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Relapsed or Refractory Acute Lymphoblastic Leukemia

LIAN Huaxin, FENG Jiahui, CHEN Tingting
( Department of Pharmacy, Zhujiang Hospital of Southern Medical University, Guangzhou 510280, China )

[Abstract] Objective This study aimed to investigate the relationship between EGFR gene mutation and the efficacy of blinatumomab
in the treatment of adult relapsed or refractory acute lymphoblastic leukemia (R/R ALL). Methods A retrospective analysis was performed
on the medical records of 104 adult patients with R/R ALL who received blinatumomab treatment in Zhujiang Hospital of Southern
Medical University from August 2020 to July 2023. The EGFR gene mutation status of the patients was analyzed. The hierarchical
regression model, multivariate logistic regression model, receiver operating characteristic (ROC) curve and survival curve were used to
analyze the influence of EGFR gene mutation on the therapeutic efficacy and prognosis. Results The mutation rate of the EGFR gene
was 35.58%, with the mutation effect being mainly missense mutations and the mutation pattern being mainly point mutations among
the positive samples. There were statistically significant differences in EGFR expression level, therapeutic effects and prognosis among
patients with different EGFR gene mutations (P << 0.05), and in EGFR expression level and EGFR gene mutation among patients with
different prognoses (P << 0.05). EGFR gene mutation was an independent risk factor for poor prognosis in adult patients with R/R ALL
(P < 0.05). With the incorporation of EGFR gene mutations, the diagnostic efficacy of the prediction model for poor prognosis and
therapeutic effect increased. The 1-year overall survival (OS) and event-free survival (EFS) of patients in the EGFR-positive group were
significantly lower than those of patients in the EGFR-negative group (P << 0.05). Conclusion EGFR gene mutation has some influence
on the efficacy of blinatumomab in the treatment of adult patients with R/R ALL. It is an independent risk factor affecting the poor
prognosis of adult patients with R/R ALL, with a significant impact on 1-year OS and EFS.
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PR Z —, 5 B EE IR 20% ~30%,
& K IMEVR T ALL ( relapsed/refractory, R/R ALL)
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PR BlA SR I T B ETRYT ET R I
REEHR, L5400 ( white blood cell, WBC ) 1%k .
ML (hemoglobin, HB ) 7K [fil/]Mi ( platelet,
PLT) %, FLW2 W A B (lactate dehydrogenae,
LDH ) /KF . MiEZE A (serum ferritin, SF) 7KF-,
AR LA S EGFR F kK- 53R ARRES (=
AEDL . ARV . RABAKE) o
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OS B[R] A A 42252 i PR R B AL AL 70 2H T 0
2 EFE PR R T- SORK BT H , TR
] (event free survival, EFS) & SN HF 2R IR
R R BEALIL 3 I s 2 B k88T H ,
RS R A E T BRIV H .
14 B FEHE

A SPSS 22.0 Al R 3.5.3 it d i xd $da vt A7
geitortr, A IESSMATHRERILL (F2s) £
N, P LRk H e ks THECROR A (% )
Fon, HA R A KB, Hardy-Weinberg
ffif ( Hardy-Weinberg equilibrium, HWE ) % H #l &
B K. 43 )2 BIEELR (F A mIHE ) 8T
PR AR S EGFR IR KR, ZH
& Logistic [H AR 0B 24 A\ EGFR & [N 28 4% 5 /&
55 DL AR Z BR B HTIA I R/R ALL i A B3 BA A
R=Asgm,. Z2i#& TAERRIE (receiver operating
characteristic, ROC ) £ H 435 53 B i i A5
RN HBE FiE A R B9 B AN fi. R Kaplan-Meier
BBt A4, M EGFR 3 2278 % |2 4% OS
HIEFS #5200 , 0l Log-Rank ¥R A6 5020 18] ) 22 5+
P <0.05 WZEFATIEE L.

2 &R
2.1 FRMELHLAH EGFR mRNA RiktER

% JH GTEx ¢ & TCGA 1) RNA-Seq %1 4 &
TIMERR2.0 4 122 53 Hr Ieiieg S &3k 1 4H 41 EGFR
mRNA [ F LN, 458 B/R, EGFR mRNA /K-
TEFLIRIZ A ( breast invasive carcinoma, BRCA ) |
259 (colon adenocarcinoma, COAD ) . 'BFiffa 4
fifiges ( kidney chromophobe, KICH ) | W& A
R #2598 ( pheochromocytoma and paraganglioma,
PCPG) . Hi %1 Jit it %% ( prostate adenocarcinoma,
PRAD) . H I I# J% (rectum adenocarcinoma,
READ) . T B W iE 4% (uterine corpus endometrial
carcinoma, UCEC) "W F 23, 7F L8 Wik i i
40 Bl J88 ( glioblastoma multiforme, GBM ) . =k £l
IR 41 B2 98 (head and neck squamous cell carcinoma,
HNSC) . ' i& B 40 ffg J% (kidney renal clear cell
carcinoma, KIRC) . iR 4l (lung squamous
cell carcinoma, LUSC) ' L%, #&/x EGFR 1F
IR R RIS (W 1) .
2.2 Hardy-Weinberg i& /&

