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[Abstract]) Objective To study adverse drug events (ADEs) of busulfan the U. S.
Food and Drug Administration Adverse Event Reporting System (FAERS), and to mine the
potential ADE signals, so as to provide reference for the safe drug use in clinical practice.
Methods Data from the first quarter of 2004 to the first quarter of 2023 were retrieved from
the FAERS database, and ADE records for busulfan as a primary suspect drug were obtained
through data cleaning and standardization of target drug names. Risk signals for busulfan
ADEs were mined based on the reporting odds ratio method, the proportional reporting ratio
method, and Medicines and Healthcare Products Regulatory Agency method. The information
component method was used to assess the intense of the risk signals. The ADEs were
systematically classified according to Medical Dictionary for Regulatory Activities (MedDRA),
and two ranking sequence of busulfan ADEs were generated by signal occurrence frequency and
signal intense, respectively. Results A total of 20 326 ADE records were collected, involving
5 615 patients with 556 related ADE signals, of which 117 were newly reported as compared
to those in the drug instruction of busulfan. Male patients accounted for a higher proportion
than female patients (40.71% vs. 30.74%). The main population of patients were younger than
18 years old (31.56%). The reports were most reported by physicians (33.71%) and other health
professionals (24.35%) as well as pharmacists (23.86%), mainly from the United States (29.69%),
Japan (15.78%), and France (11.79%). The top five ADEs in terms of occurrence frequency
were busulfan use in unapproved indications, hepatic veno-occlusive disease (HVOD), mucosal
inflammation, cytomegalovirus infection, and graft versus host disease. The top five ADEs in
terms of signal intense were HVOD, acute graft versus host disease, veno-occlusive disease, graft
versus host disease, and chronic graft versus host disease. The ADE signals involves 23 system
organ classes. The top three SOCs in terms of the number of ADE signals were infections/
infestations, investigations and neoplasms benign/malignant/unspecified (include cysts and
polyps). Conclusion When busulfan is used in clinic, attention should be paid to its adverse
events in hepatic veno-occlusive disease, infections, graft versus host disease, neurotoxicity,
and venous thromboembolism, which are likely to cause serious consequences. The clinical
pharmacists can assist clinicians to make prevention plans in case of busulfan ADEs, so as to

improve the safety of busulfan use in clinic.
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FITH% (busulfan, BU) J&—FhH UGB PR PR, F2RIOVEREER Y, TR,
BefbFl, T 1954 AEPEEE 25 (Food PR BU S5ER8EBERE ( cyclophosphamide, CTX )
and Drug Administration, FDA ) #tifEH TIRIT e R HEOEPIE (fludarabine, FLU ) BESH T8 1+
RLANA I . 1999 4F L k) B gk 4t v LT 21 9 #% 45 ( hematopoietic stem cell transplantation,
SHAGTR LRI A, BU Xk i st A HSCT) RYFiLbEE, BU MIAITFE 25 . A R B
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B gl AR R, BARATE A E XS BU 1)
RIS IR IR 25 2577 58, (H A2 AT
ZTE MR U R, BU R EBRFEIRNKZG Y B
P T 5 5 RO AE R IR BB 52 A ) XU 1 i HAY
AHOCHE, T 25 W) 2 6 S Y IR R A
JC HJZ /N i Bk 4] 2E5E (hepatic veno—occlusive
disease, HVOD ) . It 4h, A #F 55 P 45 H BU A
AWM REE, ATRES S EUR A 4. BU 7RI IR
HSCT Al b Hid 7 v a] e 2t BAH S 25 A B
1 (adverse drug event, ADE ) , Hlfs R T A
LT g 20" ® ADE. HEj, BU #HE ADE #f
FRERT I RESE, FEAREN, HCE 17U
A HERRE R DTN R], 255 AT A e LAR
BU b5 B 2 v 45 2R . PRI
WFFEHH F R A0k 56 B FDA R R SR 2
4; ( FDA Adverse Event Reporting System, FAERS )
H BU BYAHOC ADE SEAT 5 54248 5 00, il R
GRS %,
1 BARETE
1.1 SRR
AT FE B R IR T FAERS 040 2 2004 4F
A1 FRER 2023 455 1 R LAY ADE B
1.2 HIERES i
B Ml i PubMed % i A E B K R

