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Dynamic monitoring approach for predicting the efficacy of immune checkpoint
inhibitors: fine typing of circulating T lymphocyte subsets
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[Abstract] Immune checkpoint inhibitors (ICIs) have been widely used in the treatment of various solid tumors, and the fine typing of
circulating T lymphocyte subsets has attracted considerable attention due to its potential as a predictive biomarker for treatment
efficacy. Currently, commonly used ICI efficacy predictive biomarkers mostly rely on tumor tissue samples, with limitations such as
difficulty in sampling and dynamic monitoring. In contrast, the fine typing of circulating T lymphocyte subsets can not only reflect the
functional status of T cells to predict the response to ICI treatment but also serve as a feasible dynamic detection method due to its
advantages of convenience in sampling and minimal invasiveness. Based on its functional status, the fine typing of circulating T
lymphocyte subsets can be mainly classified into activated, proliferative, senescent, and exhausted phenotypes. The activated and
proliferative phenotypes usually indicate the activation, proliferation, and functional activation status of T cells, while the senescent and

exhausted phenotypes reflect the state of T cells with reduced reserves, decreased proliferative and survival capacities, shortened
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lifespan, and impaired or incompetent effector functions. These functional states are closely related to the efficacy of ICIs. This article

will systematically review the latest research progress in the application of fine typing based on the functional status of peripheral blood

T cells in predicting ICI treatment efficacy, explore the predictive value of different functional states, and discuss the clinical

application prospects and practical difficulties of this approach as a potential predictive tool, providing references for subsequent

technical optimization and clinical transformation.
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% 9% K & B W #| A (immune checkpoint
inhibitor, ICI) B & &/ Z M A T % ¥ 5L K5 e g
LM ICI T B E IR G RARARE. A
T ICT 57 & Wy 38 A7 A BF 8 R & & #r (tumor
mutational burden, TMB) ## £ JF 4 7 T o & 1
(programmed death-ligand 1, PD-L1) & & % ik K
F M T E A E I (microsatellite instability,
MST) Mk A5 . b 98 32 JE ik & 48 Al (tumor—infiltrating
lymphocyte, TIL) %", X iR EMH — 84 AR
Mgk, EEERETASEANA RN HK,
o4 PD-L1 R B A FHFAR R, B — &
HWAE R SR B B 7 %, AR
e EZERY, Mo, B T X A KB T g A
P EEARERGARBEE REFARREF
REmellEZREH . Fib, BAFHIERLH
BERE. TS KNS EAARTT. BRI E
(tumor microenvironment, TME) = ik & 28 Fff & 3 ¢
RE, KRBT HEMREE R & 183 5 Btk B 4
MEFERRY . AR LI, ICTET AR T
Fit Je o B0 T 40 B, AR BT VB BN T 4B A e B vE A it
#o BT AR ICIEIT EREREH, LB E M
BN, EEARATILER X EEA. MAFENE
BTHMAERT e TSR AT, M EENE
PR 40 FL VT /62 F B 8 ARL 4 BB £ B R UR, [ A
MAEINT 20 fE RE 4% B0 4 RBR B & M0 B & 2R RS I
T & 96 9T BT R . AR, 1 AT IR A A AR AR
MEFETMKREEEL LT R ERS(iE.
FEDME AT EYARRA, KA X LI 5 8
FIRIRITHIIT AT G B VIR K. LR ATH AN
“HhJE| fu G S 40 BT RS R 2E AT BB IR T B A
ML BREA T, KX EEZRE TN MR
20 R B T 20 8 3h RE R S AT T ICT T R 7 &
WHARHR, EREAARFESS,

1 THELHAI RS R

WA E 0 F R A, T E 20 i T34 40 - 2
WET ETHEER 0B A gk A w5 f
S KJT R RIEHAE R AR LT T DL

HCD8 T4 .CDA" T4k yd TH A B R FHT
% i (nature killer T cell, NKT 28 i)™ ; 4 & 414
W8, ¥ 2 A 446 T 48 B (naive T cell, T) &L M T
40 i Ceffector T cell, T,).1C17 T 48 i (memory
T cell, T) . # 35 ¥l /K T % A (precursor
exhausted T cell, T,,) f1#£38 T 44 i (exhausted T
cell, T,0™ o T, X ¥ MLt —# 4 A4 T HAHITIZT 4
fi(stem—like memory T cell, Ty, .+ #it1Z T 40 g
(central memory T cell, T,) & M iIC1Z T 4 M
(effector memory T cell, T,) .40 4RI &F it 12T 4
f (tissue-resident T cell, T, )& K 2k it
17, T %8 # (terminally differentiated effector
memory T cell re—expressing CD45RA, T, o

