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Abstract: PD-1/PD-L1 immune checkpoint therapy has become another important treatment for several
refractory and recurrent tumors besides radiotherapy and chemotherapy; however, only some patients can
benefit from it. PD-1/PD-L1 targeted radionuclide molecular probe imaging can detect the PD-1/PD-L1
expression in whole body including tumors and other tissues noninvasively, timely and repeatedly, which will
be more convenient for screening the patients benefiting from the immune-therapy, the efficacy evaluation and
dynamic monitoring of the changes of PD-1/PD-L1 expression during treatment, providing a strong basis for
the adjustment of treatment plan. This paper will review the recent progress of PD-1/PD-L1 targeted molecular
probes, in order to provide reference for clinical application and further research of tumor immunotherapy.
Key words: PD-1; PD-L1; Immunotherapy; Molecular imaging; Single-Photon Emission Computed
Tomography; Positron Emission Computed Tomography
8 E. PD-1/PD-LIJEis /7 S A GBI UG 7 AP eS| LA MM B —F 25 %k, 12
B A MNP A, PD-1/PD-LIferi i o FIRABE SRR TALA, F0, ELHRITLY
(MG AIALLLR P ) $9PD-1/PD-L1R K KT a9 Ebm, 42 F. (1) HBhle R ik 584,
(2) %IE&FF 7 HAEN; (3) S AERMPD-1/PD-LIEZFi A2 P TA, HisH 5 FRLRBEAR N
e . A ¥ *TPD-1/PD-L1¥eéy 4 4 2 T 4R AT 89 I R AT B NG R EACHT R BAT 4038, A A I 9 S 9838
97 1 R A B — T AT RS
KA A RMER TR G-1; RARmBLTREARIK-1; RIEET;
ST M AT RAT B B R AR Bl TR AR S AL A AR
HEZ%ES: R730.51 FER R (F IR AR 55) R IRAS(OSID) :

il

0 5]

=
. 4=

g .

i HEE: 2019-09-06; {EEBHI: 2019-11-11

HEEWmHE: BRAaAHFEAL@TERA (81671733,
81871386, 81871387 ) ; kx T ARMAF LA ELETRE
(7171002 )

YEH B, 100142 7%, L FREHBERELTT
Wb B b A R PTAZ B A, BRI R SRR R AR R
HEHELEERT

BIEEE. &4 (1984-) , B, Hid, AIMELR, £
BNFEMEFEFSES SR, E-mail: zhuhuananjing@
163.com; #.& (1967-) , %, ¥4, #RR, TENAE
R 54T A%, E-mail: pekyz@163.com

EZEEN. T (1991-) , %, WL, BhBEmR
R, TEZANERBREZSHEFHR

AR SR, TEME G YT 5, REIR YT R
A ANUEH YT R, FEF Rt T -1
(programmed death protein 1, PD-1) K& {APD-L1
& H AT R N e 12 W S e il 55 . 25 R
R &M, HPD-18HiPD-L1 5 vg e Hi A v] LI
1 5PD-18¢PD-L145 4, PHWPD-15PD-L12[d]
(45 A B SR MR BT IR 9 S e 1, 7E 2 s
P & &R R R BUS T R U Ay Rt
I, EEEMS S EE )R (Food and Drug
Administration, FDA ) i i R 3 8 1L 8 18 5k