“Busulfan” , 3K 75 BU & X fif A 18 4%, M B
HE U SART L A PR, A RE iRy
Yy 2 B 4 45 Busulfan, Busulphan. Busulfex .
Myleran, Myelosan, Mylecytan, n—-Butane—1,3-di
( methylsulfonate ) . Glyzophrol, 8 i FDA ¥ 7
M LBREZ ARG ITIE, SR SAS 9.4 BAEXT K 2k
B 26 [E 5 B ARG ( American standard code
for information interchange, ASCII ) Byl DEMO
F 7Bt CASEID. FDA_DT I PRIMARYID 17
HEJ¥, X EATHE CASEID A4, {2 ¥ FDA_
DT {E il SCoBr A 5 412 CASEID Al FDA_
DT “FBAR T W R B8 PRIMARYID {5 K 44
F 2019 4F25 1 2 )R AR, B4~ 2 5 i cdls
LR A TE M BR i 3R, Bs AR, W
HRAE B 42 551 2 rh i) CASEID HEAT 5Bk, P8
i DRUGNAME 2y _F 3 H AR 245 42 Bk i 16 H 1 22
MEEZ5 Y1 ADE Hit15, A4E CE Br B2 2 H] i 1)
H.) ( Medical Dictionary for Regulatory Activities,
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MedDRA ) 26.0 fit ' /) & 3% 7 ( preferred term,
PT) MRS E 02 ( system organ class, SOC )
X ADE JEAT/3 2R B

1.3 HFEEZHE

SH O RRICHER, SRR B 1%

AR L A9 2R A 12 v 08 4l 4 B HE (reporting
odds ratio, ROR ) ¥, 4R & L {E (proportional
reporting ratio, PRR ) 1 Fl1& [5] 24 iy LR i 4 2
J&) ( Medicines and Healthcare Products Regulatory
Agency, MHRA ) MIZrGHafER: (LUTFfFR “MHRA
77 ) X BU ¥ ADE {5 5 47 Bt 4248 7, 1]
A% A E B4 (information component, 1C ) e
FHES a5 AW 7 24 ROR 20 2 HARZ5 Y1)
H#5 ADE 4t %5 % (a) = 3. ROR 95% % {7 X [f]
( confidence interval, C1) FFR > 18, $E4H
1 M55 4 PRRETHE a = 3 H PRR 95%CL T
B> 18, WRZRASH 1 AMES: 24 MHRA 37
fEa=3, PRR=2H,/ =48, #R6H 14
55 17 ICHERLIC 9 95%CT FBR (1Cos) M fs
TR S FIWTHR IR, 1Cs EMR, {5586k, K
HAR25% 5 H¥5 ADE Z ] (19 48 127 05K 1 i
. ETERESHIWARE: 1Cus < 0, FIBCALGES
(=) 0<ICps < L5, FIWAESS (+) ;5 15<
ICps < 3, FIWINIETH (++) 5 1Cps >3, Fll
S0 (+++) T ABFGTER [FRHE £ ROR
75 . PRR A MHRA ¥ 3 FRE 7 B (AR 1
B A R 1 AMES Y, BRI IC x5S
SRESHEATHET o BRI ADE FIMrbRifE
H 2 4 25K 4248 /9 ADE {55 5 BU B 50k 47
FARAT L, WP ISL . ST AR SAS 9.4
AL K Microsoft Excel 2016 #4458 1% .

