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Abstract
Hemophagocytic lymphohistiocytosis (HLH) is a syndrome of pathologic immune activation, often

associated with genetic defects of lymphocyte cytotoxicity. Though a distinctive constellation of

features has been described for HLH, diagnosis remains challenging as patients have diverse pre-

sentations associated with a variety of triggers. We propose two concepts to clarify how HLH

is diagnosed and treated: within the broader syndrome of HLH, “HLH disease” should be distin-

guished from “HLH disease mimics” and HLH subtypes should be categorized by specific etio-

logic associations, not the ambiguous dichotomyof “primary” and “secondary.”Weprovide expert-

based advice regarding the diagnosis and initiation of treatment for patients with HLH, rooted in

improved understanding of its pathophysiology.
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1 INTRODUCTION

Hemophagocytic lymphohistiocytosis (HLH)hasbeen recognized since

themiddle of the 20th century as both a familial disorder and an appar-

ently sporadic disorder associated with a variety of environmental

triggers including infection, malignancy, and rheumatologic disorders.

Despite clinical and scientific advances, uncertainty remains about

how to conceptualize and recognize HLH. Due to the complexity of

diagnostic criteria and similarity toother inflammatorydisorders, diag-

nosis is often delayed and misdiagnosis remains a significant concern.

Members of the HLH committee from the North American Consor-

tium for Histiocytic Disorders have compiled this review focusing on

the pitfalls of HLH diagnosis, based on a review of the medical litera-

ture and the collective expertise and experience consulting with treat-

ing physicians nationally and internationally. This review will focus on

four areas: clarifying concepts of HLH, describing the diversity of pre-

sentations, providing practical advice regarding diagnosis, and provid-

ing a brief overview of initial considerations for the treatment of HLH.

1.1 What is HLH?

1.1.1 HLH is a syndrome encompassing diverse genetic and

environmental contributions

The first report of what we now recognize as familial HLH (F-HLH)

in 1952 described two siblings who developed fever and hep-

atosplenomegaly at 9 weeks of age.1 Subsequently, familial clusters of

children with similar phenotypes were observed, as well as apparently

sporadic cases of a similar syndromewere seen in the context of severe

infection, rheumatologic disorders, or malignancy.2–6 In 1999, defects

of PRF1 (encoding perforin) were discovered as the first inherited

gene defect underlying F-HLH.7 Before this discovery, a committee

from the Histiocyte Society developed consensus enrollment criteria

for the HLH-94 study to capture the HLH disease phenotype: fever,

splenomegaly, cytopenias, increased triglycerides/decreased fibrino-

gen, and hemophagocytosis.8 Enrollment criteria for the subsequent

HLH2004 trial were revised to incorporate ongoing discovery of

the genetic basis of F-HLH and development of specialized immune

studies.9 Over the last decade, these enrollment criteria have become

the de facto criteria for defining/diagnosing HLH, though their sensi-

tivity and specificity remain unknown and an updated, evidence-based

international consensus is needed. The details of these criteria

are listed in Table 1, along with explanation/commentary on their

individual meaning.

1.1.2 Experimental studies have defined the unique

pathophysiology of familial HLH

Understandably, the diversity of clinical presentations of HLH has

led to confusion. For F-HLH at least, experimental studies in animal

models have demonstrated that HLH is caused by excessive activation

of CD8+ T cells, which are otherwise triggered appropriately by

infection.10,11 The lack of normal cytotoxic function deregulates

TABLE 1 Diagnostic criteria used for the HLH2004 trial and
relevance for clinical diagnosis

HLH2004 entry criteria Comment

A.Molecular diagnosis
consistent with HLH:
Pathologic mutations of PRF1,
UNC13D, STXBP2, Rab27a,
STX11, SH2D1A, or XIAP or

In a patient with known genetic
defects, treatment before full
development of HLHmay be
appropriate, but genetic
studies usually just help to
define HLH recurrence risk,
not the presence of an active
disease state.

B. Five of the eight criteria listed
below are fulfilled

1. Fever≥38.3
◦
C Nearly universal in untreated

HLH.

2. Splenomegaly While splenomegaly and
hepatomegaly are very
common in HLH, adenopathy
is not.

3. Cytopenias (affecting at least
two of three lineages in the
peripheral blood):
Hemoglobin<9 g/dL (in
infants<4weeks:
hemoglobin<10 g/dL)
Platelets<100× 103/mL
Neutrophils< 1 × 103/mL

Cytopenias are ubiquitous in
HLH. Lack of cytopenias
shouldmake one doubt a
diagnosis of HLH, except in the
special case of isolated,
CNS-only disease.

4. Hypertriglyceridemia
(>265mg/dL) and/or
hypofibrinogenemia
(<150mg/dL)

Low fibrinogen in the context of
inflammation is paradoxical
and one of themore distinctive
features of HLH.

