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Abstract

Macrophage activation syndrome (MAS) is an acute episode of overwhelming inflammation 

characterized by activation and expansion of T lymphocytes and hemophagocytic macrophages. In 

rheumatology, it occurs most frequently in patients with systemic juvenile idiopathic arthritis 

(SJIA) and systemic lupus erythematosus. The main clinical manifestations include cytopenias, 

liver dysfunction, coagulopathy resembling disseminated intravascular coagulation, and extreme 

hyperferritinemia. Clinically and pathologically, MAS bears strong similarity to hemophagocytic 

lymphohistiocytosis (HLH), and some authors prefer the term secondary HLH to describe it. 

Central to its pathogenesis is a cytokine storm, with markedly increased levels of numerous 

proinflammatory cytokines including IL-1, IL-6, IL-18, TNFα, and IFNγ. Although there is 

evidence that IFNγ may play a central role in the pathogenesis of MAS, the role of other cytokines 

is still not clear. There are several reports of SJIA-associated MAS dramatically benefiting from 

anakinra, a recombinant IL-1 receptor antagonist, but the utility of other biologics in MAS is not 

clear. The mainstay of treatment remains corticosteroids; other medications, including 

cyclosporine, are used in patients who fail to respond.
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DEFINITIONS

Macrophage activation syndrome (MAS) is a serious, potentially fatal complication of 

rheumatic diseases caused by excessive activation and expansion of T lymphocytes and 

macrophages that exhibit hemophagocytic activity (1–4). In MAS, this excessive cellular 

activation and expansion lead to cytokine overproduction (Figure 1) and a 

hyperinflammatory state associated with cytopenias, liver dysfunction, and coagulopathy 

resembling disseminated intravascular coagulation. Extreme hyperferritinemia is another 

striking laboratory feature of MAS. It is a life-threatening condition, and the reported 

mortality rates reach 20–30% (5, 6).
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Expansion of tissue macrophages, or histiocytes, exhibiting hemophagocytic activity is a 

feature shared by a group of histiocytic disorders collectively known as hemophagocytic 

lymphohistiocytosis (HLH) (7, 8). In the current classification of histiocytic disorders, HLH 

is subdivided into primary or familial HLH (FHLH) and secondary or reactive HLH, 

although clinically they may be difficult to distinguish from each other (7). FHLH is a 

constellation of rare autosomal recessive immune disorders linked to genetic defects in 

various genes affecting the cytolytic pathway (see below). The clinical symptoms of FHLH 

usually become evident within the first months of life. Secondary HLH tends to occur in 

older children and adults and more often is associated with an identifiable infectious 

episode, most notably Epstein-Barr virus (EBV) or cytomegalovirus (CMV) infection, as 

well as malignancy. However, the distinction between primary and secondary HLH is 

becoming increasingly blurred as the genetic basis for these conditions is further delineated 

(see below) (8, 9). Given clinical similarities between MAS and HLH, the term reactive 

HLH has been preferred by some authors to classify patients with MAS occurring in the 

setting of a rheumatic condition (10, 11).

EPIDEMIOLOGY

In pediatric rheumatology, MAS is seen most frequently in children with systemic juvenile 

idiopathic arthritis (SJIA) (1–5). However, it is increasingly reported in other rheumatic 

diseases of childhood, most notably pediatric systemic lupus erythematosus (SLE) (12, 13) 

and Kawasaki disease (13–15). In these patients, episodes of MAS appear to be most 

commonly triggered by infections, particularly viral infections, or during periods of high 

disease activity including disease onset (16, 17). The epidemiologic data on MAS in adults 

are limited. Based on one survey conducted through the French National Society of Internal 

Medicine in 1999, of the 26 MAS cases identified, 14 occurred in association with SLE, four 

with adult-onset Still’s disease (an adult equivalent of SJIA), two with rheumatoid arthritis, 

and two with polyarteritis nodosa. Infection was identified as a trigger in the majority of the 

patients (16). The mortality in this group reached 38.5%, most likely owing to the late 

recognition of the syndrome.

