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Introduction

Hemophagocytic lymphohistiocytosis
(HLH) is a rare and highly fatal syndrome of
pathological immune activation leading to
excessive inflammation, hypercytokinemia, and
multi-organ failure."? HLH is broadly divided
into primary HLH, driven mainly by genetic
defects in cytotoxicity®# and secondary HLH, a
heterogeneous group of disorders with similar
clinical and laboratory features to primary
HLH, but characterized by hyperinflammation
rather than defective cytotoxicity.> Primary
HLH occurs nearly exclusively in children. Most
adult HLH is secondary, often in the context of
immunomodulatory therapy, infection, malignancy,
autoimmune/autoinflammatory diseases, or
immunodeficiency.

HLH falls under the umbrella concept of
cytokine storm syndrome (CSS).% In 2020, the
coronavirus disease 2019 (COVID-19) pandemic
greatly amplified clinical interest and research
in CSS,%® and specifically the concept of a
maladaptive immune response to infection.®°
Early on, COVID-19-CSS was compared to
HLH."2 However, HLH is mainly driven by the
interferon-y (IFN-y)-chemokine ligand 9 (CXCL-9)
axis, resulting in profound T cell and macrophage
activation, and is characterized by very high
ferritin and soluble CD25 (sCD25, synonymous
with the alpha chain of the soluble interleukin
(IL)-2 receptor), often with only modestly
elevated C-reactive protein (CRP). In contrast,
COVID-19-CSS is characterized by defective type
I/type Ill interferon responses leading to excessive
IL-6 signaling and very high CRP, which can be
ameliorated by IL-6 inhibition.’®

The increased interest in CSS spurred by
COVID-19 has coincided with significant recent
advances in our understanding of other CSS, such
as thrombocytopenia, anasarca, fever/(reticulin)
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fibrosis, organomegaly, renal dysfunction (TAFRO)
syndrome (typically associated with idiopathic
multicentric Castleman disease, iIMCD-TAFRO)
and severe or catastrophic Still's disease. This
review will provide practical guidance for clinicians
in diagnosing adult HLH, differentiating it from
TAFRO syndrome and Still's disease. Specifically,
in section 3 and Table 2, we propose a heuristic
(problem-solving strategy or shortcut) to decrease
cognitive load when faced with an acutely ill
patient with evolving CSS, with a focus on simple
and readily available inflammatory markers (CRP,
ferritin, sCD25). This heuristic can help clinicians
make diagnostic and therapeutic decisions in real
time.

Diagnosis of HLH

Diagnosis of HLH is challenging because
initial symptoms are often nonspecific, yet
prompt recognition is critical due to the rapidly
progressive nature and high mortality of the
disease. Clinicians should suspect HLH in
patients with fever, unexplained cytopenias,
hyperferritinemia, hepatosplenomegaly, liver
enzyme elevation, coagulopathy, and neurologic
findings, particularly in patients with predisposing
conditions such as underlying lymphoproliferative
disorder, autoimmune disorder, or viral infection.
Diagnostic criteria and tools are summarized in
Table 1.

The most widely used diagnostic criteria
were derived from the HLH-2004 study, which
was based on the observation of 369 pediatric
patients, most of whom had primary HLH.™
However, there are some limitations in
applying these criteria to adults; for example,
ferritin >500 pg/L is very nonspecific in adults,"
and tests of cytotoxic function, such as natural
killer (NK) cell activity or perforin expression by
flow cytometry are rarely helpful in secondary

Vol. 4, Issue 1, Spring 2025 | Canadian Hematology Today



Primary Use

Key Features

Ferritin
sCD25

LDH

Triglycerides

Cytopenias

Hemophagocytosis
NK Cell Activity
Fibrinogen

AST
Hepatosplenomegaly

Fever

Threshold for Diagnosis

Advantages

Limitations
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HLH-2004"

Pediatric HLH diagnosis
Diagnosis requires presence
of =5 of 8 criteria

2500 pg/L

>2400 IU/mL

Not used

2265 mg/dL

Yes, 22 lineages

Yes

Yes, decreased or absent
Yes, =150 mg/dL

Not used

Yes

Yes, 238.5°C

=5 of 8 criteria

Standardized, globally
recognized

Not designed for adult
patients; focused on
cytotoxicity defects

(NK function, genetic
tests) rather than
hyperinflammatory defects

HScore™

Adult HLH, predictive
probability

Points-based score based
on 9 variables

>2,000 ug/L (weighted)
Not used

Yes, Elevated (no cutoff
specified)

>132 mg/dL (weighted)

Hemoglobin <9 g/dL or
platelets <100k

Yes

Not used

Yes, =250 mg/dL

Yes, >30 U/L

Yes

Yes, 238.4°C

Score 2169 (~80% HLH
probability)

Quantitative, accommodates
adults

Lack of markers of immune
activation make it difficult
to distinguish physiologic

from pathologic immune
activation

MS Score?!

