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Abstract; Whether in vivo gene therapy products or in vitro gene —
modified cell therapy products,the risk of gene insertion and mutation of
integration in the gene modification safety evaluation are all key contents
of concern. With the development of high — throughput sequencing and
bioinformatics analysis technology, integrated site detection and analysis
have been able to provide important information for understanding and
judging risk. However, the safety prediction has not been achieved
ideally. One of the core challenges is the methodological development of
integration sites detection. On the one hand,it is the technical limitation
of the assays, on the other hand,there is no public technical standard for
the assays. In this paper, the commercial integration site detection
technologies in safety evaluation of cell and gene therapy products are
introduced. The challenges and future solutions are also discussed.
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W2 Bt R R R AR A A VA R
AT HOR UL B, © 2] DLSE BN 2 FE VA i 4
PESEA R G AT G R R IZ R HOR Y
TIEFIT R G E R AT REVEA I AR Z PR, i AR IE
X BRI BOR . AR SCIEE T B A AME G
FEpSE 3 s e S Sy DN O Rl TS A N
WE T A I EPRR, R T R R 1Y ] BB L e
FEE
1 WFEEAESHNBARZTIFMHEMEKR

H T 40 5 B DRI Y 7 R] BE T SO 1 R
MW, A AR A2 W A B vh die oy G Y 1)
Rz — o MINEBL YIRS AL K 2 v, ] BE 2yl
AR AR R B AR ARG R 37K i 18
T ML R A R DR kT o R A A B
a7 B DR S i R R o e R R ) R RS, AT 1
INBUEPERE . EAR H TR T IR A G 5 Bt
JRURS: 22 [60] 145G 2R 00 AT 2R 96 LS 1 B AR, (LX) ik P 2
S AL T ST VAT 3 A 6], R 2 I E K
24 i W B A B R 2 5 3 B 0 ( Center for Drug Evalu-
ation, CDE ) 11 3¢ [H & /i 25 i ¥ J (U. S. Food and
Drug Administration, FDA ) Fi AR 35 5 5 0 5 gk BH A 42
9 B2 T AR I RPN i PREE DTS5 B BL o

TEZy 2 WEFE R B, 2017 4£ 12 1 CDE KA iy (40
WUEST P i ST S P BRSSO (A7) ) 4t ot
WP A T R A M S s A
2022 4£ 5 J] CDE J A7 (0§ Ho 35 40 H R 97 7 i 24 27
FEMPEMHOARFE T 50 (A7) ) 2P s IR7E A 7 g
SR R G B DR A A RIS DUE, < ol TG
F BN ) AR O W R R I A A D7 12
PEATHFSS R 5 e v R s M e . [
I AT KR A RERIR T 7 b 25 BT S5 I BOR 35
SeIEIN CIRAT ) ) SR A R R S AL S R
FEPERIAL R o3 AT A HATHEGE, 0 B ddli A5 R I B
AR B SRR

TEIRIG R A EFFE H, 2021 4E 11 /] CDE %K Aii
AL R 7 7 il AR I RO 5SS 9 R 48 S U
GRAT) D3 752250 Br ik PR 20 408 (A s ast A4 1)
Jir e BRI AH R BE TR 2H B 55 ) IO ARRALE , IR IE AL AR
SETERLE U™ o TR0 A A A 35 DR A 4 3 T
an AR IR ROFFEEORAE 2 (X4 7) ) #IEZE G 70 Hr K
(7S B S O R R DR NSNS NS G [V @R AN
B, 2024 46 H CDE KA ) AR DO 3R AL
PG TT 7 it A i R T 58 B AR $8 T I (AR SR 2
B Y, &F % B 48 ¢ 9% B (adeno — associated virus,

AAV) “ BLJEATSE R 5 o0 B, AP G e Tk
PRIZH rp B ] RE AR I, 75 53 A ik PR 4 38 5 6 i, PPAR R
16 A B PR A SE AR 52, DL ROR 5l ok 2 ek
A

eI RAFFE B B, CDE 78 2021 4F- 2 A & A (il e
FEA IR TT 7 W RIS R4 S0 (A7) ) % &
“HMIE LR B AL RE 5 ) 40 R R AT s A, T
BRI PEFDGAE AR o I RIS AT, W 20
RIS 32 i HEAT KRB 0 2021 4 11 A
CDE ZATHCHC A HUREZAR T 4 i (CAR - T) 3557 7™
st FF AT T e AR IR, 5 S0 AR i T D DU 5 o
EPUESZR T 40 M ( chimeric antigen receptor T cell,
CAR - T) 3897 7™ i Al BE A7 15 BOM M 19 22 42 1 K
B 2024 48 J CDE KATICHik AU R SZ IR T 48
JELTET I L LY 2R 0 o P e 8 i DA 10 AR 98 5 it
W CHESR LA ) ) $2 th W I 7 W B AL CAR - T
AL IR PT RE - B Ak K g JRURS: , 7 I AR 1 5
FRIRE V5 2o 2 v 45 2 W D o, B T 80N 4k & i R L
K27, BeAh,2021 4 CDE %A i €S RIA ST 72 i K
JABE DT I RBIF T H AT 500 (A7) ) BA S 2020 4
FDA KA { Long term follow — up after admin human
gene therapy products) ¥J5 17 1K HHBE 7 W24 G X
R E e
2 AEREES/IARTSHZEERK R ZF)
T
2.1 SKYSONA ( Elivaldogene autotemcel ) i4 7 5|
RE4R A& 1R 1 PR

