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Abstract

Background: T cell mediated hyperinflammatory responses such as cytokine release syndrome 

(CRS) and immune effector cell associated neurotoxicity syndrome (ICANS) are now well-

established toxicities of chimeric antigen receptor (CAR) T cells. As the field of CAR T cells 

advances, however, there is increasing recognition that hemophagocytic lymphohistiocytosis 

(HLH)-like toxicities following CAR T cell infusions are occurring broadly across patient 
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populations and CAR T cell constructs. Importantly, these HLH-like toxicities are often not as 

directly associated with CRS and/or its severity as initially described. This emergent toxicity, 

however ill-defined, is associated with life-threatening complications, creating an urgent need for 

improved identification and optimal management.

Objectives: With the goal to improve patient outcomes and formulate a framework to 

characterize and study this HLH-like syndrome, we established an American Society for 

Transplantation and Cellular Therapy (ASTCT) panel comprised of experts in primary and 

secondary HLH, pediatric and adult HLH, infectious disease, rheumatology and hematology, 

oncology, and cellular therapy.

Results: Through this effort, we provide an overview of the underlying biology of classical 

primary and secondary HLH, its relationship with similar manifestations following CAR T cell 

infusions and propose the term “immune effector cell (IEC) associated HLH-like syndrome (IEC-

HS)” to describe this emergent toxicity. Further, we delineate a framework for identification of 

IEC-HS and put forward a grading schema which can be used to assess severity and facilitate 

cross-trial comparisons. Additionally, given the critical need to optimize outcomes for patients 

experiencing IEC-HS, we provide insights into potential treatment approaches, strategies to 

optimize supportive care and delineate alternate etiologies which should be considered in a patient 

presenting with IEC-HS.

Conclusion: By collectively defining IEC-HS as a hyperinflammatory toxicity we can now 

embark on further study of the pathophysiology underlying this toxicity profile and make strides 

towards a more comprehensive assessment and treatment approach.

Keywords

Chimeric antigen receptor T cell (CAR T cell); hemophagocytic lymphohistiocytosis (HLH); 
macrophage activation syndrome (MAS)

Introduction

Hemophagocytic lymphohistiocytosis (HLH), as classically defined, is a severe 

hyperinflammatory syndrome characterized by hyperferritinemia, coagulopathy, hepatic 

dysfunction and cytopenias amongst a host of other manifestations.1,2 The unifying 

pathophysiology is hyperinflammation related to unmitigated T cell and macrophage 

activation, often with concurrent NK-cell dysfunction, which induces a cascade of cytokine-

mediated systemic toxicities. With chimeric antigen receptor (CAR) T cells, the earliest 

reports of severe cytokine release syndrome (CRS) following CD19 CAR T cells described 

subsets of patients who presented with clinical manifestations mimicking HLH and 

with cytokine elevations mirroring those seen in HLH/macrophage activation syndrome 

(MAS).3–5 Similar toxicities have also been described in patients receiving blinatumomab, a 

bispecific T cell engager.6

As the field of CAR T cells advances, there is increasing recognition that HLH-like 

toxicities may not be as clearly superimposed with CRS or as directly associated with 

CRS severity as initially described.7–13 Indeed, reports of delayed manifestations are being 

seen more frequently,8,14,15 with a variable incidence across CAR T cell constructs and 
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patient populations. Of particular concern, HLH-like toxicities can be life-threatening and 

associated with multiorgan dysfunction and coagulopathy. Accordingly, recent United States 

Food and Drug Administration (FDA) package inserts for both commercially-approved 

B-cell maturation antigen (BCMA)-targeted CAR T cell constructs incorporate the risk 

of “HLH/MAS” as a potentially fatal, life-threatening toxicity, of infusion.16,17 Given 

potentially dire outcomes of this complication for a potentially life-saving cell therapy, there 

is an urgent need to understand HLH-like toxicities following CAR T cells: specifically to 

facilitate recognition, establish common nomenclature and grading approaches, implement 

effective therapies, investigate in a coherent fashion, and improve patient outcomes.

To better define and understand HLH-like toxicities following CAR T cells, or broadly, after 

immune effector cell (IEC) based therapies, we developed a working group through the 

American Society of Transplantation and Cellular Therapy (ASTCT) Committee on Cellular 

Therapy to focus on this entity. Comprised of 30 experts in primary and secondary HLH, 

pediatric and adult HLH, infectious disease, rheumatology, and CAR T cell use across B-cell 

acute lymphoblastic leukemia, B-cell lymphoma, and multiple myeloma—we focused on 1) 

underlying biology of historically-defined HLH, 2) guidelines for identification, 3) grading, 

4) potential treatment options and supportive care, and 5) alternate etiologies leading to 

HLH-like manifestations. Despite the limited data available on HLH-like toxicities, with 

the urgent need to improve outcomes, our manuscript provides a framework to foster 

recognition and further study of this important IEC-associated toxicity, now newly termed: 

IEC-associated HLH-like syndrome (IEC-HS).

1. Primary and Secondary HLH: Biology and Definitions

HLH, as classically defined, is not an individual disease, but a syndrome 

characterized by pathologic immune activation that results in fever, hepatosplenomegaly, 

organ failure, neurologic toxicities, coagulopathy, cytopenias, hyperferritinemia, and/or 

hypertriglyceridemia.1,18 HLH can be broadly categorized as primary (genetic/inherited) 

or secondary (acquired), although considerable overlap exists.

1.1. Primary HLH—Primary HLH (pHLH) encompasses inborn errors of immunity 

which heavily predisposes to HLH and often presents as systemic disease in infants and 

young children.18,19 Primary HLH is generally caused by pathogenic variants in genes 

affecting cytotoxic T cell and NK-cell function, lymphocyte survival, or inflammasome 

activation, and are most often autosomal recessive (Supplemental Table 1).1,19,20 Familial 

HLH is a specific type of pHLH in which CD8+ T-lymphocytes with defects in granule-

mediated cytotoxicity are activated in an uncontrolled manner and release interferon-gamma 

(IFNγ) which stimulates macrophages that then release T cell activating cytokines in a 

positive feedback loop (Figure 1A). As a result, additional cytokines including IL-1β, 

IL-6, IL-10, IL-12, IL-18, and tumor necrosis factor-alpha (TNFα) are released in relative 

abundance.1,21,22 Other types of pHLH include Epstein-Barr Virus susceptibility disorders, 

lysosomal-related pigmentary disorders, and X-linked lymphoproliferative diseases, and 

inflammasopathies involving disrupted inflammasome regulation, increased macrophage 

activity, and highly elevated IL-18 levels.1,19,23 Overall, the number of identified genes 
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associated with HLH has grown significantly since discovery of PRF1, LYST, and SH2D1A, 

with new HLH-associated genes identified annually.1,24–29

1.2 Secondary HLH—Secondary HLH (sHLH) refers to the clinical syndrome 

of HLH occurring in the absence of an identifiable heritable defect in lymphocyte 

cytotoxicity, survival, or inflammasome activation.18 Secondary HLH has been categorized 

by underlying triggers, including: (1) infections, (2) malignancies, (3) metabolic disorders, 

(4) rheumatologic diseases (i.e. MAS), and (5) therapy-related (e.g., following CAR T 

cells and bispecific T cell engagers).1,5,18 sHLH may occur in patients heterozygous for 

variants in familial HLH genes following only a modest trigger,18 and can also occur in 

individuals with primary immune deficiencies that develop serious infections (e.g. chronic 

granulomatous disease and overwhelming bacterial or fungal infection).30

1.3 Role for Molecular Diagnostics—Molecular diagnoses are made more often in 

children than in adults presenting with HLH. In contrast, most adults with HLH do not 

have an identifiable genetic contributor,31,32 and sHLH is the predominant manifestation. 

