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Summary

The cytokine storm syndrome ‘haemophagocytic lymphohis-

tiocytosis’ (HLH) is an under-recognized hyperinflammatory

disorder, causing high morbidity and mortality risk in chil-

dren and adults. It can be subdivided into a primary, genetic

form and a secondary, acquired form that complicates

diverse infections, malignancies and autoimmune or autoin-

flammatory disorders. Both subtypes present with the same

spectrum of non-specific symptoms, making accurate diagno-

sis and rapid treatment initiation challenging. In the last dec-

ade, increased awareness and international collaborative

efforts fuelled a marked progress in diagnostic protocols and

novel treatment strategies for HLH and new diagnostic

guidelines are being tailored to specific secondary HLH sub-

types. Therapy is gradually shifting its focus from overall

immunosuppression towards targeting specific cytokines, cell

types or signalling pathways underlying pathophysiology.

Nevertheless, continued research efforts remain indispensable

to customize therapy to individual patient needs.
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Haemophagocytic lymphohistiocytosis (HLH) was first

described in 1939 as ‘histiocytic medullary reticulocytosis’

(Scott & Robb-Smith, 1939) and has since been recognized to

comprise a heterogeneous spectrum of clinically similar but

aetiologically diverse subtypes, affecting all ages. Based on the

underlying aetiologies, HLH is subdivided into primary and

secondary forms (Table I). Primary HLH is caused by muta-

tions in genes regulating granule-dependent cytotoxicity of

cytotoxic T lymphocytes (CTLs) and natural killer (NK) cells.

Mutations in nine genes have been linked to primary HLH

development, creating further subdivision into familial HLH

(FHL) type 1 to 5 and HLH associated with Griscelli syndrome

type 2 (GS2), Ch�ediak–Higashi syndrome (CHS), Hermansky–
Pudlak syndrome type 2 (HPS2) and X-linked lymphoprolif-

erative disease (XLP) types 1 and 2. Primary HLH may also

complicate inborn metabolic disorders such as lysinuric pro-

tein intolerance (Janka & Lehmberg, 2014). Secondary HLH is

not inherited but complicates various medical conditions.

Infection-associated secondary HLH, predominantly triggered

by viruses like Epstein-Barr virus (EBV) and cytomegalovirus,

is most frequently observed (Ramos-Casals et al, 2014). Sec-

ondary HLH also occurs in malignancies and different autoim-

mune or autoinflammatory diseases, such as systemic juvenile

idiopathic arthritis (sJIA), systemic lupus erythematosus (SLE)

and adult-onset Still disease (AOSD). In the latter cases, it is

often called ‘macrophage activation syndrome’ (MAS).

Recently, involvement of heterozygous mutations in MAS and

other secondary HLH subtypes has been reported, indicating

possible genetic predisposition to secondary HLH and blurring

the distinction with primary HLH (Zhang et al, 2011, 2014).

The incidence of HLH has been estimated at 1�2 per million

children per year in Europe and Japan (Aric�o et al, 2001; Ishii

et al, 2007; Meeths et al, 2015). In the USA, a prevalence of 1

in 100 000 was calculated (Niece et al, 2010). These numbers

will probably increase in the future due to improved genetic

screening methods and more specific diagnostic criteria for

different secondary HLH subtypes, increasing recognition. The

survival of HLH patients has significantly improved due to

advances in therapeutic protocols (Meeths et al, 2015).

Nonetheless, HLH remains associated with high morbidity

and mortality of approximately 20-40% (Niece et al, 2010;

Cetica et al, 2016), which can rise up to 70–85% in certain

subtypes (Ishii et al, 2007; Rouphael et al, 2007).

Spectrum of disease symptoms in HLH

Both primary and secondary HLH are characterized by a

wide spectrum of non-specific inflammatory symptoms,
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making early diagnosis challenging. Not every patient will

develop all characteristics and some features might be absent

upon initial disease presentation.

Haemophagocytosis

Haemophagocytic lymphohistiocytosis derives its name from

the pathological finding of haemophagocytosis, in which acti-

vated macrophages engulf blood cells or their precursors.

This phenomenon is not always present at disease presenta-

tion, but can often be detected upon repeated examinations

of cerebrospinal fluid. Haemophagocytes infiltrate several

organs, including spleen, liver, lymph nodes, heart, pancreas

and meninges (Grom, 2004; Schaer et al, 2005; Avcin et al,

2006). Haemophagocytosis has also been observed in other

hyperinflammatory diseases, such as sepsis, systemic inflam-

matory response syndrome (SIRS), multi-organ dysfunction

syndrome (MODS), influenza, leishmaniasis and malaria

(Castillo & Carcillo, 2009; Zoller et al, 2011). Thus, it is no

pathognomonic feature of HLH, and the number of

haemophagocytes in bone marrow aspirates correlates

poorly with the probability of HLH development (Weaver &

Behrens, 2014). Furthermore, it is not clear whether

haemophagocytosis plays a pathogenic, bystander or

immunoregulatory role in HLH. Data in murine HLH desig-

nate the haemophagocytes as important mediators of

anaemia and, possibly, of leucopenia, neutropenia and

thrombocytopenia, through a direct c-interferon (IFNc)-sti-
mulated process of consumptive macropinocytosis (Zoller

et al, 2011). Increased cytokine levels in HLH patients are

reported to induce down-regulation of the anti-phagocytic

CD47 protein on haematopoietic stem cells, thus provoking

engulfment by macrophages and the development of bone

marrow hypocellularity (Kuriyama et al, 2012). Conversely,

an immunoregulatory role for haemophagocytosis was

deduced from the observation that haemophagocytes in

human and murine HLH express CD163, a marker present

on alternatively activated macrophages, and a scavenging

receptor that internalizes haemoglobin-haptoglobin com-

plexes, reducing the amount of free haem and limiting

oxidative stress (Schaer et al, 2005; McCoy et al, 2012; Canna

et al, 2014). Hence, CD163 upregulation can be seen as a

regulatory mechanism preventing tissue damage during

excessive inflammation. Levels of soluble CD163 (sCD163)

are also elevated in patients, representing a marker for the

degree of macrophage activation and haemophagocytosis

(Schaer et al, 2005; Avcin et al, 2006).

