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Abstract

Given that molecular targeted drugs targeting the human epidermal growth factor receptor-2
(HER-2) marker have been proven to significantly increase survival benefits in patients with ad-
vanced gastric cancer, accurate assessment of HER-2 status is extremely important. However, ob-
taining pathological tissue specimens often requires invasive methods, which not only increases
patient pain and risk, but also has practical problems such as insufficient tissue acquisition. There-
fore, non-invasive methods for assessing the HER-2 status of gastric cancer have become a hot
topic in current research. In recent years, with the continuous development of medical imaging
techniques, imaging methods such as CT, MR], and PET/CT have shown great potential in assessing
the HER-2 status of gastric cancer. These imaging techniques not only provide morphological in-
formation of the tumor but also provide biological and molecular information of the tumor, pro-
viding new avenues for predicting the HER-2 status of gastric cancer. However, despite the progress
made by these imaging techniques in non-invasively assessing the HER-2 status of gastric cancer,
there are still some challenges and problems. For example, the accuracy and reliability of different
imaging modes still need further validation, and the analysis methods and feature extraction of
imaging genomics still need optimization and improvement. This article mainly summarizes the
related imaging studies and progress in correctly assessing and predicting HER-2 status in recent
years.
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1. 5|8

B %8 (Gastric cancer, GC)J& B i WLI0 B &M 2 —. TEARR, BRRMEHLE L, R RHAE
W, fERE, BREMERRSGIETFMINE=[1]. GC NMUEMHE AR Ea R, mH LR E™E
fgm . HAr, B LHSUEEG A BRI S RZW S, HBTFREANOSE. BT RER
il KR EARER R, XA ABEHT B RS E AT, MR EEGZEEAE 10%, 5
SEAEAERAUN 27.4% [2]0 60%Lh FEE FIH CO8 R Me a1,  RIMERARIGRYT, S FAEFRA 2
30%. BEE AT B B A BRNTRTE, 150 F/KF EXE B AOmLEIA 7Rk, o AR
B A KPR T 52 4k 2 (HER-2)7E B9 T IRIE BN T H BTGB Ao 3, 108 B B3 TR R T iRt 7
BEEH S ARYE . B2 BB HTE NS AN SR T HER-2 FAIE B e st 25, hr s B —&AyT
() — A EBEYT A, RUHER VAL HER-2 RS T#f 52 A3& 11 5 i 8 8 AT ¥ 0T 20 22,

2. HER-2 #§iR

NEL A K T5244 2 (HER-2), XFK Neu 5{, ErbB2, & 17 54tk ) ErbB2 4w, & —Fh
5 PR R (TR 3248, B TR I AEK N T 2R EGFR) K. %K IEHAE — 4 445 HI8(ECD),
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— AN A K R — N A R Y B 5 K3 3] A FRIECHAR S ECD 45 & 3 8 — RIS 57 Tl ik, 1XLiE
FEX IR AN ARG T RGP, BB R K E B 4], HER-2 24k, HIREIT 1984 4, HT
HER-2 = BoRk4s 435 M, 7525 HAh SO0k i (HER-1 F1/8% HER-3) 5 — A R s (5], Ho
HER-2-HER-3 5 — A2 B BRI HER {55 5844, 75 HER-2 BR300 g S0 5 4 v ki SR .

EAVE T AMIE . AR AR B ERAS, 5 S R R R R TR AL B DIAR OC[6]. 1986 FEHITK I H
Jegs e 98 20 e H A7 /E HER-2 (13 383K [ 7]

3. BRAXRKEKETFZH-2 ZELMEARIRK

1) AL G R FAZH AR

Pl B HER-2 RiAE L2 @i FAME S N Seis i, IR G 4 b(IHO) &M HER-2 E [,
IR A AZ (FISH) B )5 A7 2 A8 (CISH) Rl 2 (K19 4 . HER-2 Job SRIA ] 4324 THCO (FI44) THC1+ (¥
PE). THC2+ (RI%E)EL IHC3+ (FAYE), THC {EA 2+ SR EAT FISH 1 CISH fll, H T4t tlifn
L HARERZHN 10.0%, FHTERAUN 24.6%. F9EICIRA AR B HARFERH, BUA R . SO AT e FH
PEEE AT L A [8]. AR SR AFR s, B HI-F4 HER-2 FHIEZRA 17.9%, HddrE BB
HER-2 FHYEZEN 8.8% [9].