MAS in autoimmune
conditions

Weighted equation based
on 7 variables

Yes
Not used

Not used

Not used

Yes, platelet count only

Not used

Not used

Yes

Not used

Not used

Not used

Score z-2.1 is suggestive
of MAS in pediatrics and

=-1.74 in adults

Specific to autoimmune-
associated MAS

Limited applicability outside
of pediatric JIA/Still's

Table 1. Diagnostic criteria and tools for HLH; courtesy of Marian Goubran, MD and Luke Chen, MD, FRCPC, MMEd

Abbreviations: AST: aspartate aminotransferase; HLH: hemophagocytic lymphohistiocytosis; JIA: juvenile idiopathic
arthritis; LDH: lactate dehydrogenase; MAS: macrophage activation syndrome; NK: natural killer; sCD25: soluble CD25.
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sCD25*
(<846 IU/mL)

Key pathology findings

Typical CRP Ferritin

ranges (<3.1mg/L) (<300 ug/L)
HLH* 10-100 mg/L  >>3,000 ug /mL
COVID-19 >100 mg/L  <3,000 pg /mL
CSS

TAFRO >>50 mg/L <3,000 pg /mL
Severe Still's  >100 mg/L >3,000 pg /mL
disease

>3,000 IU/mL Hemophagocytosis

(typically in bone marrow)

Vasculopathic changes,
such as thickened, reactive
endothelium in the skin®
and intussusceptive
angiogenesis in pulmonary
vessels®®

<3,000 IU/mL

Castleman changes in
lymph node Vasculopathy
is common®®
Hemophagocytes may be
seen in bone marrow or
tissue

<3,000 IU/mL

Skin: dyskeratotic/necrotic
keratinocytes in superficial
layers and vacuolar
interface change ¥

<3,000 IU/mL

Table 2. Typical inflammatory biomarker patterns and key pathology findings in four cytokine storm syndromes:
a heuristic*®32; courtesy of Marian Goubran, MD and Luke Chen, MD, FRCPC, MMEd

Abbreviations: COVID-19 CSS: coronavirus disease 2019 cytokine storm syndrome; CRP: C-reactive protein; HLH:

hemophagocytic lymphohistiocytosis; sCD25: soluble CD25.

*Heuristic: problem solving method to decrease cognitive load.

**the authors use the “rule of 3,000” for diagnosing HLH - in most cases of adult HLH, ferritin is >3,000 ug/L and sCD25 is >3,000 IU/mL.

HLH."® A partial answer to this problem was the
development of the HScore, which was designed
to use widely available clinical and laboratory
parameters to diagnose secondary HLH."™ An
HScore greater than 169 has a sensitivity of 93%
and specificity of 86%, accurately classifies 90%
of patients, and has similar utility to HLH-2004 in
adults.?° While the wide applicability of the HScore
is one of its strengths, the deliberate omission
of specialized tests of immune activation, such
as sCD25 and cytokine/chemokine levels, also
limits the ability of HScore to answer the practical
question: “Does this patient have pathological
immune activation (as opposed to a physiological
response to infection, acute iliness, liver disease,
blood transfusion, etc.) as the explanation for their
condition?”

HLH can often be triggered by an underlying
autoimmune or autoinflammatory disorder
(sometimes referred to as macrophage activation

40

syndrome [MAS] in that context), and it can be
challenging to distinguish between HLH and
flare of pre-existing diseases such as lupus or
juvenile idiopathic arthritis juvenile idiopathic
arthritis (JIA)/Still's disease. Therefore, the MS
score was developed based on pediatric patients
to distinguish between patients with a flare of
juvenile idiopathic arthritis and those with MAS/
HLH. This score utilizes a weighted equation

to calculate a score. A score of -2.1 or higher
was shown to have 85% sensitivity and 95%
specificity in distinguishing JIA from MAS.2' A
subsequent analysis in adult patients with Still's
disease suggested a cutoff of =-1.74 for adult
patients, which yielded a sensitivity of 93.5%
and a specificity of 92.6% in diagnosing MAS.2223
We include the MS Score as an illustration of

the evolving approach to diagnosing HLH; other
specialized diagnostic criteria also exist for JIA,
Still's disease, malignancies (most notably the
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activation (e.g. IL-18, CXCL9) and cytotoxicity (NK
function, perforin, and CD107a) must be sent out
to the few centres that offer clinically validated
tests (such as those in Toronto, Cincinnati, or the
Mayo Clinic). This means the results are often not
readily available for urgent therapeutic decisions.
One exception is sCD25, for which the test is
available in many centres. An important caveat
for interpreting sCD25 is that the HLH-2004 cutoff
of >2,400 IU/mL is based on the functional assay,
whereas many labs utilize an enzyme-linked
immunosorbent assay, which reports results in pg/
mL. Unfortunately, there is no reliable conversion
factor from pg/mL to IU/mL;?® some labs suggest
that 20,000 pg/mL is approximately the same as
2,400 IU/mL, but this can vary greatly depending
on the laboratory and reagents used.

