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Research advances in transplantation for thalassemia major
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Abstract: Thalassemia is an inherited blood disorder caused by disordered globin chain synthesis due to mutations
in the regulatory genes for hemoglobin. At present, allogeneic hematopoietic stem cell transplantation (allo-HSCT)
is recognized as the only curative method for treatment. Through the revolution of pretransplantation regimens and
selection of donor and source of stem cells, patients’ survival has been greatly improved. This article reviews the
development of transplantation for thalassemia and related research advances, in order to provide suitable treatment

options for clinical application.
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Hby e B I LY B A A 2 S B A DG
FRRE DRI o TR 7 ST ML B 1M e R 697
IR LE AR 1 i T 41 FE A ( hematopoietic
stem cell transplantation, HSCT ) FIFER A7 M, A<
SCX) HE A HR AR ST I ( thalassemia major, TM ) )
HSCT HEREHATERIR
1 AR M HSCT
1.1 FAETREEE
20 ttt 22 80 4F A, Pesaro 10> B H T 1000
Bl LN 2 A 40 i $T )R (human leukocyte antigen,
HLA) 4 #H & [A] il ff /& (matched sibling donor,

MSD )TM F 3, 20 4 JCH AP IS 1A= £7( thalassemia-
free survival, TFS ) Zh 73%", [AIHE B GG

[ Wik HIH ] 2019-09-12; [ 32 H I | 2019-12-12

53 JE (Pesaro 43 ) , LLF 3 el K&K : JHIE
AL T T 2em. MFEF4EfL . Am2ek, K
o f TR e B R R B 2 o 1 9 TEfER R

N9 12 EmRE; M%: 3N EmREY
H o Lucarelli % o7 YR $& H 3EF SR @5 BERE (Cy)

200 mgrkg+ A% (Bu) 14~16 mg/kg 1 fE 71 Ak 2
5 ZIR YT 30 9] T™ 2 4F SR AEAE (overall
survival, 08 ) & TFS 255170 86% . 73%, {H I
T 2255 151 . Mathews 25 ™ 32 1 2% & 1 ( high risk,
M (5 T F M AAF (event-free survial, EFS)

B 24%] ARG (graf failure, GR) | FiAbH
FHREEME (regimen-related toxiticy, RRT ) . ik
HZER I, S TR RS DIRE s B Sk,

Pesaro /NHAE Cy #l#E N2 160 mg/kg, &I RRT
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FEAK, 1H GR EHIM 7% 38 Hm % 309%"; BEJ5 b4 1n
BUNERS SR EER, BRA FUAPIE (Flu) & Bu,
45 B EFS %5 F 85%, GR KR % 8%, HZE
ATHMAF DT EE . %T Bu BEINFE KA 28 &
"z, Gaziev 25 ¥V IR H LT Bu W B W I 847 57 2 A

#% AR RRT & GR, HEAIFREZHR.
TMHLEH S Bu AR, (HHIKEME . 25918
RIS AR AY, XTAEAR TCAI SRS, A HR B
KA, XF L Bu IR ATERE TR, TNH A/
WERUR (TT) /Flu R ICIETERA TM it 2 TG it
& (unrelated donor, UD ) A H, #/ HALR &
PER RIS TH5 (aGVHD ) KA=F (A4
31% vs 6.2%; UD: 51% vs 23.2% ) "', ENEAG B
SR IINE A ITT/Flu AL Z87E 28 i T™ f&
FHHSCT p (N4 &3 5 75%, HR 5 39%)
0S % H 79%, EFS ZHy 729", fErb [, wELLER
oI, [F B E R E R Z IR, TTiktT
Pesaro fE 43 o Li 25 " H2 HGE & b EEUIR 09 f1

