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CYTOKINE STORM SINDROMES

o first described in the medical literature in 1952
o only 3 publications on the topic in the 1950s, 1 in the 1960s, and <20 in the 1970s
o CSS, also referred to as cytokine release syndrome, is the systemic expression of a vast array of inflammatory mediators 

that impact the body as a whole 

CSS 
Hemophagocytic

 syndromes 
hemophagocytic lymphohistiocytosis (HLH) 

primary (or familial (fHLH)) 

secondary (sHLH) 
(or acquired or reactive) forms 

Backbone:

nomenclature



fHLH: PATHOGENESIS



f or p HLH: PATHOGENESIS

Defect of immune regulation IFNγ driven Hyper inflammatory state



Verkamp et al, March 2026



f or p HLH: PATHOGENESIS

Hypomoprhic mutations+
Strong immune trigger

Pediatric Age directly to HLH

OR

classic 
immunodeficiencies or 

inborn errors of 
immunity (IEIs), may 
develop an HLH-like 

process

+
Strong immune trigger

Verkamp et al, March 2026,modified

ADULT

F-HLH P-HLH



TAXONOMY

Verkamp et al, March 2026



sHLH: PATHOGENESIS

greater clinical heterogeneity
its pathophysiology is still not completely understood

It originates from defects in the cytotoxic activity of NK cells o CD8+
triggered by specific clinical contexts.



sHLH: PATHOGENESIS



sHLH: PATHOGENESIS



DIAGNOSTIC CRITERIA: HLH-2004 score

(1) A molecular diagnosis consistent with hemophagocytic lymphohistiocytosis (HLH)

(2) Diagnostic criteria for HLH fulfilled (5 out of the 8 criteria below)

(A) Initial diagnostic criteria

Fever

Splenomegaly

Cytopenias (affecting ≥ 2 of 3 lineages in the peripheral blood)

Hemoglobin < 9g/dL ; Platelets < 100x 109/L; Neutrophils < 1.0 x 109/L

Hypertriglyceridemia and/or hypofibrinogenemia:

Fasting triglycerides ≥ 3.0 mmol/L (i.e., ≥ 2.65 g/L)

Fibrinogen ≤ 1.5 g/L

Hemophagocytosis in bone marrow or spleen or lymph nodes

(B) New diagnostic criteria

Low or absent NK-cell activity (according to local laboratory reference)

Ferritin ≥ 500 µg/L

Soluble CD25 (i.e., soluble IL-2 receptor) ≥ 2,400 U/ml

Developed in 2004 from pediatric trial 
databases (HLH-2004) and have since 

been adapted for diagnosing adult 
secondary HLH 

HenterJI  et al Pediatric Blood Cancer, 2007



DIAGNOSTIC CRITERIA: REVISED HLH-2004 CRITERIA

(1) A molecular diagnosis consistent with hemophagocytic lymphohistiocytosis (HLH)

(2) Diagnostic criteria for HLH fulfilled (5 out of the 8 criteria below)

(A) Initial diagnostic criteria

Fever

Splenomegaly

Cytopenias (affecting ≥ 2 of 3 lineages in the peripheral blood)

Hemoglobin < 9g/dL ; Platelets < 100x 109/L; Neutrophils < 1.0 x 109/L

Hypertriglyceridemia and/or hypofibrinogenemia:

Fasting triglycerides ≥ 3.0 mmol/L (i.e., ≥ 2.65 g/L)

Fibrinogen ≤ 1.5 g/L

Hemophagocytosis in bone marrow or spleen or lymph nodes

(B) New diagnostic criteria

Low or absent NK-cell activity (according to local laboratory reference)

Ferritin ≥ 500 µg/L

Soluble CD25 (i.e., soluble IL-2 receptor) ≥ 2,400 U/ml
HenterJI  et al Pediatric Blood Cancer, 2007

Diagnostic criteria for HLH fulfilled (5 out 7 criteria below)



DIAGNOSTIC CRITERIA: H-SCORE

Fardet L et al. Arthritis Rheumatol. 2014



DIAGNOSTIC CRITERIA: H-SCORE

Fardet L et al. Arthritis Rheumatol. 2014

Of 337 total possible 
points, patients with 
a diagnosis of HLH 

had a median H-score 
of 230 and patients 
without HLH had a 
median H-score of 

125. 

threshold of 169 points
→ sensitivity of 93%  
→ specificity of 86%



DIAGNOSTIC CRITERIA: Optimized HLH Inflammatory INDEX –OHI-

Adi Zoref-Lorenz Blood, 2022

soluble CD25  >3900 U/mL 
+

ferritin >1000 ng/mL

DIAGNOSTIC TOOL: Best identified HLH-2004–defining features
(sensitivity 84%; specificity 81%)

PROGNOSTIC TOOL: highly predictive of mortality across diverse HMs

HM/LA-HLH



Symptoms may be 
due 
• directly to cytokine 

induced tissue damage  
• acute-phase physiological 

changes or 
• may result from immune 

cell–mediated responses.  

!

!