5. Hemophagocytosis in bone
marrow or spleen or lymph
nodes or liver

Not specific to HLH, or essential
for the diagnosis, but helpful
as a diseasemarker. Of note, it
is often not evident early after
disease onset.

6. Low or absent NK-cell activity Moremodern and robust assays
measuring perforin levels and
its degranulation should
replace this assay for reliable
diagnosis of HLH. This assay is
not specific for primary HLH.

7. Ferritin>500 ng/mL Most patients havemuch higher
levels than this threshold
suggests.

8. Elevated Soluble CD25
(soluble IL-2 receptor alpha)

As HLH is a T-cell driven disease,
this assay is extremely
informative for diagnosis and
response to therapy. See
Section 3 for more
information.

antigen presentation, leading to excessive T-cell activation.12–14

Several key concepts are apparent from these studies:

1. The immune response itself, not the infectious (or other environmen-

tal) trigger, drives disease pathology.

2. Unlike many other immune disorders, immune activation, not self-

reactivity (or autoimmunity), is the cause of disease pathology.

3. While macrophages are clearly involved in disease development, T

cells (specifically CD8+ T cells) are key upstream drivers of HLH

disease.15
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4. Across multiple genetic models, interferon gamma (IFN-𝛾) is a key

mediator of disease development and is likely the principle connec-

tor between activated T cells and activation of macrophages.16–19

Since the discovery of defects in PRF1, mutations in multiple other

genes (UNC13D, STX11, STXBP2, RAB27A, LYST) affecting perforin

delivery have been identified as causes of F-HLH. All these defects

appear to share the common pathophysiology described above in

experimental contexts. Defects in other genes related to effector T-

cell function (SH2D1A, ITK, CD27) are also known to cause HLH, and

at least in the case of SH2D1A, appear to cause it in a similar fashion

as perforin-related defects. With a less well defined and perhaps dis-

tinctive immune physiology, are cases of HLH associated with inflam-

masome activation, as seen with genetic defects in XIAP or NLRC4,

and systemic onset juvenile arthritis (soJIA). A recent whole exome–

based study has expanded the list of potentially HLH-associated genes

considerably to include other genes associated with immune function

and regulation, albeit with less clear causality.20 However, the over-

all theme of all these genetic findings is that HLH is caused by defec-

tive immune regulation leading to excessive activation of T cells and

macrophages.

1.2 HLH: A pattern or a disease?

HLH is an inflammatory syndrome with a distinctive clinical pattern

including unusual features: cytopenias, splenomegaly, low fibrinogen,

extremeelevations of inflammatorymarkers, a (sometimes) protracted

course, and liver or brain injury. The presence of this pattern suggests

the abnormal immune physiology described above and the need for

immune suppression as the key therapeutic intervention. But it is clear

that not all patients who display this pattern have underlying immune

dysregulation, and not all would benefit from immune suppression.

However, the HLH literature has been ambiguous about how to con-

ceptualize HLH, and confusion remains about when to make this diag-

nosis and initiate HLH-specific therapies.

To clarify thinking and terminology regarding HLH, we favor the

concept that patients displaying sufficient HLH diagnostic features

should be considered to be fulfilling the “HLH syndrome,” while only

a subset of these patients, those in whom this distinctive immune

dysregulation is the core problem and who are likely to benefit from

immune suppression, should be considered to have “HLH disease.”

Disorders leading to the HLH pattern, but which are not likely to

benefit from immune suppression, should therefore be viewed as

“HLH disease mimics.” For example, compare two neonates with fever,

cytopenias, coagulopathy, and elevated sCD25/ ferritin. While both

may fulfill HLH criteria (display the “HLH syndrome”), the one with

biallelic perforinmutations and no apparent infection clearly has “HLH

disease,” while the other one with disseminated HSV infection (for

which there is no general evidence of immune dysregulation or benefit

from immune suppression) should be considered to have a condition

which is an “HLH disease mimic.” This dichotomy does not preclude

anti-inflammatory treatments in the latter group (as illustrated in this

context21), but does clarify diagnostic and therapeutic priorities. Thus,

diagnosis of HLH disease is based on recognizing the HLH pattern and

careful exclusion of HLH disease mimics. This concept is illustrated in

Figure 1.

Why is this concept valuable? HLH typically requires prompt recog-

nition and treatment, often before all data can be gathered. However,

this aggressive stance should be balanced by a cautious and careful

exclusion of conditions that look like HLH disease but would not bene-

fit from (or even be harmed by) immune suppression and may require

different specific treatments. Undiagnosed malignancy is especially

problematic asHLH-directed therapy often obscures diagnosis. Simply

identifying the pattern of HLH is not sufficient for prudent application

of HLH-directed therapies.

