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Abstract: Human epidermal growth factor receptor 2 (HER2) is expressed in various tumors. Trastuzumab
can significantly improve the overall survival time of HER2-positive breast cancer and gastric cancer patients.
At present, the detection methods of HER2 overexpression are mainly IHC and FISH. However, this invasive
examination can not be used as a routine examination. PET/CT molecular imaging targeting HER2 is
expected to monitor the HER2 expression in whole-body lesions in real time and non-invasively. At present,
PET/CT molecular imaging targeting HER2 mainly includes nuclide-labeled antibody imaging, nuclide-
labeled affibody/antibody fragment/nanoantibody imaging. It can be used to monitor the expression and the
heterogeneity of HER2, screen positive metastatic foci in patients with primary HER2-negative breast cancer
and predict the curative effect. Long half-life nuclide (“Cu, ®Zr) labeled intact antibody can directly assess
the situation of HER2 binding to trastuzumab, but its blood pharmacokinetics and blood clearance are slow,
and long-time imaging is needed. In addition, the long half-life nuclides lead to higher radiation dose. Short
half-life nuclide (**Ga) labeled affibody /antibody fragment/nanoantibody imaging, due to its small molecular
weight, fast biological distribution and short-time imaging (1-4h) after the injection of drugs, can increase
the convenience of the patients and be repeatedly imaged. As the binding site is different from antibody,
affibody can be used for the imaging in target therapy. Also, the radiation caused by short half-life nuclide is
significantly lower than that by long half-life nuclides, and may be more suitable for clinical application.
Key words: HER2; PET/CT; Molecular imaging; Targeting
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NEREA K722 (HER2 ) &l @7
T YA R 17921 1 c-erbB-2 3L K] G fith 11ty — Fifr A5 1% 422
PR Tt T 1 A B B AZ AR FE R T, AR AR R IF T
ZAk (epithelial growth factor receptor, EGFR )
FIEWM I Z—, FEZFh I 4 21 54 A A 72
JER R SRA YT 2 R T (BRFETT,
Herceptin ) , 2 A 1AM HR DA, SHER2
ML AN SR ZE G I, e Hh FH W HER 2 4H 3¢
R 5 . 19984F, & 1 i 24 5 B )
(FDA ) it il Z 2RS40 T i A1 20 B 98 04 i
RIGIT, B ATEARST I sroph iy 555 17 25 Wk
FHE BR800 B e B Pk 2L s I R 7 1 — 26
T 20104, KR IS (] SR 46t o il 2 2K
BT T HER2 FH: M SR 5L A5 1 98 I RGBT o
Z 25 AL HHER2 FHPEZLARE . B R B A AR
[

TR ST DAL I D e kb S e A5 AEHER 23R 58
15 ORI DG . H AT ATHER 24 33K ry A
W — R FH TS R b AR A T B2 A A, Ry
hFER A 22 Y8 (immunohistochemis-
try, IHC ) Az 42487 (fluorescence in situ
hybridization, FISH) , HER2IH 5 X HHER2
IHC2+/FISHFAYE, BIHC3+, [H XA GIPER

Rl BRFCEENERETNIEEEG

AN RENE A R 7 RO B4 RS A 1 2 A T
J3HMHER 23 32 Tk 7 1643 [ FIS ) fr S5 R, B
SRR AENER . IR A SRR | SRS E A KA n]
REHH BLHER2ZAAY S ot , kit rid #HHER2
Fos AT REH B E, AN —LEHER2BAVE B LR
BH ISR BTHER2IAY P kg™ T stk AL B %
B IEHER2F A itk . Jiktifyrid # P HER2
PR, H D O B R A B L 5
SRR
FLIHER2MPET/CT /> T 1R, A B

TGO A Wi 4 Bk AU HER2 A S B0 . H RiTHE )
HER2PET/CT/ ¥ AR FE AL R bric ik 2
B BRERPMOEME RS SRR LU R B
P STRZSTAL S

1 ZEHFCTEERENKREEMBEHER2Z &
(&1

1.1 ¥Zr-Trastuzumab 5% Zr-Pertuzumab PET/CT &

%

i 2 2R B PT S HER 2 32 (K i AR 5 A 3 TV X
gh4, EE DU HLEI R R A g s . AR
AAEG . (1) FTIAHER2AGEAK-;  (2) BHIK
HER2HAM X 1 24f#% ; (3 ) MRHER2[AJE — %
b, IINHIPBKAIM N E S5 (4) i

Tablel Complete radionuclide-labeled monoclonal antibody imaging

Dose

Probe MBq Patient population Main result Researcher

87r- 37 HER2-positive metastatic (DBest scan time was 4-5 day; 2010

Trastuzumab breast cancer(n=14) (250mg antibody coinjection improved image contrast; Dijkers™"
(3)Brain metastases can be clearly displayed.

