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ABSTRACT

Haemophagocytic lymphohistiocytosis (HLH) is a rare,
life-threatening hyperinflammatory state characterised
by inappropriate survival of immune cells, cytokine
storm, profound cytopenias, and rapidly progressive
multi-organ failure. In adults with secondary HLH,
the most common triggers include haematological
malignancy, autoimmune/autoinflammatory conditions,
and infections. In Asian contexts, both malignancy-
induced (with higher rates of NK/T-cell lymphoma than
B-cell lymphoma) and Epstein-Barr virus-induced HLH
are particularly common. Additionally, there is a distinct
“Asian” variant of intravascular B-cell lymphoma with
no cutaneous manifestations that tends to manifest
with HLH and may require random skin biopsies to
diagnose. Diagnosis can be supported by the HLH-2004
diagnostic and therapeutic guidelines for haemopha-
gocytic lymphohistiocytosis or the H-score in adult HLH,
and subsequent management involves high-dose corti-
costeroids with targeted immunomodulatory treatments
or chemotherapy directed at the underlying condition.
In this narrative review article, the authors provide
a comprehensive overview of HLH epidemiology,
diagnosis, and management strategies with a practical
approach for frontline clinicians practising in Asian
contexts.
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Vignette:

A 55-year-old Chinese lady was admitted for
pyrexia of unknown origin for 3 weeks, associated
with a 5 kg weight loss. She had no rashes and
no infective, autoimmune, or other systemic
symptoms. On admission, she had fluid-refractory
hypotension requiring inotropic support in the
intensive care unit. Her physical examination was

CLINICAL IMPACT

What is New

e This review provides a practical clinical approach
to patients with suspected haemophagocytic
lymphohistiocytosis (HLH) based on clinical
assessments, laboratory and bone marrow findings.

* Evidence-based management options based on
aetiological classification of HLH are discussed.

Clinical Implications

* Management options for HLH include high-dose
corticosteroids, intravenous immunoglobulin,
interleukin-1 receptor antagonists, and etoposide.

otherwise unremarkable. Laboratory investigations
revealed severe pancytopenia (white blood cell
0.9 x 10°/L, haemoglobin 6.5 g/dL, platelet 16
x 10°/L), transaminitis (aspartate transaminase
500 U/L, alanine transaminase 720 U/L, alkaline
phosphatase 875 IU/L), hypertferritinaemia (ferritin
55,000 ng/mL), hypertriglyceridaemia (4.1 mmol/L)
and hypofibrinogenaemia (1.1 g/L). The coagu-
lation panel was normal. The peripheral blood
film did not show early cells or features of
haemolysis. A whole-body positron-emission tomo-
graphy-computed tomography scan did not reveal
suspicious masses or significant lymphadenopathy.
Bone marrow trephine biopsy revealed haemo-
phagocytosis, with no evidence of haematological
malignancy. The patient was diagnosed with
idiopathic haemophagocytic lymphohistiocytosis
(HLH) and treated with intravenous pulsed
methylprednisolone. However, in the following days,
the patient deteriorated, requiring dual inotropic
support and intubation for mechanical ventilation.
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The deterioration was attributed to a systemic
hyperinflammatory state, with possible nosocomial
pneumonia. Despite supportive and broad-
spectrum antimicrobial treatment, she eventually
succumbed to her illness. A post-mortem exami-
nation was performed, revealing that the patient
had intravascular B-cell lymphoma. The case
was subsequently presented at a mortality and
morbidity meeting, and the team reviewed the
literature, which showed an elevated incidence of
malignancy-associated HLH in Asian populations
(with  NK/T-cell more than B-cell lymphoma).
Notably, the haemophagocytic subtype of
intravascular large B-cell lymphoma, historically
termed the “Asian variant”, is particularly relevant
in Asian populations; it may present without
cutaneous involvement and tends to manifest
with HLH, which was consistent with the patient’s
case. In such cases, random skin biopsies could
have been helpful for diagnosis. The team also
reflected that continued aggressive pursuit of the
rare causes of HLH remains necessary even if the
standard infective/autoimmune/malignancy workup
is unyielding, while being mindful of the potential
for immunosuppressive treatment to mask the
underlying disease process.

INTRODUCTION

Haemophagocytic lymphohistiocytosis (HLH) is a life-
threatening hyperinflammatory syndrome characte-
rised by inappropriate survival and proliferation of
cytotoxic T-cells and macrophages/histiocytes, leading
to cytokine storm (uncontrolled systemic inflammatory
response), haemophagocytosis, and end-organ
damage.! With the rare exception of familial HLH that
is typically seen in the paediatric population, adult
patients usually develop HLH in response to underlying
infective triggers, occult or known malignancies,
or autoimmune conditions. Macrophage activation
syndrome (MAS) is considered a subset of secondary
HLH that is triggered by underlying autoimmune
conditions such as systemic juvenile idiopathic arthritis
(sJIA), adult-onset Still's disease (AOSD), or systemic
lupus erythematosus (SLE).

Patients with HLH often present clinically with
haemodynamic instability, fevers, and even multi-
organ failure requiring intensive care. Laboratory
investigations may reveal characteristic features
of severe hyperferritinaemia, hypofibrinogenaemia,
fasting hypertriglyceridaemia, and a hepatocellular
pattern of transaminitis. These manifestations of
HLH can mimic those of other systemic inflammatory
states such as sepsis and systemic inflammatory
response syndrome, resulting in HLH being frequently
misdiagnosed or diagnosed late. This delay can lead
to severe consequences, as timely treatment is crucial
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to improving patient outcomes.? The use of criteria
that rely on laboratory tests, many of which
have significant overlap with other diseases, poses
additional challenges.?

In this narrative review article, the authors focus on a
practical approach for the diagnosis and management
of HLH in the adult population for frontline clinicians
(Fig. 1).