Clinical symptoms

Haemophagocytic lymphohistiocytosis is characterized by

persistent high fever, a bleeding diathesis and hep-

atosplenomegaly with lymphadenopathy, both indicative of

lymphoproliferation. Patients display progressive hepatic dys-

function with jaundice and ultimately develop multi-organ

failure. Skin rash can occur in several forms, often erythema-

tous or purpuric. Neurological involvement is present in 25–
50% of patients, ranging from irritability and headaches to

ataxia, encephalopathy, seizures and coma (Horne et al,

2008; Ramos-Casals et al, 2014).

Laboratory abnormalities

Haemophagocytic lymphohistiocytosis patients develop sev-

ere cytopenias, predominantly anaemia and thrombocytope-

nia, and in the later stages, progressive neutropenia. The

cause remains speculative. Elevated levels of pro-inflamma-

tory cytokines can depress haematopoiesis, however, bone

marrow aspirates of patients have been reported to be

hypocellular, normocellular or even hypercellular during

cytopenic episodes (Jordan et al, 2011). Considering the

acute drop in cell numbers, a consumptive aetiology has

Table I. Classification of primary and secondary HLH.

Primary HLH Secondary HLH

Subtype Mutation Protein Associated with

Familial HLH type 1 Unknown Unknown Infections

Familial HLH type 2 PRF1 Perforin Viral (EBV, CMV, etc.)

Familial HLH type 3 UNC13D Munc13-4 Bacterial (Mycobacterium, etc.)

Familial HLH type 4 STX11 Syntaxin-11 Fungal (Histoplasma, etc.)

Familial HLH type 5 STXBP2 Munc18-2 Parasitic (Leishmania, etc.)

Griscelli syndrome type 2 RAB27A Rab27a Malignancy

Ch�ediak–Higashi syndrome LYST LYST (Lymphoma, leukaemia, etc.)

Hermansky–Pudlak syndrome type 2 AP3B1 b3A of AP3 Autoimmune/autoinflammatory diseases

X-linked lymphoproliferative disease “Macrophage activation syndrome”

Type 1 SH2D1A SAP (sJIA, SLE, Kawasaki disease, etc.)

Type 2 XIAP XIAP

b3A of AP3, b3A subunit of adaptor protein 3; CMV, cytomegalovirus; EBV, Epstein-Barr virus; HLH, haemophagocytic lymphohistiocytosis;

LYST, lysosomal trafficking regulator; SAP, SLAM-associated protein; sJIA, systemic juvenile idiopathic arthritis; SLAM, signalling lymphocyte

activation molecule; SLE, systemic lupus erythematosus; XIAP, X-linked inhibitor of apoptosis.
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been proposed, in which haemophagocytosis may play a role

(Zoller et al, 2011; Kuriyama et al, 2012). Thrombocytopenia

can also result from active disseminated intravascular coagu-

lation (DIC). HLH patients often develop a coagulopathy

resembling DIC, with elevated D-dimers and hypofibrino-

genaemia (Jordan et al, 2011; Valade et al, 2015). Hypofib-

rinogenaemia can also be attributed to increased secretion of

plasminogen activator by activated macrophages, or might be

secondary to decreased fibrinogen production by a distressed

liver. Liver dysfunction in HLH is reflected in elevated levels

of hepatic enzymes, such as alanine transaminase (ALT),

aspartate transaminase (AST) and lactate dehydrogenase

(LDH). Levels of triglycerides and bilirubin can be mildly to

highly elevated (Grom, 2004).

Elevated levels of soluble CD25 (sCD25) and soluble CD8

reflect excessive T cell activation in HLH (Akashi et al,

1994). Soluble Fas and Fas-ligand can be increased, which

may interfere with the process of activation-induced cell

death and prolong survival of activated immune cells

(Emmenegger et al, 2000). A striking hyperferritinaemia is a

most typical feature of HLH. A study comparing aetiologies

of ‘ultrahyperferritinaemia’ revealed HLH as the entity with

the highest mean ferritin levels, exceeding 20 000 ng/ml

(Beer & Vadakara, 2015). Along with elevated sCD163 and

neopterin (Ibarra et al, 2011), ferritin is considered a marker

of macrophage activation in HLH. It is an acute phase pro-

tein, consisting of H- and L-subunits, binding free iron to

prevent oxidative damage. H-subunit rich ferritin is predom-

inantly produced by macrophages, and varies with cytokine

levels, whereas L-subunit rich ferritin is abundantly present

in the liver and fluctuates little during inflammation. In

healthy individuals, plasma ferritin is mainly glycosylated,

whereas injured or necrotic tissue releases non-glycosylated

ferritin (Koorts & Viljoen, 2011). In HLH the percentage of

glycosylated ferritin is surprisingly low (�20%), indicating

tissue damage. Although both H- and L-ferritin are elevated

in patients, the increase is more pronounced for H-ferritin,

resulting in an imbalance. This imbalance, and the glycosyla-

tion percentage, have been proposed as diagnostic markers

for HLH (Wang et al, 2009; Ruscitti et al, 2015).