5 TT Fl Bu B NF-08-TM 5 & Fl o H AR v, OS %
KF] 91.5%, FHEAH NI RIA 8.5%, (HALR T
11 9 fB 35 1 RATESE o

Bl AR ER 2 (antithymocyte globulin, ATG )
TE HSCT Hr 52 W A0 & T 20 ffg ol i s 4, (H o] o /b
GR, [AIIPEH & AR SR A ATG J5 Al 1,
M Qin 25 W HIHE & F ATG 7 X A& 7
2 GVHD KA REEAR, (R Y KA R s
Faulkner % "% %} ATG+Bu+Cy 5 TT+Bu+Cy T 4t
PRIT AT LR B, 0S K 94% vs 87%, TFS %
H 85% vs 80%, L KL 1 30 A7 A 5% A& B Bu+Cy.
Bu+Cy+TT. Bu+Cy+ATG J7 % 9 0S & 43 5l K
76% . 81% . 86%"", F 1 H45 T A FH )5 28 (1)
BEREAN

PRE PR FABTCSE 0 TM #3% HSCT kb3 )y
Ko TEEPIMELIZRAST TT KI5 & i BUIR T ik AT
GRS, JoHS HR B, hmdt—48

F1 MBI HSCT FAbIE 75 SR A0E K& TN

ik B % BERUSIEAG A 08 % TFS W
Lucarelli 1985 Cy+Bu n=30, JC AT 28 fl N 24F0SH. 24ETFSHR:  Cy S e 30515 Mk F 35 86 77 Ko,
e MSD, 2 ik 86% 73% HIl55 GVHD K AR (R FER, SR FEAEA
B R H Cy I & 5 RRT i, MERS L)
L0 e, Zy R, e

Lucarelli 1996 Cy+Bu

n=115, 28 #°4 MFD

R
54E0SH:  SAETFS#:  Cy filitiid>, RRTFEL, GR &

T 255 441 74% 49%
Sodani 2004 Cy+Bu+Flu+ ¥ 3t n=33, 4 5 MFD 64F0SHE:  64ETFSH: M Flu. #iMEM Gy fidl, RRT
Ik + BN 1 255 151 93% 85% FRARG, FRERAm ) B B A, H

Hb-F FAHICHAb PO Rl A

Gaziev 2010 Cy+ivBu (3£ T & n=71, 39 ffil MSD: 62, 34E0S#: 34ETFSH: REFF(K RRT & GR, J iz TR
JE W AT R0 TR B MFD: 9  91% 87% Bu YR BEAEIG R b A7 16 PRI 3
OB / R TT
B 1 AR H ATG
Choudhary 2013™1 TT+ FRIH% +Flu n=28, 21 fi] 19 il & A4 24083 24ETFSHe  FRIHLKIENE. 29WCHHE 52
T 5 457) HEA, 9 IR 78.5% 71.4% Wz M) SRR G, WP
B REN AL o JIESFETEHR) B BR A, EL ] A SRR
Li 2012" Cy+ivBu+TT+Flu  n=82, J & MSD: 30f], 34FO0S*: 34ETFSHK. TT HAT GBI, WEHEIEH, WM
NF-08-TM Z; UD: 52ff]  91.5% 87.8% b Bu AR RIAE R, (A N HE R
e Tl ivg
Faulkner 2017""  ATG+Bu+Cy n=51, J& M MSD: 504, 34FE0SZ: 34ETFSH, ATG {EHFHA, By
R M A 94% 85%
HEfA: 1)
Anurathapan 2016 PTIS+ATG+Flu+  n=31, 15 | ¥J & Haplo- 24E0S3: 24ETFS#. MASkIAEE, {2 A, RRT R
ivBu+pOS F t-CY Mkl SCT 95% 94% A, B IE

TE: [0S] AR A A7 [TFS] T i 3% 1 A= 475 [GVHD] B A i E; [RRT] TAL BAH G T4 [GR] AL AR KA, [Cy] 3
WRBENE; [Bul FHF%E; [Flu] USSR [TT] BERRIR; [ATG] JTHIRREREE M ; [PTIS] BARRTSEME] 5 [pOS-CY] J7 EERBEBENE; [MSD] 224
AIFNEHEA S MED] ARG [UD] TESA; [Haplo-SCT] SAGAAH G HUARE M FAMESA; [Hb-F] 6 LMATEH o
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1.2 HERIEE