METHODS

For the purposes of this narrative review article, the
authors performed an updated PubMed search for
articles from January 2000 to December 2025 using
the following terms in title and abstract searches:
“haemophagocytic lymphohistiocytosis” or “hemo-
phagocytic lymphohistiocytosis” or “macrophage
activation syndrome” and “adult”, and included only
articles with full-text availability and article types that
were original research, guidelines, or review articles.
This vyielded 296 articles, which were reviewed
alongside the authors’ personal libraries of relevant
articles on this topic.

RESULTS

Aetiology and disease pathophysiology

From molecular studies, the current postulation of
HLH pathophysiology involves a probable underlying
genetic predisposition to cytolytic pathway dysfunction
or disruption, such that immune cell apoptosis
(immune downregulation) is impaired, culminating in a
vicious cycle of CD8+ T-lymphocyte and macrophage
activation with cytokine release an overall sustained
systemic hyperinflammatory state.'*

HLH can occur in both the paediatric (<18 years)
and adult populations, and can be primary or
secondary. Primary HLH typically manifests in early
childhood due to mutations in genes such as PRFT,
UNC13D, STX11, and STXBP2 that disrupt the
interactions among natural killer (NK) cells, CD8+
cytotoxic T-cells, and antigen-presenting cells.’
Consequently, these dysfunctional and deregulated
cells produce increased levels of proinflammatory
cytokines, causing systemic activation of macro-
phages and a systemic inflammatory state.®
Primary HLH can be further classified based on
the inheritability of the genetic mutations involved
(X-linked, recessive, or dominant), or the clinical
syndrome it occurs in, such as Griscelli syndrome.®
Evidence has emerged of heterozygous mutations
causing HLH as well. While most primary forms
of HLH require 2 mutated copies (homozygous), a
single heterozygous mutation in genes like RAB27A
can increase the risk of developing secondary
HLH or trigger a less common presentation of
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Fig. 1. Diagnostic and management algorithm for suspected cases of HLH.

High-risk patients (e.g. immunocompromised
hosts, severe infections, active malignancies,
AOSD/SLE) with unexplained fevers, cytopenias,
transaminitis, and/or rising ferritin levels

l l

Clinical evaluation (systems-based assessment for organ involvement,
and check for symptoms/signs suggestive of underlying infections,
autoimmune disease, or malignancy)

Critically ill patients with
persistent fevers, cytopenias,
and multi-organ involvement

Clinical Evaluation

Laboratory tests (FBC, RP, LFT, ferritin levels,
fibrinogen, TG, PB film, reticulocyte counts,
coagulation panel), bone marrow biopsy

l

Investigations

Hunt for underlying aetiology (infective screen,
autoantibodies, CT TAP, and tissue biopsies)

Calculate H-score
(cut-off 169) or
——— HLH-2004 (cut-off 4
or 5) to aid
diagnosis of HLH

Diagnosis of
— underlying trigger of
acquired HLH

Transfer patient to intensive care/high-
dependency unit, with multidisciplinary team
involvement (intensivists, haematologists,
rheumatologists, infectious diseases specialists)

Management

Start high-dose intravenous corticosteroids (pulsed methylprednisolone or
dexamethasone) without delay, consider adjunctive IVIG in actively

deteriorating/unstable cases, and commence immunomodulatory treatment that is
directed at underlying cause (e.g. etoposide +/- rituximab for EBV-induced HLH,
etoposide/chemotherapy for haematological malignancies-induced HLH, anakinra for
AOSD-induced MAS, tocilizumab for ICl-induced HLH)

AOSD: adult-onset Still's disease; CT TAP: computed tomography scan of the thorax, abdomen, and pelvis: EBV: Epstein-Barr virus;

FBC: full blood count; HLH: haemophagocytic lymphohistiocytosis; ICI: immune checkpoint inhibitor; IVIG: intravenous immuno-globulin;
LFT: liver function test; MAS: macrophage activation syndrome; PB film: peripheral blood film; RP: renal panel; SLE: systemic lupus
erythematosus Created in BioRender. NG, I. (2025) https://BioRender.com/6q0z30z

primary HLH, especially when combined with other
mutations or factors.®’ In the absence of a charac-
terised genetic syndrome, such cases of primary HLH
are commonly termed familial HLH.

Unlike its paediatric counterpart, adult-onset HLH is
secondary to an acquired pathology. From epidemio-
logical studies across the world (the US, Europe, and
Asia) of secondary HLH cases in adults, the 3 major
causes of HLH are haematological malignancies
(29-73%), infections (18-38%), and autoimmune/
autoinflammatory conditions (0-21%) (Table 1).5% In
Ramos-Casals et al.'s 2014 review of 2197 reported
cases of HLH worldwide, it appears that Asian settings
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(China, South Korea, Japan, and Taiwan) had higher
rates of malignancy-triggered HLH than the West
(the US and European countries), at approxi-mately
50% versus (vs) 33%."® In 2 cohort studies in China,
malignancy-induced HLH was the predominant cause
(42-46%), and T/NK-cell non-Hodgkin lymphoma
outnumbered B-cell lymphoma.' ' On the other hand,
the proportion of autoimmune-related HLH was similar
in both Asian and Caucasian cohorts.' Infection remains
a common trigger in most developed countries, with
Epstein-Barr virus (EBV) being the predominant causative
virus in Asia and the US, whereas human immunodeficiency
virus (HIV) is more commonly the infective trigger in
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European countries.’ In 2 cohort studies in China, EBV
infection was the most commonly identified infective
trigger.'' Besides geographical location, there is
also heterogeneity in the distribution of adult HLH
aetiologies depending on the clinical setting (e.g. acute
and critical care, specialist centres).

latrogenic causes of HLH are rare but increasingly
recognised, ranging from post-transplant (solid
organ or haematopoietic stem cell transplant) to drug
reaction with eosinophilia and systemic symptoms
(DRESS) and, most recently, chimeric antigen receptor
T-cell (CAR-T)/bispecific T-cell engager (BiTE)/
immune checkpoint inhibitor (ICl)-associated HLH.#1¢-1?
In the absence of known primary HLH-associated
genetic mutations that can, by themselves, lead to
HLH manifestations, an acquired “trigger” (infection,
malignancy, autoimmune disease, and/or drugs)
is often required to set off this hyperinflammatory
state."* Additionally, it is not uncommon to have
patients with no identifiable cause of secondary HLH,
with nearly 1in 5 cases labelled as "idiopathic”.?