£+ Hardy-Weinberg 15 % - K 5%, P2 EGFR
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L ADISAE AN B EY) A B R AF, Y454 Hardy-
Weinberg “F- 1 & ft (7 Wi 2H =1.598, P=0.372;
L AEBEH =1.175, P=0.556) . {8, ABFEH
FRERFARI R A AR, HAT AT L.
23 REEREEHR S H

104 4] R/R ALL B AF B A AS v, A U
F| EGFR B VE 67 # (64.42% ) , EGFR BHVE 37 4
(35.58% ) . 1E 37 ¥ EGFR BAYE, 4% X 5878 32
i (86.49%) , W& FHkKRA 3 H (8.11%) ,
N B TR AZEAE 110]( 2.70% ) , B8 (4H AZE7E )
11 (2.70% ) . COSMIC EGFR 575548 g (1) 45 5
R, 281 4~ EGFR FHMER b, 5 L2578 250 ]
(88.97%) , W& FHRARTEA 16 1] (5.69%) , K
HIZEAE 10 61( 3.56% ), N AR ARAE 4451( 1.42% ),
B sear (AR ) 16 (036%) . AWFRES
COSMIC EGFR &7 BRI EE FARE (WL 2) o

M4 2 A8 25 BDK 37 151 EGFR BREHE— 40
B RATA (86.49% ) FNAESE LA (13.51%) -
2.4 EGFR BERRTRXEL T

37 ] EGFR BH #E b = 2 LL 5 & N F
(89.19% ), AU G > A(24.32%),G>T(541%),
G>C(541%), A>G(811%), A>T(541%),
A>C(270%), T>G(270%), T>A(2.70% ),
T>C(8.11%),C>T(13.51%),C>G(2.70% ),
C>A(541%) , AR (2.70%) ; HehN
G, AR (8.11%) AHGA (2.70% ) (I,
Kl 3A) .

COSMIC EGFR 5875 %545 Fog 1y Jk IR 5% 22 54l 14
281 ANBEPERG B, RIS 2848 3 (89.22% )
1§ G>A(2384%), G>T(498%), G >
C(249%), A>G(7.12%) , A>T (391%) ,
A>C(3.56%), T>G(3.56%), T>A(1.78%),
T>C(6.76%),C>T(2135%),C>G(3.20%),
C>A(641%) , AR (036%) ; HA AN
ETRA, AFhE (5.69% ) FIHfA (1.42%) ,
HAMAEFEARMZEAE (3.56% ) (ULEI3B) .
25 EGFR EERE B HIGEK TR L

X} EGFR JE[H 2875 R/R ALL AR B3 i — g8
BTG (W3R 1) o EGFR FHIEZL R EGFR
BIPEAL, 28 7 Kou, PEAMIALLL . ALL 28 Yt
R A FER . HB, PLT. AR 2R
Tgit2#E L (P> 0.05) ; WBC, LDH, IRJ7RL
RS IE 2T B A G E L (P<0.05) .
EGFR [HYEY1 1 EGFR BAYE4L, 4t ke, 4Fik.
BMI ) 2 R ¥ g it 2 & X (P> 0.05) ; SF.
EGFR XN FRIR N ERAGIHFE L (P <0.05),
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Figure 1 The expression of EGFR mRNA in different tumor tissues and normal tissues
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Figure 2 Double-layer donut chart of EGFR mutation effect
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Figure 3 Analysis of EGFR mutation patterns
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Table 1 Comparison of basic information of patients with different EGFR gene mutations

b5 4| n  EGFRPAMA (n=37) EGFR MAt%4 (n=67) Xt P

PER /B (%) 0.501 0.479
% 61 20 (54.05) 41 (61.19)
1 43 17 (45.95) 26 (38.81)

kb % 104 39.51+8.53 41.0749.99 0.802 0.425

BMI/kg m* 104 20.49+1.70 20.36+1.77 0.364 0.717

ALL 2581/ (%) 0.336 0.562
MV 20 6 (16.22) 14 (20.90)
SR 84 31 (83.78) 53 (79.10)
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%A1
EGFR PAM4A (n=37) EGFR BAt4 (n=67)
Pt R Z B ) (%) 1.130 0.568
EIR % 2 0 (0.00) 2 (2.99)