1.2.1 HLH disease has a range of clinical phenotypes that

fit poorly into traditional categories

Historically, a dichotomy between familial and apparently nonfamilial

patients has been noted. Familial patients are often very young and

may not have an obvious infectious trigger. Apparently, nonfamilial

patients are typically older and usually have a clear environmental

trigger: infection, malignancy, or rheumatologic disorders. Accord-

ingly, patients with HLH are often split into two groups, "primary" and

"secondary," but with increasing recognition of the clinical diversity of

HLH, these labels are increasing ambiguous and misleading. We see

at least four reasons for this. First, this dichotomy oversimplifies the

complex reality of genetic causality in HLH. A widening spectrum of

genetic lesions associated with HLH is now recognized, in which the

most severe ones inevitably lead to HLH at an early age (mutation as

destiny)22 and milder ones are associated with older ages of onset

and stronger environmental triggers (mutation as a risk factor).23,24

Single allele mutations, typically thought of as conferring only carrier

status, are frequently seen in patients with HLH associated with

rheumatologic disorders or malignancy.25–28 Thus, genetic contribu-

tion/risk does not fit neatly into the primary/secondary dichotomy.

Second, because this historical classification does not recognize

the differences between the HLH pattern and HLH disease, it may

lead physicians to miss HLH disease mimics. Furthermore, lumping

essentially all non-F-HLH into secondary HLH implies a similarity of

pathophysiology and treatment that is unwarranted and may lead to

suboptimal or inappropriate therapy. Third, this dichotomy is ambigu-

ous, particularly with regard to infection, and may lead to confusion.

Many patients with clear F-HLH experience disease triggered by

(secondary to) infections,29 while infection-associated cases occurring

in older patients may be associated with varying or indeterminate

genetic (primary) lesions. Fourth, unlike the concept of HLH disease

andmimics, this dichotomy is not helpful when choosing initial therapy

for HLH. As historically defined, both patient groups experience

significant morbidity and mortality during the first several weeks of

disease, and overall outcomes were not influenced by the presence of

known genetic lesions in the HLH-94 andHLH-2004 studies.8,29

Formaximal clarity, we favor designating subgroups ofHLHby their

specific etiologic associations and also specifying whether an individ-

ual patient is experiencing HLH disease or amimic thereof. Thus, cases
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F IGURE 1 Categorizing HLH
Note. The HLH syndrome includes all conditionsmeeting consensus diagnostic criteria. This syndrome includes conditions that would benefit from
HLH-directed immunosuppressive therapies, which are termed "HLH disease," and those conditions that would not benefit from such therapy or
require entirely different treatments, termed as "HLH diseasemimics." HLH disease includes recognizable subgroups: familial HLHwith clear
genetic etiology, HLH associated withmalignancy, HLH associated with rheumatologic conditions (also calledMAS), HLH observed after immune
activating therapies (iatrogenic HLH, also called cytokine release syndrome), HLH associated with immune compromise (either primary immune
deficiency or treatment-related immune suppression), and HLH not associated with other specific conditions. Recognition of these subcategories
is valuable as this may alter treatment, though some categories overlap with each other or have indistinct borders (as indicated above), andmay
include examples of both HLH disease andHLH diseasemimics. Use of these category-specific terms is preferred over the historical terms of
"primary" and "secondary" because the older concepts are ambiguous due to increasing understanding of genetic complexity, involvement of
infection in triggeringmultiple distinct variations of HLH, and varied application. Incomplete, forme fruste episodes of HLH (similar but not
completely fulfilling diagnostic criteria) are also well recognized in patients with familial HLH andmay occur in others, such as "mildMAS" in
patients with soJIA.

with clear genetic etiology should be referred to as "familial" HLH

(F-HLH), and those seen with malignant or rheumatologic disorders

as associated with those conditions (M-HLH or R-HLH, respectively).

Other notable subgroups (discussed below in more detail) of HLH dis-

ease include HLH associated with immune compromise (immune defi-

ciency or immunosuppression, IC-HLH) and iatrogenic HLH (Rx-HLH,

secondary to immune activating therapies). All other cases of HLH

disease (including those with negative or ambiguous genetic findings,

with or without infectious triggers) should simply be referred to as

"HLH disease-NOS," without reference to "primary" or "secondary."

Notably, as infection may act as a trigger for HLH in any subcate-

gory (except Rx-HLH), it is not distinguishable as a distinct category or

cause. Finally, some patients develop a recognizable but incomplete or

"forme fruste" HLH syndrome. While we do not wish to broaden the

HLH syndrome indefinitely, this forme fruste is important to recognize

as somepatientswithF-HLHorR-HLHmayexperience repeated, often

self-limited episodes of this partial HLH, before developing defini-

tive disease. Such a history should be a strong indicator for genetic

workup/careful monitoring, and may justify treatment. Figure 1 illus-

trates the diversity of HLH that can be precisely described in this

fashion.

