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Adult haemophagocytic syndrome

Manuel Ramos-Casals, Pilar Brito-Zerén, Armando Lépez-Guillermo, Munther A Khamashta, Xavier Bosch

Haemophagocytic syndromes (haemophagocytic lymphohistiocytosis) have a wide range of causes, symptoms, and
outcomes, but all lead to a hyperinflammatory response and organ damage—mainly reported in paediatric patients,
but reports of adult presentation are increasing. Analysis of the genetic and molecular pathophysiology of these
syndromes have improved the understanding of the crosstalk between lymphocytes and histiocytes and their
regulatoty mechanisms. Clinical presentations with a broad differential diagnosis, and often life-threatening outcome,
complicate the management, which might include supportive intensive care, immunosuppressive and biological
treatments, or haemopoietic stem cell transplantation. Insufficient knowledge of these syndromes could contribute to
poor prognosis. Early diagnosis is essential to initiate appropriate treatment and improve the quality of life and

survival of patients with this challenging disorder.

Introduction

Haemophagocytic syndrome is an immune-mediated
life-threatening disease, which was first described in
1939 by paediatricians Scott and Robb-Smith,' and is
caused by impaired natural killer and cytotoxic T-cell
function. Clinically, the syndrome is characterised by
fever, hepatosplenomegaly, and cytopenia and the finding
of activated macrophages in haemopoietic organs. It has
been given several different names, including
macrophage activation syndrome, which was used for
patients with rheumatological diseases such as juvenile
idiopathic arthritis.? In 1991, the Histiocyte Society
proposed the mname haemophagocytic lympho-
histiocytosis.?

Haemophagocytic lymphohistiocytosis can occur at
any age, but most clinical guidelines, prospective studies,
and treatment trials have focused on paediatric patients.
Little scientific analysis of adult haemophagocytic
lymphohistiocytosis has been done, although an
observational study* in almost 300 Japanese hospitals
identified that 40% of haemophagocytic lympho-
histiocytosis cases occur in adults. This Seminar updates
our current knowledge of haemophagocytic lympho-
histiocytosis and focuses mainly on clinical aspects that
might help specialists treating adults with haemo-
phagocytic lymphohistiocytosis.

Epidemiology

Haemophagocytic lymphohistiocytosis is a rare disease,
with an estimated yearly incidence of one per
800000 people and one to ten per 1 million children in
Italy, Sweden, and the USA.™* Geographical variability
is a key epidemiological characteristic of haemo-
phagocytic lymphohistiocytosis. Figure 1 summarises
the country of origin and causes of 2197 reported
(panel 1) cases of adult haemophagocytic lympho-
histiocytosis—identified in our search strategy—of
which almost 50% are in Japan. The predominant cause
differs in each country, which suggests a specific genetic
background or differences in suspected triggering
agents, particularly infections.” Haemophagocytic
lymphohistiocytosis in some patients with primary viral
infection occurs after travel abroad.®" The
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epidemiological profile of an adult with haemophagocytic
lymphohistiocytosis is not well defined. We reviewed
the clinical characteristics of 775 (panel 1) of
2197 reported cases”™™ and identified a male:female
ratio of 1:7 and a mean age at diagnosis of almost
50 years (table 1).

Causes

Haemophagocytic lymphohistiocytosis has traditionally
been classified according to the cause of disease and is
divided into primary (genetic) and secondary (reactive),
which are subclassified as viral, autoimmune, or
neoplasia related;* although nearly a third of reported
cases in adults have more than one underlying cause. In
children, underlying genetic defects play a predominant
part in the development of haemophagocytic lympho-
histiocytosis. In adults, the two main groups of causative
factors are external (infections and drugs); these either
initiate disease or are underlying diseases or disorders
that increase the risk of haemophagocytic lympho-
histiocytosis (panel 1, figure 2).

Search strategy and selection criteria

We searched Medline and Embase for articles published
from Jan 1, 1974, to Sept 29, 2011, with the term
“hemophagocytic syndrome”. We selected articles that
included adult cases (age >17 years) in which the cause of
haemophagocytic syndrome was clearly detailed. Duplicate
publications, paediatric cases, experimental studies, and
articles with incomplete or irrelevant information were
excluded. We selected articles that described clinical series in
adults (including at least ten patients) to gather information
on the clinical presentation, and articles that analysed
specific treatment interventions in which the response to
treatment was detailed. We also manually searched the
reference list of relevant articles retrieved. Study designs
were considered in the following order (listed from highest
to lowest evidence quality): controlled trials, prospective
cohort studies, case-control studies, retrospective studies,
and case series. Appendix p 1 shows a flow diagram of our
search results.
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Figure 1: Country of origin (A) and cause (B) of 2197 reported cases of haemophagocytic lymphohistiocytosis in adults (panel 1)

EBV=Epstein-Barr virus.

Triggers
Haemophagocytic lymphohistiocytosis has infectious
and non-infectious triggers. Viral infection is the most
frequent trigger, either as a primary infection in healthy
people or after reactivation in immunosuppressed
patients. Herpes viruses account for 62% of reported
viral cases of haemophagocytic lymphohistiocytosis in
adults (panel 1). 43% of the viral cases are due to Epstein-
Barr virus (EBV) and 9% to cytomegalovirus. Of the non-
herpes viruses, more than ten cases were acute
hepatitis A, parvovirus B19, and influenza;
haemophagocytic lymphohistiocytosis has been reported
as the cause of death in patients infected with influenza
HIN1 or HS5NI strains.” Specific geographical
distribution occurs, with EBV the predominant virus in
Asia and the USA, and HIV in Europe (figure 1).
Bacterial infections are reported in 9% of adult cases of
haemophagocytic lymphohistiocytosis, of which 38%
were due to tuberculosis (panel 1). More than half of the
cases related to tuberculosis had underlying
comorbidities and more than 80% had extrapulmonary
disease, with a mortality rate of nearly 50%.%
Haemophagocytic lymphohistiocytosis has also been
reported after adjuvant intravesical or BCG vaccination.”*
Among non-mycobacterium infections, more than
ten cases have been reported for Rickettsia spp,
Staphylococcus spp, and Escherichia coli (panel 1).

Parasites and fungi are less frequent triggers of
haemophagocytic lymphohistiocytosis, with histoplasma,
leishmania, plasmodium, and toxoplasma being the
most frequently reported (panel 1). A travel history is
crucial in the identification of the triggering agent in
immunocompetent patients who have returned from
endemic regions, whereas haemophagocytic lympho-
histiocytosis is often related to opportunistic infections
in immunosuppressed patients (Pneumocystis jiroveci,
Toxoplasma gondii, and fungi).”

Although haemophagocytic lymphohistiocytosis is
mainly related to external infectious triggers, it has also
been associated with some drugs (appendix p 2). Other
isolated triggers include vaccination, surgery (splenectomy,
cardiac surgery, colectomy, hepatic resection, and post
partum), and severe burns.**

Predisposing factors

Patients with cancer are prone to haemophagocytic
lymphohistiocytosis, mainly those with haematological
neoplasms, especially lymphoma. Machaczka and
coworkers® estimated that haemophagocytic lympho-
histiocytosis affects 1% of adults with haematological
cancer, but the prevalence rises to 20% in patients
with some types of B-cell (intravascular form or
presenting without peripheral adenopathies) and T-cell
lymphoma (nasal natural-killer-cell or panniculitis-like;
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appendix p 3). Haemophagocytic lymphohistiocytosis has
also been reported in patients with non-lymphoma
haematological neoplasms and, less frequently, in solid
organ cancers. Intensive chemotherapy can enhance
susceptibility to infection, and some cancers are closely
related to specific viral triggers (T-cell lymphoma is
associated with EBV and multicentric Castleman’s
disease is associated with HIV and human herpesvirus-8
co-infection). In patients with cancer without any
identifiable infectious triggers, the cause and development
of haemophagocytic lymphohistiocytosis has been linked
to excessive cytokine secretion by tumour cells.”

Of more than 30 systemic or organ specific autoimmune
diseases associated with haemophagocytic lympho-
histiocytosis, two are closely associated: systemic lupus
erythematosus and adult-onset Still's disease. More cases
of systemic lupus erythematous associated with
haemophagocytic lymphohistiocytosis have been reported
than have cases of adult-onset Still's disease (133 vs 54,
respectively), but the prevalence of haemophagocytic
lymphobhistiocytosis is higher in adult-onset Still's disease

(12% vs 4%, appendix p 3). Less frequently, haemo-
phagocytic lymphohistiocytosis has been reported in
patients with rheumatoid arthritis, systemic vasculitides,
or inflammatory bowel disease.”*** The reported triggers
of haemophagocytic lymphohistiocytosis in patients with
these diseases are mainly infections and, less frequently,
concomitant drugs.

