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Hemophagocytic lymphohistiocytosis (HLH) is an aggressive life-
threatening disease that consists of uncontrolled activated lymphocytes
and macrophages that secrete excessive cytokines. Symptoms and
laboratory findings of HLH include prolonged fever, cytopenia,
hepatosplenomegaly, dysfunction,  hypertriglyceridemia,
hyperferritinemia, increased soluble interleukin-2 receptor, low
fibrinogen, and neurological problems. HLH has two forms: primary
(familial autosomal recessive) or secondary (related to infections,
malignancy, autoimmune and metabolic disorders, transplantations,
chimeric antigen receptor T-cell therapies, etc.) form. As underlying
conditions in HLH varied, clinical findings are nonspecific and disease
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diagnosis is challenging. Furthermore, patients diagnosed with primary
HLH can have a secondary triggering agent, such as infection. Thus,
there is no clear-cut distinction between these two forms. Abnormal
immune response and a low number or absence of natural killer
cells and cytotoxic T-lymphocytes are hallmarks of HLH. Despite
the early and aggressive treatment, HLH is a deadly disease. Urgent
immunosuppressive therapy is necessary to control hyperinflammation.
Hematopoietic stem cell transplantation is a curative treatment in
familial forms. Targeted therapy with emapalumab was also recently
reported to be effective.

Hemophagocytic lymphohistiocytosis (HLH) is an aggressive life-
threatening disease that involves uncontrolled activated lymphocytes
and macrophages that secrete excessive cytokines. HLH includes
various clinical situations that affect both children and adults, and
its diagnosis and therapy are challenging.'*

Interest in HLH has increased during the pandemic period. More than
4,400 publications on this topic were published. Hemophagocytic
syndrome affects all ages. Genetic forms that are known problems
in children can be also seen in adults.*'

HLH is caused by the exaggerated response of the immune system.'
T-cells and macrophages are activated and proliferated massively,
leading to marked hypercytokinemia. Abnormal immune response
and a low number or absence of natural killer (NK) cells and CD+8
cytotoxic T-lymphocytes (CTL) are the hallmarks of HLH.!-!6!
HLH has high mortality rate when it is untreated, but even with
extensive treatment, the result might be fatal.?>%

HLH has characteristic clinical and laboratory signs such as prolonged
fever, lymphadenomegaly, hepatosplenomegaly, pancytopenia, liver
dysfunction, hypertriglyceridemia, hyperferritinemia, high cytokine
levels (interleukin [IL-6], interferon-alpha, and tumor necrosis
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factor [TNF]-a)."%*® The phagocytosis of hematopoietic cells by
macrophages can be seen in the bone marrow and reticuloendothelial
system on histological evaluation.'-2-3!

HLH has a primary (familial autosomal recessive) or a secondary
form. HLH frequently develops in cases with underlying genetic
alterations. Apart from genetic defects, albinism syndromes, and
X-linked lymphoproliferative syndromes, underlying conditions
(infections, rheumatic and metabolic disorders, and malignancies)
can lead to HLH.'83247

T helper cells are cells that secrete all cytokines that initiate
hemaphagocytosis. In most common hematological malignancies,
lymphomas, acute leukemia, or multiple myeloma, malignant cells
are thought to release cytokines themselves.?>

EPIDEMIOLOGY

No clear data is available on the incidence of HLH. Primary HLH
has an incidence rate of 0.12/100,000 in Sweden, 0.342/100,000 in
Japan, and 7.5/100,000 in Turkish hospitalized children.*-! The
ratio increases in areas where consanguinity marriages are high
(21% in Turkey in general and up to 42% in the southeast region)
due to autosomal recessive inheritance.'*
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Although few studies have reported the frequency of secondary
HLH, it seems more than primary HLH. Janka et al. found that
the prevalence of malignancy-associated pediatric HLH is 8.4%,
and they confirmed that the results probably even underestimate
the prevalence."® Machaczka et al.®> reported malignancy-
associated HLH in adults with an incidence rate of 0.36/100.000.
As symptoms of HLH are almost the same as those of sepsis, HLH
is underdiagnosed, especially in the adult population.’** The
classification of HLH is usually challenging, as secondary HLH
beyond infancy might be a late-onset familial hemophagocytic
lymphobhistiocytosis (FHL).>!136:57

Eighty percent of patients with HLH are infants, especially babies
aged 1-6 months. In less than 10% of cases, symptoms manifested
during the neonatal period, whereas 20% were diagnosed during
adolescence or adulthood.>'*

PATHOPHYSIOLOGY

When an infection is caused by intracellular pathogens, infected
cells activate CTLs and NK cells by contact interactions, forming
an immunological synapse. Perforin and granzymes, (cytoplasmic
granule toxins) are released into the infected cells and begin their
cytolytic activity.” Commonly, a viral trigger is required for
HLH to develop. Another mechanism of HLH is the non-antigen-
specific form through receptors of the innate immune system. Toll-
like receptors (TLRs) are the primary receptor.”” TLR signaling
is also an important factor in genetic HLH. Impaired function of
NK cells and CTLs is the hallmark of genetic and transient HLH.
The activation of Fas ligand and perforin-dependent pathway
leads to the death of the infected cells. NK cells and CTLs have
cytotoxic granules that contain perforin and granzymes. After
the activation of these cells, the granules secrete their contents
through the immunologic synapse® and kill the target cells.
When the trigger is abolished, the immune system returns to its
normal state, maintaining immune homeostasis. Perforin has an
important role in this process. If cytotoxic cells cannot eliminate
the infected antigen-presenting cell (APC), continuous immune
stimulation causes HLH. In all genetic defects in FHL and granule-
related syndromes such as Griscelli syndrome type II (GS-2),
Chediak-Higashi syndrome (CHS), and Hermansky-Pudlak type
2 (HPS2), the formation, trafficking, docking, or exocytosis of
granules (FHL3-5, GS-2, CHS, HPS2, and FHL-2) is defective.
Immune response is controlled by perforin and CTLs by killing
Fas-associated APCs and NK cells that destroy activated CD4
cells. Impaired function of cytotoxic CD4+ T-regulatory cells that
remove the expanded CD8+ T-cell population is another cause of
HLH.1-3,59,60

Recently, CD 47 was reported to inhibit phagocytosis by
interacting with signal regulatory protein o. During HLH, CD 47
is downregulated, and it activates histiocyte- and lymphocyte-
infiltrated organs.®!

Lymphocyte cytotoxicity is also directed against APCs. After
APCs are destroyed by NK cells, T-cell-mediated immune
responses become dominant. Nevertheless, compared with NK
cells, CTLs are more prominent in the pathogenesis of HLH.>®
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Ineffective cytotoxicity cause APCs to stimulate CTL constantly
and increase the production of cytokines. Cytokines, primarily,
interferon (IFN)-y, induced macrophage activation. Tissues, bone
marrow, liver, and central nervous system (CNS) are infiltrated by
T cells and macrophages by secreting cytokines and starting the
phagocytic activity.®>*> IFN-y and TNF-a affecting hematopoietic
cells result in cytopenia. Increased IL-1, IL-6, and TNF-a levels
cause prolonged fever. TNF-a causes hypertriglyceridemia by
inhibiting lipoprotein lipase."* High ferritin levels are caused
by the secretion of activated macrophages. They also secrete
plasminogen activator, which is associated with hypofibrinogemia.
IL-2 receptors are secreted to the plasma by activated T- and NK
cells, which is a characteristic laboratory abnormality of HLH.

HLH is particularly triggered by Epstein-Barr virus (EBV) infection.
Primary immuno-deficiencies tend to result in HLH, including
X-linked disorders such as signaling lymphocytic activation
molecule associated protein (SAP) and X-linked inactivator of
apoptosis (XIAP) deficiency and the autosomal recessive IL-2
inducible T-cell kinase (ITK) and CD27 deficiencies.®** NK and
T-cell development, or T-cell-B-cell interaction, and the ability of
cytotoxic T-cells to lyse B-cells are impaired in these diseases.