CLINICAL FEATURES



CLINICAL FEATURES: ORGAN FAILURE



CLINICAL FEATURES: ORGAN FAILURE

CEREBRAL (25%)

Mostly in children, abnormal CSF 58% 
cases
Very heterogeneous presentation ++
MRI = T2 hypersignal of the white matter, 
leptomeningeal contrast enhancement

Anderson TL Clin Imaging. 2015

Schmid et al, EMBO 2009



CLINICAL FEATURES: ORGAN FAILURE

CEREBRAL (25%)

Mostly in children, abnormal CSF 58% cases
Very heterogeneous presentation ++
MRI = T2 hypersignal of the white matter, 
leptomeningeal contrast enhancement

PULMONARY (40%)

Aspecific: cough, dyspnea…
Acute respiratory failure = common reason

for ICU admission
Mechanisms: CD8 cells infiltration, 
pulmonary hemophagocytosis, capillary

damage related to cytokine storm
Chest X ray: non specific
Underlying etiology, multifactorial cause 

(20%) 

ICU: 45% of 

patients with
abnormal
GCS at ICU 

admission

ICU: 75% of 

patients with
hypoxemia at 

ICU 

admission, 
MV 50%

Prieto-Pérez L et al. Mod Pathol 2020

Ost et al. Histopathology. 1998 
Seguin et al. Chest 2016



CLINICAL FEATURES: ORGAN FAILURE

CEREBRAL (25%)

Mostly in children, abnormal CSF 58% cases
Very heterogeneous presentation ++
MRI = T2 hypersignal of the white matter, 
leptomeningeal contrast enhancement

PULMONARY (40%)
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CARDIAC (15%)

Specific myocarditis
Intra myocardial hemophagocytosis (case 
reports)

ICU: 50% of 

patients with
hemodynamic
failure at ICU 

admission

Bal A et al. APMIS. 2009 
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Mostly in children, abnormal CSF 58% cases
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CARDIAC (15%)

Specific myocarditis
Intra myocardial hemophagocytosis (case 
reports)

ICU: 50% of 

patients with
hemodynamic
failure at ICU 

admission

Liver: there is typically 
Kupffer cell hyperplasia and 
scattered macrophages 
infiltrating the sinusoids 

HEPATIC (66%)

No correlation between ferritin levels and hepatic
necrosis
Cholestasis > moderate cytolysis (if very high, 
think HSV++)
Histology: hemophagocytosis, necrosis, sinusoidal
dilatation

ICU: 70% of 

patients with
elevated

bilirubin level

at ICU 
admission
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RENAL (25%)

Acute renal failure (88%), nephrotic syndrome 
(38%)
Kidney biopsy: ischemic or inflammatory lesions, 
tubular necrosis +++, interstitial nephropathy, 
collapsing glomerulopathy...

ICU: 70% of 

patients with
AKI at ICU 
admission, 

dialysis in 
50%

SKIN (25%)

Erythematous, maculopapular skin rash, 
(frequently morbilliform) , no pruritus, sometimes 
generalized, transient
Sweet syndrome and pyoderma gangrenosum 
have been linked.
It can also be related to thombosytopenia

CYTOPENIA (gradually

development)

Infiltration of the bone marrow by 

macrophages with phagocytose of both
mature and precursor hematopoietic cells +
Suppression of hematopoiesis by cytokines

60% of pts 

present BM 
hemophagocyt

osis
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CYTOPENIA (gradually

development)

Infiltration of the bone marrow by 
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mature and precursor hematopoietic cells +
Suppression of hematopoiesis by cytokines

bone marrow (but also inlymph nodes, 

spleen,skin, lungs,meninges, CSF:
increase in the number of phagocytizing 
macrophages containing intact cells, which can 

be red cells, white cells, platelets, or 
hematopoietic precursors 

In the bone marrow, macrophages are 

accompanied by small reactive lymphocytes, 

predominantly T cells 

60% of pts 

present BM 
hemophagocyt
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HEMATOLOGISTS AND INFLAMMATION

SYSTEMIC BUT CLINICALLY INAPPARENT
o inflammaging

CHRONIC SYMPTOMATIC INFLAMMATION
o HM with inflammation or systemic autoimmune/inflammatory 

disorders



HEMATOLOGISTS AND INFLAMMATION: DD

SYSTEMIC BUT CLINICALLY INAPPARENT
o inflammaging

CHRONIC SYMPTOMATIC INFLAMMATION
o HM with inflammation or systemic 

autoimmune/inflammatory disorders

TOO MUCH INFLAMMATION
o Sepsis
o Macrophage activation like syndrome (MALS)
o Cytokine release syndrome (CRS)
o MAS-HLH
o Immune effector cell-associated HLH-like syndrome
o HLH



HEMATOLOGISTS AND INFLAMMATION: DD

Macrophage activation like syndrome (MALS) MAS-HLH

MALS: 
Sepsis+
hyperinflammatory phenotype 

MALS definition:

o ferritin cut-off of 4420 mg/ L in sepsis patients 
o Dynamic rise of ferritin to 8000ng/ml
o hepatobiliary dysfunction and DIC  

sepsis → an inadequate host response to infection

High mortality rates 
in sepsis 

complicated by 
MALS (79%)

excessive release of proinflammatory cytokines, IL-

6,TNF-a, IFN-g, hyperferritinemia 

Macrophage activation syndrome
(MAS), a serious complication of
systemic rheumatoid arthritis and
other childhood systemic inflammatory
disorders, is thought to be caused by
excessive activation and proliferation
of T lymphocytes and macrophages.

It is also a complication of autoimmune  
diseases in adults.