AYEBRG 3832020 55474525 187 Cancer Res Prev Treat,2020,Vol.47,No.1 * 71

HLUE T HiPD-18 47 Pembrolizumab ( 20144F ) .
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1 PD-1/L1%#&iAI7 itk B &I EIR
— I A [ P B PD- 18 T BT A R 3 4 P
Pt (JS001) VY7 BRI . DRI b RO . A
FER T BRI IS, PD-L1FHM: 5 2 i &0 2%
fife Bt = FPD-LIBIME R (43.8% vs. 0) T, fH
1154 R Z 50 PD-L1BHE B3 X G YT FE B Wi
X A] e 5 IR kL I PD-L1 KA 1 S A 6, K
HEE G R R T A THC TG b X — R &R R 52
LA, R 4 PD-L1 R 7E s A H R &5 RGBT &
AR, W BN RAER RN Z —, R
/D IR R S IR 7 A A SRR Rk 45 A
AT Z A B PERS A i XU . A3 WF 58 FHPD-L14it
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MR 5% i SRR 1] F i AR IE . (HAFHR M 4> PD-L1AY RIEYE AR 1gG1Hi/APD-L1.3. 1E4 715
TS AT P A3t B B, LA DA ) 4 Y ASPECT/CTHU{&, HPD-L1FE[n] A R IR AR

HHRSEE SEAL, 2 FEFRIRAL R IR
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TN REEA K UTDOTA . NOTA . DFOZE XAk

Oy IEATARIC . SUNREES A R e S Bk 1R AR
PR AN R, RS SRR R L ERIE

FRELEGY), & HATPD-1/PD-L1HE % 2R SR 4 i
i NN TR
22 EEbCHECETAR A

H AT C A K& G R ETF IR I AZ Ebrid 4t
AT AR, DATPAL B far A i PD-L 1k /K
Vo, R, T RGBSR YR, el
H™In (67.3h) . *Cu (12.7h) . ¥Zr (784 h)

F1 BEFCHPD-LIRBA T ENIKES

WFseeae 7 A", BEJS, Chatterjec A& HH,
""In-Atezolizumab SPECT/CT .14 Fi1** Cu-Atezoli-
zumab PET/CT A% ] LIS I HH af A Jifrg /1N BUASE 5
HPD-L1g A 53 —T 58 & BAPD-L 1 HE i)
A FIRE T LU I PD XA i PD-L1 2 35
AR LI T8 P R B /N, AR R 3
R R G RET L, 20164F Josefsson ! i F
"InkRICPD-LIFUIAIEA 6 P BB IE & /N SPECT
RLA%, SREEEINE . M R e S, Hettich %5
“Cu-NOTAFRICPD- /LI IAR AT 5 3% ThBE I # /)N
MPET/CTRAR, FEMkELS & IMPD-1%PD-L1, [ﬁ]
Bz 9T R Ly T RIAYT, Mi&EPD-L1#&iA

Table 1 Imaging of radionuclide-labeled complete anti-PD-L1 monoclonal antibody

Researchers Probe name Imaging Animals Tumor type Main results
Heskamp S 111 . Uptake was high in PD-L1 positive tumors; no
2015019 In-PD-L1.3.1 SPECT/CT Mouse Breast carcinoma uptake was seen in PD-L1 negative tumors.
111 ]
Chatterjee S~ In-Atezolizumab SPECT/CT Mouse ?:Er(c)i,nlggzsi o Different levels of PD-L1 expression in the tumors
2016 M€ Gould be detected.
cancer
Chatterjee S *Cu-atezolizumab ~PET/CT ~ Mouse HPVC, HNSCC, Uptake in high PD-L1 expression tumors was
201717 melanoma significantly higher than that in low PD-L1
expression tumors.
Truillet C Y7r-C4 PET/CT Mouse NSCLC, prostate  The tumors endogenously expressing a broad range
20178 cancer, melanoma Of PD-L1 and acute changes of PD-L1 expression in
tumor could be detected because of
standardized care chemotherapies.
Josefsson A '"'In-DTPA-anti- SPECT Mouse Breast carcinoma  1-The spleen, liver, thymus, heart and lungs peaked
2016 PD-L1 at 72h and begun clearing at 144h;
2.Co-injection of labeled and 100-fold unlabeled
antibody significantly
reduced spleen uptake at 24h.
HettichM  “Cu-NOTA-PD-1  PET/CT Mouse Melanoma 1.PD-1/L1 was highly expressed in the spleen, lymph
20162 *Cu-NOTA-PD-LI nodes and BAT;
2.The difference of PD-L1 expression in the tumors
between before and after therapy could be detected.
Nedrow JR  "'In-DTPA-anti-  SPECT/CT Mouse Melanoma 1.Uptake in tumors peaked at protein
20172 PD-L1 concentrations equaling or exceeding
1 mg/kg at 24 h and 3 mg/kg at 72 h;
2.At 24h, spleen and lungs decreased uptake with
increasing protein concentration;
3.At 72 h, uptake in the thymus was significantly
increased at protein concentrations of 3 mg/kg or
greater.
Kikuchi M #Zr-DFO-anti- PET/CT Mouse Murine colon I.Radiation therapy could upregulate PD-L1
2017% mouse-PD-L1 carcinoma