However, as large-scale efforts that include whole genome sequencing and epigenetic 

profiling are more available, novel genetic causes of HLH, even in adults, may become 

more apparent.

1.4 Diagnostic criteria: pHLH and sHLH—Multiple diagnostic criteria have been 

developed for HLH, with HLH-2004 criteria established in pHLH, the most frequently 

utilized. The HLH-2004 criteria are comprised of a set of 8 criteria including 

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

hemophagocytosis along with low/absent NK-cell activity, hyperferritinemia and high 

soluble IL2-receptor (sIL-2R) / soluble CD25 (sCD25) levels.33 Other diagnostic criteria 

for specific patient populations and based on unique triggers (e.g., HScore, derived in 

adults with sHLH,34 as well as MAS/HLH criteria specifically for systemic juvenile 

idiopathic arthritis (sJIA)35) have been developed by expert consensus and validated in 

select populations. While these criteria have considerable strengths and facilitate diagnosis 

of HLH, they are less-well suited for some forms of sHLH. Further, certain biomarkers 

may be more diagnostically useful in children than adults. For instance, ferritin values 

of 500 to 2,000 ng/mL may be clinically meaningful and reflect HLH in children with 

pHLH but lack specificity in adults.18,36 Malignancy-associated HLH is another variant 

where new diagnostic criteria were needed as neither HLH-2004 nor the HScore34 were 

optimally applicable due to overlapping manifestations of underlying disease processeses.37 

Nevertheless, recent studies report that both the HLH-2004 criteria and HScore have high 

diagnostic reliability to identify sHLH in critically ill patients.38,39

2 CAR T cells and hyperinflammatory syndromes

2.1. Cytokine release syndrome and immune effector cell associated 
neurotoxicity syndrome—CAR T cells express proteins with antigen-binding, 

transmembrane, and co-stimulatory domains, allowing T cells to recognize extracellular 

tumor antigens, proliferate, and mediate tumor lysis, often resulting in ample cytokine 

release.40–42 Well-described toxicities of CAR T cell therapy include CRS and IEC-
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associated neurotoxicity syndrome (ICANS).5,43 CRS, like HLH, involves fever and, 

in severe forms, respiratory failure, and hypotension. Cytopenias, hyperferritinemia, 

coagulopathy, and hypertriglyceridemia are seen in both conditions. Overlapping cytokine 

(e.g., IFN-γ, IL-6, IL-10, IL-18, sIL-2R, CXCL9), and proteomic profiles are described in 

HLH and severe CRS.8,44–46

While some patients who receive CAR T cells experience severe CRS with abnormal 

immunopathologic sequelae (e.g., hepatopathy, hypofibrinogenemia, or hemophagocytosis), 

a subset of patients develop a different pathophysiologic entity with HLH-like 

features manifesting primarily after traditional CRS has resolved. While disease-specific 

factors (disease burden,9,47 proliferation dynamics, immune resistance mechanisms), IEC-

associated factors (antigen target,8 CAR T cell construct,48 co-stimulatory domain, T cell 

selection,8 cell dose) and patient characteristics (baseline inflammation,9,49,50 immune 

suppression, cytopenias, genetic predisposition)47,51 likely influence development of IEC-

HS, the underlying biology of IEC-HS requires further study.

2.2. Immune Effector Cell associated HLH-like Syndrome (IEC-HS)—Because 

of overlapping features of CRS and underlying hematologic malignancies,52 current 

diagnostic criteria for HLH are suboptimal for use following CAR T cells.53,54 While other 

terms (e.g., carHLH, MAS-L, HLH/MAS) to describe HLH-like toxicities following CAR T 

cells have been applied, in order to: 1) unify the field on HLH-like toxicities following 

IEC-based therapies—which aligns with ICANS nomenclature, and 2) acknowledge a 

pathophysiology and hyperinflammatory process distinct from pHLH, albeit with similar 

manifestations, we opted to identify this as an “HLH-like” syndrome. Accordingly, the term 

“IEC-associated HLH-like syndrome (IEC-HS)” was established.

This model suggests that IECs, such as CAR T cells, become activated by tumor antigens 

and transactivate macrophages leading to concurrent CAR T cell/macrophage activation and 

cytokine release creating a positive feedback loop. With limited ability to sufficiently down-

regulate, the onset of inflammation-mediated organ injury that extends beyond recovery 

from CRS is delayed (Figure 1B).

2.3 IEC-HS Definition—The ASTCT CRS consensus grading scale encompasses 

clinical parameters of fever, hypotension and hypoxia to identify and rate severity.45 

Importantly, however, many early grading systems for CRS incorporated elements of end-

organ toxicities55 as patients with moderate to severe CRS could have clinical features and 

cytokine abnormalities mimicking HLH-like toxicities (e.g., elevated ferritin, transaminitis, 

hemophagocytosis and coagulopathy), which usually resolved without delayed sequelae 

or need for additional immunomodulatory therapy.43,45,55–61 While acknowledging the 

biochemical and pathologic similarities between CRS, ICANS and HLH (Figure 2A), a 

key factor in diagnosing IEC-HS, is its clinical independence from CRS.

We ultimately define IEC-HS as the development of a pathological and biochemical 

hyperinflammatory syndrome that 1) manifests with features of macrophage activation/

HLH, 2) is attributable to IEC therapy, and 3) is associated with progression or new onset of 

cytopenias, hyperferritinemia, coagulopathy with hypofibrinogenemia and/or transaminitis. 
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While HLH-like manifestations are frequently seen in in patients with severe CRS, IEC-HS 

is often delayed in onset and manifests as CRS is resolved/resolving and should not be used 

to describe solely manifestations of severe CRS (Figure 2B).

We further delineate more specific criteria (of which hyperferritinemia (> 2 x upper 

limit of normal or baseline (at time of infusion)) and/or rapidly rising (per clinical 

assessment) is a pre-requisite) based upon HLH-2004 diagnostic criteria, analysis of 

published cases3,4,7–12,14,15,33,46,48,62–64 and experiences of our expert panel. (Table 1) 

Indeed, this analysis of data emerging from single or multi-case series, (Supplemental Figure 

1) alongside unpublished experiences, was critical as we developed our definitions and 

approach. Accordingly, this effort builds upon these initial observations and serves to lay the 

foundation to collectively learn more about IEC-HS

2.4. IEC-HS Diagnosis

2.4.1. Clinical suspicion:  Clinical presentation of IEC-HS closely resembles the onset of 

an exaggerated inflammatory response following CRS or CAR T cell expansion. The timing 

of IEC-HS in relation to antecedent CRS is variable, but generally delayed. Importantly, 

all reported patients with HLH-like toxicities to date have had an antecedent or ongoing 

CRS.8,9

Despite potential overlap, we strongly caution against use of IEC-HS nomenclature 

to describe patients with severe CRS involving multi-organ dysfunction due to unique 

implications on treatment approach and to avoid designation of new nomenclature on a 

previously established process. Accordingly, while fever is an important criterion for pHLH/

sHLH and may be seen with IEC-HS, fever was excluded from the proposed diagnosis of 

IEC-HS to avoid confusion as it represents the sole criterion for grade 1 CRS.45 Hence, it 

is imperative to distinguish suspected IEC-HS from CRS recurrence or a prolonged severe 

CRS, to pursue treatment options and monitoring accordingly.

