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Abstract

Hemophagocytic lymphohistiocytosis (HLH) comprises a heterogeneous group of diseases which 

are characterized by a hyperinflammatory state due to uncontrolled T cell, macrophage and 

histiocyte activation, accompanied by excessive cytokine production. This rare condition is almost 

uniformly fatal unless promptly recognized and treated. Much progress has been made in the last 

two decades in our understanding of the mechanisms underlying familial, and to a lesser extent, 

acquired cases of HLH. Recurrent mutations in more than 10 different genes have now been 

identified, involving biological pathways converging on intracellular vesicle trafficking, and 

cytolytic granule exocytosis. Mechanisms underlying the majority of acquired HLH cases, 

however, remain elusive, hampering both diagnostic evaluation as well as therapeutic management 

of these patients. Given that the majority of intensive care unit (ICU) patients with sepsis or 

multiorgan failure share many features of HLH, it is especially critical for pediatric and adult 

intensivists to be able to recognize patients with bona fide HLH and initiate treatment without 

delay. In this article, we review our current understanding of the pathophysiology, clinical testing, 

diagnosis, and treatment of patients with HLH, especially as it pertains to the care of critically ill 

patients in pediatric and medical ICUs.
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DEFINITION AND INCIDENCE

History of HLH

Hemophagocytic lymphohistiocytosis (HLH), sometimes referred to as familial 

hemophagocytic lymphohistiocytosis (FHL), familial erythrophagocytic lymphohistiocytosis 

(FEL) and virally associated hemophagocytic syndrome (VAHS), was initially described by 
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James Farquhar and Albert Claireaux, two Scottish pediatricians at the University of 

Edinburgh in 1952(1). Farquhar and Claireaux reported a case of two 9-week old infants 

born one year apart to the same parents. They presented with fever, pancytopenia, and 

hepatosplenomegaly with jaundice, which evolved into a rapidly fatal clinical course that 

could not be arrested by antibiotics, antipyretics or adrenocorticotropic hormone (ACTH). 

Post-mortem analysis revealed histiocytic infiltration of the spleen, liver and lymph nodes, 

accompanied by hemophagocytosis; thus they termed this condition “familial 

haemophagocytic reticulosis.” HLH remains primarily a syndrome of infancy, although 

multiple cases in older children and adults have now been described. Many of these have 

been found to be associated with infectious, neoplastic and autoimmune diseases (reviewed 

in (2-4)).

Incidence and Classification of HLH

The exact incidence or prevalence of HLH is not known. This orphan syndrome was not 

listed in the SEER database until 2010 and it is believed that a significant number of cases 

remain undiagnosed and underreported. Based on the available data, the incidence of HLH 

varies by geographic region. It has been reported to occur in anywhere from 1/50,000 live 

births in Sweden (5), to 7.5/10,000 live births in Turkey (6), an unusually high reported 

prevalence attributed to increased consanguinity. The prevalence in the United States is 

estimated to be approximately 1/100,000 live births based on a study recently performed at 

three large academic centers in Texas (7), with 1 case of HLH expected per 3000 inpatient 

admissions in tertiary care pediatric hospitals (8, 9). There is no predilection for gender or 

race.

HLH has been historically categorized as “primary” (i.e. caused by an underlying genetic 

defect in infants) and “secondary” (i.e. triggered by another process, such as an infection or 

neoplasm, most commonly in older children and adults). This distinction is falling out of 

favor, however, given discovery of shared genetic defects between patients with primary and 

secondary HLH, as well as our improved understanding that a trigger event is often 

necessary for full manifestation of disease in both types. As a result, “familial” and 

“acquired” HLH are currently the preferred nomenclature -- with familial cases sharing 

known underlying genetic defects. However, it is more appropriate to think of HLH 

syndrome as a continuum of hyperinflammatory diseases rather than two distinct subsets, 

with disease penetrance and latency being likely driven by additional genetic drivers and 

modifiers yet to be identified.

Familial HLH

Familial HLH comprises about 25% of all HLH; a number that is more likely going to 

increase in the coming years with the recent boom in sequencing and genetic testing. There 

are 5 subtypes of familial HLH, referred to as FHL1-5, based on underlying genetic defects, 

which are inherited in an autosomal recessive fashion (Table 1) (10-14). Linkage analysis 

has identified genes on chromosomes 6, 9, 10, 17 and 19 to be associated with familial 

HLH; all of these with the exception of a yet to be identified gene on chromosome 9q 

encode proteins involved in intracellular vesicle trafficking, and their mutations lead to 

defective cytotoxicity. In addition, a number of congenital immune deficiency syndromes, 
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such as Chédiak-Higashi syndrome, Hermansky-Pudlak syndrome type 2, Griscelli 

syndrome type 2, X-linked lymphoproliferative (XLP) disease types 1 and 2, X-linked 

severe combined immunodeficiency (X-SCID) and lymphoproliferative syndrome 1 

(LPSA1) can be associated with HLH, and present either at the time of initial diagnosis or 

during the course of the disease (Table 2) (15-21).

