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Macrophage activation syndrome is a severe yet under-recognized complication encountered in pediatric rheumatology. It manifests as
secondary hemophagocytic lymphohistiocytosis leading to a hyper-inflammatory state resulting from an underlying cytokine storm. If
unchecked, it may lead to multiorgan failure and mortality. Early diagnosis and timely initiation of specific therapy is pivotal for a
successful outcome. This review outlines the key clinical and laboratory features and management of macrophage activation

syndrome.
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acrophage activation syndrome (MAS) is
a form of secondary hemophagocytic
lymphohistiocytosis (sHLH) and one of the
most commonly encountered pediatric
rheumatic emergencies [1]. While these terms are often
usedinterchangeably, MASistypicaly used for sHLH with
an underlying rheumatic disorder. MAS is most often
reported with systemic juvenileidiopathic arthritis (sJIA)
[2]. Additionally, it is seen with Kawasaki disease (KD),
juvenilesystemic lupuserythematosus (SLE), and juvenile
dermatomyositis(JDM) [3,4]. A singlecentreanalysisof 31
children with MAS identified the under-lying disease as
sJIA in 84%, SLE in 13% and KD in 3% with the overall
mortality being 32% [5]. MAS can compli-cateany chronic
inflammatory condition at onset or during the course of the
disease [6-8]. sSHLH can also betriggered by avariety of
other inflammatory conditionsviz., underlying infection,
malignancy or primary immuno-deficiencies[9].

MA Sl eadsto fulminant manifestationsin nearly 10% of
childrenwith sJIA, though up to 30% of children with SJIA
may have subclinica MAS[2,7,10]. A retrospective study
from India reported MAS affecting 1.3% of 950 children
diagnosed with KD and coronary artery abnormalitieswere
morefrequent, affecting 41.7% of thesubset withMAS[3].
Although, MAS is increasingly recognized since its early
reportsinthe 1980s, it seemsthat asignificant proportion of
children are either not diagnosed or diagnosed late. This
review highlightsthe pathogenic mechanisms, sdient clinical
featuresand the management strategiesfor MAS.
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PATHOGENESIS

Thecytolytic dysfunction of natural killer (NK) cellsand
cytotoxic T-lymphocytes(CTL) isthekey inciting event in
MAS/primary HLH [9]. Whilerecessive null mutationsin
PRF1, UNC13D, STXBP2, STX11, RAB27A, and LYST,
which adversely affect granule processing inthe CTL and
NK cells function, are known to be associated with
primary HLH, thereisincreasing evidence to suggest that
the susceptibility to cytokine storms in sHLH could be
aong acontinuum of genetic deficiency, with monoallelic,
bialelic and polygenic defects [11-13]. Of the various
implicated genetic defectsinfHLH, LYST, MUNC13-4, and
STXBP2, nearly one-third were detected in subjects with
sJIA, MAS on whole-exome sequencing. The described
heterozygous mutations may constitute thefirst hit inthe
genetically-susceptible individual resulting in a subtle
underlyingimpairment inthe cytolytic pathways, that turns
into an exaggerated immune response subsequent to a
second trigger by either an unknown/self-antigen (as in
juvenile SLE) or an infectious agent (viral, bacterial, or
fungal). Thiswould potentially culminatein an unrestrained
activation of immune cells, and subsequent frank hyper-
inflammatory state. Antigen-induced T cell hyper-
stimulation in MAS/SHLH is not matched with
degranulation dueto the underlying cytol ytic dysfunction.
Such persistent activation of CTL and macrophagesresults
in a cytokine storm; most notably involving the massive
releaseof TNFandinterleukins: IL-6, 1L-1b, and IL-18[9].
The resultant cytokine storm usualy exhibits good
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correlationwith serumferritinlevels. Ferritinisthe storage
form of iron, and is an acute phase reactant. Cytokine-
mediated macrophageactivationin MASresultsin hepatic
injury and release of ferritin[ 14]. One of themost consistent
laboratory markers of MAS/sHLH is hyper-ferritinemia.
Amongst other effects, ferritin has been shown to inhibit
lymphocytedivision and granulocyte proliferation.