2) d PCR & &AM AR

EE ot FLREE HER-2 FH 1 B 2 8RR 7 DA AR [10], (B %% 4 AU 2440 B 9 HER-2 (3£ IA
HN 6.8%~34.0%NE[11], ZREK, FEIFHFTHES B HER-2 ZE R G VP bR A A 75 K
IR I D e VR S IR DR A DR [ 11 Beale i 73 B, A sk X35 PCR (droplet digital PCR, d PCR)HA XS
G398 DNA (circulating tumor DNA, ct DNA)BEAT A% R 2 S A6 I T FH - B s VAl A ya 97 i 121,
ct DNA 2 FH I8 4H L BT e T30 FA) 5 85 i e e 7 P SR8 PR 1 R DRI 2L Py B o ctDNA @ T JH 8 4 ) T2 B
FER IS AR AR R R R, 3X — T AR R AR TE 2 A8 A W ) i ORI IR R IR 2 AT . PRLE,  ctDNA
SEAE S IR Bokr e ik 5 AR I A Wb EM 2 —[13],

B 0 PCR SSHUARE RN, ctDNA 5B 4H 414 HER-2 RIAMFF & DB 22 90% /4
Fi[14]o X JERE[15])55 8 37 dPCR B A KA 15 36 258 ctDNA H HER-2 JE[RI 938 L BHPE BRI, JF
PR L5 THC/FISH A2l HER-2 1A 25 5 — Sk, A6 0 BB | 15 7 1% 73 7B 21 90%. 94%. F|FH d PCR
KB FAR A AT LLUER 2 BRI ct DNA o HER-2 R #HE, FRA L. R, 7585, m
H AT LAZhZAS Wil 43 % 5 7% B B ) £ 3% R 5 HER-2 BRI 38 (b 15000, A B T B SR 1O BE 196 7 .

3) AR 20 A A

R 40 B (CTCs) 2 F HE N MR H7E 4 S G 3R (1 IR 40 L[ 16], 1896 £F 15 IRk 4 Ashworth H45 K I -
CTCs B4 HUANT 72 & R im AL 8 R BB SR I [17]. PP ER, PIBE T ImAG i B i B SR U R 20 433k 47
HER-2 VAL 1) Bk S . 281, BT HER-2 (PR B T sa 7 I A2 PR A o, JF FLEE IR AR 5Lk
RIS [ S VE Al HER-2 RARAFF & 52 br HANRTAT I, DR 00 238 Sk 58 47 11 SR s SRAG ) 5 e R 5
BBt HER-2 [IBh 500« St R 70 R L, 76 CTCs HAsl £ 1) HER-2 4386 5 8 3 40 44 m B — 5. (AL,
76 GC B, CTCs o] MENE IR Y M L8 B A 772 — (18],

