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Abstract

Immune Mediated Necrotizing Myopathy (IMNM) in children is an important subtype of idiopathic in-
flammatory myopathy, characterized by slow onset, easy misdiagnosis, and potential poor prognosis.

RS

XEFIF: KR, BEER. JLEREN SHIEENUR KT R kAR EE 3R, 2026, 16(4): 2352-2358.
DOI: 10.12677/acm.2026.1641484


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2026.1641484
https://doi.org/10.12677/acm.2026.1641484
https://www.hanspub.org/

gk, B

Currently, there is a lack of high-quality pediatric evidence for the treatment of this disease. Tradi-
tional immunotherapy such as glucocorticoids, methotrexate, cyclophosphamide, etc. are still first-
line treatments, but some patients have poor efficacy or intolerance issues. The development of tar-
geted therapy and novel cell therapies brings new hope to difficult-to-treat cases. This article pro-
vides a systematic review of IMNM in children and its treatment strategies, especially new treatment
strategies, and looks forward to future research directions for personalized precision therapy.
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1. 518

Yo %A S IR BB LI (Immune-Mediated Necrotizing Myopathy, IMNM)J2 45 % 1% 28 i L% (1diopathic
Inflammatory Myopathies, 1IM) ) FZEAY, KB FEL) )y 0.5~1/100 J3, o5 LR R M2 AEPE LR
10%~20% [1]. i PR A PR BOT SRS (LG J1 9 BERHAE, A8 L35 LR B (CK) K P B2 T, LA
7 HE R UL S LT 4R R B0 R P AR, T SOREAN MR AR X B0, ) LEE R R AR A s 120 5 2 ML
BELSE . BRI B AR R L 28 S AR B UR A AE Z e [2]. SAROAAREL, JLE G SIRFEHEAL
T (IMNM) 825 [l R RIS N RaEE, H0 B LR, WL 28 A RO, S
WIS NIVEFRA RIE3], fJLE IMNM 2l BAA —Ehiktt. JLE IMNM it ik, PG IfEEE,
BT MR R PRIRYLSZ SRS T E IR RORE[4], RS AR a T s T R A EEE Y, AR
JYA L, AT SRR ThRe G, R AR R S KIS . Ak, BN IMNM R AL R
ANWIRAADIHIFI GRS, LE IMNM FIIRTT SRS e 155 K A ARk .

2. RmHLE

VEAESR, Tl 5 UL 98 e S PR DTS I 1) 35 B BT FE RN s FRAT TR AL A IEFE I 2 AR . BE
AN IMNM 2 DURMABOE A% o AR G 928 S N 2 5 BUUL AR 4R 40 4 1) 2 B3 4%, Tl Sk it 9 36 B
IMNM &AL LA B £ 5K DR 5 1% O B S [5] -

IMNM AR 5 20 A =R Fif5 5 14 555k (anti-Signal Recognition Particle, anti-SRP)#t {4 B
£ IMNM. PT 3-¥235-3- F 3 1 — k4 A 36 5 B (anti-HMG-CoA Reductase, anti-HMGCR)#i44BH 4 IMNM
AE S HARPIESA IMNM [6]. SRP $ifk 3= Z§q) SRP54 kDa WAk, B -FHui Az JICaE ) kH I p Joi i 1)
BIZ, SR YEE A S S MM TI[7]; HMGCR HuA 5 7 JIE [ B4 5 42 IR B 0 M 9 C R s
X3, A5G TP BRI Al R AMA K T U B E FH (8] IR B4 T &5 4 P A AT 4 3% 1HI 5
PLRE I RETIR , WO 48 M IE B IF T IR B0t 526 ) (CEb-9) FE RSB AT 4 R i AR, o n] Ak gk
N WLAH B 5 IS8 8 (T Th g, T H0EE B % 0a SO [ B2 & s S AR FE 51 i o HE AR S5 LT 4 4 4
[71

UbAh, RN R AT S TSR, BT v R B SRR AN,  HAFEALIRAES (ML, M2)5
JRI 0 SRR TR S 3 [R] R e B i AR, TR I BRI % DRl T IR AILAF 451405, RIS 2 5 IR B0 (1) i B AT
HEAFAMEE9]. TEEERE, AEG NS P 5T o SR [ W40 M s 2 — 4 “ X087, &R