IEH A 63 23 (62.16) 40 (59.70)

S A 39 14 (37.84) 25 (37.31)

AFER /] (%) 1.156 0.885

BCR-ABL 24 9 (24.32) 15 (22.39)

ETV6-RUNXI 6 2 (5.41) 4 (597)
TEM-AMLI 4 1 (270D 3 (4.48)
E24-PBX1 1 0 €0.00) 1 (1.49
MLL-AF4 4 2 (5.41) 2 (2.99)
WBC/X10°g-L" 4.585 0.032
<50 70 20 (54.05) 50 (74.63)
=50 34 17 (45.95) 17 (25.37)
HB/g-L"' 0.307 0.579
<90 33 13 (35.14) 20 (29.85)
=90 71 24 (64.86) 47 (70.15)
PLT/X10°g-L™ 0.454 0.500
<50 46 18 (48.65) 28 (41.79)
=50 58 19 (51.35) 39 (58.21)
LDH/U-L™ 4.457 0.035
< 600 62 17 (45.95) 45 (67.16)
= 600 42 20 (54.05) 22 (32.84)

SF/ug-L" 104 216.20463.12 182.41+51.42 2.955 0.004
EGFR xR & 104 6.30+0.97 5.01+£1.20 5.602 <0.001
TEIT R /) (%) 4.032 0.045

e LN 64 18 (48.65) 46 (68.66)

o 40 19 (51.35) 21 (31.34)

KB (%) 2518 0.113
=2 40 18 (48.65) 22 (32.84)
& 64 19 (51.35) 45 (67.16)
kIR /1 (%) 0.989 0.320
2 33 14 (37.84) 19 (25.37)
& 71 23 (62.16) 48 (74.63)
LR /5] (%) 0.685 0.408
2 26 11 (29.73) 15 (22.39)
o 78 26 (70.27) 52 (77.61)
Y] (%) 2365 0.124
& 35 16 (43.24) 19 (28.36)
o 69 21 (56.75) 48 (71.64)
PN/ B (%) 0.104 0.747
b 18 7 (18.92) 11 (16.42)
i 86 30 (81.08) 56 (83.58)
SR R EE B AE /] (%) 0.162 0.687
7 19 6 (16.22) 13 (19.40)
[ 85 31 (83.78) 54 (80.60)
TS/ (%) 7.226 0.007
R4F 63 16 (43.24) 47 (70.15)
TR 41 21 (56.76) 20 (29.85)

EGFR: epidermal growth factor receptor ( A=K 1324 ) ; BMI: body mass index ({REF5%4 ) ; ALL: acute lymphoblastic leukemia
(APEMRE MM A MR ) 5 WBC: white blood cell ( 48 ) ; HB: hemoglobin ( IMZLFE ) ; PLT: platelet ( Ifil/Mi ) ; LDH:
lactate dehydrogenae ( FLERMGEAEF ) ; SF: serum ferritin ( IMIFERE A )
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2.6 EGFR ERREHBERASH AR e, % R AR &Y AR R BE 0 4 S BS
DL EGFR JEHN 278 A2 (FAME =1, BIPE=0)  31.70%. 40.50%. 43.30% 1 47.00%, H ¥4 4
TPy 2 AT, Bt (Lt =1, BHik=0) . ¥ E X (P <0.05), BPHER. 48, BMI,

fﬁﬂ?—@\ BMI. ALL %15 EGFR R:H S Z ALL kA5 EGFR B4 52 10 35 19 15 ) AH G (AL
AR RAR R N APE R 4Ry . BMI AT ALL % 2) .

X 2 EGFR EERREHEEAHH

Table 2 Hierarchical regression analysis of EGFR gene mutation

Fa B P F R’ Adjusted R* AR AF
IFIE 1 4704 0.317 0.298 0.317 4.704"
51 2214 < 0.001
IYIE 2 3.608" 0.405 0.372 0.082 4.032"
531 2.125 < 0.001
RS 0.801 < 0.001
53 3.478° 0.433 0.401 0.046 3.288"
PER 2.001 < 0.001
RS 0.755 0.001
BMI 0.806 < 0.001
NIZE 4 3.309° 0.470 0.453 0.019 3.148"
PE5H 1.584 < 0.001
RS 0.385 0.045
BMI 0.647 0.021

ALL 27 0.632 0.032

FH, 'P<0.05; AF{H, "P<0.05
EGFR: epidermal growth factor receptor ( 3¢ 7 &K [HF3Z1K ) ; BMI: body mass index ( {KFE 5% ) ; ALL: acute lymphoblastic leukemia
(20T bR O 200 P a5 )