%Cu-DOTA- 130 HER2-positive primary and (DBest scan time was 48h; 2013

Trastuzumab metastatic breast cancer (@Radiation dose was lower than FDG and 89Zr—Trastuzumab; Tamura!”

(n=6) (3)Brain metastases can be seen.

#Cu-DOTA- 450 HER2-positive metastatic ~ (D)45mg antibody preinjection reduced 75% liver uptake; 2014

Trastuzumab breast cancer(n=8) (@There was no correlation between SUV,, of two imaging Mortimer™
agents (FDG and *“Cu).

¥ 7r- 185 HER2-negative primary ¥7r-trastuzumab can be used for screening HER2- 2016

Trastuzumab breast cancer(n=9) positive metastases. Ulaner”!

¥7r- 65 HER2-positive primary (DI t can be used for metastasis detection; 2016

Trastuzumab (n=6) and metastasis(n=6) (@The liver was a dose limiting organ. Laforest'"

breast cancer

¥7r- 184 Metastatic HER2-positive ~ (DThe first report evaluating **Zr-trastuzumab in HER2-positive 2018

Trastuzumab EGA (n=10) EGA; @The safety, pharmacokinetics, biodistribution, 0’Dnoghue™”!
and dosimetry of **Zr-trastuzumab was evaluated.

¥ Zr- 74 HER2-positive metastatic ~ (DImaging can assess the heterogeneity of lesions; 2017

Pertuzumab breast cancer(n=06) (@ Target therapy didn’t affect imaging completely. Ulaner™

#Cu-DOTA- 464 Metastasis breast cancer
Trastuzumab (11 HER2+7 HER2-)

(DSUVmax in HER2-positive group was higher than that in HER2- 2018
negative group; @The interpatient variability was greater in

Mortimer™”

HER?2- positive group than that in HER2-negative group.
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G A M AR PSS A At

H T o8 BB M 2508 Ty 22 008, 4
FEMIRH R RIC, YZo R B MR
i (78.4 h) , JFRESR LB PET S ] 73 B
2, A T PR e B PR T AR . 20104EDijk-
ersZEME R Y Ze-Trastuzumab £ 7T 17 14f5JHER2
FHPEFE R PEFLIR R SRS I PET/CT AR 5T, Hip7
BIAGIT B , THARIEEZIRIT RS, 45
K BLCT e MRIA tH B R0 AL AEPET 52,
I BB r B3, $e7n ik b i adn, BE
JCUEFT 25 WA S AN RSN, A B3 1 5 551 4 [
PR EFCTHE A (18 mSv) o KEZ LA
ST RS0 mghiiR . BB 10 mgHiR K
XS FE G, IR Al 278 . 20164F Laforest
SN 98 H 7 T 51 Zr-Trastuzumab J5 5+ 1 K [&]
BXTLAr, AT L O DL R A
K, A EBR G PESSE (1.54 mSv/MBq) .
20164F UlanerZ: i ¥ Zr-Trastuzumab %) 3L i3 9
Ji kA HER2 B P ) £ 55 A THER2 B 5% #8 AL
AR, O] B35 rh S BLBH Mk AR GE R, 2489
FrukE s, 2@y JHM:, #a2 s yT,
WA SE H N R Zr-trastuzumab 4 B FHER2 A P
LRI PHAE S B i A

2018420 DonoghueZ:!" 4 ¥k W FH* Zr-Trastu-
zumabiF1 T T HER2 PR 48 5 455 6 A 5 1 I
1§, Btk s e Y. R
S, 2B YR R MIER, RTEAR
BB, T1/2B (IHBREFEW) 111 h, 5~8K Bi¥a
R, WBOGR SR m I AR 23 R HEIE . OO JIERE |
JE . Fifi. B, ARG R0.48 mSv/MBq. [ i
1§ 260 E5, 16T BEE Rk HER 23R 35 4 55
FEE: (IHC2+, FISH HER2/CEP17 3.4) ; 1455
ARG 8E, R KRR A 2 R S35
HER2PBHM:FRIE, Wi RS AR 5% T Re R A kE 4%
/N (LIx11 em) , JEIR)GHESZE (1.9x1.3 ecm) &
W, (HRIZIM S I AR IS R B2 A 2