2 #HR

2.1 ADERFEREER

ARG 20 326 153 LA L R AR BEL Y
ADE #t45, W K 5 615 . BEmH e
Ttk (40.71% vs. 30.74% ) 5 Wy HidEIE KA ,
18 % LA AHE 31.56%; 48 K531 ADE J2& H
BRI, 2500 DL S A g e Lk A 51 i, Eefilh
81.92%; BU fx & M 45 253 A% A w Dk i 4 A
MR 25, 4 ADE 4451 5 07 i R 4 B 95 |
HA . B g, hE, HSeRE b
Rz, Wk 1.
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=1 BUEXADERFWEAREER (n=5615)
Table 1. Basic information of busulfan—related
ADE reports (n=5 615)

e 1% FRLLE (% )
PERI
HE 2286 40.71
otk 1726 30.74
R 1603 28.55
iR (%)
0~ 1772 31.56
18~ 924 16.46
45~ 1035 18.43
65~ 195 3.47
=75 37 0.66
A 1652 29.42
et #
B 1893 33.71
HABEERE LA 5 1367 24.35
25 1340 23.86
HPEE 279 497
AH 736 13.11
AP e
L2l SER N 2246 40.00
FIIR 241 429
AN AR 3128 55.71
et E R (HISHL)
B 1667 29.69
H A 886 15.78
20 662 11.79
IE PN 451 8.03
h 275 4.90

E: CRABERARLY

2.2 ADEESHIHNLER
L4748t BU A 5C ADE 15 5 556 4>, Hrh

BU i W] 5 R UL # 19 ADE 55 1174, 55
(+++) W15 54 131 4. ADE % &5 45 vk %
3 LAY PT 43 51 R 7 i FH T oA 28 S 1 1 3 0TI
HVOD DI RFEARAE, {55 B HEA T 3 /Y PT
39 HVOD . 2R AEYIPiTE 05 (graft versus
host disease, GVHD ) S i [k 4] ZE4: 559w . BF 556
A~ ADE 5 54 M5 80 F5 S T HE 7,
HiJ 25 i BU #H5¢ ADE (1) PT 2GR, &
1 A~ ADE {5 5 AR il oullcal, Wk 2. % 3.
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2.3 ADE{ESHISOCH T

1248 19 ADE 15 % 4£ 2 2 23 4~ SOC, BU #H
% ADE {5 58U i 2 1) SOC IRy AR YL 28 95
i, 246 1571 ADE{S 5, ADE #4550 3 273 47,
SR N 28.24%, AR I S i PT Ky
E 20 e e (300 14 ) 5 34h, 424 ADE %
SHEA S 2~5 1Y SOC 4 3k - 254 (PT 24,
{559 424>, 7.55%) , RAE. Btk LB
e (EFEFRIRFIERPIR ) (PT 255 40 1,
7.19% ) , WERRSG . W RHPIEER (PT 2H%AE
5374, 6.65% ) , MR KIKE RGPS (PT 2
Pf5'5 334, 5.94% ) . W 4,

3 Wit

BU J&— i X H LR R iR 28 i e AR %, S 2
MR S 25, FLE BRI AR AR . bk
FEPEESS, W5 CTX. FLU %5259 20 1 4% b 75
W, TN TR, Bl BU REA O
IR 00 0 A A S R0 R, DA Pk WA OR R R
FEAFERIEER . M. HVOD, #h&sitk .
GVHD. i’k . 4aM4ipemi . 2. M4, K
TR A A A A e A B &, i ARG
AR 2 H AT Re S BU™ B A, i RAE
i R P R 2 PHAYTHIA, G REE IR, 4
UL R 25N A5 [ 2 5 B3 BU 2590697 o
Ay BRI, BU S HVOD AN KB
SHEBERNRZERAGRL, BU KRR EFFE
7 78~101 mg+h™" - L7 Al 34 i g 35 A o= (AR A7 400