Acquired HLH

In acquired HLH, which makes up majority of HLH in both children and adults and is by 

definition not associated with a known genetic defect, the hyperinflammatory state is 

triggered by infectious, autoimmune or neoplastic conditions. The most common infectious 

etiologies associated with HLH include viral infections, such as EBV, CMV, parvovirus, 

HSV, VZV, HHV8, HIV, influenza, and hepatitis A, B and C viruses, among others (22-26). 

EBV-associated HLH is the best characterized entity among all and gives us some insight 

into the mechanisms of acquired HLH, as described below (27). A number of bacterial 

infections (gram negative rods, Mycoplasma species and Mycobacterium tuberculosis) (28, 

29), parasitic infections (Plasmodium, Leishmania, and Toxoplasma species), and fungal 

infections (Cryptococcal, Candidal and Pneumocystis species) (30), have also been 

implicated (reviewed in (31)).

Malignancy, especially hematologic malignancy, has been a long appreciated trigger of 

acquired HLH. Similarly to autoimmune diseases, HLH may be the part of the initial clinical 

presentation, or may arise from cancer progression or treatment. Malignancies most 

commonly associated with HLH include peripheral T-cell and NK-cell lymphomas, 

anaplastic large cell lymphoma, acute lymphoblastic leukemia, acute erythroid leukemia, 

and Hodgkin disease (32-38). The link of between T-cell and NK-cell diseases and HLH is 

not incidental, as proper T and NK-cell function is required for clearance of antigenic 

stimuli and termination of the inflammatory response. Aberrant T-cell and NK-cell 

activation in these disorders results in excessive cytokine production and sustained 

macrophage activation. Associations with solid malignancies, such as lung, prostate and 

hepatocellular carcinoma, have also been made (39-41), although these are much more rare. 

In addition, there are multiple case reports of HLH following umbilical cord blood 

transplantation or organ transplantation (42, 43). We currently have no understanding why 

some solid malignancies but not others are more likely to be associated with HLH.

A number of autoimmune diseases, especially rheumatologic illnesses, have been linked to 

an HLH-like syndrome, and grouped together as macrophage activation syndromes (MAS). 

Among these, systemic juvenile inflammatory arthritis (sJIA) leads the way, followed by 

systemic lupus erythematosus, Still’s disease, rheumatoid arthritis, Kawasaki disease, 

dermatomyositis, polyarteritis nodosa, sarcoidosis, and Sjögren’s syndrome (44). In some 

cases, MAS can be the initial presentation of the disease, whereas in other cases, it may be 

triggered by an infection or a flare of the underlying systemic autoimmune disease (45, 46). 

Drug induced hypersensitivity syndromes, such as DRESS (drug reaction with eosinophilia 

and systemic symptoms) have been linked to HLH as well (47).
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PATHOPHYSIOLOGY

Familial HLH

Insight into the pathophysiology of HLH has been facilitated by seminal discoveries related 

to famililial HLH syndromes. First, Stepp and colleagues identified loss of function 

mutations in the PRF1 gene in patients with familial HLH linked to 10q21-22 in 1999. This 

uncovered the critical role of perforin-dependent cytotoxicity for normal T-cell and NK-cell 

function (12). Perforin is a cytolytic protein that creates pores in the cell membranes of 

target cells, leading to their osmotic lysis. Perforin and granzyme proteins are normally 

stored in specialized secretory vacuoles of T and NK cells. Upon encountering infected 

cells, or tumor and antigen presenting cells, the cells release the granules, mediating cell 

lysis. Effective cell lysis leads to decreased antigen stimulation and facilitates a feedback 

loop termed “activation induced cell death,” which limits the immune response. Perforin is 

critical for maintenance of this negative feedback loop, and absent or decreased levels of 

perforin in HLH lead to sustained overactivation of antigen presenting cells and an 

uncontrolled hyperinflammatory state. This hyperinflammation is accompanied by a 

cytokine storm – i.e. high levels of a number of cytokines, including IFNγ, IL-6, IL-10, 

IL-12, IL-16, IL-18, and soluble IL-2R (CD25), among others. The high cytokine milieu in 

return leads to sustained macrophage activation and uncontrolled cellular ingestion 

independent of proper cell-cell interactions and recognition. This includes ingestion of blood 

cells in the marrow, or hemophagocytosis, which is one of the hallmarks of HLH. 

Macrophage and histiocyte infiltration leads to hepatosplenomegaly, often accompanied by 

transaminitis and hyperbilirubinemia. In addition, activated macrophages release 

plasminogen activator, promoting fibrinolysis and resulting in hypofibrinogenemia. 

