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Abstract

Objectives. Macrophage activation syndrome (MAS) is a severe complication of juvenile systemic lu-

pus erythematosus (jSLE). However, little is known about the association between these conditions, es-

pecially in terms of MAS as the initial manifestation of jSLE. The aim of this study was to determine

the clinical features of MAS as the initial manifestation of jSLE.

Methods. We carried out a retrospective review of the clinical features of MAS cases diagnosed con-

comitantly with jSLE from 2004 to 2016. Data from these patients were compared with those from a

control group consisting of jSLE patients without MAS.

Results. Eleven (23.9%) of the 46 patients recruited for this study were diagnosed with MAS during

the initial stage of jSLE. The between-group comparisons demonstrated that fever, leucopenia, hyper-

ferritinaemia and increased aspartate aminotransferase were more frequently observed in jSLE patients

with MAS than in controls (P<0.01). Importantly, neurological symptoms were significantly more com-

mon in patients with MAS than in controls (P<0.01), with 6 (54.6%) of the 11 MAS patients affected.

For treatment, all 11 patients with both jSLE and MAS were administered CSs upon diagnosis, and 7

received immunosuppressants. No patient involved in this study died.

Conclusion. MAS can develop as the initial manifestation of jSLE. MAS with jSLE should be sus-

pected in patients with fever, hyperferritinaemia, cytopenia and liver disorder. In addition, we found

that jSLE patients with MAS had more neurological symptoms than those without. All patients with

MAS were successfully treated with CSs. Early diagnosis and intensive therapy are essential in improv-

ing clinical outcomes.

Key words: macrophage activation syndrome, systemic lupus erythematosus, hyperferritinaemia, ferritin, hae-
mophagocytic syndrome, haemophagocytic lymphohistiocytosis

Introduction

Macrophage activation syndrome (MAS) is a severe, po-

tentially life-threatening complication of autoimmune dis-

eases. Specifically, it is a secondary hyper-inflammatory

Key messages

. Macrophage activation syndrome could develop as the initial manifestation of juvenile SLE.

. High fever and hyperferritinaemia may be suggestive of and be useful in the classification of macrophage activa-
tion syndrome.

. Early use of CSs, in conjunction with immunosuppression, is effective in juvenile SLE with macrophage activation
syndrome.
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condition involving uncontrolled immune activation

caused by excessive proliferation of macrophages and

lymphocytes and is considered a secondary form of

haemophagocytic lymphohistiocytosis (HLH) [1, 2].

Among systemic autoimmune diseases, MAS has been

described mainly in association with systemic JIA.

However, it has been increasingly recognized as a com-

plication of juvenile SLE (jSLE), with studies showing

that the incidence of MAS in jSLE ranges from 5.5 to

9% [3, 4].

The common clinical features that are used to

establish a diagnosis of MAS include fever, cytopenia,

hepatomegaly, splenomegaly, coagulopathy with hypo-

fibrinogenaemia, hypertriglyceridaemia and hyperferriti-

naemia [5, 6]. Recently, Parodi et al. [7] published

preliminary diagnostic guidelines for MAS as a compli-

cation of jSLE. These guidelines were shown to be clini-

cally relevant by Borgia et al. [4], who found that all 38

patients in their study of clinically diagnosed childhood-

onset SLE also met the criteria of Parodi et al. [7] .

Moreover, they reported that in 68% of patients, jSLE

and MAS were diagnosed simultaneously.

Despite these reports, data on MAS as an initial com-

plication of jSLE are still limited. The aim of the present

study, therefore, was to identify key clinical and labora-

tory characteristics of MAS as initial symptoms of jSLE

and to compare these features and those of jSLE with-

out MAS. We also aimed to describe the treatment ap-

proach for patients diagnosed with MAS as the initial

manifestation of jSLE.

Methods

Patient recruitment

Ethical committee approval was obtained from The

Saitama Children’s Medical Center Ethics Committee for

this retrospective study. Informed patient consent was

not required. We reviewed the medical records of 46

patients diagnosed with juvenile-onset SLE at the

Saitama Children’s Medical Center from 2004 to 2016.