2.7 FRATMREZREKZEILE WBC. HB. LDH E’J%%’i’aﬁﬁfr%ﬁx (P<
Xﬁ%lﬁlﬂiiaﬂ’a R/R ALL BUAFEBE — M ERE 0.05) o FlE ARAMBE RIF4, &Rk,
ﬁ%iﬂﬁﬁ (W#3) . WEARAMTG RE 4Bl BMIWZERI LS FE XL (P> 0.05 )-
H, & /K5, MR, ALL 2675 PLT, SF. EGFR X % ik iﬂﬁﬁjﬂﬁ%’ier
Tafifﬂﬁ%ﬁﬂﬁﬁﬁfﬁfr#‘ﬁx (P>0.05) ; (P<0.05) .
#x3 AAMBREENELIERILE

Table 3 Comparison of basic information of patients with different prognoses

WA n  FTEARA (n=41) FERF4E (n=63) X2t P

PR /B (%) 0.633 0.426
% 61 26 (70.27) 35 (52.24)
“ 43 15 (40.54) 28 (41.79)

ey 104 40.98+9.62 40.221+9.46 0.398 0.692

BMl/kg - m” 104 20.7441.57 20.1941.81 1.594 0.114

ALL K8/ (%) 2516 0.133
M i 20 11 (26.83) 9 (14.29)
SR 84 30 (73.17) 54 (85.71)

Pt R A% ) (%) 4.577 0.101
Eb 2t 2 0 (0.00) 2 (3.17)
IEH A 63 21 (51.22) 42 (66.67)
A 39 20 (48.78) 19 (30.16)

Al S /) (%) 3.810 0.432
BCR-ABL 24 13 (35.14) 11 (16.42)
ETV6-RUNXI 6 2 (541 4 (597)
TEM-AMLI 4 1 (270D 3 (4.48)
E24-PBX1 1 1 (2700 0 €0.00)
MLL-AF4 4 3 (8.11) 1 (1.49)
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%ER3
A n MEAREA (n=41) MERMAH (n=63) Xt P
WBC/ (X10°g-L™") 10.588 0.001
<50 70 20 (48.78) 50 (79.37)
=50 34 21 (51.22) 13 (20.63)
HB/g- L™ 9.083 0.003
<90 33 20 (48.78) 13 (20.63)
=90 71 21 (51.22) 50 (79.37)
PLT/ (X10°g-L'") 1.340 0.247
<50 46 21 (51.22) 25 (39.68)
=50 58 20 (48.78) 38 (60.32)
LDH/U-L™ 4.953 0.026
< 600 62 19 (46.34) 43 (68.25)
= 600 42 22 (53.66) 20 (31.75)
SF/ug L™ 104 246.07+47.75 162.474+37.21 3.201 0.002
EGFR M RIE & 104 6.78+0.74 4.6240.70 15.035 <0.001
EGFR 354 1] (%) 7.226 0.007
Uik 67 20 (48.78) 47 (74.60)
BRI 37 21 (51.22) 16 (25.40)
BB (%) 1.776 0.183
2 40 19 (46.34) 21 (33.33)
o 64 22 (53.66) 42 (66.67)
Sk /B (%) 2.960 0.085
= 33 17 (41.46) 16 (25.40)
7 71 24 (48.54) 47 (74.60)
LK /5] (%) 3.020 0.082
2 26 14 (34.15) 12 (19.05)
i 78 27 (65.85) 51 (80.95)
TG/ (%) 0.874 0.350
=2 35 16 (39.02) 19 (30.16)
i 69 25 (60.98) 44 (69.84)
M EE /B (%) 2372 0.124
2 18 10 (24.39) 8 (12.70)
i 86 31 (75.61) 55 (87.30)
YU T REEE S AE ) (%) 0.615 0.433
& 19 9 (21.95) 10 (15.87)
5 85 32 (78.05) 53 (84.13)

EGFR: epidermal growth factor receptor (F i EK K -F524K) ; BMI: body mass index (KEFE%) ; ALL: acute lymphoblastic leukemia
CAMEMR T 40 7 ) ; WBC: white blood cell ([140f1) ; HB: hemoglobin C(Ifii4L & 1) ; PLT: platelet CIfil/Mi) ; LDH:
lactate dehydrogenae (FLERMLZEG) ; SF: serum ferritin CHLiEZRE A)

8 HMNHZEHREMATT R/IRALLEABRERER
REZEZ Logistics EJAS#T

B DUARZ RR BTG TT R/R ALL B B35 AN T

TG AT A G B SRR WA Z R

0.756X (LDH ) +0.633X (SF) +0.835X ( EGFR
FIRIKE ) Flilf AR Y Logistic [M1J4 7 2. P=
—10.897+0.810 X ( WBC ) +0.706 X ( LDH ) +0.547 X
(SF) +0.783X ( EGFR %357k ) +0.589X ( EGFR