Macrophages also upregulate heme-oxygenase, driving up serum ferritin levels (48). Many 

additional features of HLH are the consequence of elevated cytokine levels. For example, 

pancytopenia and hypertriglyceridemia are thought to be a result of excessive levels of 

TNFα and IFNγ, which suppress hematopoiesis and inhibit lipoprotein lipase, respectively 

(49). On the other hand, prolonged fevers are most likely driven by high levels of IL-1 and 

IL-6 levels (reviewed in (3)).

A mouse deficient in Prf1 recapitulates all features of the HLH phenotype upon infection 

with lymphocytic choriomeningitic virus, including a rapidly fatal course with death only 15 

days after infection (50). Further characterization of this model suggested that CD8+ 

cytotoxic T-cells, but not NK cells, are necessary for the development of the full HLH 

phenotype, at least in mice. Furthermore, Prf1-deficient mice demonstrated increased levels 

of a number of cytokines similar to humans, including TNFα, IFNγ, IL6, IL10, and IL18, 

but neutralization of only IFNγ in vivo resulted in “a cure” of 90% animals. This has led to a 

number of preclinical studies and an ongoing clinical trial of a monoclonal antibody 

targeting IFNγ in patients with reactivated HLH (NCT01818492; Table 6).

Following the discovery of PRF1 mutations, 3 additional groups identified mutations in 

UNC13D, STX11, and STXB2, as genetic defects associated with familial HLH linked to 

17q25, 6q24, and 19p13, respectively. Perhaps not surprisingly, all of these genetic defects 

converge on the same pathway regulating trafficking and exocytosis of cytotoxic granules of 
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T and NK cells. Therefore, a defective cytolytic pathway and a concomitant inability to 

terminate an inflammatory response to antigen stimulation seem to be the main drivers of 

familial HLH.

It remains unclear why some patients with familial HLH present early in life while others 

don’t develop the disease until late adulthood. Most cases of familial HLH occur within the 

first 6 months of life, although there are many outliers. The oldest case reported to our 

knowledge is that of a 62-year old man with a compound heterozygous mutation of PRF1 

(51). A plausible explanation for this heterogeneity involves hypomorphic alleles. Indeed, in 

a study of 175 adults with sporadic HLH, 14% were found to have hypomorphic alleles 

(missense and splice-site mutations) in PRF1, MUNC13-4, and STXBP2 (52). Additional 

studies have found that patients carrying PRF1 null mutations, which correlate with absent 

levels of perforin expression, develop HLH within the first three months of life. Conversely, 

patients with missense mutations in PRF1 gene, who express residual perforin protein, don’t 

develop disease until later in life (53, 54). Age of onset varies among different genetic 

defects as well – for example, loss of function PRF1 mutations, as compared to UNC13D 

and STX11 mutations, are associated with early (i.e. <6 months) onset of disease (55). Still, 

there are multiple case reports of children or adults carrying the same PRF1 gene mutations 

presenting with distinct disease patterns; the basis for this phenotypic heterogeneity is 

unknown.

Acquired HLH

Mechanisms driving acquired HLH are not clear. One plausible hypothesis at this time is 

that T- and NK-cell dysfunction driving the HLH phenotype is somehow caused by chronic 

antigen stimulation in a setting of a viral infection or malignancy. The best studied example 

is that of EBV-associated HLH. In this case it is believed that the EBV latent membrane 

protein (LMP1) interferes with the T cell adapter protein, signaling lymphocyte activation 

molecule-associated protein (SAP), which in return results in excessive T cell activation and 

Th1 cytokine secretion (56). With the advent of whole exome and whole genome 

sequencing and its application to this rare disease subset, it is quite likely that we will 

uncover new genetic drivers and modifiers and be able to link many of these “acquired 

HLH” cases to genes found in familial HLH, or identify a new subset of those patients with 

genetic predisposition to HLH.

DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS

Clinical and Laboratory Findings

The diagnostic criteria for HLH have been developed and updated by the FHL Study Group 

of the Histiocyte Society and are summarized in Table 3. Based on the most recently 

published guidelines, diagnosis of HLH is established either by documenting presence of 

one of the mutations linked to familial HLH or by fulfillment of 5 out of 8 relatively non-

specific criteria: fever, splenomegaly, cytopenias involving two or more lines, 

hypertriglyceridemia and/or hypofibrinogenemia, hemophagocytosis in bone marrow, spleen 

or lymph nodes, low or absent NK-cell activity, ferritin >500 and soluble CD25 (IL-2 

receptor) > 2400 U/mL (57, 58). Whereas most patients with HLH develop most if not all of 
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these features at the peak of their disease, it may often be at a time when it is too late to 

initiate treatment. Hence, some of the features may be absent at a time when rapid 

recognition of the disease process and initiation of treatment are essential. The presence of 

some but not other features may be partly driven by the underlying genetics of the disease. 

For example, patients with null PRF1 mutations have been found to have the highest levels 

of ferritin and soluble IL-2 receptor as opposed to patients with other underlying genetic 

defects, and may therefore be picked up more easily at the outset (59). Conversely, many of 

the cardinal features of HLH are relatively common in critically ill patients, and therefore a 

high degree of suspicion is necessary to trigger initiation of appropriate work-up and timely 

treatment.