Haemophagocytic lymphohistiocytosis has been
reported in patients with chronic viral infections. The
best example is in adults with HIV, of whom 173 cases
had the disease (panel 1). A review* showed that most
patients with haemophagocytic lymphohistiocytosis and
HIV are substantially immunosuppressed (>80% have a
CD4 cell count <2x10° cells per pL). In patients with HIV,
haemophagocytic ~ lymphohistiocytosis ~ might  be
triggered Dby opportunistic or non-opportunistic
infections, or related to neoplasms or the initiation of
highly active antiretroviral therapy in about 70% of cases,
whereas nearly 30% have no apparent trigger or
underlying disease.® More infrequently, haemo-
phagocytic lymphohistiocytosis has been reported in

Panel 1: List of triggers and associated diseases and processes detailed in 2197 adult haemophagocytic lymphohistiocytosis

cases identified through search strategy

Infection (1108)

a) Viruses (762)

» Epstein-Barr virus (330)

< HIV(@73)

» Herpes viruses (74)

» Cytomegalovirus (69)

« Viral hepatitis (20)

+ Influenza (14)

»Human parvovirus B19 (14)

+  Other viruses or not specified (68)
Bacteria (206)

+  Mycobacterium tuberculosis (78)
Rickettsia spp (17)

«  Staphylococcus spp (15)

«  Escherichia coli (11)

+  Other bacteria or not specified (85)
c) Parasites (53)

+ Leishmania spp (17)

+  Plasmodium spp (14)

+  Toxoplasma spp(10)

+ Other parasites (12)

Fungi (37)

+ Histoplasma spp (18)

+  Other fungi (19)

e) Infection not specified (50)

(=2
-

(=8
=

Neoplasms (1047)
a) Haematological (981)
»  T-cell or natural-killer ymphoma (369)
»  B-cell lymphoma (333)
»  Leukaemia (67)
+ Hodgkin’s lymphoma (61)
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+ Not specified lymphoma (35)

» (Castleman’s disease (22)

+  Other haematological neoplasmsor not specified (94)
b) Solid (32)
c) Not specified neoplasm (34)

Autoimmune diseases (276)
a) Systemic (244)
+  Systemic lupus erythematosus (133)
» Adult-onset Still's disease (54)
+ Rheumatoid arthritis (18)
+  Vasculitis (11)
+  Other or not specified (28)
b) Organ-specific (32)
+ Inflammatory bowel disease (11)
» Otherdiseases (21)

Other circumstances or diseases (184)
a) Transplantation (95)

+ Kidney (53)

+ Haematological (29)

»  Other (13)

Other circumstances (76)

+ Drugs (20)

» Surgery or biopsies (11)

+ Vaccination or acute injuries (10)
» Diabetes or chronic liver disease (14)
» Pregnancy (11)

»  Haemodialysis (10)

c) Other or not specified (13)

b

-

Idiopathic or unknown (81)

Number of reported cases in parentheses.
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patients with chronic hepatitis B virus or hepatitis C
virus infection.

The same virus can act as either an acute trigger in
some patients or as an underlying predisposing disease
in patients with chronic infection. Thus, haemo-
phagocytic lymphohistiocytosis has been associated with
acute primary infection caused by typically chronic
viruses (HIV, hepatitis B virus, and hepatitis C virus),
whereas some viruses overwhelmingly reported as acute
triggers (EBV and cytomegalovirus) cause haemo-
phagocytic lymphohistiocytosis due to reactivation of
chronic infection.”

Both haematological and solid organ transplantation
are associated with haemophagocytic lymphohistiocytosis.
In patients undergoing haematopoietic stem cell
transplantation,  the  estimated  frequency  of
haemophagocytic lymphohistiocytosis is higher in those
receiving umbilical cord blood transplant (17%) than in
those receiving autologous or allogeneic transplant (<1%)
(appendix p 3). In patients receiving solid organ
transplants, especially kidneys, retrospective studies™**
have estimated a frequency of haemophagocytic
lymphobhistiocytosis of 0-4-2%. In transplant recipients,

Patients (N=775)

Epidemiological features

Mean age (range) 49-03 years (41-67 years)

Women 275/746 (37%)
Clinical features
Fever 524/546 (96%)
Splenomegaly 420/609 (69%)
Hepatomegaly 389/580 (67%)
Pulmonary involvement 61/145 (42%)
Peripheral adenopathies 91/277 (33%)
Neurological involvement 41/161 (25%)
Skin lesions 63/250 (25%)
Gastrointestinal involvement 27/149 (18%)
Renal involvement 9/56 (16%)
Encephalopathy 9/102 (9%)
Haematological and coagulation features
Anaemia

Haemoglobin <5-6 mmol/L 122/181 (67%)

Haemoglobin <4-3 mmol/L 33/151 (22%)
Thrombocytopenia

<100 000 cells per mm? 178/227 (78%)

<10000 cells per mm? 10/168 (6%)
Leukopenia <4000 cells per mm? 198/285 (69%)
Neutropenia

<1000 cells per mm? 61/144 (42%)

<500 cells per mm? 15/64 (23%)
Coagulopathy 91/153 (59%)
D-dimer >54-8 mmol/L 24/49 (49%)
Fibrinogen <4-4 ymol/L 39/81 (48%)
Disseminated intravascular coagulation  40/101 (40%)

(Continues in next column)

haemophagocytic lymphohistiocytosis is often associated
with severe opportunistic infections, although some cases
have been reported in the setting of primary graft failure.

Haemophagocytic  lymphohistiocytosis  has  been
reported in pregnant women and patients with
underlying diseases, including chronic renal or liver
disease, diabetes mellitus, chronic granulomatous
disease, and pernicious anaemia.

Pathophysiology

A defect in granule mediated cytotoxicity, which is
important in killing cells,” is the underlying common
mechanism in both genetic and reactive forms of
haemophagocytic lymphohistiocytosis. The perforin and
Fas systems play a part in the maintenance of
homoeostasis of dendritic cells and restrict T-cell
activation by antigen presentation.”” Enhanced antigen
presentation and repeated interferon vy-dependent
stimulation of Toll-like receptors are postulated as
causal mechanisms of the uncontrolled activation of

Patients (N=775)
(Continued from previous column)
Biochemical features
Ferritin
>1123-5 pmol/L 178/198 (90%)
>2247 pmol/L 164/230 (71%)
22470 pmol/L 40/170 (24%)
Triglycerides
>1.7 mmol/L 132/192 (69%)
>3-0 mmol/L 42/100 (42%)
Hyponatraemia
<135 mmol/L 57173 (78%)
<130 mmol/L 10/17 (59%)
Raised transaminases (ALT and AST)
>40 1U/L 164/286 (57%)
>100 1U/L 48/115 (42%)
Alkaline phosphatase >290 UI/L 66/93 (71%)
Increased lactate dehydrogenase
>500 IU/L 190/243 (78%)
>1000 IU/L 81/152 (53%)
Increased sILR2
>2400 IU/mL 95/120 (79%)
>10000 IU/mL 45/120 (38%)
Haemophagocytosis
Positive bone marrow aspirate 257/304 (85%)
Positive bone marrow biopsy 14/22 (64%)
Data are n/N (%) or mean (range). Variables are not detailed in all cases, and the
prevalence of a specific feature has been stated as number of cases with that
feature (numerator)/number of cases in which the feature was detailed
(denominator). ALT=alanine aminotransferase. AST=aminotransferase.
sILR2=soluble interleukin 2 receptor.
Table 1: Main epidemiological, clinical, histopathological, and
laboratory features of of 775 adult patients with haemophagocytic
lymphobhistiocytosis included in the main reported series including
more than ten cases™*
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Figure 2: Main triggering factors and predisposing diseases of haemophagocytic lymphohistiocytosis in 2197 cases reported in adults (panel 1)

antigen-presenting cells (macrophages and histiocytes)
and T cells.”* This activation produces an exaggerated
inflammatory response caused by hypersecretion of
proinflammatory cytokines such as interferon vy, tumour
necrosis factor a (TNFa), interleukin 1, interleukin 4,
interleukin 6, interleukin 8, interleukin 10, and
interleukin 18.* This so-called cytokine storm could be
pathogenically related to the development of the main
clinical and laboratory features of haemophagocytic
lymphohistiocytosis and contributes to tissue damage
and progressive systemic organ failure.

Clinical presentation
The first symptoms of haemophagocytic lympho-
histiocytosis are non-specific with a generally acute or
subacute (1-4 weeks) clinical presentation.””” The
cardinal features are continuous high fever (>38-5°C) and
enlarged lymphohaemopoietic organs (adenopathies and
hepatosplenomegaly) on examination. A quarter of adult
patients might also have non-specific cutaneous
involvement, including erythematous rashes, oedema,
petechiae, or purpura; special attention should be paid to
subcutaneous, panniculitic-like nodules because of the
close association with underlying T-cell lymphoma.
Internal organ involvement is frequent and often leads
to progressive multiple organ failure,** with intensive
care needed in nearly half of patients.** The spleen and
liver are the most frequently involved organs;”** (table 1)
nearly 60% of patients have altered liver tests, and
haemophagocytic lymphohistiocytosis can present in
adults as encephalopathy, ascites, veno-occlusive disease,
or non-traumatic splenic rupture®** Pulmonary
involvement is frequent (42%), and symptoms can include
cough, dyspnoea, and respiratory failure,*” especially in
cases triggered by respiratory viruses. Non-specific

www.thelancet.com Vol 383 April 26, 2014

gastrointestinal symptoms (18%) include diarrhoea,
nausea, vomiting, and abdominal pain,* with specific
presentations including gastrointestinal haemorrhage,
pancreatitis, or ulcerative bowel disease. Neurological
presentations (25%) are heterogeneous and include coma,
seizures, meningitis, encephalomyelitis, cavernous sinus
syndrome, or cerebral haemorrhage.”**% Some patients
might present with psychiatric changes, including mood
disorders, delirium, or psychosis.”” Other neurological
presentations, such as Guillain-Barré or cauda equina
syndromes have also been reported.” Renal involvement
has been reported in 24 cases (appendix p 4—mainly as
renal failure (88%) or nephrotic syndrome (38%); renal
biopsy disclosed mainly collapsing glomerulonephropathy
(38%) and thrombotic microangiopathy (23%), with half of
cases requiring haemodyalisis.

Internal organ involvement might be attributed to either
the wunderlying disease, infectious triggers, or
complications related to haemophagocytic lympho-
histiocytosis itself. Thus, ulcerative bowel disease might
be related to infectious triggers (cytomegalovirus) or an
underlying process (inflammatory bowel disease), and
CNS involvement to malaria or underlying lymphoma,
whereas haemophagocytic lymphohistiocytosis-related
complications might include haemorrhagic problems in
any organ (caused by disseminated intravascular
coagulation) or acute pancreatitis (caused by severe hyper-
triglyceridaemia).”