2.4.2. Laboratory monitoring:

2.4.2.1. Ferritin: Published recommendations based primarily on single-center experiences 

have suggested use of elevated ferritin above 10,000 ng/mL with CD19 CAR T cells,65 

above 100,000 ng/mL with CD22 CAR T cells,8 or rapid increases by ≥ 100 μg/L/hour 

within 24-hours with BCMA-targeted CAR T cells7 as a primary criterion in diagnosing 

HLH-like toxicities. However, with ongoing or impending multi-organ failure, waiting to 

reach an otherwise arbitrary ferritin elevation may result in unnecessary delay in diagnosis 

and potential intervention. Given limitations in proposing these cut-offs due to a lack of 

supporting evidence and vast heterogeneity in baseline ferritin values across patient and 

disease cohorts, we refrained from using specific ferritin values in the proposed criteria. 

Nonetheless, given the high negative predictive value of a normal ferritin,2 substantial 

elevations in ferritin are a prerequisite to a diagnosis of IEC-HS and normal ferritin 

values with ongoing inflammation should prompt considerations of alternative etiologies. 

In addition, as monitoring frequency of ferritin varies by center, standardization of the rate 

of rise was precluded. Alternatively, we included a “rapidly rising” level of ferritin as a 
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subjective, investigator-determined criterion for IEC-HS, in context with other clinical and 

laboratory parameters as listed in Table 1.

2.4.2.2. Cytokine profiling: While cytokine profiling may shed insights into the 

pathophysiology and/or diagnosis of IEC-HS, results are rarely available in real-time, 

may delay diagnosis and may be confounded by prior CRS and/or cytokine directed 

treatments employed. Therefore, cytokine levels were not considered diagnostic at present. 

Nevertheless, as rapid turnaround becomes more commonplace, cytokine profiling may 

become more integrated into the diagnostic algorithms for IEC-HS and should be re-visited.

2.4.3. Overall diagnosis: Ultimately, we emphasize the holistic consideration of the 

clinical picture and bedside assessment for IEC-HS identification and to evaluate severity, 

rather than reliance on any one laboratory parameter. Our current IEC-HS definition serves 

as a foundation. We anticipate a more precise delineation of these diagnostic criteria and 

improved methods to distinguish IEC-HS from severe CRS, as additional data emerges.

3. Grading of IEC-HS

While IEC-HS can be associated with fatal and/or life-threatening complications, we have 

also observed patients who have clear evidence of a hyperinflammatory process but remain 

clinically well, and in whom laboratory abnormalities may resolve without intervention. 

Given variability in presentation, there is a need to assess severity to facilitate cross-trial 

comparisons of toxicity and identify IEC-HS before it leads to substantial complications. 

Thus, we propose a grading schema (Table 2) based largely off the NCI Common 

Terminology for Adverse Events (CTCAE) utilizing the “Immune system disorder, other” 

category. Importantly, grading is intended to be kept distinct from treatment approaches, 

primarily since we anticipate that pre-emptive and combinatorial agents may be used 

for IEC-HS and that titrating optimal dosing regimens should not influence the severity 

assessment of clinical and laboratory manifestations.

4. Treatment of IEC-HS and Supportive Care

4.4. Current Treatment Approaches in Primary and Secondary HLH—Due to 

overlap in underlying pathophysiology, analyzing therapies used for pHLH is valuable 

for multiple reasons: first, data are available from large, prospective, international 

clinical trials, and second, pHLH most often affects children, who generally have few 

confounding diagnoses and treatments. These factors facilitate comparison of various 

anti-hyperinflammatory treatments. We therefore summarize management strategies in 

genetically confirmed HLH, alongside the short-term outcomes, as relevant to IEC-HS 

(Supplemental Table 2).

4.4.1. Treatment of Primary HLH: The largest HLH studies are HLH-9466 and 

HLH-2004,33 both etoposide/dexamethasone-based and focused on “severe” and “life-

threatening” disease, with the vast majority of children with verified familial HLH 

proceeding to hematopoietic stem cell transplantation (HSCT) (i.e., 133/167 (80%) 

in HLH-2004). The mechanism of action of etoposide in HLH involves targeting 

pathologically activated T cells via programmed cell death (e.g. apoptosis) rather than 
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proinflammatory lytic cell death (e.g. pyroptosis), conceivably ameliorating subsequent 

systemic inflammation.67–69 Studies evaluating etoposide included both pHLH and sHLH 

but were limited to children. Recent information from the HLH Registry indicate that 74% 

of patients receiving first-line etoposide were alive after 1 year.70 Additionally, etoposide 

has shown efficacy in “low-grade” disease, by limiting disease progression in a cohort 

of asymptomatic children with genetically confirmed pHLH.71 Other approaches utilized 

in pHLH include alemtuzumab for frontline and salvage therapy, with good effect72,73 

and antithymocyte globulin, with limited experience.74 Emapalumab, an IFNγ-targeted 

monoclonal antibody, has also been used for both frontline and salvage therapy in children. 

Among 34 children treated with emapalumab plus dexamethasone, 22/34 (65%) proceeded 

to HSCT; however, ~60% of this group did receive adjunctive etoposide. Of the seven 

previously untreated children, 0/7 achieved complete remission and 2/7 survived without 

adjunctive etoposide.75,76 There is limited or no data available for the use of ruxolitinib, 

tocilizumab or anakinra in pHLH.

4.4.2. Treatment of secondary HLH: Secondary HLH is more heterogeneous than 

pHLH, with a varied patient population, diverse triggering etiologies, and multiple treatment 

regimens. In most patients, systemic corticosteroids are both an initial therapy and a 

component of subsequent treatments.2,77,78 Beyond this however, there is a large degree 

of variation, and selection of initial/subsequent therapies is etiology-driven.2 Etoposide, with 

or without combination, has been utilized for sHLH, and reductions in both frequency 

and dosage (compared to induction therapy) have been suggested.2 Despite a strong 

theoretical rationale,67,68 real-world data for etoposide is mixed; most studies show 

improved outcomes,79–84 while others found no benefit.31,85

4.4.3. Drugs used in the treatment of sHLH beyond etoposide

4.1.3.1 Anakinra: Anakinra, an IL1-receptor antagonist, has the second largest amount 

of evidence in sHLH, after etoposide. It is a relatively low-toxicity agent, has a wide 

therapeutic dosing range, a short half-life allowing rapid titration to effect and, conversely, 

rapid clearance if necessary, and an acceptable side effect profile and pharmacokinetic data 

to support both intravenous and subcutaneous use.86 The strongest evidence supporting its 

use emerges from MAS.2 In this context, anakinra is often a first-line agent in conjunction 

with systemic corticosteroids,87–89 particularly in severe or progressive disease.77 Anakinra 

has also been effective in critically ill patients with sHLH triggered by non-rheumatologic 

etiologies.90–92

4.1.3.2. Ruxolitinib: Ruxolitinib has been used in a small number of studies as both 

front-line and as salvage for sHLH. Ruxolitinib inhibits Janus kinase 1 (JAK1) and JAK2, 

thereby blocking signal transduction via the JAK/STAT (signal transducer and activator of 

transcription) pathway, allowing it to inhibit multiple key proinflammatory cytokine activity, 

including IFNγ, IL-2, and IL-6.93,94 As front-line, a 69% (36/52) overall response rate to 

ruxolitinib monotherapy has been reported.94 In refractory disease, overall response rates of 

