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Agenda of the talk

▪ Diagnostic/classification criteria for MAS in sJIA

▪ The MH score

▪ Recent therapeutic advances



Pediatric diseases in which MAS may occur

• Systemic juvenile idiopathic arthritis

• Juvenile systemic lupus erythematosus

• Kawasaki disease

• Juvenile dermatomyositis

• Autoinflammatory syndromes



Diagnostic issues

▪ MAS is a serious, life-threatening complication

▪ Early recognition and treatment are critical

▪ However, early diagnosis can be difficult

▪ Differential diagnoses: disease flares, infections, 
medication side effects



Preliminary diagnostic guidelines for
MAS complicating sJIA

Ravelli A, et al. J Pediatr 2005

Laboratory criteria

▪ Decreased PLT (≤262 x 109)

▪ Elevated GOT/AST (>59 mU/L)

▪ Hypofibrinogenemia (≤2.5 g/L)

▪ Decreased WBC (≤4.0 x 109/L)

Clinical criteria

▪ Hemorrhages(purpura, easy
bruising, mucosal bleeding)

▪ CNS dysfunction (irritability,
disorientation, lethargy,
headache, seizures, coma)

▪ Hepatomegaly (≥3 cm below the
costal arch)

Histopathologic criterion

Hemophagocytosis in the bone marrow

Diagnostic rule

The diagnosis of  MAS requires the presence of any 2 of the 4 laboratory criteria. A 
BM aspirate for the demonstration of macrophage hemophagocytosis may be 
required only in doubtful cases



Limitations of preliminary diagnostic
guidelines

▪ Retrospective/literature data for most patients

▪ Lack of several laboratory measurements in a number 
of patients

▪ Insufficient data for some laboratory parameters

▪ Lack of validation



HLH-2004 diagnostic guidelines 
1. Fever
2. Splenomegaly
3. Cytopenia (at least 2 of the 3):

- HB < 90 g/l
- PLT <100 x 10 9 /l
- Neutrophils <1,0 x 10 9 /l

4. Hypertriglyceridemia and/or hypofibrinogenemia:
- TG ≥ 265 mg/dl
- Fibrinogen ≤ 1.5 g/l

5. Hemophagocytosis in BM, spleen or LN (no evidence of malignancy)
6. Low or absent NK cell activity
7. Ferritin ≥ 500 ng/ml 
8. Soluble CD25 ≥ 2,400 U/ml

Diagnostic rule: HLH is diagnosed when at least 5 criteria are met
Henter JI et al. Pediatr Blood Cancer 2007



Limitations of HLH-2004 diagnostic
guidelines for use in MAS

▪ Thresholds for cytopenia and hypofibrinogenemia
too low

▪ Ferritin level often above ≥ 500 ng/ml in active
systemic JIA without MAS

▪ Hemophagocytosis not always looked for

▪ NK cell and sCD25 assessments costly and not 
readily available in all centers



International consensus conference on 
MAS classification criteria

Villa Quartara della Castagna, Genoa, Italy, 21-22 March 2014





Data collection phase • Retrospective

cohort of 1111 

patients

• 95 investigators

from 33 countries

• Web-based

database housed 

at coordinating 

center (Gaslini

Institute, Genoa)

362	

404	

345	

Sample	distribu on	

MAS	

sJIA	

sepsis	
syndromes	

78%	

22%	

Sub-specialty	of	par cipa ng	
physicians	

Pediatric	
rheumatology		

Pediatric	
hemato-oncology	



A febrile patient with known or suspected systemic JIA

is classified as having MAS if the patient has:

Ferritin > 684 ng/L  

AND

at least 2 of the following 4 laboratory abnormalities:

• Platelets ≤ 181 x 109 /mL

• AST > 48 U/L 

• Triglycerides > 156 mg/dL

• Fibrinogen ≤ 360 mg/mL

Ravelli A et al. Ann Rheum Dis & Arthritis Rheumatol 2016

2016 EULAR/ACR/PRINTO Classification Criteria for MAS 
Complicating Systemic JIA











Management

▪ Mainstay

– High-dose iv methylprednisolone (2-6 mg/kg/day in 2-6 divided 
doses or 10-30 mg/kg iv pulses)



Management

Ravelli A, et al. J Pediatr 1996

▪ Cyclosporin A 
(oral or iv)



7 pts with rapidly

progressing MAS and 

CNS or pulmonary

involvement.

Three had sJIA, 2 

atypical sJIA, and 2 

SLE

Mean cumulative 

etoposide dose 671 

mg/m2 vs 1500 mg/m2 

recommended in the 

first 8 weeks of HLH-

94/2004 protocols

All pts alive at FU after

2-9 yrs, neurological

symptoms normalized

in 5 pts

Moderate-dose etoposide

recommended in: 1) severe 

rapidly progressive, 

fulminant, or refractory 

MAS-HLH despite anakinra

treatment, and (2) MAS-

HLH with CNS involvement 

when an immediate effect is 

essential, and then possibly 

in combination with 

anakinra. 



Distinct subsets of systemic JIA based 
on their cytokine profile

IL-6 dominant subset 

IL-18 dominant subset

Patients who developed MAS 

Shimizu M et al. Cytokine 2013





Canakinumab & MAS

Papa R et al. PROJ 2020







Safety

• 6 viral events in 3 patients (two infections 
and four positive tests) related to 
emapalumab. 

• One cytomegalovirus (CMV) reactivation 
reported as serious. 

• In total, there were 5 CMV events (three 
reactivations, 1 infection and 1 positive test 
with no symptoms). 

• All viral events resolved spontaneously or 
with standard treatment.
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