In adult HLH, a third of cases have more than 1
identified aetiology, for example, haematological
malignancy or autoimmune disease with superimposed
infection.' Brisse’s threshold model best illustrates
the current understanding of adult secondary HLH,

Table 1. Aetiologies of secondary HLH in adults.

which posits that endogenous components (genetic
predisposition) and exogenous components (e.g.
immunocompromised state, infective triggers, mali-
gnancy) are required to collectively tip the
patient over a “threshold” beyond which fulminant
HLH occurs.""

Clinical approach to identifying and diagnosing HLH

Clinicians should have a low threshold to evaluate
for HLH in patients with pyrexia of unknown origin,
as well as critically ill patients with fever, cytopenias
involving 2 or more cell lines, and evidence of multi-
organ involvement. Patients with HLH may present
insidiously*; therefore, close monitoring for evolving
HLH is warranted in high-risk patients, such as those
with a known immunosuppressed state, severe
infections, active malignancies, or associated auto-
immune conditions (AOSD or SLE), who develop
unexplained fevers, cytopenias, transaminitis, or rising
ferritin levels, even if they appear clinically “well” or
stable.

Patients with HLH can present with a myriad of
multisystemic clinical manifestations related to the
hyperinflammatory state/sequelae and/or underlying
condition. These may include persistent unremitting
fevers; haemodynamic instability (e.g. due to third-

Categories Description
Infections e Viruses: human herpes viruses (EBV [predominant in Asia and US™], CMV, HSV, VZV), HIV
(predominant in Europe'), parvovirus B19, hepatitis viruses, HHV-6/8, influenza, dengue, COVID-19,
Ebola virus
e Bacterial: S. aureus, S. pneumoniae, H. influenzae, E. coli, Salmonella spp., Klebsiella spp.,
mycoplasma, Mycobacterium spp. (both tuberculous [predominant'] and non-tuberculous),
Rickettsia spp.
e Fungal: Candida, Histoplasma, Cryptococcus
e  Parasitic: Leishmania spp., Plasmodium spp., Toxoplasma spp., Babesia spp., Pneumocystis jirovecii
Malignancy e Haematological malignancies (most common): lymphoma (especially non-Hodgkin lymphoma),

leukaemia
e  Solid organ malignancies

Adult-onset Still's disease
Systemic lupus erythematosus
Rheumatoid arthritis (rare)
Systemic vasculitides (rare)
Inflammatory bowel disease

Autoimmune/autoinflammatory

Immune-checkpoint inhibitor therapy (e.g. anti-programmed cell death receptor 1 [PD-1],

programmed cell death ligand 1 [PD-L1], and cytotoxic T lymphocyte-associated antigen 4 [CTLA-4]

inhibitors)

e CAR-T therapy

e Drug reaction with eosinophilia and systemic symptoms (DRESS) (commonly implicated drugs
include antibiotics, aspirin and other non-steroidal anti-inflammatory drugs, anticonvulsants [e.g.
carbamazepine, lamotrigine], allopurinol)

e Post-transplant (solid organ, haematopoietic stem cell transplant)

latrogenic (drugs/therapy-related)

CAR-T: chimeric antigen receptor T-cell; CMV: cytomegalovirus; EBV: Epstein-Barr virus; HIV: human immunodeficiency virus;
HLH: haemophagocytic lymphohistiocytosis; HSV: herpes simplex virus; VZV: varicella-zoster virus

Malignancy-associated HLH (especially aggressive T/NK-cell ymphomas) and EBV-associated HLH are particularly common in Asian contexts.
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spacing from vasodilatory state or hypoalbuminaemia);
neurological symptoms (e.g. confusion, ataxia, seizures,
headaches, irritability); non-specific gastrointestinal
symptoms (e.g. nausea/vomiting, abdominal pain,
diarrhoea); hepatosplenomegaly; lymphadenopathy;
as well as evidence of underlying cytopenias
(manifesting as symptoms/signs of anaemia, bleeding
diatheses from thrombocytopenia); liver dysfunction
(manifesting as jaundice, altered mentation due to
hepatic encephalopathy, and coagulopathy); renal
dysfunction (with acute kidney injury potentially
requiring renal replacement therapy); and/or acute
respiratory distress syndrome (manifesting as respira-
tory failure).*"”