The majority of the laboratory work-up necessary to establish the diagnosis of HLH includes 

testing done routinely with a fast turn-around time (e.g. CBC, triglycerides, fibrinogen, and 

ferritin). These findings, combined with a good clinical exam and synthesis of the entire 

clinical picture should be enough to raise suspicion of HLH in an appropriate clinical 

setting. For example, a 3-month old infant with fevers, pancytopenia, hepatosplenomegaly 

associated with abnormal liver function tests and coagulopathy, high ferritin level, and 

abnormal CNS findings, should be strongly considered for initiation of empiric treatment of 

HLH before the results of any of the more time intensive diagnostic assays, such as genetic 

testing, bone marrow biopsy or NK cell assays become available. Additional assays, which 

may be helpful to confirm the diagnosis, include cytotoxicity assays and flow-cytometry 

quantification of perforin (60), SAP and XIAP protein levels. The use of perforin staining 

may be particularly useful as a screening test in families with known history of HLH. The 

presence of a perforin mutation strongly correlates with absence of intracellular perforin 

staining in CD8+ and CD56+ T cells, as well as NK cells (60).

The appropriate cut-off level for ferritin in the diagnosis of patients with HLH has been a 

topic of debate. The cut-off of ferritin >500 was included in the original 1991 HLH 

diagnostic criteria and carried over in the updated 2004 guidelines, with the caveat that the 

sensitivity of this test is only 84% based on the results of the HLH-94 study (58). However, 

many patients, including those with rheumatologic disease and hemochromatosis, or patients 

receiving chronic red blood cell transfusions, can demonstrate ferritin levels >500 in the 

absence of HLH (Table 4A). Retrospective analysis of 330 inpatients with ferritin level 

>500 identified a value of 10,000 as having 90% sensitivity and 96% specificity for HLH 

(8). Furthermore, the same group established that the rate of ferritin decline, as well as the 

absolute ferritin value at the time of diagnosis have significant prognostic values (61). Of 

note, the level of soluble IL-2 receptor being greater than 2 age-adjusted standard deviations 

above the mean (roughly 2400 U/mL) has been found to be a more sensitive test for HLH 

(sensitivity of 93%) than ferritin level (62). As with ferritin, it has been found to carry 

prognostic implications as well (63). However, soluble IL-2 receptor level continues to 

require referral to a reference laboratory in most medical centers without the benefit of a 

rapid turnaround time (summarized in Table 4B).

A new promising laboratory marker, soluble CD163 (sCD163), which is a receptor for 

hemoglobin-haptoglobin complexes and a marker of macrophage activation, has potential 

value as a diagnostic test for HLH. Unlike ferritin and IL-2, which are produced by a 
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number of tissue and cell types, including liver, spleen, heart, kidney, or T-cells under a 

variety of nonspecific inflammatory conditions, CD163 expression is restricted to the 

macrophage/monocyte lineage only. sCD163 has been mainly investigated in patients with 

MAS, where combination of sIL-2 receptor and sCD163 testing can lead to identification of 

patients with subclinical MAS (64). Its value in the diagnosis of HLH in the absence of 

autoimmune disease has not been established.

Pathologic Findings

The key pathologic finding of HLH is the presence of hemophagocytosis in bone marrow, 

spleen or lymph nodes. Hemophagocytosis refers to the ingestion of both mature and 

immature red blood cells, white blood cells, or platelets by activated macrophages. 

Immunohistochemical staining of tissue macrophages with CD163 or CD68 can be quite 

helpful in highlighting this process (Figure 1). However, documentation of 

hemophagocytosis is not necessary to establish the diagnosis of HLH, nor is it consistently 

picked up even in patients with documented familial HLH. Conversely, hemophagocytosis is 

not solely restricted to HLH and can be present in other inflammatory conditions. A recently 

published small case control study of bone marrow biopsies performed in 6 patients with 

HLH along with 20 random controls showed that the sensitivity of hemophagocytosis was 

83% with a specificity of only 60% (65).

Differential Diagnosis

Making a diagnosis of HLH can be challenging since most of the clinical and laboratory 

features of HLH are quite non-specific. This is particularly the case in the setting of the 

intensive care unit (ICU) where distinguishing critically ill patients with sepsis or 

multiorgan failure from HLH may be quite problematic. In fact, the majority of HLH 

patients in the ICU have symptoms identical to those with septic shock. Additional 

diagnoses on the differential include Langerhans cell histiocytosis, certain infections, 

neonatal hemochromatosis and metabolic diseases.