The recognition that MAS belongs to
the secondary or reactive
hemophagocytic syndromes has led to
a proposal to rename it according to
the contemporary classification of
histiocytic disorders



Castillo et al, Pediatr Crit Care 2009

HLH Sepsis

Molecular diagnosis: present Molecular diagnosis: absent

Fever Fever

Splenomegaly Organomegaly

Cytopenia of 2 of 3 lineages Cytopenia of 2 of 3 lineages

Hypertryglyceridemia ≥ 3mmol/L 
or hypofibrinogenemia ≤ 1.5 g/L

Hypertryglyceridemia ≥ 3mmol/L 
or hypofibrinogenemia ≤ 1.5 g/L

Hemophagocytosis in bone 
marrow, spleen or lymph nodes

Hemophagocytosis in bone 
marrow, spleen or lymph nodes

Ferritin ≥ 500 g/L Ferritin ≥ 500 g/L

Low or absent NK cell activity Low or absent NK cell activity

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

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

Sepsis may mimic part or all features of HS in ICU patients!



HEMATOLOGISTS AND INFLAMMATION: DD

Macrophage activation like syndrome (MALS) MAS-HLH

MALS: 
Sepsis+
hyperinflammatory phenotype 

MALS definition:

o ferritin cut-off of 4420 mg/ L in sepsis patients
o hepatobiliary dysfunction and DIC  

sepsis → an inadequate host response to infection

High mortality rates 
in sepsis 

complicated by 
MALS (79%)

excessive release of proinflammatory cytokines, IL-

6,TNF-a, IFN-g, hyperferritinemia 

The CSSs associated with sJIA and AOSD are essentially
identical, consistent with the increasing recognition of these
disorders as a single entity extending across age groups.
Hyperinflammation is driven primarily by a dysregulated IL-1
inflammasome, resulting in excess release of both IL-1 and
IL-18; gain-of-function inflammasome mutations are
becoming more widely recognized in affected patients with
sJIA or AOSD

Completely unclear whether both are independent 
syndromes  or constitute a continuum of 
hyperinflammation



TRIGGERS OF HLH

J.I. Hsu, Blood 2026

MAS-HLH

IEC-associated 
HLH-like syndrome

MALS-HLH?

EBV-HLH



TRIGGERS OF HLH

J.I. Hsu, Blood 2026

40% 12%

40%

8%



TRIGGERS OF HLH: MALIGNANCY

1. HLH arises around the malignancy diagnosis, transformation, or recurrence (MA-HLH)
the hyperinflammatory nature of HLH is presumably driven by the neoplasm
pathogenesis unknown  
the overlap of HLH features and neoplastic disease, especially hematologic
malignancies, is substantial 

2. Triggered by deep-seated infections (IC-HLH)
HLH occurs after months of immune- and marrow-suppressive anticancer therapy 

3. HLH occurs following immune-activating therapies  
→ cytokine release syndrome (CRS) or Rx-HLH

viral triggers (e.g., EBV, 
cytomegalovirus (CMV), BK virus, 
HHV6, HSHV/HHV8 , IFI,  bacteria 

BITES, 
CAR T-cell therapies, or ICI,

CHEMO, post ALLOHSCT

Poor outcome → 
5ys OS 10-30%

Invasion of  the bone marrow 
to induce cytopenias or 

secretion of inflammatory 
cytokines by themselves 



Type of malignancy Sub entities with 
particular risk of HLH

Prevalence in adults with
M-associated HLH

T and NK cell Lymphoma 35%

Subcutaneous  panniculitis like T cell 
lymphoma

Hepatosplenic T cell lymphoma

Nodal/extranodal T and NK cell 
lymphoma

Anaplastic large cell lymphoma

Angioimmunoblastic T cell lymhpoma

B cell lymphoma 32%

DLBCL

Intravascular large B cell 
lymhpoma

Indolent B cell Lymphoma

Hodgkin Lymphoma 6%

Leukemia

B/ T cell ALL 6%

AML

TRIGGERS 

OF HLH:HM



Type of malignancy Sub entities with 
particular risk of HLH

Prevalence in adults with
M-associated HLH

Others and related 
disorders

EBV+ T and NK cell lymphoprliferative 
disorders

MCD

iMCD

HHV8/KSHV MCD

TRIGGERS 

OF HLH:HM

Pay attention to viruses in the context of M-HLH!!

Pay attention to iMCD!



Adi Zoref-Lorenz Blood, 2025

Retrospective study, 135pts AIM: 1. whether mortality OHI+ and OHI- pts differed from that predicted by standard    prognostic indexes and

2. whether this mortality was associated with conditions related to abnormal inflammation



Adi Zoref-Lorenz Blood, 2025

Retrospective study, 135pts AIM: 1. whether mortality OHI+ and OHI- pts differed from that predicted by standard    prognostic indexes and

2. whether this mortality was associated with conditions related to abnormal inflammation

An event was defined as death, refractoriness,
progression, or relapse of lymphoma



Adi Zoref-Lorenz Blood, 2025

Retrospective study, 135pts AIM: 1. whether mortality OHI+ and OHI- pts differed from that predicted by standard    prognostic indexes and

2. whether this mortality was associated with conditions related to abnormal inflammation

An event was defined as death, refractoriness,
progression, or relapse of lymphoma

OHI identified a novel, high-risk
subgroup of patients with 

lymphoma who were not captured 
by the traditional prognostic 

indexes



Adi Zoref-Lorenz Blood, 2025

Retrospective study, 135pts AIM: 1. whether mortality OHI+ and OHI- pts differed from that predicted by standard    prognostic indexes and

2. whether this mortality was associated with conditions related to abnormal inflammation



Infections

Neoplasia

EBV-related

EBV HLH

LYMPHOMAS

WHO 2022

DEFINED
EBV- RELATED

OTHER 
LYMPHOMAS

(EBV- RELATED)

EBV

the most frequent infection 
associated with HLH

o EBV-positive nodal T- and NK-cell lymphoma
o Extranodal NK/T-cell lymphoma

o Systemic chronic active EBV disease 
o Systemic EBV-positive T-cell 

lymphoma of childhood

CAEBV-T

P/F-HLH

lymphoma

lymphoid 
proliferations

and lymphomas of 
childhood

TRIGGERS OF HLH: EBV

LYMPHOMA +
EBV 

REACTIVATION

Nader Kim El-Mallawany BJH, 2021
HLH with EXTREME ELEVATION OF EBV DNA PCR: cut off?