The epidemiologic studies of MAS have been complicated by the lack of defined diagnostic 

criteria (see below). Most pediatric rheumatologists now agree that approximately 7–17% of 

patients with SJIA develop overt MAS (6, 18) and that mild, subclinical MAS may be seen 

in as many as one third of patients with active systemic disease (19, 20). Overt MAS may 

occur at any stage of the disease, and based on the experience in Cincinnati Children’s 

Hospital Medical Center, the incidence of overt MAS is 4–6 events per 100 patient-years.

DIAGNOSIS

There are no validated diagnostic criteria for MAS, and early diagnosis is often difficult 

because of similarities with sepsis-like syndromes. In a febrile patient with an active 

rheumatologic condition, a fall in platelet count and erythrocyte sedimentation rate (due to 

decreasing serum fibrinogen) in combination with persistently high C-reactive protein and 

increasing levels of serum D-dimers should raise suspicion of MAS. Other supportive 

features include cytopenias involving other cell lines (i.e., decreasing white blood cell count 
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and/or hemoglobin), hyperferritinemia (usually >1,000 ng/ml), liver dysfunction, 

coagulopathy, decreasing serum fibrinogen, and increasing triglycerides.

Ideally, the diagnosis of MAS should be confirmed by the demonstration of 

hemophagocytosis in the bone marrow. However, the demonstration of hemophagocytosis 

may be difficult owing to sampling error, particularly at the early stages of the syndrome. In 

such cases, additional staining of the bone marrow with anti-CD163 antibodies may be 

helpful. In the setting of MAS, this usually reveals massive expansion of highly activated 

histiocytes (19, 20).

In contrast to MAS, the diagnosis of HLH is typically based on the diagnostic criteria 

developed by the International Histiocyte Society (21). This diagnosis can be made if 

patients have a known molecular diagnosis consistent with HLH or meet at least 5 of 8 

clinical or laboratory criteria (Table 1). Unfortunately, the HLH diagnostic criteria when 

applied to SJIA patients with suspected MAS are not sufficiently sensitive to diagnose the 

condition early in its development, when treatment is most successful. Some of the HLH 

markers, such as lymphadenopathy, splenomegaly, and hyperferritinemia, are common 

features of active SJIA itself and do not distinguish MAS from a conventional SJIA flare. 

Other criteria, such as cytopenias and hypofibrinogenemia, become evident only in the later 

stages of MAS, as SJIA patients often have increased white blood cell and platelet counts as 

well as elevated serum levels of fibrinogen as a part of the inflammatory response. Finally, 

other criteria such as natural killer (NK) cell function and bone marrow examination are 

time consuming and may unnecessarily delay administration of specific therapy.

Attempts to modify the HLH criteria to increase sensitivity and specificity for the diagnosis 

of MAS in rheumatic conditions including SJIA have been initiated (22, 23). The first 

proposed criteria for diagnosis of MAS in patients with SJIA were by Ravelli and colleagues 

(22) (Table 1). However, these criteria have not been further validated in a large cohort of 

patients, nor examined in patients who have MAS without SJIA.

Recently, an international collaborative project was started to develop a new and robust set 

of diagnostic criteria for MAS in patients with SJIA (23). As a first step, this project used 

the Delphi survey technique to identify the clinical features most pertinent to the diagnosis 

of MAS. The nine features ranked highest by the 232 respondent physicians are shown in 

Table 1. These candidate clinical variables are currently being evaluated for their 

performance in the early recognition of MAS with the goal of defining cut-off numerical 

values to achieve the highest sensitivity and specificity.

PATHOPHYSIOLOGY

The main pathophysiologic feature of MAS is excessive activation and expansion of T 

lymphocytes (mainly cytotoxic CD8+T cells) and macrophages (3, 13). These activated 

immune cells produce large amounts of proinflammatory cytokines, creating a “cytokine 

storm.”

