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6 J1 AEInT A e TR ki 8 45 1 B 45252 1K allo-HSCT ¥ 41 5 B-ALL J 5 (911G PRk, ABEBE B W BAE )G
HREE A BB /NE K& H KBTI H52 CARTIAYY . R 241 il E P 21 4] 204, —
RESAH I AR 16(3 ~46) % . Mt H8EE & 31101(75.6% ) BEINE K S11(12.2% ) H BEFIHE
SRR 5B (122% ) . B K552 CD19-CART 697 35 1] (85.4% ) .CD22-CART 697 2 1 (4.9% ) .
CD19-CART 4 CD22-CART /Y7 4 $i1(9.8% ) o IR BEAH I WU 3 4F A AE (OS) %k 48.9% (95 %
CI23.0% ~70.6% ) . JC I M5 =77 (LFS) %y 41.8% (95% CI 17.3% ~64.9% ) , BFRE £ FH(RD) N
88% (95%CI2.9% ~26.4% ), AR KFAHIFET-F(NRM) A 51.1% (95% CI31.2% ~83.6% ). H Ik
WG & & <6 N H 41 (10 ) R BHEJE 14F OS AL T & &) > 6 2~ H 4 (31 41)[45.0% (95% CI
12.7% ~73.5% ) %§ 75.0% (95% CI 51.4% ~ 88.8% ) ,P=0.017], %t CARTF5f K allo-HSCT A]
R 2 i T AR AS A S B & B-ALL R AE A7 (A NRM B i, B 7 R A R E— 2B et .
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[Abstract] Objective To study the clinical efficacy of chimeric antigen receptor T-cell (CART)
treatment followed by a second allogeneic hematopoietic stem cell transplantation (allo-HSCT) in patients
with B- cell acute lymphoblastic leukemia (ALL) who relapsed following the first HSCT. Methods
Retrospective analysis of the clinical characteristics and prognosis of 41 patients with B-cell ALL who
received a second allo-HSCT from October 2015 to June 2020 in Hebei Yanda Lu Daopei Hospital. After
the first HSCT, all patients received CD19-CART, or CD22-CART treatment following a relapse of bone
marrow morphology or extramedullary leukemia. Results A total of 41 patients (male, 21; female, 20)
were included in this study. The median age at the second HSCT was 16 (3 - 46) years. There were 31
cases of bone marrow recurrence (75.6% ), 5 cases of extramedullary recurrence (12.2% ), and 5 cases of
bone marrow and extramedullary recurrences (12.2% ). After relapse, 35 patients (85.4% ) received CD19-
CART treatment, 2 patients received CD22-CART treatment (4.9% ), and 4 patients received CD19-CART
and CD22-CART treatments (9.8% ). The expected 3-year overall survival (OS), leukemia-free survival,
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cumulative relapse incidence, and non-relapse mortality (NRM) of patients after the second HSCT were
48.9% (95% CI23.0% - 70.6% ), 41.8% (95% CI 17.3% - 64.9% ), 8.8% (95% CI2.9% - 26.4% ),
and 51.1% (95% CI 31.2% - 83.6% ), respectively. The 1-year OS of patients who relapsed <6 months
and > 6 months after the first HSCT were 45.0% (95% CI 12.7% ~ 73.5% ) and 75.0% (95% CI 51.4%
- 88.8% ) (P=0.017), respectively. Conclusion CART bridging in the second HSCT enables some B-
cell ALL patients who relapsed after the first HSCT to achieve long-term survival. However, because of the

high NRM, further modifications could help improve the outcome.
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ZH i 73 (DSI) . Blinatumomab BE3T . Y38 I T4
MRSAEAE S R N e R A S B R B TR
A AR 30.5% 1, ik A PR Z R T 41
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93%', A ru R CART £ 5 — YR S PR3k 1 T
YR A (allo-HSCT) JAY7 41 B i ik B bt Jm B & 1Y
B-ALL 45 s
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1. 95 1) < A (0] Jost P F 52 98 A 2015 4F 10 H =
2020 4 6 J 1A [] 07 b e 3k i 18 45% 2 B 252 — Ik
allo-HSCT (1) 41 ] B-ALL 8 % , f5 & LT & 1F .
OB W T AR RS B S22 (8 BESNME & 5
@ R B M 422 CD19-CART 8 CD22-CART i4
J7 o I HLE UGN B (MRD) K-8 & 1Y
BEARPAARDIFE, MRD Wil i & & PCR K
P 0995 A G Rl 56 PR AR 22 2 800 A 4 i R
G I F L5 FH G G e e T (LATP) o A G A& FE K
TKAF > 0.0000% & LA FHAE ; LAIP > 0.01% 5 LA
FE:

2. UK T A0 S R BT B RT CART 3697 7
2B UK I 41 AL R R 40 A allo-HSCT, 53
1451k B A3 1120 B 5 4 (auto-HSCT) . BH R
R GEZ AT ROIT TR T R I I ] 7
(TKI) .DLI/DSI %3697 o B B3 Y 45 7 50 o)
CD19 5§ CD22 () CART i&Y7 o Uit = 4l I A K I (1
M4 A CD19% 5% CD19 ANk DL K BEA: CD19
CART BT LR MY (& 164 CD22-CART, Hox B %
PE#E CD19-CART., CART 405 : 4 £ 51 & i
JEL LA+ S HE IR T 2T B < 30 % B 1 YR S ARt 2 41 i g
PRSI S GVHD B, 3 RS0 & 1L
FAAAZ A 5 A1 50 BE 6 S SE DR AR 2 SR A1

Hematopoietic stem cell transplantation;

BN . CART JA77 A AL BRI LA bk e
(Flu) FIFR# LR (Cy) A EFC

3. "X allo-HSCT Hikb i J7 % . HLA i %1% FH
B LA A B .C . DR . DQIO A& K7 5 . Filkh
PR R L4 B0y (TBID P % (Bu) 836 1k
© (Mel) AIERIEY T % . brifE TBI/Cy J7 % : BB ifd
1 (Ara-C)3 g-m”-d"'# ki ¥, — 10, — 9 d; TBLE
FIH43 52 750 .1000 B 1200 cGy (730 R BEET) 5 Cy
1.8 g-m”-d 'k E, -5, -4 d; Al AT
250 mg/m’ 1 fiie, — 3 d. R #E Bu/Cy 77 % : Ara-C
3 g-m>-dFHIKIRTE, — 11, - 10 d;Bu 0.8 mg/kg, 5
6 h 1 IRE KM, —9~ —6d;Cy 1.8 g-m™-d" &Ik
W, -5, -4 d; ABEET 250 mg/m’ FAR, -3 d.
Flu/Mel 77 % : Flu 30 mg-m™-d'x5 d &k 1 ; Mel
140 mg/m’x 1 d#HkibE: . HBEHAZ G-CSF 8l bt i
BE-+AME I T 40 a8 G-CSF 3h 51 Y4 E I T-4i i .

4. GVHD [T B Tk B 5 28 34 25 T oMo g 2
MIBREE 1 (ATG) : bt A\ 4 A S e ek 8 1 (RP A2
T) M 5 me/kg 8 7.5 mg/kg, Po T 40 G sz Bk
# H (ATG-Fresenius S) & & 20 mg/kg, BT A T 4i i
FEARERR R 1 M 80 mg/kg, KT ZE A(CsA)/
i e 52 F] (FK506) (25 B R PR (MMF ) B J i FH 2
4 (MTX) )7 &l GVHD, MPALEERT 9 d T Ia %
F CsA (WG 1.25 mg/kg, B 12 hi# ke 19%)
gl Ml 5255w (WA 0.015 me/kg , HHBKRTE , 4k
F524 h) ARAE M 25 PRI . MTX A2 4%
15 mg/m’,+1 d; 10 mg/m?*,+3 . +6 . +11 d 23 535 ki
W42,