Logistic FIH4HT (L3 4) o XFRAR S iEf TR, HEEAE)

WG ARBR R 1, BGRIH 0, WIEEE/SHT EGFR 2.9 ROC g4 4 # S 3t I Z B 8415497 R/R
FE A g€ A% R & a7 2 A I DR T A5 L, WBC ALL B A BETE A RO M{E

LDH. SF il EGFR i [K 28 A5 $4 J2 5 i D1 bR 2 KR H X DU Z BICAHTIAYY R/R ALL B E BUG A

PUIHYT R/AR ALL SN B BUE A K AT B R 2
(P <0.05) o # ik s7 A& b N & 9 A
Logistic [ 15 #F 17 BRI LA, 75 201l PRAE AL — 1

L) AR IR — Il RASEAY — 4T ROC HhZR20#7 .
A EGFR F:H&AF R Z AT, AUC T
0.930 (95%CI: 0.908~0.967 ) 4% 0.977 ( 95%ClI:

Logistic [7] 7 )5 . P=-11.526+0.893X (WBC) +  0.949~0.997) , HEASH¥E X (P <0.05) ;
% %ii/& 20254F 10 %49% H10M Pjﬁé Prog Pharm Sci  Oct. 2025 Vol.49 No.10
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A EGFR JEHZ87AE , BRA2Wakaessim ( WK 4) .
2.10 ROC fhi& AR 3 M4 ZEXH 17477 R/R
ALL B A B & AT S R BT ME

H-# WBC. HB. LDH. SF. EGFR 3t [H %5
AN Z N Z Logistic [0 Hr. RIS & IR YT AL
Ry HR 1, BEEMN0) o WAEER D
Mt EGFR JE R 5878 [ R EE N7 2 AR PRI AL A, B
Rl PRABEAY = il PRASEHY DU, XeF il RAR 78 = il IR
BERIPY, 47 ROC M4 534, A EGFR 3 [N %
AR E HEAT U S, AUC 1 A2 1 0.821 (95%CI:
0.740~0.901 ) = 0.836 ( 95%CI: 0.757~0.915) ,
HEAGH¥EYX (P <0.05) ; A EGFR

RAE, AR (WK S) .
2.11 EGFR BRI LM U HZEEMGST R/R ALL B
ABE 1 E4EHFHABHRR
B 2024 4E 7 A, 104 ] B F 1R kT,
EGFR FAPE & 1 1 4F 0S (70.27%, 26/37) B i
X F EGFR [ 1 & 3 19 14 B A 7R (88.06%,
59/67) , ZRAFEIERE X (=5.052, P=0.025) .
EGFR [ ¥E 5 3 09 1 48 EFS K 22.81% (43.24%,
16/37) , Bl W & T EGFR B ¥ & # (70.15%,
47/67) , ZRAGIHESL (f=7.226, P=0.007 ) .
2 4% OS Fl EFS £ Log Rank K60 )5, Z%A4
HEEY (P<0.05) (WE6) .

x4 MHZEREHMNET R/RALL EABETAE AR SER Logistics B 547

Table 4 Multivariate Logistic regression analysis of poor prognosis in adult patients with R/R ALL treated

with blinatumomab

mHA g SE

I PRAGE A —

WBC 0.893 0.304

HB -0.865 0.327

LDH 0.756 0.318

SF 0.633 0.304

EGFR EiEK 0.835 0.311
I PRASAY —

WBC 0.810 0.293

HB -0.722 0.308

LDH 0.706 0.322

SF 0.547 0.287

EGFR EiL/KF 0.783 0.295

EGFR JEFRA (PR 0.589 0.304

Wald x> (0]} 95%Cl P
8.625 2.442 2.311~2.458 < 0.001
6.999 0.421 0.358~0.514 0.004
5.647 2.129 2.011~2.251 0.009
4.334 1.883 1.738~2.022 0.017
7.210 2.305 2.187~2.495 < 0.001
7.643 2.248 2.094~2.179 0.001
5.488 0.486 0.381~0.556 0.003
4.801 2.025 1.798~2.183 0.008
3.632 1.728 1.571~1.862 0.020
7.053 2.189 2.062~2.337 0.002
3.753 1.802 1.635~1.950 0.016

EGFR: epidermal growth factor receptor ( FJZ A=K F3244& ) ; WBC: white blood cell ( H4IffZ ) ; HB: hemoglobin ( Iil4TEH ) ;