HLH occurs following immune-activating therapies RxHLH

CAR-T CELL 
THERAPY

Immune EffectorCell-Associated Hemophagocytic Lymphohistiocytosis-LikeSyndrome. T
Transplantation and Cellular Therapy,2023

CRS and ICANS: CART cells express proteins with antigen-binding,trans membrane, and costimulatory domains,

Allowing Tcells to recognize extracellular tumo rantigens,proliferate,and mediate tumorlysis,and cytokine relaease

IEC-HS
Definition
• IEC-HS: development of a pathological and

biochemical hyperinflammatory syndrome
that:
• manifests with features of 

macrophage activation/HLH.
• is attributable to IEC therapy.
• is associated with progression or new 

onset of cytopenias
hyperferritinemia, 
coagulopathy wit hypofibrinogenemia,        

and/or transaminitis.



HLH occurs following immune-activating therapies RxHLH

CAR-T CELL 
THERAPY

Immune EffectorCell-Associated Hemophagocytic Lymphohistiocytosis-LikeSyndrome. T
Transplantation and Cellular Therapy,2023

Important key points
• IEC-HS is often of delayed onset and manifests as

CRS is resolved/resolving and should not be used
to describe only manifestations of severe CRS.

• hyperferritinemia (defined as >2 times the upper
limit of normal or baseline at time of infusion) or
rapidly rising (according to clinical assessment) is
a prerequisite to a diagnosis of IEC-HS



REFLECTIONS BEFORE TURNING TO THERAPY

1. The HLH-2004 criteria: a problem of specificity Use it as a screening test, not a confirmatory diagnostic test 



REFLECTIONS BEFORE TURNING TO THERAPY

1. The HLH-2004 criteria: a problem of specificity Use it as a screengin test, not a confrimatory diagnostic test 

This lack of specificity is 
manifest when examining
each individual criterion in 

earnest



REFLECTIONS BEFORE TURNING TO THERAPY

1. The HLH-2004 criteria: a problem of specificity Use it as a screening test, not a confirmatory diagnostic test 

2. It is only in primary HLH that a definitive diagnosis 
can be established.

The absence of any such gold-standard diagnostic in 
secondary HLH, when combined with the non-specific 
nature of the syndrome, makes reliable diagnosis a 
formidable, and to-date inadequately addressed challenge. 
BUT you can think at secondary HLH as a a label for 
excessive and maladaptive inflammation provoked by any 
external cause → SO this allows you to focus more 
effectively on the underlying trigger.



HLH: WHAT TO DO IN CASE OF SUSPICION

2023 HiHASC consensus recommendations on the diagnosis and investigatioof

suspected Haemophagocytic Lymphohistiocytosis (HLH) in adults

The Lancet Reumatology, 2024

3Fs



1

3Fs

1



Haematology Coagulation screen, blood film, ESR D-dimer, reticulocytes, Bone marrow biopsy

Biochemistry Renal profile, Lliver fFunction Tests, LDH,CRP,  iron profile, vitamin B12/folate, troponin,NT 
PROBNP, urine -protein-creatinine ratio, ferritin

Immunology Complement C3/C4, ANA, ANCA, Extractable nuclear antigen/double-stranded sDNA antibody

Microbiology Bacterial blood cultures x 3, ideally before antibiotics
syphilis serology, fungal and tuberculosisTB cultures

Virology Serum save*
Serology* for: EBV/CMV/HIV/ HAV/HBV/HCV/HEV, parvovirus B19 / HTL1
DNA: EBV/DMC/HHV8

* Serum save and serology ideally prior to blood
products
Respiratory viral throat swab PCR: Influenza A&B; Enterovirus,  SARSCoV-2
Swab of ulcers

Immunology Soluble CD25, cCytokine testing, lymphocyte subsets and natural killer cellNK cell activity

Imaging Chest x-ray, PET-CT/CT scan, ultrasound US if delay for cross-sectional imaging,
electrocardiogram, echocardiogram

tests for
patients with
neurological
symptoms

MRI brain with gadolinium
Lumbar puncture : cell count, opening pressure, glucose/protein/ matched oligoclonal bands +/- 
cytospin (min 10mls), bacterial culture, viral PCR.  Patient-specific : iImmunoglobulins,
, syphilis serology, fungal and TB cultures

2



Evaluation
for infection

All patients with unclear driver should have an infectious disease (ID) work up.

