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Abstract

Objective: This study aimed to identify the most frequently reported drugs associated with demye-
linating adverse events using the FDA Adverse Event Reporting System (FAERS) database. Methods:
Disproportionality analysis was employed to evaluate reports of drug-related demyelination sub-
mitted to FAERS from the first quarter of 2004 to the fourth quarter of 2024. Risk factors for drug-
related demyelination were explored using volcano plots, univariate analysis, LASSO regression,
and multivariate regression analysis. The Kaplan-Meier method was utilized to assess the cumula-
tive incidence of demyelinating events. Results: A total of 116,250 reports of drug-related demye-
lination were identified. Patient demographics revealed a significant female predominance (85,027;
73.1%). Multivariate analysis identified female sex and 21 drugs (including natalizumab, interferon
beta-1a, fumaric acid, fingolimod, glatiramer acetate) as significant risk factors. The three drugs
with the highest number of reported cases were natalizumab (24,664 cases; reporting odds ratio
[ROR] = 34.55 [34.04~35.08]), interferon beta-1a (20,488 cases; ROR = 29.04 [28.58~29.51]), and
fumaric acid (11,507 cases; ROR = 20.97 [20.55~21.40]). The most frequently reported first-level
Anatomical Therapeutic Chemical (ATC) categories were antineoplastic and immunomodulating
agents (n =47, 62.7%), followed by antiinfectives for systemic use (n = 16, 21.3%). The median time
to onset of drug-related demyelination was 248 days. Notably, 25.18% of adverse events occurred
within the first 30 days of drug exposure, while 43.04% occurred after 360 days. Conclusion: This
study aids clinicians in early identification of drugs and populations (e.g., females) at high risk for
drug-related demyelination and provides insights into its pathogenesis. The finding that demye-
lination risk was undocumented in the labeling for 4 identified drugs (e.g., aciclovir) highlights the
need for vigilance regarding non-traditional agents and potential label updates.
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Figure 1. Flow chart
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2.2. YIEKIFRSFE

WE 7 8 KR T 25 [ FDA & H 1 FAERS $04E 2 o 125000 72 H 2004 RS A T -2 (L2 B 0 3 (B 4%) .
ABFTILIIN 2004 4255 —F LR 2024 FRPUTFRIIMIEL 83 DT ASCI A UHHEE . HERRas
Fik IR, W A AN DS 54E B(DEMO). 251k (DRUG). A RFEIF(REAC). 45 JR(OUTC) i
(A OG- B B AL FEAE R BRAF(WAS 4.3 3) RS 5 i, ™ HE 8 FDA $8mdb T 3R vt . (UREH H
FREZGPIRREAN B B EEZ5%)(Primary Suspect, PS)” [ X FH A R 2k bn/45 ) H i, %
I 18] 28 5 AN R AR5 I A EE 2 A B B R, 4 HHEBRAE RIS (B M 2 oh o BT 254 354 I g
BIT I (ATC) R RGHAT RGAK.

23. TREX

WAL EH AR ANBEE SO “RBERER " AR FHARES, ZARFMHRIBMKEE (REEI)ESH
) (MedDRA)H I H iEA B (Preferred Term)Hffi €. WG AN E N EIM. HHRHE. DAL A RS,
AT 5T 35 B 5 v B ™ L PRI R 45 JR A D e 24 4 Ry e
2.4. GiitoriR

KRS B 7 IEREAS B SRS R AE AT Gov ik . S DURRAS B LA 2 B 28 VB R 25
AR MNAES: 2 EE b (Reporting Odds Ratio, ROR).  LL 5K 45 Lk (Proportional Reporting Ratio, PRR)+
2 TIN5 YA AU HE 2% (Multi-item Gamma Poisson Shrinker, MGPS) LA & UL & 13 & % 1 4 P 4% (Bayesian
Confidence Propagation Neural Network, BCPNN). HARFIPURERVE I 1o SA R LG 04T 7T 5 A
A E AR VE L 2.

Table 1. Contingency table

1. Higk
Number of target adverse event Number of other adverse event
Total
reports reports
Target drug a b a+b
Other drugs c d c+td
Total a+tc b+d N=a+tb+ct+d
Table 2. The specific equations for four methodologies
=2 OMEEMEGRARN
Methodologies Equation Threshold
ROR =-4/¢
b/d
ROR SE(InROR) = 1,111 a>3 and 95% CI (lower limit) > 1
a b c d
In(ROR )+1.96, L
95%Cl=e abed
PRR — af(a+b)
c/ (c + d)
PRR a >3 and 95% CI (lower limit) > 1

SE(mpRR):\/LL+L !
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a3k
In(PRR )1.96
95%Cl = e
IC = log, p(x,y) _ 2a(a+bb+c+d)

