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Abstract

Macrophage activation syndrome (MAS), also referred to as secondary hemophagocytic lympho-
histiocytosis (HLH), is a hyperinflammatory phenomenon characterized by fever, splenomegaly,
cytopenia, and organ dysfunction. In clinical practice, MAS is encountered as a serious complication
of systemic inflammatory diseases in children. Although rare, children with Kawasaki disease (KD)
may also develop MAS. Compared to KD patients without MAS, those with MAS have more severe
laboratory findings and a higher rate of intravenous immunoglobulin resistance and coronary artery
abnormalities. The HLH-2004 diagnostic criteria and the 2016 classification criteria are widely used
to diagnose KD complicated with MAS (KD-MAS). Hyperferritinemia is the most prominent lab-
oratory finding of KD-MAS, so the ferritin levels should be serially tested in patients suspected of
having KD-MAS. Hemophagocytosis is an important histological finding in HLH or MAS, but it can
also be seen in critical diseases such as sepsis. For initial treatment of KD-MAS, most institutions
use high-dose steroids. Cyclosporine or etoposide is often used to treat steroid-resistant KD-MAS.
Recently, cytokine-specific biologics (e.g., anakinra) have been preferred to traditional immunosup-
pressants in treating pediatric MAS. MAS is easily overlooked in patients with KD due to their simi-
lar symptoms. Therefore, it should be considered in KD patients who experience unexpected clinical
deterioration despite adequate treatment.
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LUER= A o] EAo|th1-3]. IAET o]Af(coronary artery abnormalities, CAAs)S KD
o] 71} $83% A8 cardiovascular) EFOE, ARTA] = TR 15%-25%04 2
Agtt4]. EEARE A4S AA(systemic) FHSLE, KD S| AN ZE ST
(macrophage activation syndrome, MAS)o] &A8& 4= Qlt}H(5,6].

MASE T AlZe} thAA =7} AU Al EA4dE o] BAshs 35 AR, I, vlHd, @
TS 2 A715H(organ dysfunction)S EFCZ JITH7-9]. Aofof| A WAck= MASS]
FQ3F AL HAY Aol ETAHE H(systemic juvenile idiopathic arthritis, SJIA)Z}
HAIZHFE I A(systemic lupus erythematosus, SLE)O|EH10]. Z| AtollA] KDol| g =
MAS (KD complicated with MAS, KD-MAS)ol| #3t B3 7} Z71stH A KDE 40 MASS]
a3 Rlo] ZIE AT MAS= AFGEC] 30%0] o2& I H o= AgAQl Ao,

710] Atste] =20 & A 7oh= Zo] 5851TH8, 9] SHAIT R HEA] b= T, Dot
, IF 7155 & MASY] 8 A dol Aeh FE|9] KDoA E B 4= e HE,
Al /oA KD ofatel MASY] TS Fa617 = A eH11,12]. & AtolA A=
KD-MAS9] 7R 8.0 &} 7]&stal 2eka} A 5of Egs= 24l A4S Aot gt

=

Mo mx oY N A
[V
olN

=22

[

1.0

1) Zoet &of

MASE g4 X2 215125 (hemophagocytic lymphohistiocytosis, HLH)Q| §t g o]
tH13,14]. HLHE ¥*4(primary, familial £+ genetic)¥} ©|2Hd(secondary, sporadic
E+ acquired)2 FESHE EHHE E4% 5474 A#HA (complex of genetic
causality)E 250, HZoll= AFH= 7golAet HLHeF MASS] O£ ofsfste H =
=°] FrH15]. A HLH= A 24 (autosomal-recessive) 4 Feo 2 i o
A52 Gopr]ofl XETH16]). o]AH3 HLH= ¥Ql, & F'E0Aol| wet 7 A¥H(infection-
associated), F4E5YF AT (malignancy-associated), FOFE]A AZE AT (rheumatic
disease-associated), 2FE A¥Hmedication-associated) 502 & T AlEHTHS,9]. MAS
= 19854 79| SJIA SAPoA AHZo &2 HAI[17]=0] IA0= FutElA Ad A o]
HLHE 33 -&ollou, | Fule|A 2k ofof theft ooha] oA x Hilk o g
AR7He2 MASE ©lAHd HLHE} 520l & ARg-sl7] = gheH18].

KD #Afol A ¥ MASE 19959 Ohga et al.[11]0] 202 B, FoflAle
20024 Yun et al.[19]°] & KD-MAS At#1E B8ttt 27] Ao AE, otk <l 2Jgt
o|xH4d HLHSF vE7FAI 2, KDofl & ‘HLH 2kal 7]&st o uH20], FE A7olA= dH
£ KDoj| 3% ‘MAS'#he §o15 ARgRTH21].