Considering these limitations in
laboratory assessment of immune activation/
hyperinflammation, we suggest a heuristic
summarized in Table 2. The typical pattern for
HLH includes very high ferritin and sCD25 levels
(typically well over 3,000 ug/L and 3,000 IU/mL,
respectively) and a modestly elevated CRP (often
<100 mg/L).2°3" In contrast, both Still's disease
and TAFRO syndrome are driven largely by IL-1
(and its helper cytokine, IL-18) and IL-6 and, thus,
have markedly elevated CRP levels that are often
well over 100 mg/L. Further, both syndromes
are characterized by low or modestly elevated
sCD25, and Still's disease is well known to cause
hyperferritinemia, albeit to a lesser degree than
HLH‘31,32

Still's disease is an autoinflammatory disease
formerly called JIA in children and Still's disease in
adults, while now both pediatric and adult cases
fall under the umbrella term of Still's disease.?33
Like HLH, patients with Still's disease present
with fever, hyperferritinemia, liver dysfunction,
and organomegaly. Still's disease is typically
more indolent than HLH but a subset of patients
with Still's disease can present with a particularly
severe illness known as catastrophic adult-onset
Still's disease. These patients can be particularly
challenging to distinguish from HLH.3* CRP and
sCD25 levels can help distinguish these two
conditions: CRP levels >130 mg/L and sCD25
levels <3,900 IU/mL are more suggestive of Still's
disease and differentiate between HLH and Still's
with a sensitivity of 91% and specificity of 93%.32
Additionally, tissue biopsy can be helpful in these
patients. Importantly, hemophagocytosis in the
bone marrow, liver, lymph node, and other tissues
is nonspecific and can be observed in any type of
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CSS (Figure 1A).353¢ |n Still's disease, particularly
in patients with a persistent cutaneous eruption
(more so than the more classic evanescent pink
rash), skin biopsies may reveal dyskeratosis,
apoptotic keratinocytes in the superficial epidermis
and cornified layer, and vacuolar interface change.
These histological findings are highly specific for
Still's disease in the correct clinical context

(Figure 1B).%’

TAFRO can also mimic HLH. In most cases,
TAFRO is idiopathic (human herpesvirus-8
negative) multicentric Castleman’s disease (iMCD-
TAFRO), but TAFRO without lymphadenopathy
or iIMCD has been described as well.?83° TAFRO
syndrome, first described in 2010, is a condition
characterized by thrombocytopenia, anasarca
(edema, pleural effusion, and ascites), fever,
reticulin myelofibrosis (or renal insufficiency),
and organomegaly (hepatosplenomegaly and
lymphadenopathy).*® Hemophagocytosis is often
a feature of bone marrow, liver and other tissue
biopsies in TAFRO (Figure 1C). TAFRO is primarily
driven by IL-6 and is, therefore, associated with
more marked elevations in CRP than are typically
seen in HLH 38, while hyperferritinemia is typically
more modest in TAFRO. Anasarca is considered
an obligatory feature of TAFRO. When diagnosing
HLH, Still's disease, or TAFRO, tissue biopsy is
crucial for TAFRO. Patients with lymphadenopathy
(which is often small volume in TAFRO, <3 cm in
short axis and modestly fludeoxyglucose-positron
emission tomography avid) require urgent biopsy,
which should be excisional whenever possible.
iIMCD-TAFRO is a clinicopathological diagnosis,
and therefore, communication between clinician
and pathologist is crucial. Often, the changes
associated with MCD, such as regressed/
atrophic germinal centers, expanded mantle
zones with “onion skin” appearance, polyclonal
plasmacytosis, prominent follicular dendritic cells,
and hypervascularity, can be read as “reactive” or
non-diagnostic if the pathologist is not aware that
iMCD is in the clinical differential diagnosis
(Figure 1D).%”