Pertuzumab ( Mf2Z R 5H0 ) 2 55 Sh—Fh N
fbr ey iR, Z5A0im (111X ) Al FTrastu-
zumab ( IVIX ) "' %FF IEfE %% Trastuzumabaf
T-DM AT B9, i kb HER2 (ARG I 1T BB 30 4%
ZbriC Trastuzumab B KU . 20174F UlanerZs:!®
47 T ¥ Zr-PertuzumabEHER 2 FH 4 5% B 1 2L IR
FRAE MRS, PPREIZAY ISR, I
W R CERE. AR, BN ICRE, 2

BEE /NG A, I 5 R s [ SE R v 2R
fiX, MERLLRRE, HIE. Bk, OEBEEZM
RN A, CFEARCNE0.54 mSv/MBq, 5
Trastuzumabtg>4 (0.48 ) , PertuzumabfE 3L FIF#S
CJFFME . BFRE . REUDE . il ) Ak SR % &5 T Trastu-

zumab ;{51 £ 5 (] f ELAT BHAE S & ek R B i
kb, YRS M BAR, — 0 40
RSN F AR, — B8 B TR S e Ak L A%
AN BATE, MRERE R Kt Ry BHYE, AR
it A PR, R AR AT DAPEAS k) S B

¥7r-Trastuzumab5*Zr-Pertuzumab PET/CT
AR B S 2 S 4~8 KU Ry T AR
JE A AR I, 4 i AR BURE R 2
AT B RBE BAR T 2250 mg P A i 5 ak
RS, BRI TPREE T E 10 mghu AR By T G
gl R G S R S R R 0.47~0.54 mSv/
MBq""1 AR TR KRS Th A HER2
AR ARG 121410
1.2 *Cu-Trastuzumab PET/CT 2%

“Cu-F3E W N12.8 h, IRHTFARICHIARR .
20134 TamuraZ:" 7 FH*Cu-DOTA-Trastuzumabif
FTTHER2 FHVEFLI S B AR, WF9E R W AR &
4, TARKNL, WAREIRIE/RCT, MRIKHH)
KAkt RAR s 2548 T A RGR 124 0.036
mSv/MBq, PG FIH J94.5 mSy, £ T # HFDG
(7.0~14 mSv ) BA%F1¥Zr-trastuzumab ( 18 mSv )
WA ARS R E, B TEW R R, 20144
MortimerZE" iF 5% % TS0 mght A i F i 5 ] ALK
T5%FIEAEEE, X ks O 2w, XFCTE
R kR A R R BURE S 1R T7% . 2K89%, FDG
93%, [Al—Jkk I FDGAI*Cu-Trastuzumab 5 B
ToARCYE, [A]— R RS [m] f8 o (R kb 16 B 22 S
K, $&R THER2F IR R TME, YR HTTE &4
JuE, HARGE 12 mSv,

20184EMortimerZE!"” Fe 45 T 11HIHER2 FH 1 557
151 9P 7L e £ 5 19 Cu-DOTA-Trastuzumab PET/
CTRARLER, K BHER2BHMEL H A7 SUV axtes T
R4, PIdlRIE &S, HER2[HEAHEEN . BE
[ 25 S A5 v T BAPE4L, FDGHEHS*Cu-DOTA-
Trastuzumab#5 BUCAH e

“Cu-Trastuzumab it AR I a] A EST 259 )5 1~2
KU 50 mghi TR S AT B AR AT A A SIS,
AR 40.036 mSv/MBq' ', AT FARAIRYT
BEM AL
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2 ZEREFICFEMIR(Affibody) B (5R2)

FAMIE—F R NARE, HIXF 5T BN
(6.5 kDa) , ¥4k, ABY-0251] 55 HER2Jif
NI X 5541271 ) A6 T Trastuzumab I Pertuzumab
(IVFI X)), AT RFREEEYT i B 2R

20164 Sandstrom 25 2% 8 1 5% o 1k 7L AR e £
PEAT AR, MR i A R o R R, A
57100 MBI, 43940 mGyHi15 mGy, 1%
FRHF & PR 50 mGy, 200 MBgf 2005 45.6
mSv, KT HMAFDG (7 mSv) . 20164F-Sérensen
SIS 1 245 sk oA B B 45 BRIV 8 P A 1 LR
SR T T °Ga-ABY-025 PET/CTWAG 5, %t
EL 7 R 751 ARG ) 8 B e v S 0 AR B 5
FEXF HAp 12001 3 B 164 IR kL 0E AT TG K . 9T
KRB 4 hig R b I A A B AR
ERAYEE SRS Z 2, TR ML, RA AL
HER2 R IR R TR A1, 301 E Ik AR iR
JY A . FDG SUVmax P 5 Bk JC 22 5
*Ga-ABY-025 HER2BHM: SHER2BAMES KL (ISUV
FEASANBITE] . PRI AT 22 5. HER2FH AL
SUV{H Rl s [B] 44 1 FHr , HER2BHM:AESUVAE TG
BB A8 fk . HER2¥FE4) (0~3+) 5SUVARLF I
Kbk, TR EHEBIASUVIEA PR K, —k
gkt B & TR AHE, Ui R £ EHER2FH
PES BAMEAL (241 B i TR RIESL ) .