4. HER-2 5 B EIGKARBFFIEZ BRI X R

B HER-2 FRIKIE L5 1 PR BLAFAE 2 18] (9 56 2 B AN 9T 45 SR A 58 4 — B0 7E 8 K/l
HER-2 Kk 1E WL /7 TH, Rakhshani N Z5[ 1910 7545 /R EAE > 5 om il HER-2 I RERILESE <5cm
(R R . T —Set T (20115 H B %8 HER-2 A5 005 M8 R NZ (B JoAH G, X ez R rlRe S REA &
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PASCZRON B3 BRE RN [R) 46 SR R 06 . B 73R I B s I B B S A X e HER-2 PH IR IB 28
[21]. ZWHFFRKM[22], HER-2 iR EE MR LR Lauren 7380, TNM 2 #I XB VMG, JEH
% HER-2 7175 B 96 238 LU R 8 B 3 B 22 i B RO . Geng Y S5 [23 11T 745 SRt 35 B 15 e e
Jih HER-2 i ik Simab 682, BN AJCC A AE . 52— th IR I 4143 & e & 1k
YRR T, T IE R i A A IR, AW TT 2410 110 6] 5 B AT S UL 2 b R I, R
FHER-2 7€ B R 4 7% . 0 R e 145 AR 555 T B A W EIAE L, 76 1 e AR 3 vl A R R R ok
VEREBEEAE, XNL[25150F 50 R, AERELL(BMI > 25 kg/m®) f ¥ HER-2 AKX T AR LB (BMI < 25
kg/m?), HEFLLH ¥ L, R R SRR RR/NELL BMI > 25 kg/m® B RE S E bt e
HER-2 1E 15 5 B8 P RIA T Re AN Z R RE B s S5 R 1A 6. — LU 7 /R HER-2 RiIA 5 B Vel i
LR R T R[26]. IIAA T FE S8 HER-2 78 B B (MGC) 2 EI U e (SRC) I 2R AR T B AR R
JRENMGC), #EHRWE, HZERLGFE L. RETRS BN SR 8 HER-2 Rk R HBAREH
K.
5. B HER-2 AR BEEWRER

BEAWEZ M EIE, (HETCE ST 2 B ST AR E g . BRI H B 5 & X ZIEiE
AR A T X o A R R AR P BN AR SRS R B e, ELYE A S R VR R P R A A
ST HARAEAE—E RIRME. I8k, MSCT. CT #EEMME. #eil CT. PET-CT. MRI K& EUS %fu s
ARMAT BRizWr, HALL MSCT WM A& 2. BRETRT B MSCT #18F1ER 5 HER-2 RKIAM)
R FAZL, RETR T AT LURYE A A AE 5% HER-2 FiA1E HIRAl, 1B &nt— e 53k 3h T S s 414k
I S5 A A 1) 2 J2 R B R B — 8 I TRAIE F o B 52 AR 0% IR AN I B B AR ST BRI AN i ke, 5
T AT B 2 W A S RS W i MG, T AT SE I HE AR 0 8 i — Se S B R bR, R H 3k
RIGAR AN AT o B H AT EAFFE S seivE v)8,  Ehanfg s CT. PET-CT S &M &5, KoKk
JEEBCEE A K, R R HE IR S T IR TAE .

1) B HER-2 5% # CT MIAHCH 7L

2015 FFEXNFER27)FFEYIRAA FE CT 5 HER-2 IRASHIR &R A28 0 7L K L B8 HER-2 Rk 5 T 4 1
Z A TE 2 AH G, {H 5 9 HER-2 BH P 2H A8 3 Il Rg ~F 35 JE B K T HER-2 BAPE B 2 , X 5 RE AR AF 72 285 S [29]
— 8. EEFBO)F RS 169 F BB, SRER, KIRMZES5HKE S 2 HER-2 RiAM
FUSE I PR 2R, AHIE T gl -5 BEAE — LB A0 [3 1] 4518 — 3. 2200 FH [ 32 S0 A R I, Ri s AL F2 % 5 HER-2
FILTEDA G RHE[33 )55 BB T 146 5] B 5 B3 Bokl, 7035 HER-2 B 20 AH L HER-2 BHPE
YRSFHEIA IR P CT EHAR, M CTP (IAKIA CT 8 - “F4I3A CT 1&) &% CTP-A (11K CT &
- K CT ()% HER-2 [AMEZH /N, —LER T oR[34], B HER-2 KA IS Borrmann 40 B4 5%,
I BLAE S5 B e A v T