MBS & RLEF BN EN S S BER A, T 40 JL ¥ -
NENER HEEA FERAEERAEF, &
5 B fn S 78 R R GR HOR BT 4 B HY o RE BB R &
My R MR ELRE AERENRE BT T
MAatEE TR HAEFEATE FEHE, BN
N THERTERS, RETHREERE SICIH
ST IR B R A E A N Ki-67 5k A
E,XR—MEARABHC ENHA RENEZEST,
BN MRS BEARAEREIRMA
% & 4 M 3 J2 DR Chuman leukocyte antigen-DR,
HLA-DR) A0 CD38 By R ik sk 6 =, R R A N T4
R A B B Ty 48 8, FL4FAE 2 CD28.CD27 KA T
W Bk K, HF B CDBT K R 17 40 fL B 5 & # % 1R G
(killer cell lectin-like receptor GI, KLRG1) #Y
FX PR, R ABEEN R ERERLS, FIEHE
B, HBERAUGRAME LK, F ot HEEEE
BE 77 T RE A RORORL T BB T R ARAE, B ¥ R Rk
PD-1. 4 g 2 £ T ik 48 B A K 9708 4 (cytotoxic T-
lymphocyte—associated antigen 4, CTLA-4) . ik B
4 fE & b # F 3 (1ymphocyte—activation gene 3,
LAG-DURTH M R EREBMEE B %Mk
F 3 (T-cell immunoglobulin and mucin—domain
containing—3, TIM-3) % % F 1 | M & A7, A
£ B4 A EFRT 40 8 oh LW AR U XT ICT By 7 AT
M e R — 41k



b

FLAUL, &5 F500 o AR 7 s A SR R 3 G I T B - A 2 T b L 4 e U A A5 240 20 R A - 1107 -

2 TZRRATHEEARZST ICI BIFUNIER

2.1 gmERA

Ki-67 2 —F & &, 4 KBk T 4 AR A,
ER AT ICT 7 M — N xS d8hr. BTG
3 78 K A5 PD-1° CDS'T 40 A Wy A% Ak &6 R B TCT 77 4o
£ B % ICL 36 77 W e #A 4 /) 48 B i 98 (non—small
cell lung cancer, NSCLC) Fn jig ff & g 2 o,
W67 — Bl Ja PD-1"CD8'T 41 fL t 38 78 4K 4 [Ki-67 D,/D,
(BTREZ0KRWME] 5 PD-1 #7677 G HEH
I Bk 3% 3 & & # B & F # (progression—free
survival, PFS) 3k # 2 IF 48 <", #£ # &% PD-1 47 #|
FIVEITTEINSCLC B F H ,T0% W EHF EHEZ BT A
Ki-67'PD-1'CD8'T 48 At /& FT 3 fim , T EL X A £ 78 jy &
LZEETE—RE_ANBITABE, SICITRELE
k. ERTIRENA, XMTHAHIE T GEELH B
B Rk, X S35 G CDS'T 40 i £ 2% R B & AL (HLA-
DR.CD38".Bc1-2"), & ik #& il # 4~ F (CD28.CD27) ,
F H & A KIAPD-1 1 CTLA-4, #H—FHRWE
I, 70% & 4 5 5 vt B (PD) #y B # 8 = PD-1°CDS'T 4F
HLRL 4, T 80% 3k 75 I PR 3k 25 W0 B H £ FF 463697 4 B
WERILHT KM E, F,Ki-67 RBT 4
BARS, HAAEMTREICITREREX, BT
T X IEIT R G BEAT 3 A W A b B
2.2 EhEA
2.2.1 HLA-DR/CD38