In patients with clinical manifestations suggestive
of HLH, it is important to evaluate for clinical clues
that may suggest underlying infections, rheumatic
conditions, malignancy, and iatrogenic causes. For
instance, clinicians should elicit infectious symptoms/
signs such as respiratory symptoms (cough, rhino-
rrhoea, sore throat, breathlessness or pleuritic chest
pain); gastrointestinal symptoms (nausea, vomiting,
abdominal pain, diarrhoea); urinary tract symptoms
(dysuria, urinary frequency and urgency, foul-smelling
urine, haematuria); and skin rashes. Predisposing
history and risk factors should also be elicited, including
the presence of a known immunocompromised state
(e.g. history of human immunodeficiency virus infec-
tion, or use of immunosuppressants); positive sick
contacts; travel history; and high-risk sexual behaviours
and exposures. In addition, to evaluate for associated
autoimmune conditions, clinicians should assess
for quotidian fevers, salmon-pink evanescent rashes
and/or arthralgias/arthritis that wax and wane with
fever, sore throat, clinical evidence of serositis (pleuritic
chest pains, pleural effusions), hepatosplenomegaly,
and/or lymphadenopathy, which may be seen in AOSD,
and evaluate for symptoms/signs of connective tissue
disease including inflammatory arthritis, alopecia, eye
pain/redness, oral ulcers, malar rash or photosensitivity,
sicca symptoms, Raynaud’s phenomenon, vasculitic
rashes or cutaneous manifestations of SLE. Likewise,
assess for B-symptoms (fever, night sweats, significant
loss of appetite/weight) and generalised lympha-
denopathy, which may be seen in lymphomas. It is
equally important to review patients’ medication
records to look for potential drug triggers associated
with DRESS (these patients may also have eosinophilia
and rashes). It is crucial to perform a review of drug
history, and for patients with known cancers, the
recent treatment history of immune checkpoint
inhibitors or CAR-T therapies.

In all suspected cases of HLH, laboratory tests
including full blood count, liver and renal function tests,
serum ferritin levels, fibrinogen, fasting triglyceride
(TG), peripheral blood film and reticulocyte counts,
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haemolytic screen (haptoglobin, lactate dehydro-
genase [LDH], and indirect bilirubin), coagulation
panel, and/or specialised biomarkers (soluble CD25,
CD163, NK cell activity, cytokine panel) should be
performed (Table 2).2* Although measurement of
fasting triglyceride levels is suggested in conventional
HLH criteria,” it may not be practical in acutely ill
patients. Non-fasting lipids are increasingly accepted
in guidelines on routine cholesterol screening and
cardiovascular risk prediction®; however, the accuracy
of non-fasting lipids in HLH criteria remains to be
established. As with other biochemical markers, TG
should not be interpreted in isolation and is neither
specific nor sensitive on its own to predict HLH. For
instance, a recent study found that hypertriglyceri-
daemia was a common metabolic sequela that
persisted in 1 in 5 intensive care unit patients even
3 months after their discharge.?® Although immune
biomarkers such as those assessing T/NK-cell activity
have increasingly been described, their use in routine
clinical practice remains limited by cost considerations
and lack of widespread test availability.?* Serum
ferritin is an excellent screening biomarker: levels
<500 pg/L have a 94% sensitivity in ruling out HLH,?
and very high levels (>10,000 pg/L) are highly
suggestive of the diagnosis in paediatric HLH.?
However, extreme elevation of ferritin levels has
lower diagnostic specificity in adults, in whom sepsis,
liver failure, adult-onset Still's disease and malignancy
can also produce extreme hyperferritinaemia. Of
note, C-reactive protein is typically elevated but
lacks diagnostic specificity and can be blunted when
interleukin (IL)-6 inhibitor therapy is used, whereas
erythrocyte sedimentation rate (ESR) can be spuriously
normal due to hypofibrinogenaemia in HLH.*%

Bone marrow aspirate and trephine biopsy were
traditionally considered to be important in the
diagnostic evaluation of suspected HLH, in part due to
their stated role in the original HLH diagnostic criteria.
The utility of bone marrow evaluation is primarily to
look for histopathological evidence of haemopha-
gocytosis. However, bone marrow haemophagocytosis
has poor sensitivity and specificity: it is absent in up
to 40% of HLH patients because it appears late, and
it can also occur secondary to infection, autoimmune
disease, marrow failure, and transfusion.*2'2’

To facilitate the diagnosis of HLH, 3 sets of main
criteria can be used: the HLH-2004 criteria?? (originally
developed for diagnosis of primary/familial HLH,
revised in 2024'2%), H-score® (developed for use in
adult patients with secondary HLH), and European
Alliance of Associations for Rheumatology/American
College of Rheumatology/Paediatric Rheumatology
International Trials Organisation 2016 MAS classifi-
cation criteria®® (originally developed for use in MAS
secondary to sJIA, and subsequently validated in
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Table 2. Key investigations in suspected cases of secondary HLH in adults.

Test

Description

Full blood count

To evaluate for cytopenias (typically 2 or more cell lines involved; due to cytokine storm-

mediated bone marrow suppression and haemophagocytosis)

© Laboratory reference ranges for full blood count in National University Hospital,
Singapore: white blood cell 4.3-10.4x10%L (males and females); haemoglobin 13.1-16.8
g/dL (males)/11.5-14.9 g/dL (females); platelets 150-410x10°/L (males and females)

© Cytopenias defined in HLH-2004 criteria?? as such: haemoglobin <9 g/dL, platelets
<100x10°/L, neutrophils <1x107/L

o Severe cytopenias defined as such: white blood cell <1.5x10%L, absolute neutrophil
count <0.5x10%/L, haemoglobin <7 g/dL, platelets <50x107/L

To look for eosinophilia (which may suggest DRESS, connective tissue disorder or certain

haematological neoplasms)

C-reactive protein/erythrocyte
sedimentation rate

Typically elevated CRP (but not specific for HLH), may have paradoxically low/normal ESR
(due to low fibrinogen)

Renal panel

To assess for elevated serum creatinine (acute kidney injury)

Liver panel

To assess for hepatocellular pattern of transaminitis (due to cytokine-mediated
hepatocellular injury), hypoalbuminaemia (negative acute phase reactant)

Ferritin levels

Typically elevated (due to increased liver production and macrophage activation)
© <500 pg/L has a 94% sensitivity in ruling out HLH*
© Very high levels (>10,000 pg/L) are highly suggestive of the diagnosis in paediatric HLH?