DOI: 10.12677/acm.2026.1641484 2353 I A [ 2 3k


https://doi.org/10.12677/acm.2026.1641484
http://creativecommons.org/licenses/by/4.0/

gk, tiE

BIEE A B T au s it e a1, (REFA, I B OE IvT R ELEE S S 4B TR Y, I RILAF 4R 1
5INMZE4[7] [9]-

WA G e SRR R A LA A PT HMGCR L Y B B f 2 2%t . R B S RMEE &1k
(MHC)& {7 3£ K DRB 1 * 11:01 5 At HMGCR UG 2 YIkH <, T #EHT HMGCR Fof& FH A i )L 38 i
tt DRB 1 * 07:01 £/ 3 R 4R ) S5 35 389 A0 [10] [11]. sbPREEfd R R &, My T 2825l @it F iRl
4Hd s HMGCR 385 RIE N B PR R 85 [12]; Bhah, R RARMIT (0 as . 20 MK) R apiEige
T A e S5 IR 2%t 1T R LR S B S ) e R [8]

3. iaTTi#R
JLTE G A FIRFEPE DU (IMNM) 9 — 283677 & 2 BB B . ek LR K g . H

s W R PR WHER AR Dy — 2Ry T, ARIEHOw ™ AR AR YT IO, AT [ B—AN 3 AN At 2454,
U PRI L )22 BRI B K A S R 1 (IVIG) [6]

3.1 BRERHE

78 LH G B FIRFEPENLR (IMNM) 16T o, B B BTBER iy — 2ok ak 254, (B H 2GR T 1AL
JTRAA IR, 2808 LRI A (8 At S BE AR 0 B kv S e R B 1 (IVIg) [13] [14]. AR, KIBEK
FIEME A SBUERKB S B RGRs BARES TSR, ) LE R P R U EY .

3.2. SeHnIF

NI BER R SRR, H R R e ) 7 PP 2B A2 0 P RO SR Bl RSSO
B2 4~8 A1), AT ST D BEAN B BEA I SEAS RSN, FLR O BT RO BN 32 [13] [14]. Xt
EORE B VA MR, PTE RE A P IABE I L [15], . BB RS WL ABIR T 3 L [16], (EAAAE B B0
P B FDE 8 % A e J R DR, ) LB P IS 3 P A DA 3R 2 IR b o R A R B 1 ) Y
P B2 R G52 RE[17] [18], (B H FIREAAAE B i S G AU, HA STk s w] e AL [19]
M e SR E AN T AL, BELEE IMNM B I 2 5 R [20], AN RRIARAER)™HIRES
1L 25 FEAH G

3.3. FRRpESIREIRERA(VIG)

R S S ERR B A (IVIG) 2 LA BhG T, IHRFIEN 29/kg, £ 4 100, BARMEAR
¥ 88 SR DL HEAT SRS TR BE[21], Rl T BRI 8, AR ST E IVIG FBhG T [22].
i 2 0 R B T R AR, 20 60%~70% (1) B FIERAHIA T N . (HHITROTREAFFA, HHRGH
fil G B AR AR R I AR g, HiBy T A mi[23].

3.4. $0[EATT

W A5 K I B AR S FRIR N, 10 AN [ 4 LRI A I3 R8T B89 7320 IMINIME PRIV 7 $ A o 28 () b 7 e %
HAET, IMNM JETERRITHL S 3G B UM R AN - 1E 8 B S HUARISKRIE, R IMNM IO,
KA M AR Fr8e =4 B Bk, RPMERMNEERNE; FMERSR-C5 #HIFInT W R TR A
TR, AR LA 4 S 2 A MEN S B934% ;. FeRn-FELIET FcRn AT N B0 14 190G ik f)iE % JAK-STAT i
% - Z25TMEGESHES, HBZ MR R BT 1IERE[24] [25].

(—) #i CD20 Hitk

FI2# B (Rituximab) /& —F LA B IURE CD20 HUR M e Ediik, @il s B 4R m
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CD20 PiJil, n[S B 2 1 sl il i B i 4 i /- 5 40 i 751 F (ADCC)i& i CD20+ B 4 i, M
TMFEH A1 & I CD20+ B 4. %97 il i8I j b B S P A2 s S B 4y be St 2k 55 Th e, k1 2
JE TR S8 G2 [ S [26] [27]. ZEMEATE JLEE IMNM th, )28 B e A% S MR s & a7 H
T RAFEL AR IR 375 mo/m? BEJE A 25—, 84 R, sSCRAEEAE 1g. (ARG 2 3EmR K
[28]. MAEWFER, SHEHEEZRZE RYURITENUISGE. CKAKCE TR, 5 B v Ll 58 4
Geff[27] [29]. HFERAMNAGS B 40HFESR T AR R DhREMEIA . LEME DA R %
G B I INAR DG, R FPERER A I 2 M ARG R R, AT S I [30]-[32] -