3 ERERTEIEARBRMAKIERE (R3)
“GaEEM 68534, *°Ga-DOTA-F (ab’)
»-trastuzumab (30 KD ) S5Hii&AM L, M+
Vi B T ARG B, AT TR A ] A T AR
20134EBeylergil &%} 7 HER2 (A1 J2 8 il HER 2

K2 BZRIFICHFMK(affibody) B15
Table2 Radionuclide-labeled affibody imaging

B 7L 21 7°°Ga-DOTA-F(ab’),- Trastuzumab I,
B, SR BIRTCHES YA RN, Y EY
BN (3.6£0.9 ) h, Ky B e 2 A48
SRR, 90.383 ¢Gy/37TMBq. 8151 FH
AR, 4BIR B, KRB EA

(1) ATEe B E 2 IIAYT, IKNPUIATE S 2
GRS G (2) ATREEARIFA TR IR ST .

ZAEE R ML AR, TN ARIEZ R IR
SR, IR ISP RS .

AKBiik (Nanobody ) S HA 88 I HE MY i
INTEZE A R BE (15 KD) |, AHECFH BT,
YURPUARIILEAT . (1) X F B/, A%
BEEMRG B (2) RS EZ RGP mRIL;
(3) Fesedkom, FEMIE; (4) AR S5
P55 Keyaerts T-20164E 4238 1 *Ga-HER2-
Nanobody H T ZLIR I & BAR ML 20 . A5
AL RS R R R AR EE T 20051 F BB A3 A
S, AR R PUATE S 45 R B BAR5
Gehr, TCYNRETHOCA R RN, AW 3 121 h,
ATR RS (60~90 min) , BERHMEACEES T
K%, 90 minB AR AT BER I —2b AR5 o B RS
R, AhGAAGHE SR 0.04 mSv/MBq, ARG
4.6 mSv, & KEISUVAETEE }0.7~11.8, ]
REPE /S IR I S o o 20 DR o B M i e A AL
ISR, AT AR P O R R A S RS A HER 23R
AR —3, “FR HRTAE A ) 12 IR T
¥z, IR TFHEPUARRFRE, XavieraZEPIik
177 "F-FB-anti-HER2 Nanobody 7 HER2 {14 i
A BRI AT, S5 R RIZEE LA B
(IR R S AR, L B PR T B, HAT RS
(AN AR FH TS fE

Probe DoseMBq Patients

Main results Researcher

%Ga-ABY-025 212446 Metastatic breast cancer (DUptake was five times higher in HER2-positive than
that in HER2-negative lesions with no overlap;
@) [Ga]ABY-025 PET correctly identified conversion

(n=16, 12 HER2+,
4 HER2-)

2016 Sorensen™”

and mixed expression of HER2

%Ga-ABY-025 215+58 Metastatic breast cancer Cold antibody coinjection can reduce liver uptake.

(n=8)

2016 Sandstrém™

R3  BERTFCHR R BT R QKGR &

Table3 Radionuclide-labeled antibody fragments and nanobody imaging

Probe Dose MBq Patients

Main results Researcher

®Ga-DOTA-F(ab’),- 236
Trastuzumab

Breast cancer (7 HER2-nega (UT1/2 was 3.620.9h;

2013 Beylergil™

Tumor targeting was seen in 4/8 patients
with HER2-positive disease.
(DEstimated biologic half-life was 1 h;
(@Early imaging (60-90 minutes);
(®)SUV values suggested tumor heterogeneity.

tive and 8 HER2-positive)

Breast cancer
(n=20, IHC2+, 3+)

%Ga-HER2-Nanobody 107 2016 Keyaerts™
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4 "F-FDG PET/CT5HER2%X

