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Macrophage Activation Syndrome (MAS) is a very severe complication of different
rheumatic diseases, including pediatric Systemic Lupus Erythematosus (pSLE). MAS is
not considered as a frequent complication of pSLE; however, its occurrence could be
under-estimated and the diagnosis can be challenging. In order to address this issue,
we performed a systematic review of the available medical literature, aiming to retrieve all
those papers providing diagnostic (clinical/laboratory) data on patients with pSLE-related
MAS, in individual or aggregated form. The selected case reports and series provided
a pool of 46 patients, accounting for 48 episodes of MAS in total. We re-analyzed
these patients in light of the diagnostic criteria for MAS validated in systemic Juvenile
Idiopathic Arthritis (sJIA) patients and the preliminary diagnostic criteria for MAS in pSLE,
respectively. Five clinical studies were also selected and used to support this analysis.
This systematic review confirms that MAS diagnosis in pSLE patients is characterized
by several diagnostic challenges, which could lead to delayed diagnosis and/or under-
estimation of this complication. Specific criteria should be considered to diagnose MAS
in different rheumatic diseases; as regards pSLE, the aforementioned preliminary criteria
for MAS in pSLE seem to perform better than the sJlA-related MAS criteria, because of
a lower ferritin cut-off.

Keywords: Macrophage Activation Syndrome, pediatric Systemic Lupus Erythematosus, diagnostic criteria,
ferritin, hyper-ferritinemia

INTRODUCTION

Systemic Lupus Erythematosus (SLE) is a challenging autoimmune disease, whose clinical
expression is widely variable: indeed, all organs and systems may be potentially affected (1).
Worldwide, SLE incidence varies from 1 to 10 per 100,000 person-year, and the prevalence is
reported to range from 20 to 70 per 100,000 persons. Both incidence and prevalence resulted
to be higher in non-Caucasian population. Importantly, SLE is characterized by a clear gender
predilection (female/male ratio up to 9:1), which is more pronounced than in other autoimmune
diseases (2, 3).
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Pediatric SLE (pSLE) is diagnosed in patients younger than 18
years: it represents 10-20% of all SLE cases and shows a variable
prevalence of 1.89-25.7 per 100,000 children, according to the
ethnic group. pSLE is characterized by female predominance
(gender ratio of 4-5:1) and may have a more aggressive clinical
course than adult SLE, especially in terms of neurological and
renal manifestations (4-7).

In addition to several and heterogeneous organ-related and
long-term complications, SLE patients may also develop the so-
called Macrophage Activation Syndrome (MAS) (8, 9). MAS is
a very severe, acute and potentially life-threatening condition,
which is classified as a secondary form of hemophagocytic
lymphohistiocytosis (HLH). Primary HLH is substantially caused
by genetic defects leading to the impairment of the T and/or
NK cells cytotoxic activity. This immunological aspect is also the
main pathogenic event of secondary or acquired HLH, namely
MAS, which may be due to a variable combination of factors,
including the iatrogenic immunosuppression and/or intrinsic
immune dysfunction related to the underlying rheumatic disease
itself. Whenever one or more infectious agents (often viruses)
cannot be efficiently cleared in rheumatic patients, the persistent
activation of the CD8' T cell/macrophage immune loop
can result in uncontrolled systemic inflammation and, thus,
massive production of several inflammatory cytokines (“cytokine
storm”), leading to dysregulated hemophagocytosis in multiple
organs (10).

The exact prevalence of MAS in pSLE patients is difficult
to say, but may be under-estimated; however, a timely and
certain diagnosis of MAS is a medical priority, especially
in children affected with pSLE: indeed, the mortality rate is
calculated to be around 5%, which is much higher than that
in SLE patients without MAS (0.2%) (11). However, MAS
diagnosis can be challenging, especially if it occurs in patients
without any clear diagnosis of rheumatic disease. In general, the
clinical manifestations can include persistent high-grade (sepsis-
like) fever, hepatosplenomegaly, lymphadenopathy, and central
nervous dysfunction (8, 10).

The European League Against Rheumatism and the American
College of Rheumatology (EULAR/ACR) developed a set of
criteria for the diagnosis of MAS in patients affected with JIA
(12). However, there are no definitive MAS diagnostic criteria
specific for other pediatric rheumatic diseases, including pSLE;
therefore, the EULAR/ACR criteria are variably used by the
clinicians to pursue a diagnosis of MAS in different clinical
settings, but it is still unclear whether they can be safely and
appropriately applied to diseases other than JIA.

Through this systematic review, we aim at analyzing and
discussing the most relevant diagnostic aspects of MAS in
pSLE patients.

MATERIALS AND METHODS

Protocol

The PRISMA guidelines were used for this systematic review.
This systematic review includes original articles and case
reports/series, providing (diagnostic) information on pSLE
patients developing MAS. Indeed, the primary aim of this

systematic review is to assess the potential performance of
the most used diagnostic criteria for MAS in this specific
rheumatological setting, namely pSLE.