Activation of macrophages leads to hemo-
phagocytosis, a cardinal feature of MAS that can be
demonstrated histopathol ogically inthe bone marrow, liver,
and spleen. However, bone marrow examination shows
HLH with positive CD163 macrophagesin only up to 60%
of cases, and this finding may not be evident during the
initial stages[15]. CD163and CD25aremarkersof activated
macrophages which mediate endocytosis of haptoglobin-
hemoglobin complexes, and the elevated levels of these
surface markers, i.e., solubleinterleukin-2 receptor apha
chain (sCD25) and soluble CD163 (sCD163) may be
sensitiveindicatorsof detecting MAS. Fig. 1 demonstrates
the pathogenic mechanismfor MAS.

The prototype animal model of slIA MASisthelL-6
transgenic mouse, wherein LPS induces a hyper-
inflammatory state akin to MAS, thus recapitulating the
occurrence of infection-triggered sIA MAS. WhilelL-6-
induced stimulation of macrophages accentuates further
cytokine production (excessIL-1, IL-6 or IL-18), invitro
experiments have suggested its association with a
transient NK cell dysfunction resulting in decreased
degranulationi.e., low perforin and granzyme expression
on stimulated NK cellsin theinflamed microenvironment

MACROPHAGE ACTIVATION SYNDROME

[16]. Theother crucia arm of inflammationismacrophage
hyperfunction, with various defects trandating into a
systemic hyperin-flammatory state. The macrophage
phenotype also changes from M1 (pro-inflammatory) to
M2 (anti-inflammeatory) in responseto external stimuli amid
the changing inflammatory milieu [9]. The underlying
hyper-cytokinemia and inflammatory cascade form the
basisfor anti-cytokinetherapiesinsJIA.

ApartfromsJIA, MAScan complicate other rheumatic
disorderslikejuvenile SLE, KD and JDM. Injuvenile SLE,
defective clearance of self-antigens (dueto defectsin the
dendritic cells and the complement cascade) may
contribute to MAS. There is some evidence that the
different cytokines may have a major role in the
pathogenesis of MAS depending on the underlying
rheumatic disorder: soluble TNF receptor (STNFR)-I levels
for SLE, serumIL-18levelsfor IDM, and serum sSTNFR-1
levels for KD and sJIA [17]. A study from Japan, which
measured cytokine levels in 36 patients with MAS
complicating sJIA, showed apositive correl ation of serum
STNFR-I1/1 ratiowith disease activity. Thiscorrelation still
appeared to exist in the patientstreated with the anti-1L-6
drugtocilizumab[18]. Theauthorssuggest that the serum
STNFR-11/1 ratio may be a helpful biomarker to assist
diagnosisof MASIinsJIA patientsreceiving tocilizumab.

CLINICAL AND LABORATORY FEATURES

Timely recognition of MAS is of utmost importance for
suitable management and successful outcome. A high degree
of suspicioniswarranted, and it should beconsideredinany
febrile child with underlying rheumatic disease. The
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Fig. 1 Immune pathwaysimplicated in macrophage activation syndrome.
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persistent high-grade fever, especiadly in those who are not
on any long term immunosuppression, is one of the most
important features of MAS. The typicd fever in sJIA
changesfrom anintermittent patternto anon-remitting fever
in MAS, and this change in the pattern of fever may be an
early clueto differentiate M A Sfrom the underlying disease
flare. However, sometimes children with ongoing
immunosuppression (steroids) may not mount the typical
high persistent fever but have other clinical and laboratory
features suggestive of MAS. Absence of fever has also
been observed in children on biologicals[15], and it seems
that fever may not bean absolutefindinginall casesof MAS.