SKYSONA J: Bluebird Bio 2 ] ) —Ff & 4 T 41
HOBE RIS T 7 it , IS s B B AR S1MIR KL PR B 1 =
J#% ( adenosine triphosphate, ATP) 45 & & W A itk D1 5
J 51 F K ( ATP binding cassette subfamily D member 1,
ABCD1) S AB| 3 B3 1l 1 4 A v, 115 [l 4 31 58 5 1k
W, HTHRIrE EREARERAR T
2022 —09 - 16, % [ FDA 14t /i SKYSONA |- 117,
MTIESE 4 ~ 17 2 BT S ke S e s
Fi AN K (cerebral adrenoleukodystrophy, CALD ) 5 # [
T 22 T RE AT A0 E JE

7t SKYSONA JF& it ferh, 84 3 ] JL 2 912 Wi
H A 6 A 5 W 28 5 1E ( myelodysplastic syn-
dromes,MDS) "' o Hrfr 2 il R AEAEL2Y R ) 2 AF Y,
TR T8 1 2 30 R TR 1) v R A 3 i
B X2 MREEEAAAE— T ICkE, FRY MDS1 A
EVIl 2 Z= FL A e (MDS1 and EVI1 complex locus,
MECOM) , 31 H. Ecotropic % # 3% & o & 1 &
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(Ecotropic viral integration site 1, EVI1) i & 3 ik,
MECOM {810 B b {57 & T B MDS F1 2 P 6 40 it 1
F1IM%% (acute myeloid leukemia, AML) {9 & %1 J57 A,
EVIT ()53 R B S A R AUSHC

WAk, 53 4h 4 5 L FE Al AT RE A& J i MDS, A Sy ix
6 1 A S B PR b B R 6 R R A AR AR S
FDA #1122 51 23 W8 020 i 0 XU 5 38 45 2 Tie
FEI R HOOE B8 1 i A0 DR T XU o Ay T H i A=
BCRUS: , HRARIRFR £ i L 24 it ARt T i 22 55 505 (o)
A IR R — U 0 1S AR 1T IS 2 PR
¢, BN 254 L il , LLk—22 AR SKYSONA {57
S Y 4k 1 1 iR R ™ B XU (BF 5T g S
REG -502)

2.2 FDA EXREH CAR -T AT EHNBIEEZES

H 2023 4 7 A&, FDA AEC M LT 6 3
CAR - T P ify7 a4 T k40 R 15 o0, JFF
it SR U A it P 6 PR L BRI R
B g 1 L VA 3500 AR, , (L AT DA A X 28 CAR - T 57
AR R NE T 20 MR i XU, SCFs P 2 3]
CAR =T = fhiz 4 A 1k 5 4k 2 1k b g i) S B /0 (.
JEATYIRAFAE i T ik PR 21 8 5 sl H Al AL 5 B0
AR FTREME . X 3 il CAR - T 1697 5 &4
TR0 )RR AT BRI 1, 445 SR i I A 4 e v e
HAEAE CAR BE[HiX R H] CAR =T iRl ie 2 5 T
IXUE R T A MR Y A . [RIBS SO AR 7
PEIRYT YR MG KIS 2 5 B A B4R L etk
W

F-2024 -04 - 18 ,FDA JERFERHH CAR - T 44
JRLYT 125 ) R AE B 5 | ST A8 R AL Ty BRI 4k e M T 4
L P e ) IRURS: o FDA SR 33X 8 7 bR 2 )
MR R, L&k B EE G B
TR TR AT IS ORI BE B o [R]IN, 432 32 3 28 7 iRy 7
) S5 I R 2 5 3 I W 2 By MR 4k Pk T
A R P 42 B XU o 3K T A 7 B A
YT RBRE N Z R CEY,