FHL associated with albinism is found as having abnormal
lymphocyte cytotoxicity. Similarities were noted between
molecular vesicle trafficking, especially pigment transport in the
skin and hair. Moreover, the degranulation of platelets, mast cells,
and perforin was shown to be impaired.®

In acquired HLH, the mechanisms of hemaphocytosis are not fully
understood yet, as underlying conditions are varied. Malignancies,
iatrogenic immune suppression, human immunodeficiency virus
(HIV) infection or autoinflammatory diseases are all candidates
for HLH. Nevertheless, the mechanism leading to HLH is not
known yet. Polymorphisms in cytokine genes can cause severe
inflammatory response or inhibition of NK cell activity by
cytokines, and there is a temporary disproportion between immune
cells and infected cells. Furthermore, low number of NK cells is
detected in these patients.!*%

GENETIC EVALUATION

Several genetic defects that cause HLH were recently discovered,
although 1/3 of patients showed no known mutations yet. FHL
is an autosomal recessive disorder. Its incidence in Sweden was
estimated to be 1 in 50,000 births. Moreover, 90% of familial cases
have different genetic defects with respect to cytotoxic granule
function or exocytosis (Table 1). The genetic defects are associated
with proteins perforin, MUNC 13-4, Syntaxin-11, and MUNC18-2,
which have a critical role in lymphocyte cytotoxicity. Patients with
FHL-2 have a deficiency in perforin, the most important molecule in
cytotoxic granules for immune response. In patients with FHL 3-5
(Munc 13-4, STX-11, and STXBP2 mutations), impaired granule
exocytosis leads to the same clinical symptoms as FHL2 (perforin
mutation). UNC 13D mutation reflects the inability of vesicles to
adhere to the cell membrane.**77 An interaction problem also
exists between dendritic cells and NK cells in Syntaxin 11 gene
defects. Granule exocytosis pathways are also active in mast cells,
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neutrophils, platelets, and skin cells besides the immune system.
As a result of the abnormal functions of these cells, a patient with
FHL may complain of bleeding, immune deficiency, or albinism.

Genetic cases can also be encountered in adults. Mutations in FHL
2-5 and X-linked proliferative (XLP) can be seen in adult patients
with HLH. Biallelic or monoallelic mutations or polymorphisms
in genes of familial HLH were found among adults with HLH."
They also have hypomorphic mutations in PRF1, MUNC13-4, and
STXBP2, which causes the milder and atypical forms of HLH beyond
infancy.””” The FHL associated genes depend on the geographical
and ethnic origin of the patient. For example, perforin 50 delT
mutations are found in African—American patients, 1090-1091
delCT in Japanese, and Trp374 stop (W374X) in Turkish patients
with HLH. Patients with (W374X) mutant are usually diagnosed <6
months and have a poor prognosis. Moreover, generally, patients
with Syntaxin 11 mutations are from Turkey.”**

Complex granule-associated syndromes (GS2, CHS, and HPS2)
can also cause HLH.'? The third group of genetic diseases that lead
to HLH are immunodeficiencies associated with impaired control
of EBV infection. This group of disorders are XLP 1 and 2 (XLP1
SAP), XLP2 (XIAP), ITK, and CD27 deficiency (Figure 1).

In summary, genetic diseases that are inclined to HLH can be
grouped into three categories:

1. Familial HLH (FHL2-5)

2. Granule defects that are associated with impaired lymphocyte
cytotoxicity (CHS, GS, and HPS)

3. EBV-associated immune deficiencies with impaired lymphocyte
cytotoxicity

The age of symptom onset is usually an important clue for the
genetic differential diagnosis. In most patients of the first group
(FHL), HLH occurs in the early days of life; however, they
seldom remain asymptomatic until adulthood. According to our
experience, HLH onset in granule-associated diseases tends to be
later in familial forms.

Another clue for the classification of HLH is the occurrence
of relapses. A recurrent disease is usually a result of genetic
problems rather than secondary forms, and hematopoietic stem cell
transplantation (HSCT) is the only curative treatment; thus, HSCT
must be performed immediately.
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CLINICAL EVALUATION

The main symptoms of HLH are hepatosplenomegaly,
pancytopenia, and prolonged fever that is often unresponsive to
antibiotic therapy.

Hepatitis and neurological symptoms are secondary findings.
Characteristic laboratory features are increased levels of ferritin,
triglycerides, transaminases, bilirubin, lactate dehydrogenase, and
soluble IL-2 receptor a-chain and decreased levels of fibrinogen
(Tables 1 and 2).

The clinical symptoms are characteristic but nonspecific, and there
is no clear-cut clinical difference between familial and acquired
forms of HLH. Feveris usually higher than 38.5 °C and unresponsive
to antibiotic treatment. Specifically, lymphadenomegalies, edema,
and different skin rashes accompany fever. The uncontrolled
inflammatory response leads to ascites and pleural effusion,
as histiocytes and activated lymphocytes invaded all tissues,
just like leukemia, and clinical findings are multisystemic. In
cases of hepatic, CNS, renal, and lung involvements, the disease
progresses very rapidly, and mortality is inevitable. As clinical
signs varied, the diagnosis is very challenging."* Generally,
patients are misdiagnosed, and they are evaluated for hepatic or
renal insufficiency, encephalitis, or lung abnormalities. Infants
with CNS involvement experienced discomforts, convulsions, and
fontanel bulging at the beginning, whereas opisthotonus, cranial
nerve palsies, ataxia, hemiplegias, loss of vision and consciousness,
and increased intracranial pressure may develop during diagnostic
evaluations.*** Uncommonly, CNS involvement may begin
before organomegalies and cytopenias, as isolated HLH of the
CNS can be misdiagnosed as acute disseminated encephomyelitis
until other symptoms appeared.® Neurologic symptoms are found
in more than 30% of cases. Seizures, meningismus, decreased
consciousness, irritability, and hyper- or hypotonia may be present.
Hyperbilirubinemia, thrombocytopenia, hyperferritinemia, and
cerebrospinal fluid infiltration are indicative of poor prognosis.
In addition, the persistence of anemia, hypofibrinogenemia,
thrombocytopenia, and fever after starting the therapy are early
clues for a dismal end. In EBV-associated HLH, the persistence of
high viral load is a sign of morbidity and mortality.>*$3

Infections are usual triggers of HLH. The identification of an
infectious organism cannot be used to distinguish familial HLH
from acquired HLH, as both of them might be triggered by

TABLE 1. Symptoms of Hemophagocytic Lymphohistiocytosis and Relation with Hypercytokinemia

* Fever

* Profound cytopenias

* Hypertriglyceridemia

* Hyperfibrinolysis

* Hyperferritinemia

« Elevated LDH

* Elevated D-dimer

« Elevated CSF cells/protein

IL-1, IL-6, and TNF

TNF, IFN-y, hemophagocytosis, hyperferritinemia, increased sIL-2 receptor
TNF-a, suppressed lipoprotein lipase by cytokines

Activated macrophages and increased plasminogen activator

GDF15 upregulation of ferroportin

Cell death

Hyperfibrinolysis

Central nervous system infiltration

IL, interleukin; LDH, lactate dehydrogenase; IFN, interferon, TNF: Tumor necrosis factor, CSF: Cerebrospinal fluid
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infectious agents. Thus, HLH therapy must not be stopped when
an infectious agent is detected. Infectious organisms are mostly
viruses, especially EBV and cytomegalovirus, but bacteria,
protozoa, and fungi can also cause HLH. EBV and leishmania
infections are the most frequent triggers. Although Leishmania is
an important trigger, it may not be diagnosed if hematologist did
not suspect and investigate bone marrow aspirations carefully due
to histological similarities with platelets. Before 2000, HLH was
named a virus-associated hemophagocytic syndrome or infection-
associated hemophagocytic syndrome, as cases were usually from
Japan and far-east Asia and % of cases were associated with EBV.