(=) Mz

R Bk 47 (Eculizumab) & — FhpiaMA C5 SromBEdifd, ity R PEgs & 4MAk C5, BHIEH ARy C5a
A C5b, ML, E A YI(MAC, Cob-9)MITE R FHALHI & 7E B3I i/ 5 A MA O M LT
YA, FHORIEPR AT 7T CAEAR ST R Ak AR R R 45 BIIE S [33] [34]. %2 AEMEVR T S A S IR BRI L
(IMNM) 1 8% 32 B T A 98 AN G Al BT TR S FE0 30 0 MEVa PR 91 T Be A 2. L4k, 1R
HLEIZ54) zilucoplan Y697 IMNM [ 1 BARBE AL HR 501 527 JC7E G L) AN AL B /K 7 O Th B A
—EJTR35]. FERANERRE SEME RGUSZINGIAR I,  JUI 7L AT 0 L ¢ TR 5 S5 7 E I S XU R 39 0
1E)LE B PN AR, A2 AR ARy, TG

(2) EEREHIFH]

B IR 2 @ B0 26S R ARG MG, FSERMMUIIKMIIET . A2 8 SPik
(1 ERIE,  FLUO Gz i A0 B 4 A FER TR YT v RE A BURK . B # 72 K (Bortezomib) {4 F 1 2 1
FEFNHI7R), T BB ) S B LK A A e ai i, B8 L ONTERREUR M B S PuiiR it T B —igte, B,
ZE T A S YRR BT E . B B g T R S AN I HEVA T IMNM 5 1[36] [37]. fRE
TR, WK 3 B B A 25 48 5 B B ] R XU [38], e ) LB So 2 MR AN, FH 2 560 A R, K
H 2 A M R DU IR 0 B e % R G0 B B IR A R s i o R B, TR — B SR AG

(9 FeRn $EHL57

FeRn 5 pi )il it 52 4+ FHWT FeRn 519G HIAHELAEF, TS0 19G HIFRIG IR I 7R, Mg BU% 4 19G
ORI BR o — T[] i 145 451 A 72 k2 R4 FH 3 524 (Efgartigimod) ¥4 77 XE VA 1 IMNM ] A5 25 B AR . 35 2
19G K Hr stk B S PuiRm g, JEERENL 0GR [39], HArEr Xt JLE IMNM s sy KA R, &
T Z G IRA FOI0UE T o e bk, @il Iz BRAIG 19G RIEMER, R IR IR G RS, 2T
RE175 A AR PRI b sk B 1 IR % FCAH S 52 [40] o

() JAK i 5)

B2 Je (Tofacitinib) . 2% £ JE (Baricitinib) . /7] # J& (Ruxolitinib) 2 /)N 73 ¥ Janus Bl (JAK) 7],
I JAK-STAT {55 0EE, W ZMIOEMME (TR, QRN R)NHERNESHS. %
2T ) LB R s AT ) A2 ) R R DT A AR B UL 28 A I R B 2 B i A . H, 4T
I JRIRTT MER T G A R LA AT 2 s B R AR RIS, D8/ R T B[40 [42] - B 3LAE )L IMNM
(B B 258> . MREI O RS F ARG R . R SR S G KRS A G [43] .
3.5. MIBHPEATT

RAPURZIR T AM(CAR-T)VAYT /& — Pl ik Fe P8 TR 1 i 3 sl it T 40, A LR 3 s
LR CAR 731, MIfAGHE RN i B H A4 PRI ey 7% . 2024 23R M — UL R it Fi 4ol 1 57
& CD19 # 17 CAR-T 4 (KYV-101)3A 77 SREAL 28 A R Ge MR AL IE (1) 2 A VE R, BoR R AT 52
WIBITR[44]. BeAh, — BRI B4R 5 R 5 T AR A M T A S IR BN (IMNM) 13677 77 -
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X6 22 P G S AR 7R JE AL IMNM BB 5 7E 4252 CD19 CAR-T 4HfliGI7 e, WS EEENEE, HE ahiik
ORI TE[45]. BT, CAR-T 4HMuA YT 7E B & Sy M OUH 2 L2 IMNM) AR R AL T SRR R
B, Hehth, W RGN E RIS ET BN R AT AT R 2B . CAR-T 7 ik ml ge g ™ &
IRIVER, Wi R IER A s S Bl MAH S A B PELE G IE(ICANS). K B 4l F A= Fhi
FIT S0 G IR 38 0 DA K 5 25 DR R G PR3 3 XU [46]