2.3 MWBRHEXFEHEEETRATHEXE

IR AAV JE—Fh R R S PG B , 0 LA B
TEAAFLE T4 T4 b, B AR S 1, {52 AAV
A RLR AR A 5 [

BEXS AAV i B 2304 1) Ak R 40 2% 5 5 B0 KUK
FDA 7£ 2021 4F 9 J HIFFET AAV B3 KA YT 7~ i
e S T RIS DA B B E T 2 2 5 350 1) B0 XU LA
S HAt 22 A KU 3 ) 253 W, BRI T
AAV LIRS 258 s R T A R B B i 5080 , B

T AAV G T v R s, (H SR B R R A
HEW SR , 7 BB U e e v

{EAF G TE 1Y 2, AAV 1 52 1] K %y 2 &2 ((inverted
terminal repeats, ITR) P50 % GC & & &, &L
Sy, H ARG R R ITR 38 25 78 A KT
I, AAV ZREEPRITG ST 25 W 00 8 5 (67 AR B 52 4%, TF
RMERE T
3 BEURSHAE

H i E N AR SE T SO b I R AR s ]
WA R 5 (0 R ARSI T v o IR A R 07 ) AR
ZIEET T VEAL A 75 R A R R A
GULAEHRAES WA E, EEREN LA
Southern blot F J [i] B8 & WifF 4% [ v/ ( polymerase chain
reaction, PCR) 451"~ , 3 6 4347 Jy 125 43 W% A7 B EL
R IR, TOvE 0 28 & 1 & AR O HER 0 B,
TCEVHA R G S W BENL A AR o BEAE TP BRI
R, b —HESN 1R G A R S AT RS L
3.1 ZE¥ i/ 59 PCR(linear amplification —
mediated PCR,LAM - PCR)

LAM - PCR Jy i 1) 3 %2 J 3 B XK o 82 52
(long terminal repeats, LTR) iAW 2= bric 0951 9151
PEATERAEY 1, JE il RGP O3 1 & AR AR - R 4 3%
FAb o SRS TR EAREE R R AR AR AT XUEE S
B TP P D) | e i 2, v T e e, e ot
BEXS LTR e Ak 0 5| Wy k47 35X PCR S5 20 3%,
SERCSCIE R AL, SO A A I e ok %8 R SR A ik TR
ZUFH) . LAM = PCR {1 J5 35 M0 KL i P9 )
PEPEA A A IR T A DB 38 B i S B OC E B
g 1M E AR R G, — e FH B AN [ BR A1
PEOLS R Z TP, (H2 Z R4 & WA — & % 52
AU G RE S A R BT B G LA
3.2 JEFR#ITEZL T 12 S5/ PCR( non - restric-
tive linear amplification - mediated PCR,
nrLAM -PCR)

JE B PR 2 M A 5 PCR, 2 X R 5
LAM — PCRIJHCHE , A T BR il 14 9 D0 It , HE R P& 2k
N BEX LTR B A W R AR IC B9 51 90 0 A7 2R k4
8, J5 T G R O B OR E AR A - SR AL
nrLAM - PCRYj LAM - PCR IR ¥4 N DI g A [+], 7
e[ BE 7 256 A ERORH b P 3% 4 Tl o PR O SR W A%
1% ( deoxyribo nucleic acid, DNA ) Fl4" 1 F= 4y 1% 122,
JE AR LTR FF 9 AEek i 51 ) k47 820 PCR 55
IR, SRRSO R R, SR o AR ok 8 AR
MRER AT 5] . A H T LAM - PCR, R 173
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5 DNA 5 R R P, S50 #4F B {4,y 1
I AT AR T LR R

WL AL 2 BT & B, orLAM - PCR A [ T
LAM - PCR A 547 1) 5 52 11 (2 Y A2 445 SR A DG 1
0. 999 ) FAERATE (neLAM — PCR (146 0 1) 45 2R B 422 10
SE R PCR,AHEME 0.997) P B, niLAM - PCR &
B4t 7 LAM - PCR,

3.3 E#EN S PCR( ligation — mediated PCR,
LM -PCR)

LM - PCR J&—Ms Z S 7k, E 4ok, Hiz
FHBOREZ . LM — PCR 5 96 0 8 15 7 28 14 1) ik
LA AT 4T B, 3T W7 5 09 7 B 0 e 422 60 008 1y 422
Ko PR S PCR KA 4 3k e 47 8 o 22 S 7
viig , RPAT AT o BT IR A, REUE &, 2
R T AR B AL B, B DI 1 42 S BUAE i 1
Y @A, BHLE PCR iRk B 28 58 24 1Y
XU, HALHAIE AR B0 B 1, SRR
AR LTR R By SO R FT BE 22 Mg 47 38 A
T4 Pl BT AR Y 23§ B8 4 (unique molecular
identifier, UML) , A DL R0 43—+ DUAY 546 73 5
LA A, BT 3153t R R S L R R AR
T 586 4 484 08 S B o bl T 5 S5 28 1A 7 A0 Y
LTR 51 i BE R, antxf 33 LTR B35 1 91a) il
P3G R 2512 DS I LTR ) B i 474, do w2
P 1 BRI 51, 3k A 2 7 A AR R e 1
Wy, 0 R A — 2R R R s Tk T o A5
A RTEE B AR X B BEAY , B AR B AR X 4
BERTCR I E  2YAR, T S LA R
GAFIRBATIREE 4R
3.4 ZZT{HIR M ( target enrichment sequencing,
TES)