Diagnosis

Haemophagocytic ~ lymphohistiocytosis  should be
suspected in patients presenting with unattributable,
continuous high fever, and evidence of multiple organ
involvement. Some laboratory findings might support
the clinical suspicion together with histopathological
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Panel 2: Diagnostic features of haemophagocytic
lymphohistiocytosis*

Epidemiological features

« Family history of haemophagocytic lymphohistiocytosis
« History of severe or recurrent Epstein-Barr virus infection
« Fever after travel abroad

+ Patients from southeast Asia

Clinical findings

« High, persistent fever (>38:5°C)

« Peripheral adenopathies

+  Hepatomegaly

+  Splenomegaly

«  Skin rashes

« Panniculitic-like cutaneous nodules

+ Multiple involvement of internal organs

Laboratory abnormalities

« Severe bicytopenia or pancytopenia

« Increased liver tests (phosphatase alkaline and
transaminases)

« Increased lactate dehydrogenase concentration

» Hypertriglyceridaemia

 Hyperferritinaemia

» Hyponatraemia

« Hypofibrinogenaemia

+ Disseminated intravascular coagulopathy

+ High soluble CD25 or CD163 concentrations

Histopathological findings
« Haemophagocytosis in bone marrow
« Haemophagocytosis in reticuloendothelial organs

*The more features of different subsets the patient presents, the greater the probability
of adiagnosis of haemophagocytic lymphohistiocytosis.

evidence of haemophagocytosis (panel 2). Therefore,
diagnosis of haemophagocytic lymphohistiocytosis relies
on the coexistence of various clinical, laboratory, and
histopathological ~ findings, although none are
pathognomonic alone. The diagnostic guidelines for
haemophagocytic lymphohistiocytosis proposed by the
Histiocyte Society in 1991° and updated in 2004” (panel 3)
are widely used in adults, even though their sensitivity
and specificity remain untested.

Laboratory abnormalities

Cytopenias  are  key laboratory  markers of
haemophagocytic lymphohistiocytosis and are mainly
related to severe cytokine-mediated inflammation.*
Thrombocytopenia and anaemia are identified in almost
80% of adult cases, and leukopenia in 69%. Severe
anaemia (haemoglobin <4-34 mmol/L) or neutropenia
(<5x108 cells per L) are reported in 20% of patients
(table 1), with severe thrombocytopenia (<10" cells per L)
less frequent (69). Positive Coombs tests and schistocytes
are infrequent.

Almost 60% of patients have coagulation disorders
related to liver dysfunction. Hypofibrinogenaemia
(<441 mmol/L) and raised D-dimer levels (>54-76 nmol/L)
are reported in 50% of adult haemophagocytic
lymphohistiocytosis cases. Disseminated intravascular
coagulation is reported in 40% of cases in some series and
is associated with high mortality rates, especially in
patients with severe thrombocytopenia.’'#%%

Nearly 80% of patients have altered liver test results
(increased phosphatase alkaline and transaminase
concentrations in 71% and 57%, respectively). Increased
serum lactate dehydrogenase concentrations, caused by
cell destruction, are reported in 78% of patients, and
increased hyponatraemia is reported in the same
percentage, sometimes associated with a syndrome of
inappropriate  antidiuretic hormone  secretion.®
Hypertriglyceridaemia (>1-67 mmol/L) is identified in
69% of adults with haemophagocytic lymphohistiocytosis
and has been associated with lipoprotein lipase inhibition
caused by excess TNF.”

Increased acute phase reactants (erythrocyte
sedimentation rate or C-reactive protein concentration)
are identified in 80-90% of patients, similar to other
diseases causing systemic inflammation. However,
hyperferritinaemia might play a major part in the
differentiation of haemophagocytic lymphohistiocytosis
from other systemic processes.* Possible causes of
hyperferritinaemia in  haemophagocytic ~ lympho-
histiocytosis include secretion of ferritin by macrophages
or hepatocytes, release during erythrophagocytosis, or
impaired clearance.” Ferritin concentrations of more
than 1126-5 pmol/L are a classification criterion; 90%
of adult patients with haemophagocytic lympho-
histiocytosis have increased concentrations, and 24%
have very high concentrations (22470 pmol/L).

Identification of a triggering infectious agent is
mandatory. The standard tests should be used to
investigate infection with herpes viruses, which are
identified in two-thirds of reported cases of
haemophagocytic lymphohistiocytosis. Primary infection
should be investigated mainly in young adults and
immunocompetent people, whereas reactivations should
be investigated in immunosuppressed adults. To clarify
the triggering role of viral infections (especially those
that are more frequent in adults), analysis of serum viral
load by PCR might be more helpful than serology, the
results of which should always be interpreted with
caution (especially tests for the most common viral
infections). A high serum EBV load might suggest a
triggering role of EBV for haemophagocytic lympho-
histiocytosis  development because patients with
infectious mononucleosis often have lower loads;”
however, high loads might also be identified in patients
with EBV-driven lymphomas as a marker of active
neoplasia.” Other infectious agents (eg, M tuberculosis,
parasites, fungi) should be ruled out according to specific
clinical or epidemiological features.
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Immunological studies

The abnormal immunological response caused by
haemophagocytic lymphohistiocytosis can be measured
either serologically or with functional cellular assays.
Markers of macrophage activation (eg, B2 microglobulin,
neuron specificenolase, neopterin, and transcobalamin IT)
and cytokines (eg, interferon y, TNF a, and especially
interleukin 18) are increased,”” but the key diagnostic
immunological markers are increased CD25 and CD163
concentrations and natural-killer (NK) cell activity.
However, although included in the haemophagocytic
lymphobhistiocytosis classification guidelines, these tests
might not be available in non-specialised centres,” even
though they are accessible through referral laboratories.

High serum concentrations of soluble CD25
(interleukin 2 receptor a) occur in 79% of adult cases of
haemophagocytic lymphohistiocytosis, and very high
concentrations (>10000 wunits per mL) in 37%.
Measurement is made by standard ELISA, but the results
can vary according to the assay used and the cut-off can
be affected by age.”

Increased serum concentrations of soluble CD163 (a
transmembrane haemoglobin and haptoglobin scavenger
protein expressed on monocyte and macrophage
surfaces) are identified in hyperinflammatory processes,
although few data are available for adult patients with
haemophagocytic lymphohistiocytosis.”

Low or absent NK cell activity is a criterion for diagnosis
of haemophagocytic lymphohistiocytosis. NK cell function
can be assessed with different methods (chromium
51 assays, CD107a mobilisation, or granzyme B proteolytic
activity). However, some patients (especially children) who
are critically ill might have normal results, which do not
rule out the diagnosis of haemophagocytic lympho-
histiocytosis.® These techniques have not been
standardised in adults, although Chung and colleagues™
reported lower NK cell activity in 13 adult patients with
haemophagocytic lymphohistiocytosis than that in controls
(8% vs 20%, respectively).

Histopathological studies

Haemophagocytosis, a physiological process that consists
of phagocytosis of haematopoietic cells by activated
macrophages (figure 3), is the key marker of
haemophagocytic lymphohistiocytosis, but is not the
only criterion for diagnosis, and should always be
interpreted in the clinical context. Haemophagocytosis
might be physiologically enhanced in some situations,
including blood transfusions, infection, autoimmune
diseases, and other causes of bone marrow failure or red
blood cell destruction. Isolated organ-confined
haemophagocytosis also occurs in the lymph nodes after
surgery, and in the lung, liver, spleen, and skin
(cytophagic histiocytic panniculitis).>**” The bone
marrow is the preferred anatomical site for investigation
of suspected haemophagocytic lymphohistiocytosis, with
positive aspirates identified in 84% of reported adult
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Panel 3: Diagnostic guidelines for haemophagocytic
lymphohistiocytosis used in the HLH-2004 trial®

Molecular diagnosis consistent with HLH

+ Pathological mutations of PRF1, UNC13D, STXBP1,
RAB27A, STX11, SH2D1A, or XIAP

OR

Five of the following criteria

+ Feverof38-5°Cor more

+ Splenomegaly

+ Cytopenias (affecting at least two of three cell lineages in
the peripheral blood)

. Haemoglobin <5-59 mmol/L (infants <4 weeks,
<6-21 mmol/L)
. Platelets <100 cells per 10°/L

. Neutrophils <1 cell per 107/L

+ Hypertriglyceridaemia (fasting, >3 mmol/L) and
hypofibrinogenaemia (<1-7 mmol/L), or both

+ Haemophagocytosis in bone marrow, spleen, lymph
nodes, or liver

» Low or absent natural killer-cell activity

« Ferritin greater than 1123.5 pmol/L

» Increased soluble CD25 concentration (alpha chain of
soluble interleukin 2 receptor)

HLH=haemophagocytic lymphohistiocytosis.

cases. Analysis of bone marrow biopsy is less effective
(64%) than aspirates, but might be useful to rule out
underlying haematological neoplasia. Haemophago-
cytosis can also occur in the reticuloendothelial organs
(lymph nodes, spleen, and liver) and occasionally in the
skin or body fluids.?”® Unfortunately, there is no
consensus on the differentiation of pathological
haemophagocytosis from the physiological process.”
Most studies in adults required that more than 2-3% of
macrophages have signs of active haemophagocytosis for
the diagnosis of haemophagocytic lymphohistiocytosis,
with a median of six histiocytes counted per 500 nucleated
cells;” however, a case-control study reported lower
values of haemophagocytosis (0-082% in patients vs
0-009% in controls), with a sensitivity of 83% and a
specificity of 60%.” Haemophagocytic activity might not
occur at all in any organ during the disease course,” and
might be absent in the initial phases of haemophagocytic
lymphohistiocytosis or during dyserythropoiesis—in
cases with high clinical and biological suspicion, repeat
biopsies are recommended. However, the finding of
haemophagocytosis should not be overestimated in the
absence of other clinical or biological features suggestive
of haemophagocytic lymphohistiocytosis.