In clinically similar primary HLH, the uncontrolled expansion of T cells and macrophages 

has been linked to decreased NK cell and cytotoxic T cell functions (8). In about 30% of 
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FHLH patients, this is due to mutations in the gene encoding perforin (24). Perforin is a 

protein that cytolytic cells utilize to induce apoptosis of target cells such as tumor cells or 

cells infected by viruses. In ~10% of patients with primary HLH, the disease is caused by 

mutations in another gene, MUNC13-4 (25). The protein encoded by this gene is involved in 

the release of perforin into the immune synapse with a target cell. Although the cytolytic 

cells of patients with MUNC13-4 mutations produce sufficient amounts of perforin, their 

ability to kill target cells is greatly diminished. More recently, mutations in two other genes 

have been linked to the development of primary HLH, both encoding proteins that facilitate 

granule fusion in intracellular trafficking events leading to the release of perforin: syntaxin 

11, a member of the SNARE protein family (26), and syntaxin binding protein 2 (STXBP2, 

known as MUNC18-2) (27, 28). Finally, several immunodeficiency syndromes that 

predispose to HLH are caused by mutations in gene products involved in the function of 

lytic granules. These include Griscelli syndrome type II (Rab27a) and Chediak Higashi 

syndrome (Lyst) (29). Although familial cases of MAS in SJIA have not been reported, 

SJIA/MAS patients have functional defects in the exosome degranulation pathway (30), and 

these abnormalities are associated with the presence of rare variants in the genes encoding 

MUNC13-4 (31, 32), STXBP2, STX11, and PRF1 (33).

Normally, cytotoxic cells induce apoptosis of cells infected with intracellular microbes or 

cells undergoing malignant transformation. In some circumstances, cytotoxic cells may also 

be directly involved in induction of apoptosis of activated macrophages and T cells during 

the contraction stage of the immune response. It has been proposed that in both HLH and 

MAS, failure to induce apoptosis due to cytotoxic dysfunction leads to prolonged expansion 

of T cells and macrophages and escalating production of proinflammatory cytokines.

Clues from Animal Models

Some clues to the pathophysiology of MAS are provided by animal models of HLH. First, 

Jordan et al. demonstrated that perforin-deficient mice infected with 

lymphochoriomeningitic virus (LCMV) developed fevers, splenomegaly, pancytopenia, 

extreme hyperferritinemia, and hypercytokinemia, as well as histologic features including 

hemophagocytosis characteristic of HLH (34). More importantly, these clinical features were 

prevented by the administration of anti-CD8 antibodies or neutralization of interferon 

gamma (IFNγ), whereas antibodies against CD4 and the neutralization of other 

inflammatory cytokines including tumor necrosis factor alpha (TNFα) had no effect. These 

results suggest that, at least in this model, IFNγ-producing CD8+ T cells are central in the 

pathogenesis of the hemphagocytic syndrome (34). As a consequence of continuous 

stimulation with IFNγ and other cytokines derived from these CD8+ cells, macrophages 

expand and acquire a distinct phenotype associated with hemophagocytic activity. Similar 

results have been obtained in mice deficient in other HLH-associated gene products 

including Munc13-4 and Rab27a (35, 36). These animals also developed HLH-like clinical 

features upon infection with LCMV in an IFNγ-dependent manner. Several lines of evidence 

suggest that IFNγ-producing CD8+ cells are important in patients with MAS as well. A 

recent study of liver biopsies from patients with MAS revealed extensive periportal 

infiltration with hemophagocytic macrophages secreting TNFα and interleukin (IL)–6, as 

well as IFNγ-producing CD8+ T cells (37). Furthermore, MAS patients usually have very 
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high levels of soluble IL2 receptor α (sIL-2Rα) chains, most likely originating from overly 

activated T cells (19). In addition, MAS features usually improve in response to treatment 

with cyclosporine A, a drug that acts predominantly on T cells rather than macrophages (2).