DIAGNOSTIC TIPS OF HEMOPHAGOCYTIC LYMPHOHISTIOCYTOSIS

ALBINISM
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In Japan, 90% of children with HLH were found to have acquired
forms.>*%

Neonates with HLH have a dismal prognosis. The babies in their
first week of life rarely have all the features of HLH. Sometimes,
clinical symptoms of HLH begin in the prenatal period, leading to
non-immune hydrops.”

Sepsis/systemic inflammatory response syndrome is usually the
reason for misdiagnosis. HLH and sepsis can both have extreme
inflammation, and many similar laboratory findings such as
cytopenias, low fibrinogen, and elevated levels of triglycerides,
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FIG. 1. Clinical clues for differential diagnosis of hemophagocytic lymphohistiocytosis'-°

TABLE 2. Hemophagocytic lymphohistiocytosis-2004 Criteria (CSF: cerebrospinal fluid)

Features Cutoff

Fever

Splenomegaly

Cytopenia >/=2 cell lines
Hemoglobin <90 g/L (neonates <100 g/L)
Platelets 100 x 10°/L

Neutrophils <1 x 10%L
Hyperferritinemia >500 pg/ L
Hypofibrinogenemia 1.5g/L
Hypertriglyceridemia 3 mmol/L

Elevated soluble CD25 >2,400 U/mL
Hemophagocytosis Bone marrow, other tissues

Reduced or absent NK cytotoxicity
Elevated transaminases, bilirubin
Elevated LDH

Elevated D-dimer

Elevated CSF cells or CSF protein

NK: natural killer, CSF: cerebrospinal fluid, LDH: lactate dehydrogenase
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ferritin, and soluble IL-2 receptor make the differential diagnosis
difficult. Therefore, each patient with sepsis should be considered
at risk of HLH.>3-

Autoinflammatory and autoimmune conditions form a special
subgroup of HLH, which is named macrophage activation
syndrome (MAS). The incidence rate is high in systemic
juvenile idiopathic arthritis, Still’s disease, and systemic lupus
erythematosus. Repeated stimulations of immune response cause
HLH. MAS may be clinically evident either during active disease
or during treatment, especially with anti-TNF-o. MAS is a form of
HLH in rheumatologic diseases. Typical findings are low leukocyte
and thrombocyte counts accompanied by hyperferritinemia,
hypofibrinogenemia, hemophagocytosis, elevated liver enzymes,
hypertriglyceridemia, and low erythrocyte sedimentation. MAS, a
form of secondary HLH, does not generally fulfill the HLH criteria;
thus, its diagnosis is challenging.”'

The next subgroup of HLH includes both children and adults with
malignancies. Lymphomas and leukemia are the common causes
of HLH. Malignant cells secrete proinflammatory cytokines, and
an increased risk of cancer development in patients with HLH is
hypothesized as a cause of familial HLH and cancer.>37#

Patients with HIV infection and iatrogenic immune deficiencies
(chemotherapy or transplantation associated) are prone to develop
HLH.*

HLH is also common in metabolic disorders such as lysinuric
protein intolerance, sulphatase deficiency, Wolman’s disease, and
propionate metabolism disorders.*+

LABORATORY FINDINGS

The most common manifestation of HLH includes cytopenias
that involve at least two hematopoietic cell lines. Cytopenias
generally began with thrombocytopenia and can progress
to severe pancytopenia accompanied by hyperferritinemia,
elevated transaminases and LDH, hypofibrinogenemia,
hypertriglyceridemia, hypoalbuminemia, and hyponatremia.'*
Immunologically, CD25 is elevated, and NK cell cytotoxicity is
reduced. Patients with HLH might also complain of disseminated
intravascular coagulation.

The lack of histomorphological evaluation in hemophagocytosis
cannot rule out its diagnosis. At the early stage of disease
development, it may not be seen, so bone marrow aspiration
can be repeated several times to check for hemophagocytosis
(Figure 2).2-3!

Interstitial opacities, pulmonary edema, and pleuritis could be seen
in plain lung radiography. Hypertrophy of the liver, spleen, and
kidneys could be detected by abdominal ultrasonography.

In CNS HLH, lymphocytes, histiocytes, macrophages, and high
protein content may be detected in cerebrospinal fluid (CSF).
Diffuse signals and hyperintense lesions in the white and gray brain
matter, delayed myelinization, calcifications in the parenchyma,
and atrophy could be seen in T2 magnetic resonance imaging.
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TREATMENT

Familial HLH can lead to severe organ damage and death if left
untreated.”>* Therefore, treatment should be started immediately
to suppress the severe hyperinflammation that causes mortality.
This blocks the activation of T cells with impaired functions.’’” The
treatment option for HLH depends on the underlying disease and
severity of the patient’s clinical condition. Treatment is challenging,
and there is no clear-cut regimen.*

In HLH triggered by infections, infection-directed therapy is
recommended. The treatment of EBV-related HLH is controversial
because of its variable clinical course. In a brief report, Belyea
presented two cases of EBV-HLH that spontaneously recovered
without the need for HLH therapies.”® However, in the study by
Imashuku et al., EBV-related HLH cases have multiorgan failure
that is caused by hypercytokinemia.””!® The treatment modality
should be decided according to the cytokine levels and clinical
status.

The mainstay treatment of HLH is the use of epipodophyllotoxin
derivatives (etoposide and teniposide) and steroids. They relieve
clinical symptoms of HLH.'"1%" ITn HLH-2004, these drugs were
combined with immunosuppressive drugs such as cyclosporine
(CSA), which is also effective in FHL.!*1% CNS HLH may cause
serious irreversible damage, and reactivations are common.*!%4103
Therefore, dexamethasone is used as a first-line therapy because
its blood-brain barrier penetration is better than prednisolone.
Intrathecal administration of methotrexate must begin after
the second week of therapy in children with abnormal CSF
findings.” After 8 weeks of initial therapy, treatment is terminated
in patients without a proven family history and who achieved
complete remission. Primary HLH is verified by genetic testing,
and persistent and reactivated secondary HLH should receive
continued therapy with etoposide, dexamethasone, and CSA.
HSCT should be performed as soon as possible.’ During treatment,
prophylactic cotrimoxazole, antimycotic, and antiviral therapy
for ongoing viral infections, and intravenous immunoglobulin
G (IVI; 0.5 g/kg IV) once every 4 weeks is recommended as
supportive care.

-

-~

FIG. 2. Hemophagocytosis in bone marrow aspiration
(Foamy macrophage is engulfing neutrophil and precursor erythrocyte)?*!
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Reactivation of HLH occurs in patients who have a familial form or
treated by a reduced intensity regimen. Infections and vaccination
can also trigger an abnormal immune response. The intensification
of therapy could be restarted from week 2 in patients who received
protocol less than 8 weeks and then continued with modified
continuation therapy. In CNS reactivation, additional intrathecal
treatments are recommended.'®®!”” Despite these treatments,
20% of cases are unresponsive and are grouped as refractory.
Different salvage treatments are mentioned in the literature in
the form of single case reports. There are cases treated with
anti-thymocyte globulin, alemtuzumab (Campath), daclizumab
(Zenapax), ruxolitinib, and anakinra.'”""" HSCT has high priority
in reactivation cases rather than as salvage treatment.!'?

Allogeneic HSCT is the only definitive therapy for HLH. The long-
term survival rate is 50-70%, depending on the donor type and
intensity of the conditioning regimen.'"*'> The HLH 2004 study
is the largest prospective study on HSCT in primary/secondary
HLH, including 187 children aged <18 years who fulfilled the
study inclusion criteria and underwent 209 transplants from 2004
to 2011. They have familial/genetic, relapsing, or severe/persistent
disease. After HSCT, the 5-year overall survival (OS) and event-
free survival (EFS) were 66% and 60%, respectively. The 5-year
OS was 81% in children with a complete response and 59% (95%
CI, 48-69) in those with a partial response. For children with
genetically verified FHL, the 5-year OS and EFS rates were higher
than those without verified FHL because the age of patients at
the beginning of HLH-2004 treatment was significantly higher in
children without verified FHL and their median time to HSCT was
significantly longer.""® Prolonged disease activity increases the risk
of irreversible CNS damage and affects the success of HSCT. The
S-year OS of children with complete remission (using the criteria
of ferritin cutoff of 500 mg/L) at HSCT conditioning was better
(81%) than of those with partial response (59%; p = 0.035)

Although fludarabine-based reduced intensity conditioning
regimen is reported to have less transplant-related mortality (TRM)
than busulfan-based regimen, mixed chimerism, secondary graft
failure, relapse rates are more frequently seen in fludarabine-based
regimen.'"”1?° This regimen is the most appropriate treatment
with a low incidence of TRM. Mixed chimerism is not a serious
problem because stable chimerism with 10-20% of donor cells may
be enough for being asymptomatic.'!