Fibrinogen

Hypofibrinogenaemia is common (due to pro-coagulant processes that consume fibrinogen,
and cytokine-mediated fibrinogen breakdown)

© Laboratory reference range in National University Hospital, Singapore: 2.18-4.6 g/L
o Cut-off <2.5 g/L used in H-score®and <1.5 g/L used in HLH-2004 criteria®
©  Severe hypofibrinogenaemia <0.5 g/L

Lactate dehydrogenase

Usually elevated (due to cytotoxic sequelae)®

Coagulation panel

To assess for coagulopathy (which could be related to liver dysfunction or concurrent
disseminated intravascular coagulation; if present, should warrant sending off
D-dimer as well)

Triglycerides

Usually elevated, cut-off =1.5 mmol/L used in H-score®, 3 mmol/L used in HLH-2004
criteria®?

Hepatitis B/C/HIV, EBV/CMV/VZV/HSV,
HHV-6/8, parvovirus B19, dengue serology,
mycoplasma serology, respiratory viral swab,
blood cultures, urine cultures

Evaluation of common infections that are reported to be associated with HLH/MAS

Autoantibodies (antinuclear antibodies, anti-
double-stranded DNA, complement C3/C4,
rheumatoid factor, anti-cyclic citrullinated
peptide, antineutrophil cytoplasmic antibodies)

Evaluation of rheumatic conditions associated with HLH/MAS

CT scan of the neck, thorax, abdomen and
pelvis or positron-emission tomography-CT
whole body

To look for suspicious masses/collections (that may suggest occult malignancy/infections),
hepatosplenomegaly, lymphadenopathy (which may be amenable to biopsy),
vascular abnormalities (e.g. in vasculitis or intravascular lymphoma)

Magnetic resonance imaging of the brain

In patients with neurological symptoms/signs, may reveal white/grey matter inflammation,
or leptomeningeal enhancement

Lumbar puncture

In patients with neurological symptoms/signs, may reveal cerebrospinal fluid pleocytosis
and high protein (suggesting central nervous system inflammation)

Bone marrow aspirate and trephine biopsy

To evaluate for histopathological evidence of haemophagocytosis, as well as assess
for evidence of myelo/lymphoproliferative disease

Biopsy of affected tissue (e.g. lymph node,
liver, spleen, lung, skin)

For diagnostic evaluation — both to identify histopathological evidence of
haemophagocytosis (in liver, spleen, lymph nodes), and to assess for occult malignancies
(e.g. random skin biopsies to detect intravascular large B-cell lymphoma in Asian patients)

CMV: cytomegalovirus; CRP: C-reactive protein; CT: computed tomography; DNA: deoxyribonucleic acid; DRESS: drug reaction with eosinophilia
and systemic symptoms; EBV: Epstein-Barr virus; ESR: erythrocyte sedimentation rate; HIV: human immunodeficiency virus; HLH: haemophagocytic
lymphobhistiocytosis; HLH-2004: HLH-2004 diagnostic and therapeutic guidelines for haemophagocytic lymphohistiocytosis; HSV: herpes simplex
virus; MAS: macrophage activation syndrome; VZV: varicella-zoster virus
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adult patients with AOSD*) (Table 3). While the HLH-
2004?? and HLH-20242 criteria are often extrapolated
for use in adult HLH, it must be recognised that
their reportedly high sensitivity/specificity were
derived from their performance in the original deri-
vation cohort of paediatric familial HLH, and when
the HLH-2004 criteria were applied to adult validation
cohorts, their diagnostic accuracy was lower.3"3
Recently, Lachmann et al. performed a multicentre
validation study of the HLH-2004 criteria, HLH-2024
criteria, and the H-score across 13 international
secondary-HLH cohorts comprising both adult and
paediatric patients. They found that the best-performing
diagnostic criteria were the original HLH-2004 criteria
(using decreased cut-off =4) (mean sensitivity 87%,
mean specificity 86%), followed by HLH-2024 criteria
(using decreased cut-off =4) (mean sensitivity 84%,
mean specificity 88%), and then H-score (using cut-off
>169) (mean sensitivity 82%, mean specificity 88%).2
On subgroup analysis of only intensive care unit
patients, all 3 models demonstrated good diagnostic
performance.? For screening purposes, the authors
found that a ferritin cut-off of 500 ug/L had 94% mean
sensitivity in all cohorts to rule out secondary HLH.%»
Bilston et al.'s 2022 multicentre study of adult HLH
patients found that the HLH-2004 criteria (using cut-
off =5) were more specific (3% versus [vs] 71%), but
less sensitive (91% vs 96%) than H-score (using cut-off
>169).>" In general, HLH-2004 performed better than
the H-score for most aetiologies, with the exception
of autoimmune and inflammatory aetiologies, for
which the H-score had better sensitivity.?' In post-
haematopoietic stem cell transplant recipients, a higher
optimal H-score cut-off 2233 was reported, due to a
higher probability of presenting with post-transplant
manifestations of fever, cytopenias, splenomegaly
and systemic inflammatory response syndrome, which
overlap with HLH criteria.*’

In recent years, there have also been various
criteria developed to assess for immune effector cell-
associated haemophagocytic lymphohistiocytosis-like
syndrome (IEC-HS), a severe form of haemotoxicity
post-CAR T-cell therapy, including the MD Anderson
2018 criteria,® the European Society for Blood and
Marrow Transplantation (EBMT)/Joint Accreditation
Committee of the International Society for Cell and
Gene Therapy (ISCT) and EBMT/European Hematology
Association 2022 best practice recommendations,*
and the IEC-HS 2023 criteria.®