In all the above-mentioned animal models, however, the HLH-like clinical features emerge 

only in response to viral infections. Although a viral illness is a common trigger of 

hemophagocytic syndromes, many FHLH patients develop the first symptom of the disease 

spontaneously without an identifiable infection (8). Similarly, MAS is often associated with 

a flare of underlying SJIA rather than infection. These considerations prompted a search for 

other animal models that would not be dependent on an infectious trigger. Recent reports 

showing the critical need for the toll-like receptor (TLR) signaling adaptor MyD88 in the 

development of HLH-like disease in LCMV-infected MUNC13-4–deficient mice (38), 

combined with evidence of persistently activated TLR/IL-1R signaling pathways in SJIA 

(39, 40), provided a rationale for repeated activation of TLR to replicate the environment 

that would allow MAS to develop in a genetically predisposed host. Indeed, wild-type mice 

given repeated TLR9 stimulation develop some MAS features, including hepatic dysfunction 

and cytopenias (41). Interestingly, this model appears to be only partially IFNγ dependent, 

and in contrast to the models of primary HLH, IFNγ in these animals appears to be 

produced mainly by dendritic cells and NK cells but not by CD8+ T lymphocytes. 

Furthermore, in this model, many clinical features including hemophagocytosis do not 

appear to depend on IFNγ. Although the findings in this model are intriguing, their 

relevance to the disease in humans still needs to be elucidated.

Cytokine Storm

Whatever the upstream events that trigger MAS, the end product is escalating production of 

cytokines. Indeed, in both MAS and HLH, strikingly high levels of circulating cytokines 

including IFNγ, IL-2, macrophage colony stimulating factor (M-CSF), IL-1, IL-6, IL-18, 

and TNFα, as well as natural cytokine inhibitors such as soluble TNF receptors and IL-1R 

antagonists, have been reported (42–44). The interpretation of these data, however, is not 

straightforward, as even if cytokine levels are high and strongly correlate with disease 

activity, those observations do not necessarily establish causality. Below, we further discuss 

several cytokines that are increased in MAS and examine the effects of biologics blocking 

these cytokines on MAS risk and clinical presentation.

IL-1β—IL-1β is a proinflammatory cytokine produced primarily by monocytes and 

macrophages. It is present as an inactive form, pro-IL-1β; however, upon activation of cells, 

it is cleaved by caspase-1 to the biologically active form. IL-1β signals through its receptor 

and causes leukocyte and endothelial cell activation as well as production of other 

inflammatory cytokines including IL-6. IL-1β is believed to be central to the pathogenesis of 

SJIA (39, 45–48). Newly diagnosed SJIA patients show an IL-1-drive gene expression 

profile (40, 45), and serum from patients with active SJIA triggers the induction of IL-1-

related genes in monocytes from healthy donors (39). Indeed, large series (45–47) as well as 

phase III randomized trials (49, 50) have shown that IL-1 blockade could induce long-lasting 

clinical remission in >50% of SJIA patients.
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The exact role of IL-1 in the development of MAS remains unclear. Because MAS episodes 

are often triggered by SJIA flare, it is reasonable to expect at least some response to IL-1 

inhibition due to better control of the underlying disease. Indeed, there are several reports of 

SJIA-associated MAS dramatically benefiting from anakinra, a recombinant IL-1R 

antagonist, after inadequate response to corticosteroids and cyclosporine (51–53). Successful 

treatment of refractory adult onset Still’s disease (AOSD) complicated by MAS with IL-1 

blockade has been reported as well (53). In contrast, in two reports summarizing the 

experience with the use of anakinra in SJIA in several pediatric rheumatology centers, 

anakinra was a suspected MAS trigger in several children at doses of 1–2 mg/kg/day (46). 

However, cause and effect were difficult to establish in these patients, and permanent 

discontinuation of anakinra was unnecessary for any of them. In fact, in some of these 

patients, MAS features improved after the dose of anakinra was increased.

Canakinumab, a monoclonal antibody directed against IL-1β, is another IL-1-blocking 

biologic agent (50). Although canakinumab is an effective treatment in SJIA, it does not 

appear to have a significant effect on reducing the risk of MAS, even in patients whose 

underlying SJIA is well controlled (54). Infections were the most prevalent trigger for MAS 

in this group. Furthermore, the overall clinical features of MAS in patients treated with 

canakinumab do not appear to be modified by treatment.