2 TYPICAL AND UNUSUAL HLH

PRESENTATION PHENOTYPES

2.1 Infant with Fever

While "classic" F-HLH may present at almost any age, it most com-

monly presents in infants under 1 year of age, and neonatal or

in utero presentations are well described.30 This "typical" patient

with HLH usually presents with fever and is then noted to have

cytopenias and splenomegaly. Further investigation reveals an ill-

appearing patient, sometimes with a critical sepsis-like appearance.

Marrow biopsy is often obtained to evaluate for leukemia and

may (variably) reveal hemophagocytosis, while not displaying malig-

nancy. Though infection and malignancy must be carefully consid-

ered, a triggering infection may not be identified.31 While these

patients are well described by current diagnostic criteria, their most

striking features are typically the degree of cytopenias, hypofib-

rinogenemia (in the face of inflammation), and hepatosplenomegaly.

This patient population is capable of sudden, severe, and unpre-

dictable worsening, necessitating rapid diagnosis and aggressive

intervention.
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2.2 HLHwith isolated CNS involvement

Patients with F-HLH present with central nervous system (CNS)

involvement about one-third of the time with symptoms including

seizures, meningismus, signs of cranial nerve involvement, ataxia,

dysarthria, andencephalopathy.32,33 However, patientsmayalso rarely

presentwith isolatedCNS inflammation,without complete or even any

systemic signs of HLH. Though rare, this isolated disease is an impor-

tant forme fruste ofHLH,which often presents insidiouslywith patients

experiencing substantial delays in diagnosis.34 Cerebrospinal fluid

analysis shows pleocytosis and hyperproteinemia, and brain biopsy

reveals T-cell andhistiocytic infiltrates.MRI findings in isolated or non-

isolated CNS HLH typically include increased signal in T2-weighted

images of widespread areas, with symmetric periventricular white

matter hyperintensity, meningeal enhancement, diffusion restriction,

and may progress to include necrosis.35–37 Age of onset of isolated

CNS HLH varies greatly, but is most often seen in children over a year

of age, as younger children will usually have accompanying systemic

HLH.

2.3 Acute liver failure

Patients with F-HLH can present with acute liver failure (ALF),

sometimes requiring liver transplantation.38 Significant overlap exists

between patients with HLH, who present with ALF, compared to those

withALF of unknownetiology, but patientswithHLHaremore likely to

have fever, splenomegaly, highly elevated ferritin, hemophagocytosis,

hypofibrinogenemia, and CNS inflammation.39 However, sCD25 does

not appear to be specific forHLH in this context, as approximately one-

third of patients with ALF (most without HLH) have elevations, though

higher levels were associated with increased mortality.40,41 Addition-

ally, ferritin may not be a reliable marker in this patient population as

dying hepatocytes may release it.

2.4 Older childrenwith infection

Children over the age of 1 year with HLH typically have definable

triggers, most commonly viral infection. Epstein-Barr virus (EBV) is

the most frequently identified infection triggering HLH, followed by

cytomegalovirus (CMV), though numerous other viral, bacterial, par-

asitic, and fungal infections have been reported.6,42,43 Though under-

lying genetic mutations may not be found in patients with EBV-HLH,

disease is often responsive to standard treatments and rituximab may

be a helpful adjunct, as it may decrease viral burden.44 EBV-associated

HLH is usually seen with primary infection, though some patients may

present with HLH (or HLH recurrence) associated with chronic active

EBV infection.45 These patients typically have predominant EBV infec-

tion of T cells (less often NK cells), instead of B cells. Overall, clinical

presentations in older patients are similar to those in younger patients,

though they may vary widely in severity. While patients presenting

with relatively milder acuity may only require corticosteroids or intra-

venous immune globulin, aggressive treatment may be appropriate,

as early initiation of etoposide is associated with improved survival

in severe EBV-HLH.46–48 Ferritin values are consistently high in older

patients, and sCD25 is always elevated, though often not to the degree

seen in infants.

2.5 Sepsis-like presentations

Patients with HLH (pediatric and adult) stand out as some of the

most critically ill patients in the ICU.49–51 While HLH can be very

difficult to discern from typical sepsis or multiple organ dysfunction

syndrome (MODS), there are often clues that the severity of inflam-

mation may be more than expected for critical illness and further

investigation for possible HLH needs to be considered. These patients

tend to be persistently febrile with significant cytopenias, especially

thrombocytopenia, and require multiple transfusions.49,51 Hypofib-

rinogenemia may be helpful to discern HLH from sepsis, though

disseminated intravascular coagulation (DIC) may lead to a similar

appearance.9,52 Hepatosplenomegaly often seen inHLHbut not in sep-

sis can aid in the diagnosis. If present, hemophagocytosis in tissue

and bone marrow can be suggestive of HLH, but hemophagocytosis

can be found in critically ill patients with no other HLH features.53,54

Beyond patients with clear HLH disease, there is a growing body of

evidence to support a macrophage activation syndrome (MAS) like

phenotype in some patients with sepsis.55–58 Unfortunately, there

are multiple definitions that have been used for MAS-like sepsis,

but in general these patients are described as having MODS char-

acterized by hyperferritinemia, hepatobiliary dysfunction, and DIC

with or without bone marrow failure.55–58 Whether these patients

may benefit from immunosuppressive therapy is an active area of

investigation.