Ehlerding EB *Zr-atezolizumab ~ PET
2019

Mouse Lung cancer

expression;
2.Uptake in irradiated tumors was increased.

1. PD-L1 expression in H460 tumors, spleen
and lymph nodes could be upregulated
with radiotherapy interventions, and
the tracer could detect these changes;
2.The A549 tumors did not express PD-L1 after
radiotherapy.
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PSRRI G, R Wi A I PD-L LAY T &
TG TR 2 M s R 2 48 ( Cytotoxic T lympho-
cyte, CTL ) W—AEEFBL, [FAF, XdnffEte
PD-LIEiB T 40 B4 . FEREgom . 451
TRAEAS KL AR TR TR o AN RS2 o A LG o ) T i
5 g B A EPD-L g (4 562

ZIGESE {2 /n PD-L LA [ PR AT ARG I 13497 51
HEAIPD-L1FR AL Wiy . B ESR
7 FIRPD-L13ik, B8 iAY7 FIMPD-L1&ik,
20194 EhlerdingZs #47 farJ /1N L ¥ Zr-Atezolizumab
PET® A% % M, PD-L1+[JH460J% £ 5¥724 h
JGPD-L1Gk i, B PR U &, PD-L1+#Y
. k25 BPD-L1F A RIAE B, SIHCEE R—
%&[23]0
222 BEPICHIPD-1EESIA RS 20154
Natarajan % iF1 TPD- 1 HUARE TERPET 212, &
B Rt B B B R Y, UL PD- L [ PR AT
AN AT PD-1R ARG, b, £
B Z bR e BT PD- LA 1 WAL R i, T
2,

MR brid e8P L H 2 5PD-1/PD-L 145
AR RERE, SRR, LRI AEY T B
K, S KRR D, BRI E
K H e o8 i 1 2%

2.3 BEACRETA RS

KNO035J2: Haij 4Bk i 2k Al R T & Y PD-L1

FUSHUR, BBt EIE IR T M S R k5

R2 RHEWICHPD- 1R AR EHIKEE

A IbRE (4 R B6 . KINO035 5 58 B B bp A e 2 A
AR T, DRI LA A G A R 1 i R 5 i
PE, IR AT G5 o s ) g R T A%, TR
TEE R AFAYPD-L1E A . 20184ELi%E ¥ Zr-Df-
KNO35%f faf A e J5ses /N TPET A5 & BRI v
PHC, STHCK M ZE R—3%" ) ¥Zr-Df-KNO3STER
Wb R RN, TER . . BB, 7E
MR VRME bR L2 A R E A R, LA
IR . % 5T & B Ze-DE-KNO3 5 HAT bric
TR RRE 1 1 S R B e R v 8 O R
)9 B S5 AP A, RISt HLAE AR K 1 Jey R
BRIV A RAF g af b b, 33 55 120 hy7i 4
(1.10£0.12) .
24 BEMO R AR