IL-6—IL-6 is a pleotropic cytokine produced in the early stages of inflammation and is 

central in driving the acute-phase response. Patients with SJIA also demonstrate increased 

levels of IL-6, which correlate with disease activity (55). However, like IL-1β, the role of 

IL-6 in the pathogenesis of MAS remains unknown. One study of patients with MAS 

demonstrated the presence of IL-6-producing activated macrophages obtained from liver 

biopsies (37). In addition, IL-6 is elevated in patients with HLH, although not as markedly 

as in syndromes such as sepsis (42, 56). Interestingly, one study of IL-6-overexpressing 

transgenic mice found that prolonged exposure to IL-6 in vivo led to an exaggerated 

inflammatory response to TLR ligands, with some clinical features reminiscent of MAS, 

including cytopenias and hyperferritinemia (57). These findings suggest that IL-6 may 

amplify the inflammatory response to infections and contribute to a cytokine storm. There 

are no reports of MAS treated specifically with tocilizumab. In contrast, in a phase III 

clinical trial in SJIA, MAS was observed in three patients receiving IL-6 blockade with 

tocilizumab. This corresponded to 1.5 MAS cases per 100 patient-years. Intriguingly, the 

underlying SJIA in these patients responded well to the treatment (58). Another recent report 

from Japan described a patient with severe AOSD who showed a very good initial response 

to tocilizumab but then rapidly progressed to develop MAS (59). Furthermore, it has been 

suggested that treatment with tocilizumab may mask some MAS features. Shimizu and 

colleagues described several SJIA patients who developed MAS while on tocilizumab; their 

CRP levels remained normal, and the increase in levels of ferritin was relatively modest (60). 

This is not surprising given that IL-6 is a strong inducer of acute-phase proteins, including 

CRP and ferritin.

TNFα—TNFα is a pleomorphic cytokine implicated in the pathogenesis of several 

inflammatory diseases. It is produced largely by monocytes and macrophages. The role of 
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TNFα in SJIA appears to be rather limited, and the introduction of TNFα-inhibiting agents 

in clinical practice had no major impact on the SJIA outcome. Similarly, the role of TNFα in 

MAS and other hemophagocytic syndromes is unclear. Several animal models of HLH have 

shown increased levels of TNFα (34, 36, 61). However, there are conflicting results as to the 

pathologic role of increased TNFα; one report showed this cytokine may mediate tissue 

damage (62) whereas another found no effect of neutralizing this cytokine (34). TNFα 
similarly does not appear to be central to the pathogenesis of MAS in patients with SJIA. 

There are occasional reports of MAS that showed rapid improvement with TNFα blockade 

(63–65). However, there are numerous cases described in the literature of MAS in the setting 

of TNFα therapy, as well as reports of patients whose MAS worsened upon initiation of 

therapy (66). Taken together, these findings may suggest that elevated TNFα levels reflect 

the degree of underlying cellular activation rather than playing a causative role in MAS.

IL-18—IL-18 is a unique cytokine in the IL-1 family, and in a precursor form it is 

constitutively present in keratinocytes, epithelial cells, and blood monocytes (67). Because 

the IL-18 precursor is inactive, caspase-1 is required for processing and secretion of the 

active cytokine. IL-18 induces production of IFNγ by NK cells and T cells as well as TNFα 
and chemokine secretion by macrophages (68). IL-18 activity may be counterbalanced by a 

naturally occurring, high-affinity binding protein termed the IL-18 binding protein 

(IL-18BP).

In MAS, serum IL-18 levels are elevated out of proportion compared with other cytokines 

(69, 70). This is in distinct contrast to IL-18 levels in other diseases, such as rheumatoid 

arthritis (71), sepsis (72), or SLE (73, 74), where only moderate elevation is seen. In SJIA 

and AOSD, the levels of free IL-18 strongly correlate with underlying disease activity (69–

71) and slowly decrease with clinical remission. Notably, serum IL-18 levels in patients with 

MAS were only slightly higher than those in patients with active SJIA (75).