NK cell activity can transiently decline in active secondary HLH
(sHLH). Cytotoxic function (CD107a mobilization, perforin
expression, and SAP/XIAP expression) should be investigated
before transplantation to identify subclinical cases and avoid
unnecessary HSCT and its serious side effects.!?>1%

Monoclonal CD20 antibody (rituximab) can be a treatment
for in HLH with high EBV load. In the retrospective study of
Chellapandian et al.'?, 42 patients had a median decrease of
EBV load by 2-3 logs and a reduction of ferritin after rituximab
treatment. Etoposide is an effective cytotoxic drug in EBV-related
HLH. It inhibits the synthesis of EBV nuclear antigen and clonal
expansion of EBV-infected T-cells. Virus-infected immune cells are

Balkan Med J, Vol. 39, No. 5, 2022

Kagar and Celkan. Hemophagocytic Lymphohistiocytosis

also eradicated by rituximab. This prolonged immunosuppressive
treatment can activate the primary or a new triggering agent.
However, pathogen-directed therapy is usually not sufficient to
control hyperinflammation, except amphotericin B that is used
effectively in leishmaniasis.»'* Thus, therapeutic agents must
be selected rationally, and treatment modalities should proceed
together.

In malignancy-related HLH, our first recommendation is to start
chemotherapy rapidly. However, if pancytopenia and multiorgan
failure are severe, adding dexamethasone to the treatment would
be appropriate. Steroids are the mainstay of treatment in HLH
and support the recovery of the bone marrow. IVIG can be also
applied in cases with signs of infection. It would be appropriate
to apply the HLH 2004 scheme in cases where there is no clinical
response despite this treatment. If clinical and laboratory findings
(pancytopenia, coagulopathy, organ failure, and neurological
findings) regress after 4 weeks of treatment, it can be continued
with only planned chemotherapy. However, since NK and T-cell
functions are impaired in these patients, the presence of infection
and chemotherapy response should be followed carefully, and HLH
recurrence should be kept in mind when an unexpected finding is
present.*

In MAS HLH (e.g., reactivating autoimmune/autoinflammatory
diseases), pulse steroids with or without CSA therapy is effective
in most patients. Recently, anticytokine treatment is used with
marked clinical efficacy.'?’

Emapalumab is an anti-IFN-y human immunoglobulin that is
approved in November 2018 for familial, refractory, and recurrent
HLH. Before the initiation of therapy, latent tuberculosis
infection must be investigated with an IFN-y release assay or
purified protein derivative placement. During the treatment,
prophylaxis for herpes zoster and Pneumocystis jirovecii should
be started.!”®!? While emapalumab reduces hyperinflammation
by suppressing IFN-y, other cytokines become active. Etoposide
and dexamethasone eliminate activated APC and CD8+ T-cells;
thus, proinflammatory cytokines are reduced at their source. For
this reason, combination therapy with emapalumab became more
effective in the treatment of HLH. This agent is very efficacious in
adults with sHLH. In pediatric patients, emapalumab is generally
used as a bridging therapy to HSCT. Nevertheless, further studies
are required to verify that it can result in complete remission
without HSCT. 2812

HLH should be considered in the differential diagnosis of children
with persistent fever, liver-spleen enlargement, pancytopenia,
clinically severe or devastating infections, malignancy or
rheumatological cases, which are resistant to therapies, and
family history of sibling death and consanguineous marriage.
For differential diagnosis, laboratory tests (especially fibrinogen,
ferritin, and triglyceride) and bone marrow and organ biopsies
should be planned if necessary. All infections should be investigated
as a triggering factor. Delayed diagnosis adversely affects the
course and prognosis of the disease.



Kagar and Celkan. Hemophagocytic Lymphohistiocytosis

Authorship Contributions: Concept- A.G.K., T.T.C.; Design- A.G.K., T.T.C.; Data
Collection or Processing- A.G.K., T.T.C.; Analysis or Interpretation- A.G.K., T.T.C.;
Literature Search- A.G.K., T.T.C.; Writing- A.G.K., T.T.C.

Conflict of Interest: No conflict of interest was declared by the authors.

Funding: The authors declared that this study received no financial support.

20.

21.

REFERENCES
Janka GE. Familial and acquired hemophagocytic lymphohistiocytosis. Eur J Pediatr.
2007;166:95-109. [CrossRef]
Janka GE. Hemophagocytic syndromes. Blood Rev. 2007;21:245-253. [CrossRef]
Janka GE, Lehmberg K. Hemophagocytic syndromes--an update. Blood Rev.
2014;28:135-142. [CrossRef]
Janka GE, Lehmberg K. Hemophagocytic lymphohistiocytosis: pathogenesis and
treatment. Hematology Am Soc Hematol Educ Program. 2013;2013:605-611.
[CrossRef]
Henter JI, Horne A, Arico M, et al. HLH-2004: Diagnostic and therapeutic guidelines
for hemophagocytic lymphohistiocytosis. Pediatr Blood Cancer. 2007;48:124-131.
[CrossRef]
Canna SW, Marsh RA. Pediatric hemophagocytic lymphohistiocytosis. Blood.
2020;135:1332-1343. [CrossRef]
Filipovich AH. Hemophagocytic lymphohistiocytosis and other hemophagocytic
disorders. Immunol Allergy Clin North Am. 2008;28:293-313. [CrossRef]
Filipovich AH. Hemophagocytic lymphohistiocytosis and other hemophagocytic
disorders. Immunol Allergy Clin North Am. 2008;28:293-313. [CrossRef]
Wang Y, Wang Z, Zhang J, et al. Genetic features of late onset primary hemophagocytic
lymphohistiocytosis in adolescence or adulthood. PLoS One. 2014;9:¢107386.
[CrossRef]
La Rosée P, Horne A, Hines M, et al. Recommendations for the management
of hemophagocytic lymphohistiocytosis in adults. Blood. 2019;133:2465-2477.
[CrossRef]
Zhang K, Jordan MB, Marsh RA, et al. Hypomorphic mutations in PRF1, MUNCI13-
4, and STXBP2 are associated with adult-onset familial HLH. Blood. 2011;118:5794-
5798. [CrossRef]
Schram AM, Berliner N. How [ treat hemophagocytic lymphohistiocytosis in the
adult patient. Blood. 2015;125:2908-2914. [CrossRef]

. Riviere S, Galicier L, Coppo P, et al. Reactive hemophagocytic syndrome in

adults: a retrospective analysis of 162 patients. Am J Med. 2014;127:1118-1125.
[CrossRef]

Parikh SA, Kapoor P, Letendre L, Kumar S, Wolanskyj AP. Prognostic factors and
outcomes of adults with hemophagocytic lymphohistiocytosis. Mayo Clin Proc.
2014;89:484-492. [CrossRef]

Xu XJ, Tang YM, Song H, et al. Diagnostic accuracy of a specific cytokine pattern
in hemophagocytic lymphohistiocytosis in children. J Pediatr. 2012;160:984-990.
[CrossRef]

Ishii E, Ueda I, Shirakawa R, et al. Genetic subtypes of familial hemophagocytic
lymphohistiocytosis: correlations with clinical features and cytotoxic T lymphocyte/
natural killer cell functions. Blood. 2005;105:3442-3448. [CrossRef]

Cote M, Ménager M, Burgess A, et al. Muncl8-2 deficiency causes familial
hemophagocytic lymphohistiocytosis type 5 and impairs cytotoxic granule exocytosis
in patient NK cells. J Clin Invest. 2009;119:3765-3773. [CrossRef]