Management of HLH

Well-designed prospective clinical trials are
lacking for CSS. The overall mortality for adult
HLH is high, upward of 40% in most centres, and
patients over 65 years and/or with critical illness
have a very guarded prognosis. The HLH-94
study is the largest prospective study previously
performed for HLH treatment, in which
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Figure 1. (A) Macrophages exhibiting haemophagocytic activity in the bone marrow of a 12-year-old girl with nodular
lymphocyte-predominant Hodgkin lymphoma; courtesy of Dr. Audi Setiadi, BC Children’s Hospital; (B) Dyskeratotic
keratinocytes in the upper epidermis and cornified layer (arrows) of a 23-year-old female; characteristic of the
persistent skin eruption in adult-onset Still's Disease; courtesy of Dr. Sylvia Pasternak, Dalhousie University; (C)
Haematoxylin and eosin-stained core needle biopsy of liver showing reactive haemophagocytosis by sinusoidal
Kupffer cells (arrows) in a 46-year-old man with iMCD-TAFRO; 400x magnification; courtesy of Dr. Daniel Owen,
Vancouver General Hospital; (D) Lymph node showing hypervascular changes in a 22-year-old male with iMCD-
TAFRO; courtesy of Dr. Amrah Pirzada, Memorial University of Newfoundland

optimized hyperinflammatory index), and critical
illness.?425

When approaching a patient with suspected
HLH, in addition to a thorough history and physical
examination, we order ferritin, sCD25, and CRP,
and typically perform a bone marrow biopsy to
look for specific causes such as lymphoma and
infectious granulomas, as well as to examine
for hemophagocytosis (Figure 1). Infections,
such as human immunodeficiency virus status,
anaplasmosis (Atlantic Canada), Dengue fever,
and tuberculosis should be assessed. We
typically order Epstein-Barr virus (EBV) and
cytomegalovirus viral loads (determined by PCR
test). EBV is an important and distinctive cause of
HLH associated with worse prognosis and, rarely,
chronic active EBV.2®
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Distinguishing HLH from Other
Cytokine Storm Syndromes

Identifying and accurately diagnosing
patients with cytokine storm syndromes is a
challenge for clinicians, particularly as these
patients are often evaluated in the context of a
busy inpatient consult service. While COVID-19-
CSS is easily recognized because patients have an
acute COVID-19 infection, HLH can be challenging
to differentiate from other inflammatory
syndromes, particularly severe Still's disease and
iMCD-TAFRO. Diagnostic guidelines recommend
measurement of cytokines such as IL-6 for
iMCD,? and IL-18 for Still's disease,?® but these
are more helpful in theory than in practice for most
clinicians. Many of the specialized tests of immune
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249 pediatric patients with HLH were treated with
etoposide-based therapies. This study showed
significant improvement in overall survival to
>50%, in a previously almost universally fatal
disease.*” While etoposide and corticosteroid-
based therapy remain the standard for adults with
secondary HLH,*24% new therapeutic tools are
emerging.

Janus Kinase (JAK) inhibition with ruxolitinib
has shown promise as an adjunctive therapy in
HLH.44-46 Several cytokines implicated in HLH, such
as IL-2, IL-6, and IFN-y, rely on JAK-dependent
signalling pathways. Ruxolitinib has been examined
as salvage therapy and is increasingly used as a
first-line therapy as well for lower-risk patients,
such as those with autoimmune/autoinflammatory
HLH.47-4¢ Qur practice is to treat patients initially
with dexamethasone and etoposide (often a
lower dose of 75 mg/m?) and then transition
them to ruxolitinib-based therapy where possible
to decrease exposure to corticosteroid and
chemotherapy toxicity.

Emapalumab is a human monoclonal antibody
directed against IFN-y. It was initially studied in
patients with primary HLH with relapsed/refractory
disease, and response rates were greater than
60%, and overall survival was 70% at 12 months.*
These results have also been confirmed in real-
world data, in which response rates and overall
survival rates were found to be comparable.®
Studies in adults are limited, but small studies of
patients with secondary HLH suggest a positive
response.® Access to emapalumab is challenging
in the Canadian context.

Other agents used to treat HLH include
anakinra, an IL-1 antagonist, which may be
particularly effective in patients with MAS.52-54
IL-6 blockade with tocilizumab gained recognition
in the era of the COVID-19 pandemic, where it
demonstrated improved outcomes in patients
with COVID-19-CSS. Small retrospective studies
in HLH have also demonstrated a modest benefit
in critically ill patients.®*"5” Nivolumab, an immune
checkpoint inhibitor initially designed for cancer
treatment, has been successfully used in patients
with HLH secondary to EBV infection.%%®

In contrast, patients with severe Still's
disease are typically treated with glucocorticoids
initially. Those who are not responsive to
steroids or have more severe disease can often
benefit from either IL-1 or IL-6 blockade. In
our experience, for severe Still's disease, rapid
initiation of anakinra or tocilizumab is crucial for
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preventing end-organ damage and reducing
toxicity from corticosteroids.28:608"

The first-line treatment for IMCD-TAFRO
is IL-6 inhibition with siltuximab (11 mg/kg
intravenously [IV]) or tocilizumab (8 mg/kg, up
to 800 mg, IV). Corticosteroids can be used as
adjunctive therapy but should be tapered off
quickly to minimize toxicity. Other agents that can
be used for patients with relapsed or refractory
disease include inhibitors of mammalian target
of rapamycin, such as sirolimus, IL-1 antagonists,
such as anakinra, tumour necrosis factor (TNF)
inhibitors, such as adalimumab, thalidomide, and
cytotoxic chemotherapy, such as lymphoma-
based protocols.296263