Search Strategy

In order to retrieve all the original articles focused on pSLE
complicated by MAS, a systematic literature search was
conducted through PubMed, Scopus, and Web of Science
databases by using the following keywords/terms: (systemic
lupus erythematosus AND/OR SLE AND/OR pediatric
SLE AND/OR juvenile SLE AND/OR childhood-onset SLE
AND/OR children) AND (macrophage activation syndrome
AND/OR MAS). The study period was from 2000 until March
15th, 2021.

After screening a total of 2,427 items retrieved from the
medical literature in the aforementioned electronic databases,
duplicated records, review articles, abstracts and conference
papers were eliminated; moreover, only publications in English
language were considered. Therefore, after eliminating 2,072
items through this initial screening, 355 titles were considered
for eligibility, based upon the abstract: 78 full-text papers were
retrieved in order to identify all the original publications (case-
control, cross-sectional, retrospective studies, case reports, and
case series), describing only patients with pSLE-related MAS and
providing diagnostic (clinical/laboratory) data in individual or
aggregated form. This systematic literature search was carried out
according to PRISMA guidelines, as schematically represented in
Figure 1.

Data Extraction

After a critical reading of the articles, data extraction was done
by one investigator and was checked by a second investigator
following these main inclusion criteria: any original articles
including patients with pSLE-related MAS and providing
diagnostic (clinical/laboratory) data in individual or aggregated
form. In detail, the following items were extracted from each
case report/series: first author’s last name, publication year,
patient’s age and gender, temporal relationship between pSLE
and MAS diagnoses, personal history of fever of unknown origin
(FUO), qualitative therapy, outcome, laboratory parameters
(hemoglobin, white blood cells, neutrophils, thrombocytes,
presence of hemophagocytosis at histopathological analysis
of the bone marrow, plasmatic sodium, serum ferritin,
triglycerides, ~erythrocyte sedimentation rate, C-reactive
protein, lactate dehydrogenase, aspartate transaminase, alanine
aminotransferase, fibrinogen).

RESULTS

The final output of this systematic literature search consisted of
28 papers, including case reports/series (n = 24) and clinical
studies (n = 4). The former type of articles provided individual
clinical and laboratory data of patients affected with the pSLE-
related MAS (13-36), whereas the clinical studies provided these
data in aggregated form (11, 37-39). One article provided both
types of data: individual information for pSLE-related MAS
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FIGURE 1 | PRISMA flow diagram of the systematic literature research.

patients and aggregated values (which were compared to a
control group of pSLE patients without MAS) (33).

In detail, all the selected case reports and series provided a
pool of 46 patients with pSLE and a total of 48 episodes of MAS
(indeed, two patients developed MAS twice). The main clinical
aspects of these children (age, gender, temporal relationship
between MAS occurrence and pSLE diagnosis, therapy and
outcome) are presented in Table 1. The most relevant laboratory
parameters (hemoglobin, platelets, white blood cells, neutrophils,
ferritin, triglycerides, ESR, CRP, LDH, AST, ALT, fibrinogen,
plasmatic sodium) for the diagnostic definition of MAS are
summarized in Table 2.

Considering the debate about the diagnostic criteria of MAS
occurring in different rheumatic clinical settings, we analyzed the
available clinical experiences on MAS in pSLE by applying the

validated EULAR/ACR diagnostic criteria for MAS in patients
with sJTA, as schematically represented in Table 3.

In addition to case reports and series, we also analyzed the
four [actually five, including the paper by Sato et al. (34)] clinical
studies providing aggregated data on clinical and laboratory
characteristics of MAS occurring in pSLE patients (11, 33, 37-
39). Those articles providing aggregated data for both adult and
pediatric patients (without any chance to assess them separately)
were excluded. The main laboratory aspects with diagnostic
relevance from each study have been extracted and reported in
Table 4. Importantly, one of these papers (by Parodi et al.) (37)
proposed a set of preliminary criteria to diagnose MAS in patients
with a consolidated diagnosis of pSLE: thus, we also challenged
the MAS episodes described in the case reports/series with this
set of preliminary criteria, as showed in Table 5.
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TABLE 1 | Demographics, treatment, and outcome of patients with pediatric Systemic Lupus Erythematosus (pSLE) and Macrophage Activation Syndrome (MAS) in case

