88 o ZRikK e CPEESAIaRE (BFHD ) 2024 4545 16 555 2 )

DOI: 10.12037/YXQY. 2024. 02-13

TN /M6 1 % 3 e €0 AR P PR 2 Ak T2 48 A
1 I 1) S R R T i
IMEAR, #r, BRLZE, Bes (REBERRMWMES —ER e, 127 KiE 116023)

EZEY BRI EEMSIF (tyrosine kinase inhibitor, TKD BcA bR W35 5 5 T 2% k4% €0 7R BH 1 20 06k B4 400 A 13 i
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Immunotherapy advances in adult patients with relapsed/refractory Philadelphia chromosome-positive acute lymphoblastic leukemia
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[Abstract]  Combination of tyrosine kinase inhibitor (TKI) and standard chemotherapy has greatly improved the prognosis
of patients with Philadelphia chromosome-positive acute lymphoblastic leukemia (Ph'-ALL) . Three-year overall survival
(OS) rate of Ph™-ALL patients treated with chemotherapy combined with first-generation or second-generation TKI was
approximately 40%-60% , and 6-year OS approached 75% when combined with the third-generation TKI ponatinib. However,
2-year OS of patients with relapsed/refractory Ph" -ALL (R/R Ph'-ALL) was only 20% with a salvage therapy, indicating
new treatment strategies are on demand, such as immunotherapy. Immunotherapies mainly utilize targeted antibodies including
blinatumomab (anti-CD3 and CD19 bispecific antibodies), inotuzumab-ozogamicin (anti-CD22 monoclonal antibodies), and
chimeric antigen receptor T-cell (CAR-T) therapy targeted antigen CD19. However, due to the limited improvement in long-
term outcome from immunotherapy, a bridged allogeneic hematopoietic stem cell transplantation (allo-HSCT) was generally
recommended after immunotherapy with complete remission. At present, some studies have shown that allo-HSCT was able to
reduce relapse rate in Ph™-ALL, however, the improvement of overall survival produced by allo-HSCT after immunotherapy
presented a controversial opinion nowadays. So further exploration of a bridged allo-HSCT post immunotherapy for R/R Ph* -
ALL will be needed. This review mainly discussed the significant progress of immunotherapy in adult patients with relapsed/
refractory Ph*-ALL in recent years, hoping to improve the remission rate and prognosis of patients with relapsed/refractory
Ph™-ALL.

[Keywords] Philadelphia chromosome-positive acute lymphoblastic leukemia; Immunotherapy; Allogeneic hematopoietic
stem cell transplantation
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leukemia, Ph™-ALL) J& s A 2Pk ik B 4i f (1 1l
IR UL — AL, PhU-ALL A ALL Y
25%~35%0 , H kM % BE AR I 1Y G i, %K
W50 2L E ALL GBI 50% DL B R R
BB ) (tyrosine kinase inhibitor, TKI)
BhREfb Iy B T PhT-ALL BE WS . N
XA T BAERIGH — R B2 %M (complete re-
mission, CR) P T A& i+ A (al-
logeneic hematopoietic stem cell transplantation,
allo-HSCT) & HAT Ph'-ALL & B4R R I7
UYL TERXFRIT R T, A — R AR
TKIAY7 Ph'-ALL B #1Y 3 4F B4 (overall
survival, OS) FJ 40%~60% ., TLFHFALF (e
vent-free survival, EFS) KK 30%~40%"", i
RS =X TKI Mg E e i697 Ph' -ALL JRE 1 6 4F
OS FF EFS A3k 75 % F1 65 %,
BX}F 82 &/ MEE M Ph-ALL B ¥, TKI B
BT R B FE R ERE TG, EEE SR
HiE 28 X FHEIA T ALL 198 U IR IT &5 R
REMUTH CR I ALL &% &M ALL 1€ L ik
F) CR Ay £ 5 20 FE 7 0 L0 B0 T L v i i (Bt
AL > 5%, S M AT AT BE S AL S b, 55 b,
tFEREE =2 ). BESN A MR RS AE . T
5 ¥ (minimal residual disease, MRD) g ¢4k
PR Y ALL AR 835 i JC B R 43 b v, H R
3l R B0 K 12 28 R R A S METR R 9, T3151
GEARAE S K/ METR E AT AE &3k 7500, T3151 %
A5 J& Ph' -ALL 3 0 3 — R0 8 TKI it 25
M FEHLH . /e A I H] BCR-ABLL 2845 1t
Ph'-ALL h&x & %, RRMAHFLERMIE Ph -ALL 1§
MrEte, ZE ALL W4 o TR Rk MR 2
SR Gy oE S GE W B R g — Fh TKI R YT,
B K% AT S 53 —Fh TKI T 5 1K al-
looHSCT, % 1 00 F. & &/MEG 1 Ph -ALL
BEMBUGRZE, FEVRERERITE 2 4 OS %
R 20%65, Uk W7 BEERROBT 10 IR T SR LUAR
5% /MERYE PR -ALL BYIFAK.
FRETRYT PR i e | 25 003 T Ph -ALL &
FRBE., UARZEHST (blinatumomab) ., BN
Bk B 51 (inotuzumab-ozogamicin) % 254 K