HLA-DR 2 A K MHCIT K #1 & , £ Btk B 40 fg . %
A B MR AR R, HEE
MEMCCL THMRNRE. AZHTHRTKRIE
HLA-DR, 2B 75 % 0% o 2 B (T 40 V6 fL B B A, 30
VE T 48 P 7] % 3K HLA-DR. T 4 Mt HLA-DR _E 8 &4 )8
FHRAEFHEAT2EA. (D8R —F L HEEEE
B, BT A RERE, EFRIDICHER T T, K EE
AT 4R T Bk E . H b, HLA-DR 5 CD38 B &
Ik AT RE 45 3 B R B T 48 BB E AR AT

R4 HLA-DR/CD38 & T 40 i V& (AT R4, (H £ %
IABREEICITREEMAFE— EHE .
INERFREERA, N EHEFET EEADN
CD4°CD38'T 4 A #n HLA-DR'CD38'NK 41 . B 4 th B & &
TREH  BRAATHEETRRESAER = B,
A1, B UL 2L B 4E R 4 # 4 ] i # HLA-DR'/CD8'T
MHEAEH. XBLIARA REXLHEBEIN L &£
ST VE AR (B T B8 TME W L8R 0 % E W 4 T 19
oo, To kA WOE R IR G 20 B, X S 4 B Xt ICT I 2%
TN B EE AR ER —FHR. I, X
4R R — B E A AR X T TN A R R

£, AW, F¥FHHRH,CD8T, & . & LB
(CD16° CD56'CD38'HLA-DR INK 48 Afi & CD4'CD38'T 4 Aff
AL AT REAR AR TR ICT 77 W B HAfT 4. @i
BAEWNAE b Em TN ELRE, TURS
M EEIEIT RN ERE., ERERNE,E
X, CD4'T 4 A (CD4'CD38 HLA-DR'T 4 1) v& 97 J& bb 151 7+
BANEGIT A —EAAERE, TS ICIHEX TR
J_ Rz (immune-related adverse event, irAE) B9 &
£ R A E R R
2.2.2 BUAHETFXHE

W& BN ERE S T EBME FZARN KL
2 R THME N SRR S E AT A, B, 4 CX3C
#ath T % 1(CX3C chemokine receptor 1, CX3CR1)#Fn
CXC # . F % K 5 & (C-X-C motif chemokine
receptor type 5, CXCRE)HYAF % Ao A i Ao

CX3CRL S iz kA T R Z 4 M, @+ DC. 2 Z A
He . B 2 B NK 28 B An T 48 B . CX3CR1 BV Rk 5
RI CD8™ T 4 it # 43t A2 & A8 % , CX3CR1°CD8™ T 44 /i
W E RN M7 & A, CX3CR1'CDS’ T 4 i #y
HATMERICI TR TMA A ELRIY. BEX
L PD-1 FLHR 76 77 BINSCLC B % # , & 4% & 3 CX3CR1
T ANELLE 5 R EFH (overall survival,
0S) ToAE # M , {3697 G CX3CRITE # | A B 4 & fh
ENEETREGTIENESE, B FAEEIT 3 AR
O EBA =R, H—THR"™E R, CX3CRI
W > 10% 5PFSfr0S WY EH B %k & B IEAH %,
& 31 CDS'T 48 A, & #9 CX3CR1' T2 2% bb, = 4 4 Jm 10% LL
b CBF CX3CR1 ¥ 4) 5 )7 Bk A IC1 76 97 B9 97 2K AH
X, ZA R EERITA R Eon R, LHN6
JEL B U6 9T RORL HY R AR VB 34 85. T%.

3£ CXCR5 B4 CDS'T 2 Ff, T % & 3 N otk BB, 3%
i L R 9 U 9 VT B RE A7, CXCRS 4 AL 4 CDS 28 i & M
VT SRR R AT R4 . CXCR5'PD-1'CDS'T 48 A 72
SPR M F A EE R A, BENREEFHEE R,
HKEMPEA TR &R, R AN IAEHE
REAE, B & R 3k 5017 T 40 M AR A7 5 40 T (K R 34 2% B
AT EMRAMEMEEE T, A HLZ A PD-1 74 A
G VBT KR 2 B 18 Mk B 48 B & v B, CXCR5PD-
1'CD8'T 48 AL #y PD-1 R A KPR MK, R I Ktz & &
2 5K a3 R A3 A B ASAE™ . [ I, CXCR5'CDS'T 48
J b A B 7E B 1CT 57 28 UG AT o
2.2.3 HAEHT