reports/series.
References Patient Age Gender SLE diagnosis SLE duration FUO Therapy Outcome
(years) at MAS onset before MAS
Av¢in et al. (13) 1 15 F N - Y MP Fatal
McCann et al. 2 10 F N - Y MP, PSL, CYC Recovery
(14)
Rajam et al. 3 14 F N - Y MP Recovery
(15)
Yeap et al. (16) 14 F N - Y CSA, PSL Recovery
Zulian et al. 5 10 F N - Y MP, PRED Recovery
(17
Campos et al. 6 17.9 F Y n/a Y MP Fatal
(18) 7 13.9 F N - Y MP, CYC Recovery
8 8.8 F N - Y MP, CYC Fatal
9 10.2 F N - Y MP Recovery
o 13.2 / Y 37 mo Y MP, CSA Recovery
10 10.8 F N - Y MP Recovery
ihl 14.6 F Y 57 mo Y PRED, MMF Fatal
12 14.8 M N - Y MP Recovery
13 11.2 F N - Y MP Recovery
14 1.5 F Y 3 mo Y MP, CYC Recovery
15 13.2 F Y 41 mo Y MP, CSA, MMF Fatal
Gharib et al. 16 6 M N - Y MP, CSA Recovery
(19
Lin et al. (20) 17 16 F Y 38 mo Y PSL Recovery
18 12 F Y 32 mo Y MP Fatal
Vilaiyuk et al. 19 14 M N - Y MP Recovery
@1
19* 14.5 / 0.5 mo Y MP, CSA Recovery
Jiménez et al. 20 7 F N - Y MP, CSA, CYC Recovery
(22)
Nakagashi 21 15 F N - Y MP, CSA, DexP Recovery
etal. (23)
Noh et al. (24) 22 14 F N - Y PSL, Recovery
Deflazacort
Gupta et al. 23 10 F Y 36 mo Y MP, PRED, CSA Recovery
(25)
24 15 F N - Y MP, CSA Recovery
Alkoht et al. 25 F N - Y MP, PSL, CYC Recovery
(26)
26 F N - Y MP, PSL, CYC Recovery
Casciato et al. 27 15 F N - Y MP, CSA Recovery
@7)
Guru et al. (28) 28 15 F N - Y MP, CSA, HCQ Recovery
Moideen et al. 29 17 F N - Y MP Recovery
29
Sowithayakasul 30 13 F N - Y MP, ETO, DEXA Recovery
et al. (30)
Aguirre- 31 9 M N - Y DEXA, CSA Recovery
Martinez et al.
@1
Gliwinska et al. 32 9 F N - Y MP, CYC Recovery
32)
(Continued)
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TABLE 1 | Continued

References Patient Age Gender SLE diagnosis SLE duration FUO Therapy Outcome
(years) at MAS onset before MAS

Sato et al. (33) 33 12 F n/a* - Y GC, MMF Recovery
34 7 F n/a* - Y GC, CYC, MP Recovery
35 12 M n/a* - Y GC, MMF, MP Recovery
36 13 F n/a* - Y GC, MMF, MP Recovery
37 13 M n/a* - Y GC, MP, CYC Recovery
38 14 F n/a* - Y GC Recovery
39 12 F n/a* - Y GC, AZA Recovery
40 14 F n/a* - Y GC Recovery
41 17 F n/a* - Y GC, MMF, MP Recovery
42 7 F n/a* - Y GC, MP Recovery
43 13 F n/a* - Y GC, MP Recovery

Lin et al. (34) 44 11 F N - Y MP, PSL, CYC Recovery

Surendran 45 12 M N - Y MP, PSL Recovery

et al. (35)

Cintron et al. 46 16 M N - Y MP, HCQ Recovery

(36)

FUO, fever of unknown origin; SLE, Systemic Lupus Erythematosus; MAS, Macrophage Activation Syndrome; Y, yes; N, no; n/a, not available; —, not applicable; M, male; F, female; m,
months; DEXA, dexamethasone; MF, methylprednisolone; PSL, prednisolone; CYC, cyclophosphamide; CSA, cyclosporine A; PRED, prednisone; MIMF, mycophenolate mofetil; DexR,
dexamethasone palmitate; HCQ), hydroxychloroquine; GC, glucocorticoid; AZA, azathioprine; ETO, etoposide.

9* second episode of MAS for the ninth patient; 19* second episode of MAS for the nineteenth patient.

#The authors state that during the study period 46 “new-onset” pSLE patients were admitted to their hospital and these 11 MAS patients belonged to this cohort.

DISCUSSION

MAS is a severe and acute complication of several systemic
inflammatory diseases: indeed, it can result in a progressive
multi-organ failure and, if not timely recognized and treated, it
may lead to a fatal outcome (40). As previously mentioned in
the introduction, the occurrence of MAS may be underestimated
in pSLE and several other rheumatic diseases: the absence
of validated sets of disease-specific criteria to diagnose MAS
definitely contributes to this situation (11).

No matter the particular clinical background, the diagnosis
of MAS was originally based on the same diagnostic criteria
used for primary HLH (HLH-2004 classification system),
which include clinical, laboratory and histopathologic findings
(fever, splenomegaly, cytopenia, elevated triglycerides/decreased
fibrinogen, decreased NK cell function, increased ferritin,
and increased soluble IL-2 receptor levels, demonstration
of hemophagocytosis) (41). More recently, the EULAR/ACR
provided a new set of diagnostic criteria for MAS validated in
sJIA patients: this complication is diagnosed whenever a febrile
patient with known or suspected sJIA shows high serum ferritin
(>684 ng/ml) plus any two of the following criteria: platelet count
<181%109/1, aspartate aminotransferase >48 U/l, triglycerides
>156 mg/dl, fibrinogen <360 mg/dl (12).