AWFFE T FAERS B8 2 i 542 88 BU AH
X ADE 155, 43545 556 > ADE {55, BU )i
FARWEA ADE 55 11714, BES 13145,
LiREZRE, PEEA LRHEEZ TR, B
TR X Z 2y e e, [, it ADE
PN S50 Y N3] [T S SR iR 235 = N
VLIRS B R IR T2l A B, B,
AR ADE ¥ 3 BU S 45 25848 R i ik
SO MRS 25, 58 " I BU bk A
FE 171 AR A TR BEREAR S R AR . 7 W 1 s vy 25 73
AFRAHSE AN RV, L kIR 1 BU 45 2477 &
Kt , ARIAMAZE R, PR HSCT 321

BU #HC ADE {5 S #cdi i om s S B HET
A 25 MRS T 282 il B A 4 2, H
G S N TR A . B BERS A L AT I B AT
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#2 BUEXADEESHKMER (M EHHF, 25 )
Table 2. Detection results of busulfan—related ADE signals (sorted by number of reports, top 25)
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Fe PT EiTa=a ¢ ROR (95%CI ) PRR (95%CI ) MHRA
1 PPRATREHAERENIE 679 10.82 (10.03, 11.69) 10.50 (9.75, 11.30) 5826.98
2 HVOD 391 285.24 (256.63, 317.04) 279.77 (252.17, 310.40) 97 195.80
3 FiRSE 326 39.27 (35.17, 43.85) 38.65 (34.68, 43.09) 11771.67
4 EYHM R 300 57.47 (51.21, 64.50) 56.64 (50.55, 63.46) 16 020.41
5  GVHD 291 123.74 (109.90, 139.32) 121.98 (108.51, 137.12) 33219.69
6  ZAMEGVHD 279 196.66 ( 173.93, 222.36) 193.98 (171.83, 218.98) 49 531.19
7 HEFER 277 14.54 (12.91, 16.37) 14.35 (12.76, 16.14) 3423.96
8 AR AR A R 252 12.39 (10.94, 14.03) 12.25 (10.83, 13.85) 2591.99
9 MawiE 251 6.76 (5.96, 7.65) 6.68 (591, 7.56) 1212.15
10 FRIKP ZEMER 196 268.29 (231.32, 311.16) 265.71 (229.40, 307.78) 46 500.22
11 ERER 192 242 (2.10, 2.79) 241 (2.09, 2.77) 158.46
12 ZAVEUREASLEAE 186 12.47 (10.79, 14.41) 12.36 (10.71, 14.27) 1933.86
13 IR e 174 6.98 (6.01, 8.10) 6.93 (5.97, 8.04) 881.22
14 18¥EGVHD 170 156.66 (134.06, 183.06) 15535 (133.11, 181.32) 24 475.46
15 WK 168 136.51 (116.78, 159.56) 13539 (115.97, 158.06) 21205.79
16 IfEEPEG A 167 59.94 (51.37, 69.93) 59.45 (51.02, 69.28) 9364.75
17 i/ 166 459 (3.94, 5.34) 456 (3.92, 5.30) 460.74
18 ke 146 327 (277, 3.84) 325 (276, 3.82) 227.52
19 ERkZEMEGVHD 140 179.65 (151.21, 213.42) 178.41 (150.34, 211.73) 22977.80
20 EAUAEAE A 131 113.10 (94.87, 134.84) 112.38 (94.37, 133.83) 13 809.87
21 2SR 2GRN R 130 7.22 (6.08, 8.59) 7.18 (6.05, 8.53) 690.62
22 PR R E 115 275 (2.29, 3.31) 274 (2.29, 3.29) 127.53
23 A E 112 6.22 (5.16, 7.49) 6.19 (5.14, 7.45) 486.55
24 BKWHREIERYL 109 126.02 (103.89, 152.87) 125.35 (103.44, 151.91) 1277434
25 YR 104 135.76 (111.37, 165.49) 135.07 (110.91, 164.49) 13 097.24

%3 BUMHXADEFESHKRMER (#R2IC,HEF, AI250L )
Table 3. Detection results of busulfan—related ADE signals (sorted by IC,,s, top 25)