Depending on Infectious DiseasesD consult/travel history, consider:
Parasites:
• Malaria film or rapid diagnostic test; Toxoplasma and Leishmania serology

Other:
• Syphilis/Coxiella/Brucella/endemic mycoses/Rickettsia
• Consider Quantiferon (unreliable for diagnosing active Tuberculosis)

• If Epstein Barr Virus BV viraemia, consider investigating which lymphocyte compartments are harbouring Epstein Barr VirusBV
Tissue biopsy infection work up:
TuberculosisB, Leishmaniasis

Tests to ensure no adverse effects of immune suppression (depending on travel history):
Consider Strongyloides and T.cruzi serology

Additional tests in immunocompromised people

Recommended:

• Adenovirus PCR, HCV RNA, HHV6DNA (if history of HIV, allogenicBMT, CART, SOT)
• Parvovirus PCR
Consider:

• HHV8/KSHV DNA
• HEV DNA
• Cryptococcal antigen

• Beta D glucan (note possible false positives after intravenous immunoglobulinIVIg)
• Stool microscopy for ova, cysts and parasites

3



Evaluating
for
malignancy

*Biopsy
early*

Remember,
steroids may
mask
lymphoma

Bone marrow biopsy Other biopsy sites

Aspirate smear
• Flow cytometry
• Cytogenetics if
lymphoma/other malignancy

As determined by imaging:
• Lymph node (core or excision)
• Deep skin (for intravascular/cutaneous 
lymphoma)
• Liver / Spleen
Any FDG avid site

Evaluating
for primary
HLH

If considering primary HLH

• CD107a granule release assay
(GRA)
• Protein expression

((Perforin/SAP/XIAP)

Flow cytometry-based assays

4



HLH: THERAPY OF f-HLH

Backbone: 
a. Controlling excessive inflammation
b. Replacing the defective immune system



HLH: THERAPY OF f-HLH

Backbone: 
a. Controlling excessive inflammation
b. Replacing the defective immune system

Protocol HLH 
2004

CSPA administered upfront (2004)
Corticosteroid added to IT MTX
HSCT earlier

(HSCT 51% of pts)

Protocol 
HLH -94

HSCT indicated for pts with familial/genetic, 
relapsing or severe/persistent disease



HLH: THERAPY OF HLH

Backbone: 
a. Controlling excessive inflammation
b. Replacing the defective immune system

CSPA administered upfront (2004)
Corticosteroid added to IT MTX
HSCT earlier

(HSCT 51% of pts)

HSCT indicated for pts with familial/genetic, 
relapsing or severe/persistent disease

no longer reflective 
of the changing

landscape of HLH diagnosis

Mixed cohort



The first reports on the successful use of the epipodophyllotoxin derivatives etoposide and teniposide for FHL (pHLH) came during 
the 1980s, when they were shown to induce prolonged resolution in combination with corticosteroids 

etoposide promotes programmed cell 
death (apoptosis) rather than 

proinflammatory lytic cell death 
(pyroptosis), conceivably ameliorating 

subsequent systemic inflammation 

apoptosis is an energy-dependent cellular 
process which will not take place when cellular 

energy is consumed

etoposide should not be administered too late in 
the disease course 

(f)HLH: THE CENTRAL ROLE OF ETO



A. Abdelhay, The Lancet 2023

national, retrospective cohort study 
2006-2019 -16136 pts-

all adult patients who were admitted non-electively with the diagnosis of HLH
In-Hospital mortality



A. Abdelhay, The Lancet 2023

national, retrospective cohort study 
2006-2019 -16136 pts-



REFLECTIONS BEFORE TURNING TO THERAPY

1. The HLH-2004 criteria: a problem of specificity Use it as a screening test, not a confirmatory diagnostic test 

2. It is only in primary HLH that a definitive diagnosis 
can be established.

The absence of any such gold-standard diagnostic in 
secondary HLH, when combined with the non-specific 
nature of the syndrome, makes reliable diagnosis a 
formidable, and to-date inadequately addressed challenge. 
BUT you can think at secondary HLH as a a label for 
excessive and maladaptive inflammation provoked by any 
external cause → SO this allows you to focus more 
effectively on the underlying trigger.

3. Ok…ok…
If the patient gets worse and we still don’t have a 
diagnosis, good old etoposide will bail us out.

Hold on a second, we need to clarify a few things here
“missing the forest or the trees”



OVERUSE OF ETO-BASED THERAPY(?)

There is little evidence that etoposide-
based therapy Is of benefit in adults with 
s-HLH

Zondag et al. Experimental Hematology & Oncology 2023

systematic literature review 
and metaanalysis on the 

clinical use and 
effectiveness of etoposide in 

adult HLH patients.
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adult HLH patients.

RRL 1,06



Zondag et al. Experimental Hematology & Oncology 2023

systematic literature review 
and metaanalysis on the 

clinical use and 
effectiveness of etoposide in 

adult HLH patients.

RRL 1,06

TO CONSIDER:
o Patients receiving ETO: more severe cases 

 → prior lower survival probability
o within individual groups, high degree of heterogeneity

o several confounders are assumed to effect outcome

etoposide might be especially 
beneficial in

EBV and lymphoma associated HLH



HLH and HLH-spectrum key features: fever /Falling cytopenia/ HyperFerritinemia
HLH-2024: fulfilled 5/7

Hscore >169
OHI

Urgent diagnostic testing to detect trigger

CLINICALLY STABLE CLINICALLY UNSTABLE

CS+/- IVIgs

KEY considerations:
Pt Hystory

Family History
Preexisting IS (a or IEI) Supportive therapy

Antimicrobial
Prophylaxis

Call RRT

Biopsy

CLINICALLY UNSTABLE

NO DG

Supportive therapy
Antimicrobial
Prophylaxis

Call RRT

REPEAT BIOPSY!