In this review, we tried to analyze the potential applicability
and performance of these EULAR/ACR criteria for sJIA-related
MAS in patients affected with pSLE. Therefore, we extracted the
main (clinical and laboratory) individual data provided by all the
available case reports and series of children developing MAS in
the context of SLE, as showed in Tables 1 and 2.

Through this literature research approach, we collected a
pool of 46 pediatric patients affected with pSLE-related MAS
(13-36). Most of them were female (n = 38, 82.6%) and their
mean age was around 12 years (age range: 4-17 years): both
these demographic aspects reflect the gender and age distribution
of pSLE. Importantly, only 9 out of 35 patients (25.7%) are
clearly reported as having a diagnosis of pSLE at the time (and,
thus, in consequence) of MAS occurrence: in these cases, this
complication appeared after a variable amount of time, ranging
from <1 months to more than 4 years. All the remaining 26
patients received the diagnosis of pSLE after MAS occurrence.
The 11 patients described by Sato et al. (33) may have developed
MAS at the pSLE onset or in the early disease phases; however,
the authors do no provide precise information on this specific
aspect. The therapeutic approach was variable, but this discussion
is beyond the purpose of this article; however, 6 pSLE patients
(13.0%) died because of MAS and, interestingly, 4 of them had
been already diagnosed with pSLE, which further supports the
need of reliable diagnostic criteria in this rheumatic disease.

As showed in Table 3, we tried to apply the aforementioned
JIA-related EULAR/ACR MAS criteria to each of these 48
episodes of pSLE-related MAS. Unfortunately, not all case
presentations provided the full set of laboratory data included in
this diagnostic classification; however, a sufficient information to
conclude whether the EULAR/ACR criteria are fulfilled or not,
was available for most cases (n = 33, 68.7%). Among them, only
2 cases out of 33 (6.1%) did not fulfill these criteria for sure,
because of a ferritin value lower than the 684 mg/ml cut-off (pt.
25: 592 ng/ml; pt. 32: 540 ng/ml); otherwise, both cases would
have satisfied the additional laboratory criteria. As regards the
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TABLE 2 | Laboratory values of patients with pediatric Systemic Lupus Erythematosus (pSLE) and Macrophage Activation Syndrome (MAS) described in case reports/series.

References Pt. Hb (g/L) WBC NEU PLT BM Sodium Ferritin  Triglycerides ESR CRP LDH ALT AST Fibrinogen
(10°/L) (10°/L) (10°/L) (HPC) (mmol/L) (ng/mL)  (mg/dL) (mm/h) (mg/L) (U/L) (U/L) (U/L) (mg/dL)
AvCin et al. (13) 1 115 3.1 n/a 232 NEG n/a >1,000 n/a 28 n/a 2,740 99 196 n/a
McCann et al. (14) 2 75 1.6 0.8 83 NEG n/a 2,087 n/a 31 <7 1,289 44 n/a n/a
Rajam et al. (15) 3 90 4.8 n/a n/a POS n/a n/a n/a 78 35 n/a N/A n/a n/a
Yeap et al. (16) 4 84 2.4 1.08 46 NEG n/a 73,968 297.3 n/a n/a 2,675 375 2,534 14,100
Zulian et al. (17) 5 78 1.03 n/a 40 NEG n/a 2,508 225.6 57 140 n/a 55 76 80
Campos et al. (18) 6 86 0.04 n/a 8 POS n/a 1,890 349.5 n/a n/a n/a 98 46 n/a
7 87 3.4 n/a 105 NEG n/a n/a 304.4 n/a n/a n/a 348 1,315 n/a
8 114 3.7 n/a 64 NEG n/a n/a 781.4 n/a n/a n/a 458 1,667 n/a
9 86 4.2 n/a 80 NEG n/a n/a 802.6 n/a n/a n/a 371 1,642 n/a
9* 76 1.2 n/a 95 POS n/a 27,602 330.9 n/a n/a n/a 99 229 n/a
10 98 5.4 n/a 38 NEG n/a n/a 394.7 n/a n/a n/a 155 23 n/a
ih 96 71 n/a 300 NEG n/a 1,718 525.6 n/a n/a n/a 215 939 n/a
12 87 2.8 n/a 176 NEG n/a n/a 312.4 n/a n/a n/a 237 1,119 n/a
13 85 2.2 n/a 111 NEG n/a n/a 81.42 n/a n/a n/a 44 82 n/a
14 72 2.8 n/a 95 POS n/a 3,079 624.8 n/a n/a n/a 152 375 n/a
15 72 0.12 n/a 64 NEG n/a 2,896 297.3 n/a n/a n/a 22 25 n/a
Gharib et al. (19) 16 59 0.48 0.05 293 NEG 127 8,654 397.3 148 48 705 24 57 1,300
Lin et al. (20) 17 49 0.6 0.42 74 POS n/a n/a 358.4 25 9 2,393 n/a 25 n/a
18 62 0.7 n/a 12 POS n/a n/a 177.8 n/a <4 727 n/a 127 n/a
Vilaiyuk et al. (21) 19 88 2.1 1.248 88 POS n/a >30,000 600 10 n/a 1,065 233 1,050 128
19* 98 0.73 n/a 364 POS n/a >40,000 504.4 16 12 855 676 480 n/a
Jiménez et al. (22) 20 63 1.98 0.91 44 n/a n/a n/a n/a n/a 50.4 n/a n/a n/a 368
Nakagashi et al. (23) 21 n/a n/a n/a 79 POS n/a 20,417 n/a n/a n/a 1,259 n/a 153 n/a
Noh et al. (24) 22 85 0.56 n/a 51 NEG n/a >1,650 281.4 n/a n/a 794 n/a 451 n/a
Gupta et al. (25) 23 80 1 0.33 80 POS n/a 45,395 349.5 70 15 740 550 640 n/a
24 90 2.6 n/a 100 NEG n/a 8,440 417.7 113 n/a 1,683 n/a 544 n/a
Alkoht et al. (26) 25 78 3.6 n/a 78 POS n/a 591 281.4 n/a n/a 606 n/a NR 559
26 82 1.9 n/a 173 POS n/a 12,000 n/a 85 20 1,279 n/a 163 546
Casciato et al. (27) 27 100 1.9 0.95 4.1 POS n/a 22,295 376.1 103 3.2 1,509 56 216 n/a
Guru et al. (28) 28 91 2.1 n/a 45 POS n/a >15,000 592 35 n/a n/a 205 202 28
Moideen et al. (29) 29 n/a n/a n/a n/a POS n/a 2 x 108 n/a n/a n/a n/a 101 329 n/a
(Continued)
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TABLE 2 | Continued

