RFS) FlJmifJoi &4 (locoregional
relapse-free survival, LRFS) & AH{L. Seo
4 27 BFGAIE S HER 2 B i JR2 301 5 i 4 200
HENRRIRITIRA AT IR, PR SRS R
& (objective response rate, ORR) . Joif B
17 (progression-free survival, PFS) K OSJTx%
(P>0.05) , ZWFFERE— A48 1Y/
FEAR MUBPERFSE , HLh A7 BEVTRT ARy, AR
s R R, NAC/HHER2E L T IH B #H 54
OS. DFS#FKIX FRBFIER, HAEHER2EIA
KA, FARRIR S AE IS T 5 R .

FREE AL TR A& A, SR B BT
DA MAGGE B 2R B O LA 2 H 251
KA DA MRS R 2, F s MR e shws v
EI7 . KWUEZW R B . ADVEAN7E— E RE L i
LT HIENACHE ZHER2VHL o 2 A AR S
HEE M . MEHE N SOREE IR 2 RS
[F) AT, AT 4 e A I M PR . AS B SR L AR AR SR R
ZAb, ARBFFEHRXTHER2 2 + i E A TFISHAG:
W, R S HER23 + BH PR, 45
AT REFEE R 22

i bRk, AT BRI A e T B NACH
HHER2VEAS e . HERfS M, Al LA/ i
R2E . NACKH /2 I HHER2 R BN E,
AR AL B E XTI BURFR A OC . NAC)H
HER2EGE 5FUSAOC, Kk T A& EA A HEMN
NACH 3R %5 o [FIRF I R B Ui 522 G FEHER2 %
ik FIRAHE, XS LAY T RN SRR
KL .
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