74% (25/34)95 and 78% (32/41)96 have been seen – although these latter studies combine 

ruxolitinib with a variety of other agents, including corticosteroids.
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4.1.3.3. Other cytokine directed therapies: Other cytokine-directed therapies have limited 

evidence in sHLH, including tocilizumab and emapalumab. Smaller studies of tocilizumab 

report variable outcomes, with one showing an increased risk of infectious complications 

and death (n=8),97 and another showing improved survival (n=9).98 Moreover, despite 

therapeutic efficacy in sJIA, the occasional simultaneous occurrence of MAS in patients 

receiving tocilizumab has led to suggestions that IL-6 may play a limited role in the 

development of MAS/sHLH.99 While published data on use of emapalumab in sHLH is 

limited, off-label use is increasing and may provide insights on its role in the future. There 

is currently an ongoing single-arm clinical trials evaluating emapalumab for MAS with 

preliminary data showing biologic efficacy in a sJIA and MAS cohort.100,101

4.5. Treatment Approaches for IEC-HS—Due to lack of prospective clinical trials 

for IEC-HS and limited literature on treatment approaches for HLH-like manifestations 

following CAR T cells—the following treatment recommendations are derived from expert 

opinion, rely on available evidence from CRS/IEC-HS cohorts and previous evidence with 

treatment of pHLH and sHLH, and warrant prospective studies. Therapy should generally 

be initiated with corticosteroids +/− anakinra prior to development of life-threatening 

complications and, if possible, a time interval to evaluate for efficacy (e.g., 48 hours) 

should elapse before additional agents are added to avoid cumulative toxicity of multiple 

immunosuppressive agents. The impact of any potential therapies on CAR T cell efficacy 

must also be considered, and first-and-early line therapies should be selected at least 

partially based on lower risk of impeding CAR T cell activity and persistence, with 

progressively less consideration given to this as the severity of IEC-HS increases. Initial 

recommendations for specific therapies, dosages, and escalation of care are presented in 

Figure 3 and Table 3.

The role of pre-emptive treatment to prevent severe IEC-HS is unknown but is reasonable to 

explore, particularly within a clinical study. Similar to use of tocilizumab and corticosteroids 

as prevention or with low-grade CRS/ICANS to mitigate development of severe CRS/

ICANS,102,103 this may help prevent severe complications and decrease prolonged need 

for immunosuppression. We anticipate that with improved recognition of IEC-HS a role for 

pre-emptive approaches may evolve.

Similarly, the best approach to tapering and withdrawal of therapy remains unclear

—particularly in patients with protracted IEC-HS. Nonetheless, given the deleterious 

impact of immunosuppression, including risk of infection—when clinical and laboratory 

parameters have stabilized, gradually tapering therapy is encouraged while monitoring for 

recrudescence of symptoms. Similar to sHLH, a more rapid cessation of IEC-HS directed 

therapy may be tolerated as compared to pHLH, but further studies are needed.

4.5.1. Agent-Specific Considerations in the Treatment of IEC-HS (Table 3)

4.5.1.1. Anakinra: Anakinra was recommended as a first-line agent due largely to its 

acceptable side effect profile, evidence of IL-1β upregulation in IEC-HS,8 use in sHLH, 

increasing use in CRS, and familiarity of the committee with its use in this context. 

Additionally, there is emerging evidence that anakinra may treat or prevent ICANS,10,104,105 
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for which prospective studies are ongoing. Compared to other therapeutic options, given its 

evolving role in treatment of CAR T cell associated toxicities in general, it was considered 

as a reasonable initial strategy although future prospective efforts will be needed to evaluate 

its role, optimal timing of initiation, dosing and duration.

4.5.1.2. Corticosteroids: Additionally, corticosteroids were also considered an acceptable 

first-line agent for use with or without anakinra. Notably, steroids have more known side 

effects, including metabolic derangements, hypertension, and increased risk of infection, 

particularly fungal infection. There are also concerns about potential adverse effects of 

corticosteroid therapy on CAR T cell function and persistence,106,107 though most data 

suggest that short-term corticosteroids can be utilized in the treatment of complications 

including CRS and ICANS without a definite increase in relapse rates.56,108 The dosing 

of corticosteroids was based on expert opinion and consensus, with the general approach 

that lower doses be used initially, with up-titration for increasing disease severity. In the 

absence of evidence, doses are suggested over a wide range, with increased dosage likely to 

be required in more severe cases.

4.5.1.3. Ruxolitinib: For patients in whom additional agents are needed (e.g., with 

worsening inflammatory parameters and/or with evidence of progressive end-organ 

involvement) to treat IEC-HS, second-line options included ruxolitinib based on use in 

HSCT and in the treatment for HLH. It was considered a reasonable therapeutic option 

following anakinra and corticosteroids, but not suggested as a first-line approach largely 

due to the lack of experience and potential risk of exacerbating cytopenias and infection 

(i.e., viral reactivation).109 As ruxolitinib levels increase with renal dysfunction and with 

concurrent CYP3A4 inhibitors, including antifungal agents (i.e., azoles), appropriate dose 

reductions must be made.

4.5.1.4. Additional considerations in the treatment of IEC-HS: Beyond these initial 

recommendations, there was either no consensus, or highly divergent opinions. Thereby, 

we present additional options as an important part of the discussion—but strongly encourage 

patient-specific considerations when IEC-HS is rapidly worsening and if alternate agents 

are needed—as a “best approach” is lacking. We also strongly encourage evaluation for 

alternative etiologies that may be contributing to the clinical presentation as this may also 

play a critical role in guiding management.

4.5.1.4.1. T cell targeted therapies: In rapidly progressive or life-threatening high-grade 

IEC-HS, T cell targeted therapies may be considered, after first- and second-line therapies 

have failed. In these cases, it is understood that the patient’s survival takes precedence over 

the longevity of CAR T cells. In patients with targetable safety switches (e.g., cetuximab 

for truncated-EGFR based constructs), turning “off” the CAR T cell with directed specificity 

should be considered. When this is not an option, due to the large amount of data available 

for etoposide in both primary and sHLH, etoposide is the preferred T cell depleting agent 

over alternate strategies (i.e., alemtuzumab) which may be more immunosuppressive or 

where clinical data (e.g., with dasatinib) is sparse.110,111 Importantly, we specifically advise 

against the use of intensive etoposide as per HLH-94 induction therapy (i.e., 150 mg/m2 

twice weekly). Rather, etoposide may be best utilized as a one-time, moderate dose of 50–
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100mg/m2 with subsequent monitoring for response with consideration for re-dosing on a 

once weekly basis.84,112 With the limited use of low-dose etoposide used once or twice, we 

do not anticipate secondary malignancies—which with even extended and extensive use, the 

risk remains low (0.3%−3.8%).113–117 Given its high degree of efficacy in pHLH, rationale 

for use with IEC-HS, and a large evidence base compared to the other options presented 

here, etoposide may have a role as an alternate therapy in life-threatening, refractory IEC-

HS—as has been recently reported on,118 but its optimal utilization was heavily debated 

without reaching a clear consensus. With concurrent leukemia as a contributing factor for 

HLH-like manifestations, low-dose etoposide may also provide benefit in simultaneously 

targeting underlying disease. Its impact on CAR T cells warrants further study.

4.5.1.4.2. Targeting of IFNγ: Due to the small but expanding body of literature showing 

the importance of IFNγ in CAR T cell-associated toxicities,8,119–122 and that blockade 

may not impede CAR T cell efficacy in a preclinical model,120 emapalumab can be 

considered as a possible agent for life-threatening IEC-HS. However, literature supporting 

use of emapalumab is limited to a small pediatric pHLH cohort and cost and procurement 

under urgent circumstances may be prohibitive. Use of emapalumab in adults with IEC-HS 

is extrapolative at best, leading to ongoing debate for its use. If elevations in IFNγ are 

confirmed in IE-CHS, emapalumab may present a rational choice, guided by patient-specific 

considerations.

4.5.1.4.3. Potential Alternative Agents for Treatment of IEC-HS: Based on growing 

understanding of cytokine profiles in CAR T cell-associated toxicities,120,122–124 

HLH,125–127 and IEC-HS, theoretical mechanistic rationales exist for potential use of 

several additional agents—including those targeting T cells or a cytokine pathway. 