oy F i AR AL s 2 M 28 B s, W]
Bl R PRI, MMMV . R AL 2 P
B, SEEOESTS R BAAR; STUR SR 2,
a2z, FEQUEIER B . Rk
( Nanobodies, Nbs ) . Adectin, ZJKk%E, L3,
2.4.1 PUERKE 20154EMauteZ64 % T PD-111
— AL REANX  BEHAC-PD-1, AL 5PD-L1
F R AL A0 FERNAE A PD-L 1B B BH P b
Jeq (470N BRUAR N 3 S 98 6 RR e i PD-L 1A 5 HAC-
PD-1)5 %, #EPD-L1[HE K Iog H PD-L1HT ik
KMHAC-PD-134 K B . 1 ZEPD-L 1 BHAE: 1 i Jg
W, PD-LIBUIR F2 5047 7 s 10 2% B i 7 JR e
HAC-PD- 10 ZE b )32 434 . “Cu-HAC-PD-1
PET A% & I PD-L 1 FH 4 b = 3, PD-L1BH M

Table 2 Imaging of radionuclide-labeled complete anti-PD-1 monoclonal antibody

Researchers Probe name Imaging Animals Tumor type Main results
Natarajan A *Cu-anti- PET Mouse Melanoma 1. High tracer uptake in lymphoid organs and tumors;
20155 mouse antibody 2. Uptake showed a 2x fold signal decrease when co-injecting
unlabeled antibody.
DuY #Cu-RMP1-14 PET Mouse Breast 1. Uptake of RMP1-14was higher than that of IgG2a in the
20172 carcinoma tumors.
2. Tumor regrowth and microtumor metastases were inhibited.
England CG *Zr-Pembrolizumab PET Mouse, Healthy 1. It remained stable in blood circulation and accumulated the
20172 rats greatest in liver and spleen in both mouse and rats;
2. In the humanized mouse model, T-cell infiltration into the
salivary and lacrimal glands could be successfully visualized.
Natarajan A *Zr-Pembrolizumab PET ~ Mouse Melanoma High uptake in the spleen, lymphoid organs and tumors.
2017%" #Cu-Pembrolizumab
Natarajan A *Cu-Pembrolizumab PET/CT Mouse Melanoma 1. The tumor-to-muscle ratio in the block group was

201874

Cole EL ¥Zr-Nivolumab PET/  Cynomolgus Healthy
201777 MR monkey
England CG ¥z Nivolumab PET Mouse

2017%%

significantly increased in the non-blocked group;

2. The liver was a dose-limiting organ.

1. Radioactivity in the spleen was significantly reduced by
addition of excess tracer;

2. High uptake in liver and low uptake in lung, muscle, brain.

Lung cancer Uptake was seen in tumors, salivary and lacrimal gland.
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Table 3 Imaging of radionuclide-labeled low molecular weight probe

Researchers Probe name Imaging

Animals Tumor type

Main results

Maute RL ~ *Cu-HAC-PD-1 PET Mouse  Murine colon 1. High tumor uptake and tumor-to-
20157 carcinoma background ratios were observed at 1h;

2. No uptake in PD-L1 negative tumors.
Broos[31§ “mTc-Nbs (C3, E2) SPECT/CT Mouse Lung cancer Tumors with PD-L1 expression could be identified.
2017
Donnelly DJ SF-BMS-986192  PET Mouse Lung cancer, Uptake was significantly higher in PD-L1 positive
201759 colon carcinoma tumors than PD-L1 negative tumors.
Chatterjee S *Cu-WL12 PET/CT  Mouse CHO tumors, Uptake was higher in hPD-L1 tumors than CHO
2017 Breast carcinoma  tumors.
De Silva RA %Ga-WL12 PET/CT Mouse CHO tumors, Uptake was higher in high PD-L1 tumors than low
20185 Breast carcinoma PD-L1 tumors.
e JCHH OSH M, FEPAIELL N i 3 s 5 Kk A ik e