References Pt. Hb (g/L) WBC NEU PLT BM Sodium Ferritin  Triglycerides ESR CRP LDH ALT AST Fibrinogen
(10°/L) (10°/L) (10°/L) (HPC) (mmol/L) (ng/mL)  (mg/dL) (mm/h) (mg/L) (U/L) (U/L) (U/L) (mg/dL)
Sowithayakasul 30 108 1.6 0.66 57 POS 131 31,132 537 n/a n/a 788 9 59 130.6
et al. (30)
Aquirre-Martinez 31 n/a n/a n/a n/a POS n/a 24,320 1,045.1 n/a n/a n/a n/a n/a 86
et al. (31)
Gliwinska et al. (32) 32 101 4.2 1.7 218 n/a n/a 14.9 363.7 n/a 2.41 n/a n/a 49.2 414
Sato et al. (33) 33 101 1.6 n/a 1.65 n/a n/a 927 1115 n/a n/a 518 n/a 87 263
34 50 7.5 n/a 0.23 n/a n/a 1,401 230.9 n/a n/a 719 n/a 134 111
35 101 2.4 n/a 1.23 n/a n/a N/A 107.9 n/a n/a 425 n/a 108 191
36 96 3.3 n/a 1.21 n/a n/a 10,115 123.9 n/a n/a 1,617 n/a 815 118
37 70 1.0 n/a 1.29 POS n/a 14,760 282.3 n/a n/a 1,687 n/a 369 190
38 113 0.5 n/a 0.98 POS n/a 2,232 202.6 n/a n/a 1,110 n/a 194 225
39 74 3.2 n/a 0.77 POS n/a 1,127 147.7 n/a n/a 690 n/a 54 282
40 108 0.8 n/a 1.59 n/a n/a 1,780 151.3 n/a n/a 829 n/a 179 211
41 91 1.0 n/a 0.71 n/a n/a 5,213 218.5 n/a n/a 1,151 n/a 156 212
42 106 1.0 n/a 0.59 n/a n/a 1,245 135.4 n/a n/a 706 n/a 172 55
43 73 1.7 n/a 0.53 POS n/a 6,940 169.9 n/a n/a 3,220 n/a 780 207
Lin et al. (34) 44 90 1.4 0.74 56 n/a n/a 2,115 n/a n/a n/a n/a 374 995.8 138
Surendran et al. (35) 45 n/a n/a n/a n/a n/a n/a 14,969 n/a n/a 1 1,159 415 1,087 n/a
Cintron et al. (36) 46 90 2.52 n/a 63 POS n/a 11,329 125 n/a 23 982 n/a 114 190

Pt, patient; HPC, hemophagocytosis; Hb, hemoglobin;, WBC, white blood cells; NEU, neutrophils; PLT, platelets; BM, bone marrow, ESR,

aspartate transaminase; ALT alanine aminotransferase; POS positive, NEG negative, n/a not available.

*second episode of MAS for the ninth patient; second episode of MAS for the nineteenth patient.

erythrocyte sedimentation rate; LDH, leukocyte dehydrogenase, CRF, ¢ reactive protein, AST,
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TABLE 3 | Fulfilment of the sJIA EULAR/ACR 2016 diagnostic criteria for MAS in reported cases of pSLE with MAS.