Lastly, CTL and NK cell cytotoxicity are inherently defec-

tive in primary HLH. An acquired NK cell defect is present

in approximately 20% of secondary HLH patients, which

typically normalizes upon disease remission or after in vitro

stimulation with interleukin 2 (IL2). Decreased NK cell num-

bers and/or reduced perforin expression can form the basis

of the secondary cytotoxicity defect (Grom, 2004; Bryceson

et al, 2012).

Cytokine storm

Cytokines have been reported to rise to higher levels in pri-

mary and secondary HLH, compared to other inflammatory

disorders like infectious mononucleosis or lymphoma (Wada

et al, 2013; Maruoka et al, 2014). Levels of IFNc, IL1b, IL6,

IL12, IL18 and tumour necrosis factor-a (TNFa, also termed

TNF) are frequently elevated in HLH (Akashi et al, 1994;

Osugi et al, 1997; Mazodier et al, 2005; Kuriyama et al, 2012;

Put et al, 2015). Levels of megakaryocyte colony-stimulating

factor (M–CSF), granulocyte-macrophage colony-stimulating

factor (GM)–CSF and IL27 may also be increased (Akashi

et al, 1994; Nold-Petry et al, 2010; Kuriyama et al, 2012),

along with chemokines like IL8/CXCL8, MIG/CXCL9, IP10/

CXCL10, I–TAC/CXCL11, MCP–1/CCL2, MIP–1a/CCL3 and

MIP–1b/CCL4 (Teruya-Feldstein et al, 1999; Tamura et al,

2008; Bracaglia et al, 2015; Put et al, 2015). These cytokines

and chemokines stimulate tissue infiltration and activation of

immune cells, driving on-going cytokine production that cul-

minates into a cytokine storm. In response, levels of anti-

inflammatory IL10 and IL18-binding protein (IL18BP) are

also increased, but may not be sufficient to temper the over-

whelming immune activation (Osugi et al, 1997; Mazodier

et al, 2005). A discrepancy between the increase in IL18 and

its antagonist IL18BP has been reported, resulting in aber-

rantly high levels of free IL18 (Mazodier et al, 2005). The

imbalance was explained in one patient by reduced induction

of IL18BP following IFNc stimulation, revealing a failure of

this negative feedback mechanism (Nold-Petry et al, 2010).

Data in murine HLH, showing the efficacy of recombinant

IL18BP treatment, corroborate the pathogenic role of excess

free IL18 in HLH (Chiossone et al, 2012).

Higher cytokine levels are correlated with poor prognosis

in patients (Fisman, 2000). The cytokine storm is thought to

elicit cardinal features of HLH. Fever can be induced by

increased levels of IL1, IL6 and TNFa (Janka, 2007). These

cytokines, and IFNc, can also increase ferritin production

(Koorts & Viljoen, 2011). IL1b, IFNc and TNFa have the

potency to suppress haematopoiesis and thus contribute to

the development of cytopenia. IL6 can also mediate anaemia.

Additionally, overexpression of IL6 down-modulates NK cell

cytotoxicity by reducing perforin and granzyme B protein

levels (Cifaldi et al, 2015). High concentrations of TNFa
induce hypertriglyceridaemia by stimulating triglyceride syn-

thesis and inhibiting the function of lipoprotein lipase

(Grom, 2004). Coagulopathy can be related to increased

levels of IL1b, which activates plasminogen to induce fibri-

nolysis, while DIC can develop as a result of IFNc and TNFa
overproduction. The latter two also mediate liver damage

(Cr�eput et al, 2008). Lastly, IFNc is considered a key media-

tor of haemophagocytosis (Zoller et al, 2011). Persistent

overexpression of IFNc in the ‘Yeti’ mouse model provoked

spontaneous splenomegaly, lymphadenopathy, hyperferriti-

naemia, liver necrosis and macrophage activation, partially

resembling HLH (Reinhardt et al, 2015).

Distinguishing features of primary and
secondary HLH

Given that primary and secondary HLH are highly similar in

phenotype, and are both predominantly triggered by
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infections, differentiating these subtypes at presentation is

challenging. Nonetheless, it is essential for rapid indication of

the necessity for allogeneic haematopoietic stem cell trans-

plantation (HSCT), selection of a suitable family donor and

(prenatal) screening of siblings in affected families (Cetica

et al, 2016). Accurate classification of different HLH subtypes

is also essential in research and cohort design to identify

optimal diagnostic algorithms and therapy for distinct

patient groups (Canna & Behrens, 2012).

Classic dissimilarities between primary and secondary

HLH comprise the age at disease onset and disease severity.

Primary HLH typically develops in the first years of life; the

median age is usually higher in secondary HLH. Infection-

and autoimmunity/autoinflammation-associated HLH pre-

dominantly occur in children and adolescents, while malig-

nancy-associated HLH is most common in adults and the

elderly (Ishii et al, 2007). Prognosis is generally worse in pri-

mary HLH, with mortalities around 50%, compared to 10–
15% in secondary HLH (Cetica et al, 2016).

Cytokine profiles may also differ. It has been suggested

that each HLH subtype carries a cytokine signature reflective

of the underlying aetiology. For instance, levels of IL1b are

often normal in primary HLH, but elevated in secondary

HLH (Janka, 2007; Put et al, 2015). In autoinflammation/au-

toimmunity-associated HLH, IL18 appears to be higher in

sJIA- and AOSD-associated HLH, while M-CSF is most

increased in SLE-associated HLH (Maruyama & Inokuma,

2010; Shimizu et al, 2010). IL18 levels are also significantly

higher in sJIA-associated HLH compared to EBV-induced

HLH (Shimizu et al, 2010). Cytokine profiles also differ

between B-cell or T/NK-cell lymphoma-associated HLH

(Maruoka et al, 2014).