We considered jSLE when disease onset was at

<18 years of age. Furthermore, we considered SLE

patients with MAS as the initial manifestation when the

interval between the diagnosis of SLE and MAS was

<14 days and when the patients were not treated with

any specific therapy for SLE. All of them fulfilled the

1997 revised ACR classification criteria for SLE and the

2012 Systemic Lupus International Collaborating Clinics

criteria [8, 9]. The SLEDAI-2000 (SLEDAI-2K) was used

to assess disease activity [10]. Given that there are no

universally accepted diagnostic criteria for MAS in SLE,

the diagnosis of MAS was based on the 2009 prelimi-

nary diagnostic guidelines for MAS as a complication of

jSLE [7]. Patients were required to fulfil at least one of

the following clinical criteria: fever, hepatomegaly,

splenomegaly, haemorrhagic manifestations and CNS

dysfunction; and at least two of the following laboratory

criteria: cytopenia affecting at least two of the three

peripheral blood lineages (i.e. white blood cell count,

<4.0� 109/l; haemoglobin, <9.0 g/dl; and/or platelet

count, <150�108/l), increased aspartate aminotransfer-

ase (AST; >40 U/l), increased lactate dehydrogenase

(LDH; >567 U/l), hypofibrinogenaemia (<1.5 mg/dl),

hypertriglyceridaemia (>178 mg/dl), hyperferritinaemia

(>500 ng/ml) and macrophage haemophagocytosis in

the bone marrow. The HLH-2004 diagnostic guidelines

were also followed for the diagnosis of MAS [5]. Sixteen

patients were excluded because of lack of two or more

of the 2009 preliminary diagnostic guidelines and clinical

or laboratory criteria; thus, there were 30 patients for

our between-group analyses.

SLE patients with no MAS episodes and those who

did not meet the MAS diagnostic criteria on admission

were selected as the control group for this study. Data

from these patients were compared with those from

patients diagnosed with MAS in jSLE.

Variables assessed in between-group analyses

We conducted a retrospective analysis of the following

variables: age at the time of diagnosis, gender, clinical

features, SLEDAI-2K score, medication received during

the acute disease course and prognosis. Clinical jSLE

data included in our analyses were the incidence of ne-

phritis, serositis, neurological dysfunction, haematologi-

cal disorders and signs of active infections (in all cases;

blood and urine cultures, serology of EBV and CMV).

Laboratory findings that were evaluated included white

blood cell, haemoglobin and platelet counts; ESR; levels

of glutamate oxaloacetate transaminase, creatine phos-

phokinase, LDH, CRP, ferritin, fibrinogen, triglycerides,

complement 3 (C3), complement 4 (C4), fibrin degrada-

tion product, D-dimer, ANA, anti-dsDNA antibodies,

anti-RNP antibodies, anti-Smith antigen (Sm) antibody,

anti-SSA antibodies and anti-SSB antibodies; and serum

soluble IL-2 receptor (sIL-2R) using an enzyme-linked

immunosorbent assay, NK cell activity and evidence of

macrophage haemophagocytosis in aspirated bone mar-

row or lymph node biopsy samples.

Statistical analysis

Statistical analysis was performed using Fisher’s exact

test, the v2 test, the Mann–Whitney U-test and

Student’s t-test as appropriate for between-group com-

parisons. A value of P<0.05 was considered statistically

significant.

Results

Patient demographics and clinical characteristics

During the study period, 46 new-onset jSLE patients

were admitted to our hospital. Eleven (23.9%) jSLE

patients concomitantly satisfied the 2009 preliminary di-

agnostic guidelines for MAS at admission (Table 1).

Furthermore, 7 (63.6%) of the 11 patients met the HLH-

2004 diagnostic criteria, whereas 1 patient (no. 1) did

not. The remaining 3 patients (nos 3, 8 and 11) lacked
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data, such as serum ferritin and sIL-2R levels, NK cell

activity and degree of haemophagocytosis required for

diagnosis using the HLH-2004 criteria.