The hyperinflammatory state of HLH, similar to sepsis, is characterized by a cytokine storm, 

with exceedingly high levels of proinflammatory cytokines, such as IFNγ, TNFα, IL-2, IL-4, 

IL-6 and IL-10. T-helper 1 (Th1) and Th2 cytokine profiling using cytometric bead array 

performed in children 10 years or younger with a new diagnosis of HLH versus age-matched 

healthy controls, patients with infectious mononucleosis, and patients with gram negative 

rod sepsis, revealed distinct patterns of cytokine levels among the four different conditions 

(66).

HLH, unlike sepsis or acute EBV infection, could be distinguished by high levels of IFNγ 

and IL-10, and slightly increased levels of IL-6. Furthermore, a level of IL-10 >2000 pg/mL 

was found to be an unfavorable predictor of treatment response and outcome. The same 

group then went on to investigate the diagnostic accuracy of this cytokine pattern in a 

prospective study of 756 patients who were admitted with fever to a hematology/oncology 

unit at Children’s Hospital of Zhejiang University in Hangzhou, China. When using the 

diagnostic criteria of IFNγ > 75 pg/mL and IL-10 > 60 pg/mL for a diagnosis of HLH, they 

achieved a sensitivity of 98.9% and specificity of 93% (67) (Table 5). Measurement of 
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cytokine levels is currently not routinely performed in most hospital settings; however, this 

study suggests that incorporation of rapid cytokine profiling, especially in the ICU setting, 

may be extremely helpful in facilitating diagnosis of bona fide HLH.

TREATMENT

HLH-94 and HLH-2004 treatment protocols

The mortality of HLH used to be about 95%, with a median survival of 1-2 months, prior to 

initiation of HLH-directed therapy (57, 68). Early recognition and initiation of therapy are 

therefore of utmost importance, and urgent referral to a hematologist-oncologist is critical. 

In spite of progress in the understanding of the mechanisms underlying familial HLH, it has 

not led to improved targeted treatment of HLH patients. The basic principle of current 

therapy is to combine immunosuppressive and cytotoxic therapy to target the 

hyperinflammatory state, regardless of the type of HLH (familial or acquired), followed by 

transplantation in cases of familial HLH, relapsing or persistent disease.

Two major prospective international therapeutic studies sponsored by the Histiocyte Society 

have been aimed at improving the dismal prognosis of patients with this orphan syndrome. 

Of note, both of these studies were performed in children and adolescents only, with very 

limited data currently available for treatment of adults with HLH. The HLH-94 study 

enrolled 249 patients between 1994-2008 who fulfilled strictly defined inclusion criteria, 

including age <16 years, no history of previous cytotoxic therapy or cyclosporin use, no 

known malignancy, and fulfillment of all 5 diagnostic criteria of HLH defined at the time 

(fever, splenomegaly, cytopenias, hypertriglyceridemia and/or hypofibrinogenemia, and 

hemophagocytosis in the bone marrow, spleen or lymph nodes). All patients were treated 

with the same 8-week long induction regimen, which included dexamethasone (10mg/m2 for 

2 weeks, 5mg/m2 for 2 weeks, 2.5mg/m2 for 2 weeks, 1.25mg/m2 for 1 week, followed by 1 

week taper) and etoposide (150 mg/m2 twice weekly for 2 weeks, 150 mg/m2 once weekly 

for 6 weeks). Patients with neurologic symptoms also received intrathecal methotrexate 

(once weekly during weeks 3-6 at age-appropriate dosing) (68, 69).

Patients with acquired HLH whose disease resolved at the completion of induction were 

allowed to stop treatment (and restart with relapse). Those patients with familial disease or 

persistent or relapsing disease continued treatment with maintenance therapy and allogeneic 

stem cell transplantation (SCT). Of note, since the study was initiated years before the first 

identification of a disease-causing mutation in HLH, presence of an affected sibling was 

used as a proxy for familial disease. Maintenance therapy in HLH-94 included 

dexamethasone pulses (10mg/m2 every 2 weeks, Days 1-3), cyclosporine daily (goal trough 

200ug/L) and etoposide (150mg/m2, administered once every two weeks, on Day 8). 

Patients continued maintenance therapy until they were able to proceed to allogeneic SCT 

(68). At a median follow-up of 6.2 years, the estimated 5-year probability of survival was 

54% ± 6%. 124 patients underwent SCT, with a 5-year survival of 66 ± 8% and a non-

significant trend toward improved survival for those with no active disease entering SCT. 

No patients with familial HLH survived without a SCT, and 97% of patients who died 

within the first year had active disease. Forty nine patients (20%) survived without a 

transplant, the majority of whom had infection-related disease, predominantly EBV. All 
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patients who underwent successful SCT remained without disease recurrence. Remaining 

patients who did not undergo SCT and were more than a year out from completing treatment 

did not show any recurrence. Jaundice, edema and elevated creatinine at the time of 

presentation were correlated with poor outcome, whereas older age of presentation, female 

gender and lack of neurologic symptoms and hepatomegaly were good prognostic markers 

(69). Since the majority of deaths were observed during the first year, and more than 70% 

were due to sepsis during the first 8 weeks, PCP and antifungal prophylaxis during treatment 

is critical. Overall, treatment of patients with the HLH-94 protocol led to about 50% 

improvement in survival in this patient population and was a major step forward in the 

management of this disease.