2) G5taf AL

KD oAl MASS] TAHI = 2u] AE[22]00A4 1.9%(12/638)&, F= A-[22]90
ME 1.1%@8/719)= Bastgict =i 178 tishg o] d+H23]004 KD-MASS] AR =
£ 0.8%(4/468)A1[24], olFH2 1.8%(4/218)[25], A== 1.3%(12/950)[26]2] BHAYHI =
£ BEsth. 98 5 o2 #4719 95t g obg] B A] kAT, KD(~1.9%)= o]H]
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SJIA(~10%)2} SLE(~5%) Thar 2= A FIA = &3t 4x0F MASS] ¥Rle & ZHEHTH9,24].
Garcia-Pavon et al.[12]2 A AH 122 53l 6972 KD-MAS 3} AA=E £45F34T
o] 54 AB2 5.6M019 2 i HlE 2.1:1(47:22) A0k, thRE $H94%)= KD A
z*cl’ o] oIStEHA Lol MAS7F A=, L7 SAH6%)= MAS7F HA] &=l 1t
KD7} Agt=qlch. 4% KD (complete KD)9] Hl[&-S MAS 545t §l= KD S2H75%)
D-MAS &2KH77%)7F FAFHAEE. ol«= KD 8 54 775 EUE, MAS &

KDe} KD-MASE 571 of gtk RS ouigtet. shARE, gl At =
tol & HRlt}. A& E0] MAS &4 gl= KD 2Hxpof| |5, KD-MAS HAto)| A i ==AL
Ea(mtravenous immunoglobulin, IVIG) A3/3(90%)3 CAAs(46%)7} @A
=0T B3 WE, SETEAT, dangas, AYRRES, taAX 7L nHdEF
(hyperferritinemia) 5 AAM] &79] o]AE MAS 54 gl KD AR TE KD-MAS $41
A E5HA TEE A5

A71RAL Ad71E0] ZHE A GAT, KD-MASS ZF3E Aok MASS] 8 A4
o[th13]. ZoF MASS| 71 F8skal &3t A7 RS AAHTH odn &8 4d7eln, KD-
MASOIA = A3} 1t 715 740] 712 FHHE 4= SItH17,20]. 4% 7]55-%0] KD-MAS
SRl A BALE7] & 5F{TH27].

rlot

eI o{N -lOl'

g
8 r
ﬂJLl

) 13 =
2 FIF ~

¥
o,

3) KD2f MASS| 2

HEF SERpol| A TRt FEje] A7) HAgsk= AA Y, KD Aol EEARE Azt
S A7) FAo] T 4= SItH14l. Fig. 10] Yebd AX ", fE5 oA gele 4754
T A w2t EA £T(septic shock), HHEAEEHA 55 HEZ(pneumococcal
severe sepsis) T P75 S5 (multi-organ dysfunction syndrome, MODS)2.
B 8T 4 SltH28,29].

ole} FAFSHA, KD EAtollA elel 7] 547} Aol wke} KD £35FwH(Kawasaki
diseases shock syndrome, KDSS), 40} ©+7|# 855 Z 7 (multisystem inflammatory
syndrome in children, MIS-C) = MODS 54 KD (KD with MODS)E A& 715
SttH13,14]. &, MASE KD @AtolA EA7Hs3t of 2] JH 2] MODS % shel Zolth
[30]. KDSS, MIS-C & KD-MASS] #AMd ¥ Aoldg olsist= A2 KD 8 A4F

D )
Organ dysfunction Septic shock KDSS
(e.g., shock)
Organ dysfunction Pneumococcal severe sepsis MIS-C
+ identified pathogen (e.g., pneumococcus) (e.g., SARS-CoV-2)
Multi-organ dysfunction MODS KD with MODS
(i.e., sepsis with MODS) (e.g., KD-MAS)

Fig. 1. The relationship between MODS and KD-MAS is illustrated. Sepsis plus multi-organ dysfunction
is called MODS. Similarly, KD plus can be defined as KD with MODS. MAS is a well-known form of KD with
MODS. The figure is modified from Kim et al. [14] with CC-BY-NC. MODS: multi-organ dysfunction syndrome;
KD-MAS: Kawasaki disease complicated with macrophage activation syndrome; KD: Kawasaki disease; KDSS:
Kawasaki disease shock syndrome; MIS-C: multisystem inflammatory syndrome in children; SARS-CoV-2:
severe acute respiratory syndrome coronavirus 2.
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43t Ao E7HQ1 &Z(cytokine storm)& 5O ot ‘KD FAF #HES ATHKD-like
hyperinflammatory diseases)' & A-+ot= H =&°] 2 Zo|tH31,32].