Genetic defects involving proteins that play a key role
in the control of granule mediated cytotoxicity pathways
are related to development of haemophagocytic
lymphohistiocytosis. Recent studies®® have suggested
the use of screening assays for protein products of
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Figure 3: May-Grinwald Giemsa-stained bone marrow aspirate

Stained bone marrow aspirate shows a macrophage with phagocytised cells
inside the cytoplasm in a 31-year-old woman with haemophagocytic
lymphohistiocytosis, likely associated with an unidentified virus. Courtesy of

Dr Maria Rozman, Pathology Department, Haematopathology Section, Hospital
Clinic, IDIBAPS, University of Barcelona, Spain.

candidate genes (perforin, amyloid P component, and
X-linked inhibitor of apoptosis) or degranulation assays.
A resting NK-cell degranulation of less than 5% has a
sensitivity and specificity of 96% and 88%, respectively.®
In adults, genetic tests might be particularly helpful in
some situations, including patients with a familial
history of haemophagocytic lymphohistiocytosis, adult
onset of familial haemophagocytic lymphohistiocytosis,
history of severe or recurrent EBV infection, patients
with recurrent episodes, or individuals without an
apparent trigger or underlying predisposing disease.”®

Differential diagnosis

The first diagnostic challenge is to differentiate whether
the clinical picture is due to haemophagocytic lympho-
histiocytosis or a severe presentation of infection,
autoimmune disease, or neoplastic disease associated
with haemophagocytic lymphohistiocytosis. In previously
healthy people, a clinical picture resembling haemo-
phagocytic lymphohistiocytosis might be seen in
presentations of viral primary infections or the onset of
neoplastic or autoimmune disease. In patients with
underlying disease, a haemophagocytic lympho-
histiocytosis-like presentation might be seen in those
with severe disease flares (autoimmune disease), rapidly
progressive metastases (cancer), or severe acute infections
or viral reactivations (immunosuppressed patients). For
cases in which hypofibrinogenaemia, hyperferritinaemia,
and hypertriglyceridaemia (especially when
concentrations are substantially changed) and
haemophagocytosis are identified, haemophagocytic
lymphohistiocytosis should be regarded as the most
probable diagnosis. However, very high ferritinaemia
(>22470 pmol/L) might also be identified in histiocytic
malignant diseases and adult-onset Still disease,” whereas
hypertriglyceridaemia and hypofibrinogenaemia occur in

patients with disseminated cancer, sepsis, systemic
inflammatory response syndrome, and multiple organ
dysfunction syndrome, and haemophagocytosis has been
identified in 64% of autopsies of critically ill patients.*
The clinical presentation of haemophagocytic
lymphohistiocytosis often fits into the range of severe
complex systemic processes such as septic shock or
systemic inflammatory response syndrome and multiple
organ dysfunction syndrome®* which makes
differentiation complicated. Additionally, the two most
recently  introduced  haemophagocytic  lympho-
histiocytosis criteria (high soluble CD25 concentration
and decreased NK-cell activity) are also reported in sepsis,
systemic inflammatory response syndrome, and multiple
organ dysfunction syndrome.® Some investigators®
postulate that sepsis, systemic inflammatory response
syndrome, multiple organ dysfunction syndrome, and
haemophagocytic lymphohistiocytosis form a disease
continuum that might share a common mechanism as
their cause—systemic immune dysregulation triggered
Dby a specific external agent.

Supportive treatments

The theoretical basis for treatment of haemophagocytic
lymphobhistiocytosis requires a triple simultaneous
approach. First, support measures are essential because
of frequent life-threatening presentation. Second, the
elimination of triggers (mainly infection) is crucial to
remove the stimuli that initiate abnormal immune
system activation. Third, suppression of the inflammatory
response and cell proliferation (neoplasia), or both, by
immunosuppressive and cytotoxic drugs, respectively, is
necessary.

Supportive intensive care guidelines should be similar
to standard practice for patients with similar life-
threatening diseases such as systemic inflammatory
response syndrome or multiple organ dysfunction
syndrome; however, specific measures should be added
in patients with haemophagocytic lymphohistiocytosis.
Hyperinflammation, coagulopathy, and thrombo-
cytopenia put patients with haemophagocytic lympho-
histiocytosis at very high risk of spontaneous bleeding;
platelet transfusions, fresh frozen plasma and activated
factor VII, or both, might be needed for patients with life-
threatening acute bleeding.*** Growth factors such as
granulocyte colony stimulating factor might be used for
severe neutropenia, although isolated reports have
associated their administration with exacerbation of
haemophagocytic lymphohistiocytosis.®®

Specific treatments

No randomised, controlled clinical trials have investi-
gated potential treatments for haemophagocytic
lymphohistiocytosis. All treatment studies in adults have
been uncontrolled and retrospective and included less
than 20 patients (table 2).**” Likewise, most studies
have investigated drugs at different doses and in various
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combinations. Therefore, treatment decisions continue
to be based on clinical experience and expert opinion.

Active infections in a patient with suspected
haemophagocytic lymphohistiocytosis should always be
treated appropriately. However, supportive care could be
as important as the initiation of pathogen-directed
treatment, which alone might not be sufficient to control
the disease in some patients, especially those with
haemophagocytic lymphohistiocytosis related to herpes
or influenza virus infections.** Pathogen-directed
treatments seem to be largely used in bacterial infections.
In a review” of cases of tuberculosis-associated
haemophagocytic  lymphobhistiocytosis, 60-78%  of
patients given antituberculosis treatment (alone or in
combination with immunomodulatory therapy) survived,
whereas those not treated died.

Glucocorticoid drugs are predominantly included in
initial regimens for the treatment of haemophagocytic
lymphohistiocytosis, irrespective of the cause. Efficacy
of methylprednisolone pulses as initial monotherapy
was reported in nearly half of a cohort of 30 patients

with underlying systemic autoimmune diseases.” Dexa-
methasone is the preferred corticosteroid when CNS

involvement is suspected, because it crosses the blood—
brain barrier better than does prednisone or

prednisolone, and is included in the haemophagocytic
lymphohistiocytosis 1994 and 2004 protocols.*
Ciclosporin is the most frequently used immuno-
suppressive drug in both paediatric and adult patients with
haemophagocytic lymphohistiocytosis (appendix p 5),

patients with autoimmune disease. The 2004 protocol
for paediatric patients with haemophagocytic lympho-
histiocytosis added ciclosporin as induction therapy,®
although this use could increase the risk of CNS toxicity
due to haemophagocytic lymphohistiocytosis-related liver
dysfunction.” Therefore, the dose of ciclosporin should be
reduced in patients with abnormal liver or renal function.
No data are available on the efficacy of other calcineurin
inhibitors in adult patients with haemophagocytic
lymphohistiocytosis, except for a few cases of efficacy with
tacrolimus.” Other successful immunosuppressive
drugs in adult patients with haemophagocytic
lymphohistiocytosis include methotrexate in patients with
rheumatic diseases and cyclophosphamide in those with
systemic autoimmune diseases (appendix p 5). Patients
with CNS involvement could be treated with intrathecal
methotrexate and hydrocortisone every week, although the
risk of posterior reversible encephalopathy syndrome
should be considered.”

Intravenous immunoglobulin therapy has been
successfully used in adults with haemophagocytic
lymphohistiocytosis of different causes. Two small
series™ of adult patients with haemophagocytic
lymphohistiocytosis who were given intravenous immuno-
globulins showed promising results, especially patients
with infection and autoimmune disease, with an estimated
survival rate of 59-75%. The main predictive factor of
response was administration within 2 days of the highest
ferritin concentrations.” Rare reports of renal impairment™
suggest that renal function should be monitored and

and is associated with a 76% survival rate in nephrotoxic comedication should be avoided.
N (mean Cause of HLH Study design  Treatment Survival (%)
age, years) (number)
Tateishi et al, 2009 8 (ND) Multiple Prospective Continuous haemodiafiltration (PMMA-CHDF) for 75%
3 days
Shin et al, 2008* 17 (ND) ND Prospective CHOP 44%
Asci et al, 2006” 6 (ND) Kidney transplant Retrospective  High-dose IVIG 100%
Imashuku et al, 2003% 10 (23) Infection Retrospective  HLH-94 protocol (4), etoposide (4) 75%, 0%
Emmenegger et al, 2001* 20 (42) Autoimmune disease (12), Retrospective  IVIG, ranging between 0-3 g/kg and 1 g/kg per 75%
infection (3), idiopathic (5) bodyweight for 1-5 days
Larroche et al, 2000% 17 (ND) Infection (9), other (8) Multicentre, High-dose IVIG 59%
retrospective  (mean 1-6 g/kg per bodyweight for 3 days)
Tsuda et al, 1997% 7 (55) EBV (3), cytomegalovirus (1),  Retrospective  Ciclosporin A 200-250 mg/day (plus G-CSF in 86%
tuberculosis (1), idiopathic (2) 5 patients)
Ahnetal, 2010* 16 (47) EBV Retrospective  Conservative 0%
Corticosteroids 50%
Corticosteroids + IVIG 100%
Corticosteroids + IVIG + etoposide 11%
Corticosteroids + IVIG + etoposide + ciclosporin A 50%
Ahnetal, 2010* 6(42) Idiopathic Retrospective  Conservative 100%
Corticosteroids +IVIG 100%
Corticosteroids + IVIG + etoposide 50%
Corticosteroids + IVIG + etoposide + cyclosporine A 100%
Alemtuzumab-CHOP 100%
HLH=haemophagocytic lymphohistiocytosis. ND=not detailed. PMMA-CHDF=polymethyl methacrylate membrane haemofiltre. CHOP=cyclophosphamide, adriamycin,
vincristine, and prednisone. IVIG=intravenous immunoglobulin. EBV=Epstein-Barr virus. G-CSF=granulocyte-colony stimulating factor.
Table 2: Summary of the main characteristics of therapeutic studies in adults with HLH**
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Case reports and small series have shown a survival
rate of nearly 80% in patients with cancer, infection, and
autoimmune disease who are treated with plasma
exchange (appendix p 5).

1994 and 2004 guidelines for haemophagocytic
lymphohistiocytosis®® include specific chemotherapy as
the key therapeutic approach for paediatric disease. The
1994 protocol included an 8-week induction therapy with
dexamethasone, etoposide, and intrathecal methotrexate,
and showed increased survival compared with historical
controls. However, no studies have investigated the
efficacy of these protocols in adults, although a global
analysis of adult case reports shows that therapeutic
regimens containing etoposide are associated with better
survival in patients with cancer and infection (71-75%)
than in those with autoimmune diseases (57%) (appendix
p 5). Because the mortality rate was 14-times higher
in children with EBV-associated haemophagocytic
lymphobhistiocytosis who were not given etoposide within
the first 4 weeks,” and it has been suggested that
etoposide might act by partly blocking EBV," etoposide
might be an option in refractory or severe adult cases of
EBV-related  haemophagocytic  lymphohistiocytosis.
Because etoposide is cleared by the liver and kidneys, the
dose should be reduced in patients with renal or liver
failure, and haemopoietic cell transplantation should be
done as soon as possible because of the high risk of
infection, disease reactivation, and secondary
malignancies associated with prolonged etoposide use.