— S £ | % 4 F 4w CD28.CD27 .CD137 .CD39 ., 0X40
66 R BR T 40 HE 975 R A, EOESE 5 ICT 8997 2 T
MAE Ko THRAEARTIE N B (T) Fn B EITAZ I B (T ) &
FILCD28, 5 T AE M, T, KA F & ACFHICD28, B
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R PD-L1/PD-1 ¥ ¥6 77 Jo Uik 78 T 48 fe R KL Y B
JARB T T 40 B b #y 25 R B-F (D28 &3k, *fPD-1/
PD-L1 47 | 7| A Rz 89 % & , 78 71 CD8'CD28'T 48 g 1+ %k
B P ¥ v, CD8'CD28'T 41 A Tl . % 76 7T JR AL Wiy B8 RS e
Aok 5 4 B A 68.9% A1 71, 4%, . 4h,CDS” CD28’
THMITH RSN EFNFAPFSAOSHEE K. B
E AR P 4 % BH, CD8*CD28" T 41 Mo bh, 17 7+ & 7] Bk 5 3~
4R ATAE Y K £ EH K,

CD137 % & (4-1BB, TNFRSF9) 2 fi¥ 9 31 7 H F %
BRRER R Z —, BA LR B 48, & CD8'F1 CDA'T 47
J1 78 VE B R 3K, A FT o NK 48 B DCL B BRI L 28 A
FomERNREE AL, ARARZENNILERE S
Jfl (APC) % 3£ # CD137L™", CD137-CD137L i# % ¢4 ik
RS T4 0 R A0 s, 3 TRk 40 B A AU 3
Be b EN S SN THERA T, ERT AL
Rt , 1 28 CD8* T 40 A 5% %8 2 L £ [F B9 DNA & ¥ %
W % ICT I8 )T MY B B i 8 B W 9 AT o,
£ B CD3'CD137'T 48 f A2 CD3'CD8'CD137'T 48 A, b, 17
BREERKMWPFSH X, » TS EEEEHA
JE & F R AKES (ipilimumab) B A 48 & A o B 450
(nivolumab) &7 By & # , 1& ¥ CD8'T 48 fig & ik CD137
EPFSEK FyM =", B, BEZICIETH
NSCLC Fu 3K 37 5F it 8 B & o , W22 2 w3 AP B 18 21
CDI3T'CDITH A 5T M E EAH X, &K LA,
CD137 & T M| ICT Wy IE A% £ 41, B Bl 4F X ¥ 15
CD137 #5h 7| 4. 2 fit J& % 0% U6 97 B A 5 B 0

CD39 & —Fh f M, 5 CD73 3£ [ 2 5 IR 3 iy A R
CD39 ¥ = # B2 F% ¥ (adenosine triphosphate, ATP)/
Z B§PR B% ¥ (adenosine diphosphate, ADP) 7K ## Jy ¥ 5%
4 i ¥ (adenosine monophosphate, AMP),[# J& CD73
B AP AR N BT F R, T ETMEF K EEE
TR, BEAER % R B CD39 R A A B S R HE P A K,
HRERE—MET A RTEEE™, K, HE X TME
oA AR BRI R, A FLCD39 7 T 48 B b 4 A
MNP KA, 4 B 2 A B g 3060 B A 18 M 30 R R B 1E
B9 CD8'T 28 it , 3 H £ % A9 J% JE F & 31 CD39'CD8'T 4A
JE 5 W AR 3K 35 [ R A <, CD39 BT #E & CDS'T 48 A/
SREUERTIEENAREY, £ ek f R (E R &
% 5 (D103 £ K ik 48 %, #EFF PD-1'CD39'CDA'T 40 L ' 8
&7 AL B HLA-DR 1 1COS 45 78 AT R K Ki-67+ 3 78 40
ML, RAZHARS SRENRBER . AR
J8 9% & (human papillomavirus, HPV) & 32 i% 5 o4 &
Fi g B 2 o ,PD-1'CD39° A B & & L 5 6 HPV 47 JB 4
FVET 20 H, A8 % ICL V6T B HPV AR K b g B o+ , 18
PR PD-1'CD39'CDA'T 4 ff e b 451 = T M) e Jk S A2 s &
EWMITESEUEBEEETEEFEEZPD-14]