MSD J& HSCT 3 48 fit 2 Gaziev % " & W

MSD FA 98BI A, OS Z8F1 TFS #4
4 92%. 1B MSD REZFR, MUD., HLA AeA45
2 2 LR (mismatched family donor, MMFD ). A
G TC A (MMUD ) F Bl ( umbilical cord
blood, UCB ) %5 /E A & AL it 1A (alternative donor,
AD) Nz mAz . BRI 2 590 19 10 4F T™M &
HSCT 1 & Bl MSD. & Hl & B4 itk (MFD) |
MMFED., UD 4 2 4 0S % 4 5l 5 91%. 88%.
68%. 77%, EFS % 4 5l } 83%. 78%. 68%.
77%", Sun %5 P DL WZ-14-TM J5 & %} 48 fi] UD
B H (16 1] S HLA 9/10, 4 1] 3 8/10, 43 K &
A ) A7 40 JE i+ 4 M F2 48 ( peripheral blood
hematopoietic stem cell transplantation, PBSCT ) , 0S
I TFS 247 100%, aGVHD F1 cGVHD & 4%
1k 8.3%", ERFEHHL TS UD (MUD )
FEZAUHAR PBSCT, & ILATH HA =1 GVHD
(aGVHD 64% vs 14%; ¢GVHD 42.9% vs 13.9% )
FERAE R AT (JRYe: 71.4% vs 39.5%; ARG IE
KAE: 78.5% vs 37.2% ) , {HFIH 0S E (85.7% vs
87.6% ) X TFS % ( 77.1% vs 84.7% ) Ai{j5 2", Li %
AT ) A 2 1 [ B 22 P09 R 2 B MED 5 MUD
B MY 5 4F 0S | EFS K AH A7 (89% vs 87%;
86% vs 82% ) , 1fif MMFD 5 MMUD 44 ) 0S %
H 73% vs 83%, EFS FE N 70% vs 78%., FePiktT
MR NF-08-TM fiikb #8758 L 20 & (A FT AD
e 1. Mg PBSCT il f, W4l 5 4F 0S
RINHEIL 92%, TFS IR 89%, /X4
FHEHEARRS, AD R ARGERE (A IS RRE &
%) .

Anurathapan 5 " 45 H B R i G B2 ) (pre-
transplantation immunosuppression, PTIS ) 1~2 /> J&]
WG, T ATG+Bu+Flu MIEREAY AL %, LU
MIGHE Cy (43~+4d) , EHELES R MK

( haploidentical, Hplo ) [ PBSCT "] %4 HLA 4
AR T™ 8, JUH HR &3, eftEe .
FREEmi A, HP™EIFAE M GVHD KA RIHAIL

Zi b, Bk MSD, MUD ¥Jn3k45 B4 Hia ,
B EPRAE R AR o A 2 A AT 25X T R AD BA4E
EHET, ADXF TM & HSCT [ HUS EMW,
KL, HTRER) Z rhaO KA

1.3 iEmFLHAaskRIRRERE

T2 1ML T 240 BEL AR 5 ok 15 43 Ay B ) 7 5T T 4
(BMSC ) . #M&E i i T40M (PBSC) . UCB,
PBSCT 7] 4 i A6 A B[], {H B BEFEAE ( BMT )
H A & KUK 19 aGVHD #1 cGVHD™!, K 1 £
P 2 43 #7452 78 MSD HR 3 17 BMT = PBSCT 1 15
4 0S Ay 9 K 79.38% . 72.97%; TFS %43 51 Ky
66.85% . 69.78%, s A (UCBT) HA K
GVHD & A 3 FEE 5y AR BRI 5, (35 1l - 20 g
b, HA AN H ki 4k &, CD34" 41
i K5 hn AT 2 5 N UCBT B2EAER ™ —35 T™
f8 35 HSCT %) Z .0 #fF 58 1. 7R PBSCT., UCBT .
BMT (1 OS % 43 % & 83.3% . 73.3%. 100%, TFS
ROHNH 75.0% . 47.1% . 100%™, feir 3 FH4 5
B T U 2R P () BT ff 5 oty ot 266 2 97 A JL—
FERUE Y PBSC 5Y BMSC #RAF B MG KRR, (H
Bl , MICHSEE k%R,