In one study of patients with MAS, serum IL-18 levels were highly increased, whereas the 

levels of IL-18BP were only moderately elevated, resulting in a high level of biologically 

active free IL-18 (69). Free IL-18, but not other cytokines, significantly correlated with 

overall clinical status as well as many specific features of MAS, including anemia, 

hypertriglyceridemia, hyperferritinemia, and soluble IL-2Rα chains, along with elevated 

levels of IFN-γ. Interestingly, IL-18 is a strong stimulator of NK cell activity, but despite 

high IL-18 levels, in vitro NK cell cytolytic activity is severely impaired in MAS patients. 

This impairment is due to both NK cell lymphopenia and intrinsic NK cell functional 

deficiency (76). Thus, a severe IL-18/IL-18BP imbalance may result in T lymphocyte and 

macrophage activation, which escapes immunoregulatory control by NK cell cytotoxicity. In 

patients with underlying inflammatory diseases, this creates conditions favoring the 

development of secondary MAS. However, one recent study suggests that IL-18 may have a 

more limited role in MAS. Chiossone and colleagues examined perforin-deficient mice 

infected with murine CMV, which leads to uncontrolled viral replication along with 

pancytopenia, hepatic dysfunction, hemophagocytosis, and death (61). Administration of 

synthetic IL-18BP ameliorated liver damage in the perforin-deficient mice. However, the 

animals still produced substantial proinflammatory cytokines, and there was no change in 
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overall survival. Further work is needed to better characterize the role of IL-18 in other 

model systems.

IFNγ—IFNγ is a proinflammatory cytokine produced by NK cells and T lymphocytes when 

activated by antigen-presenting cells. IFNγ is an important activator of monocytes and 

macrophages (77). Activated macrophages are divided into several general classes based on 

stimuli and their resulting polarization, with M1 macrophages driven by IFNγ into a 

classical proinflammatory phenotype characterized by increased microbicidal capacity, 

heightened responses to TLR ligands, and upregulated antigen processing and presentation. 

These cells are potent producers of proinflammatory cytokines, including IL-6, IL-12, and 

IL-23, as well as the chemokines IP-10, monokine induced by IFNγ (MIG), and IFN-

inducible T cell alpha-chemoattractant (I-TAC), which recruit polarized Th1 cells as well as 

NK cells (78, 79). There is also evidence that continuous stimulation with IFNγ may be a 

critical driver of hemophagocytosis by these activated macrophages (80). Macrophages can 

also be “alternatively activated” by other stimuli including IL-4 to exhibit an anti-

inflammatory, wound-healing phenotype (81). These macrophages are likely a 

heterogeneous population that encompasses distinct cellular phenotypes involved in 

activating polarized Th2 cells, immunoregulation, and wound healing (79).

The role of IFNγ in MAS in SJIA has not been fully characterized. However, IFNγ does not 

appear to play a central role in the pathogenesis of SJIA without MAS. Patients with both 

active and inactive SJIA do not exhibit increased serum IFNγ (45, 82). In addition, three 

independent gene expression studies have failed to find a prominent INFγ-induced signature 

in the peripheral blood monocytes of children who do not exhibit MAS clinical features (39, 

40, 83).

However, multiple lines of evidence suggest an essential role for IFNγ in the pathogenesis 

of MAS. IFNγ appears central to the pathogenesis of FHLH. First, IFNγ expression is 

highly elevated in these patients, out of proportion to other proinflammatory cytokines such 

as TNFα and IL-6, and rapidly returns to normal upon effective treatment (42, 84, 85). 

These children also exhibit increased levels of the IFNγ-induced chemokines IP-10 and 

MIG (86). Second, multiple independent animal models of FHLH have also demonstrated 

increased levels of IFNγ, and neutralization of this cytokine dramatically improves survival 

(34, 36, 41). Taken together, these findings support IFNγ blockade as a novel therapy for 

HLH, and a clinical trial is currently in progress (87). There is also increasing evidence for 

the role of IFNγ in SJIA patients who develop MAS. MAS episodes are frequently triggered 

by viral infections, which are known activators of IFNγ-induced pathways (88). Patients 

with MAS also show significant proliferation of IFNγ-producing T cells in tissue (37). The 

precise molecular phenotype of macrophages in patients with MAS has not been defined. 