There are few reports of the successful use of biological
treatments for adults with refractory haemophagocytic
lymphohistiocytosis. ~ These  treatments  included
rituximab, infliximab, and etanercept, after patients did
not respond to ciclosporin and intravenous immuno-
globulin, or etoposide, or both.”*** Evidence supporting
these recommendations is scarce, but common sense
and consideration of the underlying disease might help
to select the most appropriate biological drug. Thus, the
use of anti-TNF drugs for patients with haemophagocytic
lymphohistiocytosis and rheumatoid arthritis or
spondyloarthropathies, anti-interleukin 1r (anakinra) and
interleukin-6 (tocilizumab) for patients with adult-onset
Still's disease, and B-cell depleting drugs (rituximab,
belimumab) for those with systemiclupus erythematosus,
Sjogren’s syndrome, or antineutrophil cytoplasmic
antibody-associated vasculitides might be proposed. In
patients with EBV-related haemophagocytic lympho-
histiocytosis with or without associated lymphoma,
rituximab might be a salvage treatment option.***®

Follow-up and patient outcome

Close clinical and biological follow-up is essential during
the first weeks of treatment because absence of response
at 2-3 weeks is often a sign of refractory haemophagocytic
lymphohistiocytosis. C-reactive protein concentration and
erythrocyte sedimentation rate might be useful to monitor
disease activity and assess intercurrent bacterial infection

or therapeutic response. Some studies™ have suggested
an association between the therapeutic response and a
rapid reduction in laboratory parameters such as
hypertriglyceridaemia or hyperferritinaemia, whereas in
patients with EBV-related haemophagocytic lympho-
histiocytosis, quantitative analysis of the cell-free EBV
genome copy number 4 months after therapy might help
assess the response to treatment and have prognostic
value” Unfortunately, there is little evidence for the
management of refractory haemophagocytic lympho-
histiocytosis in adults; however, isolated cases suggest
successful use of ciclosporin after patients did not respond
to intravenous immunoglobulin,” ™ tacrolimus after no
response to ciclosporin," and etoposide after no response
to ciclosporin or intravenous immunoglobulin."*"

Relapse of haemophagocytic lymphohistiocytosis after
a good therapeutic response is not infrequent, although
the rate and possible associated risk factors are unknown.
Any new episode of fever should be carefully assessed for
possible reactivation. Some investigators™ suggest that a
decrease in haematological or liver signs with steady or
increased concentration of serum ferritin, soluble CD25,
and soluble CD163 might suggest a possible relapse.
Relapse can occur when initial treatment is tapered or
withdrawn; patients in relapse often respond to
restoration (or reintensification of ongoing therapy)
during the induction.

Prognostically, haemophagocytic lymphohistiocytosis
is one of the most critical clinical disorders in adults;
the mortality rate was 41% in 1109 adults.*?71323430373
The underlying causes strongly affect survival, with a
poor outcome in patients with neoplasia (especially NK
or T-cell lymphoma) and better results associated with
primary viral infection and autoimmune diseases
(appendix p 6). Appendix p 7 summarises the main
prognostic factors identified in studies of adult patients
with haemophagocytic lymphohistiocytosis. A high
mean age at diagnosis and thrombocytopenia are the
prognostic factors most frequently associated with
death, whereas patients with haemophagocytic lympho-
histiocytosis and underlying neoplasia or idiopathic
causes have a poor outcome compared with patients
with other causes of the disease. Some investigators
suggest that low glycosylated ferritin concentration
could be a marker of severe haemophagocytic
lymphobhistiocytosis,” whereas others have associated
the rate of decrease in ferritin concentration with
mortality in children.™

Although the mortality rate is high during the first weeks
of disease due to progressive multiple organ failure, later
mortality, mainly due to drug toxicities and infections in
patients with persistent neutropenia, can occur.
Additionally, a close follow-up is mandatory in adult
patients who have survived idiopathic haemophagocytic
lymphohistiocytosis, because a further diagnosis of
haematological neoplasia in some cases after a mean of
5-16 weeks."”"™ A second haematological neoplasia has
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been reported in some patients diagnosed with haemo-
phagocytic lymphohistiocytosis-related lymphoma."*

Future perspectives

The very broad pathogenic scenario of haemophagocytic
lymphohistiocytosis, in which genetic defects, pre-
disposing diseases, and triggers of different causes are
mixed together with the high mortality rate, makes the
disease one of the most complicated disorders. Although
most efforts have focused on investigation of the disease
in children, this tendency has changed in recent years
and various studies are trying to shed light on adult
haemophagocytic lymphohistiocytosis.

Risma and Jordan™ have postulated an age-related
decreasing genetic susceptibility pattern, in which
truncating mutations seem to present at early ages,
whereas hypomorphic mutations (missense or splice
site, or both) present at older ages. Zhang and
colleagues™ identified mutations in 25 (14%) of 175 adult
patients; nearly half having the A91V-PRF1 genotype.
Some adults with hypomorphic mutations might only
develop haemophagocytic lymphohistiocytosis when
there is a combination of various triggers and
predisposing disorders.

One of the least understood aspects in the clinical
approach to the disease is the absence of standardised
diagnostic criteria that are adapted to adults, resulting in
frequent missed or delayed diagnoses, even though
Emmenegger and coworkers® proposed a diagnostic
algorithm a few years ago. The diagnostic guidelines
proposed by the Histiocyte Society*® are mainly based on
clinical experience in children, but are widely used in
adults, even though no studies have analysed their
sensitivity and specificity, especially in the differentiation
of haemophagocytic lymphohistiocytosis from other
systemic inflammatory processes (sepsis, cancer, and
adult-onset Still's disease). Furthermore, there is no
information about the value of the two last criteria added
or why five of eight criteria are needed to reach the
diagnosis. Isolated studies in adults have calculated the
sensitivity and specificity of some diagnostic tests, such
as histopathological haemophagocytosis (80-83% and
60%, respectively),”” high ferritin concentrations
(77-82% and 43%, respectively),”” and combined high
concentrations of ferritin and soluble interleukin 2
receptor (positive predictive value of 96%).* An
international, multidisciplinary effort to develop specific
criteria for adults is needed.

Genetic and immunological studies might lead to
advances in the diagnosis and treatment of adult
haemophagocytic lymphohistiocytosis. Sumegi and
colleagues” reported the potential use of gene-
expression signatures to classify the disease. Xu and
colleagues'™ reported a differentiated interferon y blood
cytokine profile in adult cases of haemophagocytic
lymphohistiocytosis compared with with other life-
threatening inflammatory states, which supported the
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dominant role of interferon vy identified in animal
models, whereas Lykens and colleagues™ suggested that
the key pathogenic finding is excess of acutely activated
T cells. These studies suggest that therapies targeting
interferon y and T cells might benefit patients with
haemophagocytic lymphohistiocytosis. Alemtuzumab
has been wused in three adult patients with
haemophagocytic lymphohistiocytosis, which led to
variable outcomes, " but might have a role as a salvage
treatment before haemopoietic cell transplantation
therapy in refractory patients.”” Unfortunately, case
control studies and, therefore, clinical trials, are difficult
to design for haemophagocytic lymphohistiocytosis.

Conclusion

Haemophagocytic lymphohistiocytosis is an increasingly
recognised disorder in adults. It has a life-threatening
clinical presentation that affects a wide range of organ
systems. Haemophagocytic lymphohistiocytosis manifests
in patients with a range of underlying diseases but, unlike
in children where the study of haemophagocytic
lymphohistiocytosis is led by paediatricians, in adults
many medical specialties are involved. We show that there
is little evidence for adult haemophagocytic lympho-
histiocytosis, especially with respect to the diagnosis and
therapeutic approaches. The body of evidence relies
predominantly on case series and uncontrolled studies.
Therefore, diagnostic and therapeutic decision-making
continues to be on the basis of clinical experience and
expert opinion. An increased understanding of the causes
of adult haemophagocytic lymphohistiocytosis, active
multidisciplinary collaboration promoting international
multicentre registries and clinical guidelines, and the
development of more-specific therapies, could help to
improve the poor outcome of haemophagocytic
lymphohistiocytosis.

Contributors

MR-C, PB-Z, and XB conceived and designed the Seminar, MR-C, PB-Z,
AL-G, MAK, and XB gathered the data, MR-C, PB-Z, AL-G, MAK, and
XB analysed and interpreted the data, MR-C, PB-Z, and XB drafted the

Seminar, and MR-C, PB-Z, AL-G, MAK, and XB revised the Seminar for
important intellectual content.

Conflicts of interest
We declare that we have no conflicts of interest relevant to the content of
this Seminar.

Acknowledgments
PB-Z is supported by the Josep Font Research Fellow Award, Hospital
Clinic, Barcelona, Spain. We thank David Buss for his technical assistance.

References

1  Scott RB, Robb-Smith AH. Histiocytic medullary reticulocytosis.
Lancet 1939; 2: 194-98.

2 Emmenegger U, Schaer DJ, Larroche C, Neftel KA.
Haemophagocytic syndromes in adults: current concepts and
challenges ahead. Swiss Med Wkly 2005; 135: 299-314.

3 Henter JI, Elinder G, Ost A, and the The FHL Study Group of the
Histiocyte Society. Diagnostic guidelines for hemophagocytic
lymphohistiocytosis. Semin Oncol 1991; 18: 29-33.

4 Ishii E, Ohga S, Imashuku S, et al. Nationwide survey of
hemophagocytic lymphohistiocytosis in Japan. Int ] Hematol 2007;
86: 58-65.


John Vogel


John Vogel


John Vogel



Seminar

1514

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Arico M, Danesino C, Pende D, Moretta L. Pathogenesis of
haemophagocytic lymphohistiocytosis. Br ] Haematol 2001;

114: 761-69.