Patients Fever Ferritin Platelet AST Triglycerides Fibrinogen Ref. EULAR/ACR
(>684ng/mL) (<181 x 10%/L) (>48 U/L) (>156 mg/dL) (<360 mg/dL) criteria
(fulfillment)
1 + + - + n/a n/a (13) ?
2 + + + n/a n/a n/a (14) ?
3 + n/a n/a n/a - n/a (15) ?
4 + + + + + + (16) Y
5 + + + + + + (17) Y
6 + + + - + n/a (18) Y
7 + n/a + + + n/a (18) ?
8 —+ n/a + + + n/a (18) ?
9 + n/a + + + n/a (18) ?
9 + + + + + n/a (18) Y
10 + n/a + - + n/a (18) ?
11 + + - + + n/a (18) Y
12 + n/a + + + n/a (18) ?
13 —+ n/a + + - n/a (18) ?
14 + + + + + n/a (18) Y
15 + + + - + n/a (18) Y
16 + + - + + - (19) Y
17 —+ n/a + - + n/a (20) ?
18 + n/a + + + n/a (20) ?
19 + + + + + + ©@1) Y
19* + + - + + N/A 21) Y
20 + n/a + n/a n/a - (22) ?
21 + + + + n/a n/a (23) Y
22 + + + + + n/a (24) Y
23 + + + + + n/a (25) Y
24 + + + + + n/a (25) Y
25 + - + - + - (26) N
26 + + + + - - (26) Y
27 + + + + + n/a 27) Y
28 + + + + + + (28) Y
29 + + n/a + n/a n/a (29) ?
30 + + + + + + (30) Y
31 + + n/a n/a + + 381) Y
32 + - - + + - 21) N
33 + + + + - + (32) Y
34 + + + + + + (33) Y
35 + n/a + + - + (83 ?
36 + + + + - + (33) Y
37 + + + + + + (33) Y
38 + + + + + + (33) Y
39 + + + + - + (33) Y
40 + + + + - + (33) Y
41 + + + + + + (33) Y
42 + + + + - + (33) Y
43 + + + + + + (33) Y
44 + + + + n/a + (34) Y
45 + + n/a + + + (35) Y
46 + + + + - + (36) Y

n/a, not available; AST, aspartate transaminase; Ref., reference number; Y, yes; N, no; ?, uncertain (the fulfilment of diagnostic criteria cannot be positively or negatively concluded
because of the lack of complete information).
*second episode of MAS for the ninth patient; second episode of MAS for the nineteenth patient.
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TABLE 4 | Relevant laboratory parameters for MAS diagnosis in pSLE patients, as reported in the available clinical studies.

References laboratory Parodi et al. (37)* Aytac et al. Borgia et al. Sato et al. (33)° Gerstein et al. Gerstein et al.
parameters (38)8 (11)° (39)E [cohort 1] (39)E [cohort 2]
Fever (/total patients) 34/38 (89.5%) 6/6 (100%) 38/38 (100%) 11/11 (100%) 10/10 (100 %) 10/10 (100 %)
Ferritin (ng/mL) 2,840.9 + 3,892.4 4,158 2,453 2,006 7,579 + 16,647 2,796 + 2,164
(1,300-15,456) (1,072-5,516) (927-14,760)
WBC (10%/1) 34+21 2.45(0.8-11.3) 2.15(1.6-2.9) 1.6 (0.5-7.5) 26+17 22+13
Hb (g/dL) 79+16 9.05 (7-11.3) 9.4 (8.4-10.7) 9.6 (5-11.3) 9.7+1.8 9.6+1.8
PLT (10°/1) 119.7 £91.3 140.5 (63-390) 140 (107-166) 98 (23-165) 158 +£ 127 115+ 54
AST (U/L) 246.5 + 284.4 53 (22-756) 123 (73-247) 123 (73-247) 163 + 171 190 + 204
ALT (UL) 162.9 £+ 233.3 63 (26-107) 83 (50-137) 172 (54-815) 78 + 69 77 £ 57
LDH (UL 1,064.2 £ 1,277.5 836 (321-1,852) 2,186 829 (425-3,220) 2,094 + 1,348 2,046 + 1,019
(1,189-3,092)
Triglycerides (mg/dL) 413.5 £ 325.6 235 (65-430) 212.4 152 (108-283) 194 +£132 282 + 108
(168.15-300.9)
Fibrinogen (mg/dL) 213+ 1083 313.5 (226-507) 280 (210-340) 199 (55-282) 330 + 140 270+ 70
CRP (mg/L) n/a 8.8 (1.9-15.8) 18.4 (1.9-48.5) 4.6 (0.1-38.7) 21.84+39.7 30.6 + 34.3
ESR (mm/h) n/a 29 (4-70) 64 (32-103) 58 (16-143) 81+43 70 + 52
Sodium (mEag/L) 133.3+6.8 135.5 (132-144) 135 (134-139) n/a 139+5 186+ 5

ESR, erythrocyte sedimentation rate; LDH, leukocyte dehydrogenase, CRF, c-reactive protein, AST, aspartate transaminase; ALT alanine aminotransferase, n number of patients.

A Values are reported as mean =+ standard deviation.

B \alues are reported as median value (minimum value-maximum value).
C Values are reported as median value (interquartile range).