Although HLH-94 treatment significantly improved the outcomes of patients with HLH, 

early relapses were a major problem, with 24% patients dying prior to SCT. The HLH-2004 

protocol was developed to intensify the induction regimen of HLH-94 and decrease the 

number of relapsed cases. Furthermore, enrollment (which has been now completed as of 

2011) was based on the more updated diagnostic criteria (outlined in Table 3), with the 

target population <18 years old. The major addition to the protocol is initiation of 

cyclosporine during induction (target trough of 200μg/L). Estimated study completion is in 

December 2016. HLH-94 protocol therefore continues to be the standard of care of first line 

treatment for HLH in 2013 outside of clinical trials.

There are very few data to guide the management of adults with HLH since both the 

HLH-94 and HLH-2004 protocols included children and adolescents only. A number of 

retrospective case series have been published and highlight exceedingly high mortality when 

limited or delayed treatment is offered (70-72). For example, a retrospective study of 18 

adult patients with HLH diagnosed at a single institution between 2004 and 2009 and treated 

predominantly with non-etoposide regimens describes a mortality rate of 72% (71). This 

highlights the need for additional clinical studies including this patient population. At our 

institution, we follow the HLH-94 guidelines in the management of adult patients with HLH 

with the exception of those with MAS.

Salvage Treatment Options

Treatment of patients with refractory disease has been difficult, with limited data published 

on the success of different salvage regimens. Alemtuzumab, a humanized monoclonal 

antibody targeting CD52, has been successfully used as a salvage therapy and a bridge to 

transplantation in a small number of patients (73, 74). A recent study demonstrated that 77% 

of patients with refractory HLH were able to proceed to SCT after alemtuzumab 

administration. At a median follow-up of 870 days after the first alemtuzumab 

administration, the long-term probability of survival using this salvage regimen was 

estimated at 64% (74). A novel salvage therapy with a monoclonal antibody neutralizing 

IFN-γ is currently being investigated in a clinical trial (NCT01818492; Table 6).

Stem Cell Transplantation in HLH

Hematopoietic stem cell transplantation offers the best overall cure rates for HLH, and is 

currently indicated for patients with familial HLH, relapsed refractory HLH, those with 
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persistent disease and those with CNS disease (75). For pediatric patients undergoing 

meyloablative allogeneic SCT following HLH-94 protocol, overall survival rates at 4-5 

years have been found to be in the range of 50-66% in different studies (76-78), with 

improved survival rates for those patients having matched related and matched unrelated, 

versus haploidentical and mismatched unrelated donors. There have been a number of recent 

reports indicating that non-myeloablative (i.e. reduced-intensity conditioning) SCT with 

fludarabine based regimens (e.g. fludarabine, melphalan and alemtuzumab) leads to 

significantly improved survival rates of 84-92% (75, 79, 80). This is particularly the case in 

patients with XIAP (81). There are a number of ongoing clinical trials investigating the role 

of reduced intensity conditioning SCT in the treatment of HLH (Table 6), although there is 

currently no randomized trial comparing myeloablative versus non-myeloablative SCT in 

this context. There are very limited data available for post-transplant outcomes of adult 

patients with HLH. In a small single institution case series of 23 adults with acquired HLH 

not associated with lymphoma, 5 out of 7 patients who were able to achieve a clinical 

remission or remained stable on maintenance therapy underwent related donor allogeneic 

SCT with fludarabine and melphalan conditioning. 4 out of 5 transplanted patients survived, 

all of whom were treated on HLH-94 protocol. The single transplanted patient who did not 

survive received treatment with immunosuppressive agents only and was transplanted at a 

time of “treatment-dependent relapse.” Two additional patients in clinical remission after 

immunosuppressive treatment survived without SCT (72). At our institution, we recommend 

consideration of SCT for all adult patients with HLH in remission or those stable on 

maintenance therapy.

Care of HLH Patients in the ICU Setting

Patients diagnosed with HLH often require care in the intensive care unit due to their rapidly 

deteriorating clinical condition. Their clinical presentation is often identical to those patients 

with septic shock and multi-organ failure. In fact, we suspect that a number of patients 

admitted to the ICU with presumed septic shock, who have a negative infectious work-up 

and proceed to be unresponsive to sepsis-directed therapy may have undiagnosed and 

untreated HLH syndrome. Therefore, it is critical for both pediatric and adult intensivists to 

entertain the diagnosis of HLH in any septic patient who is not responsive to treatment and 

does not have an identifiable source of infection.

Conversely, the majority of deaths of HLH patients undergoing HLH-directed therapy occur 

from sepsis and multiorgan failure (69). In addition, these patients can experience significant 

and often fatal hemorrhagic episodes due to severe coagulopathy from their liver disease. 