The median age at which jSLE with MAS was diag-

nosed was 13.0 6 2.9 years (range, 7–17 years), with a

female:male ratio of 9:2. All patients presented with fe-

ver at diagnosis, and splenomegaly was recorded in

36.4% (4/11) and hepatomegaly in 18.2% (2/11) of

patients. Laboratory findings at the time of MAS onset

included hyperferritinaemia (median, 2006 ng/ml; range,

927–14 760 ng/ml) and increased levels of sIL-2R [me-

dian, 2701 U/ml; range, 1254–4170 pg/ml (reference

<496 pg/ml)], AST and LDH. NK cell activity was also

tested in four patients, with three showing a decrease.

In addition, 90.9, 36.4 and 81.8% of the patients

developed leucopenia, anaemia and thrombocytopenia,

respectively, and only 27.2 and 36.4% had hypo-

fibrinogenaemia and hypertriglyceridaemia, respectively.

A bone marrow aspirate or lymph node biopsy was

obtained from four patients, all of whom showed

haemophagocytosis.

Between-group comparisons

Our comparison of clinical and laboratory findings at the

time of diagnosis between jSLE patients with and with-

out MAS is reported in Table 2. Although fever and

splenomegaly were more frequent in patients with than

without MAS, there were no between-group differences

in the incidence of hepatomegaly and haemorrhage.

Significantly higher activated PTT, in addition to higher

levels of AST, LDH, fibrinogen and ferritin, were found in

jSLE patients with MAS, whereas fibrinogen levels and

white blood cell, neutrophil and platelet counts were

markedly lower. There were no between-group differen-

ces in age at the time of diagnosis, gender, SLEDAI-2K

score or the incidence of nephritis. There were also no

between-group differences in the levels of sIL-2R; anti-

TABLE 2 Demographic data, clinical manifestations and laboratory findings in 30 juvenile SLE patients with and without

macrophage activation syndrome

With MAS (n 5 11) Without MAS (n 5 19) P-value

At the age of onset of SLE (years) 13.0 (7–17) 12 (8–16) 0.4

Female gender [n (%)] 9 (81.9) 17 (89.5) 0.5
Fever [n (%)] 11 (100) 9 (47.4) <0.01

Hepatomegaly [n (%)] 2 (18.2) 4 (21.1) 0.6
Splenomegaly [n (%)] 4 (36.4) 1 (5.3) <0.05
Haemorrhage [n (%)] 1 (9.1) 0 (0) 0.8

WBC count (/ll) 1600 (500–7500) 3600 (2000–20 000) <0.01
Neutrophil count (/ll) 1100 (140–5300) 2140 (600–17 680) <0.01
Haemoglobin (g/dl) 9.6 (5–11.3) 10.5 (4.1–13.1) 0.06

Platelet count (� 108/l) 9.8 (2.3–16.5) 16.9 (0.2–23.4) <0.05
AST (U/l) 172 (54–815) 26 (15–133) <0.01

LDH (U/l) 829 (425–3220) 273 (150–755) <0.01
Fibrinogen (mg/dl) 199 (55–282) 281 (217–678) (n ¼ 18) <0.01
Triglycerides (mg/dl) 152 (108–283) 125 (47–248) 0.1

Ferritin (ng/ml) 2006 (927–14 760) (n¼10) 145 (5.6–482) (n ¼ 17) <0.01
sIL-2R (U/ml) 2701 (1254–4170) (n¼10) 1248 (554–3776) (n ¼ 9) 0.7

Positive ANA [n (%)] 11 (100) 18 (94.7) 0.6
Positive anti-dsDNA [n (%)] 10 (90.9) 17 (89.5) 0.7
Positive anti-SM [n (%)] 6 (54.5) 12 (63.2) 0.5

Positive anti-RNP [n (%)] 3 (42.9) (n¼7) 10 (58.8) (n ¼ 17) 0.4
Positive anti-SSA [n (%)] 9 (81.8) 10 (52.6) 0.1

Positive anti-SSB [n (%)] 4 (36.4) 5 (26.3) 0.8
Positive aCL (IgG) [n (%)] 3 (33.3) (n¼9) 7 (36.8) 0.6
Complement 3 (mg/dl) 40.0 (14–80) 46.5 (16–107) 0.15