Henter J1, Elinder G, Séder O, Ost A. Incidence in Sweden and
clinical features of familial hemophagocytic lymphohistiocytosis.
Acta Paediatr Scand 1991; 80: 428-35.

Niece JA, Rogers ZR, Ahmad N, Langevin AM, McClain KL.
Hemophagocytic lymphohistiocytosis in Texas: observations on
ethnicity and race. Pediatr Blood Cancer 2010; 54: 424-28.

Biank VF, Sheth MK, Talano J, et al. Association of Crohn’s
disease, thiopurines, and primary epstein-barr virus infection
with hemophagocytic lymphohistiocytosis. J Pediatr 2011;

159: 808-12.

Imajoh M, Hashida Y, Murakami M, et al. Characterization of
Epstein-Barr virus (EBV) BZLF1 gene promoter variants and
comparison of cellular gene expression profiles in Japanese patients
with infectious mononucleosis, chronic active EBV infection, and
EBV-associated hemophagocytic lymphohistiocytosis. ] Med Virol
2012; 84: 940-46.

Nakamura I, Nakamura-Uchiyama F, Komiya N, Ohnishi K. A case
of dengue fever with viral-associated hemophagocytic syndrome.
Kansenshogaku Zasshi 2009; 83: 60-63 (in Japanese).

Garcia-Hejl C, Thefenne-Astier H, Navarrot JC, et al. Consciousness
disorders and severe haemolytic anaemia in a patient coming from
overseas. Pathol Biol (Paris) 2008; 56: 314-18 (in French).

Fukaya S, Yasuda S, Hashimoto T, et al. Clinical features of
haemophagocytic syndrome in patients with systemic autoimmune
diseases: analysis of 30 cases. Rheumatology (Oxford) 2008;
47:1686-91.

Takagi S, Masuoka K, Uchida N, et al. High incidence of
haemophagocytic syndrome following umbilical cord blood
transplantation for adults. Br ] Haematol 2009; 147: 543-53.

Karras A, Thervet E, Legendre C, and the Groupe Coopératif de
transplantation d'Ile de France. Hemophagocytic syndrome in renal
transplant recipients: report of 17 cases and review of literature.
Transplantation 2004; 77: 238-43.

Stéphan F, Thioliére B, Verdy E, Tulliez M. Role of
hemophagocytic histiocytosis in the etiology of thrombocytopenia
in patients with sepsis syndrome or septic shock. Clin Infect Dis
1997; 25: 1159-64.

Buyse S, Teixeira L, Galicier L, et al. Critical care management of
patients with hemophagocytic lymphohistiocytosis.

Intensive Care Med 2010; 36: 1695-702.

Kaito K, Kobayashi M, Katayama T, et al. Prognostic factors of
hemophagocytic syndrome in adults: analysis of 34 cases.

Eur | Haematol 1997; 59: 247-53.

Tong H, Ren Y, Liu H, et al. Clinical characteristics of T-cell
lymphoma associated with hemophagocytic syndrome: comparison
of T-cell lymphoma with and without hemophagocytic syndrome.
Leuk Lymphoma 2008; 49: 81-87.

Majluf-Cruz A, Sosa-Camas R, Pérez-Ramirez O, Rosas-Cabral A,
Vargas-Vorackova F, Labardini-Méndez J. Hemophagocytic
syndrome associated with hematological neoplasias. Leuk Res 1998;
22:893-98.

Shimazaki C, Inaba T, Okano A, et al. Clinical characteristics of
B-cell lymphoma-associated hemophagocytic syndrome (B-LAHS):
comparison of CD5+ with CD5- B-LAHS. Intern Med 2001;

40: 878-82.

Takahashi N, Chubachi A, Kume M, et al. A clinical analysis of

52 adult patients with hemophagocytic syndrome: the prognostic
significance of the underlying diseases. Int ] Hematol 2001; 74: 209-13.
Allory Y, Challine D, Haioun C, et al. Bone marrow involvement in
lymphomas with hemophagocytic syndrome at presentation: a
clinicopathologic study of 11 patients in a Western institution.

Am ] Surg Pathol 2001; 25: 865-74.

de Kerguenec C, Hillaire S, Molinié V, et al. Hepatic manifestations
of hemophagocytic syndrome: a study of 30 cases.

Am ] Gastroenterol 2001; 96: 852—57.

Florena AM, lannitto E, Quintini G, Franco V. Bone marrow
biopsy in hemophagocytic syndrome. Virchows Arch 2002;

441: 335-44.

Dhote R, Simon ], Papo T, et al. Reactive hemophagocytic syndrome
in adult systemic disease: report of twenty-six cases and literature
review. Arthritis Rheum 2003; 49: 633-39.

26

27

28

29

30

31

32

33

34

35

36

37

38

39

41

42

43

45

47

Tseng YT, Sheng WH, Lin BH, et al. Causes, clinical symptoms, and
outcomes of infectious diseases associated with hemophagocytic
lymphohistiocytosis in Taiwanese adults. | Microbiol Immunol Infect
2011; 44: 191-97.

Han AR, Lee HR, Park BB, et al. Lymphoma-associated
hemophagocytic syndrome: clinical features and treatment
outcome. Ann Hematol 2007; 86: 493-98.

Ohshima K, Shimazaki K, Sugihara M, et al. Clinicopathological
findings of virus-associated hemophagocytic syndrome in bone
marrow: association with Epstein-Barr virus and apoptosis.

Pathol Int 1999; 49: 533-40.

Rubio Barbén S, Gonzilez Garcia ME, Cienfuegos Basanta MC,
Gonzalez Huerta A]. Hemophagocytic syndrome. Study of 16 cases.
Med Clin (Barc) 2009; 133: 74-75 (in Spanish).

Okamoto M, Yamaguchi H, Isobe Y, et al. Analysis of triglyceride
value in the diagnosis and treatment response of secondary
hemophagocytic syndrome. Intern Med 2009; 48: 775-81.

Takahashi N, Miura I, Chubachi A, Miura AB, Nakamura S.

A clinicopathological study of 20 patients with T/natural killer (NK)-
cell lymphoma-associated hemophagocytic syndrome with special
reference to nasal and nasal-type NK/T-cell lymphoma. Int | Hematol
2001; 74: 303-08.

Fardet L, Galicier L, Vignon-Pennamen MD, et al. Frequency,
clinical features and prognosis of cutaneous manifestations in adult
patients with reactive haemophagocytic syndrome. Br J Dermatol
2010; 162: 547-53.

Fardet L, Lambotte O, Meynard JL, et al. Reactive haemophagocytic
syndrome in 58 HIV-l-infected patients: clinical features,
underlying diseases and prognosis. AIDS 2010; 24: 1299-306.

Ahn JS, Rew SY, Shin MG, et al. Clinical significance of clonality and
Epstein-Barr virus infection in adult patients with hemophagocytic
lymphohistiocytosis. Am | Hematol 2010; 85: 719-22.

Tsuda H, Shirono K. Serum lipids in adult patients with
hemophagocytic syndrome. Am | Hematol 1996; 53: 285.

Prendki V, Stirnemann J, Lemoine M, et al. Prevalence and clinical
significance of Kiipffer cell hyperplasia with hemophagocytosis in
liver biopsies. Am ] Surg Pathol 2011; 35: 337-45.

Risdall RJ, McKenna RW, Nesbit ME, et al. Virus-associated
hemophagocytic syndrome: a benign histiocytic proliferation
distinct from malignant histiocytosis. Cancer 1979; 44: 993-1002.
Tabata R, Tabata C, Kimura T, Nagai T, Yasumizu R. Prominent
granulomas in bone marrow in disseminated lymphoma with
hemophagocytic syndrome. Ann Hematol 2011; 90: 1365-67.
Lambotte O, Khellaf M, Harmouche H, et al. Characteristics and
long-term outcome of 15 episodes of systemic lupus
erythematosus-associated hemophagocytic syndrome.

Medicine (Baltimore) 2006; 85: 169-82.

Henter J1I, Arico M, Egeler RM, et al. HLH-94: a treatment protocol
for hemophagocytic lymphohistiocytosis. HLH study Group of the
Histiocyte Society. Med Pediatr Oncol 1997; 28: 342—47.

Rouphael NG, Talati NJ, Vaughan C, Cunningham K, Moreira R,
Gould C. Infections associated with haemophagocytic syndrome.
Lancet Infect Dis 2007; 7: 814-22.

Brastianos PK, Swanson JW, Torbenson M, Sperati J,

Karakousis PC. Tuberculosis-associated hemophagocytic syndrome.
Lancet Infect Dis 2006; 6: 447-54.

Schleinitz N, Bernit E, Harle JR. Severe hemophagocytic
syndrome after intravesical BCG instillation. Am J Med 2002;

112: 593-94.

Gonzilez MJ, Franco AG, Alvaro CG. Hemophagocytic
lymphohistiocytosis secondary to Calmette-Guérin bacilli infection.
Eur J Intern Med 2008; 19: 150.

Machaczka M, Vaktnis ], Klimkowska M, Higglund H.
Malignancy-associated hemophagocytic lymphohistiocytosis in
adults: a retrospective population-based analysis from a single
center. Leuk Lymphoma 2011; 52: 613-19.

Maakaroun NR, Moanna A, Jacob JT, Albrecht H. Viral infections
associated with haemophagocytic syndrome. Rev Med Virol 2010;
20: 93-105.

Cohen JI, Kimura H, Nakamura S, Ko YH, Jaffe ES.

Epstein-Barr virus-associated lymphoproliferative disease in
non-immunocompromised hosts: a status report and summary of
an international meeting, 8-9 September 2008. Ann Oncol 2009;
20: 1472-82.

www.thelancet.com Vol 383 April 26, 2014



Seminar

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

Akamatsu N, Sugawara Y, Tamura S, et al. Hemophagocytic
syndrome after adult-to-adult living donor liver transplantation.
Transplant Proc 2006; 38: 1425-28.

Yavuz A, Tuncer M, Erdogan O, et al. Is there any effect of
compliance on clinical parameters of renal transplant recipients?
Transplant Proc 2004; 36: 120-21.