Therefore, early communication with the blood bank team is critical, aggressive blood 

product support may be necessary, and only life-saving surgical interventions should be 

pursued. Given the strong immunosuppressive nature of HLH treatment, all patients should 

receive PCP and anti-fungal prophylaxis, with a low threshold to initiate broad spectrum 

antimicrobial and antifungal coverage. Based on a recent retrospective study of 56 HLH 

patients in a medical ICU, increased hospital death was associated with presence of shock at 

the time of ICU admission as well as thrombocytopenia, with platelet count <30 g/l. 

Conversely, co-occurrence of Castleman disease and B-cell lymphoma predicted improved 

survival (82).
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Treatment of Acquired HLH

There has been a long standing debate about how to best treat patients with acquired HLH 

with an identifiable trigger. Although there is ongoing controversy over how to approach 

patients with malignancy-related HLH, there is general agreement that patients with 

infection associated HLH should be treated on an HLH protocol. This is especially evident 

in the studies of EBV associated HLH, where initiation of etoposide-containing HLH 

regimens within 4 weeks of diagnosis significantly increased probability of long-term 

survival (x90%, vs 57% long-term survival in patients receiving etoposide early, vs late or 

not at all) (83, 84). There is recent evidence that addition of rituximab to the HLH treatment 

protocol in children and adults with EBV-associated familial and acquired HLH may reduce 

EBV viral load and serum ferritin, which correlates with improved survival (72). Additional 

prospective studies will be required to study such regimens in a more rigorous way.

The majority of acquired HLH cases not associated with malignancy or rheumatologic 

disease are triggered by an infection, which is frequently not identified or identified 

postmortem. In addition, the diagnosis and treatment of HLH is often delayed in patients 

who are treated for a presumed infection and subsequently miss the window of opportunity 

for a timely and effective HLH-directed treatment. Therefore, based on the experience in our 

medical center, we favor timely initiation of HLH-94 treatment protocol in all patients with 

HLH except those with underlying rheumatologic disease (MAS subset) who usually 

respond to steroids and immunosuppressants alone.

As noted above, recent studies have implicated hypomorphic alleles for fHLH genes in 

about 15% of acquired HLH; however, there are no data to indicate whether their prognosis 

differs from those patients in whom such polymorphisms are not identified. Consequently, 

although identification of these alleles may further confirm the diagnosis and be important 

for family counseling, testing for mutations should not delay therapy, nor should it influence 

the clinical decisions regarding transplantation.

Clinical Trials

If possible, all patients with HLH should be treated on a clinical protocol. There are 

currently 13 active clinical trials recruiting patients with HLH, MAS, and immune 

deficiencies that can be associated with HLH (summarized in Table 6). These trials include 

studies investigating new induction, as well as maintenance regimens, using both established 

as well as novel agents. For example, among studies targeting induction, NCT01104025 trial 

is a Phase II trial in children younger than 18 years, in with induction combines ATG 

(previously used successfully at a single European center), with dexamethasone and 

etoposide (the backbone of HLH-94). Among some of the more novel agents, anti-interferon 

γ neutralizing antibodies used as a salvage regimen in combination with cyclosporine and 

dexamethasone, and T-cell depleted allogeneic SCT, followed by infusion of donor T-cells 

transduced with a caspase 9 suicide gene, are currently being investigated in this patient 

population as well. There are almost no data available on treatment of adults with HLH, and 

only a single Phase II study (NCT01547143), which is currently recruiting patients, has been 

designed to study treatment of HLH in the adult population. Additional studies that target 

this patient population are therefore sorely needed.
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CONCLUSIONS AND FUTURE DIRECTIONS

Much progress has been made in our understanding of the genetic basis and pathogenesis of 

familial HLH, although we have yet to translate this knowledge into more effective targeted 

therapies for our patients. The advent of inexpensive high-throughput sequencing and other 

novel techniques of mutation discovery promises to dramatically improve our understanding 

of the pathophysiology of HLH, especially among the group of “acquired” cases. Currently, 

our uncertainty about HLH diagnosis significantly impairs prognostic assessment and 

therapeutic decision making. Whole exome sequencing of patients with HLH is currently 

being carried out at the Cincinnati Children’s Hospital Medical Center. It is hoped that this 

analysis will not only lead to identification of new disease-causing alleles, but will also lead 

to discovery of previously unappreciated disease modifiers, which likely contribute to the 

heterogeneity of the phenotype. Improved understanding of the pathogenesis of HLH will in 

return significantly accelerate both diagnostic marker as well as drug development, with the 

common goals of rapid diagnosis and more targeted treatment of this highly heterogeneous 

group of critically ill patients.
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Figure 1. 
Extensive hemophagocytosis highighted by macrophage specific CD163 staining of the 

spleen of a patient with HLH. (Photo courtesy of Dr. Russell Ryan)
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Table 1