2) B8 HER-2 5XUfER CT MAHICHE A

W HEE CT (Dual-energy CT)FJ LASREUAHZURIZS B TE 2 DAL (5 5., JHEmLR H 2, ZEH
WEeHE CT FH TAFYI N X LR EEAFRER A TRES, JFLM TR 55 e &,
BEA S BRI WD, XREE CT BRI AT 2 1A 7 T e S 21 T &3 m, JF HArEs
ST, RUAEE CT thBA N M IS AT 5. AR MI[35], YRR M CT AL FLE S5k i
EAERA R, 5 MR AP — E R SRR S B8 S N G % bb 7] b8 2H 23 Py S A 7 1%
IO LIRS, BUAE E CT W& A FE (B (IC) e 9% B M Aff b S BL ARl 1T 35 85 B2 (MIVD), [k DECT ] BA
AR IC ESRVPAG IR A AR k. 5E M CT S FREMLL, 1C AE N — AR fabs, REM Ik
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2 Wb S L 2H 2R B S ) L AR R

TR, BAaBS¥EWNAAERE CT 5B# HER-2 RILREZ MK RZIAT TYEERT . %2 #[36]
W e B A AR A HER-2 RIBIRAS 1 68 1] B g i3 XUE CT & SH, 45 R 5Won HER-2 FHPEZH(IHC3+
A1 2+3F fish K6 W-+) T BK CT s TR AHC—FI 1+). R antl, W2 ARG ih 22 Abr kA ik B 2
(B2 5 IR Gt e WEIE[37)5 W7 &K B, HER-2 7898 2 23 I RH M 2R I 5 B e s 2 30
BB, JF HREAHL ISV 3 B2 0] HER-2 PHVERIARAFAEA W ZE 5, B A i bR v Ak
WREE(NIC) Al Hh e (K)MXLAE B A5 EU(DEDH 73 ) 598 421 HER-2 FRIAFHIER B A X R
B A FEARFT 4> #15 HER-2 PV RIA Z MAEE S VI B R

3) H¥&E HER-2 5 MRI A< 7T

HE [38151F 2015 fEilid /04T 45 il B 8 10 MRI 14, W50 8o B8 AT ADC {65 HER-2
MRAS I HER-2 VE43r Z [AfFAE B ZE S A, B iIs/» ADC {5 EHR2 RRETK, 15 HER-2
oSO, I H HER-2 BHHE: B 1/ ADC {EF1°F14 ADC {8 5% % /=T HER-2 [V . 839155
B S AT 47 451 B R S R MR B DWI &2 DCE-MRI 25815, BF 5045 5 2o~ B % DCE-MRI (¥ a] -
SE IR 4. FLITRAL R MR E) ) e kR 5 HER-2 FIA TR 2 ) ANEAE IR S, T ADC 15 5
HER-2 FIAFEIE 5 Gup S « T8 [40155 (B 43 BT 30 5580 B 8 £ 3 MIRT G, IS T IRERI 45 3L

25T MRI 7E B @ HER-2 RIBRE LMWL H BT, BAFE LR 2 : 1) ZHCY R 2) 3
DR N 3) FEARER D 4) ROI FEIE K& ADC {E I & ) 32 0 A X 55

4) B¥E HER-2 5 PET/CT M5 5T

H AT A& Z Ui 72 18F-FDG PET/CT X B % HER-2 $E[R16I7 bR S HHAT VAL, (E1E P 42 TRT
R REWHZAAF S . AHFFEV[41], 18F-FDG PET/CT 3 7] G54 BT 1 & % () HER-2
PR o FE TN NN [4225 [ 20 M7 115 461 15 9% Hes PET/CT MG & 0S5, 31 HAE A6 3 BNl 40 s 15 L R
HER-2 BH 59 B R A AR (M T V) RS BE R 51(TLG) W BAK T HER-2 BT B s . FEAk[43]
LA R I MTV 57 R MR S0 (HD7E HER-2 FRIAPH M 235 b 9] 2K T HER-2 RABIMEE#, (HIE
PR ESTTAE o SR g ARG [44 ] ZE BB 28 57 B B I B 1) PET-CT H BEkE, 45 /R HER-2
FHPEZH Y SUVmax = FRATE4L, SUVmax 5 HER-2 SR EIEMIE, 5 REN 0.581, X5 Park [45]%%
WAL —5. B Chen Z5[41 WP S8 A o BEAERT 745 A — S E R v B2 F4: 1) HER-2 FEE
TEMA; 2) BEARDERFA K.