P PT (e ROR (95%CI ) PRR (95%CI ) MHRAM ¥ 1Cops
1 HVOD 391 28524 (256.63, 317.04) 279.77 (252.17, 310.40) 9719580  7.10
2 ZMGVHD 279 196.66 (173.93, 222.36) 193.98 (171.83, 218.98) 49531.19  6.60
3 I YRR 196 26829 (231.32, 311.16) 265.71 (229.40, 307.78) 4650022  6.54
4 GVHD 291 123.74 (109.90, 139.32) 121.98 (108.51, 137.12) 33219.69 621
5  1&MGVHD 170 156.66 (134.06, 183.06) 15535 (133.11, 181.32) 2447546 607
6  EHKZPEGVHD 140 179.65 (151.21, 213.42) 178.41 (150.34, 211.73) 2297780  6.00
7 ERERE A 168 136.51 (116.78, 159.56) 135.39 (115.97, 158.06) 2120579  5.96
8 ELZHMLERE MAE 131 1115.60 (828.87, 1501.51) 1112.09 (826.79, 1495.83)  13809.87  5.64
9  FBHEYRK 104 113.10 (94.87, 134.84) 112.38 (94.37, 133.83) 13097.24 557
10 BK Jf/kife 109 13576 (111.37, 165.49) 135.07 (110.91, 164.49) 1277434 556
11 BTS00 140.97 (115.17, 172.55) 140.28 (114.71, 171.55) 13059.73  5.55
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2E343
P PT (e i ROR (95%CI ) PRR (95%CI ) MHRA ¥ ICyps
12 EHRERAETEF 64  126.02 (103.89, 152.87) 125.35 (103.44, 151.91) 4842443 549
13 B2 ¥EGVHD 78 192.76 (152.98, 242.87) 192.02 (152.52, 241.75) 1371599  5.44
14 B 300 120.15 (97.41, 14821) 119.61 (97.06, 147.41) 1602041 538
15 THEBE 92 134.30 (106.71, 169.03) 133.80 (106.40, 168.25) 10303.90  5.38
16 HHIAH 77 57.47 (51.21, 64.50) 56.64 (50.55, 63.46) 960926 526
17 MU R 167 12823 (100.78, 163.15) 127.79 (100.52, 162.47) 936475 521
18 2MERER MM R Kk 70 59.94 (51.37, 69.93) 59.45 (51.02, 69.28) 835753 5.4
19 DPELZENE 50 312.36 (232.54, 419.57) 311.59 (232.12, 418.28) 1368826  5.00
20 I BEIEL R R 48 397.70 (292.89, 540.00) 396.76 (292.39, 538.40) 16241.81 498
21 EZkGVHD 66 100.27 (78.35, 128.32) 99.95 (78.16, 127.81) 620490  4.95
22 FERAE 326 87.09 (68.58, 110.59) 86.79 (68.40, 110.12) 11771.67 493
23 RN ER R 70 25822 (187.75, 355.14) 257.69 (187.48, 354.19) 572763 492
24 HIEE K 55 509.16 (358.61, 722.91) 508.21 (358.14, 721.17) 492371 473
25 EEtE ) mrE B A 42 95.34 (72.79, 124.87) 95.08 (72.65, 124.45) 9690.29  4.72
Er WA P AR
%4 BUMHXADEESHISOCH 1
Table 4. SOC of busulfan-related ADE signals
SOCHr3 HeAFISA G S (%) A AHTE I
FLE (% )
Y K AR PPN FLAH MR B (300) | WREESE (251) . /B (146) | 3273 157 28.24
EAMOEREIMAE (131) . BKIHFEEE (109)
TR MARLLZ TR (75) o M/MROTEREIR (74) © MBRIEREE 609 42 7.55
e (48) | RAERABIEERIET R (45) | WRIREHE
HeRomETE (43)
R, BERMEFOREN B eSS AN (77) © SMERAMRE L (70) | 579 40 7.19
g (AFEHRRAE PR ) AMERER IR (68) . FIMURE KR (55) . HflRH A28
A1 (50)
MR RS, W B RBR PEEESE (167) | AVENWREALAEME (81) |« MR 1149 37 6.65
(80) . [HFTPEMIZR (60) | FiitkmiE (55)
[N SR NSEE R ] RAEP R AR AE (252) PR (167) . 1279 33 5.94
/MRS AE (166) . FPE R AT AME (115) . 2 ui
WE (112)
BRI RGP mzdEte (32) o KM (28) . Aribk e R SE A AE 258 25 4.50
(26) . fipgHm (21) . B (20)
CHERS BB DJIEEE (54) . DABUR (36) . ODJEEEME (26) . fi0E S 268 23 4.14
=il (17) . Ol (13)
s RGN GVHD (291) . ZMEGVHD (279) . 18¥GVHD (170) . }¢ 1389 23 4.14
RKGVHD (140) . B2 PEGVHD (78)
IRIEES AL HVOD (391) . g (59) | JFEIReSs® (47) . JFMigE 7971 22 3.96