e gR3R o §9

WMEPIRZIK T 4 (chimeric antigen receptor
T-cell, CAR-T) J7i3RY7 B & /MEIRE Ph -ALL
BAA AR CR R, (AR REEIRYT G & R 2
I R L i AR D i Il B, H iR ik, allo-HSCT A
YERE KB AW AEIRIT ik, HRERMEE K
CR J& R B A AR A3 KA W5 09 Je o 4 1. R b
HHRPEIR YT LB CR Ja B8 K allo-HSCT, X )i
PR — P BIR IR YT RS, N E R /MR TE Ph -
ALL BEW R TH A H, AEGRE EEin
AR S IR T E N B & /MEIR M Ph' -ALL
kR, xR R & /TR Ph -ALL HBE
MR YT AT Rt —Se i i
1 B BEERERTE

XFFE &/ MG YE Ph-ALL B &Gy, B
B AL TP B S TKI IR Y7 89K M A 77 sk A IR .
B G IR T 24, N E R /MEIR T Ph' -ALL
BEMRTT AR T A28, R B B B o s B H A
W UUARZ BB (— Bt CD3 Al CD19 Y B 5
PEBUAD AN Z Bk B PT (R PRI 254
HI 8] CD22 1Y B se B HUAR AN R B R A D %,
XS A B PR 7R B K/ XEVR TE PhT-ALL HOE
RIT T R T AN [ R BE A BT 1 L 3
1.1 3 CD3 = CD19 M4 5+ M 404k

VUMK Z BR BB AR AL 7 Ph -ALL il sz F
BCR-ABL @& HE M, ©AFNIEYE CD3 FHM: R 40
M EEME T 40 M40 ) I35 Bk CD19 BHME R B bk & 40
W, TEE K&/ MEVAPE Pho -ALL B Eh BRI T &
FE AP IS 5 P L 9% T 2 A R R
(Food and Drug Administration, FDA) T #t#E Nl
MRZBRRHIG I B /MG B 418 ALL B,
DUAR ZBRBAHT T W R MRD, & 1] AF 9 % 4 AR 1R
MRD [R5 oAl Sy 0¥k e 52 #4028 35 1 8
VEHE. 2017 4F DIARZ KB4 FDA L T A
B8R/ MR Ph -ALL W3R8T, it E 0 32 2K 38
ok { — T DR Z B BLBTR I B R /MEIR P Ph -ALL
(BB B . Martinelli 255 40 A T 45 i 5 % /o
BIE Ph-ALL B3, MK CRE N 35.6%, Hiii
TE kK HEIFEW (relapse-free survival, RFS) #i
OS#IZrH N 6.8 MH. 9.0 M (F D, NAkZ
RR BB B8 253497 6 T TKL IR YT G & & /METR 1
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41.2%, A OSWIh 16.3 M H (R D, EET

CrE BEERTHT AR A (LT ) 2024 4E58 16 #2485 2 11

DUBKZ WK SR 4 B0 2 3R 97 B R /MEVR PE Ph' -ALL 1
AR . BRI VUMK 2 BR BT 50 25 3R 97 B R A HETR T
Ph'-ALL MKW A A8 s AN, 35 ZIK G 8
25 LLBCE KBS

1 ETHREBRFEXR/MEEBMYPh -ALL BEHFR

R KR RO W {5 2 Bk CR alloHSCT  #4% OS# ¥4 RFS PO
(€] GEE) (%) 4 (%) ] [# (%) ] A A

Tk B SE 37 2021 45 55 (23~78) 16 (35.6) 9 (20.0) 9 6.8 [8]
N Ak B 2023 34 51 (37~64) 14 (41.2) 11 (32.3) 16.3 6.7 [9]
S 4+ 2021 26 58 (18~81) 25 (96.2) 8 (30.8) 20 15.3 [10]
[CEL R

Pt Ek E R 2021 22 47 (18~78) 16 (72.7) 9 (40.9) 8.7 3.9 [11]
AR AT 2021 27 47 (18~79) 15 (56.0) 5 (18.5) 8.4 3.1 [11]
B S 2k B 2021 16 45 (20~79) 9 (56.3) 3 (18.8) 7.4 4.4 [11]
Rptr LRER+ 2021 18 62 (19~74) 15 (83.3) 6 (33.3) 13.5 7.7 [12]
AT R

CAR-T 2020 14 33 (7~66) 13 (92.9) 0 17.2 6.9 [13]