D Values are reported as median value (minimum value-maximum value).
E Values are reported as mean value + standard deviation.

other 15 episodes (31.3%) with insufficient laboratory data, the
ferritin value is missing in 12 cases, which precludes by itself
the assessment and confirmation of MAS diagnosis, according
to the EULAR/ACR criteria. However, it is worth to note that,
whenever the other laboratory parameters were reported, those
would have been consistent with MAS diagnosis, if the ferritin
value had been available and greater than the cut-off. In the
remaining 3 cases, whose ferritin values were reported (and it
was >684 mg/ml), at least three other laboratory parameters of
the EULAR/ACR criteria were unknown, impairing any further
diagnostic conclusions in this regard.

The ACR/EULAR criteria validated to diagnose sJIA-related
MAS seem to be applicable to a clinical picture of persistent
fever associated or leading to a diagnosis of pSLE, overall.
Some concerns may be related to the ferritin cut-off: indeed,
among the only two episodes which did not satisfy this criterion,
the ferritin value was elevated anyway and, thus, was able to
suggest the diagnosis of MAS, especially in light of the fulfillment
of the other laboratory parameters included in ACR/EULAR
diagnostic system. Of course, some laboratory analysis-related
factors and/or the timing of the samples collection may have
affected this result in these two patients. However, for one patient
(pt. 32), the article reported two different (2-3 weeks apart)
measurements of ferritin and, in both circumstances, the ferritin
value was <684 mg/ml, even though was higher than the upper
limit of the normal range (540 and 596 ng/ml; normal range:
20-200 ng/ml).

This systematic review also included those few clinical studies
(n = 5) providing aggregated data specific for pediatric patients
with pSLE and MAS (11, 33, 37-39).

In 2009, Parodi et al. described 38 patients with ascertained
diagnosis of pSLE, who eventually developed MAS (37). Here,
the amplitude of the standard deviation of the laboratory
parameters suggested a great variability that may not fulfill
the ACR/EULAR criteria. In detail, the pooled ferritin value
resulted to be 2,840.9 % 3,892.4ng/ml, which suggests that
the 684 mg/ml cut-off is likely not to be reached in all these
patients. Importantly, in this paper, the authors proposed some
“preliminary” diagnostic criteria for MAS as a complication
of pSLE: therefore, we also re-analyzed the aforementioned
48 pSLE-related MAS episodes (extracted from case reports
and series) accordingly, as showed in Table5 (where these
preliminary criteria are listed). Interestingly, the lower ferritin
cut-off (>500 ng/ml) in this set of diagnostic criteria would have
allowed to make a MAS diagnosis even in those aforementioned
2 patients (out of 33) who did not fulfill the ACR/EULAR
classification system.

This point seems to be supported by the selected clinical
studies, as discussed below. In 2012, Bennet et al. compared the
clinical characteristics of MAS between 19 patients with pSLE
and 102 patients with JIA (42). Unfortunately, these authors did
not provide any clinical and laboratory data: therefore, this study
was not included in our literature research output. Conversely,
this information was provided in a similar study by Aytag et al.
(38). These authors compared 31 sJIA-related MAS and 6 pSLE-
related MAS episodes: it is important to notice that the ferritin
values were remarkably higher in sJIA patients than in pSLE
patients [7,838 (360-150,099) ng/ml vs. 4,158 (1,300-15,456)
ng/ml, respectively], which may support the fact that lower
ferritin values can be expected in patients with pSLE-related
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TABLE 5 | Fulfilment of the preliminary criteria by Parodi et al. (37) (for the diagnosis of MAS in pSLE patients) in the reported cases of MAS complicating pSLE.

Pt. Clinical criteria Laboratory criteria Histology Parodi et al.
(37) criteria
(fulfilled)
Fever Hepatomegaly Splenomegaly Hemorrhagic CNS Cytopenia AST LDH Fibrinogen  Triglycerides Ferritin HPH
(>38°C) manifestations dysfunction (>40 U/L) (>567 (=1.59g/L) (>178 (>500
U/L) mg/dL) ng/L)
1 + - - n/a - - + + n/a n/a + - Y
2 + + + n/a n/a + n/a + n/a n/a + - Y
3 + + - n/a n/a n/a n/a - n/a - - + ?
4 + - - + + + + + - + + + Y
5 + + + n/a + + + n/a + + + - Y
6 + - n/a + + + + n/a n/a + + + Y
7 + - n/a - + + + n/a n/a + n/a - Y
8 + - n/a - - + + n/a n/a + n/a - Y
9 + + n/a - + + + n/a n/a + n/a - Y
9" + + n/a - + + + n/a n/a + + + Y
10 + + n/a - + - - n/a n/a + n/a - ?
11 + - n/a - - - + n/a n/a + + - Y
12 + + n/a - - + + n/a n/a + n/a - Y
13 + - n/a - - + + n/a n/a - n/a - Y
14 + - n/a - + + + n/a n/a + + - Y
15 + - n/a + - + - n/a n/a + + n/a Y
16 + + n/a n/a n/a + + + - + + - Y
17 + + + n/a n/a + - + n/a + n/a + Y
18 + + + n/a n/a + + + n/a - n/a + Y
19 + n/a n/a + + + + + + + + + Y
19% + n/a n/a n/a n/a - + n/a + + + + Y
20 + + + + n/a + n/a n/a - n/a n/a n/a ?
21 + n/a n/a n/a n/a n/a + n/a n/a n/a + n/a Y
22 + + - n/a n/a n/a + + n/a + + - Y
23 + + + n/a + - + + n/a + + + Y
24 + + + n/a n/a + + + n/a + + - Y
25 + + + + + + n/a + - + + + Y