Familial HLH subtypes and associated gene defects

HLH Subtype Genetic defect Protein function References

FHL1 9q21.3-locus 6 unknown (11)

FHL2 PFR1 pore forming cytolytic protein (12)

FHL3 UNC13D secretion of cytolytic granules (10)

FHL4 STX11 intracellular vesicle transport (13)

FHL5   (UNC18B) membrane fusion (14)

FHL = familial HLH

HLH = hemophagocytic lymphohistiocytosis
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Table 2

Congenital immune deficiencies associated with HLH

Immune deficiency Genetic
defect Protein function Ref

Chédiak-Higashi syndrome LYST microtubule-assisted endosomal protein sorting (16)

Hermansky-Pudlak S. type 2 AP3B1 protein trafficking, AP3 complex subunit (18)

Griscelli syndrome type 2 RAB27A vesicle fusion and trafficking (17)

XLP type 1 SHD21A involved in regulating SLAM signaling (15)

XLP type 2 BIRC4/XIAP inhibits caspase 3 and 7 proteases (19)

X-SCID IL2RG subunit of IL2,4,7,9,15,21 receptors (20)

LPSA1 ITK mediates TCR activation of B-1-integrins (21)

X- SCID = X-linked severe combined immunodeficiency

XLP = X-linked lymphoproliferative disease

LPSA1 = lymphoproliferative syndrome type 1
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Table 3

Diagnostic Criteria for HLH

A, Molecular diagnosis consistent with HLH

   OR

B, Fulfillment of 5/8 criteria:

1. Fever

      Temperature > 38.5 C for > 7 days

2. Splenomegaly

      Spleen tip palpated > 3cm below left costal margin

3. Cytopenias involving 2 or more lines

      Hb < 9 g/dL, or Plt < 100,000/uL, or ANC <1000/uL

4. Hypertriglyceridemia and/or hypofibrinogenemia

      fasting triglycerides > 2mmol/L, or >3SD above age-adjusted normal
      fibrinogen < 1.5 g/L, or < 3SD below age-adjusted normal

5. Hemophagocytosis in bone marrow, spleen or lymph nodes

6. Low or absent NK-cell activity

      determined by 51-Cr release assay

7. Ferritin > 500 ug/L (84% sensitivity)

      > 10,000 (90% sensitvity, 96% specificity)

8. soluble CD25 (IL-2 receptor) > 2400 U/mL

      > 2 SD above the age-adjusted mean

Adapted from: Henter JI, et al. Semin Oncol 1991;18:29-33

Henter JI, et al. Pediatr Blood Cancer 2007; 48:124-13

J Intensive Care Med. Author manuscript; available in PMC 2016 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tothova and Berliner Page 22

Table 4A

Differential diagnosis of isolated elevation of ferritin and sIL-2R

ELEVATED FERRITIN ELEVATED SOLUBLE IL-2 RECEPTOR

Still’s disease Autoimmune diseases

Acute and chronic inflammation Malignancy

Autoimmune diseases Gestational trophoblastic disease

Chronic renal failure Infection (HIV, TB)

Malignancy, esp. hematologic Cardiomyopathy and MI

Hemochromatosis Allograft rejection in transplantation

Chronic RBC transfusion
Infection

Acute or chronic liver disease
Metabolic syndrome
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Table 4B

Comparison of predictive values of ferritin and sIL-2 R testing in HLH

FERRITIN

>500 ug/L 100% sensitivity, 80 specificity for diagnosis of HLH(a)

>10,000 ug/L 90% sensitivity, 96% specificity for diagnosis of HLH(b)

ferritin decrease <50% odds ratio of death 17.42 compared to ferritin decrease >96%(c)

>11,000 in the first 3 weeks odds ratio of death 5.6 compared to ferritin <11,000 in the first 3 weeks(c)

SOLUBLE IL-2 RECEPTOR

> 2400 (2SD above mean) 93% sensitivity for diagnosis of HLH(d)

<10,000 78% survival(e)

>10,000 35% survival(e)

(a)
Based on Henter JI et al. Pediatr Blood Cancer. 2007;48(2):124-31

(b)
Allen CE et al. Pediatr Blood Cancer. 2008;50(6):1227-35

(c)
Lin TF et al. Pediatr Blood Cancer. 2011;56(1):154-5

(d)
Komp Dm et al. Blood. 1989;73(8):2128-32

(e)
Imashuku S et al. Blood. 1995;86(12):4706-7.

J Intensive Care Med. Author manuscript; available in PMC 2016 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tothova and Berliner Page 24

Table 5

Cytokine level patterns in children with HLH, sepsis, infectious mononucleosis, and healthy controls

IFNγ IL-10 IL-6

HLH

Sepsis

Infectious
mononucleosis

Healthy controls ↔ ↔ ↔

Adapted from Tang Y et al, Br J Haematol 2008; 143: 84-91

IFNγ >75 pg/mL and IL-10 > 60 pg/mL have 98.9% sensitivity and 93% specificity for HLH
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