In adults with undifferentiated HLH, the H-score
offers a convenient, calculator-supported estimate of
probability for clinicians, but it should be interpreted
alongside the HLH-2004/HLH-2024 criteria; of note,
its specificity is lower and diagnostic performance
varies based on the cohort profile and underlying
aetiology, so no single tool replaces clinical judgement
and an active search for the trigger. The H-score
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(conventional cut-off 2169) comprises important
constituent items including underlying immunosup-
pressed state, fever, presence of hepatospleno-
megaly, cytopenias, hyperferritinaemia, hypertrigly-
ceridaemia, hypofibrinogenaemia, and elevated
aspartate transaminase levels, as well as bone marrow
evidence of haemophagocytosis.®

The extent and sequence of aetiological workup
should be based on clinical suspicion of underlying
aetiology, patients’ preferences and goals of care,
and resource availability or cost considerations. In
general, an infective workup could include serologies
for EBV, herpes simplex virus, varicella-zoster virus,
and human immunodeficiency virus, as well as a
dengue screen, COVID-19/respiratory viral swabs,
mycoplasma serology, and other specific microbio-
logical or serological tests for bacterial, fungal, and/
or parasitic infections, depending on the index of
clinical suspicion. Antinuclear antibodies, anti-
double-stranded DNA, complement C3/C4, and/or
rheumatoid factor/anti-cyclic citrullinated peptide,
or antineutrophil cytoplasmic antibodies could be
evaluated for the possibility of connective tissue
diseases. A computed tomography (CT) scan of the
neck, thorax, abdomen, and pelvis, or even a positron-
emission tomography-CT scan, could be performed to
look for evidence of occult malignancies, organome-
galy, lymphadenopathy, infected collections, or
even vessel wall abnormalities, which may suggest
intravascular lymphoma or vasculitis. Bone marrow
evaluation is also helpful to look for signs of
haematological malignancies (lymphoma, leukaemia).
Besides bone marrow evaluation, biopsy of affected/
abnormal tissues (identified clinically or on imaging
modalities) may help with the diagnosis of the
underlying condition,* such as excisional lymph node
biopsy to evaluate for underlying lymphoma, or
bronchoalveolar lavage/transbronchial lung biopsy or
liver biopsy to exclude infections and malignancies.
In particular, there is a highly fatal yet highly elusive
form of lymphoma known as intravascular large B-cell
lymphoma, which can present with a haemophagocytic
variant in Asian populations characterised by fevers,
hepatosplenomegaly, thrombocytopenia, and bone
marrow involvement with non-neoplastic haemo-
phagocytic histiocytes.** If left undiagnosed or
untreated, it is highly aggressive with a median
survival time of 2-8 months.*® Although this subtype
of intravascular lymphoma often has no obvious
cutaneous involvement, limited evidence has shown
that random skin biopsies (RSBs) may be helpful
to diagnose this insidious entity, especially in Asian
patients with a high-risk phenotype (pyrexia of
unknown origin, diagnosed HLH, thrombocytopenia,
and markedly elevated LDH).®” RSBs (either incisional
or telescopic punch biopsies) should be performed
over 3 or 4 different anatomical sites, usually over the
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Table 3. Key HLH diagnostic criteria.

HLH-2004 criteria? HLH-2024 criteria®® EULAR/ACR/PRINTO

(2016) MAS criteria?®

H-score for secondary
adult HLH (2014)®

Diagnostic ~ Presence of either Presence of either Calculate H-score (proposed In a patient with known or
criteria (A) Molecular diagnosis (A) Molecular diagnosis cut-off value of 169) based on suspected systemic juvenile
consistent with familial consistent with familial the following parameters: idiopathic arthritis, diagnosis
HLH; or HLH in a patient with - Underlying can be made if there is fever,
(B) =4-5 of the following: suggestive clinical immunosuppressed state ferritin level >684 ug/L, and
_ Fever 38.5°C symptoms/signs; or (e.g. HIV, or long-term =2 of the following:
- Splenomegaly (=2 cm (B) Eungtional ce'llular ' immunosuppressgnt ,therapy - Platelet <181x109/L
below the costal margin) findings consistent with suclh as gl'ucocomﬁqd,' - Aspartate transaminase
- Cytopenias of =2 fa.n;lllal HLH ina Flfat'ler;t ;}t;csgstpg:lnféj::tt ioprine): >48.U/L . '
peripheral blood lineages with suggestive clinica . .p - Fasting triglycerides
(haemoglobin <9 g/dL, symptoms/signs; or - Fever °C): <384, >1.76 mmol/L
platelets <100x10%/L, (C) 24-5 of the following: 38.4-39.4, or>39.4 Fibrinogen <3.6 g/L
neutrophils <1x10%/L) - Fever=385C - Organomegaly: none,
- Fasting triglycerides =3 - Splenomegaly (2 cm hepatomegaly OR
mmol/L and/or fibrinogen below the costal margin) splenomegaly, or
<1.5¢g/L - Cytopenias of 22 helpatomegally and
- Ferritin levels 2500 pg/L (p|-|ek;ipgera/ldb|_loo|d Iirlweages éi/fon:emnzgfillineage 5
; ) <9 g/dL, platelets - S /
tgl\;v;il;ii;t natural killer <100x109/L, neutrophils ||ne§ges, or 3 lineages
<1x109/L) - Ferritin (ug/L): <2000,
- Soluble CD25 levels Fosti ’ . 2000-6000 or >6000
2400 U/mL - asting triglycerides :
o >3 mmol/L and/or - Fasting triglycerides
- Haemophagocytosis in fibrinogen <1.5 g/L (mmol/L): <1.5, 1.5-4, >4
bone marrow, spleen, o L )
lymph node, or liver - Ferritin levels =500 ug/L - Fibrinogen (g/L): 22.5
- Soluble CD25 levels or<2.5
>2400 U/mL - Aspartate transaminase
- Haemophagocytosis in (IU/1): 230 or <30
bone marrow, spleen, - Haemophagocytosis in bone
lymph node, or liver marrow: absent or present
Removal of NK cell activity
from HLH-2004 criteria
Usage Originally developed for use in patients with primary familial Developed for use in adult Developed for use in MAS
HLH, but with extended usage in secondary adult HLH based patients with secondary HLH secondary to systemic
on external validation studies juvenile idiopathic arthritis,
but subsequently validated
in MAS secondary to adult-
onset Still's disease
Efficacy Familial HLH: 99% sensitivity, Familial HLH: 96.2% Adult HLH: 93-96% sensitivity, Systemic juvenile idiopathic
(in specific  97.1% specificity (for sensitivity, 99.5% specificity 71-86% specificity (for arthritis (paediatric): 73%
derivation cut-off =5)% (for cut-off =5)% H-score =169)33! sensitivity, 99% specificity*
cohorts) Adult-onset Still's disease:

Adult HLH: 91% sensitivity,
93% specificity (for
cut-off =5)37

Critically ill adult HLH: 73-93%

sensitivity, 95-99% specificity
(for cut-off =5)3"%2

Secondary HLH patients
(both adults and children):

87% sensitivity, 86% specificity

(for cut-off =4)%

Critically ill HLH patients
(both adults and children):
84% sensitivity, 88%
specificity (for cut-off =4)*

Critically ill adult HLH: 98%
sensitivity, 83% specificity
(for H-score =169)831

Secondary HLH patients

(both adults and children): 82%
sensitivity, 88% specificity (for
H-score =169)%

100% sensitivity, 70%
specificity*

ACR: American College of Rheumatology; EULAR: European Alliance of Associations for Rheumatology;
HLH: haemophagocytic lymphohistiocytosis; MAS: macrophage activation syndrome; PRINTO: Paediatric Rheumatology International Trials

Organisation

Performance figures for HLH-2004/HLH-2024 were derived from paediatric familial-HLH case-control databases tested against severe infection
and systemic juvenile idiopathic arthritis; accuracy in adult secondary HLH is likely to be lower.
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thigh, posterior arm, and abdominal wall, as well as
cherry angiomas if they are present.® While life-saving
immunosuppressive treatment should not be unduly
delayed, when possible, it is preferable for PET-CT
scans and tissue biopsies to be performed prior to
initiation of high-dose glucocorticoids, which have the
potential to reduce diagnostic yield, especially in the
context of steroid-sensitive lymphomas.

Management strategies for HLH

Management of patients with HLH involves supportive
care in a high-dependency or intensive care unit, with
multidisciplinary team involvement usually comprising
intensivists, haematologists, rheumatologists, and
infectious disease specialists.

Initial immunomodulatory treatment for all HLH
cases (Table 4) typically involves high-dose gluco-

Table 4. Common treatment options for HLH.

corticoids in the form of either intravenous “pulsed”
methylprednisolone (500 mg-1 g/day for 3-5 days)
followed by maintenance prednisolone (1 mg/kg/day)
on a tapering regimen, or a dexamethasone regimen
based on the HLH-94 regimen (10 mg/m? for 2 weeks,
5 mg/m? for 2 weeks, 2.5 mg/m? for 2 weeks, 1.25
mg/m? for 1 week, then taper off by week 8).** Of
note, dexamethasone may be the preferred option in
patients with central nervous system (CNS) involve-
ment due to better CNS penetration.?” Intravenous
immunoglobulin (1 g/kg/day for 2 days, which can
be repeated after 2 weeks) may be considered as an
adjunctive “bridging” treatment option for deterio-
rating or unstable patients.’??'

The choice of treatment depends on the suspected

underlying trigger. Infection-associated HLH requires
prompt initiation of antimicrobial treatment. Speci-

Treatment Mechanism of action Indication Common dosage Important adverse effects/
monitoring required
IV “pulsed” Glucocorticoids MAS Up to 1 g/day for Hyperglycaemia/diabetes,

methylprednisolone

IV/PO dexamethasone

3-5 days’

Secondary HLH
other than MAS

10 mg/m? for 2
weeks, 5 mg/m? for 2
weeks, 2.5 mg/m? for
2 weeks, 1.25 mg/m?
for 1 week, then taper
off by week 8 (HLH-94

regimen)*

metabolic side effects, weight
gain, osteoporosis (long-term),
avascular necrosis (long-term),
cataracts/glaucoma (long-term),
adrenal insufficiency (long-term),
mood/behaviour changes (e.g.
hyperactivity, insomnia), consider
PJP (cotrimoxazole) prophylaxis
and hepatitis B (entecavir)
prophylaxis (anti-HBc positivity)
if using equivalent to prednisolone
=220 mg/day for 21 month

Intravenous immunoglobulin
(IVIG)

Multimodal
immunomodulatory
effects

As initial bridging
therapy in actively
deteriorating/unstable
patients

1 g/kg/day for 2
days? (can repeat
after 14 days)

Allergy, anaphylaxis (IgA-deficient
patients may be predisposed
to anaphylaxis in older IgA-
containing IVIG preparations),
or infusion reactions, caution in
renal impairment (avoid sucrose-
containing IVIG preparations),
beware of pseudohyponatraemia,
transient cytopenias (rarely
haemolysis), fluid overload (in heart
failure or renally impaired patients),
increased thromboembolic risk, risk
of blood-borne infections

SC anakinra

(IV route can be used off-
label; limited availability in
public hospitals)

IL-1 receptor antagonist

MAS

2-6 mg/kg/day, up
to 10 mg/kg/day
in divided doses'
(maximum 100 mg

per dose?)

Injection site reaction,
infection risk (bacterial)

IV etoposide

DNA topoisomerase I
inhibitor

Malignancy-associated
HLH, EBV-associated
HLH, and for
refractory MAS and
other secondary HLH

Either 150 mg/m?
HLH-94 regimen®
or 100 mg/m?2 when
combined with
doxorubicin and
methylprednisolone in
the DEP regimen?%4!
(Renal/liver dose
adjustment is
required.)