LDH: lactate dehydrogenae ( FLER/I&A# ) ; SF:
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Figure 4 ROC curve analysis of the poor prognosis
prediction model
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Figure 5 ROC curve analysis of the therapeutic effect
prediction model
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Figure 6 Analysis of survival curves of patients with different EGFR gene mutations
3 itip BEDE R HEESEbR, T RIERIE .. kia

TEBRVT EGFR 3R 5875 5 DUAMRCZ JR BAHTIR YT B
A R/R ALL YRR G R I, AHIFSE X 104 4] i
FHHIRAHT, 85T EGFR 3N A AE NG T
SR TR T B, I R AR IR T R
Ml E RS

GTEx Bds R WSS AEA S R 7 A [A] 21 21 b iy 3¢
IKTHOL, TCGA i U 5w 3 PR FE AN (] Jir 3 21 21
FI R . A A B, EGFR mRNA JKF-1E
BRCA, COAD. KICH, PCPG. PRAD. READ,
UCEC FF#53, 78 GBM. HNSC. KIRC. LUSC
v AR, EGFR JEDRFE i i e vp 4 4% T B AR
FH, ARG A . EGFR 7E R/R ALL & iy
FHPEZRN 35.58%, H LIS L5780 FELGAT A,
X5 COSMIC EGFR ¥4I i B e — 3, %
W] EGFR 5875 1E ALL W 43 A7 HAT 3k 1 FIARR S
HAHERE M, EGFR BAEEH S EGFR FAYERH
LG R 4% (41 WBC. LDH. SF) b fE7E i
HER, XL IAEER ML T EGFR 75 %P
TERIA R, JE—2 T /R, EGFR 3N 5878
5097 8RR Z RAFAE W W IE [ 52, 78 EGFR
S5 A RE A 1 R ML B2 R/R ALL £ X DR Z
KR BT IR TT RO . X — & BN EGER {E RIGYT
LN TR A U S B TR AR

ARBF9E £ A & Logistic [0 F i % L B, EGFR
FEPH 575 R DUMRZ BRPAHTIRYT R/AR ALL AR
FHIG A RS G R, X —4518 7 ROC Hh
oA AL AR 2 T 2 KHIE, EGFR
FAPEER 35 1 1 4F OS 1 EFS 34 i E K T EGFR 11k
BE . KW, 1 R/R ALL BIRITH, EGFR R:H %
AEAAGRIRTT RO ) — D ZEF A -, 2 PEAl

PPS

IDIE YS9V

EGFR VBN R Z R, 25 04 40 i i 1
W, k. SRR T S 2R AR Y e R T
16 ALL ¥, B4R EGFR () B 88 AL M A 58 4
WIHG, (HE A USRI, EGFR {55 18§ ] fig 5%
WA A R R 2t o U, FE A S A
o, EGFR (23758 il Vs T e 5%, 40 PI3KY
AKTP 1 RAS/RAF/MAPK™ > 45 {1 3 i 903 41
ME R FE AAEAE, RO IRY Y = A dk ek . 76
i B8 B2 P, EGFR 38501 RS hn A e 400 iy w7
¥ P SE T BE 4K 1 ( programmed death-ligand 1, PD-
L1) 35k, MIMAES T 4T s ik B,
EGFR 537534 R L3 18 52 W) JofJed S oA 35 v i) B 32 400
Ji i AR B A5 5, dE— B R g ki
EGFR 275 S8 M 4 55 b CDS' T AiiiR i />,
117 CD8" T AL 24T R i 1 25 1) S A% N Al =2
— B3 EGFR TEVF 2 AR SRR 16 4 L3 ik
H AR M40 M Y T e 2 X B MAE ], A
FLWEANA . BAAZ AN, AN AL T A e Y
fE ALL H', EGFR ) 5% Rk s R fig & T
S M AN F DIRE, SR ALL 40 3 58 A AT
TG, TR ] 28 200 B A e e v P, DA T e
WA . DUMRCZZ KRBT S —FOSURE S P T 4
HrHEds, RS SMEMLES S T 400 B 4N 2w
CD3 1 CD19 $itJit, MIMTFLTE T 4T B 41 il A IR
() ALL 40§ i) A fE T 20 SR1m, EGFR By 578
ARZS T GBI 52 e 40 L N A5 S A% e 4%, )R
B T AN T 00 G R8N . EGFR 587%
it b PD-L1 S5 il o3 iy ik, M5
CD3" fEN M) T 4G L AT AE, X Ah e il 2R 5

Prog Pharm Sci Oct. 2025  Vol. 49 No.10 -



002 | %k, %. EGFR ERRES MAZKEHLT EEH%

&AL R M B4R S B M M7 B R

Prog Pharm Sci

Al ARSI T 40 irbsd 4 it () A5 VE L TRl skl
A RERZI GG CD19" B 4NAE N AT IR G e 25
EGFR 5375 0] RRIG Lo e AR Ar s i i, (life
ALL 4l i X G 588 16 97 1 RO B AR b 4h, EGFR
SR I AT BB B W PR BT Hh CDS™ T 41 it = i i 2>,
fiifs CD3 Z g/, Pl s D AMZ R BT 25 A