BCPNN p(x)p(y) (a+b)(a+e) 1C025> 0

IC - 28D = E(IC) - 2,V (IC)

EBGM — a/(a+b+c+d)

EBGM “ar)@rs) EBGMO5 > 2

B IE P {H(P-adjust) 4548 Fisher #6565 Bonferroni 12 1E 5 i P {8 . 22 1 K Ll KIS, PA-log10(P-adjust)
NEEAAAR, 1og(RORYAYNAA R . LR 2 /M 852 FHMEAS S An1EN: ROR 1) 95% B A5 X H NIR > 1. &
JBIE > 100 BARIE P1E <0.01. ik H 7 & bR (P < 0.01) 1 AT SE 25049 N e /N PR 4 5 358 B 01
(LASSO)[F1 A 5341 . K 2 K3 Logistic [F1VH 43 B e 2540014 i s 5 i USE R 2, LA LASSO ik H 1 24
YRS B R HR RS B (i BN A AR B SR B Kaplan-Meier V22 ) 250 i B 4 1) SRR R AR SR il 26 .
BT Geit o W i R A (AR 4.2.2) 58 o

3. 5%
3.1. ZoE R BEEEN R B R ST

AT 5T NS A 5L 25 5 TR R B 3R RS (FAERS) SR FE P A R #3441 18,613,992 #I AR 3
PRt b 116,250 15 25 E BB RIA < . MR o, Lotk & EH(73.1%) 83 m T 5 1 (22.9%),
AH 3.9%MHR B PE RIS B BE PR 46.4 %, ThRIAKTE Ny 77.8 AT FETIHRA] I HEA 3.6%.
Ik S BE A AR S SR AE 2013 FEIAFIELE(7.7%, 8914 B), BEJSTE 2019 4(7.4%, 8551 ). 2021
H(7.2%, 8374 Hi)F1 2022 4(7.2%, 8377 ) EIFRESH, & 2023 4:(6.5%, 7508 Fl)F1 2024 4(5.9%,
6863 i) T RFiash . g i 2 M E KKK N3 E (84,625 ). 18I (4231 FH)FMEKRB712 #il). 48
KZHR IR RIRT R 55 N 01 o FELRAFAETE LZE 3.

Table 3. Baseline characteristics

Fz3. HEER

PR
(N = 116,249)
{1
7 85,027 (73.1%)
Sk 26,644 (22.9%)
LN 4578 (3.9%)
(N
PEIB(BREE) 77.8 (23.8)
PR ME, BORAA] 74.0 [0.450, 539]
Bk 99,532 (85.6%)
ERE
PR E ) 46.4 (13.2)
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FRAL R B ME, BOKAA] 47.0 [0.200, 117]
(7S 47,206 (40.6%)

ARG

2004 4 1082 (0.9%)
2005 £ 1445 (1.2%)
2006 4 990 (0.9%)
2007 £ 1261 (1.1%)
2008 £ 1627 (1.4%)
2009 4 1995 (1.7%)
2010 4E 5138 (4.4%)
2011 4E 5728 (4.9%)
2012 £E 5693 (4.9%)
2013 £E 8914 (7.7%)
2014 £ 6979 (6.0%)
2015 4E 6495 (5.6%)
2016 £E 6454 (5.6%)
2017 £E 6425 (5.5%)
2018 £E 8495 (7.3%)
2019 £E 8551 (7.4%)
2020 £E 7855 (6.8%)
2021 £E 8374 (7.2%)
2022 £E 8377 (7.2%)
2023 4E 7508 (6.5%)
2024 4 6863 (5.9%)

3.2. SHgEHAXHAMIH

I KL B AT R BE 2595 I R A B ORI (1] 2) 0 BRSBTS R 9 491 B 0 B
BB RIS HO 2 o AT B EXIER 25 RN B B3 G SmE M E R . IS W2
255 A At Bk B Pi(natalizumab). T-#L 3 B-1a (interferon beta-1a). & 2 (fumaric acid). 4% X% (fin-
golimod) FIEEER A% F7 & 7 (glatiramer) . AR AREIVAIT WA (ATC) R G328, WM FF R E S PR 2 &
Fo B P TTH)(n = 47, 62.7%) 4 B FHPUR G A (n = 16, 21.3%)H K.