CS+/- IVIgs

Ferritin 
and

 other 
markers

Act and monitor

SI DG

Ferritin 
and

 other 
markers

Ferritin 
and

 other 
markers

Treat the 
underlying 

disease NO DG
Remember the CSS concept before 
ETO!

No 
ETO!



The potential of cytokine directed therapy: more rational approach

Tocilizumb

Emapalumab

Anakinra

Anakinra

TNF aAntibody

Tocilizumb

TARGETING CYTOKINES
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IL-6 is synthesised in a local lesion at 

the first stage of inflammation and then 

moves to the liver via the bloodstream, 

where it results in a rapid increase in 

levels of acute phase proteins

• CRP), a key marker of IL-6

• Serum amyloid A

• Fibrinogen and haptoglobin

• Hepcidin

• Vascular endothelial growth factor 

(VEGF)

The potential of cytokine directed therapy: more rational approach

TARGETING CYTOKINES: IL-6



Increased B cell growth

Increased VEGF

Increased Th2 cells

Inflammatory response

Overgrowth of 
B cells and plasma cells

Increased size of 
lymph nodes;

lymphoma, myeloma

Formation of 
blood vessels 

Increased blood supply 
to tumor

Autoimmune reactions
Autoantibodies 

targeted to organs

Elevated ESR, CRP, and 
IgG; anemia; and DVT

Systemic symptoms

IL-6

The potential of cytokine directed therapy: more rational approach



Monocyte
Macrophages
Neutrophils 
dendritic cells 
activated B cells
T cells 

Fibroblasts
Keratinocytes
Astrocytes
endothelial cells
neurons

Soluble IL6 R

IL-6

Membrane IL-6 R
dendritic cells, monocyte,macrophage, 

hepatocyte, aBC, skeletal muscle cell, T cell,
neutrophil

Endothelial c, cardyomyocyte, fibroblasts, 
Dorsal root ganglia cell

Anti IL-6mAb:

Siltuximab
sirukumab

Anti IL-6R mAb
Tocilizumab
Satralizumab
sarilumab

Anti IL-6mAb:
Olokizumab

Trans-signaling

Classic-signaling

IL-6



The potential of cytokine directed therapy: more rational approach

Tocilizumb

Emapalumab

Anakinra

Anakinra

TNF aAntibody

Tocilizumb

TARGETING CYTOKINES

TARGETING IMMUNOCYTESRituximab

Alemtuzumab

Emapalumab



The potential of cytokine directed therapy: more rational approach

Tocilizumb

Emapalumab

Anakinra

Anakinra

TNF aAntibody

Tocilizumb

TARGETING IMMUNOCYTES

Rituximab

Alemtuzumab

Emapalumab

Rituximab-based 
chemotherapeutic regimens 
have been used for EBV-HLH

There were also one report of two 
cases of central nervous
system involvement in patients with 
EBV-HLH on
which alleviated symptoms were 
rapidly observed with
the use of rituximab as a monotherapy

Reducing EBV activation and 
decreasing its viral load has been 
shown to help control clinical 
symptoms and improve survival.



The potential of cytokine directed therapy: more rational approach

Tocilizumb

Emapalumab

Anakinra

Anakinra

TNF aAntibody

Tocilizumb

TARGETING CYTOKINES

TARGETING IMMUNOCYTESRituximab

Alemtuzumab

TARGETING
PRO-INFLAMMATORY 
SIGNAIING PATHWAYS

Emapalumab

Ruxolitinib



The potential of cytokine directed therapy: more rational approach
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The potential of cytokine directed therapy: more rational approach

TARGETING
PRO-INFLAMMATORY 
SIGNAIING PATHWAYS

Pilot study -9 pts

Primary endpoint: OS) after 6 months from diagnosis of sHLH

Median time to administration: dd 208 

Criteria for discontinue ruxo: if no relapse at 374 and 937 dd

One death, due to traumatic intracerebral hemorrhage due 

to a fall in context of delirium and confusion, which 
occurred 14 days after ICU discharge.



• IFNγ has a key role in HLH  → activates the JAK/STAT pathway

• Emapalumab is a fully human IgG1 monoclonal antibody that binds to and neutralizes IFNγ

• First targeted therapy approved for HLH treatment (spp pt unresponsive to conventional treatment)

The potential of cytokine directed therapy: more rational approach

TARGETING CYTOKINES



The potential of cytokine directed therapy: more rational approach

Tocilizumb

Emapalumab

Anakinra

Anakinra

TNF aAntibody

Tocilizumb

TARGETING CYTOKINES

TARGETING IMMUNOCYTESRituximab

Alemtuzumab

TARGETING
PRO-INFLAMMATORY 
SIGNAIING PATHWAYS

Emapalumab

Ruxolitinib

TARGETING
IMMUNE CHECKPOINT

PD1 Antibody



HLH and HLH-spectrum key features: fever /Falling cytopenia/ HyperFerritinemia
HLH-2024: fulfilled 5/7

Hscore >169
OHI

Urgent diagnostic testing to detect trigger

CLINICALLY UNSTABLE

CS+/- IVIgs

KEY considerations:
Pt Hystory

Family History
Preexisting IS (a or IEI) Supportive therapy

Antimicrobial
Prophylaxis

Call RRT

Biopsy

CLINICALLY UNSTABLE

NO DG

Supportive therapy
Antimicrobial
Prophylaxis

Call RRT

REPEAT BIOPSY!