2, Tk

1) ZIEIE

KD-MASE 913t H& 9] Agt7|oe] §17] WiZol, SHSF EH10/Y Frtel A E3H33]
oA ALt 71EE A-EStel KD-MAS 84 AE3ttK(Table 1). 20044 =4 22+5
53] (Histiocyte Society)olA] ¥FESF HLH-2004 Je7]2[16]2 thofgt 4ol ZAsto] sy
H MAS %+= o|A/d HLHY| zIeto] FHQIoHA o] &HtH34,35]. AAE AF7HA] =49
Aoz wrae iR KD-MAS 9752 7|22 2% HLH-2004 71&S ©18st3laL, 48
of met o2 AW7ES F7HH 0= E8519ltH6,23]. 1Y HLH-2004 7152 99 &
HES ARl I HLHO| A i 7HdE 2o &, SJIAY KD Aol A A5t o3¢
’d HLHE Adst7]ol= W= (sensitivity)7F RrH25,26]. o3t AlgHe Hestr] fis,
20169 AotFutE]lA A YA 7| FE(Paediatric Rheumatology International Trials
Organisation, PRINTO)lA SJIA €4HE 913t 2016 MAS 2771331 AltstiH. 2016
MAS 7|22 SJIARTE ofYe}, SLE, KD 5 thFst A7FH S (autoimmune) 22k} A4S
(autoinflammatory) Agko] g% MAS Agho] f-&ofctal L2 FtH36).

1 8o d3eAEo 4 Ad<(hemophagoceytic syndrome diagnostic score,
HScore)[37], SJIA k9] MAS F<(MAS in patients with SJIA score; MS score)[38] 5=
KD-MAS®] Zeto] A-8a 4= e}, 2t Xk 2 A= A& o]zl Hrh= Hehzo]7] o
o, 94 Aol met Fdg S At 10]. I8 A2 A A4S =olV|e
ol E9] A HE o] &-5h7] & jhe13,23].

Table 1. KD-MAS diagnosis: HLH-2004 diagnostic criteria [16] and 2016 MAS classification criteria [33]

HLH-2004 2016 MAS classification

Fever -

Splenomegaly R

Cytopenia 2 2 cell lines -

Hemoglobin < 9.0 g/dL -
Neutrophils < 1,000 /uL (Any two of the following four criteria)
Platelets < 100,000 /uL i) Platelet < 181,000 /uL
(Elevated liver enzymes are supportive evidence) i) AST > 48 UL
Triglycerides = 265 mg/dL iii) Triglycerides > 156 mg/dL
or fibrinogen < 150 mg/dL iv) Fibrinogen < 360 mg/dL
Ferritin 2 500 ng/mL Ferritin > 684 ng/mL (essential)

sCD25 (soluble IL-2 receptors) = 2,400 U/mL -
Decrease or absent NK cell activity -
Hemophagocytosis in bone marrow, liver, or lymph nodes -

Diagnosed when > 5/8 criteria are met Diagnosed when hyperferritinemia + > 2/4 criteria

KD-MAS: Kawasaki disease complicated with macrophage activation syndrome; HLH: hemophagocytic lymphohistiocytosis;
MAS: macrophage activation syndrome; -: not applicable; AST: aspartate aminotransferase; IL-2: interleukin-2; NK: natural killer.
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2) HIEHE EA

kR
rr
0
24

(D) 2Heds

" $A7F G55t A& MASS 7MY 583 AAM 4olth21,39]. whabA, w2
HEF2 s MAS Aet7]zol 2= qich H29 422] 500 ng/mL o)) X4 7|&o]A|
9k KD-MAS 2219 f8]8l =2]& i 55 1,000 ng/mL °]4e]™ 10,000 ng/mL °]43l 7
L& =EX] UH40]. Eloseily et al.[4112 #l2]€l/erythrocyte sedimentation rate (ESR)
H]&9] Z7Hferritin/ESR ratio = 21.5)7} MAS9] x7] Zgtol] 3-85lth(WtE 82%, £°l
T 78%) 1 AlRbotoiet. w2 E 422= A EAE, A= §he Y 9] S0 L8t
(34,351

(2) 84495 (hemophagocytosis)