5. AHSCIZ bR FE S 2 Pk 4B 26 % T4
(ANC) >0.5x10°/L ¥ 22 3 d 528 R R 4 M A T
PLT >20x 10°/L 3% 2% 7 d H B B85 1l /N i 33 4 1L/
MR TG . 2 GVHD #2 I8 Glucksberg 73 % . 18 1
GVHD $# FAL 58530 JR BR 7L (50 % DL (1) K2 Jik: TR AR
Z B CA Az 2) F vz AU iE M GVHD (8 %
AEATT HABES B, 50% L I 2 ik sz Rk i) . &
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6. Bitivyi - BV kL H 812 20204E9 A 1 H . i
TR A 1138 AEBes i B B G Bt 15

7. 581 F AL FE R NCSS12 #E 17 48 11 24 4y
M. OS Fil LFS >k ] Kaplan-Meier 43 #1 77 1% , Jf:
P47 Log-rank K556 . RIFINRM i1 T BEUL AR 11
540 XU Z0 T L SR FH Gray's Ky LAXUIN P < 0.05 K
EREGIEE L.

& R

1 — BGOSR BTG I - 20 41 9 F 3
B214], 22206, &I A WBC R 25.5(2.7 ~
404.0)x10°/L, A 5L BHME: 18 41 (43.9% ) , fL 46
BCR-ABLI 8 4] (19.5% ) , E2A-HLF 2 4] (4.9% ) ,
E2A-PBX1 51(12.2% ) ,ETV6-RUNX1 21(4.9%),
NUP214-ABL1 1 5] (2.4% ) ; filt & %= 5 B 4 23 1)
(56.1%) . B IRFEAEIS th A7 AR IE Ry 14(3 ~45) %
THI(17.1% ) BH T B2 T CARTIRYT
(51 CD19-CART, 2 fIATF) . [RIMUAH & L5
T 841(19.5% ) , AL M MLEFEAE 3 411(7.3% ) , %
PRI E R 28 19 (68.3% ) , 1A M3 1L T 4 i %
H 1B (2.4% ), JE i Zx 5 i T 44 ffF8 AE 1 1)
(24% ) . HIRBHATZERIRA 5 1.2.3 K CR
(CR,.CR,.CR) 535426 491(63.4%) 12 41(29.3% )
11(2.4% ) , RS (NR)2 1] (4.9% ) . B IREHIE
WL I ] 4 244137 ~2282)d. B IRFEHE R T
FR FUAL B 7 %43 3] Bu/Cy 32 41](78.1% ) . TBI/Cy
8171(19.5% ) .BEAM T % 1 §1(2.4%) . BEILE
R P AL R A IR S RIS 264 (81 ~2498)d.
BEE K31 611(75.6% ) BESNE K 5 BI(12.2% ) 1558
BERHEINT R SH(122%) . BIEBEE K BEH
B FP A7 TR U+ 2 HE I A0 R L R 66% (8% ~
96% ). TEH% CARTIRYTHI 33 141](80.5% )43 T
BT, 4 61 (9.8% ) 5% TKI %5 # [5) 25 493497 , 3 4
(7.3% ) 352 Ja 3Ry , 1 60(2.4% ) % FRIBIT,
541 (12.2% ) 3% DLIDSIIGYT , 4111 (9.8% ) % T
PRGN 1097 -

2. CARTIRYT IO - 41 B i & #4452 T CART

167, CART IR 7 1 1Y B 8 i g8 1 A o 47 550
12.5% (0.01% ~95.5% ) , Horh 6 {5115 I 6 + %) HE
LA < 5% (R BRI L. 3561(85.4% )
$% % CR19-CART. 2 fi] (4.9% ) 5 # $% % CD22-
CART . 4 1 (9.8% ) £ # $ 52 CD19-CART+CD22-
CART i/ J7 . CART 2 L % 5 F H 14 41 iz 17 1]
(41.5% ) , H 5T 5 35 D 41 M (B UR AS AR 2 A4t )
11 6(26.8% ), KFEATE3HI(31.7% ), BEHEZ
THAE1(1 ~5) KA CARTIAYTY . %5 CARTIBYT
J&i 36 1] (87.8% ) 3% T CR H. MRD FH 1 , 3 4l
(7.3% )3}4% CR{H MRD FHYE , 2 911 (4.9% )NR., 7E
CARTIAYT 5 1 I MRD BHE: B A T iA T Z
PLEC A VDLP J5 2 40J7 J5 343 MRD B4 5 55 2 4
MRD BHPE B3 0 B AT R FS A . 2 (9] NR 3
oL R 22 E A R R 2 R SR IR, &
CART A7 I M AR T8 %, 11 98475 I 3 I
YR, 25 TR AT IR B 00 1145 T ik i 20 IR
U535 MRD FHM:

3. TIRBBAEAE I A 41 R RS R N
allo-HSCT. K 4 if o i 9 & Ry 775 (357 ~
3488) d, IR B AH BE 1 R B A R 7 B[] A 484
(201 ~2786)d, IR FEAHEE A YK CART 3697 H (LIt
[ 66(35~251)d, A= 41 i /8 R B AT Y i
T B TR (£ 1) . IR
A A0 (MNC) £ (4.5+10.8) x 10%/kg, CD34”
21 K0 Ry (2.0+5.4) x 10%kg, CD3 40 LBl (1.3+
2.2)x10%kg. HAWAHSCHRIRGERFEILER 1,

4. IR 45 S - 41 ) 55 R AN O AR O
FR LR T I R] R 14(8 ~ 26)d, B AE I 30 d hi 20 ffd ki
AFH100% o 3 B8 FHIFET, i/ NSRS B E]
ANBEVPAR , sk 38 14 £ 3 I /DN Al P A3 A S (] Oy
14.5(6~108) d, # i J5 90 d I /MM K A R K
97.4% . B 100 dN T ~ IV 20 GVHD [ %
ey 48.8% (95% CI 35.7% ~66.8% ), I ~ IV &
2 M GVHD % 4 R N 49% (95% CI 1.3% ~
18.9% ). #Hi)a 1 4518 P GVHD & 4R N 42.3%
(95%C127.5% ~651%),) {Z M2 GVHD k&£
HN30.1%(95%CI17.1% ~52.8%) .

TRFHE U 1 4E OS Ko 67.1% (95% CI
46.4% ~81.2% ) ,LFS %} 61.0% (95% CI 40.4% ~
76.3% ) ,R1N88% (95%CI2.9% ~26.4% ) ,NRM
}32.9%(95% CI 19.4% ~ 56.0% ) ; Till] 3 4= OS K
}148.9% (95%CI23.0% ~70.6% ) ,LFS %}y 41.8%
(95% CI 17.3% ~64.9% ) , Rl K 8.8% (95% CI
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b 4k
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i 20(48.8)
TRBAERTAER [ %, MGED) ] 16(3 ~46)
AR (%) ]

= 41(100)

i 0(0)
HPEZE R H(%) ]

[FIMEAR G 1(2.4)

Bk 5(12.2)

PRI 35(85.4)
FAERTPIRES [H1( %) ]

CR 41(100)

NR 0(0)
T MRD [4](% ) ]

31 39(95.1)

BE 2(4.9)
ft3z# ABO IR [ 15]( % ) ]
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FEARE 8(19.5)

WENE 10(24.4)

FRARE 4(9.76)
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P Bu by B A 8(19.5)

VL TBI A4l 32(78.1)
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Bu—TBI 31(75.6)
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T LT 2 e [ (% ) ]

B+ I 36(87.8)

A1 JE i 5(12.2)
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PN T 4 ek ik 1 4(9.8)

S bt NG R 2R e Bk AR (VR T) 22(53.7)

HUN T 40 S S 3 BRI 11 (ATG-Fresenius S) 15(36.5)
ZIRFEH I TR DLI/DSI (%) ]

= 4(9.8)

w 37(90.2)

T : CR: SEA LR s NR : R ZE A ; MRD : /N B9 5 Bu: AT %5
TBI: 4= 5 RS} s Mel : 55 4 ; DLI: 325 4k UV 40 a4 032 ; DST: {3 41
JEL T A

2.9% ~26.4% ) ,NRM } 51.1% (95% CI 31.2% ~
83.6% ). HAFML WK 1, Bi)E 30l RERE K
(1 1 F- kAT CART IRY7 , 45 R4k CR; 1 5l DLIVG
¥7 J5 4545 MRD [APE , (HAEF 2% GVHD; 1 #2457
KR RIRYT , BRI AAE) o