Infusion reactions,
gastrointestinal side effects,
alopecia, myelosuppression,

secondary malignancies
(e.g. leukaemia)
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IV/PO cyclosporine

Calcineurin inhibitor

MAS

3-7 mg/kg/day in 2
divided doses (IV) or
3-5 mg/kg/day in 2
divided doses (PO)¥

PO tacrolimus

Calcineurin inhibitor

Alternative to
cyclosporine
for MAS

0.1 mg/kg/day in 2
divided doses?”

Hirsutism (cyclosporine), gingival
hypertrophy (cyclosporine),
gastrointestinal side effects,

neurotoxicity (headache/seizures,

tremors, neuropathy), acute tubular
nephropathy, metabolic side
effects (diabetes, hyperlipidaemia,
gout), increased infection risk (viral
—e.g. CMV, EBV, bacterial, fungal
infections); consider checking
trough levels (pre-third dose
cyclosporine trough 50-100 ng/ml,
tacrolimus trough <20 ng/mL?)

IV emapalumab
(Limited availability in
public hospitals)

IFN-y antagonist

Refractory or recurrent
primary HLH, and
MAS secondary to

6 mg/kg/day for day
1, then 3 mg/kg/
day every 3-4 days

Infusion reactions, increased
infection risk (especially TB,
CMV, V2V, bacterial, PJP),

AOSD/sJIA (can increase up consider antiviral (valacyclovir),
to 10 mg/kg per 3 PJP (cotrimoxazole), antifungal
days for inadequate (fluconazole) prophylaxis?;
response)?’ can monitor CXCL9 to confirm
functional IFN-y blockade?
IV rituximab Anti-CD20 monoclonal Adjunctive 375 mg/m?#/dose, Infusion reactions,
antibody treatment in EBV- weekly, for 2-4 gastrointestinal side effects,
associated HLH, weeks? cytopenias/neutropenia,
core component of hypogammaglobulinaemia,
immunochemotherapy increased infection risk (especially
in lymphoma- hepatitis B virus, CMV, HSV, JC
associated HLH, virus, COVID, bacterial, PJP)
possible role as [consider PJP (cotrimoxazole)
salvage therapy in prophylaxis and hepatitis B
MAS (entecavir) prophylaxis for all
anti-HBc positive patients]
PO ruxolitinib JAK-1/2 inhibitor Salvage therapy Start at 10 mg BD, Gastrointestinal side effects,

uptitrate to maximum

flu-like symptoms, hyperlipidaemia,

increased risk of venous
thromboembolism, increased risk
of infections (especially VZV)

25 mg BD¥

AOSD: adult-onset Still's disease; CMV: cytomegalovirus; DNA: deoxyribonucleic acid; EBV: Epstein-Barr virus; HLH: haemophagocytic
lymphobhistiocytosis; HSV: herpes simplex virus; IFN: interferon; IV: intravenous; IVIG: intravenous immunoglobulin; JAK: Janus kinase;
JC: John Cunningham; MAS: macrophage activation syndrome; PO: per os (by mouth); PJP: Pneumocystis jirovecii; SC: subcutaneous;
sJIA: systemic juvenile idiopathic arthritis; TB: tuberculosis; VZV: varicella-zoster virus

Etoposide requires dose reduction for renal/hepatic impairment and cytopenias (frequently present in HLH) and carries infection and secondary-

malignancy risk.

fically, in patients with EBV-associated HLH, rituximab
can reduce the EBV-infected B-cell reservoir
and is a useful adjunct, but etoposide-based therapy
remains the backbone for high-risk or refractory
disease, especially as EBV typically resides in T/NK
compartments.®®4" For patients with MAS secondary
to AOSD, IL-1 receptor antagonist (anakinra), calci-
neurin inhibitor (cyclosporine), and/or interferon (IFN)-y
inhibitor (emapalumab) should be considered.*
For MAS secondary to other rheumatic diseases,
guideline-directed therapeutic options for severe/
life-threatening manifestations can be considered, for
instance, cyclophosphamide or rituximab, on top of
hydroxychloroquine in SLE.** Refractory MAS may
be treated with etoposide.” For patients with malig-
nancy, definitive chemotherapeutic or other forms
of treatment should be commenced as soon as the
patient is stabilised, as malignancy-associated HLH
will continue to recur if the underlying malignancy
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remains active. Nonetheless, the exact timing at which
cancer treatment (which is also highly immunosup-
pressive) should be commenced depends on the
clinician’s experience and patient contextual factors.
In general, the prognosis of malignancy-associated
HLH is the worst across all HLH aetiological sub-
types, associated with all-cause mortality exceeding
50%.?” Lastly, for CAR-T/BIiTE/ICl-induced HLH, IL-6
receptor antagonist (tocilizumab) and etoposide can
be used."

In terms of salvage therapies for refractory HLH,
multiple agents have been described, ranging from
Janus kinase inhibitors (ruxolitinib), anti-CD52
(alemtuzumab), IFN-y antagonist (emapalumab), to
combination chemo-therapy regimens, plasmapheresis,
and splenectomy, with allogeneic haematopoietic
stem cell transplantation considered for high-risk
haematological malignancies or relapsed disease
following salvage treatment.’??’
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CONCLUSION

HLH is a life-threatening hyperinflammatory syndrome
that can complicate infections, autoimmune conditions,
and malignancies in adult patients. Diagnosis is
often challenging due to non-specific symptoms and
laboratory results. Timely diagnosis requires a high
index of clinical suspicion and a practical approach for
evaluating suspected cases to identify the underlying
triggering condition and to promptly initiate
immunomodulatory treatment.
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