AATHH AR E T — AR ¥ (next - generation
sequencing , NGS ) ¥ [l > F A 52 , B St % B Aw
i PR DX TR A, AR F15 A b I X 114 i DU
VR ARIC RS 5 A 4 i BE R 2H SO AT 422
TR By Z MBE R M E MR, & 54 H R X,
B R] %8 AR K GIEA T E RS0 3T A
BRI, AT X AR T 81 R LTR JP 0 iR
o B TERENA — & MASEETE, 51X LTR p9#R%H AT LA
WK LTR J3 51 K B i BE R 20 5 91— JF A T4l 3
AR5 B SCE 280 PCR 3 F0i vl PG 28 &
BN T BRI, LTR 791 4 9 2 5 H A 26
5, B A A B R N BT 9, P &%
BERIA AN, 5 20 A W 05 S SRk R A7 e B RO Ak

FACHHAR AR X T LAM - PCR/LM - PCR 25 194 1
TR, A R WY I R BLG, & 55 00
AFXF 45 3t Sz Wl S0 23 5 ) 48 DU, (2 ol Tk
0 DX I AL B0 5 A, T s B0 Y 9 B R
B, HRBE XS 2UR LTR J3 BT I Bair 4 4 10 2
RIZH P4, PRI DU 3036 mT BBV LM — PCR 1 J7 1%
o [N, 2R A A AR v PR Ik ) A RS B A

3.5 £ EFAZAMF (whole genome sequencing,
WGS)

WGS i 1 XA~ NI I A 700, $R 3%
BT S 7, DI B A — Tl 42 1 43 B 2 R 40
WAL T o BRI 14 DR 2 I R A Ao ) 3]
JIEAT AR R R B 7 i, B 47 HC A T 12 X ARG T 381) 7 57
Mo AT AN IO 1 A HE e 32 BP0 A, T M )
JE fe B B BLAS FR R B 1 o P e oK o | T A3
A 3 Gb IR, QRS 10% Wy RGO s R,
I P 3 i 224 300 Gb, AU e A st i 5 oo N IR
Mo SR, LM = PCR AUAX N & G X k470 15, 3
1~2 Gb ATRASEHL T x 10 7K P RAEE . R, 4k
DRI ZEL 0 7 4 T 1 AR TS i 2 7 S I 2 A R A4,
SRS v FH A2 R o
4 WERANFERNEVERFEDTT

H1 T NGS (5 3 12 A e 550 10 S A%k, T 2T &
A5 B2 TR R A BNy B, SR A AR
DU A5 BRI S, 217 40 B 88 G 7 i 2 AR 1 AN
AV R AR IR A IO R AL LR A
RPN SR 24

PR BUATT AR 4 R ) 25 S v i 34 DG ]
AR ITTIF I I 5 B2 %8, JF 3R 5 4422 Sk i LTR #4445
o —MH AT A EEX T A 53 L X R &R
T.H. (basic local alignment search tool, BLAST) , ¥ il
FP a5 SRR T 9T X, AR 4 b 45 SR
BT IR SR M, 23R T Rl P s i AR A R T LA
BT MR o Sl T BRI 2 X8 SRR R A 6 A, T
JE T RGN R AR AR 5 B A I BB AR PR L . AR T,
YPGB PR TR, A P A
DI R R D RE X e Sk DU RE 0T . CpG &) i i
HHOCHER S f ), BT 2R bR (B A8 5 ke
FRHEF) RVEA RS AL s A R 2 P 1 o0 A 21
4.1 BEUILEEIWEE

BEE NGS il 5 H AR FAR A AR T 0 & e, e
Z2H 10 AR B 1 VF 22 8 G 0 s AR 1 A= 15 2 7
E AT

INSPIIRED ' [f] BLAST T H.#47 41 3, Fr 4]
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W5 LTR 75158 4 — 80t B 510 B3R 4 2 5] —3
JE BT 75% B, A AIE A SR I . PICT A
Bowtie2 " 4T 41 Fe X}, Bowtie2 5 BLAST #f [, B
AT PR E X R R B A ) ok B R R T FE
IS - Seq'™ ff: % i1 % B 55 — A J ¥ 9 Lo Xk TR
BWA'™" Lt BLAST HA7 8 5 AR MR . FHER
AVISPA2P F BWA Sy Xt T2 L, 43 #r i J3E 42 T
6 151 H A 3 i ERR I