However, based on extremely limited evidence supporting use in IEC-HS, the working 

group could not recommend these agents, but instead point out their potential uses as 

salvage agents (Supplemental Table 3). In general, caution was advised with use of these 

agents, particularly long-acting drugs (e.g., alemtuzumab, basiliximab and antithymocyte 

globulin), based on elevated infectious risks, especially in patients who received other 

immunosuppressive drugs such as corticosteroids, ruxolitinib, etc. Additionally, despite 

established efficacy in CRS,128 use of tocilizumab or other IL-6 blocking agents (e.g., 

siltuximab) for IEC-HS, without CRS manifestations, was specifically discouraged due to 

lack of evidence for efficacy in any HLH-related context, and since most patients will have 

already received tocilizumab prior to the onset of IEC-HS. Additionally, plasma IL-6 levels 

can be hard to interpret with IL-6 pathway blockade.8 Individual patient considerations may 

make use of these alternative agents appropriate in specific circumstances, but general use 

cannot be recommended at this time. Treatment of alternative etiologies (as discussed below) 

is also an important consideration.

4.5.2. Recommendations for Monitoring and Supportive Care in Patients with 
Known or Suspected IEC-HS

4.5.2.1. Initial Work-Up: IEC-HS can mimic a number of inflammatory conditions 

and major categories of alternative causes include malignancy (including malignancy-

HLH), infection (including infection-induced sHLH), autoimmune diseases, and drug 
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reactions.37,129,130 Additionally, depending on timing from IEC therapy, new onset or 

recurrent CRS should be considered as a possible etiology.

Expediency should be given to excluding the most common and dangerous concurrent 

diagnoses, including infection and/or progressive malignancy. Infectious causes are the most 

eminently intervenable processes, and routine workup for infection should be performed 

in patients with hyperinflammation after IEC therapy.129 This should include assessment 

for bacterial, viral reactivation or new infection, and fungal disease, in blood, urine, and 

sputum cultures, +/− sampling of other possible infectious sources (e.g., bronchoscopy, 

cerebrospinal fluid), as clinically indicated. Additional efforts to exclude oncologic 

progression and/or malignancy associated-HLH are also prudent (e.g., bone marrow biopsy, 

flow cytometry, PET-CT).

Beyond ferritin, the effect of IEC therapy on classic HLH diagnostic parameters like soluble 

CD25, NK-cell function, triglycerides, IFNγ, CXCL9 ratio, CXCL10, IL-10, IL-18 remain 

to be seen. Current data is lacking on their utility in differentiating IEC-HS from alternative 

etiologies.8,37,76,131 Furthermore, inadequate lymphocyte recovery may impair utility of any 

lymphocyte-based assays and functional NK deficiency has not been reported in IEC-HS 

patients.8 Clearly further study is warranted.

4.5.2.2. Monitoring strategies (Table 4): Daily monitoring of complete blood cell count 

with differential, coagulation parameters (PT/PTT) and fibrinogen are recommended for 

patients with IEC-HS. We also recommend frequent (e.g., daily) evaluation for renal and 

hepatic dysfunction, particularly since these patients can rapidly progress and investigation 

of alternative etiologies may be indicated (see below).

4.5.2.3. Cytopenias: Cytopenias are a common manifestation and part of the diagnostic 

criteria of IEC-HS.9,48 Supportive care with transfusions is often required. Recombinant 

thrombopoietin can be considered given some evidence for improved outcomes in patients 

with HLH.132 In cases of persistent cytopenias, particularly in cases where IEC-HS 

directed therapy has been instituted, bone marrow assessments for evaluation for alternative 

etiologies, including assessment for viral infections, should be considered,. The use of 

granulocyte-colony stimulating factor (G-CSF) to maintain an absolute neutrophil count 

(ANC) ≥ 500 can be considered to mitigate from infectious complications but should be 

approached with caution given rare reports of G-CSF/GM-CSF mediated worsening of 

pHLH or sHLH.133,134 While further study is warranted, and emerging experience with 

use in CAR T cell therapy generally supports its safe implementation, how that applies 

in the setting of active IEC-HS needs to be evaluated.135,136 Lastly, although stem-cell 

boosts are increasingly being explored for treatment of non IEC-HS associated delayed 

cytopenias,137–139 its utilization may be best considered for persistent cytopenias after acute 

inflammation has resolved.

4.5.2.4. Coagulopathy: Patients with IEC-HS may develop severe hypofibrinogenemia 

and variable PT/INR and PTT prolongation and are at high risk for delayed, severe, and 

protracted bleeding implications. Characterization and management of IEC-HS (and CRS) 
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associated coagulopathy is similar to approaches in pHLH/sHLH with particular attention to 

fibrinogen replacement.140,141

4.5.2.5. Organ Dysfunction: Organ dysfunction should be managed per standard of care 

with incorporation of specific organ-specific consultants as dictated by severity. Cardiac 

dysfunction can also occur and appropriate evaluations (e.g., echocardiogram and ECG) 

should be performed as clinically indicated. Pulmonary failure in IEC-HS can have 

phenotypic overlap with CRS with fluid overload or pulmonary edema secondary to 

capillary leak and/or underlying infection—and a broad differential should be explored. 

Additionally, given the potential for overlap of ICANS with CNS manifestations of 

HLH,142,143 monitoring for neurotoxicity should continue; neurologic manifestations 

attributed IEC-HS are unknown at present.

4.2.2.3. Infection Prophylaxis and Management: As the risk of infection in patients with 

IEC-HS incrementally increases with additive use of immunosuppression, infectious disease 

consultation is strongly encouraged—particularly with clinical deterioration. Considerations 

should include 1) role for empiric management; 2) evaluation to rule out infectious causes 

of sHLH (discussed below); 3) prophylactic antimicrobials in those with IEC-HS and 4) 

pre-emptive monitoring for infections (Table 5b). Recommendations should incorporate 

considerations of prior infectious exposures, concomitant, or prior use of corticosteroids/

tocilizumab for CRS/ICANS, results of pre-CAR T cell infectious disease evaluations, 

and risk of infection based on degree of immunosuppression in an immunocompromised 

host. Empiric management includes obtaining blood cultures with new fever, change or 

worsening clinical status, and with increasing immunosuppression, even with absence of 

fever particularly when patients are on immunosuppressive therapy. Empiric antibiotics for 

fever and neutropenia should be per institutional guidelines, with use of definitive treatment 

for identified infections. Prophylactic and pre-emptive antimicrobials should be selected 

based on underlying and/or additive risks of additional immunosuppression.

5. Alternative Etiologies (Table 5)

Given the mortality associated with IEC-associated hyperinflammation, it is imperative to 

identify and exclude eminently treatable/reversible non-IEC-HS conditions. Frustratingly, 

many alternate diagnoses are also capable of independently driving HLH-like manifestations 

or heighten IEC-related toxicities, including progressive disease. Ascertaining the 

underlying etiology or etiologies is critical to intervening with appropriate medical remedies, 

especially among patients who may be receiving added immunosuppressive therapy to treat 

existing IEC toxicity.

5.4. Additional evaluations—Additional workup for less common etiologies of non-

IEC-HS conditions beyond the initial evaluations should be driven by history, exam, 

laboratory data and known risks based on the level and duration of immunosuppression, 

alongside patient-specific risk factors.129 As the most common clinical presentations 

of IEC-HS consists of coagulopathy, liver injury, and/or cytopenias (though additional 

manifestations may include hypoxia and/or renal insufficiency), focused evaluation, in 

addition to standard workup, for these presentations may be pursued.
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In our clinical experience, a liver injury pattern is present in an overwhelming majority of 

IEC-HS cases and the absence of this parameter should prompt consideration of alternate 

diagnoses. However, when a liver injury pattern is the overwhelmingly predominant 

feature, this should trigger evaluation for viral hepatitis, hepatic vascular and parenchymal 

assessment via imaging, and a re-evaluation of hepatotoxic medications and associated 

interactions for possible drug-induced liver injury (DILI) or drug reaction with eosinophilia 

and systemic symptoms (DRESS). Coagulopathy should trigger a full assessment of 

coagulation parameters, vitamin deficiency, possible infections/sepsis, and drug interactions. 