The frequency and severity of clinical symptoms or labora-

tory abnormalities can also vary between primary and sec-

ondary HLH. Hypopigmentation and albinism occur almost

exclusively in CHS-, GS2- or HPS2-associated primary HLH

(Janka & Lehmberg, 2014). Severe central nervous system

(CNS) involvement may also be more common in primary

HLH (Horne et al, 2008). Fibrinogen levels were lower in

FHL when compared to infection-associated HLH, notwith-

standing high inter-patient variability (Bode et al, 2015).

Bilirubin increased to higher levels in primary HLH, while

C-reactive protein (CRP) levels were higher in secondary

HLH (Ozen et al, 2014). Yasumi et al (2015) combined dif-

ferent parameters to distinguish paediatric FHL from EBV–,
herpes simplex virus- or sJIA-related secondary HLH. The

total lymphocyte percentage and sCD25 levels in peripheral

blood were higher, while the concentration of LDH and fer-

ritin was lower, resulting in increased sCD25/ferritin ratios in

FHL compared to the secondary HLH subtypes. In contrast,

higher sCD25/ferritin ratios were also reported for lym-

phoma-associated secondary HLH, a subgroup not included

in this study (Yasumi et al, 2015). Lehmberg et al (2013)

were able to distinguish patients with sJIA-associated HLH

from FHL and virus-induced HLH on the basis of higher

CRP and neutrophil counts, together with lower sCD25

levels. In secondary HLH, symptoms may reflect the underly-

ing inflammatory disorder or vary with the inducing factor.

In HLH complicating sJIA or AOSD, platelet, leucocyte and

neutrophil counts, as well as fibrinogen levels are generally

higher than in primary HLH (Lehmberg et al, 2013). In

EBV-induced secondary HLH, levels of ferritin, AST, ALT

and LDH were higher in comparison with non-EBV-related

HLH (Chen et al, 2016).

Several proteins can possibly be used as biomarkers to dif-

ferentiate HLH subtypes. The alarmin S100A12, an endoge-

nous monocyte-activating Toll-like receptor (TLR)-4 ligand,

can be used to distinguish sJIA-associated HLH. Median

S100A12 serum levels in sJIA-associated HLH were over 12

times higher than in primary HLH or other secondary HLH

subtypes (Holzinger et al, 2015). Neopterin, secreted by acti-

vated macrophages and dendritic cells, appeared to be lower

in sJIA-associated HLH, compared to EBV-induced HLH

(Shimizu et al, 2010).

In conclusion, different cohorts have identified distin-

guishing features between primary and secondary HLH

(Table II) or different secondary HLH subtypes. Nonetheless,

some caveats are in place. Not all studies report similar find-

ings. High inter-patient variability might obscure differences

and reported dissimilarities may be temporal or related to

the stage of disease progression (Yasumi et al, 2015). Under-

lying disease activity, concomitant patient treatment and

measuring techniques also vary between different studies,

complicating the interpretation of these findings. Larger

Table II. Possible distinguishing factors between primary and sec-

ondary HLH.

Factors differentiating primary from secondary HLH

Lower age at disease presentation (Cetica et al, 2016)

More frequent albinism/hypopigmentation (Janka & Lehmberg,

2014)

More frequent or severe CNS involvement (Horne et al, 2008)

Lower IL-1b levels (Janka, 2007; Put et al, 2015)

Lower fibrinogen levels (Lehmberg et al, 2013; Bode et al, 2015)

Higher bilirubin levels (Ozen et al, 2014)

Lower CRP (Lehmberg et al, 2013; Ozen et al, 2014)

<-->No difference in CRP (Yasumi et al, 2015)

Higher total lymphocyte percentage (Yasumi et al, 2015)

<-->Lower WBC, platelets, neutrophil counts (Lehmberg et al, 2013)

Higher sCD25 levels (Lehmberg et al, 2013; Bode et al, 2015; Yasumi

et al, 2015)

Lower ferritin levels (Yasumi et al, 2015)

<-->No difference in ferritin (Ozen et al, 2014)

Higher sCD25/ferritin ratio (Yasumi et al, 2015)

Lower LDH levels (Yasumi et al, 2015)

Lower S100A12 levels (Holzinger et al, 2015)

CNS, central nervous system; CRP, C-reactive protein; HLH,

haemophagocytic lymphohistiocytosis; LDH, lactate dehydrogenase;

sCD25, soluble CD25; WBC, white blood cells.
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cohorts should provide confirmation before these parameters

can be used in differential diagnosis of primary versus sec-

ondary HLH or to predict underlying aetiologies in sec-

ondary HLH.

Diagnosis of HLH

Prompt diagnosis of HLH is challenging because its clinical

picture is non-specific. HLH features overlap with symptoms

observed in disseminated infections, haematological malig-

nancies and other cytokine storm syndromes like SIRS and

MODS (Castillo & Carcillo, 2009; Canna & Behrens, 2012).

HLH-2004 criteria

To facilitate and standardize the diagnosis of HLH, the Histi-

ocyte Society developed a set of guidelines that are combined

to increase specificity for HLH. The original criteria of 1991

were revised in 2004 (Henter et al, 2007). A clinical diagnosis

of HLH requires at least 5 of the 8 HLH-2004 criteria to be

fulfilled (Table III). Confirmation of a molecular defect con-

sistent with primary HLH also suffices. Flow cytometry can

give guidance on which genes should be sequenced: when

intracellular perforin, SAP or XIAP staining is low, mutations

in PRF1, SH2D1A or XIAP, respectively, need to be consid-

ered. When CD107a surface expression is reduced or absent,

UNC13D, STX11, STXBP2, RAB27A, LYST and AP3B1 analy-

ses should be performed because the patient possesses a

defect in the degranulation pathway. The latter three genes

should especially be explored when hypopigmentation is pre-

sent, which is detectable via hair microscopy (Bryceson et al,

2012; Janka & Lehmberg, 2014).