However, children with MAS do exhibit increased levels of neopterin, a product of IFNγ-

activated macrophages (89). In addition, levels of neopterin could distinguish patients with 

MAS from those with active SJIA without MAS clinical features (75). Combined, these 

observations suggest that IFNγ-induced pathways are important in the pathogenesis of MAS 

in patients with SJIA.
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TREATMENT

Standard Nonbiologic Treatments

MAS is a life-threatening condition associated with high mortality rates. Therefore, early 

recognition and immediate therapeutic intervention to produce a rapid response are critical. 

Most clinicians start with intravenous methylprednisolone pulse therapy, e.g., 30 mg/kg for 

three consecutive days, followed by 2–3 mg/kg/day in 2–4 divided doses. If response to 

steroids is not immediately evident, parenteral administration of cyclosporine A (CsA) (2–7 

mg/kg/day) is usually initiated (2, 4, 90). Although high intravenous doses of CsA have been 

associated with increased risk for posterior reversible encephalopathy syndrome, in most 

MAS patients, addition of CsA not only provides rapid control of symptoms but also avoids 

excessive use of steroids (5). Patients in whom MAS remains active, despite the use of 

corticosteroids and CsA, present a serious challenge. In these patients, the HLH-2004 

treatment protocol developed by the International Histiocyte Society might be considered 

(21). This protocol, in addition to steroids and CsA, includes etoposide (or VP16), a 

podophyllatoxin derivative that inhibits DNA synthesis by forming a complex with 

topoisomerease II and DNA. Although successful use of etoposide in MAS has been 

reported, potential toxicity of the drug is a major concern, particularly in patients with 

hepatic impairment. Deaths associated with the use of etoposide, caused by severe bone 

marrow suppression and overwhelming infection, have been reported (91, 92). Recently, it 

has been suggested that in patients unresponsive to the combination of steroids and 

cyclosporine A, particularly in those with renal and hepatic impairment, antithymocyte 

globulin (ATG) might be a safer alternative to etoposide (93, 94). ATG depletes both CD4+ 

and CD8+ T cells through complement-dependent cell lysis. Mild depletion of monocytes is 

noted in some patients as well. Although in the reported cases this treatment was tolerated 

well, one must remember infusion reactions are frequently reported with the use of ATG, 

and adequate laboratory and supportive medical resources must be readily available if this 

treatment is used.

Biologic Agents

The utility of biologic drugs in MAS treatment remains unclear. Although TNFα-inhibiting 

agents have been reported to be effective in a few MAS patients, other reports describe 

patients in whom MAS developed while they were on TNFα-inhibiting agents. Because, at 

least in SJIA, MAS episodes are often triggered by disease flare, biologics that neutralize 

IL-1, a cytokine that plays a pivotal role in SJIA pathogenesis, have been tried. There are 

several reports of SJIA-associated MAS dramatically benefiting from anakinra after 

inadequate response to corticosteroids and CsA (51–53). Intravenous immune globulin 

treatment has been a successful treatment in virus-associated reactive HLH (95, 96). 

Rituximab, an anti-CD20 antibody that depletes B lymphocytes, has been successfully used 

in EBV-induced lymphoproliferative disease (97, 98) and could be considered in EBV-driven 

MAS. In children with treatment-refractory HLH, alemtuzumab, an anti-CD52 antibody that 

depletes lymphocytes as well as mononuclear cells, has been used successfully as salvage 

therapy prior to hematopoietic stem cell transplant (99). There is also a single report of a 

patient with SLE who developed reactive HLH/MAS that was treated successfully with 

alemtuzumab (100).
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SUMMARY

In summary, the mainstay of treatment of MAS presenting as a complication of rheumatic 

diseases remains high-dose corticosteroids, cyclosporine, and in more difficult instances, 

etoposide. Understanding the balance of cytokines in the cytokine storm of MAS is crucial 

to developing and utilizing the available cytokine-targeted biologic therapies. In systemic 