ARHFFE LS R/R ALL (REHET G 73—
2%, W5, EGFR N ZEAE (R0 n] 41 f 4 Ui
e E EAK I, 5 B B2 AR PR n] REXT DUAR 2 AR
PO AU R e A R, HOR, #HX EGFR
FE7E WL IR AT BE BN B X R 73 /B IR T RCR,

Amin S A, Khatun S, Gayen S, et al. Are inhibitors of histone
deacetylase 8 (HDACS) effective in hematological cancers especially
acute myeloid leukemia (AML) and acute lymphoblastic leukemia
(ALL)[J]. Eur J Med Chem, 2023, 258: 115594.

Pastorczak A, Domka K, Fidyt K, e al. Mechanisms of immune
evasion in acute lymphoblastic leukemia[J]. Cancers (Basel), 2021,
13(7): 1536.

Malard F, Mohty M. Acute lymphoblastic leukaemia[J]. Lancet, 2020,
395(10230): 1146-1162.

Ell. (RERA SRS 0 RIS 5167 TR (2024
FERR ) ) R 0], 16 AR i 52 20 &, 2024, 37(7): 453-456.

Carlet M, Schmelz K, Vergalli J, et al. X-linked inhibitor of apoptosis
protein represents a promising therapeutic target for relapsed/
refractory ALL[J]. EMBO Mol Med, 2023, 15(1): e14557.

Aldoss I, Shah B D, Park J H, et al. Sequencing antigen-targeting
antibodies and cellular therapies in adults with relapsed/refractory
B-cell acute lymphoblastic leukemia[J]. Am J Hematol, 2023, 98(4):
666-680.

Jabbour E, Sasaki K, Short N J, et al. Long-term follow-up of salvage
therapy using a combination of inotuzumab ozogamicin and mini-
hyper-CVD with or without blinatumomab in relapsed/refractory
Philadelphia chromosome-negative acute lymphoblastic leukemia[J].
Cancer, 2021, 127(12): 2025-2038.

Lussana F, Gritti G, Rambaldi A. Immunotherapy of acute
lymphoblastic leukemia and lymphoma with T cell-redirected
bispecific antibodies[J]. J Clin Oncol, 2021, 39(5): 444-455.
Mirfakhraie R, Dehaghi B K, Ghorbi M D, et al. All about
blinatumomab: the bispecific T cell engager immunotherapy for B
cell acute lymphoblastic leukemia[J]. Hematol Transfus Cell Ther,
2024, 46(2): 192-200.

Fracchiolla N S, Sciumeé M, Papayannidis C, et al. Blinatumomab and
inotuzumab ozogamicin sequential use for the treatment of relapsed/
refractory acute lymphoblastic leukemia: a real-life campus all

study[J]. Cancers (Basel), 2023, 15(18): 4623.

Oct. 2025 Vol. 499 No. 10

MRS Blan, BCAdH EGFR il 5 DUk
K, W] ReiE it BHWT EGFR {55 3d i, 458 T 40
MU ZRVER, T4 BRI AR . BLAh, Bl X
EGFR S7AERNLHI IR ARG, KR ol GETF & &l
XHREE EGFR 2878 A ALY T, it—2
5 R/R ALL AUIRITRGHERE .

25 ik, EGFR 3 H 28748 X6 DUMCZ R B4R
7 R/R ALL WL BB Y7 380 115 HLA (35 2
SEVAG B HE TR A RIS fER R R . KRS
Al — 2R EGFR 2875 0 LR ML LA ) EGFR il
il 77 5 HoAth 37 T BeBC A L AT, U RIR
ALL B R BRI 7SR A A7 335

Halford Z, Coalter C, Gresham V, ef al. A systematic review of
blinatumomab in the treatment of acute lymphoblastic leukemia:
engaging an old problem with new solutions[J]. Ann Pharmacother,
2021, 55(10): 1236-1253.

Urbino I, Lengliné E, Rabian F, ez al. Blinatumomab consolidation
for adult B-cell acute lymphoblastic leukemia in first and second
complete remission[J]. Blood Adv, 2024, 8(10): 2405-2409.

Huang X L, Khan M I, Wang J, et al. Role of receptor tyrosine
kinases mediated signal transduction pathways in tumor growth
and angiogenesis-new insight and futuristic vision[J]. Int J Biol
Macromol, 2021, 180: 739-752.