XFTHEEYE IMNM, SEFYEYT AT CAR-T YA Y7 I8 IS -1 8 S 3017, Wl B KB IR 2 AR AR5
Pl AR, KHEIER E AT AYHI 5 S SRR I DR Z AR, AR R Nz B L R AR AR
JLEEE T R RGO E N, KR A S mT e Xt G B icAZ T i B 8 B ) 22 4
AR ENFEIA[AT]-[49] 0 FEIG PRSI A 75 P A A o7 8 S AE R, AT /MARATR YT 5K R

4. RE

JLIE IMNM & —Ff = 1K 5 S G e MU, SIS WA B a 70 B TR 20 2. H Al M Tohs
AL L 2548/, 09T RZR G B I8 BULERE . o™ AR . PUARSKRAL. BRAEIRIT RN, & IFAE [
KRR MRE R . ARG RPANHNaTT U2, LAY CAR-T W67 WA E IMNM ik 13
fA . IMNM JGYT D514 2Pk,  BUAIEYS 32 28 T M B 61 0 B AN S 4RIE,  SRZ B0 L 1Y
RTEYE . XPRERTTC. AROK, HETHUIR D R MRS HEVR TR O B3, IRFAELEE IMNM AT i v 5
RIGAKRATTT, HRESHFNEE, AJLHE IMNM SR M5 m 24, G067 iERE.

SE

[1] Karakas, C., Sah, J., Seidman, R., Chari, G., Hisamoto, Y., Cracco, J., et al. (2018) A Child with Antibody-Negative
Immune-Mediated Necrotizing Myopathy. Muscle & Nerve, 59, E10-E13. https://doi.org/10.1002/mus.26375

[2] Hoogendijk, J.E., Amato, A.A., Lecky, B.R., Choy, E.H., Lundberg, |.E., Rose, M.R., et al. (2004) 119th ENMC Inter-
national Workshop: Trial Design in Adult Idiopathic Inflammatory Myopathies, with the Exception of Inclusion Body
Myositis, 10-12 October 2003, Naarden, the Netherlands. Neuromuscular Disorders, 14, 337-345.
https://doi.org/10.1016/j.nmd.2004.02.006

[3] Mohassel, P., Landon-Cardinal, O., Foley, A.R., Donkervoort, S., Pak, K.S., Wahl, C., et al. (2019) Anti-Hmgcr Myo-
pathy May Resemble Limb-Girdle Muscular Dystrophy. Neurology Neuroimmunology & Neuroinflammation, 6, e523.
https://doi.org/10.1212/nxi.0000000000000523

[4] Binns, E.L., Moraitis, E., Maillard, S., Tansley, S., McHugh, N., Jacques, T.S., et al. (2017) Effective Induction Therapy
for Anti-SRP Associated Myositis in Childhood: A Small Case Series and Review of the Literature. Pediatric Rheuma-
tology, 15, Article No. 77. https://doi.org/10.1186/s12969-017-0205-x

[5] Yang, M., Bi, Z,, Li, Z., Zhan, J., Gao, H., Zhang, Q., et al. (2025) The Pathogenesis of Immune-Mediated Necrotizing
Myopathy: Progress and Therapeutic Implications. Biomedicine & Pharmacotherapy, 191, Article ID: 118525.
https://doi.org/10.1016/j.biopha.2025.118525

[6] Allenbach, Y., Mammen, A.L., Benveniste, O., Stenzel, W. and Immune-Mediated Necrotizing Myopathies Working
Group (2018) 224th ENMC International Workshop: Clinico-Sero-Pathological Classification of Immune-Mediated Ne-
crotizing Myopathies Zandvoort, The Netherlands, 14-16 October 2016. Neuromuscular Disorders, 28, 87-99.