HER2 [k 5 B4 g 19 FD G UR 3 HA7
25, BT AR i — B8, Chen
SN mE M S Hr T 6401 9 B E RATFDG PET/
CT, KRB HHEBR T EDM A ML 5, HER2 B
20 (THCO, THC1+ ) SUV ot T YL (THC2+,
IHC3+) , PASUV,.,=6.2 8 A 14, FWiMHER2%
B HERRPE A 64.4% . Kim %P4 T 10961 i
JEW H I ARATWFDG PET, 454 &k SHER2 [
20 (IHCO, +) fix THER2PHYEA (THC2+, 3+)
(3.9£2.1 vs. 6.3+3.7, P=0.02) . LISUV.u3.5H
FUE, BURPET6.9% M 70£60.2%, Celli%El" vk
FE3 19175 4 5 T ARUESZ R HER 2 FHPE #1655l HER 2
FAPE 0 B e/ B A A A0, AR A B 1 T
VERC)S, RPBHYEZ4 (THC3+ B THC2+, FISHFH
PE ) SHMELLNIFDG SUV B 225 (9.7 vs. 8.4,
P=0.6) . —SH5E A 1T TFDGR & SHER2
AR g B FDGHEIC S HER2 54 57 $5 Hi
YUMo i T FDG 32 % 5z W ke 0 7 25 0
FBHE L, LA = K 22 (% 52 I gg 20 25 B2k
B MERREERISEIN, ANRE B SOV I HER2 R
IRHIE O BB R4 H B I HER2 32 /K I
15, BETEIMAER Y S B R HER2 R IR 1 1L .

5 S$EEHER2EIPET/CTSHF RGBT

20164 Gebhart & EA T T — I i BETE B9 16 R
R, W HYZr-Trastuzumab PET/CTFIFDG PET/
CTXFHER2- A1 4% B8 1 2L I 98 S8 3 4% 32 T-DM 1
BITHEATIP R . 25 R L. s6fEE T,
29% MHER2-PET/CTIHM:, 46%M) H 51K N
IR B F . IRECIST1. 1 MF5#E, HER2-
PET/CTHINPV/PPV ({4 35 I i/ BH 14 T AR )
F188%/72%, FHIFDG PET/CT 483%/96%. BEA
HER2-PET/CTHIFDG-PET/CTRE % v i 11 I I
A2 7% (PPV and NPV:100% ) , FFREA Rk
EIT S [A]) ( time-to-treatment failure, TTF ) {H
ASTR] B P 2H B8 X T o R YT RTHER 23 1] 2 R
SFDGR IR S AHZE A, 0T LD R I SR
YE, I T2 T-DM VAT T a5 IR

6 SDESRE

KPR Z i s iR s . BEEF
fHHER2%E 45 Trastuzumab B 5 00, AT AAT 2L F0)
BTG T B TS G kA HER2
REWPEA CInikEeH ) , AT LAV IRl — kN

B Al — HREANER A HER2 R A R T 5
Gb, RETCAE, K& U E T, HTRIT
WSRO . SR SE R BRI iR 251X 8h )
SRS TR A R AL, R
BRogACHS, i IR w1 ARIS AT
EMGXT L RE , 5 B i) S i 1%, LA R 4
RUUARBAUIE AR S, BE LA R
2, TPIMEEIINZ R S B S R

BRI R AR R AR B AR . iR B
GRPUIR BRI S . B THARX S F RN, A&
Yoy, FERZYIEEREINES (1~4h) ,
WM M ERYE, EEBR, EAERHmTS
PURZE S SR, o] R IR R R 1 B
%, Sy MRS R B AT KR A R ARl
SEREPUIAR . BT SRRV . BUIR R B AR BTR
Hil g2k m, E NSNS R

REAEBIFIE IR I Z A FE TR BRE A &b,
ZHCHFURIE DT RIATSE, B IHER23R A J7 1 1Y)
st AANFhRiCHEH AR s A . Fh
HagA = fl&ch) 2 MIER T, IRl T
PR RIPRIC, B IGRATHTE % "Fhric
KRBT 3¢ e 19 P B TR, S, 9 LB RV B
P, ARG A I R R AT S H R e A%
FLOGaNE, FEFE hrical B, -
BRI ETE, "FREMERFE, H
PRici B E AR, FEERCE AR MBS, CFis
TCAHSEP A S 22 0 0 I R A5 o

Zi b, #HER2MPET/CTHrF 1%, AL
IF . JCBIA W4 B A AU HER2 AT, A 1Y
F A HER2 A M S, IR & g
HER2PAPE B PR AL T, T RS04
S kEHER 2R A (PPl L [R] w] A7 &k,
PGPS AR RS o M I R bR IC R
FA o Fr B S iR oA S A5 PR e ) S A
V) i, S A AR AR S R, T B RS I AR FH

Sk -
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