The underlying cytokine storm in MAS results in
multiorgan involvement and can have varied clinical
features. Many patients will have hepatosplenomegaly
and lymphadenopathy. Hemorrhagic manifestations
secondary to thrombocytopenia, coagulopathy and liver
dysfunction include petechial spots, mucosal bleeding,
severe gastrointestinal  bleeding, and disseminated
intravascular coagulation. Central nervoussystem (CNS)
involvement intheform of drowsiness, headache, seizures
and atered behavior; from mild confusional stateto frank
coma, has been reported in 30-35% patients; and often
heralds a worse prognosis. Unless promptly recognized,
MAS can lead to multiorgan involvement, including
cardiac, pulmonary, and renal falure. The reported
mortality of MAS varies from 10-35%; however, early
recognition and prompt treatment can improve survival
rates. Differentiating theunderlying disecaseflareand MAS
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is often challenging Table | summarizes the major
differences.

MASIn SLE: MASismost commonly described with SJIA;
however, it is increasingly being recognized with other
rheumatic disorders, particularly SLE. Based on
international cohort data, patients with oral/nasal ulcers,
arthritis, serositis, renal, CNSor hematol ogicinvolvement
at diagnosisof SLE aremorelikely to develop MAS[19].
Borgia, et a. [8] havereported that 9% of childrenwith SLE
had MAS, and the majority (68%) had featuresof MAS at
the disease onset. The diagnosis of MAS in SLE is often
more challenging because of the overlapping featureslike
fever, organomegaly and cytopeniasin both disease flare
and MAS. However, lymphadenopathy and cytopeniasare
more frequently observed in MAS as compared to active
SLE. While comparing the clinico-laboratory differences
between MAS and active SLE without MAS, al clinica

features of MAS except fever have better specificity than
sensitivity. Incontrast, fever isthe most sensitivewith low
specificity. Hyperferritinemia, hypertriglyceridemia, eleva-
ted lactate dehydrogenase and hypofibrinogenemia are
known to have the best sensitivity and specificity in
differentiating MASfrom activelupus[15]. Akinto sJIA,
MASin SLE can belife-threatening, with mortality ranging
from 5-11% [8,15] and therefore needs a high index of
suspicionfor timely diagnosisof MASinthispopulation.

CLASSIFICATION CRITERIA AND DIAGNOSIS
The diagnosis of MAS is often challenging, especially

Table| Differentiating Features Between M acrophage Activation Syndrome and Disease Flare

Clinical and laboratory parameter Macrophage activation syndrome Diseaseflare

SE sIIA
Fever +++ ++ ++
Hepato-splenomegaly + + +
Hemorrhages ++ - -
CNS dysfunction ++ + -
Hemoglobin Low Normal tolow Normal
Platelet count Low Normal tolow Highly elevated
Erythrocyte sedimentation rate Normal tolow Normal to elevated Normal to elevated
C-reactiveprotein Elevated Normal to elevated Normal to elevated
Aspartate aminotransferase Elevated Elevated Normal
Alanineaminotransferase Elevated Normal Normal
L actate dehydrogenase Elevated Normal Normal
Ferritin? Elevated Normal Normal
Fibrinogen Low Normal Normal
Triglycerides Elevated Normal Normal

AHyperferritinemia has the best sendtivity and specificity, followed by increased lactate dehydrogenase level, hypertriglyceridemia, and
hypofibrinogenemia for diagnosis of MAS. SLE: systemic lupus erythematosus, SJIA: systemic onset juvenile idiopathic arthritis.
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Box | Pediatric Rheumatology International Trials
Organisation Macrophage Activation Syndrome
Classification Criteria (2016) [2]

A febrile child with known or suspected sJIA is classified
as having MAS if the serum ferritin >684 ng/mL and =2 of
the following:

- Platelets <181x10°/L

¢ Aspartate aminotransferase (AST) >48 U/L
« Triglycerides >156 mg/dL

¢ Fibrinogen <360 mg/dL

during the early phase of the disease. The HLH-2004
criteria, originally designed for enrolment in clinica
treatment trial, are often used for classification of MASbut
lack sensitivity, especialy for early detection of MAS. In
addition, some of the features described inthe HLH-2004
criteriaoverlap with features observed in active rheumatic
diseasesin the absence of MAS. Some of these challenges
have been addressed in the proposed 2016 MAS in sJIA
classification criteria by the Pediatric Rheumatology
International TrialsOrganisation (PRINTO) (Box ), which
have a sensitivity of 73% and specificity of 99% [2].
Although originally described for childrenwith sJIA, these
criteria have aso been found to be useful for other
rheumatic conditions like SLE and KD. Recently, these
criteria have also been used to classify MAS associated
with pediatric multisystem inflammatory syndrome
temporaly related withCOVID-19 (PIMS-TS) [20].

The various laboratory parameters including falling
total white cell count, low platelet counts, low fibrinogen
andlow ESR, suggest thediagnosisof MAS. Itisdifficult to
clinch the diagnosis of MAS using a single clinical or
laboratory parameter. Kostik, et al. [21] proposed a
combination of morethan three of thefollowing laboratory
parameters to predict an early diagnosis of MASin sJIA
reliably: declining platelet (<211x10%L) and whiteblood
cell counts (<9.9x107/L); decreased albumin (<2.9¢/dL) and
fibrinogen (<1.8 g/L); elevated ferritin (>400 pg/L),
aspartate aminotransferase (>59.7 U/L) and lactate
dehydrogenase (>882 U/L); and proteinuria.

Morerecently in 2019, thenovel MAS/SIIA (MS) score
was developed in an attempt to improve discrimination
between activesJIA and MAS[21]. Aninternational cohort
of several hundred patients with sJIA, with and without
MAS, were analyzed to identify clinical and laboratory
parameters which distinguished the conditions. The MS
score includes seven variables: central nervous system
dysfunction, hemorrhagic manifestations, activearthritis,
platelet count, fibrinogen, lactate dehydrogenase and
ferritin. Thetotal scorerangesbetween—8.4t041.8witha
value >-2.1 showing the best performance. Although the
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authors reported a good performance in a validation
cohort, aseparate study comparedtheM Sscorewith theH-
scorefor identification of MASin 71 patientswith sJIA and
found that the H-score performed dlightly better [23].

An additional measureto help recognition of MASin
the context of sJIA, whichissimpler thanthe M S scoreor
H-score, istheferritinto ESR ratio. A study using datafrom
alargeinternational cohort found that aferritin/ESR ratio
>21.5 hasa sensitivity and specificity of 82% and 78%,
respectively for diagnosing sllA-MASversusactivesllA
without MAS[24]. Inlight of the challenges faced while
applyingtheavailablecriteriainclinical practice, itiscrucial
tometiculoudly observefor evolving clinical features and
trends of laboratory variables in order not to miss a
diagnosisof MAS.

Hyperferritinemiaformspart of the HLH-2004 and the
2016 MASIinsJA criteriawiththresholdsof 500 ng/mL and
684 ng/mL, respectively. In clinical practice, in patients
diagnosed with MAS, ferritinisusually >1000 ng/mL and
frequently >10,000 ng/mL. In a systematic review by
Sarangi, eta. [15], themedianferritinin childrenwithMAS,
sepsisand familiad HLH was37 680 ng/mL, 8775 ng/mL and
3234 ng/mL, respectively. One study, which analyzed all
children admitted to Texas Children’s Hospital over two
yearswithferritin>500 ng/mL, found that aferritin>10 000
ng/mL was 90% sensitive and 96% specificfor HLH [26]. A
retrospective analysis over three years of children with
ferritin >10 000 ng/mL at 11 UK centres identified 153
patients, but HLH/MAS was not entertained as a
diagnostic possibility in 23.2% of thesechildren[27]. This