Arceci RJ. When T cells and macrophages do not talk: the
hemophagocytic syndromes. Curr Opin Hematol 2008; 15: 359—67.
Chen M, Felix K, Wang J. Critical role for perforin- and Fas-
dependent killing of dendritic cells in the control of inflammation.
Blood 2012; 119: 127-36.

Canna SW, Behrens EM. Not all hemophagocytes are created
equally: appreciating the heterogeneity of the hemophagocytic
syndromes. Curr Opin Rheumatol 2012; 24: 113-18.

Lykens JE, Terrell CE, Zoller EE, Risma K, Jordan MB. Perforin is a
critical physiologic regulator of T-cell activation. Blood 2011;

118: 618-26.

Behrens EM, Canna SW, Slade K, et al. Repeated TLRY stimulation
results in macrophage activation syndrome-like disease in mice.

J Clin Invest 2011; 121: 2264-77.

Sumegi J, Barnes MG, Nestheide SV, et al. Gene expression profiling
of peripheral blood mononuclear cells from children with active
hemophagocytic lymphohistiocytosis. Blood 2011; 117: €151-60.
Milner JD, Orekov T, Ward JM, et al. Sustained IL-4 exposure leads
to a novel pathway for hemophagocytosis, inflammation, and tissue
macrophage accumulation. Blood 2010; 116: 2476-83.

Chiossone L, Audonnet S, Chetaille B, et al. Protection from
inflammatory organ damage in a murine model of hemophagocytic
lymphohistiocytosis using treatment with IL-18 binding protein.
Front Immunol 2012; 3: 239.

Nakatsuka A, Wada ], Nagase R, Takeda M, Yoshino T, Makino H.
Hemophagocytic syndrome associated with fatal veno-occlusive
disease in the liver. Intern Med 2007; 46: 495-99.

Bell MD, Wright RK. Fatal virus-associated hemophagocytic
syndrome in a young adult producing nontraumatic splenic
rupture. | Forensic Sci 1992; 37: 1407-17.

Nakano M, Takase Y, Tatsumi C, Hanada M, Matsuyama T,
Fujimura H. An autopsy case of malignant lymphoma who showed
hearing loss and cavernous sinus syndrome in the first stage and
hemophagocytic syndrome. Rinsho Shinkeigaku 2000; 40: 34-38

(in Japanese).

Wolter M, Badoual C, Wechsler J, et al. Intravascular large cell
lymphoma revealed by diffuse telangiectasia and cauda equina
syndrome. Ann Dermatol Venereol 2002; 129: 320-24 (In French).
Coman T, Dalloz MA, Coolen N, et al. Plasmapheresis for the
treatment of acute pancreatitis induced by hemophagocytic syndrome
related to hypertriglyceridemia. J Clin Apher 2003; 18: 129-31.
Henter J1, Horne A, Aric6é M, et al. HLH-2004: Diagnostic and
therapeutic guidelines for hemophagocytic lymphohistiocytosis.
Pediatr Blood Cancer 2007; 48: 124-31.

Zoller EE, Lykens JE, Terrell CE, et al. Hemophagocytosis causes a
consumptive anemia of inflammation. J Exp Med 2011; 208: 1203-14.
Demirkan F, Vural F, Ozsan GH, Ozcan MA, Ozkal S, Undar B.
Hemophagocytic syndrome associated with inappropiate secretion
of antidiuretic hormone in lymphoma and acute myeloblastic
leukemia: report of two cases. Leuk Lymphoma 2001; 42: 1401-04.
Watabe R, Shibata K, Hirase N, et al. Angiotropic B-cell lymphoma
with hemophagocytic syndrome associated with syndrome of
inappropriate secretion of antidiuretic hormone. Ann Hematol 2000;
79: 581-84.

Henter JI, Carlson LA, Séder O, Nilsson-Ehle P, Elinder G.
Lipoprotein alterations and plasma lipoprotein lipase reduction in
familial hemophagocytic lymphohistiocytosis. Acta Paediatr Scand
1991; 80: 675-81.

Switala JR, Hendricks M, Davidson A. Serum ferritin is a cost-
effective laboratory marker for hemophagocytic
lymphohistiocytosis in the developing world.

J Pediatr Hematol Oncol 2012; 34: e89-92.

Knovich MA, Storey JA, Coffman LG, Torti SV, Torti FM. Ferritin
for the clinician. Blood Rev 2009; 23: 95-104.

Teramura T, Tabata Y, Yagi T, Morimoto A, Hibi S, Imashuku S.
Quantitative analysis of cell-free Epstein-Barr virus genome copy
number in patients with EBV-associated hemophagocytic
lymphohistiocytosis. Leuk Lymphoma 2002; 43: 173-79.

www.thelancet.com Vol 383 April 26, 2014

71

72

73

74

75

76

78

81

82

83

84

85

86

87

88

89

90

Roschewski M, Wilson WH. EBV-associated lymphomas in adults.
Best Pract Res Clin Haematol 2012; 25: 75-89.

Tamura K, Kanazawa T, Tsukada S, Kobayashi T, Kawamura M,
Morikawa A. Increased serum monocyte chemoattractant protein-1,
macrophage inflammatory protein-1beta, and interleukin-8
concentrations in hemophagocytic lymphohistiocytosis.

Pediatr Blood Cancer 2008; 51: 662—-68.

Mazodier K, Marin V, Novick D, et al. Severe imbalance of
IL-18/IL-18BP in patients with secondary hemophagocytic
syndrome. Blood 2005; 106: 3483-89.

Filipovich AH. The expanding spectrum of hemophagocytic
lymphohistiocytosis. Curr Opin Allergy Clin Immunol 2011;

11: 512-16.

Schaer DJ, Schleiffenbaum B, Kurrer M, et al. Soluble
hemoglobin-haptoglobin scavenger receptor CD163 as a
lineage-specific marker in the reactive hemophagocytic syndrome.
Eur | Haematol 2005; 74: 6-10.

Chung H]J, Park CJ, Lim JH, et al. Establishment of a reference
interval for natural killer cell activity through flow cytometry and its
clinical application in the diagnosis of hemophagocytic
lymphohistiocytosis. Int | Lab Hematol 2010; 32: 239—47.

Gupta A, Weitzman S, Abdelhaleem M. The role of
hemophagocytosis in bone marrow aspirates in the diagnosis of
hemophagocytic lymphohistiocytosis. Pediatr Blood Cancer 2008;
50: 192-94.

Valentin SM, Montalvin E, Sanchez JL. Perivascular
hemophagocytosis: report of 2 cases and review of the literature.
Am ] Dermatopathol 2010; 32: 716-19.

Goel S, Polski JM, Imran H. Sensitivity and specificity of bone
marrow hemophagocytosis in hemophagocytic lymphohistiocytosis.
Ann Clin Lab Sci 2012; 42: 21-25.

Sieni E, Cetica V, Piccin A, et al. Familial hemophagocytic
lymphohistiocytosis may present during adulthood: clinical and
genetic features of a small series. PLoS One 2012; 7: e44649.

Nagai K, Yamamoto K, Fujiwara H, et al. Subtypes of familial
hemophagocytic lymphohistiocytosis in Japan based on genetic and
functional analyses of cytotoxic T lymphocytes. PLoS One 2010;

5: e14173.

Bryceson YT, Pende D, Maul-Pavicic A, et al. A prospective
evaluation of degranulation assays in the rapid diagnosis of familial
hemophagocytic syndromes. Blood 2012; 119: 2754-63.

Strauss R, Neureiter D, Westenburger B, Wehler M, Kirchner T,
Hahn EG. Multifactorial risk analysis of bone marrow histiocytic
hyperplasia with hemophagocytosis in critically ill medical
patients—a postmortem clinicopathologic analysis. Crit Care Med
2004; 32: 1316-21.

Kuwata K, Yamada S, Kinuwaki E, Naito M, Mitsuya H. Peripheral
hemophagocytosis: An early indicator of advanced systemic
inflammatory response syndrome/hemophagocytic syndrome.
Shock 2006; 25: 344-50.

Castillo L, Carcillo J. Secondary hemophagocytic lymphohistiocytosis
and severe sepsis/systemic inflammatory response syndrome/
multiorgan dysfunction syndrome/macrophage activation syndrome
share common intermediate phenotypes on a spectrum of
inflammation. Pediatr Crit Care Med 2009; 10: 387-92.

Jordan MB, Allen CE, Weitzman S, Filipovich AH, McClain KL.
How I treat hemophagocytic lymphohistiocytosis. Blood 2011;

118: 4041-52.

Zhuang JL, Jiang QW, Xu Y, Wang SJ. Recombinant activated
factor VII in hemophagocytic lymphohistiocytosis with
disseminated intravascular coagulation. Chin Med J (Engl) 2011;
124: 3189-91.

Celkan T, Alhaj S, Civilibal M, Elicevik M. Control of bleeding
associated with hemophagocytic syndrome in children: an audit of
the clinical use of recombinant activated factor VII.

Pediatr Hematol Oncol 2007; 24: 117-21.

Quesnel B, Catteau B, Aznar V, Bauters F, Fenaux P. Successful
treatment of juvenile rheumatoid arthritis associated
haemophagocytic syndrome by cyclosporin A with transient
exacerbation by conventional-dose G-CSF. Br | Haematol 1997;

97: 508-10.

Wang S, Degar BA, Zieske A, Shafi NQ, Rose MG.
Hemophagocytosis exacerbated by G-CSF/GM-CSF treatment in a
patient with myelodysplasia. Am | Hematol 2004; 77: 391-96.

1515



Seminar

1516

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

11

Tateishi Y, Oda S, Sadahiro T, et al. Continuous hemodiafiltration in
the treatment of reactive hemophagocytic syndrome refractory to
medical therapy. Transfus Apheresis Sci 2009; 40: 33—40.

Shin HJ, Chung JS, Lee J], et al. Treatment outcomes with CHOP
chemotherapy in adult patients with hemophagocytic
lymphohistiocytosis. | Korean Med Sci 2008; 23: 439-44.