(Continued)
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TABLE 5 | Continued

Pt. Clinical criteria Laboratory criteria Histology Parodi et al.
(37) criteria
(fulfilled)
Fever Hepatomegaly Splenomegaly Hemorrhagic CNS Cytopenia AST LDH Fibrinogen  Triglycerides Ferritin HPH
(>38°C) manifestations dysfunction (>40 U/L) (>567 (=1.59g/L) (>178 (>500
u/L) mg/dL) ng/L)
26 + + + n/a + + + + - n/a + + Y
27 - - - n/a n/a + + + n/a + + + N
28 - n/a n/a n/a n/a + + n/a + + + + ?
29 + + - + - n/a + n/a n/a n/a + + Y
30 + - + n/a n/a + + + + + + + Y
31 + + + n/a n/a n/a n/a n/a n/a + + + Y
32 + n/a + n/a + - + n/a - + n/a Y
33 + - - n/a n/a + + - - - + n/a Y
34 + - - n/a n/a + + + + + + n/a Y
35 + + + n/a n/a + + - - - n/a n/a Y
36 + - - n/a n/a + + + + - + n/a Y
37 + - + n/a n/a + + + - + + + Y
38 + - + n/a n/a + + + - + + + Y
39 + + + n/a n/a + + + - - + + Y
40 + - - n/a n/a + + + - - + n/a Y
41 + - - n/a n/a + + + - + + n/a Y
42 + - - n/a n/a + + + + - + n/a Y
43 + - - n/a n/a + + + - - + + Y
44 + n/a n/a n/a n/a + + n/a + n/a + n/a Y
45 + n/a n/a n/a + + + + + + + n/a Y
46 + n/a n/a + + + + + - - + + Y

HPH, hemophagocytosis; n/a, not available; Y, yes; N, no; ?, uncertain (the fulfillment of this set of diagnostic criteria cannot be positively or negatively concluded, due to the lack of complete information); CNS, central nervous system;
LDH, leukocyte dehydrogenase; AST, aspartate transaminase.
*second episode of MAS for the ninth patient; = second episode of MAS for the nineteenth patient.
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MAS, due to a different inflammatory background compared to
sJIA, probably.

Borgia et al. described 38 pSLE patients with MAS
(representing 9% of a cohort of 403 children affected with SLE).
First, 68% of these patients had a concomitant diagnosis of MAS
and pSLE, indicating that a previous diagnosis of pSLE was
present in 32% of cases only, which is consistent with our analysis
of case reports/series. Here, the median value of ferritin was 2,453
(IQR: 1,072-5,516) ng/ml; however, the authors specified that
they reported the most abnormal laboratory value before MAS
treatment (11). In the study by Sato et al. among 46 “new-onset
jSLE patients,” 11 patients with MAS (whose data were provided
in individual form as well) and 19 patients without MAS were
compared. As mentioned, all 10 MAS patients (whose ferritin
level was available) had values definitely higher than 684 mg/ml
[2,006 (927-14,760) ng/ml]. (33). Finally, Gerstein et al. recently
described two different cohorts of SLE children diagnosed in their
center, based on the period of pSLE diagnosis (2003-2007: n =
34; 2008-2013: n = 41). Overall, they observed 20 episodes of
MAS (10 episodes in each cohort): the ferritin values resulted
7,579 £ 16,647 and 2,796 + 2,164 ng/ml, respectively. Based on
this experience, they suggested a ferritin cut-off of 669 ng/ml as
reliable to diagnose MAS in their two cohorts (39).

Therefore, when considering a diagnosis of MAS in children
without any clear rheumatic disorder yet (and, thus, potentially
affected with pSLE), it may be useful to consider this set of
diagnostic criteria by Parodi et al. (37) (although those have
not received a complete validation yet), rather than applying the
HLH-2004 or the sJIA-related ACR/EULAR criteria.

Finally, it is important to mention the limitations of our
systematic review. First, the case presentations were quite
heterogeneous, as regards the description of the clinical aspects
and laboratory parameters, which has not allowed to complete
our analysis for all MAS episodes. Moreover, the timing of
the laboratory assessment was not clearly reported for each
clinical case and it is likely that there was a remarkable
variability in this aspect, which may have affected the value of
some diagnostic parameters, including serum ferritin. However,
despite some limitations, our analysis and discussion confirmed
and emphasized the importance of having specific diagnostic
criteria for MAS according to the different clinical and
rheumatological settings.
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