[71 Ma, X. and Bu, B. (2022) Anti-SRP Immune-Mediated Necrotizing Myopathy: A Critical Review of Current Concepts.
Frontiers in Immunology, 13, Article 1019972. https://doi.org/10.3389/fimmu.2022.1019972

[8] Allenbach, Y., Benveniste, O., Stenzel, W. and Boyer, O. (2020) Immune-Mediated Necrotizing Myopathy: Clinical
Features and Pathogenesis. Nature Reviews Rheumatology, 16, 689-701. https://doi.org/10.1038/s41584-020-00515-9

[9] Li, C., Liu, H, Yang, L., Liu, R., Yin, G. and Xie, Q. (2024) Immune-Mediated Necrotizing Myopathy: A Comprehen-
sive Review of the Pathogenesis, Clinical Features, and Treatments. Journal of Autoimmunity, 148, Article 1D: 103286.
https://doi.org/10.1016/j.jaut.2024.103286

[10] Kishi, T., Rider, L.G., Pak, K., Barillas-Arias, L., Henrickson, M., McCarthy, P.L., et al. (2017) Association of Anti-3-

Hydroxy-3-Methylglutaryl-Coenzyme a Reductase Autoantibodies with DRB1*07:01 and Severe Myositis in Juvenile
Myositis Patients. Arthritis Care & Research, 69, 1088-1094. https://doi.org/10.1002/acr.23113

[11] Mohassel, P., Foley, A.R., Donkervoort, S., Fequiere, P.R., Pak, K., Bénnemann, C.G., et al. (2017) Anti-3-hydroxy-3-

DOI: 10.12677/acm.2026.1641484 2356 I A [ 2 3k


https://doi.org/10.12677/acm.2026.1641484
https://doi.org/10.1002/mus.26375
https://doi.org/10.1016/j.nmd.2004.02.006
https://doi.org/10.1212/nxi.0000000000000523
https://doi.org/10.1186/s12969-017-0205-x
https://doi.org/10.1016/j.biopha.2025.118525
https://doi.org/10.3389/fimmu.2022.1019972
https://doi.org/10.1038/s41584-020-00515-9
https://doi.org/10.1016/j.jaut.2024.103286
https://doi.org/10.1002/acr.23113

gk, B

[12]

[13]
[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]
[24]
[25]
[26]

[27]

[28]

[29]

[30]

methylglutaryl-coenzyme a Reductase Necrotizing Myopathy Masquerading as a Muscular Dystrophy in a Child. Muscle
& Nerve, 56, 1177-1181. https://doi.org/10.1002/mus.25567

Morikawa, S., Murakami, T., Yamazaki, H., 1zumi, A., Saito, Y., Hamakubo, T., et al. (2005) Analysis of the Global
RNA Expression Profiles of Skeletal Muscle Cells Treated with Statins. Journal of Atherosclerosis and Thrombosis, 12,
121-131. https://doi.org/10.5551/jat.12.121

Suh, J. and Amato, A.A. (2024) Management of Immune-Mediated Necrotizing Myopathy. Muscle & Nerve, 70, 166-
172. https://doi.org/10.1002/mus.28114

Weeding, E. and Tiniakou, E. (2021) Therapeutic Management of Immune-Mediated Necrotizing Myositis. Current
Treatment Options in Rheumatology, 7, 150-160. https://doi.org/10.1007/s40674-021-00174-1

Oldroyd, A.G.S., Lilleker, J.B., Amin, T., Aragon, O., Bechman, K., Cuthbert, V., et al. (2022) British Society for Rheu-
matology Guideline on Management of Paediatric, Adolescent and Adult Patients with Idiopathic Inflammatory Myopa-
thy. Rheumatology, 61, 1760-1768. https://doi.org/10.1093/rheumatology/keac115

Deakin, C.T., Campanilho-Marques, R., Simou, S., Moraitis, E., Wedderburn, L.R., Pullenayegum, E., et al. (2018)
Efficacy and Safety of Cyclophosphamide Treatment in Severe Juvenile Dermatomyositis Shown by Marginal Structural
Modeling. Arthritis & Rheumatology, 70, 785-793. https://doi.org/10.1002/art.40418

Olivo Pallo, P.A., de Souza, F.H.C., Miossi, R. and Shinjo, S.K. (2018) Mycophenolate Mofetil in Patients with Refrac-
tory Systemic Autoimmune Myopathies: Case Series. Advances in Rheumatology, 58, Article No. 34.
https://doi.org/10.1186/s42358-018-0035-7

Amarante, |., Faustino, C., Mota, B., Cascais, M., Almeida, J. and Valentim, M. (2025) Full Recovery over One Year of
the Overlap Syndrome Scleromyositis to Maintenance Therapy with Mycophenolate Mofetil and Rituximab, Which Re-
lapsed within 8 Months of Discontinuation. European Journal of Case Reports in Internal Medicine, 12, Article 005154.
https://doi.org/10.12890/2025_ 005154

Galindo, M., Cabello, A., Joven, B., Alonso, A., Carreira, P., Porta, J., Ricoy, J.R., Mateo, I. and Pablos, J.L. (2005)
Mycophenolate Mofetil Induced Myopathy in a Patient with Lupus Nephritis. The Journal of Rheumatology, 32, 188-
190.