Additional studies for cytopenias beyond the initial workup may include assessments for 

parvovirus, vitamin deficiencies, a bone marrow biopsy, and consideration of expanded 

infectious etiologies or medication-induced cytopenias.

Furthermore, as infection remains a leading alternative diagnosis for non-IEC-HS, it is 

prudent to determine patient-specific risk factors for less common infectious diseases 

(e.g., risk based on travel history). Specific clinical historical parameters can direct testing 

and multidisciplinary consultation is recommended for appropriate diagnosis, testing, and 

treatment. Finally, while unmasking of pHLH is theoretically possible to coincide with the 

immunologic challenge mounted by IEC therapy, we do not feel that routine germline is 

warranted except in atypical cases with exceptionally high clinical suspicion.

Future Directions

With enhanced recognition of IEC-HS, critical next steps include both retrospectively 

and prospectively characterizing patient cohorts to distinguish those with severe CRS 

complicated by HLH-like manifestations from those with delayed IEC-HS and better 

understanding the natural history of both presentations. How these manifestations vary 

across different IEC-based therapies (i.e., bispecific T cell engagers versus CAR T cells) 

is also an area of future research. A deeper exploration into the biology will be critical—

particularly as we try to understand the best treatment approaches. Lastly, understanding risk 

factors for IEC-HS—including analysis of baseline clinical characteristics and inflammatory 

profiles and/or genetic predisposition will help to elucidate potentially modifiable factors to 

improve outcomes.

Conclusion

IEC-HS is a life-threatening complication of IEC therapy. Current diagnostic approaches, 

understanding of the pathophysiology, grading schema and management represent areas 

of unmet need. With the overall goal to improve patient outcomes, we provide a uniform 

approach to identification of IEC-HS as an HLH-like syndrome, apply a grading schema 

that is guided by practical considerations and informed by patient acuity, and discuss 

underlying biology. We also delineate potential treatment approaches for IEC-HS and 

endorse evaluations for alternate etiologies, particularly in those whose course is rapidly 

declining. By collectively acknowledging IEC-HS as a hyperinflammatory toxicity we can 

embark on further study of the pathophysiology underlying this emergent toxicity and make 

strides towards a more comprehensive assessment and treatment approach.
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Highlights

• Hemophagocytic lymphohistiocytosis (HLH)-like toxicities occur after CAR 

T cells

• This is now termed immune effector cell (IEC) associated HLH-like 

syndrome (IEC-HS)

• Independent of cytokine release syndrome (CRS) and neurotoxicity, IEC-HS 

can be fatal

• Consensus for identification and grading of IEC-HS has been developed by 

experts

• Treatment, supportive care, and future research are imperative to improving 

outcomes of IEC-HS
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Figure 1. 
Primary HLH and IEC-Associated HLH-like syndrome (IEC-HS)

A. Top panel: In primary (genetic) HLH, cytotoxic T cells with insufficient cytotoxic 

function due to defects in cytotoxic granule release or perforin are activated, cannot 

terminate their immunologic synapse, and with insufficient downregulation promote 

macrophage activation and cytokine release, which further activates cytotoxic T cells. The 

resulting T cell and macrophage activation results in release of IFN-γ, sIL-2R, IL-6, IL-10, 

IL-12, IL-18, IL-1β, TNF-α, IL-33, and ferritin.

B. Bottom panel: In IEC-HS, CAR T cells are activated by CAR T cell recognition of tumor 

antigen which leads to cytotoxic granule release and tumor lysis. Sustained activation via 

engineered CAR recognition of tumor antigen results in T cell activation, proliferation, and 

cytokine release and resultant macrophage activation and release of soluble factors as seen 

with primary HLH.
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Figure 2. 
Intersection of IEC related toxicities and Timing of CRS and IEC-HS

A. Visual of how various IEC based therapies contribute to inducing a host of IEC-

associated hyperinflammatory syndromes—highlighting both the inter-relatedness and yet 

unique presentations of the various toxicities.

B. Suggested paradigms for severe CRS with HLH-like multiorgan dysfunction and how this 

chronologically differs from IEC-HS presentations.
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Figure 3. 
Stepwise approach to treatment of IEC-HS

Treatment recommendations are derived from expert opinion and warrant prospective study. 

Nonetheless, therapy should generally be initiated prior to development of life-threatening 

complications and, if possible, a time interval (e.g., 48 hours) should be allowed to 

observe for efficacy before additional agents are added to avoid cumulative toxicity of 

multiple immunosuppressive agents. Patients should be closely monitored for response to 

interventions, with potential for escalation in care and evaluation of alternative etiologies if 

there is worsening. (See table 3 for specific dosing recommendations)

First-line therapy: Can start with anakinra +/− corticosteroids. While a range of dosing is 

provided, use of one or both agents and/or low versus higher dose is dependent on the 

clinical presentation of the patient and how rapidly the inflammatory response is worsening. 

For patients with grade 2 IEC-HS, starting with the lower end of the range for dual therapy, 

or higher-dosing for single agent intervention could both be considered.

Second-line therapy: For patients with clearly worsening inflammatory parameters who are 

developing more severe manifestations of IEC-HS, recommendations are for dual-agent 

therapy at the higher-end of the range—with consideration for adding additional agents if 

the patient is rapidly worsening.

Third-line therapy: Typically, corticosteroids/anakinra would continue as additional 

therapies are added to achieve control of the inflammatory response. Choice of therapy 

beyond ruxolitinib can be informed by unique patient considerations (e.g., etoposide for 

CAR T-cell associated lymphocytosis or emapalumab for highly elevated IFN-γ).

An ongoing assessment for alternative etiologies should continue throughout the IEC-HS 

manifestations and treatment course. Consultation with infectious disease specialists and 

rheumatology should be considered to optimize supportive care for patients with sub-

optimal response to initial therapeutic approaches or those with worsening manifestations. 

As clinical and laboratory parameters stabilize, gradually tapering immunosuppression is 

encouraged while monitoring for recrudescence of symptoms
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Table 1.

Immune effector cell associated HLH-like syndrome (IEC-HS): Definition and Identification

IEC-HS Definition

The development of a pathological and biochemical hyperinflammatory syndrome independent 
from CRS and ICANS that 1) manifests with features of macrophage activation/HLH, 2) is 
attributable to IEC therapy, and 3) is associated with progression or new onset of cytopenias, 
hyperferritinemia, coagulopathy with hypofibrinogenemia and/or transaminitis.

Criteria for identification of IEC-HS^ Clinical or laboratory manifestations

Most common manifestations $

REQUIRED: Elevated ferritin (> 2 × ULN or baseline (at time of infusion)) and/or rapidly 
rising (per clinical assessment)

Onset with resolving/resolved CRS or worsening inflammatory response after initial 

improvement with CRS directed therapy*

Hepatic transaminase elevation** (> 5 × ULN (if baseline was normal) or > 5 x baseline if 
baseline was abnormal)

Hypofibrinogenemia (< 150 mg/dL or < LLN)^^

Hemophagocytosis in bone marrow or other tissue^^

Cytopenias (new onset, worsening, or refractory&)

Other manifestations that may be present

Lactate dehydrogenase elevations (> ULN)

Other coagulation abnormalities (e.g., elevated PT/PTT)

Direct hyperbilirubinemia

New onset splenomegaly

Fevers (new# or persistent)^^

Neurotoxicity

Pulmonary manifestations (e.g., hypoxia, pulmonary infiltrates, pulmonary edema)

Renal insufficiency (new onset)

Hypertriglyceridemia (fasting level, >265 mg/dL^^)

^
Diagnosis is made only when it is not attributable to alternative etiologies, including CRS, infection and/or disease progression;

*
Although most cases of IEC-HS have been seen with antecedent CRS, this may not always be the case and emerging experience will shed light on 

how IEC-HS may present;

&
Generally at least one lineage will be a grade 4 cytopenia (platelets, neutrophils, hemoglobin).