JIA patients, even those whose systemic JIA is well controlled, continuous treatment with 

canakinumab or tocilizumab does not provide full protection against MAS. Anakinra may be 

beneficial at least in some MAS patients. Findings in patients with FHLH support the IFNγ 
blockade as a novel therapy for FHLH, and a phase II clinical trial of NI-0501, an anti-IFNγ 
monoclonal antibody, is currently in progress.
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Glossary

FHLH familial hemophagocytic lymphohistiocytosis

SLE systemic lupus erythematosus
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Figure 1. 
“Cytokine storm” and the development of macrophage activation syndrome (MAS). MAS 

can develop in the setting of high systemic juvenile idiopathic arthritis (SJIA) disease 

activity, which is associated with increased levels of cytokines including IL-1, IL-6, IL-18, 

and TNFα. MAS can also be triggered by viral infections, wherein pathogen-associated 

molecular patterns (PAMPs) are recognized by toll-like receptors (TLRs) and trigger further 

secretion of inflammatory cytokines. The proinflammatory environment including elevated 

IL-6 can enhance signaling through TLRs. Infection also leads to activation and proliferation 

of CD8+ T cells and NK cells, including secretion of IFNγ. Defects in the cytolytic activity 

of these lymphocytes also contribute to hyperinflammation. Increased IL-18 levels further 

drive IFNγ production by these activated lymphocytes. This surge in IFNγ leads to 

activation of macrophages that acquire a proinflammatory phenotype and generate high 

levels of chemokines and cytokines. These activated macrophages, along with CD8+ T cells, 

traffic to tissue including bone marrow and liver and lead to the cytopenias, liver 

dysfunction, and coagulopathy associated with MAS.
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Table 1

Proposed criteria or features useful in the diagnosis of macrophage activation syndrome

HLH-2004 criteria (22) Ravelli criteria (23) MAS Study Group criteria (24)

A molecular diagnosis consistent with HLH (i.e., reported 
mutations in genes encoding either PRF1 or MUNC13-4, 
STX11, STXBP2, Rab27a, SH2D1A or BIRC4)
or
At least 5 of the 8 diagnostic criteria for hemophagocytic 
lymphohistiocytosis listed below:
Persistent fever
Splenomegaly
Cytopenias (affecting ≥2 of 3 lineages in the peripheral 
blood): hemoglobin <90 g/L, platelets <100 × 109/L, 
neutrophils <1.0 × 109/L
Hypertriglyceridemia (fasting triglycerides ≥3.0 mmol/L) 
and/or hypofibrinogenemia (≤1.5 g/L)
Hemophagocytosis in bone marrow, spleen, or lymph 
nodes; no evidence of malignancy
Serum ferritin ≥500 μg/L
Low or absent NK cell activity (according to local 
laboratory reference)
Increased serum sIL-2Rα (according to local laboratory 
reference)

Laboratory criteria:
Decreased platelet count (≤262 × 109/L)
Elevated aspartate aminotransferase (>59 
U/L)
Decreased white blood count (≤4.0 × 
109/L)
Hypofibrinogenemia (≤2.5 g/L)
Clinical criteria:
Central nervous systemic dysfunction 
(irritability, disorientation, lethargy, 
headache, seizures, coma)
Hemorrhages (purpura, easy bruising, 
mucosal bleeding)
Hepatomegaly (≥3 cm below the costal 
margin)
(Two or more laboratory criteria or any two 
or more clinical and/or laboratory criteria 
fulfilled establish the diagnosis)

Falling platelet count
Hyperferritinemia
Increased liver enzymes
Falling leukocyte count
Persistent continuous fever 
≥38°C
Falling erythrocyte sedimentation 
rate
Hypofibrinogenemia
Hypertriglyceridemia
Evidence of macrophage 
hemophagocytosis in the bone 
marrow
(Most frequent features identified 
by responding clinicians)
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