Complement 4 mg/dl) 9.0 (2–11) 6.0 (1–27) 0.4
ESR (mm/h) 58 (16–143) 69 (11–125) 0.7
CRP (mg/dl) 0.46 (0.01–3.87) 0.26 (0.01–12.5) 0.4

Prothrombin time (s) 12.6 (10.9–14.4) 12.5 (10.3–21.3) 0.7
Activated partial thromboplastin time (s) 39.0 (27.5–63.9) 31.2 (26.8–81.5) <0.05

Fibrin degradation product (lg/dl) 8.6 (1.6–86.6) 4.4 (0.9–14.4) (n ¼ 17) 0.1
D-dimer (lg/dl) 4.9 (1.3–39.1) (n¼10) 2.4 (0.5–6.7) (n ¼ 17) 0.1
SLEDAI-2K 16 (8–43) 13 (6–25) 0.2

Neurological dysfunction [n (%)] 6 (54.5) 1 (5.3) <0.01
Nephritis 3 (27.3) 9 (47.4) 0.2

Data are reported as n (range) unless stated otherwise. AST: aspartate aminotransferase; LDH: lactate dehydrogenase;
MAS: macrophage activation syndrome; sIL-2R: soluble IL-2 receptor; WBC: white blood cells.
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dsDNA, anti-Sm, anti-SSB and aCL antibodies; C3 and

C4; ESR; and CRP. Finally, the incidence of neurological

symptoms was higher in patients with MAS than in

those without MAS. MRI abnormalities were detected in

three patients, including neurological involvement with

stroke (no. 2), demyelinating syndrome (no. 5) and mye-

lopathy (no. 9).

Patient treatment and outcomes

All patients received CSs once a diagnosis of jSLE with

MAS was established, with six receiving pulsed methyl-

prednisolone therapy. Furthermore, two patients were

treated with IVIG and seven with immunosuppressants

including CVC, MMF and AZA. No between-group differ-

ence was noted in the treatments received (data not

shown), and no patients involved in this study died. Five

of six MAS patients who had neurological manifestations

showed gradual improvement in their neurological

symptoms; one patient retained a mild anxiety disorder.

Discussion

In this study, we report data from 11 patients with

juvenile-onset SLE complicated with MAS at a single

children’s medical centre. Although other studies have

reported that the incidence of MAS in jSLE ranges from

5.5 to 9%, the prevalence of MAS was higher in our

study at 23.9% [3, 4]. This can be accounted for by ex-

clusion of patients who were already undergoing treat-

ment for jSLE at other hospitals. In addition, jSLE cases

severely complicated with MAS are referred to our hos-

pital because it is the sole tertiary hospital for paediatric

rheumatology in a high-population area.

MAS is recognized as a life-threatening complication

not only of systemic onset JIA, but also of jSLE [11].

Diagnosis of MAS is usually challenging, because there

is no single clinical or laboratory parameter that can be

used to aid in its diagnosis, and haemophagocytosis

may not always be seen in MAS patients [12, 13].