Feng, F., Li, Y., Ji, S., Wang, Q. and Bu, B. (2019) Tacrolimus Combined with Corticosteroids Effectively Improved the
Outcome of a Cohort of Patients with Immune-Mediated Necrotising Myopathy. Clinical and Experimental Rheumatol-
ogy, 37, 740-747.

Dalakas, M.C. (2004) Intravenous Immunoglobulin in Autoimmune Neuromuscular Diseases. JAMA, 291, 2367-2375.
https://doi.org/10.1001/jama.291.19.2367

Worch, J., Makarova, O. and Burkhardt, B. (2015) Immunreconstitution and Infectious Complications after Rituximab
Treatment in Children and Adolescents: What Do We Know and What Can We Learn from Adults? Cancers, 7, 305-
328. https://doi.org/10.3390/cancers7010305

Suh, J. and Amato, A.A. (2025) Effectiveness and Safety of IVIG for the Treatment of HMGCR Immune-Mediated
Necrotizing Myopathy. Muscle & Nerve, 71, 392-397. https://doi.org/10.1002/mus.28333

Wang, R., Lin, W., Xie, Q. and Yin, G. (2025) Targeted Therapy for Idiopathic Inflammatory Myopathy. Journal of
Cachexia, Sarcopenia and Muscle, 16, €70143. https://doi.org/10.1002/jcsm.70143

Vaezi, Z. and Amini, A. (2025) Immune-Mediated Necrotizing Myopathy: A Systematic Review of Antibody-Specific
Mechanisms and Treatment Outcomes. Cureus, 17, e97933. https://doi.org/10.7759/cureus.97933

Glennie, M.J., French, R.R., Cragg, M.S. and Taylor, R.P. (2007) Mechanisms of Killing by Anti-Cd20 Monoclonal
Antibodies. Molecular Immunology, 44, 3823-3837. https://doi.org/10.1016/j.molimm.2007.06.151

Landon-Cardinal, O., Allenbach, Y., Soulages, A., Rigolet, A., Hervier, B., Champtiaux, N., et al. (2019) Rituximab in
the Treatment of Refractory Anti-HMGCR Immune-Mediated Necrotizing Myopathy. The Journal of Rheumatology, 46,
623-627. https://doi.org/10.3899/jrheum.171495

Anquetil, C., Boyer, O., Wesner, N., Benveniste, O. and Allenbach, Y. (2019) Myositis-Specific Autoantibodies, a Cor-
nerstone in Immune-Mediated Necrotizing Myopathy. Autoimmunity Reviews, 18, 223-230.
https://doi.org/10.1016/j.autrev.2018.09.008

Xiong, A, Yang, G., Song, Z., Xiong, C., Liu, D., Shuai, Y., et al. (2021) Rituximab in the Treatment of Immune-
Mediated Necrotizing Myopathy: A Review of Case Reports and Case Series. Therapeutic Advances in Neurological
Disorders, 14, 1-11. https://doi.org/10.1177/1756286421998918

McAtee, C.L., Lubega, J., Underbrink, K., Curry, K., Msaouel, P., Barrow, M., et al. (2021) Association of Rituximab
Use with Adverse Events in Children, Adolescents, and Young Adults. JAMA Network Open, 4, e2036321.
https://doi.org/10.1001/jamanetworkopen.2020.36321