Although the HLH-2004 criteria (Henter et al, 2007) have

allowed great progress in the diagnosis of HLH, some limita-

tions need to be addressed. Often, not all criteria are fulfilled

at disease presentation, which could misguide physicians

towards a negative diagnosis. Symptoms like neutropenia,

consumptive hypofibrinogenaemia and elevated D-dimers

typically arise later (Janka & Lehmberg, 2014). Therefore,

diagnosis should not rely exclusively on absolute values. The

dynamic pattern of certain parameters indicates development

of particularly secondary HLH, i.e. falling erythrocyte sedi-

mentation rate (ESR), fibrinogen level and leucocyte or plate-

let count (Weaver & Behrens, 2014). Based on expert

consensus and confirmed on real patient data, decreases in

platelet counts and elevations of ferritin and AST were con-

sidered the most valuable changes over time for early diagno-

sis of sJIA-associated HLH (Ravelli et al, 2016a). Hence,

general cut-offs for the diagnosis of all HLH subtypes are dif-

ficult to define, rather, dynamic changes should be integrated

into the diagnostic protocol. Currently, the ferritin cut-off is

a matter of debate. To further increase the specificity of the

HLH-2004 criteria, raising the ferritin cut-off from 500 lg/l
up to >2000 lg/l has been suggested. As malignancies also

present with increased ferritin levels, this cut-off is

particularly decisive in adult HLH where the higher incidence

of malignancies may confound diagnosis (Lehmberg et al,

2014; Saeed et al, 2015). Lastly, the criterion of haemophago-

cytosis appears to have a limited diagnostic value, as it is nei-

ther specific for HLH, nor a sensitive measurement. As

haemophagocytosis requires an invasive sampling procedure

and correlates poorly with disease severity, its exclusion from

the diagnostic criteria has been proposed (Weaver & Behrens,

2014; Cetica et al, 2016). However, when bone marrow aspi-

ration is performed to exclude underlying malignancies, a

search for haemophagocytes may be undertaken to confirm

diagnosis.

Specific secondary HLH criteria

Although the HLH-2004 diagnostic criteria were theoretically

proposed for both primary and secondary HLH, in practice

they may perform suboptimal for certain secondary HLH

subtypes. Therefore, several groups have proposed distinct

diagnostic guidelines. A numerical score, called the HScore,

was developed based on a retrospective multicentre cohort

study (Fardet et al, 2014). It is calculated in an online scor-

ing system, based on 9 clinical, laboratory and histological

variables, to estimate the risk of secondary HLH (Table III).

Different weights are assigned to the criteria, to accumulate

into a score ranging from 0 to 337, corresponding to the

probability of HLH development. A cut-off of 169 is esti-

mated to correctly identify 90% of secondary HLH patients

(Fardet et al, 2014).

Nevertheless, distinguishing secondary HLH from the

underlying inflammatory disease remains challenging, as sev-

eral key symptoms may already be present in the underlying

disorder. Therefore, specific criteria have been proposed to

diagnose HLH complicating sJIA, SLE or malignancies.

In 2005, the first preliminary diagnostic guidelines for

HLH in sJIA were published (Ravelli et al, 2005). Relative

changes in disease status, rather than absolute cut-offs, were

emphasized (Table III). Retrospective evaluation of the pre-

liminary criteria in 2014 determined that they outperformed

the HLH-2004 criteria in distinguishing sJIA-associated HLH

from active sJIA. Addition of hyperferritinaemia enhanced

their ability to differentiate sJIA-related HLH from con-

founding systemic infections (Dav�ı et al, 2014). In 2015, new

classification criteria for sJIA-related HLH were launched

(Ravelli et al, 2016b). Paediatric rheumatologists worldwide

were asked to reflect on the diagnostic value of different

parameters and to select those most suited for detecting

HLH in sJIA. This survey produced 9 candidate parameters

(Table III) (Dav�ı et al, 2011), that were validated using

patient data, comparing their diagnostic performance using

either absolute cut-offs or relative changes. The final,

renewed diagnostic guidelines for sJIA-associated HLH were

established in an international expert conference (Table III)

(Ravelli et al, 2016b). Remarkably, the cut-off values for the

platelet count and fibrinogen level were within the normal
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laboratory range and thus notably higher than the corre-

sponding thresholds in the HLH-2004 criteria. A relative

decrease is sufficient to raise suspicion of HLH in sJIA

patients with otherwise characteristically elevated fibrinogen

and thrombocytosis (Lehmberg et al, 2013; Ravelli et al,

2016b). A smaller study (Kostik et al, 2015) proposed a

slightly different set of 8 preliminary guidelines to ensure

early recognition of HLH in sJIA (Table III). Similar to the

criteria established by Ravelli et al (2016b), the platelet cut-

off was within the normal laboratory range, while the thresh-

old for hypofibrinogenaemia was considerably lower. The

cut-off for hyperferritinaemia was unexpectedly low, proba-

bly due to the study’s focus on detecting early laboratory

changes in HLH development (Table III) (Kostik et al,

2015).

To facilitate the recognition of HLH in SLE patients, pre-

liminary guidelines were selected that discriminated SLE-

associated HLH from active SLE with the greatest sensitivity

and specificity (Table III). As cytopenias are frequently pre-

sent in juvenile SLE, lower cut-off values for blood cell

counts were chosen as compared to the diagnostic criteria

for HLH in sJIA (Parodi et al, 2009).