Child with fever, cytopenias, coagulopathy
(with underlying rhematic disorder)

| Check serum ferritin |

) l
Serumferritin Serumferritin Serumferritin
<500 ng/mL <500-10,000 ng/mL >10,000 ng/mL
L J l
MAS unlikely:|  |MAS possible: check MAS very
repeat valuesiif fibrinogen, LDH. likely: discuss
fever persists Discuss with and referral to
specialist regarding specialist
soluble CD25/NK Services
function testing

Fig. 2 Guide to early diagnosis and referral for macrophage
activation syndrome (adapted from: Sen ES Seward CG
Ramanan AV. Diagnosing haemophagocytic syndrome. Arch Dis
Child. 2017;102:279-84[28]).
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highlights the importance of improving education and
awarenessof HLH/MASamongst al clinicianscaring for
children. Werecommend that achild with fever, cytopenias
and/or coagul opathy with ferritin>10 000 ng/mL bereferred
to specialist services for evaluation and management of
probableMAS/sSHLH (Fig. 2) [28].

TREATMENT

Timely diagnosisandintervention arepivotal for dampening
the underlying cytokine storm and curtailing the morbidity
and mortality associated with MAS. Thetreatmentisaimed
a mitigating the underlying cytokine storm using
immunosuppression and controlling the inciting trigger. In
clinical practice, ascertaining the underlying infectious
trigger is often not possible. Empirical antibiotics and/or
antifungals are indituted in parald with the
immunosuppressive therapy to cover the probable
infectioustrigger. Thetreatment of MAS secondary to sIIA
isbased on the evidence generated from case series, and the
same protocoal is usually extrapolated for management of
MA S secondary to other rheumatic disorders[29-31].

Intravenous methyl prednisol one (I'V M P) pul setherapy,
30mg/kg/day (maximum 1g) for 3to5days, followed by oral
prednisolone is the most widdly used first-line therapy
[31,32]. Theord steroidsareinitiated at adoseof 2 mg/kg/day
and gradually tapered while monitoring the clinica and
laboratory parameters. They are usually continued for afew
weeks until normalisation of hematologica abnormalities.
Subsequent doses of steroids aretitrated as per the need of
theunderlying disease. Thereare afew reportsof replacing
IV M Pwith dexamethasone pamitate (dosevaryingfrom 7.5
to 10 mg/day) in refractory cases or CNS involvement in
MASI[33].

The calcineurin inhibitor cyclosporine A has shown
efficacy in other histiocytic disorders, and this hasledtoits
usein MAS. Addition of cyclosporine with steroids in the
management of MAS results in rapid control of the
underlying cytokine storm, in addition to limiting the
excessive use of corticosteroids. However, in the acute
setting of patients with multiorgan  dysfunction,
cyclosporine should be used with caution due to its
neurotoxic and nephrotoxic side effects. The optimal
duration of cyclosporinein MASisunclear, and it has been
used for avariableduration from 3 monthsto 2 years[34]. It
should becontinued until the normalization of all |aboratory
parameters, followed by tapering to prevent relapses. We
usually consider oral cyclosporine in adose of 2-7 mg/kg/
day for aperiod of 3-6 months.

Intravenousimmunoglobulin (1V1G) hasal so been used
in the treatment of MAS, and it may be considered as
adjunctivetherapy tolVMP[35,36]. Giventherdative safety
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and favorable adverse effect profile, it seemsprudent to use
IVIG as an adjunct to IVMP, especialy in Indian settings
whereunderlying infection awaysremainsapossibility. We
usualy consider using IVIG as initid therapy when the
clinical suspicion of concomitant infectionishigh.