DOI: 10.12677/acm.2026.1641484 2357 I A [ 2 3k


https://doi.org/10.12677/acm.2026.1641484
https://doi.org/10.1002/mus.25567
https://doi.org/10.5551/jat.12.121
https://doi.org/10.1002/mus.28114
https://doi.org/10.1007/s40674-021-00174-1
https://doi.org/10.1093/rheumatology/keac115
https://doi.org/10.1002/art.40418
https://doi.org/10.1186/s42358-018-0035-7
https://doi.org/10.12890/2025_005154
https://doi.org/10.1001/jama.291.19.2367
https://doi.org/10.3390/cancers7010305
https://doi.org/10.1002/mus.28333
https://doi.org/10.1002/jcsm.70143
https://doi.org/10.7759/cureus.97933
https://doi.org/10.1016/j.molimm.2007.06.151
https://doi.org/10.3899/jrheum.171495
https://doi.org/10.1016/j.autrev.2018.09.008
https://doi.org/10.1177/1756286421998918
https://doi.org/10.1001/jamanetworkopen.2020.36321

gk, tiE

[31]

[32]
[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]
[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Labrosse, R., Barmettler, S., Derfalvi, B., Blincoe, A., Cros, G., Lacombe-Barrios, J., et al. (2021) Rituximab-Induced
Hypogammaglobulinemia and Infection Risk in Pediatric Patients. Journal of Allergy and Clinical Immunology, 148,
523-532.e8. https://doi.org/10.1016/j.jaci.2021.03.041

Varley, C.D. and Winthrop, K.L. (2021) Long-Term Safety of Rituximab (Risks of Viral and Opportunistic Infections).
Current Rheumatology Reports, 23, Article No. 74. https://doi.org/10.1007/s11926-021-01037-3

Zeng, R., Glaubitz, S. and Schmidt, J. (2022) Antibody Therapies in Autoimmune Inflammatory Myopathies: Promising
Treatment Options. Neurotherapeutics, 19, 911-921. https://doi.org/10.1007/s13311-022-01220-z

Bergua, C., Chiavelli, H., Allenbach, Y., Arouche-Delaperche, L., Arnoult, C., Bourdenet, G., et al. (2019) In Vivo
Pathogenicity of 1gG from Patients with Anti-SRP or Anti-HMGCR Autoantibodies in Immune-Mediated Necrotising
Myopathy. Annals of the Rheumatic Diseases, 78, 131-139. https://doi.org/10.1136/annrheumdis-2018-213518

Mammen, A.L., Amato, A.A., Dimachkie, M.M., Chinoy, H., Hussain, Y., Lilleker, J.B., et al. (2023) Zilucoplan in
Immune-Mediated Necrotising Myopathy: A Phase 2, Randomised, Double-Blind, Placebo-Controlled, Multicentre Trial.
The Lancet Rheumatology, 5, e67-e76. https://doi.org/10.1016/52665-9913(23)00003-6

Khalesi, N., Korani, S., Korani, M., Johnston, T.P. and Sahebkar, A. (2021) Bortezomib: A Proteasome Inhibitor for the
Treatment of Autoimmune Diseases. Inflammopharmacology, 29, 1291-1306.
https://doi.org/10.1007/s10787-021-00863-2

Pasquale, R., Giannotta, J.A., Barcellini, W. and Fattizzo, B. (2021) Bortezomib in Autoimmune Hemolytic Anemia and
Beyond. Therapeutic Advances in Hematology, 12, 1-19. https://doi.org/10.1177/20406207211046428

LeBlanc, Z.C., Clapp, A., Kaplan, S., Shawber, C.J. and Wu, J.K. (2025) Clinical Use and Toxicities of Bortezomib in
Pediatric Patients: A Systematic Review. Frontiers in Pharmacology, 16, Article ID: 1661493.
https://doi.org/10.3389/fphar.2025.1661493

Yang, M., Yuan, J., Wang, Y., Hao, H., Zhang, W., Wang, Z., et al. (2024) Treatment of Refractory Immune-Mediated
Necrotizing Myopathy with Efgartigimod. Frontiers in Immunology, 15, Article ID: 1447182.
https://doi.org/10.3389/fimmu.2024.1447182

Alfaidi, N., Karmastaji, S., Matic, A. and Bril, V. (2024) FcRn Inhibitor Therapies in Neurologic Diseases. CNS Drugs,
38, 425-441. https://doi.org/10.1007/s40263-024-01090-3

Zhou, Q., Weng, R. and Xia, Y. (2022) Refractory Juvenile Dermatomyositis: Response to Tofacitinib. Medicina Clinica
(English Edition), 158, 95-96. https://doi.org/10.1016/j.medcle.2021.03.031

Zhou, Q.F., Luo, Y., He, T.Y,, Ling, J.Y., Xu, Y.B., Yang, J. and Xia, Y. (2023) Analysis of the Clinical Characteristics
and Therapeutic Effect of Refractory Juvenile Dermatomyositis to Tofacitinib. Chinese Journal of Pediatrics, 61, 538-
542. (In Chinese)