PIC SE ittt reads #4787 s RS, B TR
SIALEL % T E AR Xl R UR X 2 302 8 L x Y
reads PE1T 157, $& 8 A 00 F B O HER . PIC 4R
HOR R A B 4 Sk R EAAR TR S 1Y reads HEAT LE
Xt REAS AR T LT I Bt D R, ISA - Analy-
sis — Pipelinem: IS - Seq[m R BL, S A IR A A
R 7 A, DT 4 e A A o R B HE R
ISA — Analysis — Pipeline 53 10 bp LI PN IS 15,
IS —Seq &3 Tbp LA ARG 55, VSeq Toolkit B2l
H.S7 4% LAM - PCR | TES 1 WGS % /04, BA
JZ N TG . INSERT - seq ™ JE 3 F KK
AW K R R A 6 S UM T, BRABER THAE
FEHNER X 5 GC & [X | [R]VE IX B 2 A0 5 U1
HIHERAEE o b 3 I 08 S A %o A DN 381 o 5 o s i A 7
R BB, P98 F AT LAA Python i R 4 T H.
FET AR AR BT AL (5 B B A £k s
GrHr. HAMADA 2554 52 0T 5 AR A% 2 X, A
FEZ A XN R 3% B 6 050 AT RE 23 50 M JE TR 3R 8 a4 4E
Y2 ise.
4.2 SEEMETME

INSPIIRED #k {4 ¥ 5 Chaol . 7 4¢ #5 % ( Shannon
index) B J8 R AU L S UCS0 $5 b5 K PEAlL B A 7 5 11
2R . BTARIEE) Z N T Z R4 R FE
W TIPS A S 2, BRER S AGN
U Z RS TE ARG B 5 AL 7R B R 20 B0 A 15 B
Py, B ARFE BN R o HJe R 5L ( Gini coefficient ) 7]
FHAR A i BE R 20 A A s I AR B L e R A
B R 0 ~ 1, 5L )8 REGHIN oA oF-34 5 3 e R4
B AN S AR Y — e RO 1 £
AL L TERE . Chaol FE%E R R IIA T Z K4
WLEE S B4 AL, AT BRI B R 2Pk, UCS0
FER IR BIREAS B A BB 67 a5 T BE AT 50% X6 i 4
A LR, BB R WY e 5 7 i Y —,
BEB N RV FEA th 8 507 il AT 51 T
SCFEFR/N AR F R, A RIFEARE G681 2
FEPETFAEALIA] 22 57 . DEL CORE 25" 3 3 IR 4 3

FE4% (shape constrained splines, SCS) J7 ¥ B AR EAL 1L
)22 5, JF $ th SCS ik Km A h B 5 i 2
FEE

N EARSZFENRY Chaol (F R 484k JE R % UCS0
L HAbRE B 7 s Z RV AL R b, H BiT i JC Bl B 1
(B R S SR 5 0 i 1) Z R O 2 RS
CIECH
5 ifig

FEPUVA YT 77 i P RE 23 30 2ok Bl AL A A L S PR 2
B LR R A TP e 32 0 O L R A VO
R DR A A 00 e DR AT 5 2 e 9 118 DR
I S A0 S PRI 7 ot A A A1 ) i PR A 4 07
I3 BRAGIE AL FE M BUR P PR R AE T PR 7
182 A 5 1 DR 42 Tl 5 it LA S, XK B B
VI IG R BT BA 8 A

AR B, A BRI 7 AT AL T Rl AR R Y
I ATl AR R R G R A R, R BE 4 Hh X
TR ER A DU RE B IAAR HE SRS BEAR o it 7
AR LGB, 3 BRI X A6 I J7 v 1 I A TE 4
PR, S5 M RS 48 SR T SEE

MTT 5T R A, T AN ) 2 TR 3R 0K/ 9 B
BARWI G LTR J7 81 TR J7 41 454 .GC & &=
FRANR, FFLEITLABVCEL A ik, 519 58
BRI AR 2 . ARSI FARET 5 741
VERCA g2 i B B AL R R, PRI,
5 B2 RS T3 G AL s A A ) DL R 22 APk B T
flitorE e,