Asci G, Toz H, Ozkahya M, et al. High-dose immunoglobulin
therapy in renal transplant recipients with hemophagocytic
histiocytic syndrome. J Nephrol 2006; 19: 322-26.

Imashuku S, Kuriyama K, Sakai R, et al. Treatment of Epstein-Barr
virus-associated hemophagocytic lymphohistiocytosis (EBV-HLH)
in young adults: a report from the HLH study center.

Med Pediatr Oncol 2003; 41: 103-09.

Emmenegger U, Spaeth PJ, Neftel KA. Intravenous
immunoglobulin for hemophagocytic lymphohistiocytosis?

J Clin Oncol 2002; 20: 599-601.

Larroche C, Bruneel F, André MH, et al, and the Comité
d’Evaluation et de Diffusion des Innovation Technologiques
(CEDIT). Intravenously administered gamma-globulins in reactive
hemaphagocytic syndrome. Multicenter study to assess their
importance, by the immunoglobulins group of experts of CEDIT of
the AP-HP. Ann Med Interne (Paris) 2000; 151: 533-39 (in French).
Tsuda H. The use of cyclosporin-A in the treatment of virus-
associated hemophagocytic syndrome in adults. Leuk Lymphoma
1997; 28: 73-82.

Thompson PA, Allen CE, Horton T, Jones JY, Vinks AA,

McClain KL. Severe neurologic side effects in patients being treated
for hemophagocytic lymphohistiocytosis. Pediatr Blood Cancer 2009;
52: 621-25.

Watanabe H, Hirase N, Goda H, Nishikawa H, Ikuyama S. Oral
low-dose tacrolimus therapy for refractory hemophagocytic
syndrome associated with systemic lupus erythematosus.

Mod Rheumatol 2012; 2.2: 284-89.

Orbach H, Tishler M, Shoenfeld Y. Intravenous immunoglobulin
and the kidney--a two-edged sword. Semin Arthritis Rheum 2004;
34:593-601.

Imashuku S, Kuriyama K, Teramura T, et al. Requirement for
etoposide in the treatment of Epstein-Barr virus-associated
hemophagocytic lymphohistiocytosis. J Clin Oncol 2001; 19: 2665-73.
Kikuta H, Sakiyama Y. Etoposide (VP-16) inhibits Epstein-Barr virus
determined nuclear antigen (EBNA) synthesis. Br ] Haematol 1995;
90: 971-73.

Takahashi N, Naniwa T, Banno S. Successful use of etanercept in
the treatment of acute lupus hemophagocytic syndrome.

Mod Rheumatol 2008; 18: 72-75.

Henzan T, Nagafuji K, Tsukamoto H, et al. Success with infliximab
in treating refractory hemophagocytic lymphohistiocytosis.

Am ] Hematol 2006; 81: 59-61.

Bosman G, Langemeijer SM, Hebeda KM, Raemaekers JM,
Pickkers P, van der Velden W]. The role of rituximab in a case of
EBV-related lymphoproliferative disease presenting with
haemophagocytosis. Neth ] Med 2009; 67: 364-65.

Balamuth NJ, Nichols KE, Paessler M, Teachey DT. Use of
rituximab in conjunction with immunosuppressive chemotherapy
as a novel therapy for Epstein Barr virus-associated hemophagocytic
lymphohistiocytosis. J Pediatr Hematol Oncol 2007; 29: 569-73.

Han SM, Teng CL, Hwang GY, Chou G, Tsai CA. Primary splenic
lymphoma associated with hemophagocytic lymphohistiocytosis
complicated with splenic rupture. | Chin Med Assoc 2008; 71: 210-13.
Sano T, Sakai H, Takimoto K, Ohno H. Rituximab alone was effective
for the treatment of a diffuse large B-cell lymphoma associated with
hemophagocytic syndrome. Int J Clin Oncol 2007; 12: 59-62.
Tsujimura A, Miyamura K, Kuwatsuka Y, et al. Successful salvage
therapy with cladribine and rituximab for a patient with a relapsed
Asian variant of intravascular large B-cell lymphoma.

Rinsho Ketsueki 2006; 47: 1387-92 (in Japanese).

Lin TF, Ferlic-Stark LL, Allen CE, Kozinetz CA, McClain KL. Rate of
decline of ferritin in patients with hemophagocytic
lymphohistiocytosis as a prognostic variable for mortality.

Pediatr Blood Cancer 2011; 56: 154-55.

Takizawa Y, Maruyama J, Setoguchi K. Cyclosporin rapidly
diminished a severe lupus-associated macrophage association
syndrome refractory to pulsed methylprednisolone and intravenous
immunoglobulin. Scand ] Rheumatol 2009; 38: 492-94.

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

Park JH, Bae JH, Choi YS, et al. Adult-onset Still's disease with
disseminated intravascular coagulation and multiple organ
dysfunctions dramatically treated with cyclosporine A.

J Korean Med Sci 2004; 19: 137—41.

Omagari K, Ashida R, Oh-I H, et al. Successful treatment with
cyclosporine in a case of hemophagocytic syndrome manifesting as
severe liver dysfunction. Am | Med Sci 1997; 314: 403-07.

Aleem A, Al Amoudi S, Al-Mashhadani S, Siddiqui N.
Haemophagocytic syndrome associated with hepatitis-B virus
infection responding to etoposide. Clin Lab Haematol 2005;
27:395-98.

Hanai M, Takei M, Yamazaki T, Morimoto K, Sawada U, Horie T.
Successful treatment with intermittent administration of etoposide
for an adult case with recurrent hemophagocytic syndrome,
developed in association with chronic EB virus infection related
lymphoid hyperplasia in the small intestine. Rinsho Ketsueki 1997;
38: 682-88 (In Japanese).

Créput C, Galicier L, Buyse S, Azoulay E. Understanding organ
dysfunction in hemophagocytic lymphohistiocytosis.

Intensive Care Med 2008; 34: 1177-87.

Ino K, Masuya M, Nakamori Y, et al. Aggressive NK-cell leukemia
with sustained relapse-free survival after allogeneic peripheral blood
stem cell transplantation. Rinsho Ketsueki 2010; 51: 258-63

(in Japanese).

Tzeng HE, Teng CL, Yang Y, Young JH, Chou G. Occult
subcutaneous panniculitis-like T-cell lymphoma with initial
presentations of cellulitis-like skin lesion and fulminant
hemophagocytosis. ] Formos Med Assoc 2007; 106 (suppl): S55-59.
Seo YI, Park R, Choi TY, et al. A case of therapy-related acute
monocytic leukemia following low-dose of etoposide treatment for
hemophagocytic lymphohistiocytosis. Korean J Lab Med 2007;

27: 24447 (in Korean).

Takahashi S, Watanabe D, Miura K, et al. Epstein-Barr virus-
associated post-transplant lymphoproliferative disorder presenting
with skin involvement after CD34-selected autologous peripheral
Dblood stem cell transplantation. Eur | Dermatol 2007; 17: 242—44.
Risma K, Jordan MB. Hemophagocytic lymphohistiocytosis:
updates and evolving concepts. Curr Opin Pediatr 2012; 24: 9-15.
Zhang K, Jordan MB, Marsh RA, et al. Hypomorphic mutations in
PRF1, MUNC13-4, and STXBP2 are associated with adult-onset
familial hemophagocytic lymphohistiocytosis. Blood 2011;

118: 5794-98.

Wang Z, Chen X, Wu L, Tian LP, Wang JS. Significance of
hemophagocytosis in diagnosis of hemophagocytic
lymphohistiocytosis. Zhongguo Shi Yan Xue Ye Xue Za Zhi 2009;
17: 1064-66 (in Chinese).

Wang Z, Wang Y, Wang |, Feng C, Tian L, Wu L. Early diagnostic
value of low percentage of glycosylated ferritin in secondary
hemophagocytic lymphohistiocytosis. Int | Hematol 2009; 90: 501-05.
Wang YN, Wang Z, Wang JS, Feng CC, Tian LP, Wu L. Diagnostic
significance of glycosylated ferritin for patients with secondary
hemophagocytic lymphohistiocytosis.

Zhongguo Shi Yan Xue Ye Xue Za Zhi 2008; 16: 1379-82 (in Chinese).
Tabata C, Tabata R. Possible prediction of underlying lymphoma by
high sIL-2R/ferritin ratio in hemophagocytic syndrome.

Ann Hematol 2012; 91: 63-71.

Sumegi ], Nestheide SV, Barnes MG, et al. Gene-expression
signatures differ between different clinical forms of familial
hemophagocytic lymphohistiocytosis. Blood 2013; 121: e14-24.

Xu XJ, Tang YM, Song H, et al. Diagnostic accuracy of a specific
cytokine pattern in hemophagocytic lymphohistiocytosis in
children. J Pediatr 2012; 160: 984-90.

Bauer MP, van Burgel ND, Marijt WA, van Dissel JT,

von dem Borne PA. Fever, shock, and pancytopenia in a patient
treated with alemtuzumab. Clin Infect Dis 2009; 49: 1540, 1616-17.
Strout MP, Seropian S, Berliner N. Alemtuzumab as a bridge to
allogeneic SCT in atypical hemophagocytic lymphohistiocytosis.
Nat Rev Clin Oncol 2010; 7: 415-20.

Machaczka M, Vaktnis J, Chiang SC, Bryceson YT. Alemtuzumab
treatment for hemophagocytic lymphohistiocytosis.

Nat Rev Clin Oncol 2010; 7. DOI:10.1038 /nrclinonc.2010.40-c1.
Marsh RA, Allen CE, McClain KL, et al. Salvage therapy of
refractory hemophagocytic lymphohistiocytosis with alemtuzumab.
Pediatr Blood Cancer 2013; 60: 101-09.

www.thelancet.com Vol 383 April 26, 2014



	Adult haemophagocytic syndrome
	Introduction
	Epidemiology
	Causes
	Triggers
	Predisposing factors

	Pathophysiology
	Clinical presentation
	Diagnosis
	Laboratory abnormalities
	Immunological studies
	Histopathological studies

	Differential diagnosis
	Supportive treatments
	Specific treatments
	Follow-up and patient outcome
	Future perspectives
	Conclusion
	Acknowledgments
	References