HH RN R s 2R KB E R
KR ) CART 4t >k 5 R0 15 Ik B A8 IS 2 st (1]
(F£2), Hrph ARZNAER UL (17 f51]) F1 57 35 X 41 g
SEVRLH (11491 1 14 OS 2R3 31 K 87.5% (95% CI
58.6% ~96.7% ) .36.4% (95% CI 72% ~67.7% )
(P=0.006) , 1 4F LFS % 43 5l by 81.3% (95% CI
52.5% ~93.5% ) .36.4% (95% CI 7.2% ~67.7% )
(P=0.017) , 1 4F NRM 4 %] K 24.2% (95% CI
10.5% ~55.9% ) .53.9% (95% CI 29.3% ~99.0% )
(P=0.022), SHRBMGEE KEHE >6 4 H 4
(3141 et , 42 A skl <6 > H 2H (10 1)) IR B A
J& FiL] 14F OS 2R [ LFS R [0S:45.0% (95%
CI 127% ~73.5% ) %} 75.0% (95% CI 51.4% ~
88.8% ) ,P=0.017; LFS:22.5% (95% CI 1.35% ~
59.6% )Xt 71.7% (95% CI 47.4% ~86.2% ) ,P=
0.004 ] ,NRM %5151 55.0% (95% CI 29.6% ~ 100% )
Xt 24.5%(95%CI11.6% ~51.7%),P=0.022],

100
Jtacyea
o L — EEEEA
2 60k
.M_ a8
o+
E 40 | 11 ]
20 |
L 1 ]
0 12 24 36

BHER T (HD

B 41 BIRS RS Sk B Ik L A0 6 P 155 S CART J7 51 R
S DY s L R RS R AR A I R

5. 9F K E . REEHLIG 100 d P 41 i s 7
(CMV) IfiL iE & A= 3 R 70.9% (95% CI 58.3% ~
86.4% ) , Epstein- Barr 5 5 (EBV) Ifil if & 4= & N
222%(95% CI 12.5% ~39.5% )., 3lHE# k¥
5 A Ik T 3G 58 P 952 9% (PTLD) , B4 J5 1 4F
PTLD 2 & 4 N 73% (95% CI 2.5% ~
21.8%)., FH)G 14E TA-TMA BFUE A% 18.2%
(95%CI19.2% ~35.8%) , %At )5 3 4F TA-TMA FEFH
R} 27.4% (95% CI 13.2 ~56.8% ) o

6. FLTAH OGOl « 28 Bl U 8 1k 3 13 3] 55 5 4
T2, P BE T ] 2 IR B AE 5 129 (33 ~456)d.
SET-JR A . GVHD 5 ] (38.5% ) , TA- TMA 4 {4
(30.8%) , JEGL 41511 (30.8% ) o
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xK2 BHGEE & B-ALL B3 K allo-HSCT il J5 520 K 2 A 28 R 2240 (PAE)

PSES 0s LFS RI NRM
TIRMAEIHER (<14 %, > 14 %) 0.679 0.616 0.490 0.680
PESICH &) 0.712 0.743 0.081 0.712
HIRBHE KLJFIHYT (LJ7+CART,CART) 0.679 0.465 0.391 0.677
HUHBAHE CART #25(CD19,CD22,CD19+CD22) 0.675 0.712 0.423 0.689
TRBAEIG CART 4RI IR ( A&, SF3ER) 0.006 0.017 0.993 0.022
HUBHEEE L E(<6 ™A, >61 ) 0.017 0.004 0.060 0.022
TR TIAL )7 % (TBIL, Bu) 0.120 0.243 0.626 0.445
KB DLIDSI(E , ) 0.349 0.419 0.203 0.349
IR AR EBEE R (<124 H L > 1249 H) 0.677 0.997 0.230 0.681