Conclusion

Clinicians must be able to differentiate
HLH from disease mimickers, including disease
entities such as Still's disease and the TAFRO
variant of multicentric Castleman’s disease. Simple
inflammatory biomarkers (CRP, ferritin, sCD25),
and histological findings from bone marrow,
lymph node, and skin biopsies can be combined
with clinical findings to arrive at a rapid working
diagnosis. While etoposide-based therapies
have classically been the mainstay of treatment,
emerging therapies, including JAK inhibition and
blockade of specific cytokines (IL-1, IL-6, IFN-y,
TNF), have an increasing role in treating patients.

Correspondence

Luke Chen, MD, FRCPC, MMEd
Email: Ichen2@bccancer.bc.ca

Financial Disclosures

M.G.: None declared.
L.C.: None declared.

References

1. Hayden A, Park S, Giustini D, Lee AY, Chen LY.
Hemophagocytic syndromes (HPSs) including
hemophagocytic lymphohistiocytosis (HLH) in adults: A
systematic scoping review. Blood Rev. 2016;30(6):411-
20.

2. Setiadi A, Zoref-Lorenz A, Lee CY, Jordan MB, Chen
LYC. Malignancy-associated haemophagocytic
lymphohistiocytosis. The Lancet. 2022;9(3):e217-e27.

3. Jordan MB, Hildeman D, Kappler J, Marrack P. An animal
model of hemophagocytic lymphohistiocytosis (HLH):
CD8+ T cells and interferon gamma are essential for
the disorder. Blood. 2004;104(3):735-43.

43



Hemophagocytic Lymphohistiocytosis and Other Cytokine Storm Syndromes in Adults

4.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

44

Locatelli F, Jordan MB, Allen C, Cesaro S, Rizzari C,

Rao A, et al. Emapalumab in Children with Primary
Hemophagocytic Lymphohistiocytosis. N Engl J Med.
2020;382(19):1811-22.

Carvelli J, Piperoglou C, Farnarier C, Vely F, Mazodier K,
Audonnet S, et al. Functional and genetic testing in
adults with HLH reveals an inflammatory profile rather
than a cytotoxicity defect. Blood. 2020;136(5):542-52.

Fajgenbaum David C, June Carl H. Cytokine Storm. New
England Journal of Medicine. 2020;383(23):2255-73.

England JT, Abdulla A, Biggs CM, Lee AYY, Hay KA,
Hoiland RL, et al. Weathering the COVID-19 storm:
Lessons from hematologic cytokine syndromes. Blood
Rev. 2021;45:100707.

Cron RQ, Goyal G, Chatham WW. Cytokine
Storm Syndrome. Annual Review of Medicine.
2023;74(1):321-37.

. Chen LYC, Quach TTT. COVID-19 cytokine storm

syndrome: a threshold concept. The Lancet Microbe.
2021;2(2):e49-e50.

Zhang Q, Bastard P, Bolze A, Jouanguy E, Zhang
S-Y, Effort CHG, et al. Life-Threatening COVID-19:
Defective Interferons Unleash Excessive Inflammation.
Med (New York, NY). 2020;1(1):14-20.

Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall
RS, Manson JJ, et al. COVID-19: consider cytokine
storm syndromes and immunosuppression. Lancet.
2020;395(10229):1033-4.

Lucas C, Wong P, Klein J, Castro TBR, Silva J, Sundaram
M, et al. Longitudinal analyses reveal immunological
misfiring in severe COVID-19. Nature. 2020.

Chen LYC, Hoiland RL, Stukas S, Wellington CL, Sekhon
MS. Confronting the controversy: interleukin-6 and the
COVID-19 cytokine storm syndrome. The European
Respiratory Journal. 2020;56(4):2003006.

Stukas S, Goshua G, Kinkade A, Grey R, Mah G, Biggs
CM, et al. Reduced fixed dose tocilizumab 400 mg
IV compared to weight-based dosing in critically ill
patients with COVID-19: A before-after cohort study.
Lancet Reg Health Am. 2022;11:100228.

Henter JI, Horne A, Arico M, Egeler RM, Filipovich
AH, Imashuku S, et al. HLH-2004: Diagnostic
and therapeutic guidelines for hemophagocytic
lymphohistiocytosis. Pediatr Blood Cancer.
2007;48(2):124-31.

Chen LYC, Hayden A, Mattman A. Extreme
hyperferritinaemia, soluble interleukin-2 receptor, and
haemophagocytic lymphohistiocytosis. Br J Haematol.
2019;185(3):605-6.