I HEF R UE R A B, DU I 1 5 1 2 AT 50 4
AOPERERRIA , H RITBOAT 2500 s U M RE Al I\ 24
WO L6 35 HiE 4 b, 7E 52 B b n] 2 25 36 R B R P
(College of American Pathologists, CAP) Fl [E Fr#r5 1 1L
ZH 21 15189 ( International Organization for Standardiza-
tion 15189,1S015189) Xf F NGS 1y 3 F 46 ik i i, 36
TEFEARIE H A0 45 T B (il R 55 0 B PR e Sanger 1
HEAT—BPE LA ) K5 BE L R (7 mUAE X B
PR PR 55 ) RS R E SR . IR
FOREAS T LU 0 B Y B0 o B 200 B Ak, HLRE 50
T, o] F 40 A 5 25 PRVR YT 0 4 A T S v AR
NEUEREA, WRFEA T W S A W 2R S
Mo VUTA RGOS SR B A5, ML SEH 100% &
SR HI DL B AL RO R R B, LA, i
a] LAt A T A4 4H 21 ( World Health Organization,
WHO ) 8537 bR i A T 30 R I3

NG SRR 2 0 A R R L A 2 B N A —
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RSO RO E R R S O S AR E R,
LRI DI RE X 53 A1 15 JE R0 B PR R 5 i 4V 53 A
o M TREG PEEUR, B A0 A Z AR MEE o A
i s 5 D] RS0 P 5 A7 A 152 800 P DRI, T 2 %o e
ARG R ITEIT 208, B G AL 2
FRAFE o (B4R S A, B HOR T Bt AN RE 43 BT
F— G AL A A A 1R S AR ], 2
RETHIR A S AL T A B G L s AR R

FDA X} Bluebird Bio 2% A A 189 5 2k AR S IE FIIG
JT 7= & ZYNTEGLO ( Betibeglogene autotemcel ) I
SKYSONA YT i rh it , 4 57 1 se B s SO AT
Al 3 AL 5 B AR XS T = 10% , H 9% 5 2 A 45 D1 4L
(viral copy number, VCN) K F 8§ 4 F 0.1 $ 01/
NI E 2H ( copies/diploid genome,c/dg) . HiF [ %
S R B I R S B AR o i A R A A Y
— a1, RIS 5 58 DB 45 R 255 FI S A A
ALY 4 A0 M e R A BRRAL B o P A
WAL T i PRER B VREIR | 487 A7 A5 R0 o B S H 4
BRI, TR R A Dy 2 e 98 g DRI, oz R L0
ARG AR AN 53 A0, DA R — 2D PP AT A S e 1)
U1 BT T R 2R 0 O R PR R o
S EE R AR AL TR SRR

g5 bk PR A A B A I 5 A B R T
PUBYT 7 il B PP -5 IXUBS: 2 il BLAT 3 2808 3, 153 4%
Ty Z N 5 0 o Rl ) kA B PR BB TR B
BOR TN A SR 25 o S EUR N 45 2R AR Ak,
Bl FZ2E 03 07 AT Ja T BRI B, AT IR 2
BRI 7 B — 2L AT AR, BLEY B Jo B
AORLIEPESESR o B, AT AT k45 7 i DB R 2R, B
IR ML, S [F] Sy e Ry 7 45U ) v o i BB S
R REARZE T

SEM:

[1] BAKER D J,ARANY Z,BAUR J A, et al. CAR T therapy beyond

cancer:the evolution of a living drug [ J]. Nature, 2023, 619
(7971) :707—715.

XU, BRHe, B SCORE, 55 . 113 Il 5 #010) B 40 2 A e B
CD19 [ A B SZ A T AHEYA YT 7 b B I PRI 3 A~ 122 2
PR BT B B A B[], o il R B4 2%, 2024, 40
(18) :2757—2760.

[ 5 24 it B R 2 A I b . TR R MR 2 o 56
TRATCEE BG ST 77 it 1 1 8 175 1 PR B 98 B AR 4 5 S 0 (3L
Fr)) By 45 (2021 4E %5 50 5 ) [ EB/OL]. 2021 - 12 - 01
[ 2024 -10 -24 ]
viewInfoCommon/ ¢9de887410ddcc291 ce5al c039a241¢6.

[ 5 24 ity B R 24 A AP b . TR R MR 2 o 56
TRACEEHET - AR IR RO 5 530 B HE 5 50 (Gt

[3]

https : //www. cde. org. cn/main/news/

[4]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

7)) CHE B 1 40 B 3R 97 7 il A i RBF 58 B A48 e S ) (3t
7)) By 45 (2021 4E%5 49 5 ) [EB/OL]. 2021 - 11 - 30
[ 2024 -10-24 ]
viewInfoCommon/41bc557bec23a6ebfb0el48cc989{041.

https://www. cde. org. cn/main/news/

BUSHMAN F D. Retroviral insertional mutagenesis in humans:
Evidence for four genetic mechanisms promoting expansion of cell
clones[ J]. Mol Ther,2020,28(2) :352—356.