2.6 Rheumatologic HLH (R-HLH) ormacrophage

activation syndrome

MAS is the term most commonly used to refer to an HLH or HLH-

like syndrome occurring in the context of rheumatologic disorders (R-

HLH). While MAS and HLH are very similar and should be viewed as

the same disease, there are notable differences in presentation.59–61

Consensus criteria for recognizing MAS in the context of soJIA have

been developed, and in general, these patients with MAS are older

than patients with F-HLH and they present with substantially higher

platelet and neutrophil counts as well as higher fibrinogen levels.62

These laboratory indices are typically elevated in patients with JIA, so

"falling" to near-normal levels is often a substantial change indicating

a more severe process than would ordinarily be implied by such val-

ues. The frequency ofMAS is∼10%of patientswith soJIA, but 30–40%

may have an incomplete presentation of MAS.62,63 MAS in adults is

most commonly seen with adult-onset Still’s disease (AOSD), reported

in ∼15% of AOSD cases.64,65 MAS has also been reported in systemic

lupus (estimated incidence of MAS in 4% of cases), dermatomyositis,

Kawasaki’s disease, and rheumatoid arthritis.66,67 Obviously, a pre-

existing diagnosis of a rheumatologic disorder would define R-HLH,

but unexplained rash, recurrent fever, arthralgia/arthritis in an undiag-

nosed patient presenting with HLHmay suggest R-HLH.
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2.7 HLH in the context of malignancy (M-HLH)

The association of HLH with malignancy (M-HLH) has been recog-

nized for decades and has been reviewed elsewhere.68 Patients may

present with the clinical syndrome of HLH associated with undiag-

nosed underlying malignancy (new onset), or they may develop HLH

during treatment for known malignancy (on therapy), usually in the

context of infection. With new onset M-HLH, this HLH syndrome is

typically an HLH disease mimic, as the disease features appear to be

driven directly by the cancer, and antineoplastic (instead of anti-HLH)

treatment should be the priority, though pathophysiology is not well

defined and therapy of malignancy may overlap with HLH treatment.

"On therapy" M-HLH should most often be considered to be a mani-

festation of HLH due to infection in the context of immune compro-

mise (IC-HLH, see next), though it may rarely be associatedwith occult

relapse.

Lymphoma deserves special mention as it is the most common

malignancy associated with HLH at its initial presentation. Because of

the difficulty of distinguishing lymphoma from F-HLH or R-HLH, thor-

ough imaging and aggressive biopsy, often guided by PET-CT, should

be pursued or at least considered before starting corticosteroids and

other therapies thatmayobscure diagnosis.69 Malignancymaypresent

with HLH at all ages (including infancy), but is increasingly likely at

older ages, and is associated with perhaps a majority of cases in

adults.66,68,70 When considering M-HLH, it is important to note that

the presence of EBV viremia does not rule out malignancy (includ-

ing B- or T-cell lymphomas) and sCD25 may be disproportionately

elevated compared to other features of HLH in patients with occult

lymphoma.71,72

2.8 HLH in the context of immune compromise

(IC-HLH)

HLH has been reported to occur in a variety of patients who are

immune compromised, including those receiving chemotherapy or

thosewith primary immune deficiency (PID). As noted above, HLHmay

occur in patientswithmalignancywhohave often received chemother-

apy for an extended period of time and who typically have a recent

triggering infection. Similarly, a number of children (and adults) with

inflammatory bowel disease (IBD), typically treated with azathioprine

or mercaptopurine have been reported to develop HLH after primary

infection with EBV or CMV.73 In both contexts, pathophysiology is not

well understood and while it may be related to the underlying dis-

ease, HLH appears to be a dysregulated response to infection which

is related to immunosuppression. It is difficult to generalize about

whether IC-HLHmaybenefit fromsignificant immune suppression. For

patients with IBD, withdrawal of mercaptopurine, treatment of infec-

tion, supportive care, andmoderate dose corticosteroids often suffice.

"On therapy" M-HLH does not appear to respond well to any treat-

ment, though corticosteroids ± etoposide are usually tried. Thus, IC-

HLH ambiguously straddles the categories of HLH disease and HLH

diseasemimics.

A variety of PIDs have been reported to present with HLH74,75:

severe combined immunodeficiency (SCID),Omenns syndrome, severe

DiGeorge syndrome, Wiskott-Aldrich syndrome, chronic granuloma-

tous disease (CGD), X-linked agammaglobulinemia, and autoimmune

lymphoproliferative syndrome. Patients with PID and HLH often have

unresolved, severe infections. Patientswith SCIDmost often have viral

infections, while those with CGD present with bacterial infections.