Furthermore, the features of jSLE complicated with MAS

may be difficult to distinguish from or overlapping those

of other conditions that may present in a similar manner,

such as ITP, autoimmune haemolytic anaemia, APS,

thrombotic thrombocytopenic purpura, CNS dysfunction,

liver disease and systemic infections [14]. To overcome

these difficulties, Parodi et al. [7] developed their 2009

preliminary diagnostic guidelines for MAS as a compli-

cation of jSLE, which were shown by Borgia et al. [4] to

be clinically relevant. We found further evidence for the

clinical significance of the guidelines of Parodi et al. [7],

finding that 7 (63.6%) of the 11 patients diagnosed with

MAS using these guidelines also met the HLH-2004 di-

agnostic criteria. However, it should be noted that one

patient (no. 1) did not meet these criteria, and the

remaining three patients (nos 3, 8 and 11) lacked suffi-

cient clinical data. Among the clinical and laboratory

features of jSLE with MAS identified by the guidelines

by Parodi et al. [7], fever was the most frequent

symptom in the present study. This is in accordance

with other studies, in which fever is the mainstay mani-

festation of MAS. Other abnormal findings that are

known to occur in MAS are severe cytopenia and he-

patic dysfunction. Accordingly, we found both spleno-

megaly and hepatomegaly in MAS patients, although the

former was more common in this group. We also found

greater frequencies of leucopenia, neutropenia and

thrombocytopenia in patients with MAS than in those

without. In addition, decreased NK cell activity and in-

creased sIL-2R have been recognized as diagnostic fea-

tures of MAS. However, these tests are generally not

used for MAS diagnosis in jSLE owing to their lack of

recognition, although we did find decreased NK cell ac-

tivity in three of the four patients tested. As such, the di-

agnosis of MAS remains largely dependent on clinical

manifestations and serum ferritin levels. Finally, six of

the MAS patients showed CNS manifestations, though it

is difficult to determine whether CNS dysfunction can be

attributed to MAS or to active SLE [4, 15]. Nevertheless,

our results corroborate those of an earlier study on jSLE

with MAS, in which a higher frequency of CNS involve-

ment was found in patients with MAS than in those with-

out [7, 11].

Regarding the development of MAS in jSLE, it has

been thought that MAS is a rare complication of jSLE,

and occurs especially at jSLE onset. It is also widely

recognized that infection and active disease are the

main trigger factors for MAS [16, 17]. However, we

found no specific infectious agents in blood or urine,

and there was no between-group difference in CRP

level. The median SLEDAI-2K score in jSLE patients with

MAS was 16 (8–43), which reflects high jSLE disease ac-

tivity. However, SLEDAI-2K scores did not differ be-

tween the two groups; as such, it remains unclear

whether jSLE activity itself is responsible for excessive

macrophage activation.

In terms of treatment, the therapeutic strategy for

jSLE with MAS has not yet been established. The main-

stay of MAS treatment is a high dose of CSs as first-line

therapy. Immunosuppressive agents, including CYC,

MMF, rituximab, anakinra, etoposide, IVIG and plasma

exchange, may be added in severe or refractory cases

of MAS with SLE, [4, 6, 18, 19]. In the present study, all

patients were promptly treated with a high dose of CSs,

including an i.v. pulsed methylprednisolone therapy

upon diagnosis, and the combination of CSs with other

immunosuppressive therapies (frequently, MMF and

CYC) in the severe cases of SLE was effective, with no

patients dying as a result of MAS. In another study,

however, a mortality rate of 5% among 38 cases of

jSLE-associated MAS was reported, indicating that this

may be a potentially fatal condition [4].

Despite the insights provided by the present study, it

does have some limitations. First, this is a single-centre

study assessing data from a small number of patients

diagnosed and managed by local practices. Patients re-

ferred to a tertiary children’s hospital may have more

advanced or refractory conditions, and thus may not be

Features of macrophage activation syndrome
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representative of the general diseased population. Use

of the 2009 preliminary diagnostic criteria for MAS may

be considered more lenient than the 2004 HLH diagnos-

tic criteria and may have led to overdiagnosis in this co-

hort. Second, blood tests for serum ferritin and sIL-2R

levels, NK cell activity and haemophagocytosis in bone

marrow were not conducted for all patients. Further

studies are therefore needed to establish more robustly

the clinical relevance of factors used to diagnose MAS

in jSLE.

Nevertheless, MAS is a severe complication and may

develop as the initial manifestation of jSLE. The physi-

cian must consider treatment of the underlying clinical

condition and laboratory features of MAS at the early

active stage of SLE. We demonstrated that a feasible

screening for MAS should include monitoring of serum

ferritin levels and assessment of neurological symptoms.

The 2009 preliminary diagnostic guidelines for MAS with

jSLE helped with the classification of patients suffering

from these conditions in the present study. Lastly, a

good prognosis can be obtained with early diagnosis

and prompt treatment, which is important, considering

the life-threatening potential of early-stage jSLE with

MAS.
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