Feldmann J, Callebaut I, Raposo G, et al. Munc13-4 is essential for cytolytic granules
fusion and is mutated in a form of familial hemophagocytic lymphohistiocytosis
(FHL3). Cell. 2003;115:461-473. [CrossRef]

Bryceson YT, Rudd E, Zheng C, et al. Defective cytotoxic lymphocyte degranulation
in syntaxin-11 deficient familial hemophagocytic lymphohistiocytosis 4 (FHL4)
patients. Blood. 2007;110:1906-1915. [CrossRef]

Tang Y, Xu X, Song H, et al. Early diagnostic and prognostic significance of a
specific Th1/Th2 cytokine pattern in children with haemophagocytic syndrome. Br J
Haematol. 2008;143:84-91. [CrossRef]

Ammann S, Lehmberg K, Zur Stadt U, et al. HLH study of the GPOH. Primary
and secondary hemophagocytic lymphohistiocytosis have different patterns of
T-cell activation, differentiation and repertoire. Eur J Immunol. 2017;47:364-373.
[CrossRef]

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

315

Imashuku S, Hibi S, Tabata Y, et al. Biomarker and morphological characteristics of
Epstein-Barr virus-related hemophagocytic lymphohistiocytosis. Med Pediatr Oncol.
1998;31:131-137. [CrossRef]

Trottestam H, Berglof E, Horne A, et al. Risk factors for early death in children with
haemophagocytic lymphohistiocytosis. Acta Paediatr: 2012;101:313-318. [CrossRef]
Allen CE, Yu X, Kozinetz CA, McClain KL, et al. Highly elevated ferritin levels
and the diagnosis of hemophagocytic lymphohistiocytosis. Pediatr Blood Cancer:
2008;50:1227-1235. [CrossRef]

Otrock ZK, Hock KG, Riley SB, de Witte T, Eby CS, Scott MG. Elevated serum
ferritin is not specific for hemophagocytic lymphohistiocytosis. Ann Hematol.
2017;96:1667-1672. [CrossRef]

Lehmberg K, McClain KL, Janka GE, Allen CE. Determination of an appropriate cut-
off value for ferritin in the diagnosis of hemophagocytic lymphohistiocytosis. Pediatr
Blood Cancer. 2014;61:2101-2103. [CrossRef]

Hayden A, Lin M, Park S, et al. Soluble interleukin-2 receptor is a sensitive diagnostic
test in adult HLH. Blood Adv. 2017;1:2529-2534. [CrossRef]

Rubin TS, Zhang K, Gifford C, et al. Perforin and CD107a testing is superior to NK
cell function testing for screening patients for genetic HLH. Blood. 2017;129:2993-
2999. [CrossRef]

Gupta A, Tyrrell P, Valani R, Benseler S, Weitzman S, Abdelhaleem M. The
role of the initial bone marrow aspirate in the diagnosis of hemophagocytic
lymphohistiocytosis. Pediatr Blood Cancer. 2008;51:402-404. [CrossRef]

Ho C, Yao X, Tian L, Li FY, Podoltsev N, Xu ML. Marrow assessment for
hemophagocytic lymphohistiocytosis demonstrates poor correlation with disease
probability. Am J Clin Pathol. 2014;141:62-71. [CrossRef]

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

Chinn IK, Eckstein OS, Peckham-Gregory EC, et al. Genetic and mechanistic
diversity in pediatric hemophagocytic lymphohistiocytosis. Blood. 2018;132:89-100.
[CrossRef]

Bode SF, Ammann S, Al-Herz W, et al. The syndrome of hemophagocytic
lymphohistiocytosis in primary immunodeficiencies: implications for differential
diagnosis and pathogenesis. Haematologica. 2015;100:978-988. [CrossRef]
Me¢nasché G, Pastural E, Feldmann J, et al. Mutations in RAB27A cause Griscelli
syndrome associated with haemophagocytic syndrome. Nat Genet. 2000;25:173-176.
[CrossRef]

Rouphael NG, Talati NJ, Vaughan C, Cunningham K, Moreira R, Gould C. Infections
associated with haemophagocytic syndrome. Lancet Infect Dis. 2007;7:814-822.
[CrossRef]

Chesshyre E, Ramanan AV, Roderick MR. Hemophagocytic lymphohistiocytosis and
infections: An update. Pediatr Infect Dis J. 2019;38:e54-¢56. [CrossRef]

Lehmberg K, Sprekels B, Nichols KE, et al. Malignancy-associated haemophagocytic
lymphohistiocytosis in children and adolescents. Br J Haematol. 2015;170:539-549.
[CrossRef]

Vastert SJ, van Wijk R, D’Urbano LE, et al. Mutations in the perforin gene can be
linked to macrophage activation syndrome in patients with systemic onset juvenile
idiopathic arthritis. Rheumatology (Oxford). 2010;49:441-449. [CrossRef]

Erdol S, Ture M, Baytan B, Yakut T, Saglam H. An unusual case of LCHAD deficiency
presenting with a clinical picture of hemophagocytic lymphohistiocytosis: secondary
HLH or Coincidence? J Pediatr Hematol Oncol. 2016;38:661-662. [CrossRef]|
Olcay L, Giimriik F, Boduroglu K, Coskun T, Tungbilek E. Anaemia and
thrombocytopenia due to haemophagocytosis in a 7-month-old boy with
galactosialidosis. J Inherit Metab Dis. 1998;21:679-680. [CrossRef]

Kardas F, Patiroglu T, Unal E, Chiang SC, Bryceson YT, Kendirci M. Hemophagocytic
syndrome in a 4-month-old infant with biotinidase deficiency. Pediatr Blood Cancer:
2012;59:191-193. |CrossRef]

Gokce M, Unal O, Hismi B, et al. Secondary hemophagocytosis in 3 patients
with organic acidemia involving propionate metabolism. Pediatr Hematol Oncol.
2012;29:92-98. [CrossRef]

Karaman S, Urganct N, Kutluk G, Cetinkaya F. Niemann - Pick disease associated
with hemophagocytic syndrome. Turk J Haematol. 2010;27:303-307. [CrossRef]
Kundak AA, Zenciroglu A, Yarali N, et al. An unusual presentation of galactosemia:
hemophagocytic Turk J Haematol. 2012;29:401-404.
[CrossRef]

lymphohistiocytosis.

Balkan Med J, Vol. 39, No. 5, 2022


https://doi.org/10.1146/annurev-med-041610-134208
https://doi.org/10.1016/j.blre.2007.05.001
https://doi.org/10.1016/j.blre.2014.03.002
https://doi.org/10.1182/asheducation-2013.1.605
https://doi.org/10.1002/pbc.21039
https://www.hopkinsmedicine.org/health/conditions-and-diseases/hemophagocytic-lymphohistiocystosis
https://doi.org/10.1371/journal.pone.0107386
https://doi.org/10.1182/blood.2018894618
https://doi.org/10.1182/blood-2011-07-370148
https://doi.org/10.1016/j.amjmed.2014.04.034
https://doi.org/10.1016/j.mayocp.2013.12.012
https://doi.org/10.1016/j.jpeds.2011.11.046
https://doi.org/10.1182/blood-2004-08-3296
https://doi.org/10.1016/S0092-8674(03)00855-9
https://doi.org/10.1182/blood-2007-02-074468
https://doi.org/10.1002/pbc.21423
https://doi.org/10.1002/pbc.25058
https://doi.org/10.1182/bloodadvances.2017012310
https://doi.org/10.1002/pbc.21564
http://www.annclinlabsci.org/content/42/1/21.full
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4486233/
https://doi.org/10.1038/76024
https://doi.org/10.1016/S1473-3099(07)70290-6
https://doi.org/10.1093/rheumatology/kep418
https://journals.lww.com/jpho-online/Abstract/2016/11000/An_Unusual_Case_of_LCHAD_Deficiency_Presenting.14.aspx
https://doi.org/10.1023/A:1005444903597
https://avesis.erciyes.edu.tr/yayin/b4066622-7988-485c-a0b7-68d22645434a/hemophagocytic-syndrome-in-a-4-month-old-infant-with-biotinidase-deficiency
https://doi.org/10.3109/08880018.2011.601402
https://jag.journalagent.com/tjh/pdfs/TJH_27_4_303_307.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3781627/