ZFAAIA @A S-S ERloks A2 HLH = MASS Je-E 2 skA A olF+=
ZA5H Azo|tH42]. shA|TE, E4erAltE2 HLHY MASY] AW E-f(pathognomonic)
o] ofyw, WidSy} 22 At MAASS FLohs oAz TRET43]. ¥ &
EHA950] Hs MAS Ao A JFEAE Bt Q=9 Aof MAS A H[44]014 ARE o]
2(18/31)9] FAES BTHAFS &9l glo] E74T, 1HYHES 5 v 7IEE 57
A o)} wrEsto] MASE AE=Qlth. &, EFEA 752 MAS Aee] IR 7oy & &
AL obd Ao|t}13]. wEbA, Gupta et al.[45]12 @FEAFES RIoHA] L3t olf&
MASQ] ZIgto|u A 55 A AsAl= QF "kl =53

(3) CAAs

ARz AAIA APA CAAsE FRIsH= Zlo] KD-MAS Zlth 2]49] ¢glo] 7]
T 3t} o] CAASE KD E0]3 4702 7155}0] KD 9]0 the Aehe iz oz 94
oFA] 251917 wEolH10]. FAITE, CAAsE A9, EfFtoks @39 (Takayasu's arteritis),
SJIA, FutE]l2 D(rheumatic fever), SLE &, A3t @543 fatshe= thofet 4of7] Ag
oA TAETH46]. F CAAsE KD At AR5 F= Azdo]7]|= sHAR Algh A59-&-9
AEY & Qlth47]. wreka] g Eoly CAAsS] R-5-9F F-a8aA], KD A7t 243k
A 2o EFotal AR 53t Al AAFRSS vrERE o) MASO] gk AEHAHE A, 7H
A, HEd, 3824, e 5)E Aok gt

rr

0

O

i

3) A MAS

theFet A4S AgollA MASS] S 271 Q1457 98l A MASY 7lido] #-&
stct. “H A& (occult = subclinical) MAS = & AJof|A] MAS A7|&S USSR 25
Ak, JArFAtol ofstEld ‘A H(overt = fulminant) MAS 2 A3 73 £
] 3HH48,49]. AN MAS Ao A MASE 23] viAIsHA] Tl MASS] ¥4 7HsAl S
FA 0 & oJ4lst= Zo] Fa5HH49]. ol B A T (pre-diabetic) $AHE | >
ot g2 JAPE= A 2719 Adstal A mok= A -FARE dEolot.

Jeong et al.[5]1= KD9] ¥¥HA0|7] ok2 U4t A%, & IVIG A4, BldHId, damga
%, H2EES Ee A7 HAS Uehde 42 MAS 348 19SS, A4 MAS)L =
(Hsto] AlASHA TEksfjof ftkal FEshit AAR, T2 1= IVIG A

https://doi.org/10.59492/kd.3.1.e1 5/n
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KD 22} MAS RHIHIE(~12%)= ARE KD HAFe] MAS RHYHIE(~1.9%)E Tt 6H o]4fe.
2 =rH24].

3. Xz

1712 &%

A F7HA] a0F MAS A=A S s AlRdE 9 771 971 wiizol, KD-MASE
2o tf 20 Aof MAS $Ak= YA HLH A=A -3 o]H9] MAS 24 dES EYE
25 H=TH8). Lok MAS A&9] 7|2 A2 i) A A% B IR #e, i) 9,
A, g BE $8 5 AR Q¥ (supportive care) X iii) ZHA HolW FZFuHS-S &
StAl71 Zolth50]. el A5, 1210041, BE KD-MAS $AE2 7|22 0 & [VIGS of
ATH(E, KD E2A8) AEE Lokt MAS &5 gli= KD A9 5YUsHl, CAAsS] H&
of whet thE SF FEATAY FSFIAE F7H 4= ATH1.50]. ESE, A SEAATFE 2
o]&= KD-MAS #AjojAE T2 EEH] A|7He] =4 #53} H|E(international normalized
ratio of prothrombin time, INR)2 #175lo] A QH-S ZAdfof S50

o #59] KD-MAS 8452 KD #5450l % Bkl o] A& o] F7F4 1 A =7}
FasteH21,24]. A WA IVIGO] A@d< ol KD-MAS A &S 9l 7Fg @ol A&t
kAl -85 JWMIFAL AH Eo|E(intravenous methylprednisolone [ITVMP] 30 mg/kg/
day for 3-5 days)o|tH5,12]. IVMP} 5 WA IVIGE ¥ 2| =317 %= SteH51]. AE|&ol=
A3/ KD-MAS®] A= 7)) uet =,