AT B BT M R R R, B S R o
78 V& CDS'T 48 il B A CD39 & R L B AE™ . X 5 4 411
PD-13677 F R AL By B3 41 B i % CD39" 4 L AF Ry 4
¥ —3h, X RIACDIT 40 A 9 2 7| & AL FT &6 2 L
i 8 4 5 P CD8'T 48 g R AL Y 5 8 it 3 2 46 A7

0X40/0X40L 15 5 ¥[ & & 5117, CDA'/CD8'T 4f g 1y
T Atz i , FE 40§ Treg 40 M o ab Fu - (L . A A
AT PD-1 &6 7 vl 5 B R B3 S0 A i 4. 9% 28
faRE R B FREXFHEN, ERET, BTG
B 1A i .0X40°CD4'/CDS'T 4 Ff # H. 5] 5 PFS £ IF A8
X, BRI BATNEES, FREFRFETHE T
W 72 PD-1 #0476 77 J5 B F 45 5 3 A, X . W] B3
1§ 0X40/0X40L 15 5 B ATAF B AR ™. sh, £ — T
[ b #5298 s R %8 & & B, 78 1 CD4APD-1°0X40°T 48
MERBRETHFEREWEFFHET T AKZ R
£ HA BEAE KB, 0X40 PEMEEY T 40 o 5 1CT 97 3%
T B 7 7R IEAF 35, E BT OX40 M h 7 2 2536 97 DL R Bk A
ICL J6 97 fiF J6 40 2 b 98 %0 06 77 W AR 2 30 817
23 FEEA

T B B T, AR T, AR 38 CD28, CD28 Y & ik &
kR RBEFHN—ANBRARAE, EEZICTEITH 144
Bl fi oz B & I, 4 am F CD28 CD57'KLRG1 CDS'T
RSN EEMEEE", AR HE—F
TETRX—KI, XETHM G EK, - &
WIL2® P , R ETEHRICIETTE T L
ERFAFEI AR, Hsh, S i CDA'CD28 T 48 A A, ]
DL & # # B (hyper—progressive disease, HPD) B
BRI, NGB R B P, K A HPD
B B H 69T J5 CDATCD28-T 4 B th ] B 06 7 Bl B
e, HETRAEUPDHESH ., H—F R EoAT
R, HPD B # B CDA'CD28 T 48 L ey th Al . B & 5 T
3E HPD 89 PD # RiG 97 L & 31,
24 #BEA
2.4.1 PD-1

PD-1 & T 40 fi v& . Fu £ 38R S B9 K BAF B
REHKHHEFMH| A F,EPD-1 R LB BT
T AR SR B B R AR SF T B A ICT EATHOEHI T
20 R AR AR, B R A KCF 5 AR T AT FR PD-1
MAHF T K HR LR, T8 ZPD-1 #4576
JT B NSCLC & # , 4 & 1 NK 28 ff #2 PD-1°CDS'T 48 fff bh,
I3 MK 5 30 2 B9 PFS £ 0S 48 =, xF T 40 i % 1K
(T cell receptor, TCR) % £ M #) /- #1 & B, ICI 76
JT BT PD-1"CD8'T 4 A TCR % #£ M & B9 B 4, L ICI 75
JT R RLAn PFS #4E T 2 B R &5

X PD-1'CD8'T 48 g #t 4T 48 40 o - X 3L 3% o9 AT
T B AT A . ENSCLC B A %8 o & L, 2 & A
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7 K 4 B ——PD-1" 8y B #7 2% K7 10 17 CD8'T 40 A
(CD28°CD27° CD45RO" & &, 8 AR Ty, 3K Ty 5 PD-1 R A
CD8'T 4 ff (CD28 CD27 CD45R0", T,) P 3R
5 PD-1 #7657 ke e dk a5 B EEAH % s EHLPD-1
7677 J& ,PD-1'CD8'T,,, 41 fii & IN. 5 HA R AL 40 AR 41,
EEFPD-1Ki67TCDS" T4 4 =My e = EH
409, PD-1"TIGIT X FH 14 T 48 A 6k 4% K Bk T 48 B Y9
TE AR A, I 2 PD-1 47 1 71 97 2% B R TR A8, 42
FLPD-13677 1M A Ja , #8 3 # PD-1'TIGIT'CDS'T 41 j
B 596 9T ROM An 0S B IF A % o 3K Ak FH M T 20
MAE T ERTHAR MBS ETHAR T
M7, 3f H CXCR5 & &350 T 40 A b Al 3