FE A b 2 W AR . BRI SE T A AR YT P R S
PEHE A 55 60 3 45 (2017 445 216 %) [ EB/OL]
2017 =12 -08 [2024 - 10 - 24 ]. https://www. nmpa. gov. cn/
xxgk/ ggtg/ ypegte/ ypqtegte/20171222145101557. html.

FE 2R 20 i B BRI 2 il PR AR . R K2 MR 2 o P o6
TRATRPEANLIATT 7= it 25 2 B 5T 5 WA PR 38 3 JE0 (X
1)) Y3 45 (2022 445 30 5 ) [ EB/OL]. 2022 - 05 - 26
[ 2024 -10-24 ]
viewInfoCommon/0584963 a84e01bb4d83022{559d22144.

FE 24 it B E BRI 25 i PP G . R IR 20 Pl ok
TRATCR N FE AT 7 it 25 2 B 5T 5 WA R 18 3 JE0 (st
7)) Y3 45 (2022 455 31 5 ) [ EB/OL]. 2022 - 05 - 26
[ 2024 -10-24 ]
viewInfoCommon/ cOec5e347ba84 df67hf75e156ad3 {31.

FE 22 it B R 2 PP R . TR AR S B 2
TR EEPRIIA YT 7= I AR R 25 2 F i 5 PRI R 4R R
I CAESRZE UL RS ) ) AESK B LAY @ 0 [ EB/OL]. 2023 - 07 -25
[ 2024-10-24 ]
viewInfoCommon/ c81e168ac50a3bc7cf325a7117742568.

FE 52 B E BB 25 AL . ER IR 2 Lok
TR AT PEMMLIG T 7 bl e AR B AR 3 S GlAT) ) 9
45 (2021 4E55 14 5) [EB/OL]. 2021 —02 —09 [2024 -10 -24].

https://www. cde. org. cn/main/news/

. https://www. cde. org. cn/main/news/

. https ://www. cde. org. cn/main/news/

https:// www. cde. org. cn/main/news/ viewlnfoCommon/1936d1c9
006ccce22517022211063bl c.

R0 B R 2 s PG . ERGRRZHE POk
FRATHATRZAR T AL (CAR — T) 36977 fh H R _E T I
PRIV 48 PR T30 B R 48 5 U0 ) 1) J 45 (2022 445 15 5)
[EB/OL]. 2022 - 01 - 26 [2024 - 10 - 24 ] . https://
www. cde. org. en/main/news/ viewInfoCommon/574€71202540d2b

38cf34dfeb5673a86.

FE 725 B BR ARG . T AIHER ik B PR
ST AHEIE YT IR T IV 2R B0 P R T R X 6 B AR i 3 I
N CAE SR 2% DA ) ) 22 ULy 5@ 1 [ EB/OL]. 2024 - 08 - 01
[ 2024 -10-24 ]
viewInfoCommon/724 ¢91dc92 €74 d209 d4 efh685062babb.

https://www. cde. org. ¢n/main/news/

FDA. CBER. Long term follow — up after administration of human gene
therapy products [ EB/OL]. 2020 — 01 —30 [2024 - 10 - 24].
https://www. fda. gov/media/113768/download.

FDA. Cellular, tissue, and gene therapies advisory committee
meeting [ EB/OL]. 2022 - 06 — 09 [2024 — 10 —24 ]. https://
www. fda. gov/media/159010/ download.

VERDUN N, MARKS P. Secondary cancers after chimeric antigen
receptor T — cell therapy [J]. N Engl J Med, 2024,390 (7) :
584—586.

FDA. FDA Requires boxed warning for T cell malignancies following

treatment with BCMA - directed or CDI19 - directed autologous



Chin J Clin Pharmacol

1019

Vol. 41 No. 7 April 2025 ( Serial No. 429)

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

chimeric antigen

[ EB/OL] .

receptor ( CAR ) T cell
2024 - 04 - 18 [2024 - 10 - 24].

www. fda. gov/vaccines — blood — biologics/safety — availability —

immunotherapies

https://

biologics/fda — requires — boxed — warning — t — cell — malignancies
— following — treatment — bema — directed — or — ¢d19 — directed.
FDA. Cellular, tissue, and gene therapies advisory committee
September 2 — 3, 2021 meeting announcement [ EB/OL ] .
2021 -09 -02 [2024 - 10 —24]. https://www. fda. gov/advisory
— committees/advisory — committee — calendar/cellular — tissue —
and — gene — therapies — advisory — committee — september -2 -3 —
2021 — meeting — announcement

ROHDEWOHLD H, WEIHER H, REIK W, et al. Retrovirus
integration and chromatin structure; Moloney murine leukemia
proviral integration sites map near DNase I — hypersensitive sites
[J]. J Virol 1987 ,61(2) :336—343.