3.3. e RBEEE R %

FALAIZR 7 AT HE AR TR > 100 1), R LEAE EE(ROR) 95% B AF XAl FFR > 1 HARIE P EH(P-
adjust) <0.01 FRT5E25%0. KRR M P<0.01 N /NI 4E 5 ik 5T (LASSO) [H] 9 43
B, FEOHIEH 21 FZGP(1E 3(A), Bl 3(B)). AL ROC #h4: T HA(ROC-AUC)H 0.89 (14 3(C)).
BE— P 45 G B S B (ERN) X IX 21 MEPikdT Z 5 Logistic BT (14 3(D)). 45K SR, &
PEVER CL R 48 2 B-1a (Interferon Beta-1a). J& | Ek F i (Daclizumab). Hfth Bk H. 471 (Natalizumab). & R
(Fumaric Acid). T3 -1b (Interferon Beta-1b). 47 F 2k #.47i(Satralizumab) HF 37 & & (Teriflunomide)-
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RO BETHEK B-1a (Peginterferon Beta-1a)55 21 P24 25V I BEEH (S RS R 3R . IR 2R
R FI R AE ROC-AUC N 0.918 (& 3(E)).

Volcano Plot (Top 5 Significant Drugs)
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Figure 2. Volcano plot of drug-associated demyelination signals
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Log(x)

Log Lambda

D Cc

Variables OR(95%Cl) P
ROC Curve for Lasso Regression
(intercept) 0.001(0.0015~0.00068) <001 m -
AGE 0.99(0.99~0.99) <001 -7
SEXF 1.9(29~13) <001 W
SEXI 0.00033(3.46-147-5.80-140) <0.01 B 2
SEXM 1.6(2.5~1.1) <001
SEXNS 0.88(3.2~0.14) <001 W
SEXP 0.00032(8.7-123~1.6e-106) <0.01 28
SEXT 35(170~1.9) 001 | % AUC: 0.890
SEXUNK 0.00021(2.4e-40~15631)  <0.01 W &
NATALIZUMAB 250(270~230) <ot | ——
INTERFERON BETA-1A 300(310~280) <001 | —a)
FUMARIC ACID 210(230~190) <0.01 : —.— 3
FINGOLIMOD 160(170~150) <001 1 —.—
GLATIRAMER 120(130~100) <001 | —— °
TERIFLUNOMIDE 180(210~160) <ot | —_— ° T
FAMPRIDINE 170(180~160) <001 | — 00 02 04 08 08 0
OCRELIZUMAB 130(140~120) <0.01 : —_— E 1 - Specificity
INTERFERON BETA-18 200(230~180) <001 | — Logistic ROC
OFATUMUMAB 57(71~46) <001 | —. o
DIROXIMEL FUMARATE 160(250~97) <001 |
PEGINTERFERON BETA-1A  180(220~140) w001 | —. 0
ALEMTUZUMAB 84(98~70) <001 ! —
SIPONIMOD 140(190~100) <001 | —_—
RITUXIMAB 5.6(6.9~4.4) <0.01 : n z i
OZANIMOD 43(61~29) <001 | —— H Auc: 0918
CLADRIBINE 90(120~66) <0.01 : —_—— # 04
DACLIZUMAB 260(330~200) <001 | — =)
METHYLPREDNISOLONE  8.8(12~6.5) 001 | m 02
CORTICOTROPIN 36(49~26) <001 | —.—
SATRALIZUMAB 190(260~130) <001 1
1 50 180 150 200 250 ato * T T T T
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1 - Specificity

Figure 3. Results of LASSO regression and multivariable logistic regression analysis

[& 3. LASSO B33 #i4ER 5 ZE # logistic [EYAR LR

3.4. FAERS ¥ B -h SRR BEEHRYET 50 #2549 54

DA AT 5 568 S 65 v 11 24 2308 5 i AR IR R S B B F b S5 R sE AN RS (R SRR ME B 9 2, W AE X
B BE . X FAERS #45 FE rf S B2 WP I B 3 4 05 202 2 IO W0 50 FhZG AT A kel o34, 45K &
ANFH 23 PG R IFHIEAE 5 . % ROR K5 SRR BEHE T, 1T 15 RL2594K U : IR AERFE4[ROR (95%
CI): 34.55 (34.04~35.08)]. &= SRHLP P EEE[ROR (95% CI): 32.64 (30.86~34.52)]. 45 7 H L [ROR (95%
CI): 30.31 (29.47~31.18)]. THLZ S-1b [ROR (95% CI): 29.55 (28.51~30.64)]« iEF|ERHH[ROR (95% CI):
29.36(26.24~32.84)]. T-HLZ B-1a[ROR (95% CI): 29.04 (28.58~29.51)]. B=45FI ¥k HLHT[ROR (95% CI): 25.91
(21.51~31.21)]. BEER A% $7 & T [ROR (95% CI): 25.60 (24.94~26.28)]. 25 X HEH[ROR (95% CI): 22.97
(22.47~23.49)]. B FETHE p-1a [ROR (95% CI): 21.00 (19.82~22.25)]. & ZHEZ[ROR (95% CI): 20.97
(20.55~21.40)] « 74 JE % ## [ROR (95% CI): 18.07 (16.80~19.45)] . B 3 % ## [ROR (95% CI): 17.38
(16.06~18.81)] « 4 Mt & [ROR (95% CI): 16.57 (16.10~17.06)] « % #i Ek % HL[ROR (95% CI): 16.19
(15.69~16.70)]. VEAH{E B ILIE 4. 3853 A )35 E FDA #EdERI24 5 ik BRI, 78 23 RV S S 259,
H 4 MAMETERS. BRI RERR. k)R & 2590 T BEHH xS
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DRUG