Zz: CART, ##&R R Twi; CR, LA2%M; alloHSCT, AR hF@mpbi; OS, $4£45; RFS, RAKX LAY,

7 TKI Bf MR, Ph™-ALL & 19 B)5 A Wik
H, JFIETERE ) TKI B & DU 2Z B S bt 19 TG Ak o7
B, BT REZHE R/ MR Ph-ALL BH &
Jf T3151 278, WA 4% e J& B Hi e — X X — %
AR TKI, i 49 45 )2 mT fig 2 DU bR 22 RR B e 11
RAERRG 259 . AHECT DMK Z BR B BT PR 25 3R 97 &2
K /MERYE Ph-ALL B3, M908 2 Bk A DUk %
RRHLBLIRYT Ph' -ALL & HA B E M. Coutu-
rier 551N FH DUAK 22 BRBAHTIR A I 9l B e R IT A
K/MEBPE Ph'-ALL 8%, A4l 26 6l & A 23
B3RS T %20 %% (complete molecular re-
mission, CMR), 2 3815 56 4> LW~ 2 i, 1 19l
KRG, Hhr OS WIF RFS 205914 20 ~H L 15.3
ANA (D, Jabbour &NV HEAT T — I 44 2
BRA UMK Z B B i6 97 Ph-ALL B9 11 39 11 PR 3
5. ANAT 14 B 5 &/MER M Ph-ALL BE,
CMR ZF R 79%, 14 OSEHT79%,

BTG JE kG DR 22 R T /Y TE AR YT O
ZRIBBmAMIGIRIEME, K15 T/ CMR RMEE
NG, UESE T WA R JE AN DMK 22 BR B BiE B A
WALST BRI AT 0, IR R R 4~5 REJPAH AR
KA, R WA g8 Je Bk A DU Z BR B BE al A ok
1T allooHSCT WA B, XFF 248 R A e o i
fRIF B2 & /MR PE Ph-ALL B, 0h 908 Je Bk

A DUPR 22 R g s ] 1 S — A 2 4 1 T AL 9T 36
FOPETr . WA YRR JE A DLbK 2 RO T Y Bl 2 R
Ge A S B TR R i 2R G AIE W AT 32, R B
Z IS BB S EAL SR T R b, it sz bk
YL
1.2 4% CD22 3 % & 4uik

MO Z R AT, 8 ] 4 PR BT B oK B
(inotuzumab ozogamicin) , J&— FPLIAATEE 254,
Hi 1] CD22 HJ (4 5 5 B Bt 7R 5 — Fh DNA 45t 45
20 Jf0 75 10 R A R R L, CD22 J& —Fh7E L
FRTA B AR ALL SR 95 40 i 1 3% 5k 0 4i i 2
PR, BN Z BRGSO B 41 CD22
U LS A, e 2 N Ak A9 A0 B, TR
FI B4 19 DNA BUG A0 R A8 R, B
5T BUEE DNA W24, B 51 i e 40 it ) 1 45
WA TR M AE T, 2017 AE B FDA it vfiE
FIRIF B K/ MEGTE Ph-ALL, iZ 4t i 3 7 11 )
INO-VATE ALL i %, Stock &' A4 T 49
2% /MERYE Ph -ALL &, HLE R B 2 2k
iz ) HirdEtkyr 27 ) G E KR/ MR
BAE IR, B CR R0 72.7% . 56%, 7E
AT IR 22 R A . MRD 9 1 % 43 5
81%. 33% ., i RFS 451k 3.9 F13.1 4~ H,
AL OSWIZ B 8. 7 M 8. 4N H (R, Shrife
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eI AR LG . 07 FH BN G 22 Bk R B0IR YT B R/ ME R T
Ph'-ALL B #m k44 CR Ml RETE S K, £ R
Jnr 2z 2k BT AT A B 22 R A 42 allo HSCT A
EWE . E—T 1 /1 WK $ . Stock %
o7 FH BN A7 2 PR BB B2 IR YT, AHLT 16 Bl K/
MEJAPE Ph'-ALL #%, MK CR RN 56.3%, 1
RAF I 22 2 fif 9 35 b, MRD B4 100%,
s JC 3 B A £ W (progression free survival,
PFS) N 4.4 A, A OSSN 7.4 ~H (E
D)o IR 50 2% W] B T A7 22 2k 4 B0 23R 9T B R/
i PhT-ALL BF TP 2 M R4, JF BT 3545
B MRD BAEZR,