Thus, the presence ofHLHassociatedwith unusual or unusually severe

infection should suggest undiagnosed immune deficiency. For patients

with SCID and infection, immunosuppressive therapy is generally not

helpful and this condition should be considered to be a mimic of HLH

disease. HLH in patients with CGD is less clear, though typical treat-

ment forHLHbeyond corticosteroids is usually not indicated. Thus, the

constellation of HLH symptoms in the context of PID should usually be

considered amimic of HLH disease, though some patients may require

immunosuppressive therapy.

2.9 HLH in the context of immune activating

therapies (Rx-HLH)

The HLH syndrome develops in some patients receiving immune acti-

vating therapies such as T-cell engaging antibodies, CAR T cells, or

immune checkpoint inhibitors. In this context, this syndrome is usually

referred to as cytokine release syndrome (CRS), though its pathophys-

iology appears quite similar to F-HLH and should be recognized as a

variant ofHLH,whichwe termasRx-HLH.Diagnosis and treatment for

CRS has been extensively reviewed elsewhere.

3 PRACTICAL APPROACH AND ADVICE

FOR THE DIAGNOSIS OF HLH

3.1 Essential workup for patients with suspected

HLH disease

Initial symptoms of HLH are nonspecific and may overlap with other

inflammatory or hematopoietic diseases. The initial workup is two-

pronged and aims (a) to establish the diagnosis of HLH promptly

and (b) to identify mimickers of HLH disease (if present), or poten-

tially treatable underlying HLH disease triggers. Figure 2 displays a

diagnostic algorithm for consideration of HLH in newly presenting

patients. Table 2 provides additional details regarding the utility of

specialized and general diagnostic assays relevant to HLH. It should be

emphasized that since T-cell activation is central toHLHpathogenesis,

elevated sCD25 should always be observed in untreated HLH.72,76,77

If not elevated, then one should doubt a diagnosis of HLH. Similarly,

though not as well established because HLH appears to be largely

driven by IFN-𝛾 , elevations of CXCL9 (a sensitive indicator of IFN-𝛾

bioactivity) should be seen in untreated cases of HLH disease (MJ

and CA, unpublished data).60,78,79 Additionally, elevated expression

of granzyme B in NK cells has been shown to be similarly ubiquitous

in HLH; normal expression levels would suggest that HLH is not the

correct diagnosis.80 Ferritin levels above 10 000 ng/mL appear to

be relatively specific for HLH but are not very sensitive.81 While

specialized immunologic testing may facilitate diagnosis, if a diagnosis

can be made without them then treatment should not be delayed
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F IGURE 2 Algorithm for diagnostic workup of HLH
Note. Suggested assessment for patients suspected of having HLH. See Tables 1 and 2 for further explanation/context and Figure S1 for standard
treatment roadmapwithmonitoring strategy.

pending these results. Likewise, treatment should not be delayed

for assessment of CNS involvement, though this should always be

conducted (once a lumbar puncturemay be safely performed).

3.2 Differential diagnosis: All patients

3.2.1 Infections

Many infections may trigger HLH. Search for common HLH associ-

ated viruses by polymerase chain reaction (not serology) should be

performed, as concurrent disseminated infection, not prior expo-

sure, is the principal concern. Atypical infections that may lead

to cytopenias, elevations of inflammatory markers, and other fea-

tures of HLH include visceral leishmaniasis, atypical/tuberculous

mycobacteria, histoplasmosis, ehrlichia, bartonella and Brucella

species, disseminated adenovirus, and disseminated herpes simplex.

In most cases, these infections should be considered as mimics of

HLH disease as direct treatment of the infection is preferable to

HLH-directed immune suppression, and the HLH syndrome does

not appear to have a largely immune-mediated etiology in these

patients.
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TABLE 2 Utility of various diagnostic assays

Study Rationale

Common laboratory studies

1. CBC, hepatic panel,
fibrinogen, triglycerides

2. Ferritin

3. Cultures, viral PCRs: EBV,
CMV, adenovirus

1. Essential to define typical
features of HLH. Though not part
of diagnostic criteria, hepatitis is
extremely common in HLH.