Currently, no generally accepted guidelines for the identi-

fication of malignancy-associated HLH exist. In 1999, a Japa-

nese group proposed diagnostic criteria for adult lymphoma-

associated HLH (Table III; Takahashi et al, 1999; Shimazaki

et al, 2000), but these did not achieve wide recognition.

Moreover, the requirement for no concomitant infections is

no longer supported in current literature (Shimazaki et al,

2000). To distinguish HLH-specific features from neoplasm-

related features, the Histiocyte Society recently reported

consensus recommendations for the diagnosis of malignancy-

associated secondary HLH (Lehmberg et al, 2015). A subdivi-

sion was made between HLH occurring at the presentation

or relapse of malignancy and HLH occurring during

chemotherapeutic treatment for a malignant condition. For

both subgroups, a diagnostic flow chart was created, primar-

ily based on the HLH-2004 criteria. The flow chart also aides

the exclusion of occult malignancies in suspected HLH

patients (Lehmberg et al, 2015).

Biomarkers

Numerous biomarkers have been proposed to facilitate early

recognition of HLH. An increased H-ferritin/L-ferritin ratio

(Ruscitti et al, 2015), low percentage of glycosylated ferritin

(Wang et al, 2009), an elevated ferritin/ESR ratio (Gorelik

et al, 2013), high levels of the alarmin HMGB1 and its oxi-

dation status (Palmblad et al, 2014), increased levels of neop-

terin (Ibarra et al, 2011), elevated sCD163 (Schaer et al,

2005), high serum and urine b2-microglobulin levels (Hibi

et al, 1995), increased serum levels of follistatin-like protein-

1 (Gorelik et al, 2013) and heightened sphingomyelinase

activity (Jenkins et al, 2013) are all indicative of HLH devel-

opment. Alterations in cytokine or chemokine balances may

also possess prognostic value in HLH. A decrease in the

IL18/IFNc ratio or high IL18 serum levels can predict HLH

development in sJIA (Shimizu et al, 2010, 2015; Put et al,

2015), while high levels of CXCL9 and CXCL10 represent

biomarkers for the diagnosis of lymphoma-associated HLH

and reflect treatment outcome. Levels of CXCL9 and

CXCL10 also mirror disease severity in MAS (Maruoka et al,

2014; Bracaglia et al, 2015). Recently, increased expression of

different microRNAs has been associated with HLH (Bay

et al, 2013), while levels of EBV-encoded microRNA-BART-

16-1 show prognostic value in EBV-associated HLH (Zhou

et al, 2015). Lastly, downregulation of CD5 expression on

CD8+ T cells has been proposed as a biomarker for EBV-

associated HLH and FHL type 2 and 3 (Toga et al, 2010;

Wada et al, 2014). However, most biomarkers were identified

retrospectively, requiring validation in prospective studies.

Some biomarkers are not routinely assessed in HLH patients

and may not be evaluated timely for rapid diagnostic pur-

poses.

Treatment strategies in HLH

Conventional therapy

In parallel with the diagnostic criteria, therapeutic guidelines

for HLH were published by the Histiocyte Society in 1994

and revised in 2004 (Henter et al, 2007). The HLH-2004

treatment protocol is based on chemo-immunotherapy, com-

bining chemotherapeutic agents with immunosuppressive

drugs to limit the proliferation and activation of immune

cells and to halt the cytokine storm. It consists of systemic

treatment with dexamethasone, etoposide and ciclosporin A,

supplemented with intrathecal methotrexate and corticos-

teroids in cases with severe CNS involvement. Dexametha-

sone is the preferred steroid treatment, particularly in

patients with CNS dysfunction, due to its better blood-brain

barrier penetration. Prednisone, prednisolone and methyl-

prednisolone are often administered in secondary or milder

HLH cases. Additional supportive care is indicated to resolve

bleeding problems and correct severe cytopenias. Anti-patho-

gen therapy is crucial to eliminate any triggering agents,

reduce antigenaemia and temper on-going antigen presenta-

tion. Intravenous immunoglobulins can be of aid, particu-

larly in infection-associated HLH. Liposomal amphotericin B

is specifically indicated for HLH complicating visceral leish-

maniasis. Rituximab, a B-cell targeting anti-CD20 antibody,

can reduce viral load and improve EBV-associated HLH

(Henter et al, 2007; Janka & Lehmberg, 2013, 2014).

Etoposide is a cornerstone in the HLH-2004 protocol. It

exerts its therapeutic effects on three different levels. In mur-

ine FHL, etoposide acted directly and selectively on activated

T cells to induce apoptosis, not affecting inactive naive or

memory T cells (Johnson et al, 2014). Additionally, as a

topoisomerase II inhibitor, etoposide induces DNA errors in

fast dividing cells, provoking immunologically silent
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apoptosis of activated immune cells and limiting the release

of inflammatory alarmins due to necrosis or pyroptosis. Eto-

poside may thus partially substitute for perforin-triggered

apoptosis (Palmblad et al, 2014). Thirdly, etoposide can inhi-

bit EBV nuclear antigen synthesis and transformation of

EBV-infected cells, of relevance in EBV-associated HLH

(Rouphael et al, 2007).

Despite the improvements made to the HLH-94 protocol,

an estimated 30% of HLH patients does not respond to con-

ventional therapy. For refractory patients, a salvage treatment

consisting of liposomal doxorubicin, etoposide and methyl-

prednisolone, the so-called DEP regimen, recently showed

encouraging results in the first prospective clinical trial for

adult HLH (Wang et al, 2015). Plasma exchange, historically

used to treat HLH in the 1980s, might still be of use as sal-

vage therapy, because it controls hypercytokinaemia and

treats bleeding tendencies (Janka & Lehmberg, 2014).