2) X| 29 HHZEH EE M25HE M

T2 7| oA AHEZe|E AP KD-MAS A&EE Yol Ao]EZAX(cyclosporine)S
ARECE U (74%, 17/23)1519F 21(49%, 34/69)[12] Bilol| 2 W, Alo|Z2AXHL
KD-MAS9] X504 AHZo|E thg o2 wo] ALgH At Y& AE7H= KD-MAS
U2} 2|70l [VMPe}F AtO|ZRAR S Hioto] AREIITHI]. BHFF BaloA= Alo|E2
AR O EXA E(etoposide)E ABZITH16]. H v]=2] o]57]Ho] A= AoF MASY
YR} = o]A} (RE Yol Ale]ER AR oY o EXA| =9} -2 H|Eo|d HARHA| K}
AP E7191 E0]&(cytokine-specific) &84 A|Al(anakinra £+ tocilizumab)E %o°]
ARERITH52,53]. =9 KD-MAS €Hof] H]s, = KD-MAS S| A Afo] S 2 AL} of
EXA O] A& H[go] £9a AETH AAY A= Hl&2 EYTHTable 2).

Table 2. KD-MAS treatment: systematic review [12] and Korean study [5]

Variables Systematic review [n = 69 (%)] Korean study [n = 23 (%)]
IVIG and aspirin 69 (100) 23 (100)
Systemic steroids 60 (87) 23 (100)
Cyclosporine 34 (49) 17 (74)
Etoposide 27 (39) 16 (70)
Biologics (anti-TNF, IL-1, or IL-6) 7 (10) 1(4)
HLH-2004 protocol” 24 (35) 15 (65)

Y The HLH-2004 protocol consists of 40 weeks of combination chemotherapy including etoposide and cyclosporine.
KD-MAS: Kawasaki disease complicated with macrophage activation syndrome; IVIG: intravenous immunoglobulin; TNF: tumor
necrosis factor; IL: interleukin; HLH: hemophagocytic lymphohistiocytosis.
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3) X272k 85F EE 40F

KD-MAS 449] A =xh-3-& AAsHA 4 #&st= 2o Fastth. 4% S4: 37t
£ 98l ", SRR, W, A, 7had 5ol tiet HARE RHEA 02 A|gisfjof gF
TH15,34]. FZ=AHRI QGF IO =R gl KD-MAS S5 S5 28 o9 A= (over-
treatment)S 7| = SHH54]. Q] KD-MAS A& @¥Ho] v| oA 7H & Aol g2 =+
TAE0] =2 H[R(65%)F HLH-2004 AEAH, & JEZAEE EFoh= 405 o9 &
3} AR Z(combination chemotherapy)E ¥3tch= Zo|th(Table 2). o]&= =4 KD-MAS
Aol A HQ o) A=t A= S 7Fsde AR

Haytoglu et al.[55]2 4o MAS 8419] 2F 0%+ 8F 52t9] thes HY XA X722 4
Wf(complete remission)= Atk EIFTE MAS ZIgHAI9] AlgE 9FANFANO| 405 ©]At9]
9 YA 57 B ootk AS Uk Y=t mEhA, MAS A& 27] 2-65 B¢t &
¥ AT E A5 grlste] EHQA A= 7|73 FAIE AlSokA 27 dljoF ghrh15,34].
FT FUHY FF A+ S9ll, KD-MAS SApof|A HHHo = AL 4= = A=A A
o] a9k Aot

=

A2
—

MASE KD Aol Al 8 4= Q= of 2] FEj9] 47|54 & sholth. KD-MASE Ztatst
A 47| JafAle PAFH oz o4sk= Zlo] Fasitt & o IVIG A4, vlgud], 4
HaZ, 1HgEdE, A7 5 AT} o], KDoA Yukzlo]x] 9k o)Al Abgtol A MASO
A 7Hs43E G50l Fofof st KD-MASS] Zgtol= HLH-2004 715, 2016 MAS 7% &
< ARSIt 7 A B o] qloma, Ao weh AAst 7]eE At KD-

A2t A goll= 18 IVMPE AREsHH, AB|Z0]E A3} KD-MASol= AlE2E

483 4= 9k, FZojl= 4of MASY] A goj= A%

& Aoshes FAloIH oFd7HA] KD-MASS Zger 4ot
2

Mo B

AR o EALA
29l HAAAA Bt HESHE AA|
MAS9] A3} 225 9|

HH o2 AE3 4= Q= 75X F] 9 /o] @+4-HT}

I
W,
oX
i
ol
o,
)
2
=2
it
2,
fo
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