316

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Topaloglu R, Lebre AS, Demirkaya E, et al. Two new cases with Pearson syndrome
and review of Hacettepe experience. Turk J Pediatr: 2008;50:572-576. [CrossRef]
Albayrak M, Kaya Z, Yilmaz-Keskin E, Stadt UZ, Kogak U, Giirsel T. Fatal Epstein-
Barr virus infection in a case of familial hemophagocytic lymphohistiocytosis with
syntaxin-11 mutation. Turk J Pediatr. 2009;51:371-374. [CrossRef]

Kogak N, Eren M, Yiice A, Gumriik F. Hemophagocytic syndrome associated with
visceral leishmaniasis. Indian Pediatr. 2004;41:605-607. [CrossRef]

Celkan T, Berrak S, Kazanci E, et al. Malignancy-associated hemophagocytic
lymphohistiocytosis in pediatric cases: a multicenter study from Turkey. Turk J
Pediatr. 2009;51:207-213. [CrossRef]

Henter JI, Elinder G, Séder O, Ost A. Incidence in Sweden and clinical features of

familial hemophagocytic lymphohistiocytosis. Acta Paediatr Scand. 1991;80:428-
435. [CrossRef]

Ishii E, Ohga S, Tanimura M, et al. Clinical and epidemiologic studies of familial
hemophagocytic lymphohistiocytosis in Japan. Japan LCH Study Group. Med Pediatr
Oncol. 1998;30:276-283. [CrossRef]

Giirgey A, Gogiis S, Ozyiirek E, et al. Primary hemophagocytic lymphohistiocytosis
in Turkish children. Pediatr Hematol Oncol. 2003;20:367-371. [CrossRef]

Machaczka M, Vaktnids J, Klimkowska M, Hégglund H. Malignancy-associated
hemophagocytic lymphohistiocytosis in adults: a retrospective population-based
analysis from a single center. Leuk Lymphoma. 2011;52:613-619. [CrossRef]

Knaak C, Nyvlt P, Schuster FS, et al. Hemophagocytic lymphohistiocytosis in
critically ill patients: diagnostic reliability of HLH-2004 criteria and HScore. Crit
Care. 2020;24:244. |CrossRef]|
Kollipara V, Hussain S, Franco-Palacios D, Sofi U. A case series of
endemic infections associated hemophagocytic lymphohistiocytosis
(HLH) mimicking severe sepsis syndrome. Respir Med Case Rep. 2019;27:100854.
[CrossRef]

Padhi S, Varghese RG, Ramdas A, Phansalkar MD, Sarangi R. Hemophagocytic
lymphohistiocytosis: critical reappraisal of a potentially under-recognized condition.
Front Med. 2013;7:492-498. [CrossRef]

Nagafuji K, Nonami A, Kumano T, et al. Perforin gene mutations in adult-onset
hemophagocytic lymphohistiocytosis. Haematologica. 2007;92:978-981. [CrossRef]
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;30:411-420. [CrossRef]

Okur H, Balta G, Akarsu N, et al. Clinical and molecular aspects of Turkish familial
hemophagocytic lymphohistiocytosis patients with perforin mutations. Leuk Res.
2008;32:972-975. [CrossRef]

Griffiths GM, Tsun A, Stinchcombe JC. The immunological synapse: a focal point for
endocytosis and exocytosis. J Cell Biol. 2010;189:399-406. [CrossRef]

Bode SF, Lehmberg K, Maul-Pavicic A, et al. Recent advances in the diagnosis
and treatment of hemophagocytic Arthritis  Res  Ther.
2012;14:213. [CrossRef]

Russ A, Hua AB, Montfort WR, et al. Blocking “don’t eat me” signal of CD47-SIRPa
in hematological malignancies, an in-depth review. Blood Rev. 2018;32:480-489.

[CrossRef]

Feldmann J, Callebaut I, Raposo G, et al. Munc13-4 is essential for cytolytic granules
fusion and is mutated in a form of familial hemophagocytic lymphohistiocytosis
(FHL3). Cell. 2003;115:461-473. [CrossRef]

de Saint Basile G, Ménasché G, Fischer A. Molecular mechanisms of biogenesis and
exocytosis of cytotoxic granules. Nat Rev Immunol. 2010;10:568-579. [CrossRef]
Dieckmann NM, Frazer GL, Asano Y, Stinchcombe JC, Griffiths GM. The cytotoxic T
lymphocyte immune synapse at a glance. J Cell Sci. 2016;129:2881-2886. [CrossRef]
Jenkins MR, Rudd-Schmidt JA, Lopez JA, et al. Failed CTL/NK cell killing and
cytokine hypersecretion are directly linked through prolonged synapse time. J Exp
Med. 2015;212: 307-317. [CrossRef]

Pachlopnik SJ, Canioni D, Moshous D, et al. Clinical similarities and diff erences of
patients with X-linked lymphoproliferative syndrome type 1 (XLP-1/SAP defi ciency)
versus type 2 (XLP-2/XIAP deficiency). Blood. 2011;117:1522-1529. [CrossRef]
Stepensky P, Weintraub M, Yanir A, et al. IL-2-inducible T-cell kinase deficiency:
clinical presentation and therapeutic approach. Haematologica. 2011;96:472-476.
[CrossRef]

Rigaud S, Fondanéche MC, Lambert N, et al. XIAP deficiency in humans causes
an X-linked lymphoproliferative syndrome. Nature. 2006;444:110-114. [CrossRef]

lymphohistiocytosis.

Balkan Med J, Vol. 39, No. 5, 2022

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Kagar and Celkan. Hemophagocytic Lymphohistiocytosis

van Montfrans JM, Hoepelman Al Otto S, et al. CD27 deficiency is associated with
combined immunodefi ciency and persistent symptomatic EBV viremia. J Allergy
Clin Immunol. 2012;129:787-793. [CrossRef]

Stepp SE, Dufourcq-Lagelouse R, Le Deist F, et al. Perforin gene defects in familial
hemophagocytic lymphohistiocytosis. Science. 1999;286:1957-1959. [CrossRef]
Ammann S, Lehmberg K, Zur Stadt U, et al. Effective immunological guidance
of genetic analyses including exome sequencing in patients evaluated for
hemophagocytic  lymphohistiocytosis. 2017;37:770-780.
[CrossRef]

Marsh RA, Satake N, Biroschak J, et al. STX11 mutations and clinical phenotypes
of familial hemophagocytic lymphohistiocytosis in North America. Pediatr Blood
Cancer. 2010;55:134-140. [CrossRef]

Rudd E, Goransdotter Ericson K, Zheng C, et al. Spectrum and clinical implications

J Clin  Immunol.

of syntaxin 11 gene mutations in familial haemophagocytic lymphohistiocytosis:
association with disease-free remissions and haematopoietic malignancies. J Med
Genet. 2006;43:¢14. [CrossRef]

Fischer A, Latour S, de Saint Basile G. Genetic defects affecting lymphocyte
cytotoxicity. Curr Opin Immunol. 2007;19:348-353. [CrossRef]

CeticaV, Pende D, Griffiths GM, Arico M. Molecular basis of familial hemophagocytic
lymphohistiocytosis. Haematologica. 2010;95:538-541. [CrossRef]

zur Stadt U, Schmidt S, Kasper B, et al. Linkage of familial hemophagocytic
lymphohistiocytosis (FHL) type-4 to chromosome 6q24 and identification of
mutations in syntaxin 11. Hum Mol Genet. 2005;14:827-834. [CrossRef]

zur Stadt U, Rohr J, Seifert W, et al. Familial hemophagocytic lymphohistiocytosis
type 5 (FHL-5) is caused by mutations in Munc18-2 and impaired binding to syntaxin
11. Am J Hum Genet. 2009;85:482-492. [CrossRef]