NATALIZUMAB
INTERFERON BETA-1A
FUMARIC ACID
FINGOLIMOD
GLATIRAMER
TERIFLUNOMIDE
FAMPRIDINE
OCRELIZUMAB
INTERFERON BETA-1B
OFATUMUMAB
DIROXIMEL FUMARATE
PEGINTERFERON BETA-1A
ADALIMUMAB
ETANERCEPT
ALEMTUZUMAB
SIPONIMOD
RITUXIMAB
OZANIMOD
CLADRIBINE
INFLIXIMAB
DACLIZUMAB
PREGABALIN
METHOTREXATE
METHYLPREDNISOLONE
CORTICOTROPIN
GABAPENTIN
BACLOFEN
TACROLIMUS
SECUKINUMAB
MYCOPHENOLIC ACID
USTEKINUMAB
OXYBATE SODIUM
SATRALIZUMAB
CICLOSPORIN
VEDOLIZUMAB
TOFACITINIB
DULOXETINE
DUPILUMAB
VARENICLINE
IMMUNOGLOBULIN HUMAN NORMAL
TOCILIZUMAB
CARBAMAZEPINE
ECULIZUMAB
ABATACEPT
ESOMEPRAZOLE
TERIPARATIDE
RISANKIZUMAB
QUETIAPINE
APREMILAST
ACICLOVIR

211

115
12

single_factor_analysis
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
NO

PRR(x)

2962 (540726.8)
25.35 (39728041 )
18.84 (176262.72)
20.4 (164755.93)
22.36 (129995.92)
25.82(136344.6)
15.16 ( 67828.04 )
14.83 (56377.12)
25.19(81694.92)
14.26 (28234
27.31(37418.31)
18.69 (21825.43)
0.33(1758.15)
0.29 (1647)
1215 (8692.31)
16.34 (11501.84)
119(2262)
15.77 (9467.84))
13.22(5389.72)
0.4(394.13)
24.95(8349.31)
046 (210.58)
036 (329.58)
1.83(108.28)
461(629.35)
054 (84.21)
147(55)

048 (101.54)
022 (499.13)
043 (12261)
0.31(220.06)
036 (163.19)
2243 (2654.47)
0.4(113.48)
031 (180.27)
0.14(597.99)
0.32(156.39)
0.06 ( 1651.96 )
021(316.3)
024 (255.34)
028 (184)
074(8.75)
032(145)
0.19(342.79)
0.22 (265.55 )
0.13(522.58)
027 (171.78)
0.18(331.11)
0.11(640.35)
13(5.74)

EBGM(EBGMO05)
23.55(23.25)
21.06 (20.78)
17.08(16.79)
18.78(18.44 )
21.12 (20.66)
2454 (23.97)
14.51(14.17)
1429 (13.93)
2444 (23.72)
14(1351)
26.97 (25.74)
1849 (17.62)
034(032)
029(028)
1207 (11.39)
16.24 (1527 )
119(1.12)
15.69(14.68)
1347 (12.18)
041(0.38)
24.88 (22.65)
0.46(042)
037(033)
1.83(1.66)
46(4.11)
055(0.49)
147 (1.05)
0.48(0.42)
022(0.19)
043(0.38)
031(0.27)
036(031)
224(19.17)
04(0.34)
031(0.26)
0.14(0.12)
032(027)
0.06(0.05)
021(0.18)
024(02)
028(0.24)
074 (063)
032(027)
0.19(0.16)
0.22(0.19)
0.13(0.11)
027(0.23)
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Figure 4. Top 50 drugs associated with demyelinating diseases
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N2 RAEREAMS) R AE IEIG T (DMT) 5%, RAFHE EEAER], H 58 175 i FAth 18 20 s 4% (i
ATVE 2 S 1 BUIR (PMIL)) (8 RS2 [13]

A ZR BB EARE ] adpl BES RN DR, FEH TIRTEKM MS [14]. HSEHFK
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TH A s A T XU 3 2, ASHSEEL AT 90, f KRR R o Fid B i 2 497
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