2. Usually (but not always) very
elevated

3. Search for triggering infection

Specialized laboratory studies

1. Markers of immune
activation: sCD25, granzyme
B expression, CXCL9

2. IL-18 level

3. Measurement of proteins
affected in familial HLH:
perforin, SAP, XIAP

4. Functional studies:
lymphocyte degranulation
(CD107amobilization), NK
cell function

5. Lymphocyte subsets, T-cell
subsets, immune globulin
levels

6. Genetic testing (multigene
panel or whole exome)

1. Essentially always elevated in
untreatedHLH; very sensitive,
but not specific. sCD25, and
perhaps CXCL9, are also useful
for monitoring response to
therapy

2. Elevated in HLH associated with
inflammasome-opathies (XIAP,
NLRC4, soJIA)

3. Helpful to quickly confirm a
suspected familial HLH diagnosis

4. May help to fulfill diagnostic
criteria. Degranulation is the
preferred functional assay over
NK cell function.102

5. Screening studies for PID

6. Essential for defining HLH
recurrence risk

Imaging

Body cavity CT’s
(chest/abd/pelvis)

Consider PET-CT if suspicion of
lymphoma

MRI of brain

Should be routinely performed to
help rule out malignancy, or
unusual infections if trigger is
unknown (CXR/abdominal
ultrasoundmay suffice)

PET-CT very helpful for guiding
biopsy if concern for lymphoma

BrainMRI complements LP for CNS
assessment

Tissue sampling

Bonemarrow biopsy
Lumbar puncture
Other tissue biopsies as
appropriate: liver, lymph node,
masses

Essential to rule out malignancy,
identify hemophagocytosis, and
identify CNS involvement

3.2.2 Other hematologic disorders

Hematologic diseases that may present with a clear pattern of

HLH include Langerhans cell histiocytosis involving the marrow

and/or visceral organs; multicentric Castleman disease, especially the

thrombocytopenia, anasarca, myelofibrosis, renal dysfunction, and

organomegaly variant (TAFRO). In both cases, therapy should be

directed toward the underlying disorder,±additional corticosteroids.

3.2.3 Drug reactions

In particular, drug rash with eosinophilia and systemic symptoms

(DRESS) may present as HLH, but should be treated by withdrawal of

the offending agent,±corticosteroids.

3.2.4 Storage andmetabolic disorders

Patients with storage diseases including Wolman’s disease (infantile

lysosomal acid lipase deficiency), Gaucher’s, and other disorders have

been reported to fulfill HLH diagnostic criteria.82–85 In most cases,

these disorders should be considered as mimics of HLH disease, as

they develop features of HLH (eg, splenomegaly, cytopenias) due to

processes not involving immune hyperactivation. However, inflamma-

tion in these patients remains poorly studied and there is evidence of

abnormal immune regulation in some contexts.86,87 Similarly, patients

with metabolic disorders including lysinuric protein intolerance (LPI)

and others have also been reported to developHLH.88,89 Though these

disorders should be also be considered as mimics of HLH disease,

as they require different, specific treatment, the inflammatory fea-

tures of LPI in particular are notable and may benefit from immune

suppression.90

3.2.5 Differential diagnosis: Special situations

Newborns: The differential in newborns with fulminant liver failure

includes gestational alloimmune liver disease (GALD), also called

neonatal hemochromatosis. While patients with GALD present with

hyperferritinemia and coagulopathy, hemophagocytosis, and other

signs of inflammation are absent and extrahepatic siderosis is typically

present.91 Asmentioned above, disseminatedHSVpresentingwith the

syndrome of HLH should be viewed as a mimicker of HLH disease, and

immune suppressionmay bemore harmful than beneficial to patients.

Isolated CNS disease: Differential diagnosis includes autoimmune

disseminated encephalomyelitis (ADEM), CNS vasculitis, multiple

sclerosis, Rasmussen’s encephalitis, FIRES (febrile infection–related

epilepsy) syndrome, and acute necrotizing encephalopathy (ANE), or

interferonopathies.33 Rasmussen’s encephalitis is usually recognized

based on single hemispheric involvement; ANE may be distinguished

from isolated CNS HLH due to its typical presentation with symmetric

thalamic necrosis and an absence of extensive white matter changes;

and interferonopathies may present with cerebral calcifications.92

FIRES remains poorly defined and in some cases may actually repre-

sent undiagnosed HLH.93

3.2.6 Practical examples of when to not diagnose HLH

disease

In our experience, certain clinical features may suggest mimics of HLH

disease:

1. Despite the common presence of splenomegaly, prominent or

abnormal lymphadenopathy is not typically seen in HLH. This

finding strongly suggests lymphoma, Castleman disease, or

unusual infection such as HIV, histoplasmosis or mycobacterial

disease.69 Similarly, leukocytosis is not typical of HLH (except

in R-HLH/ MAS) and should prompt a search for an alternative

diagnosis.

2. An extremely elevated sCD25 (>10- to 20-fold above normal) in

a noninfantile patient suggests undiagnosed lymphoma, especially

when ferritin is not similarly elevated.69,94
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3. The early occurrence of isolated and aggressive "CNS relapse" dur-

ing treatment of systemic HLHmay suggest an undiagnosed malig-

nant disorder relapsing in the CNS.