i (46) | FFIEEEPE (39)
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Zik4

SOCHT2 HeABiSOi 5SS (HREE0) EiFasy QI ReE s

FAILE (% )

4 BV KA 2T FERAE (326) . ZavEUREARLAIE (186) | BE KL 706 21 3.78

AT (60) . FhlEPRE (30) . eBHokM (15)

LB PR (277) . MK (94) | BIAEEME (54) . MK 569 21 3.78
(21) . BfE (16)

BH . hEE SARE T TR EHAERE R TE (679)  FHZ545R (130) . B4H 1043 17 3.06

I RE P (104) . (BekE® ) FAKRIK (20) | HEERHIT A
SiE (18)

' JFE B 0 IR 2R B RSN (168) . B (102) . BFHifedifs (59) . i 457 16 2.88
JRAE (33) . hEEPEEe (25)

oI R GG SRR MEMERR TN REARAE (27 ) « HRRARIDAEIGEAE" (22) | 120 14 2.52
PURIRIAE PRI (14) | RAE" (10) | A RKEER=
et (10)

B FAR I BT TAIMEAE (92) | HRERSAE (77) . MBGENT (23) . Bl 262 12 2.16
MR (22) | Hif (11)

P B IR P BHEEE (192)  ARAREAMAE (22) | @SESMAE (18) | 208 12 2.16
MR HIMAE (10) | HLfET AT (9)

BTk B e T A RS (19) |« BkdtE (16) | k@R EDIiE 77 10 1.80
(14) . KIEPEREZ (9) . R (4)

BRI RERGER N AT A4 (23) . FIEFTAR (10) . FHRAHE (6) | 56 8 1.44
BeF (5) . BEBEFRAR (3)

E e W e S BRELE (50) | b4z (27) | BRSEREEAE (23) | BPAE 119 7 1.26
Wi (7). EHEHERE A (5)

JIRERS NSRS K ZEVER (196) | (K5 (18) . BANMAEBIWLEAME 252 7 1.26
(12) . AR (11) | mlsh A fuE (6)

R 25 s ARAEE BRI (6) . fAMEAR (5) o HmPERmBERE (4) | 21 5 0.90
KRR (3) | BEfLRATEZR (3)

SFNLE B L AL ARKIRE (5) « BB (3) ( ZRENER (3) 13 0.54

PRI

77 i ) iR (5) 5 1 0.18

At 13606 556 100.00

U A AR

J&F BU RYIE R IE, I 5P 76 50 38 2 0 v A U B
sk, TTRES BU I BN ST fEA 5 sk,
HSE HVOD W5 S5k, Bt "' 4EE HSCT
BEAH] BU J5 53 HVOD Y &R L] 5 Fib 3
iR EEEAT O, BU A CTX AYACIHE 8 )
AW KRS B H K S- #E R, Al i A Ak
PRREEAVC T4 M b A 28 IO H ROKST - DT a 405  32
ARBR AN, B EANEE AR A IR S-
R ) S 2 Mg A L HSCT f BU (15
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IR Y > BU A156 ADE 19 %4 .
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