A BN Bk BT AR Ry B2 X Kk /M IR
Ph'-ALL B#FIRYTA R A SR BUS KT 238
PRI ALL 35, B, Bmgrz ks
TKI B A T LU B CR RA OS K, £ — i
T/ TR, Jain 255 13 R B8 A0 0 22 Bk 20 156
G A TRKI & TR, AH T 18 fHlEH
(16 158 % /XMEE M Ph'-ALL, 2 {48 14k 40 g 1
M2 A, Bk CR %K 83.3%, 56 %M EH
A CMR, 2 R Rp it [ OS W15 50k 7.7
ANAF13.5 AH (D, IR 0 N2 2k
BB AT e IR YT B R /METR M PhT-ALL
Y7 ROR 52 PE RAF, JF B T SO 2 Bk PR Bt
A FET 5 Je Jr 98 Hh I A % Je d K it 2 ) 4 O B
K 400 mg, X [ /11 il AR50 hn v B hn b %
BRBUAE & K /XA PE PhT-ALL 3R 7 A B .
WA BB 1 B & /MR Ph-ALL B R
TN Z R BRI & g8 e TR YT, W S .
XFFARETT % allo-HSCT )& A4F B &, BNt 2
BR BT A M0 40 8 Je Al T VR g — Bl IR 2 v 0 e 1k
UER
1.3 A TFHRAEBERAKKSTENIRE

BT 22 R ST L B RS AT AR AR B ) CR
2, (HH T RS2 0 F B A7 22 Bk SR BT 43 1 Bk
P S 92 005 / S IR 0 K BHL 26 2% 6 E 19 AU R o 2
SR D BB 22 B SRR A TR B, DR 2% K
AT e 4R R MRD B, 40N 7B &
fERAEME R AR, S T[] A DL AR 22 RR B4 Al
BN Z R B GT FP 25 A A4, Ueda %57 R

e gR3R o 9]

TR S B0 B BR SR T B DUAR Z BRSABT, mL)
Br#% allo-HSCT 897 & & /MEiA P Ph' -ALL B4 .
Papayannidis %" Jg 38 T 3 1 i A 58 0 47 2 Bk o
PUIC A I 2 40 i 4 IR T A R 2 & Y Ph' -ALL
B, WRETR—FLEHAMMNIE. Tina-
jero SN T 1 I 4 &/METR PhT-ALL A
AEEJe . H R BCR-ABL 72 k1) il 77 BT 76 K Je B A
BN AP 2 SR PTG 5 SRR YT B R /METRME Ph-ALL
B AT RAFR SZ M X7 R IR R4 CAR-
TIRYT . X EEHT I S IR A 75 2 0T 2 R AL I PR 5%
BT AT TR R /MR B E KAk, #
— X R TS .

2 CAR-TY¥Ti&

CAR-T ¥7 ik Bl ik & HU i 32 4K T 40 s fe 2 97
W, T EHE T AR CAR Z 4, Ly 5l g
20 B 2 R PR . ZUMA-3 X A A2
K/MEGTE B AN ALL B — i T/ 11 3900 IR o
5%, Shah %2 (fi1% CAR-T 8¢ FDA #LE T
SR /MEATE B 4L ALL B9IA YT, 55 0 B4k
T CAR-T #i7E, 56% By &34 K15 CR, Hfi RFS
MOSWsHIH 11.6 SHA18.2 ~H ., BUET
CAR-THIRYIT B K/MER M B 41l ALL 9 E K
Wi,

LI CD19 J9#0 &5 By CAR-T Y897 B Kk /MEIG T
Ph'-ALL & M, B EE A4T 14
W15 % /MEVA . CAR-T JAIT 5 & /MEVA B # 1
CR 035 92.9%, AL OSHIRm17.2 40 GED.
Yang RN T 7 BIE I T3151 KA E K /A
B Ph -ALL %, 6 BIEREAE 1 MHMNKET
MEZE AR, H MRD R TR, SEMUTZ S, 7
A 3 BB 4 FE MRD BIPE, Hoh A 2 {1 i 2 ) i
I CAR-T RN 2. Bif T CAR-T {7 &
K /MEVRTE Ph'-ALL 35 Y740, CAR-T 7 ik X
A YRR Je kR T AR OF HOAE W CAR-T M & 3
M. CAR-T J7 LB A W a0 8 Je 36 97 &2 /M i
Ph™-ALL WBUEA B, 7520 Z 09I R BT 58 iF—
VA X — 7 B 7 R B T 22k

LLCD19 F1 CD22 AHE i) CAR-T iRF &/
MEIEME Ph-ALL B H M HF 58, Niu &5 5 H
CD19/CD22 W45t CAR-T 1697 4 B & & /MR
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REBREFRE . CART JF ik WA RSB A 40
JIf A~ TR T 25 A R 6328 46800 40 i AF DG 4 28 25 A A
IR 43 51 0 43 G5 149 AN T] SR JBOAH I 199 96 97 5 I
R RS E AT N B, CAR-T J7 A7 1R
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3 RERATEVERERELTHEEE
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DUBRZ BR SR 40 50 25960 97 B2 & /MEVR E Ph -ALL &
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