242 HeKHUK  20174EBroos&fd ™" Tehrid Nbs
C3. B2 TC-1isi /N SPECT/CT AR &3, A LA
KPD-L AR ZAK -, BRI 55 5 PD-LI
2R AK AR S, HC3AT L& AR /Nl 22 B
Nbs7E B ME R e R4, e H AL B ST iEN
PD-L1HiIAAl, {Hi%Nbs A5 APD-L145 4, 758l
ST L5 APD-LI45 4 HINbs k1 Tl R Ak
2.4.3 Adnectin Adnectinfg— 3T AL &
T2 565 10445 A8 35 A g 1) 388 1) 2 1 R
BMS-986192 2 —Fi il 5 A PD-L 13244 & 3% Fil
454 Adnectin, 20174EDonnelly 25 4 ] '*F-
BMS-986192%F fij 4 /N A FPET B 1%, BoR
PD-L1BH M A HT-29 b Jf 458 B2 2% & T B M Y
L2987, H B AR LA L .
244 ZRREUE WLI12J2 i 122 5L IR HA i 20
JERK, ATLASPD-L1gE G fESS A . 20174 Chat-
terjeeZs FH*Cu-WL 12X} fif 983 /s BEF T PET /%
B 78hPD-L 1 i $ 5. 2 5 T CHOME . 2018
4EDe Silva% Xt ZF IR R /N iR T Ga-WL12
PET/CT A%, 25FIHL/RPD-L1 53k 1 e 4%
B TR 1 g,
2.5 RGBS

Huj, &4 =FPD-1/PD-L 10 [ #4841
I Tl REG AL RIS . 20184FEBensch: P Zr-
AtezolizumabXf B35 57 Atezolizumabi& J7 (11224
M0 s e JsE . NSCLC ., = FAPEZLAR I B kAT
PET/CTRAR . Wi I &k R e R A 24 X R4 v 4%
B, R, AEAFEE . F—BHE AR
b K AN R 2R R s 22 ]38 45 22 5% . Y Zr-Atezoli-
zumab ) JUAA I SUV o 1T FH AT 50053 X8 2% fift
BE SR R TE R B (AUC 0.83)
5E L R R B SUV ax FE AR JE R () R 38 5 235%
(P=0.00021) . HBFHEMIUTFIISUVn HPFES |

AT, ¥Zr-AtezolizumablISUV ... [FlFE 555 kEAE
RITET R B2 AEAH S, SUV R, 54 /)N B
% . TZMF5E i HISP142 . SP163 W FTHCHL Ak
DU g kL A PD-L 13k KA, 4555 g kb 1
IRIT RN . R KN AR I . PFS L OSHTEAH &
Vo %I 45 R FE Y Zr-Atezolizumab PET/CTH
W& 7 BRI AtezolizumabiG T K B —FP A %k
RS Tk

20184 NiemeijerZ:"" i *F-BMS-986192 . ¥Zr-

NivolumabXif 1345 BB 422 52 Nivolumab 4 J7 At H 1
NCSLCH # HATPET/CTAUREN X H A%, Il
FHTHC J5 ¥4 00 iy AYPD-L1 . PD-1535/K,
SERL L, PD-L1=50%[1 e %} “F-BMS-986192
F A 12 5 FPD-L1<50%[1 I8 ( Median SUV e
8.2 vs. 2.9, P=0.018 ) , PD-1PHM: g %> Zr-
Nivolumab$ U [m] #E B 2 & FPD-1FA M 19 i

( Median SUV e 7.0 vs. 2.7, P=0.03 ) . 5fil3R15%
WL it 1) B 25 i g 45 U F-BMS-986 192 ( Median
SUV,pea: 6.5 vs. 3.2, P=0.03 ) K 4EH(*Zr-nivolumab

( Median SUV e 6.4 vs. 3.9, P=0.019 ) B &8
BIARFAT R WG B3 . RUIPETS/r+ AN A
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