#
As distinguished from CRS onset or recrudescence of CRS;

$
Constellation of findings typically simultaneously (e.g., all within 72 hours);

**
consistent with Grade 3 hepatic transaminase elevations as per CTCAE v 5.0;

^^
as per HLH-2004
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Table 2.

Immune effector cell associated HLH-like syndrome (IEC-HS): Grading

Grade

Adverse 
Event 1 2 3 4 5

IEC-HS* Asymptomatic or 
mild symptoms; 
requires observation 
and/or clinical and 
diagnostic evaluations. 
Intervention not 
indicated.

Mild to moderate symptoms, 
with intervention indicated. 
(e.g., immunosuppressive 
agents directed at IEC-HS, 
transfusions for asymptomatic 
hypofibrinogenemia)

Severe or medically 
significant, but not 
immediately life threatening 
(e.g., coagulopathy 
with bleeding requiring 
transfusion support, or 
hospitalization required for 
new onset acute kidney 
injury, hypotension or 
respiratory distress)

Life-threatening 
consequences: urgent 
intervention indicated 
(e.g., life-threatening 
bleeding or hypotension, 
respiratory distress 
requiring intubation, 
dialysis indicated for 
acute kidney injury)

Death

*
Not attributable to other causes; Defined by the development of pathological and biochemical features of macrophage activation/HLH that is 

attributable to IEC therapy and associated with progression or new onset of cytopenias, hyperferritinemia, coagulopathy with hypofibrinogenemia 
and hepatic transaminitis (>5 x ULN)). While HLH-like manifestations are frequently seen in in patients with severe CRS (as defined by ASTCT), 
IEC-HS is often delayed in onset and manifests as CRS is resolved/resolving
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Table 3.

Potential pharmacologic approaches for treatment of IEC-HS

Agent Mechanism and Rationale for Inclusion in IEC-
HS Treatment Algorithm

Side Effect Profile and Potential 
Considerations

Starting dose in IEC-HS 
(General Considerations)

Anakinra

Recombinant IL-1 receptor antagonist.
Elevated IL-1β present in MAS/sHLH; blockade 
with anakinra has documented efficacy in both 
rheumatologic and non-rheumatologic etiologies, 
including in severe disease.87,89–92

IL-1β upregulation has been documented 
specifically in the IEC-HS context.8,48

Evidence of efficacy in treatment/prevention of 
other CAR T-associated toxicities (refractory CRS, 
ICANS).10,104,105

Relatively high degree of familiarity with use in 
HLH context.
A short half-life allowing rapid titration to effect 
and, conversely, rapid clearance if necessary.

Well-studied, well-tolerated side-
effect profile (in rheumatology 
context);144 less data regarding side-
effect profile in CAR T-context but 
appears similar.105

Unknown effect on CAR T-efficacy 
but expected to be minimal.

Adults: 100–200 mg SQ/IV 
q6-12 hours
Peds: Can start at 5–7 
mg/kg/day or use higher 
dose of 8–10 mg/kg/day 
divided BID or TID or 4 
mg/kg IV q6 hours
Continuous IV infusion 
regimens have been used 
for other indications. 
Discuss with rheumatology 
consultants.

Corticosteroids

Established use in conjunction with multiple other 
agents in pHLH113,114 and sHLH.2,77,78

Evidence of efficacy in treatment, prevention, and 
reduction of severity of other CAR T-associated 
toxicities (CRS, ICANS).102,103,145

Known but prominent side effect 
profile.
Mixed data on impact of 
corticosteroids on long-term CAR 
T-efficacy and outcomes.106,108,146

Adults:
Dexamethasone 10–40 mg 
daily (10 mg q6 hours most 
common)
Peds:
Dexamethasone 10 
mg/m2/day or 
methylprednisol one 1 −2 
mg/kg IV/PO q6-12 hours

Ruxolitinib

Inhibition of JAK1/JAK2, thereby blocking 
downstream transduction via the JAK/STAT 
pathway, attenuating the action of multiple key 
proinflammatory cytokines including IFN-γ, IL-2, 
and IL-6.93

Evidence of efficacy in sHLH in both frontline94 

and refractory95,96 settings.
Theoretical therapeutic rationale for use exists 
in IEC-HS, e.g., inhibition of multiple cytokines 
shown to be involved in IEC-HS pathogenesis.8

Relatively commonly used agent in HSCT/cell 
therapy setting; high degree of familiarity.
A short half-life allowing rapid titration to effect 
and, conversely, rapid clearance if necessary.

Risk of exacerbating post CAR-
T cytopenias and increased risk 
of infection, especially viral re-
activation.147

CYP3A4 inhibition: risk of drug 
interaction especially with azole 
prophylaxis.147

Unknown effect on CAR T-efficacy 
(? expected to be minimal)

Adults (≥14 years): 10 mg 
BID (and can consider 
increasing to 20 mg BID)
Peds (<14 years): 
>25kg: 5 mg BID;
<25kg: 2.5 mg BID
(can consider increasing)

(*Dose-adjustment required 
with strong CYP450 
inhibitors (e.g., azoles)

Etoposide

Inhibition of topoisomerase II.
Robust evidence of efficacy in pHLH,113,114 

and most studies show evidence of efficacy in 
sHLH.31,79–82,84,85

Strong theoretical mechanistic rationale for use 
in IEC-HS (e.g., targeted induction of T cell 
apoptosis and blunting of subsequent inflammatory 
response).67,68

May best be utilized as last-line therapy in or 
to prevent high-grade/life threatening IEC-HS. 
Impact on CAR T cells is unknown but given the 
direct impact on lymphocytes, may also eradicate/
diminish CAR T cells)

Significant side effect profile 
compared to other agents discussed. 
Importantly, however, use of 
etoposide for IEC-HS would be at 
a substantially lower dose than with 
induction dosing for pHLH.
Evidence of extended use in adults 
as well as children.83

Risk of secondary malignancy – 
likely very low with the suggested 
dosing.113–116

Putative effect in IEC-HS is 
via direct ablation of activated T-
lymphocytes;69 removal of CAR T 
cells therefore possible.

50–100 mg/m2/dose (× 1 to 
initiate)

Emapalumab

Human IgG1 anti-IFNγ monoclonal antibody; 
binds both free and receptor-bound IFNγ. May be 
considered as a possible alternative agent in severe/
life-threatening IEC-HS, especially in the setting of 
documented IFNγ elevation
Elevated IFN-γ has been documented in 
both pHLH125–127 and in CAR T-associated 
toxicities.120,122,123

Evidence of clinical efficacy in pediatric pHLH 

in both frontline and salvage settings.76 (*notably 
several patients required additional etoposide)

Increased infection risk, including 
viral and fungal.76 Otherwise 
relatively low side effect profile, but 
(a) limited data available, and (b) no 
adult data reported.
Minimal (but positive) data 
supporting use in pediatric 
sHLH.100,101

No data supporting use in adult 
patients.
Potentially cost-prohibitive.