Charles-Schoeman, C., Fleischmann, R., Davignon, J., Schwartz, H., Turner, S.M., Beysen, C., et al. (2015) Potential
Mechanisms Leading to the Abnormal Lipid Profile in Patients with Rheumatoid Arthritis versus Healthy Volunteers
and Reversal by Tofacitinib. Arthritis & Rheumatology, 67, 616-625. https://doi.org/10.1002/art.38974

Wang, X., Wu, X., Tan, B., Zhu, L., Zhang, Y., Lin, L., et al. (2024) Allogeneic Cd19-Targeted CAR-T Therapy in
Patients with Severe Myositis and Systemic Sclerosis. Cell, 187, 4890-4904.€9.
https://doi.org/10.1016/j.cell.2024.06.027

Volkov, J., Nunez, D., Mozaffar, T., Stadanlick, J., Werner, M., Vorndran, Z., et al. (2024) Case Study of CD19 CAR T
Therapy in a Subject with Immune-Mediate Necrotizing Myopathy Treated in the RESET-Myositis Phase I/1l Trial.
Molecular Therapy, 32, 3821-3828. https://doi.org/10.1016/j.ymthe.2024.09.009

Wang, X., He, X., Zhang, T., Liu, J. and Zhao, M. (2025) Latest Updates on Pathogenesis Mechanisms and Management
Strategies for Cytokine Release Syndrome, Neurotoxicity, and Hemophagocytic Lymphohistiocytosis Related to CAR-
T Cell Therapies. Annals of Hematology, 104, 3129-3151. https://doi.org/10.1007/s00277-025-06467-y

Dale, R.C., Brilot, F., Duffy, L.V., Twilt, M., Waldman, A.T., Narula, S., et al. (2014) Utility and Safety of Rituximab
in Pediatric Autoimmune and Inflammatory CNS Disease. Neurology, 83, 142-150.
https://doi.org/10.1212/wnl.0000000000000570

Ong, M.S., Rothman, D., Barmettler, S., Son, M.B., Lo, M., Roberts, J., et al. (2021) New-Onset Hypogammaglobuli-
naemia and Infectious Complications Associated with Rituximab Use in Childhood-Onset Rheumatic Diseases. Rheu-
matology, 61, 1610-1620. https://doi.org/10.1093/rheumatology/keab626

Cheng, D.R., Barton, R., Greenway, A. and Crawford, N.W. (2016) Rituximab and Protection from Vaccine Preventable

Diseases: Applying the Evidence to Pediatric Patients. Expert Review of Vaccines, 15, 1567-1574.
https://doi.org/10.1080/14760584.2016.1193438

DOI: 10.12677/acm.2026.1641484 2358 I A [ 2 3k


https://doi.org/10.12677/acm.2026.1641484
https://doi.org/10.1016/j.jaci.2021.03.041
https://doi.org/10.1007/s11926-021-01037-3
https://doi.org/10.1007/s13311-022-01220-z
https://doi.org/10.1136/annrheumdis-2018-213518
https://doi.org/10.1016/s2665-9913(23)00003-6
https://doi.org/10.1007/s10787-021-00863-2
https://doi.org/10.1177/20406207211046428
https://doi.org/10.3389/fphar.2025.1661493
https://doi.org/10.3389/fimmu.2024.1447182
https://doi.org/10.1007/s40263-024-01090-3
https://doi.org/10.1016/j.medcle.2021.03.031
https://doi.org/10.1002/art.38974
https://doi.org/10.1016/j.cell.2024.06.027
https://doi.org/10.1016/j.ymthe.2024.09.009
https://doi.org/10.1007/s00277-025-06467-y
https://doi.org/10.1212/wnl.0000000000000570
https://doi.org/10.1093/rheumatology/keab626
https://doi.org/10.1080/14760584.2016.1193438

	儿童免疫介导坏死性肌病的治疗进展
	摘  要
	关键词
	Progress in the Treatment of Immune-Mediated Necrotizing Myopathy in Children
	Abstract
	Keywords
	1. 引言
	2. 发病机制
	3. 治疗进展
	3.1. 糖皮质激素
	3.2. 免疫抑制剂
	3.3. 静脉注射免疫球蛋白(IVIG)
	3.4. 靶向治疗
	3.5. 新型细胞治疗

	4. 展望
	参考文献