Uribe M L, Marrocco I, Yarden Y. EGFR in cancer: signaling
mechanisms, drugs, and acquired resistance[J]. Cancers (Basel),
2021, 13(11): 2748.

Duggirala K B, Lee Y, Lee K. Chronicles of EGFR tyrosine kinase
inhibitors: targeting EGFR C797S containing triple mutations[J].
Biomol Ther (Seoul), 2022, 30(1): 19-27.

Suzuki Y, Fukumura Y, Asahina M, et al. EGFR protein expression
relates with tumor histology, methylation status of EGFR and HPV16
E6 viral load in oropharyngeal carcinomal[l]. Head Neck Pathol,
2021, 15(3): 743-756.

Jin R, Peng L, Shou J, ef al. EGFR-mutated squamous cell lung
cancer and its association with outcomes[J]. Front Oncol, 2021, 11:
680804.

Stockhammer P, Grant M, Wurtz A, et al. Co-occurring alterations in
multiple tumor suppressor genes are associated with worse outcomes
in patients with EGFR-mutant lung cancer[J]. J Thorac Oncol, 2024,
19(2): 240-251.

HEEDSIIRE T E RS, PEEESMEY D
IMyEIRERE A . shER A SRR A D oW 5617 18
[ (2024 FERR ) []. o 4 i 52 7 &, 2024, 45(5): 417-429.
ALE, X3E, £=, F . WKZEERGUATT B AR 2k
ELATA 7 13 BTSSR AR R RN AT D], o 4 ik 2 22 3,
2023, 44(6): 516-519.

9t A coosiE 100 Ha9% %10



[21]

2]

[24]

[25]

$F A 20255100 B0k 510

SR, VLI . iR A iSRS AR M]3 R . LR Bl
Fizit: , 2007: 131-133.

Wang Z, Strasser A, Kelly G L. Should mutant 7P53 be targeted for
cancer therapy?[J]. Cell Death Differ, 2022, 29(5): 911-920.

i, A, /08 . AR E T i, O,
FT-fE) ) HIF-1o/VEGF {5 5 BB 2 F R IAH 200 D] b &
& 25,2023, 63(23): 11-14.

PN , U, U, % . SRS EGER HI57] AG1478
XTEEAIRETE AT ATV ], 4 B SRR, 2024,
30(5): 342-349.

BEEL, BHEML, Bk, 45 . EGFR i IL-6/STAT3 {Z S
SRR RIEHETE I A RO [T). 3K E 4, 2022, 34(9): 1281-
1287.

Zaryouh H, De Pauw I, Baysal H, et al. Recent insights in the PI3K/
Akt pathway as a promising therapeutic target in combination
with EGFR-targeting agents to treat head and neck squamous cell
carcinomal[J]. Med Res Rev, 2022, 42(1): 112-155.

Morgos D T, Stefani C, Miricescu D, et al. Targeting PI3K/AKT/
mTOR and MAPK signaling pathways in gastric cancer[J]. Int J Mol
Sci, 2024, 25(3): 1848.

Leiphrakpam P D, Are C. PI3K/Akt/mTOR signaling pathway as a

[30]

[31]

wPiHTLA

PPS

target for colorectal cancer treatment[J]. Int J Mol Sci, 2024, 25(6):
3178.

Hajjo R, Sabbah D A, Bardaweel S K, ef al. Targeting the EGFR/
RAS/RAF signaling pathway in anticancer research: a recent update
on inhibitor design and clinical trials (2020-2023)[J]. Expert Opin
Ther Pat, 2024, 34(1/2): 51-69.

He Q, Qu M, Bao H, et al. Multiple post-translational modifications
ensure EGFR functionality: potential therapeutic targets to overcome
its drug-resistance mutations[J]. Cytokine Growth Factor Rev, 2023,
70: 41-53.

Madeddu C, Donisi C, Liscia N, et al. EGFR-mutated non-small
cell lung cancer and resistance to immunotherapy: role of the tumor
microenvironment[J]. Int J Mol Sci, 2022, 23(12): 6489.
Santaniello A, Napolitano F, Servetto A, et al. Tumour
microenvironment and immune evasion in EGFR addicted NSCLC:
hurdles and possibilities[J]. Cancers (Basel), 2019, 11(10): 1419.
FWAL , SiZR , Mook, %5 . CD4' T 4ififE iR sz ias T )
TEFI SRR J]. 5 534, 2024, 48(6): 463-470.
MacDonald F, Zaiss D M W. The immune system’s contribution to the
clinical efficacy of EGFR antagonist treatment[J]. Front Pharmacol,
2017, 8: 575.

(RfEHE: RIRTME)

Prog Pharm Sci Oct. 2025  Vol. 49 No.10 -

)