1 B-ALL : 2V B KL 4H 0 14 10075 ; CART : 8 S PR A2 4K T 40 ifd ; TBI: 45 MRS Bu: (I 48 ; DLI: {535 ik U 40 it 1 s DST: AL 40 A 1.
TR ; OS : A A7 s LFS : o M AE A7 : RI: RFRE K NRM AR B R IET R

it

B-ALL B4 J5 & & Wi 7 46 4 BIGY7 i
FEMHIF T2 fb)7 .DLI/DSI . blinatumomab £
PO ZIRBAESE . TR U TS MRD FHM:
HBEY . Collins % G , 44 B HE IS IR 2A 2 &
) ALL f8 35 #:52 DLI sk {7 )7 51 DLI, 3 4 OS 84X
R 13% o — W 11 W1 R 3k 40 45 R oR L R
blinatumomab FL TR JT 64 1 allo-HSCT J5 &2 & I
Ph AT B-ALL %, 45% 19 S8 7E 3852 2 AN JH A
JT G345 CR, 1 4 OS K 36% ,34-0S %M 18% .,
Hua %6 " X B # J5 & & 19 B- ALL (& % 43 5 >k H
CART Fl1 DLIJAYY , MRD [ CR %435 4 61.5%
F113.3% (P=0.02) , o7 2% figk B 18] 53 53 o4 8 (3 ~
25) 1 H M 4.4(1~25)1H (P=0.026) , OS B[] 53
A A 9.5(3~25) 4 H M 55(1~25) 4 H (P=
0.030) . I CARTIRYT B AR ER A f5 & & B-ALL
BE R R H G o A M LR K 07
o ok H T EBMT MK IBE U OB R, 120 65
WG 2 & ALL SEAT IR BAEIRYT , T 10 4%
OS KN (5£3)% LFS % h (4+2)% RI N (60+
5)% NRM H(36+5) %", A BE A A0 B-ALL —-
R AR E, HE R R

AHFSE 41 1] B-ALL 3% Y% allo-HSCT J5 i
] 3 4F OS * | LFS *  RI,NRM % Jill & 48.9%
(95%C123.0% ~70.6% ) .41.8% (95% CI 17.3% ~
64.9% ) .8.8% (95% CI 2.9% ~264% ) .51.1%
(95% CI 31.2% ~83.6% ) , 7~ ¥ 43 f # 18 i
CART J¥ 5t IR B AH 315 T K WA A7, (B RUAG T
NRM (5 , #7187 Ge 7 2RI — AT ) Pl b B 5
S A7

AAHFFEAE NRM HHEFEFT = A 56T 5 R 43 3]
24 GVHD . TA-TMA Fli&#t . >k F| CIBMTR 1Y % K

TR, 23 665 1 YK allo-HSCT Y H %, TA-TMA
D KA TR AR 3(1.5 ~ 6.5) 4 H LB n 1.3 4F
) TA-TMA 1) BRUEAEZ 50500 2% 3% , TA-TMA
SEET R M (HR=3.1,95%CI 2.8 ~16.3) , %A
=M s, % ] ATG/Alemtuzumab .37 (HR =
0.69,95% CI 0.56 ~0.85) \Js I35 & /3 i B ik
JZE(HR=0.73,95%CI 0.59 ~0.90) 1] [&fIk TA-TMA
1) &AM BRAE 42 32 1 B A I TA-TMA 11 &5 fi A
F ', Shaw 55 UR FHWIGR B TAL #E A R S HE
HIT T B BAE G B &L B (36 ALL &
1441) , B AE G 2 4E 0 OS 2R M 28 % , A AH S AE T
F(TRM) N 27% . K FH CART JA YT Al LAFRAS B %
JEE VR 28 fift , A DGR TOUALh B8R B A5 1 2% 0, M D
D E S, A B TR TA-TMA 1 A2 51

KeF RS 15 77 2 il i ), A
FE—SEfF 5% v R R A g AR g (H X SE
FEBEA N IR AE AL A HLA VSO Btk 7 ELAR
G3HT o TE Imus 5 BYRIFFE T BT il i b gg i
G A B HLA i B 150 43 S AT i B
5 T FNAT 37 B B RO B 4, R A4 v Az A A7 sk 1) 5]
K552 d FIARIA R (P =0.02) (T A7 57 i) BAfs 45 —
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