Zi L, BEBEBMT, A XELIRAEOT 7 LA
43 PBSC #hF2al; PBSCT R IR &% 4 5 1E#E
UCBT k= 256, TFS IRk, {H# & UCBT 1£
RECRIEAMAZ 2AE AL T, RV A] J5 AT SEge Mo R
1.4 a0

FEAE 5 W3] GR X 0 14 5% 1 A1 2 AS T 220 g
f4) ] {8, Fouzia &5 7 5% v UL Bu/Cy 4 7 B 7
LM HSCT, 13 BEFMIRAE, &RIriha
1/6 185k A B F AR 22 K i GR, +28 d Y B IR
BA AT BETER RS 6 S H N EL GR. (BAE
Spitzer 45 PV ST TM 34 HSCT Rt (>154F)
R A A W REE AL GR, IR0 BRAK
IR S Bl A AR R RS A S 2R AR

R AT RESC T 4k & bR 4 HSCT
HORPRAR . e EHGE R 99 #] T™M i HSCT i,
11% A FR ARSI RERE 1S, 5% HABEIRIN, 2% H
AR, 56% M2t BE I 14% W BB E
AYERRIIREMS T 7% 15 BIEAT HSCT &) ™™ Lok
BE 27 WA IR, 21 K A AR IEIRIGR) ; 8 RS AE
JERMEERE, HAFR KA ZEEm, R
HSCT Ji fE iR 2 % 4 Hol 47/ B 1 6 T™ £ 4%,
HSCT RUHCH IR S HBR %R T 14 F 5, TR
Botlnl [ &, @il 2 hs, sl MMa s,
B 7R B Hl A AT U0 LA 2] {R R A T RE S Y
76 v 5r B U5 B 18] 2 24 4F % 122 4] HSCT h, 8
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) BT 4k K i S AR bR, S AL 10 4F 15
A 30 AE N KRN 1.6% ., 6.1%., 14.9% .
13.29%",

2 ER%mBERBETHRBE

FE A T AL F I R 5250 B Bl il A
CRISPR/Cas9 K ZH 4l 250, HIHEM)IE S 208
A S A S 2R T AL, SR
TIHFERIERE ™, CRISPR/Cas9 % [H 4t i R 4¢
1 Cas 9 FZER AR T EIALE G AE—ilE, SCfE
X 00 200 e i 2T R B3 P A [ I R
Ml i B- R AR T T4 0 A AR
e BURE B R, (HFRZ R IR
BT LIGIER P B () HDAAS/35++ I dE Rk
FIRPT CRISPR KFT LAV /L CRISPR/Cas9 71, M
2T 2 P 95 140 ot 1 200 e 3k PRI 7 B 1 — A8
-6 P FE NIRRT AT 2 1 2% A g 71
I/ FRBEARY , AR B T A A i Sfe g 1
ol 2 i B B B R A1 2 AT 2 R G R 1 AT
AR AR TET I Bk ik

3 HibERE

HSCT {372 ™ ME—fia @ FBr, (B EmTm
REHET7 S TR A e, JUHANXT T HR B A
MSD /R LR AR TS, AD 75— 2
E LY RTEEWMRER, 1. THREED
N ] 5 MSD B A B S AR SE ;. T Ak
JEAT % BMSC 8 PBSC, {HIGK UCB JFEHEFERY
VERE; B AT W P A3 s S A S e 5 PR
TRIT 4 BB ORIED, (H I s i T

(2 % x W]
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