Goransdotter Ericson K, Fadeel B, Nilsson-Ardnor S, et al. Spectrum of perforin
gene mutation in familial hemophagocytic lymphohistiocytosis. Am J Hum Genet.
2001;68:590-597. [CrossRef]

Molleran LS, Villanueva J, Sumegi J, et al. Characterisation of diverse PRF1
mutations leading to decreased natural killer cell activity in North American families
with haemophagocytic lymphohistiocytosis. J Med Genet. 2004;41:137-144.
[CrossRef]

Ueda I, Morimoto A, Inaba T, et al. Characteristic perforin gene mutations of HLH
patients in Japan. BrJ Haematol. 2003;121:503-510. [CrossRef]

Zur Stadt U, Beutel K, Kolberg S, et al. Mutation spectrum in children with primary
hemophagocytic lymphohistiocytosis: molecular and functional analyses of PRFI,
UNCI13D, STX11, and RAB27A. Hum Mutat. 2006;27:62-68. [CrossRef]

Balta G, Okur H, Unal S, et al. Assessment of clinical and laboratory presentations
of familial hemophagocytic lymphohistiocytosis patients with homozygous W374X
mutation. Leuk Res. 2010;34:1012-1017. [CrossRef]

Okur H, Unal S, Balta G, et al. The frequency of A91V in the perforin gene and the
effect of tumor necrosis factor-a promoter polymorphism on acquired hemophagocytic
lymphohistiocytosis. Turk J Haematol. 2011;28:125-130. [CrossRef]

Chiapparini L, Uziel G, Vallinoto C, et al. Hemophagocytic lymphohistiocytosis
with neurological presentation: MRI findings and a nearly miss diagnosis. Neurol Sci.
2011;32:473-477. |CrossRef]

Murphy C, Nanthapisal S, Gilmour K, et al. Progressive neurologic disorder: Initial
manifestation of hemophagocytic lymphohistiocytosis. Neurology. 2016;86:2109-
2111. [CrossRef]

Benson LA, Li H, Henderson LA, et al. Pediatric CNS-isolated hemophagocytic
lymphohistiocytosis. Neurol Neuroimmunol Neuroinflamm. 2019;6:¢560. [CrossRef]
Gurgey A, Aytac S, Balta G, Oguz KK, Gumruk F. Central nervous system
involvement in Turkish children with primary hemophagocytic lymphohistiocytosis.
J Child Neurol. 2008;23:1293-1299. [CrossRef]

Imashuku S. Treatment of Epstein-Barr virus-related hemophagocytic
lymphohistiocytosis (EBV-HLH); update 2010. J Pediatr Hematol Oncol.
2011;33:35-39. [CrossRef]

Ishii E, Ohga S, Imashuku S, et al. Nationwide survey of hemophagocytic
lymphohistiocytosis in Japan. /nt J Hematol. 2007;86:58-65. [CrossRef]

Shah AJ, Kapoor N, Cooper RM, et al. Pre- and post-natal treatment of hemophagocytic
lymphohistiocytosis. Pediatr Blood Cancer. 2009;52:139-142. [CrossRef]

Grom AA. Macrophage activation syndrome and reactive hemophagocytic
lymphohistiocytosis: the same entities? Curr Opin Rheumatol. 2003;15:587-590.
[CrossRef]


https://www.turkishjournalpediatrics.org/uploads/pdf_TJP_661.pdf
https://doi.org/10.1007/s12288-015-0541-2
https://pubmed.ncbi.nlm.nih.gov/19817262/
https://pubmed.ncbi.nlm.nih.gov/21299462/
https://pubmed.ncbi.nlm.nih.gov/24127015/
https://pubmed.ncbi.nlm.nih.gov/31193414/
https://pubmed.ncbi.nlm.nih.gov/32448380/
https://doi.org/10.3324/haematol.11233
https://pubmed.ncbi.nlm.nih.gov/27238576/
https://pubmed.ncbi.nlm.nih.gov/18190960/
https://pubmed.ncbi.nlm.nih.gov/20439993/
https://pubmed.ncbi.nlm.nih.gov/22682420/
https://doi.org/10.1016/S0092-8674(03)00855-9
https://doi.org/10.1038/nri2803
https://doi.org/10.1084/jem.20140964
https://pubmed.ncbi.nlm.nih.gov/21119115/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3046282/
https://doi.org/10.1038/nature05257
https://linkinghub.elsevier.com/retrieve/pii/S009167491101801X
https://www.science.org/doi/10.1126/science.286.5446.1957
https://doi.org/10.1002/pbc.22499
https://doi.org/10.1016/j.coi.2007.04.006
https://doi.org/10.3324/haematol.2009.019562
https://doi.org/10.1093/hmg/ddi076
https://doi.org/10.1016/j.ajhg.2009.09.005
https://doi.org/10.1086/318796
http://dx.doi.org/10.1136/jmg.2003.011528
https://doi.org/10.1046/j.1365-2141.2003.04298.x
https://doi.org/10.1002/humu.20274
https://doi.org/10.1016/j.leukres.2010.02.002
https://jag.journalagent.com/tjh/pdfs/TJH_28_2_125_130.pdf
https://doi.org/10.1007/s10072-010-0467-2
https://doi.org/10.1212/WNL.0000000000002729
https://doi.org/10.1212/NXI.0000000000000560
https://doi.org/10.1177/088307380831907
https://doi.org/10.1097/MPH.0b013e3181f84a52
https://doi.org/10.1532/IJH97.07012
https://doi.org/10.1002/pbc.21778
https://doi.org/10.1097/00002281-200309000-00011

Kagar and Celkan. Hemophagocytic Lymphohistiocytosis

92.

93.

94.

95.

96.

97.

98.

99.

100.

10

—_

102.

103.

104.

105.

106.

107.

108.

109.

110.

Ravelli A, Minoia F, Davi S, et al. Histiocyte Society. 2016 Classification
Criteria for Macrophage Activation Syndrome Complicating Systemic Juvenile
Idiopathic Arthritis: A European League Against Rheumatism/American College
of Rheumatology/Paediatric Rheumatology International Trials
Collaborative Initiative. Ann Rheum Dis. 2016;75:481-489. [CrossRef]
Zhang K, Biroschak J, Glass DN, et al. Macrophage activation syndrome in
patients with systemic juvenile idiopathic arthritis is associated with MUNC13-4
polymorphisms. Arthritis Rheum. 2008;58:2892-2896. [CrossRef]

Fardet L, Lambotte O, Meynard JL, et al. Reactive haemophagocytic syndrome in 58
HIV-1-infected patients: clinical features, underlying diseases and prognosis. 4/DS.
2010; 24:1299-1306. [CrossRef]

Arico M, Danesino C, Pende D, Moretta L. Pathogenesis of haemophagocytic
lymphohistiocytosis. Br J Haematol. 2001;114:761-769. [CrossRef]

Turkish HLH Study Group. Clinical and laboratory data of patients with primary
Hemophagocytic lymphohistioscytosis. Turkish J Hematol. 2005;22:Suppl:abs151.
[CrossRef]

Belyea B, Hinson A, Moran C, Hwang E, Heath J, Barfield R. Spontaneous resolution
of Epstein-Barr virus-associated hemophagocytic lymphohistiocytosis. Pediatr Blood
Cancer. 2010;55:754-756. [CrossRef]

Lindemann TL, Greene JS. Persistent cervical lymphadenopathy in an adolescent
with Epstein-Barr induced hemophagocytic syndrome: manifestations of a rare but
often fatal disease. Int J Pediatr Otorhinolaryngol. 2005;69:1011-1014. [CrossRef]
Imashuku S, Hibi S, Tabata Y, et al. Biomarker and morphological characteristics of
Epstein-Barr virus-related hemophagocytic lymphohistiocytosis. Med Pediatr Oncol.
1998;31:131-137. [CrossRef]

