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Histiocyte developmental pathway

Weitzman et al., Pediatr Blood Cancer 2005; 45: 256-64



Class Syndrome 
I
Dendritic/histiocytic disorder

• Langerhans cell histiocytosis (LCH)
• Non-LCH

o Erdheim-Chester Disease – primary in adult
o Juvenile xanthogranuloma (JXG) – occur in 

children and adult
II
Macrophage/monocytoid 
disorder

• Rosai-Dorfman Disease
• Hemophagocytic lymphohistiocytosis (HLH)

o Primary HLH – genetic disorder
o Secondary HLH- infectious associated 

hemophagocytic syndrome (IAHS)
III
Malignant disorder

• Malignant histiocytosis (histiocytic sarcoma)
• Monocytic/myelomonocytic leukemias

Classification of histiocytosis syndrome in 
children



Classification of histiocytosis (LCRMH)
Group Disease

L Group
LCH

• LCH
• Indeterminate-cell histiocytosis (ICH)
• Erdheim-Chester Disease (ECD)
• Mixed LCH/ECD

C Group
Cutaneous non-LCH

• Cutaneous non-LCH
• Xanthomatous granuloma (XG) family: JXG
• Non-XG family: cutaneous RDD, NXG, other

• Cutaneous non-LCH with a major systemic component
• XG family: XD
• Non-XG family: MRH

R Group
RDD

• Familial RDD
• Sporadic RDD

M Group
Malignant histiocytoses

• Primary Malignant Histiocytoses
• Secondary Malignant Histiocytoses

H Group
HLH

• Primary HLH
• Secondary HLH (non-Mendelian HLH)
• HLH of unknown/uncertain origin

Emile JF, Abla O, Fraitag S, et al. Blood. 2016;127(22):2672-2681. 
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Pathophysiology and biology



Pathophysiology and biology
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Criteria diagnosis
HLH-94 HLH-2004

Henter JI, Aricò M, Egeler RM, et al. Med Pediatr Oncol. 1997;28(5):342-347. 
Henter JI, Horne A, Aricó M, Egeler RM, Filipovich AH, Imashuku S, et al. Pediatr Blood Cancer. 2007 Feb;48(2):124-31. 

*Add 3 more criteria (Hyperferritinemia, Low or absent NK 
cell activity and elevated soluble CD25)



Henter JI, et al. Blood. 2024 Jul 24:blood.2024025077. 



Hscore for diagnosis secondary HLH

Fardet L, Galicier L, Lambotte O, et al.. Arthritis Rheumatol. 2014;66(9):2613-2620.

The probability of having HLH 
• <1%with an HScore <90  
• >99% with an HScore ≥250



HLH-2004 diagnostic guidelines for FHLH

• HLH-2004 criteria were based on expert opinion
• Pathways

– Genetic data
– Cytotoxic data
– Clinical and laboratory data – diagnostic criteria
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Henter JI, et al. Blood. 2024 Jul 24:blood.2024025077. 



Henter JI, et al. Blood. 2024 Jul 24:blood.2024025077. 



Primary vs. Secondary HLH

Courtesy Henter JI, MD, PhD



Familial HLH
• 70% of cases, age onset is less than 1 year old
• Sporadic/Autosomal recessive
• Rapid fatal without treatment (median survival of about 2 months)

La Rosée P, Horne A, Hines M, et al. Blood. 2019;133(23):2465-2477.
Jordan MB, Allen CE, Weitzman S, Filipovich AH, McClain KL. Blood. 2011;118(15):4041-4052. 



Thinking of Primary HLH 

Acute liver failure Unknown encephalitis

Critically ill patients 
Courtesy Henter JI, MD, PhD



Secondary HLH in adult

Ramos-Casals M, Brito-Zerón P, López-Guillermo A, Khamashta MA, Bosch X. Lancet. 2014;383(9927):1503-1516



Rungrojjananon N, Pakakasama S, Monsereenusorn, et al. Asia Pac J Clin Oncol. 2023;19(2):e128-e137. 
Veerakul G, Sanpakit K, Tanphaichitr VS, Mahasandana C, Jirarattanasopa N. J Med Assoc Thai. 2002;85 Suppl 2:S530-S541.