M7 CD8'T 4 i, PD-1°CD4'T % fi %t ICI ¥6 /7 .
—EWTNER . R LR, 6T E & B PDICDA'T
A4 B b PR, 5 B X B B R U6 T BINSCLC &
# " ICI ¥ 97 WINSCLC B " Fn 8 % ICI J6 7 B Bl
FIREEE"THAGRE IR, MTHMELN
PD-L1(PD-L1°CD4" 5, PD-L1°CDS'T %0 jf ) t. ] 5 % &
BeZREICLTRFEEM X XZY., Wi,
CDS'PD-1T 4 f/CD4A'PD-1'T 4 Bt ¥ H. 18 4. 5 NSCLC
BEICITREEMX",

b, B 44 PD-1 AR & 1 3 47 %15 5 - 9L L 1F #2395
AR, EEFPD-1 %G T, LB PD-1+ T4 LR
FERESEETRE AKX, WPD-1H A&7 B
H ¥ Bt 5 B PD-1'T 40 AR Ll Fm b i B TR, X FT E 5
WY SRR T 40 e e T TE TR B RE IR B K
2.4.2 LAG-3/TIM-3

W B 28 fE v AL £ F 3 (1ymphocyte—activation
gene 3, LAG-3) .T 40 it . )% 3k & & 0 %6 & & 46 49 4
/7 F 3(T-cell immunoglobulin and mucin-domain
containing—3, TIM-3) Fn 4 Ig #n ITIM 45 44 38, 84 T 48
fE %% Z AR (T cell immunoreceptor with Ig and
ITIM domains, TIGIT) 2 T — R & & E A %K, &
ETHH E kA GRS TR, LAG-3
TIM-3 B HERER B TH E5PD-1 £ RLTHBT
MR, BB RIATURE T M M H & R A B0 A, #F
EVRE D N o i N ol R 3
Bk e 1EE . LAG-3 & —Fh 5CD4 4T 44
A8 LBk 4 Pl & & &, 72 CD4'T, 7 CDS'T, 48 A b JLF
T kik, ©H GMHCI K4 F4 4, BT CDAT 4
L 3h 6 77 T K 1E E E AR RS, 4 a6 R TR 1CT 97 2%
B AR M. — BB HANSCLC B & ™ & 3, ICT iz
S48 B 4B i PD-1",CTLA-4" . TIM-3' %1 PD-L1" &
AT B s TENEHE, EERES T, HF
3 % H 7 PD-1" . PD-L1" . CTLA-4" =, TIM-3"#7 CD4'T, 28
MLET B, Bon W E T BTG f A K B PFS, R R X

B g A A 8 4 T/ CDA'T, 40 L b B & Rk T BB fE
HICT BN E . EhEHRYER, EE B
ICI V877 /5 & 4 PD Bf, LAG—3 PH £ B CD4'/CD8'T 48 F,
bt 7] Fm TIM-3 FE ¥ &7 CD4"/CDS'T 48 At tb 7] BH 2 3% i,
7 BH 3 2K 40 A 2 o Bk SR [ BTG & PD-1 404 A VA T
FE A R A AEE T 40 R AR

FRARARNERFNT B, XTRERE N
LAG-3 B AR EBR AN, ERERAERRBT T4
MENVEN .. £ % FPRF B R A + L3, TIL B LAG-3 %
BEESREMEME*X. Wi, W FFRINA KL
PD-1.TIM-3 #1 LAG-3 # CD8'T 4 i £ Pt 8 X Rz M An
B RES, G BN, LAC-3 FEM T 47 jir & 3t
& IAPD-1, Tt PD-1/PD-L1 LW 7T & 1% & Ff Jg 45 ¢ 1
B THMMT A SR, N\TTRETE. B, 5
FLPD-16)7 ET/E R EAH AR LAG3 FEMET 4 g, #
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