CS+/- IVIgs

Ferritin 
and

 other 
markers

Act and monitor
SI DG

Ferritin 
and

 other 
markers

Ferritin 
and

 other 
markers NO DG

CS-ivIG+Anakinra



HLH: initial THERAPY –(not) severe –notEBV driven

Glucocorticoids+ Anakinra+ ivIG

o 6Mpdn i,v, 1-2 mg/kg/day
o Dexamethasone iv 10mg/2 per day
o High –dose 6Mpdn iv 10-30mg/Kg/day 
     (max 1gr/day) for 1-3 dd

o iv (preferred) or s.c. 5-10mg/kg/day

o 0.4-1gr/kg/day 
     x 2-5 days

CS +ivIG + Ruxolitinib or
Ruxolitinib+ Emapalumab +/- CS +/- ivIG

Potential new approach: 



HLH and HLH-spectrum key features: fever /Falling cytopenia/ HyperFerritinemia
HLH-2024: fulfilled 5/7

Hscore >169
OHI

Urgent diagnostic testing to detect trigger

CLINICALLY STABLE CLINICALLY UNSTABLE

CS+/- IVIgs

KEY considerations:
Pt Hystory

Family History
Preexisting IS (a or IEI) Supportive therapy

Antimicrobial
Prophylaxis

Call RRT

Biopsy

CLINICALLY UNSTABLE/ICU pt

NO DG

Supportive therapy
Antimicrobial
Prophylaxis

Call RRT

REPEAT BIOPSY!

CS+/- IVIgs

Ferritin 
and

 other 
markers

Act and monitor

SI DG

Ferritin 
and

 other 
markers

Ferritin 
and

 other 
markers

TREAT 
UNDER 
DISEASE NO DG

CRITICALLY ILL 
GUIDELINES



CRITICALLY ILL PTS WITH HLH  -ICU-

M.R. Hines, Crit care Med 2022

Consider addition of corticosteroid therapy

Dexamethasone 10 mg/m2 daily every 12h
or equivalent methylprednisolone 2 mg/kg/d
+ 
anakinra 2–10 mg/kg/d, two to four daily doses 
(subcutaneous or IV)

Addition of etoposide with dose reduction as 
follows
100 mg/m2 once weekly in older teens
75 mg/m2 once weekly in adults
50 mg/m2 once weekly in the elderly

Renal dose reduction is recommended.

dose reduction for hypoalbuminemia, hyperbilirubinemia
alone, other evidence of liver dysfunction, and/or cytopenias
is not recommended



HLH: initial THERAPY – SEVERE –notEBV driven

Glucocorticoids+ ETO+ /-ivIg+ antiinfectious thpy

o Dexamethasone iv 10mg/2 per day
o (better penetration into CNS)

in these severe life-threatening cases, the potential side effects of a few age-
adjusted doses of etoposide, in particular in patients with acceptable blood 
counts and good empirical supportive care, may be a reasonable risk to take, 

even if the full diagnostic picture is not complete, in order to halt a 
potentially life-threatening CSS or a CSS that may result in severe 

permanent sequelae such as neurological complications

o ETO 150mg/m2 x2/week
o ETO 100mg/m2 x2/week in 

adolescents and young adults
o ETO50-75mg/m2 in middle aged 

and elderly pts

o PCP prophylaxis
o Antiviral prophylaxis
o IGV 0.5gr/kg iv once every 4 weeks
o Antibiotic/antifungal –selected cases-
     

Invasive aspergillosis and disseminated 
candidiasis

high 
likelihood of

MA-HLH

AFTER BIOPSY
IF IT’S POSSIBLE



Anti-inflammatory therapies 
SHOULD NOT compromise the 
diagnosis or curative therapy 

for the underlying malignancy 
itself 

How I treat
High likelihood 

MA/LA-HLH

Always remember  that delayng
or compromising treatment for 
malignancy, infection may be 
potentially catastrophic

ETO with high suspicious of 
LA-HLH is lifesaving and must 
not be withheld even when 
confirmation by pathology is 
still awaited

if treatment is initiated in a 
patient without a firm diagnosis, 
the diagnosis should be re-
evaluated once the patient is 
stable

GENERAL CONSIDERATIONS

therapy is guided 
mainly by expert 
opinion due to a 

paucity 
of prospective trials 

in this 
heterogeneous 

patient population 

BEFORE 
MALIGNANCY 
DIAGNOSIS: 



HLH and HLH-spectrum key features: fever /Falling cytopenia/ HyperFerritinemia
HLH-2024: fulfilled 5/7

Hscore >169
OHI

Urgent diagnostic testing to detect trigger

CLINICALLY STABLE CLINICALLY UNSTABLE

CS+/- IVIgs

KEY considerations:
Pt Hystory

Family History
Preexisting IS (a or IEI) Supportive therapy

Antimicrobial
Prophylaxis

Call RRT

Biopsy

CLINICALLY UNSTABLE

NO DG

Supportive therapy
Antimicrobial
Prophylaxis

Call RRT

REPEAT BIOPSY!

CS+/- IVIgs

Ferritin 
and

 other 
markers

Act and monitor

SI DG

Ferritin 
and

 other 
markers

Ferritin 
and

 other 
markers

TREAT 
UNDER 
DISEASE YES DG!!

…………………………



REFLECTIONS BEFORE TURNING TO THERAPY

1. The HLH-2004 criteria: a problem of specificity Use it as a screening test, not a confirmatory diagnostic test 

2. It is only in primary HLH that a definitive diagnosis 
can be established.

The absence of any such gold-standard diagnostic in 
secondary HLH, when combined with the non-specific 
nature of the syndrome, makes reliable diagnosis a 
formidable, and to-date inadequately addressed challenge. 
BUT you can think at secondary HLH as a a label for 
excessive and maladaptive inflammation provoked by any 
external cause → SO this allows you to focus more 
effectively on the underlying trigger.