OCHMAN H,GERBER A S,HARTL D L. Genetic applications of
an inverse polymerase chain reaction[ J]. Genetics, 1988 ,120(3) :
621—623.

SCHMIDT M,SCHWARZWAELDER K,BARTHOLOMAE C et al.
High — resolution insertion — site analysis by linear amplification —
mediated PCR (LAM - PCR) [J]. Nat Methods,2007,4(12)
1051—1057.

PARUZYNSKI A, ARENS A, GABRIEL R, et al. Genome - wide
high - throughput integrome analyses by nrLAM — PCR and next —
Nat Protoc,2010,5(8) :1379—1395.
GIORDANO F A, APPELT J U,LINK B, et al. High - throughput

generation sequencing| J].

monitoring of integration site clonality in preclinical and clinical
gene therapy studies[ J/OL]. Mol Ther Methods Clin Dev,2015,2 .
14061.2015 - 04 - 01 [ 2024 - 07 - 28 ] .  hitps://
pubmed. ncbi. nlm. nih. gov/26052530/.
SHERMAN E, NOBLES C, BERRY C C, et al. INSPIIRED: A
pipeline for quantitative analysis of sites of new DNA integration in
cellular genomes [ J/OL]. Mol Ther Methods Clin Dev,?2016,4 .
39—49.2016 - 12 - 18 [ 2024 - 07 - 28 ] .  https://
pubmed. ncbi. nlm. nih. gov/28344990/.

KOZAREWA I, ARMISEN J, GARDNER A F,et al. Overview of
target enrichment strategies [ J/OL]. Curr Protoc Mol Biol 2015,
112:7.21.1—7.21.23.2015 - 10 - 01 [ 2024 - 07 - 28] .
https://pubmed. ncbi. nlm. nih. gov/26423591/.

BERRY CC,NOBLES C,SIX E, et al. INSPIIRED : Quantification

and visualization tools for analyzing integration site distributions

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[J/OL]. Mol Ther Methods
2016 —12 —18 [2024 -07 -28].
nih. gov/28344988/.

ROSEWICK N, HAHAUT V, DURKIN K, et al.

Clin Dev, 2016, 4. 17—26.
https://pubmed. ncbi. nlm.

An improved
sequencing — based bioinformatics pipeline to track the distribution
and clonal architecture of proviral integration sites[ J/OL]. Front
Microbiol , 2020, 11 ; 587306. 2020 — 10 - 20[ 2024 - 07 - 28 ].
https://pubmed. nchi. nlm. nih. gov/33193242/.

LANGMEAD B,SALZBERG SL. Fast gapped — read alignment with
Bowtie 2[ J]. Nat Methods 2012 ,9(4) :357—359.
YAN A, BARICORDI C, NGUYEN Q, et al. IS — Seq: A

bioinformatics  pipeline for integration sites analysis  with

comprehensive abundance quantification methods [ J ] . BMC
Bioinformatics ,2023 ,24 (1) ;286.

LI H, DURBIN R. Fast and accurate short read alignment with
Burrows — Wheeler transform [ J]. Bioinformatics,2009,25 (14 ) :
1754—1760.

SPINOZZI G,CALABRIA A ,BRASCA S,et al. VISPA2:A scalable
pipeline for high — throughput identification and annotation of vector
integration sites[ J |. BMC Bioinformatics 2017 ,18 (1) ;520.
WELLS D W,GUO S,SHAO W,et al. An analytical pipeline for
identifying and mapping the integration sites of HIV and other
retroviruses| J |. BMC Genomics,2020,21(1) :216.
AFZAL S, FRONZA R, SCHMIDT M. VSeq - Toolkit:
Comprehensive Computational analysis of viral vectors in gene
therapy[ J/OL]. Mol Ther Methods Clin Dev,2020,17 ;752—757.
2020 - 03 - 30 [2024 - 07 - 28]. https://pubmed. ncbi. nlm.
nih. gov/32346552/.

IVANCIC D, MIR - PEDROL J, JARABA - WALLACE J, et al.
INSERT - seq enables high — resolution mapping of genomically
integrated DNA using Nanopore sequencing [ J] .
2022,23(1) :227.

HAMADA M, NISHIO N, OKUNO Y,et al. Integration mapping of

Genome Biol ,

piggyBac — mediated CD19 chimeric antigen receptor T cells
analyzed by novel tagmentation - assisted PCR [ J/OL | .
EBioMedicine 2018 ,34:18—26. 2018 - 08 — 03 [2024 - 08 —27].
https://pubmed. ncbi. nlm. nih. gov/30082227/.
DEL CORE L, CESANA D, GALLINA P, et al. Normalization of
clonal diversity in gene therapy studies using shape constrained
Sci Rep,2022,12(1) :3836.

(YeH5 B HA 2024 -10 -30)

splines[ J].