Rubin TS, Zhang K, Gifford C, Lane A, Choo S, Bleesing
JJ, et al. Perforin and CD107a testing is superior to NK
cell function testing for screening patients for genetic
HLH. Blood. 2017;129(22):2993-9.

Fatma A, Raida BS, Mourad C, Ikram D, Zouheir B,
Henda E. Performances of the H-score and the HLH-
2004 score in the positive diagnosis of secondary
hemophagocytic lymphohistiocytosis. Curr Res Transl
Med. 2023;72(2):103430.

Fardet L, Galicier L, Lambotte O, Marzac C, Aumont
C, Chahwan D, et al. Development and validation
of the HScore, a score for the diagnosis of reactive
hemophagocytic syndrome. Arthritis Rheumatol.
2014,66(9):2613-20.

Bilston L, Croden J, Taparia M, Karkhaneh M, Grossman

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

J, Sun HL. Validation of the HScore and the HLH-2004
diagnostic criteria for the diagnosis of hemophagocytic
lymphohistiocytosis in a multicenter cohort. Eur J
Haematol. 2022;109(2):129-37.

Minoia F, Bovis F, Davi S, Horne A, Fischbach M, Frosch
M, et al. Development and initial validation of the
MS score for diagnosis of macrophage activation
syndrome in systemic juvenile idiopathic arthritis. Ann
Rheum Dis. 2019;78(10):1357-62.

Yao H, Wang Y, Wang Z, Zhao J, Deng X, Zhang Z, et
al. The performance of the diagnostic scoring system
or criteria for macrophage activation syndrome in
systemic juvenile idiopathic arthritis for adult-onset
Still's disease. A multicentre case-control study in
China. Clin Exp Rheumatol. 2021;39 Suppl 132(5):129-
34.

Zhang L, Yang X, Li TF, Liu X, Liu S. Comparison of MS
score and HScore for the diagnosis of adult-onset
Still's disease-associated macrophage activation
syndrome. Ann Rheum Dis. 81. England2022. p. €99.

Zoref-Lorenz A, Murakami J, Hofstetter L, lyer S,
Alotaibi AS, Mohamed SF, et al. An improved index
for diagnosis and mortality prediction in malignancy-
associated hemophagocytic lymphohistiocytosis.
Blood. 2022;139(7):1098-110.

Knaak C, Nyvlt P, Schuster FS, Spies C, Heeren P,
Schenk T, et al. Hemophagocytic lymphohistiocytosis
in critically ill patients: diagnostic reliability of
HLH-2004 criteria and HScore. Critical Care.
2020;24(1):244.

Goubran M, McGinnis E, Stubbins RJ, Nicolson H,
Pourshahnazari P, Belga S, et al. A young woman
with persistent sore throat, Epstein-Barr virus,
lymphadenopathy, and aberrant CD4 + CD7- T-cells.
Am J Hematol. 2023;98(5):824-9.

Fajgenbaum DC, Uldrick TS, Bagg A, Frank D, Wu D,
Srkalovic G, et al. International, evidence-based
consensus diagnostic criteria for HHV-8-negative/
idiopathic multicentric Castleman disease. Blood.
2017;129(12):1646-57.

Fautrel B, Mitrovic S, De Matteis A, Bindoli S, Antdn
J, Belot A, et al. EULAR/PReS recommendations for
the diagnosis and management of Still's disease,
comprising systemic juvenile idiopathic arthritis and
adult-onset Still's disease. Annals of the Rheumatic
Diseases. 2024:ard-2024-225851.

Martin BA. Just in time: mal-HLH in Sweden, 1997 to
2018. Blood. 2024;143(3):187-8.

Hayden A, Lin M, Park S, Pudek M, Schneider M,
Jordan MB, et al. Soluble interleukin-2 receptor is a
sensitive diagnostic test in adult HLH. Blood advances.
2017;1(26):2529-34.

Goubran M, Spaner C, Stukas S, Zoref-Lorenz A,
Shojania K, Beckett M, et al. The role of C-reactive
protein and ferritin in the diagnosis of HLH, adult-onset
still's disease, and COVID-19 cytokine storm. Scientific
reports. 2024;14(1):31306.

Beckett M, Spaner C, Goubran M, Wade J, Avina-Zubieta
JA, Setiadi A, et al. CRP and sCD25 help distinguish
between adult-onset Still's disease and HLH. Eur J
Haematol. 2024.

Ruscitti P, Cantarini L, Nigrovic PA, McGonagle D,
Giacomelli R. Recent advances and evolving concepts
in Still's disease. Nat Rev Rheumatol. 2024.