Cytokine-specific therapy using biological agentslike
anti-1L-1 (anakinra) isincreasingly used in the treatment of
MASInsJIA; withimproved benefit withan early institution
[37]. The use of anakinrais usualy considered at an early
stage if there is no response to IVMP [30]. Although a
common starting dose of anakinrais2 mg/kg/day, it may be
escaated up to 8 mg/kg/day in refractory cases. In cases of
shock and poor peripheral absorption, intravenousanakinra
can be recommended [38]. Other anti-cytokine therapeutic
optionsfor useinMASindudelL-1o.andIL-18blockers[39].
However, non-availability of these agentsprecludestheir use
inIndia. Theutility of other biological agentslike anti-1L-6
receptor monoclona antibody tocilizumab and anti-TNF
agents (etanercept) in treating MAS secondary to various

| Febrilechild with sJlA/underlying rheumatic disease

J
Send laboratory workup for MAS and
possibleinfectioustrigger

l

Laboratory features consistent with MAS

J
1IVMP 30 mg/kg/day for 3-5 days, followed by oral
prednisol one 2 mg/kg/day with gradual tapering®
+I1V1Ga 1 gm/kgfor 2 daysmay berepeated at 2 weeks

(Congider anakinra, starting 1-2 mg/kg (max 8 mg/kg),
wherever available)

and

Cyclosporinc 2-7 mg/kg/day followed by tapering®
(3-6 monthsor more)
and

Parallel treatment with empirical antibiotic/antifungals

J

Rituximab may be considered for EBV-associated MAS
2nd line optionsinclude etoposide and other agents

Needs shared decision making in colaboration with
hemato-oncology team

Emapaulamb; anti-INF-y monoclonal antibody may bea
potential therapy for refractory cases

A nitiating IVIG where underlying infection cannot be ruled out
seems a reasonable practical approach. In such scenarios IVMP
can be given after 48 hr of IVIG and antibiotic coverage; bgradual
tapering based on clinical and hematological parameters.

Fig. 3Management strategy for macrophage activation syndrome
(MAS).
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rheumatic disordersremainsunclear. Thechildrenwith sJTA
ontocilizumab may remain afebrilewithlower cell countsand
ferritin levelswhile they develop MAS, compared to those
developing MAS without tocilizumab therapy [40]. As
discussed previoudly, the serum STNFR-11/I ratio may bea
helpful biomarker to identify the onset of MAS in these
patients on tocilizumab treatment [18]. Rituximab, a
monoclonal antibody to CD20, may be considered in EBV-
triggered MAS[41]. A dose of 375 mg/m? weekly for four
weeks has shown successful resultsin this setting.

MASrefractory toinitia I'VMPand cyclosporineisoften
challengingto manage. Inrefractory cases, additional useof
etoposide may be considered [42]. However, this may be
complicated with fatal myel osuppression and opportunistic
infections. There are anecdotal reports of successful
outcomes with the use of cyclophosphamide in refractory
MAS [42,43]. Recently, emapal umab, afully human 1gG1
anti—INF-y monoclona antibody has shown its efficacy in
children with primary HLH [44]. Thereispreliminary data
suggesting  effectiveness of emapalumab in MAS
associated with SJIA, although this, and its potential rolein
MAS secondary to other underlying rheumatic disorders,
needs to be further studied [45]. Treatment of refractory
MASisoften challenging and should betailored judicioudy
in consultation with the hemato-oncology team. Fig. 3
summarizesthetreatment approachfor MAS. Hematopoietic
stem cell transplantation (HSCT) is a curative option for
primary/familiad HLH. ten Cate, et a. [46] shared their
experience of allogenic stem cell transplant carried outina
childwithrefractory sl A who succumbed to MASfollowing
this modality [46]. With the availability of more specific
cytokine-targeted therapy with favorable outcome, HSCT is
not advocated for treatment of refractory MAS.

CONCLUSION

Macrophage activation syndromeis one of the commonest
pediatric rheumatic emergencies. It is most frequently
reported with sJIA; although, it can beacomplication of any
underlying rheumatic disorder. Impaired cytolytic function
and the resultant cytokine storm lead to laboratory and
clinical manifestations, including, in some cases, fulminant
multiorgan dysfunction. Timely diagnosisandjudicioususe
of immunosuppressive agents is pivotal for a successful
outcome.
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