6. B HER-2 5GEZFHELMR

TG R GO, B B AR R R (B4 CT, MRI, PET 45) 51t 5EHUR . Giit 220
PLas 2 I FRORME &, B AP IRIUE A5 B IFEAT 0. fEI 2% 30 4 rh, RARALAHAZHT N+
i PR 2B FE IS W S Bk

6.1. ETFEHM CT ERpIRIREF

T[40 HIMEHT 101 FIEE B 45 GRS (AEG) B3, T IH KIS CT B RE-T
SVM HERU LTI HER-2 IRA, ZBAZEYIZREE M) AUC N 0.86, AEKESEEN 0.78, I HWF st 4s B oRi%
BRI TRIN R B S5 BEA SVM BLBIGEAR LA + IGIR)AE Y o Tk 52 SR [47]55 BB 43 4T 48 T A0 BRAUE 528 B
(1 135 4] B 9 B3 CT el AR B JE 9L T 27 1 nnUNet 4 (9 2% 8 57 5 i [ S04 A AL A0 B 70 B A, DAt
ST nnUNet 4% 1) HER-2 ARZS TRIARAY , 2% B T b H A2 B4 HH 227301 9 96.58% (UIIZR£R) 97.5%
(Y1IE£E), HER-2 TMIALSY AUC 1H 5 510N 84.04% (VIZREE) 78.57% (SRE4R) . BE TN RUA v 5 Bl
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HEE, EERNIERAETN T A XS HER-2 IRETTHEA RIFHIHRE:; Ma [48]% BB 4T 745
I B e HR o CT U, A CT 353 345 = 1 UG b B UAG 41 A4 AE , 8 57 B T fE G R 2% (1) HER -2
ot A TR RY , 25 & R 2H 25 A A9 2K A ) HER-2 TR AL AUC 123518 0.85 (V1125:4).0.84 (il
).

6.2. EF PET/CT IS IGLA%

Liu [49]% [A] B4 23 HT 90 51 5 7 5 2 I {5 BRI 18F-FDG PET/CT BEIM% I 2 37 HER-2 IR 2 Tl # 7Y ,
AT OR T 6 HER-2 RAS RPN RS, SIESE AUC 4 0.72, REUEHN 0.85, etk 0.80. H
fil, 18F-FDG PET/CT JfUit 41247 B T HER-2 IRASJ7 T AN E M RIS B2 i oe, 1H s R a6 F5
HE—PEsE,

|_.~—FI *u E

B A 5 1855 0N W7 S B e A AT B R AN BT R 8, A8 5 AR TR 505 12 W AR 0 DAL v g 92 P
K32 FGE. HETS TN B HER-2 RSB EMAMA L, HT MR 8 BB RER
) 3F BT BB 35 2 10485, JFH PET-CT FRAHNT 5 1 I Ak R 5 i 1) o B 48 55 l%ﬁ%ﬁn%
5T CT B, HAl, SWFALR LA —, FkTEIMEARE, 24005, s RS
FMUGIESE . SR ZE N — PR R, nTHRECH B RHE, B4 Wk, BE. 4%, ﬁﬁ
S5 BIFXT AR BAE AT 40T, $Emxd B S WiERG T . B AT R RS A 2 R TN B i HER-RIA T il
MR EA 2, JHHRZHIFFAAEET CT BHE v AR, 7E T & FeRAS HER-2 RIATE 57 TH 3k
PR LT (1 TR R RE -

SE
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