Vol. 4, Issue 1, Spring 2025 | Canadian Hematology Today



Hemophagocytic Lymphohistiocytosis and Other Cytokine Storm Syndromes in Adults

34. Wahbi A, Tessoulin B, Bretonniére C, Boileau J,
Carpentier D, Decaux O, et al. Catastrophic adult-onset
Still's disease as a distinct life-threatening clinical
subset: case-control study with dimension reduction
analysis. Arthritis research & therapy. 2021;23(1):1-10.

35. Abdelhay A, Mahmoud AA, Al Ali O, Hashem A,

Orakzai A, Jamshed S. Epidemiology, characteristics,
and outcomes of adult haemophagocytic
lymphohistiocytosis in the USA, 2006-19: a national,
retrospective cohort study. eClinicalMedicine.
2023;62.

36. Chandra H, Chandra S, Kaushik R, Bhat N, Shrivastava V.
Hemophagocytosis on bone marrow aspirate cytology:
single center experience in north himalayan region of
India. Ann Med Health Sci Res. 2014;4(5):692-6.

37. Chong DHY, Pasternak S, Taylor T, Armstrong
S, Purdy K, Chen LYC. Skin biopsy findings of
dyskeratotic keratinocytes and vacuolar interface
change in a patient with Still's disease. The Lancet.
2024;404(10467):e6.

38. Iwaki N, Fajgenbaum DC, Nabel CS, Gion Y, Kondo E,
Kawano M, et al. Clinicopathologic analysis of TAFRO
syndrome demonstrates a distinct subtype of HHV-
8-negative multicentric Castleman disease. Am J
Hematol. 2016;91(2):220-6.

39. Nishimura Y, Fajgenbaum DC, Pierson SK, lwaki N,
Nishikori A, Kawano M, et al. Validated international
definition of the thrombocytopenia, anasarca, fever,
reticulin fibrosis, renal insufficiency, and organomegaly
clinical subtype (TAFRO) of idiopathic multicentric
Castleman disease. Am J Hematol. 2021;96(10):1241-
52.

40. Takai K, Nikkuni K, Shibuya H, Hashidate H.
[Thrombocytopenia with mild bone marrow fibrosis
accompanied by fever, pleural effusion, ascites
and hepatosplenomegaly]. Rinsho Ketsueki.
2010;51(5):320-5.

41. Henter JI, Arico M, Egeler RM, Elinder G, Favara BE,
Filipovich AH, et al. HLH-94: a treatment protocol
for hemophagocytic lymphohistiocytosis. HLH study
Group of the Histiocyte Society. Med Pediatr Oncol.
1997;28(5):342-7.

42. EhI'S, Astigarraga |, von Bahr Greenwood T, Hines
M, Horne A, Ishii E, et al. Recommendations for the
Use of Etoposide-Based Therapy and Bone Marrow
Transplantation for the Treatment of HLH: Consensus
Statements by the HLH Steering Committee of the
Histiocyte Society. The journal of allergy and clinical
immunology. 2018;6(5):1508-17.

43. La Rosée P, Horne A, Hines M, von Bahr
Greenwood T, Machowicz R, Berliner N, et al.
Recommendations for the management of
hemophagocytic lymphohistiocytosis in adults. Blood.
2019;133(23):2465-77.

44. Keenan C, Nichols KE, Albeituni S. Use of the
JAK Inhibitor Ruxolitinib in the Treatment of
Hemophagocytic Lymphohistiocytosis. Front Immunol.
2021;12:614704.

45. Wang J, Zhang R, Wu X, Li F, Yang H, Liu L, et al.
Ruxolitinib-combined doxorubicin-etoposide-
methylprednisolone regimen as a salvage
therapy for refractory/relapsed haemophagocytic
lymphohistiocytosis: a single-arm, multicentre, phase 2
trial. Br J Haematol. 2021;193(4):761-8.

Canadian Hematology Today | Vol. 4, Issue 1, Spring 2025

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Zhou L, LiuY, Wen Z, Yang S, Li M, Zhu Q, et al.
Ruxolitinib combined with doxorubicin, etoposide, and
dexamethasone for the treatment of the lymphoma-
associated hemophagocytic syndrome. J Cancer Res
Clin Oncol. 2020;146(11):3063-74.

Zhao L, Yang H, Qu WY, Lu YJ, Feng Z. Case report:
Ruxolitinib plus dexamethasone as first-line therapy in
haemophagocytic lymphohistiocytosis. Front Oncol.
2023;13:1054175.

Wang J, Wang Y, Wu L, Wang X, Jin Z, Gao
Z, et al. Ruxolitinib for refractory/relapsed
hemophagocytic lymphohistiocytosis. Haematologica.
2020;105(5):e210-e2.

Merrill SA, Spaner C, Chen LYC. Goodbye etoposide?
Taking the leap to ruxolitinib in haemophagocytic
lymphohistiocytosis. Br J Haematol. 2024.