Per standard package insert
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Agent Mechanism and Rationale for Inclusion in IEC-
HS Treatment Algorithm

Side Effect Profile and Potential 
Considerations

Starting dose in IEC-HS 
(General Considerations)

Directly measured cytokine levels support 
mechanism of action in pHLH, e.g., rapid decline 
in CXCL9 during emapalumab therapy76 (CXCL9 
is induced by IFN-γ and may be used as a surrogate 
for activity).
Theoretical rationale exists for use specifically in 
IEC-HS, e.g., elevated IFNγ shown to be involved 
in IEC-HS pathogenesis.8,48

*
Due to the lack of prospective clinical trials for IEC-HS (as this entity is only now being formally defined and recognized) and the limited 

literature on treatment approaches for HLH-like manifestations following CAR T cells—which is based a small number of case-control and cohort 
studies, case series, and case reports, theserecommendations are not evidence-based, are derived from expert opinion, and warrant prospective 
study.

Therapy should generally be initiated prior to development of life-threatening complications and, if possible, a time interval (e.g., 48 hours) should 
be allowed to observe for efficacy before additional agents are added to avoid cumulative toxicity of multiple immunosuppressive agents. Patients 
should be closely monitored for response to interventions, with potential for escalation in care and evaluation of alternative etiologies if there is 
worsening.

Abbreviations: CXCl9: C-X-C motif chemokine ligand 9. MAS: Macrophage activation syndrome. ICANS: Immune effector cell associated 
neurotoxicity syndrome. IFN-γ: Interferon gamma. IL: Interleukin. JAK: janus kinase. pHLH: primary hemophagocytic lymphohistiocytosis. 
sHLH: secondary hemophagocytic lymphohistiocytosis. STAT: signal transducer and activator of transcription
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Table 4.

Supportive Care Considerations in Patients Who Develop IEC-HS.

Monitoring:

• Daily monitoring of complete blood cell count with differential, coagulation parameters (PT/PTT) and fibrinogen.

• Frequent (e.g., daily) evaluation for renal and hepatic dysfunction

• Assessment for bacterial, viral reactivation or new infection, and fungal disease, in blood, urine, and sputum cultures, +/− 
sampling of other possible infectious sources (e.g., bronchoscopy, cerebrospinal fluid),

• Consider testing for HLH diagnostic parameters including soluble CD25, NK-cell function, triglycerides, IFNγ, CXCL9 ratio, 
CXCL10, IL-10, IL-18

4a. Cytopenias and coagulopathy

Cytopenias

• Maintain hemoglobin ≥ 7g/dL148,149

• Platelet count ≥ 50 cells × 109/L is recommended in those with active bleeding or coagulopathy

• Use of romiplostim or eltrombopag is unknown

• Use of G-CSF to maintain an absolute neutrophil count (ANC) ≥ 500 cells/mm3 remains 
controversial during periods of active inflammation.133–136

• Consult gynecology in female patients with menorrhagia

Coagulopathy

• Aggressive management with cryoprecipitate or fibrinogen concentrate is recommended to 
keep fibrinogen level >100 if no bleeding and >150 if bleeding is present.141

• If INR is > 1.5, then vitamin K supplementation should be considered. If INR is > 2, then 
administration of fresh frozen plasma in addition to cryoprecipitate should be considered.

• Use of agents for prevention of venous thromboembolism should be used with caution with 
preference of agents that are easily reversed (i.e., heparin).

• Consult hematology for patients with refractory or difficult to manage coagulopathy

4b. Infections

Infectious 
Disease^Considerations

Immunosuppressive therapy Associated infection risk Prophylaxis/preemptive 
therapy*129,150and monitoring

Steroids
(e.g., dexamethasone, 
methylprednisolone)

Fungal infection, viral 
reactivation, PJP

Mold active antifungal HSV 
prophylaxis (if seropositive)
CMV pre-emptive therapy
Consider weekly monitoring for 
viral reactivation (e.g., CMV)

IL-1 Receptor Antagonist 
(anakinra)

No specific infections 
described with single-agent 
use.
In combination with 
other agents (e.g., 
tocilizumab, corticosteroids), 
risk of infection may be 
high.105,151,152

Recommend infectious disease 
consultation to guide optimal 
management
Consider: Mold active antifungal
HSV prophylaxis (if seropositive)
CMV pre-emptive therapy
Consider weekly monitoring for 
viral reactivation (e.g., CMV)
Recommendations will depend upon 
the adjunctive agents used in 
combination with anakinra

IL-6 Receptor Antagonist 
(tocilizumab)

Tuberculosis, invasive fungal, 
bacterial, viral, protozoal

Mold active antifungal HSV 
prophylaxis (if seropositive)
CMV pre-emptive therapy153

Consider bacterial prophylaxis 
during neutropenia

JAK 1 / 2 Inhibitors (ruxolitinib) Tuberculosis, herpes zoster, 
esophageal candidiasis, PJP, 
CMV, cryptococcal infections

Fungal prophylaxis154

PJP prophylaxis
VZV prophylaxis (if seropositive)
CMV pre-emptive therapy
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Chemotherapy (etoposide) Bacterial infections with 
neutropenia

Consider bacterial prophylaxis 
during neutropenia

HSV: herpes simplex virus, CMV: cytomegalovirus, VZV: varicella zoster virus PJP: pneumocystis jiroveci pneumonia

*
Agents used for anti-infective prophylaxis: mold active antifungals include voriconazole, posaconazole, isavuconazole; antivirals for HSV and 

VZV prophylaxis include acyclovir and valacyclovir; antivirals for CMV pre-emptive therapy include ganciclovir, valganciclovir and foscarnet; 
agents for PJP prophylaxis include TMP-SMX, atovaquone, pentamidine; antibacterial prophylaxis with levofloxacin is recommended.

^
This is not intended to be an exhaustive list, and management decisions should be made in consultation with an Infectious Diseases specialist.
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Table 5.

Diagnostic alternatives to IEC-HS

Infectious Neoplastic Other

Bacterial infections

• Bacteremia

• Sepsis/septic shock

• Endocarditis (including culture-negative)

• Meningitis

• Pneumonia

• Other (e.g., peritonitis, pyelonephritis)

Progressive underlying disease
Second malignant neoplasm 
EBV-PTLD

CRS
Budd-Chiari
Pulmonary Emboli
Drug induced liver injury
DRESS

Viral Infections

• Herpes virus infection/reactivation (HSV, VZV, CMV, 
EBV, HHV-6)

• Adenovirus

• Enterovirus

• Hepatitis virus infection/reactivation (HAV, HBV, HCV, HEV)

• Respiratory viruses

• COVID-19

• Parvovirus

• HIV

Fungal

• Invasive mold and yeast (e.g., candida, aspergillosis, 
zygomycosis)

• Endemic mycosis (e.g., histoplasmosis)

• PJP pneumonia

Vector borne

• Tick borne (anaplasmosis, ehrlichiosis, babesiosis, lyme, 
rickettsia)

• Dengue

• Malaria

Parasites

• Toxoplasmosis

• Strongyloidiasis

• Leishmaniasis

Mycobacterial

• Tuberculosis

• Atypical or non-tuberculous mycobacteria

Abbreviations: CMV: cytomegalovirus; COVID-19: coronavirus-disease of 2019; CRS: cytokine release syndrome; DRESS: drug rash with 
eosinophilia and systemic symptoms; EBV: Epstein-Barr virus; HHV-6: human herpes virus-type 6; HAV: hepatitis A virus; HBV: hepatitis B 
virus; HCV: hepatitis C virus; HEV: hepatitis E virus; HIV: human immunodeficiency virus; HSV: herpes simplex virus; PTLD: post-transplant 
lymphoproliferative disease; VZV: varicella zoster virus. BOLD font indicates those that are most likely of concern
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