Ultimately, for primary HLH as well as severe refractory

secondary HLH, allogeneic HSCT represents the final solu-

tion. Classifying the extent of the cytotoxic deficiency can

give guidance as to which patients inevitably require HSCT

for prolonged survival. If the cytotoxic function can be

restored by in vitro stimulation, HSCT appears less urgent

but may still be recommended (Horne et al, 2005). The use

of myeloablative conditioning regimens, containing etopo-

side, busulfan and cyclophosphamide, was recommended in

the HLH-2004 protocol (Henter et al, 2007), but has been

shown to correlate with a relatively poor outcome of 50–70%
survival. Starting the last decade, reduced-intensity condi-

tioning regimens, consisting of alemtuzumab, fludarabine

and melphalan/treosulfan, have significantly improved sur-

vival rates up to 90%. However, reduced-intensity regimens

are associated with increased prevalence of mixed

haematopoietic stem cell chimerism (Henter et al, 2007;

Janka & Lehmberg, 2013, 2014). Nonetheless, this might not

crucially influence patient survival as data in murine FHL

indicate that mixed haematopoietic or CTL chimerism, with

an engraftment of as little as 10–20% of perforin-expressing

cells, is adequate to restore perforin-dependent immunoregu-

lation and to prevent HLH development (Terrell & Jordan,

2013).

While allogeneic HSCT is currently the only permanent

solution for primary HLH, in the future, autologous HSCT

might be applicable, combined with gene therapy to correct

the genetic defect. Transfer of a functional perforin gene

(Prf1) into autologous haematopoietic stem cells from per-

forin-deficient mice restored perforin expression, partially

repaired the cytotoxic defect, and attenuated HLH symptoms

after viral challenge, provided that at least 30% engraftment

was attained (Carmo et al, 2014). In a mouse model of XLP,

gene transfer also restored SAP expression and normalized

cytotoxic function (Rivat et al, 2013). Autologous HSCT has

been successfully performed in secondary HLH patients,

mostly in lymphoma-associated HLH (Ohga et al, 1997; Shi-

mazaki et al, 2000). As positive effects of autologous HSCT

were reported in sJIA (Wulffraat, 2003), it might also prove

beneficial in sJIA-associated HLH.

Ironically, autologous and allogeneic HSCT have likewise

been reported to induce HLH in transplanted patients, prob-

ably related to the immunosuppressive conditioning regimen

and heightened infection risk. A recent cohort estimated the

incidence of HLH post HSCT at 4%. Etoposide-containing

conditioning regimens reduced the risk of HLH (Kobayashi

et al, 2014).

Alternative and new treatment strategies

As not all patients respond to conventional therapy, the search

for novel treatments continues. Recent years have seen a shift

from overall immunosuppression towards more targeted

approaches using biologicals. These agents aim to directly

eliminate pathologically activated T cells or to prevent the

detrimental effects of the cytokine storm by targeting individ-

ual cytokines or entire cytokine signalling pathways.

To halt aberrantly activated T cells, anti-thymocyte globu-

lins can be administered, as well as alemtuzumab, an anti-

CD52 antibody that predominantly targets mature lympho-

cytes, but also histiocytes (Jordan et al, 2011; Janka & Lehm-

berg, 2013). In addition, a few cases have been reported in

which the anti-CD25 antibody daclizumab could successfully

treat paediatric and adult HLH. In HLH, daclizumab is

anticipated to normalize sCD25 levels and to deplete hyper-

activated T cells that have upregulated CD25 expression

(Olin et al, 2008).

The application of different cytokine-targeting biologicals

in HLH is derived from experimental models of primary and

secondary HLH that pinpointed several cytokines as crucial

disease-propagating factors: predominantly IFNc, but also

TNFa, IL6 and IL18 (reviewed in Brisse et al, 2015). Inhibi-

tors of TNFa (etanercept, infliximab, adalimumab), IL6

(tocilizumab) and IL1b (anakinra, rilonacept, canakinumab)

have been particularly applied in secondary HLH, mostly

associated with rheumatological conditions, and were found

to be effective in several case reports (Kobayashi et al, 2011;

Nigrovic et al, 2011; Kahn & Cron, 2013; Rajasekaran et al,

2014; Schulert & Grom, 2015). Recently, the first report on a

phase II clinical trial presented promising results using a

human monoclonal anti-IFNc antibody in combination with

dexamethasone as a second-line therapy for refractory pri-

mary HLH patients (Jordan et al, 2015). Treatment was well

tolerated and nine out of 13 patients enrolled achieved a sat-

isfactory response. Of note, as no known causative HLH

mutations were found in four patients, it is possible that sec-

ondary HLH episodes may also benefit from this new ther-

apy (Jordan et al, 2015). Nonetheless, it must be kept in

mind that, as mentioned above, the cytokine profile of HLH

patients can vary with underlying aetiologies and triggering

factors, indicating that rational personalized approaches are

necessary to obtain maximal efficacy of specific cytokine-tar-

geting therapies.
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Paradoxically, the use of biologicals has also been associ-

ated with the emergence of HLH in different autoimmune/

autoinflammatory disorders and in haematological neoplasms

(Brito-Zer�on et al, 2016). Especially in rheumatologic disor-

ders, anti-cytokine treatment has been linked to HLH devel-

opment (Kobayashi et al, 2011; Schulert & Grom, 2015).