Chandrakasan S, Jordan MB, Baker A, Behrens EM,
Bhatla D, Chien M, et al. Real-world treatment
patterns and outcomes in patients with primary
hemophagocytic lymphohistiocytosis treated with
emapalumab. Blood advances. 2024;8(9):2248-58.

Chandrakasan S, Allen CE, Bhatla D, Carter J, Chien
M, Cooper R, et al. Emapalumab Treatment in
Patients With Rheumatologic Disease-Associated
Hemophagocytic Lymphohistiocytosis in the United
States: A Retrospective Medical Chart Review Study.
Arthritis Rheumatol. 2024.

Lee BJ. Improved survival outcomes with anakinra over
etoposide-based therapies for the management of
adults with hemophagocytic lymphohistiocytosis: a
retrospective multicenter research network study.
Ther Adv Hematol. 2024;15:20406207241245517.

Naymagon L. Anakinra for the treatment of adult
secondary HLH: a retrospective experience. Int J
Hematol. 2022;116(6):947-55.

Rajasekaran S, Kruse K, Kovey K, Davis AT, Hassan
NE, Ndika AN, et al. Therapeutic role of anakinra, an
interleukin-1 receptor antagonist, in the management
of secondary hemophagocytic lymphohistiocytosis/
sepsis/multiple organ dysfunction/macrophage
activating syndrome in critically ill children*. Pediatr
Crit Care Med. 2014;15(5):401-8.

Tocilizumab in patients admitted to hospital
with COVID-19 (RECOVERY): a randomised,
controlled, open-label, platform trial. Lancet.
2021;397(10285):1637-45.

Kim JY, Kim M, Park JK, Lee EB, Park JW, Hong J.
Limited efficacy of tocilizumab in adult patients with
secondary hemophagocytic lymphohistiocytosis: a
retrospective cohort study. Orphanet Journal of Rare
Diseases. 2022:17(1):363.

Dufranc E, Del Bello A, Belliere J, Kamar N, Faguer S,
group Ts. IL6-R blocking with tocilizumab in critically
ill patients with hemophagocytic syndrome. Crit Care.
24. England2020. p. 166.

Liu P, Pan X, Chen C, Niu T, Shuai X, Wang J, et
al. Nivolumab treatment of relapsed/refractory
Epstein-Barr virus-associated hemophagocytic
lymphohistiocytosis in adults. Blood. 2020;135(11):826-
33.

Sun J, Luo P, Guo Y, He Y, Wang C. Clinical Features,
Treatment, and Outcomes of Nivolumab-Induced
Hemophagocytic Lymphohistiocytosis. J Immunother.
2024.

45



Hemophagocytic Lymphohistiocytosis and Other Cytokine Storm Syndromes in Adults

60.

61.

62.

63.

64.

65.

66.

46

Bindoli S, De Matteis A, Mitrovic S, Fautrel B, Carmona
L, De Benedetti F. Efficacy and safety of therapies for
Still's disease and macrophage activation syndrome
(MAS): a systematic review informing the EULAR/
PReS guidelines for the management of Still’'s disease.
Annals of the Rheumatic Diseases. 2024;83(12):1731-
47.

Leavis HL, van Daele PLA, Mulders-Manders C, Michels
R, Rutgers A, Legger E, et al. Management of adult-
onset Still's disease: evidence- and consensus-
based recommendations by experts. Rheumatology.
2023;63(6):1656-63.

Fajgenbaum DC, Langan RA, Japp AS, Partridge HL,
Pierson SK, Singh A, et al. Identifying and targeting
pathogenic PI3K/AKT/mTOR signaling in IL-6-
blockade-refractory idiopathic multicentric Castleman
disease. J Clin Invest. 2019;129(10):4451-63.

Mumau M, Irvine A, Ma C, Pierson SK, Shaw B, Gonzalez
MV, et al. A Translational Approach to Identifying and
Targeting TNF Signaling in Idiopathic Multicentric
Castleman Disease. Blood. 2023;142:3921.

Domizio JD, Gulen MF, Saidoune F, Thacker VV, Yatim
A, Sharma K, et al. The cGAS-STING pathway drives
type | IFN immunopathology in COVID-19. Nature.
2022;603(7899):145-51.

Ackermann M, Verleden SE, Kuehnel M, Haverich
A, Welte T, Laenger F, et al. Pulmonary Vascular
Endothelialitis, Thrombosis, and Angiogenesis in
Covid-19. N Engl J Med. 2020;383(2):120-8.

Campbell CM, Owen DR, Montazeripouragha A,
McCormick |, Fajgenbaum DC, Chen LYC. Idiopathic
multicentric Castleman disease with arteriolar
endotheliopathy and secondary haemophagocytosis.
The Lancet Haematology. 2022;9(7):e546.

Vol. 4, Issue 1, Spring 2025 | Canadian Hematology Today