4. A normal or only modestly elevated sCD25, despite extremely ele-

vated ferritin, suggests disseminated infection in the context of

PID, especially in an infant.74

4 YOU HAVE DIAGNOSED HLH, NOW

WHAT?

4.1 Prompt and aggressive initiation of treatment

may be life-saving

Currently, standard of care for HLH should be considered to be treat-

ment with etoposide and dexamethasone, as per a slightly modified

HLH-94 protocol, which has been reviewed elsewhere.95 Figure S1

displays a roadmap describing this treatment. In general, immediate

treatment of HLH is warranted once a diagnosis is made, while it is

important to rule out HLH disease mimics or malignancies before

starting therapy in order to avoid inappropriate treatment and/or

obscuring the underlying diagnosis. The risk of patients deteriorating

duringprolongeddiagnostic evaluationmust bebalancedagainst these

concerns, especially in the face of limited data. If treatment is initiated

before a firm diagnosis is established, the uncertainty of the diagnosis

should be revisited once the patient is stable. Though aggressive

treatment is needed for most patients, initial treatment with dexam-

ethasone alone with close inpatient monitoring may be appropriate

before starting etoposide in patients who are not infants and not

severely ill.

4.2 Regular monitoring for response to therapy and

intercurrent infection are essential

Because etoposide is myelosuppressive, it may be difficult to ascer-

tain whether a patient is responding to therapy based on assess-

ment of peripheral blood counts. Regular monitoring of immune

activation, via measurement of sCD25, is essential to gauge suc-

cess of therapy and need for treatment reintensification or alterna-

tive salvage approaches. Ferritin tends to lag sCD25 and may not

fully normalize for many months in some patients despite resolu-

tion of HLH. Patients with HLH frequently reactivate as steroids are

weaned (typically around week 6 of the HLH94 protocol), so close

clinical and regular laboratory monitoring should continue as long

as patients are receiving treatment. Salvage therapy for HLH has

been reviewed in recent years.96 To date, most published experi-

ence has been with alemtuzumab, but emapalumab, an IFN-𝛾 block-

ing monoclonal antibody, was recently approved for refractory or

recurrent HLH, and is the first drug ever approved by the US Food

and Drug Administration for the treatment of HLH.97 Based on the

importance of IFN-𝛾 signaling in HLH, ruxolitinib is being inves-

tigated currently in several trials (NCT03795909, NCT02400463,

NCT03533790).98–100

4.3 Plan ahead for potential hematopoietic

transplantation

Allogeneic hematopoietic transplantation is performed to prevent

potentially fatal HLH disease recurrence. Patients with clear family

histories and/or genetic etiologies for HLH, as well as those with

significant CNS involvement or who have recurrent disease, should

proceed to BMT as soon as disease is reasonably well controlled.

Relapsing HLH, however does not always reflect an underlying genetic

predisposition; sometimes it may indicate undiagnosed underlying

infection or malignancy rather than a genetic etiology. Since genetic

risks are usually not known when patients present, HLA typing and

preliminary donor searches should be performed early after diagnosis.

Sibling donors should be screened for HLH-associated genetic lesions.

Decisions regarding whether or not to proceed to transplantation

hinge upon an assessment of HLH recurrence risk, balanced against

the risks of transplantation.

5 SUMMARY

Without prompt diagnosis and treatment, the natural history of HLH is

almost uniformly fatal.101 Due to the rarity, diversity, and complexity

of the HLH syndrome, diagnosis is difficult and historically was often

delayed. Rising awareness of HLH in recent years has improved recog-

nition, but also increased the risk of misdiagnosis and inappropriate

treatment of HLH-mimicking conditions. Evolving understanding of

HLH pathophysiology is beginning to alter therapy for this disease (eg,

recent FDAapproval of emapalumab for second line treatment ofHLH)

and will alter how it is conceptualized and diagnosed. In this review,

we put forth a pragmatic framework to conceptualize HLH rooted in

scientific understanding. As a disease not defined by histologic criteria,

recognition of clinical patterns is essential for diagnosis. Yet, because

of the nonspecific nature of the clinical symptoms, the differential

diagnoses of other inflammatory conditions must be considered to

avoid unnecessary or harmful immune suppression induced by HLH

therapy. In "HLH disease," immune dysregulation is the central prob-

lem for patients and therapeutic immune suppression is the priority. In

contrast, other therapies should be the priority for patients displaying

the pattern of HLH, which is caused by processes only mimicking the

sort of immune dysregulation typified by F-HLH. Furthermore, HLH

disease should be categorized into specific disease contexts instead of

the historical dichotomy of "primary" and "secondary," which can be

ambiguous and confusing for treatment decisions. The distinction of

"HLHdisease" and "HLHdiseasemimics"within the broader syndrome

of HLH and more precise categorization of HLH disease subtypes

will aid treating physicians in considering all relevant diagnostic

considerations when confronting themystery of HLH.
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