Theoretically, biologicals have the capacity to destabilize

immune homeostasis or create an imbalance in the cytokine

network, thus favouring the occurrence of serious infections,

in turn, leading to HLH. Recently, a comprehensive overview

was published of adult patients who developed HLH follow-

ing different biological therapies. Anti-TNF agents were the

main inducers of HLH and the majority of episodes (67%)

was co-triggered by a systemic infection (Brito-Zer�on et al,

2016). A post-marketing surveillance study in sJIA patients

on tocilizumab treatment revealed the occurrence of HLH in

5�8% of patients. Here, infection was a co-trigger in 29% of

patients and active sJIA was considered the main contribut-

ing factor to HLH development (Yokota et al, 2015). Inter-

estingly, tocilizumab might be temporarily linked to HLH

onset in some patients, but it can also aide rapid resolution

of the HLH episode in the same patients (Kobayashi et al,

2011). Similarly, the HLH syndrome occurring during ana-

kinra treatment in some sJIA patients was improved by dose

escalation of anakinra, indicating that biologicals can indeed

constitute a triggering and therapeutic agent for the same

disease (Nigrovic et al, 2011; Kahn & Cron, 2013). In a study

assessing the impact of canakinumab treatment on HLH

incidence, the occurrence of HLH was reported to remain

equal between canakinumab-treated and placebo-treated sJIA

patients, in fact, infections were deemed the predominant

triggers of HLH cases (Grom et al, 2016). Thus, biologicals

themselves do not appear to constitute the direct cause of

HLH onset; rather, biological-induced susceptibility to infec-

tions might play a role. Of note, although the administration

of cytokine-targeting drugs in underlying disorders is unable

to prevent the emergence of complicating HLH, the HLH

symptoms may be milder or partially masked, hindering

diagnosis (Shimizu et al, 2012; Ravelli et al, 2016b).

In addition to targeting individual cytokines, which may

be insufficient during severe hypercytokinaemia, cytokine sig-

nalling pathways can be targeted to avoid an imbalance in

the cytokine network. Inhibition of Janus kinases, key trans-

ducers of multiple cytokine-mediated signals, via ruxolitinib

may serve this purpose (Das et al, 2016). Peroxisome prolif-

erator-activated receptor-c agonists have also been projected

as ideal candidates. They interfere with the activation of the

NF-jB pathway and combine a broad anti-inflammatory

mode of action with antiviral capacities (Chuang et al, 2007;

Hsieh et al, 2010).

Other promising targets for future therapy are primarily

based on research in HLH animal models and include the

induction of T cell exhaustion through the stimulation of

inhibitory receptors like programmed cell death 1 (PDCD1/

PD-1), the administration of anti-inflammatory IL10 or

IL18BP to restore cytokine balances, the application of TLR

Table IV. Potential treatment strategies in HLH.

Conventional therapy Alternative treatments Biological therapy

Corticosteroids DEP regimen Rituximab (anti-CD20)

Dexamethasone Liposomal doxorubicin T-cell targeting drugs

Methylprednisolone Etoposide Anti-thymocyte globulins

Prednisolone Methylprednisolone Alemtuzumab (anti-CD52)

Prednisone Plasma exchange Daclizumab (anti-CD25)

Etoposide Allogenic HSCT Cytokine-targeting drugs

Ciclosporin A Reduced-intensity conditioning Etanercept (TNFa blockade)

Methotrexate Alemtuzumab Infliximab (TNFa blockade)

Allogenic HSCT Fludarabin Adalimumab (TNFa blockade)

Myeloablative conditioning: Melphalan Tocilizumab (IL6 blockade)

Etoposide Treosulfan Anakinra (IL1 blockade)

Busulfan Rilonacept (IL1 blockade)

Cyclophosphamide Future treatment strategies Canakinumab (IL1 blockade)

Gene therapy and autologous HSCT Anti-IFNc monoclonal Ab

Supportive care Ruxolitinib (JAK inhibitor)

Anti-pathogen therapy PPAR-c agonists or NF-jB blockade

Antivirals Stimulation of inhibitory TCRs

Antibiotics Administration of IL10 or IL18BP

Antimycotics TLR blockade

Liposomal amphotericin B Targeting DCs or Ag presentation

Intravenous immunoglobulins Blocking alarmins (HMGB1, IL33, etc.)

Ab, antibody; Ag, antigen; DCs, dendritic cells; HLH, haemophagocytic lymphohistiocytosis; HMGB1, high mobility group box 1; HSCT,

haematopoietic stem cell transplantation; IFNc, c-interferon; IL, interleukin; IL18BP, IL18 binding protein; JAK, Janus kinases; NF, nuclear factor;

PPAR, peroxisome proliferator-activated receptor; TCRs, T cell receptors; TLR, Toll-like receptor.
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antagonists or blocking TLR signalling pathways to halt

chronic TLR activation, targeting dendritic cells as the main

drivers of on-going antigen stimulation or suppressing anti-

gen presentation itself (reviewed in Brisse et al, 2015).

Recently, neutralizing antibodies and antagonists targeting

the alarmin HMGB1 were proposed for treating HLH, to

reduce the immunostimulatory load of necrosis- and pyrop-

tosis-derived danger signals. The efficacy of this strategy has

already been demonstrated in other models of systemic sterile

and infectious inflammation (Palmblad et al, 2014). Also in

this category, blocking the alarmin IL33, via its receptor ST2/

IL1RL1, may constitute a novel therapeutic approach (Rood

et al, 2016). The treatment strategies discussed above are

summarized in Table IV.

Conclusion

This review covers the spectrum of HLH symptoms, high-

lighting possible distinguishing features between primary and

secondary HLH. Recent advances in specific diagnostic mark-

ers and protocols for different HLH subtypes will increase

future recognition of the syndrome and allow for more rapid

and accurate diagnosis. Combined with the increased appli-

cation of targeted therapies, patient prognosis will probably

improve. Nevertheless, personalizing therapy remains of

utmost importance in future research efforts to maximize the

efficacy of existing drugs and tailor novel drugs to individual

patient needs.
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