• The fatal influenza A (H1N1) infections correlate with HLH. 
• HLH gene mutations increase risk of mortality among 

individuals with influenza A (H1N1) infection

Schulert GS, Zhang M, Fall N, et al. J Infect Dis. 2016;213(7):1180-1188. 



Malignancy-associated hemophagocytic 
syndrome (MAHLH)



Macrophage activation syndrome (MAS) in   
SoJIA and other chronic conditions

WES shows 
overlap between 
SoJIA MAS-HLH 
and FHLH 
mutations (5/14)

Kaufman KM, Linghu B, Szustakowski JD, et al. Arthritis Rheumatol. 2014 Dec;66(12):3486-95. 



Nguyen, T.T.T., Kim, Y.T., Jeong, G. et al. Exp Mol Med 56, 559–569 (2024).



Threshold model of the HLH spectrum

Brisse E, Wouters CH, Matthys P. Br J Haematol. 2016;174(2):203-217. 



Clinical features and laboratory findings

Fever 90-100 %
Maculopapular and/or petechial rash 10-60 %
Hepatosplenomegaly 70-100 %
Lymphadenopathy 20-50 %
Respiratory distress 40-90 %
Jaundice ~50 %
CNS involvement ~50 %

*Occasionally, ocular, heart, skeletal muscle, and kidney 

involvement have been noted

Rungrojjananon N, Pakakasama S, Monsereenusorn, et al. Asia Pac J Clin Oncol. 2023;19(2):e128-e137. 



Treatment
HLH-94 HLH-2004

Henter JI, Aricò M, Egeler RM, et al. Med Pediatr Oncol. 1997;28(5):342-347. 
Henter JI, Horne A, Aricó M, Egeler RM, Filipovich AH, Imashuku S, et al. Pediatr Blood Cancer. 2007 Feb;48(2):124-31. 

• Etoposide: potent selective deletion of 
activated T-cell, efficient suppression of 
inflammatory cytokine production

• CSA: inhibit gamma-IFN
• Dexa: Long half-life, via BBB, anti-

inflammation
• IVIg: for IAHS only 



Treatment-ThaiPOG 2023



Goal of treatment
– Suppressed life-threatening inflammation by destroying immune cells
– Identify and treat underlying triggers of HLH
– Supportive treatment: Anemia, thrombocytopenia, or bleeding

Kenneth L McClain, MD, PhD, Treatment and prognosis of hemophagocytic lymphohistiocytosis



Vallurupalli M, Berliner N. Blood. 2019 Nov 21;134(21):1783-1786. 

Locatelli F, Jordan MB, Allen C, et al. N Engl J Med. 2020;382(19):1811-1822. 



Böhm S, Wustrau K, Pachlopnik Schmid J, et al. Blood. 2024;143(10):872-881



Treatment outcomes in Primary HLH 

1st line drugs



Courtesy Henter JI, MD, PhD



EBV-associated HLH



Patients received 3 
rituximab infusions 
(range 1–10) at a 
median dose of 375 
mg/m2

Chellapandian D, Das R, Zelley K, et al. Br J Haematol. 2013;162(3):376-382. 



Rungrojjananon N, Pakakasama S, Monsereenusorn, et al. Asia Pac J Clin Oncol. 2023;19(2):e128-e137. 



Hira B, Siddique AW, Ahmed S, et al. Cureus. 2024;16(6):e62494. Published 2024 Jun 16



• 30/86 (34.9%) relapse/refractory HLH
• Children with HLH who have a pSOFA score of ≥ 8, or are <3 years, 

had a higher risk of relapsed or refractory disease

Kusontammarat P, Choed-Amphai C, Sathitsamitphong L, Sontichai W, Natesirinilkul R, Charoenkwan P. Ann Hematol. 2024;103(10):3963-3971. 



Summary 
• HLH is a syndrome of pathologic immune activation, caused by 

familial or a sporadic condition, in association with a variety of 
triggers, with a high mortality rate

• MCM cause of HLH is IAHS of which EBV-HLH is the MCM
• HLH-2004 criteria (without NK-cell function) have significant 

validity in their current form when tested against severe infections 
or SoJIA

• Prompt initiation of immunochemotherapy is essential for survival 
• Relapse and refractory diseases remain challenging



chalinee_monsereenusorn@pedpmk.orgwww.pedhemeoncpmk.com
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