3. Ok…ok…
If the patient gets worse and we still don’t have a 
diagnosis, good old etoposide will bail us out.

Hold on a second, we need to clarify a few things here
“missing the forest or the trees”

4. And now, should I treat the cancer or the HLH?



MD Andrerson’s two 
STEPS approach

How I treat 
MA-HLH

FIRST STEP: 
targeting the cytokine 
storm and proliferating T 
cells using etoposide and 
corticosteroids 

SECOND STEP:
starting a tumour-specific 
therapy once organ function 
improves and the patient is 
relatively stable 

AFTER 
DIAGNOSIS

OF 
MALIGNANCY

TRIAL WITH
DOSE –ADJUSTED 
EPOCH REGIMEN

REMEMBER OHI:
AUTOASCT in 

FIRST REMISSION



CONCLUSIONS:

DA-EPOCH-R regimen as front-line treatment
followed by ASCT as consolidation treatment
demonstrates a high efficacy and safety for B-NHL
patients with HLH. However, DA-EPOCH cannot
improve outcomes for T/NK-NHL patients with HLH

2020



EBV-infected T/NK-cell 
population in pts with
EBV-HLH is often phenotypically 
atypical and difficult to
define along a spectrum of 
malignant transformation

How I treat 
MA-HLH/EBV 

DRIVEN

Clonal T-cell expansion in the 
setting of acute EBV infection is 
common,
and therefore does not necessarily 
equate with underlying
malignancy

those patients that do not 
improve with empiric HLH 
directed
therapy typically die after a 
fulminant disease
cours

HLH: THERAPY. THAT 

STRANGE CASE OF EBV

DIAGNOSIS
OF 

MALIGNANCY
“ONGOING”

While universal evidence-based treatment 
guidelines for the spectrum of disease 

encompassed by EBV-associated
HLH do not yet exist, 

a consensus agrees to start with

HLH94-based therapy including dexamethasone 
and etoposide.

No benefit effect of CSA

Search for other viruses!
KSHV/HHV8
HIV



HLH: initial THERAPY – SEVERE –EBV driven

Glucocorticoids+ ETO+Rituximab+ + antiinfectious thpy

o Rituximab 375mg/m2  once /week

Song Y, 2019

+ ETO

EBV can replicate in NK and T cells  and thus a lack of response 
or recurrence after rituximab treatment is a possibility 



Glucocorticoids+ ETO+Rituximab+ + antiinfectious thpy

o Rituximab 375mg/m2  once /week

Song Y, 2019

+ ETO

EBV can replicate in NK and T cells  and thus a lack of response 
or recurrence after rituximab treatment is a possibility 

HLH: initial THERAPY – SEVERE –EBV driven





Backbone

2 4 6 8

10

5

2,5

1,25

0

DEXAMETASHONE
mg/m2

Individualized

EBV-HLH
LA-HLH/MA-HLH
Ch-HLH
MAS-like sepsis
MAS-HLH
IEC-HS

Polyvalent IGG 1-1.6 g/kg (3-5 d split)

Rituximab 375mg/m2

Anakinra 100-800mg/d s.c./ev

Ruxolitinib 5mg to 40mg/d per os (ng tube if need)

LA-HLH
EBV-HLH
r/r HLH
r/r MAS-HLH

Etoposide 50-150mg/m2 biw



PATOLOGO

INTERNISTA

INFETTIVOLOGO

………..

INTENSIVISTA

EMATOLOGO

Lesson learned 



Special thanks to all the 
patients who are still with 
us and to those who were 
part of our journey.







HEMATOLOGISTS AND INFLAMMATION

SYSTEMIC BUT CLINICALLY INAPPARENT
o inflammaging

CHRONIC SYMPTOMATIC INFLAMMATION
o HM with inflammation or systemic autoimmune/inflammatory 

disorders



HEMATOLOGISTS AND INFLAMMATION: DD

SYSTEMIC BUT CLINICALLY INAPPARENT
o inflammaging

CHRONIC SYMPTOMATIC INFLAMMATION
o HM with inflammation or systemic 

autoimmune/inflammatory disorders

TOO MUCH INFLAMMATION
o Sepsis
o Macrophage activation like syndrome (MALS)
o Cytokine release syndrome (CRS)
o MAS-HLH
o Immune effector cell-associated HLH-like syndrome
o HLH



HEMATOLOGISTS AND INFLAMMATION: DD

Macrophage activation like syndrome (MALS) MAS-HLH

MALS: 
Sepsis+
hyperinflammatory phenotype 

MALS definition:

o ferritin cut-off of 4420 mg/ L in sepsis patients
o hepatobiliary dysfunction and DIC  

sepsis → an inadequate host response to infection

High mortality rates 
in sepsis 

complicated by 
MALS (79%)

excessive release of proinflammatory cytokines, IL-

6,TNF-a, IFN-g, hyperferritinemia 

The CSSs associated with sJIA and AOSD are essentially
identical, consistent with the increasing recognition of these
disorders as a single entity extending across age groups.
Hyperinflammation is driven primarily by a dysregulated IL-1
inflammasome, resulting in excess release of both IL-1 and
IL-18; gain-of-function inflammasome mutations are
becoming more widely recognized in affected patients with
sJIA or AOSD
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