Ambruso DR, Hays T, Zwartjes WJ, Tubergen DG, Favara BE. Successful treatment
of lymphohistiocytic reticulosis with phagocytosis with epipodophyllotoxin VP 16-
213. Cancer. 1980;45:2516-2520. [CrossRef]

Organisation

. Fischer A, Virelizier JL, Arenzana-Seisdedos F, Perez N, Nezelof C, Griscelli

C. Treatment of four patients with erythrophagocytic lymphohistiocytosis by a
combination of epipodophyllotoxin, steroids, intrathecal methotrexate, and cranial
irradiation. Pediatrics. 1985;76:263-268. |CrossRef]|

Stéphan JL, Donadieu J, Ledeist F, Blanche S, Griscelli C, Fischer A. Treatment of
familial hemophagocytic lymphohistiocytosis with antithymocyte globulins, steroids,
and cyclosporin A. Blood. 1993;82:2319-2323. [CrossRef]

Henter JI, Samuelsson-Horne A, Arico M, et al. Histocyte Society. Treatment of
hemophagocytic lymphohistiocytosis with HLH-94 immunochemotherapy and bone
marrow transplantation. Blood. 2002;100:2367-2373. [CrossRef]

Haddad E, Sulis ML, Jabado N, Blanche S, Fischer A, Tardieu M. Frequency and
severity of central nervous system lesions in hemophagocytic lymphohistiocytosis.
Blood. 1997;89:794-800. [CrossRef]

Henter JI, Nennesmo I. Neuropathologic findings and neurologic symptoms in twenty-
three children with hemophagocytic lymphohistiocytosis. J Pediatr: 1997;130:358-
365. [CrossRef]

Al-Lamki Z, Wali YA, Pathare A, Ericson KG, Henter JI. Clinical and genetic studies
of familial hemophagocytic lymphohistiocytosis in Oman: need for early treatment.
Pediatr Hematol Oncol. 2003;20:603-609. [CrossRef]

Mahlaoui N, Ouachée-Chardin M, de Saint Basile G, et al. Immunotherapy of familial
hemophagocytic lymphohistiocytosis with antithymocyte globulins: a single-center
retrospective report of 38 patients. Pediatrics. 2007;120:¢622-¢628. [CrossRef]
Marsh RA, Allen CE, McClain KL, et al. Salvage therapy of refractory
hemophagocytic lymphohistiocytosis with alemtuzumab. Pediatr Blood Cancer.
2013;60:101-109. [CrossRef]

Broglie L, Pommert L, Rao S, et al. Ruxolitinib for treatment of refractory
hemophagocytic lymphohistiocytosis. Blood Adv. 2017;1:1533-1536. [CrossRef]
Eloseily EM, Weiser P, Crayne CB, et al.. Benefit of anakinra in treating pediatric
secondary hemophagocytic lymphohistiocytosis. Arthritis Rheumatol. 2020;72:326-
334. [CrossRef]

11

—

112.

113.

114.

115.

116.

11

=

118.

119.

120.

12

—_

122.

123.

124.

125.

126.

127.

128.

129.

317

. Maschalidi S, Sepulveda FE, Garrigue A, et al. Therapeutic effect of JAK1/2 blockade

on the manifestations of hemophagocytic lymphohistiocytosis in mice. Blood.
2016;128: 60-71. [CrossRef]

Abe Y, Choi I, Hara K, et al. Hemophagocytic syndrome: a rare complication of
allogeneic nonmyeloablative hematopoietic stem cell transplantation. Bone Marrow
Transplant. 2002;29:799-801. [CrossRef]

Horne A, Janka G, Maarten Egeler R, et al. Histiocyte Society. Haematopoietic
stem cell transplantation in haemophagocytic lymphohistiocytosis. Br J Haematol.
2005;129:622-630. [CrossRef]

Cooper N, Rao K, Gilmour K, et al. Stem cell transplantation with reduced-intensity
conditioning for hemophagocytic lymphohistiocytosis. Blood. 2006;107:1233-1236.
[CrossRef]

Ouachée-Chardin M, Elie C, de Saint Basile G, et al. Hematopoietic stem cell
transplantation in hemophagocytic lymphohistiocytosis: a single-center report of 48
patients. Pediatrics. 2006;117:¢743-¢750. [CrossRef]

Bergsten E, Horne A, Hed Myrberg 1, et al. Stem cell transplantation for children with
hemophagocytic lymphohistiocytosis: results from the HLH-2004 study. Blood Adv.
2020;4:3754-3766. [CrossRef]

. Messina C, Zecca M, Fagioli F, et al. Outcomes of Children with Hemophagocytic

Lymphohistiocytosis Given Allogeneic Hematopoietic Stem Cell Transplantation in
Italy. Biol Blood Marrow Transplant. 2018;24:1223-1231. [CrossRef]

Cooper N, Rao K, Gilmour K, et al. Stem cell transplantation with reduced-intensity
conditioning for hemophagocytic lymphohistiocytosis. Blood. 2006;107:1233-1236.
[CrossRef]

Sawada A, Ohga S, Ishii E, et al. Feasibility of reduced-intensity conditioning
followed by unrelated cord blood transplantation for primary hemophagocytic
lymphohistiocytosis: a nationwide retrospective analysis in Japan. Int J Hematol.
2013;98:223-230. [CrossRef]

Malir R, Sj66 F, Rentsch K, Hassan M, Giingér T. Therapeutic drug monitoring
is essential for intravenous busulfan therapy in pediatric hematopoietic stem cell
recipients. Pediatr Transplant. 2011;15:580-588. [CrossRef]

. Ouachée-Chardin M, Elie C, de Saint Basile G, et al. Hematopoietic stem cell

transplantation in hemophagocytic lymphohistiocytosis: a single-center report of 48
patients. Pediatrics. 2006;117:¢743-e750. [CrossRef]

Halstead ES, Carcillo JA, Schilling B, Greiner RJ, Whiteside TL. Reduced frequency
of CD56 dim CDI16 pos natural killer cells in pediatric systemic inflammatory
response syndrome/sepsis patients. Pediatr Res. 2013;74:427-432. [CrossRef]
Marsh RA, Vaughn G, Kim MO, et al. Reduced-intensity conditioning significantly
improves survival of patients with hemophagocytic lymphohistiocytosis undergoing
allogeneic  hematopoietic transplantation.  Blood. 2010;116:5824-5831.
[CrossRef]

Booth C, Gilmour KC, Veys P, et al. X-linked lymphoproliferative disease due to
SAP/SH2D1A deficiency: a multicenter study on the manifestations, management and
outcome of the disease. Blood. 2011;117:53-62. Erratum in: Blood. 2011;118:5060.
[CrossRef]

Chellapandian D, Das R, Zelley K, et al. Treatment of Epstein Barr virus-induced
haemophagocytic  lymphohistiocytosis ~ with  rituximab-containing
immunotherapeutic regimens. Br J Haematol. 2013;162:376-382. [CrossRef]
Kogak N, Eren M, Yiice A, Giimriikk F. Hemophagocytic syndrome associated with
visceral leishmaniasis. Indian Pediatr. 2004;41:605-607. [CrossRef]

Atteritano M, David A, Bagnato G, et al. Haemophagocytic syndrome in rheumatic
patients. A systematic review. Eur Rev Med Pharmacol Sci. 2012;16:1414-1424.
[CrossRef]

Vallurupalli M, Berliner N. Emapalumab for the treatment of relapsed/refractory
hemophagocytic lymphohistiocytosis. Blood. 2019;134:1783-1786. [CrossRef]
Al-Salama ZT. Emapalumab: First global approval. Drugs. 2019;79:99-103.
[CrossRef]

cell

chemo-

Balkan Med J, Vol. 39, No. 5, 2022


https://doi.org/10.1002/art.39332
https://doi.org/10.1002/art.23734
https://doi.org/10.1097/QAD.0b013e328339e55b
https://doi.org/10.1046/j.1365-2141.2001.02936.x
https://doi.org/10.5152/tjh.2010.47
https://jag.journalagent.com/tjh/pdfs/TJH_27_4_257_262.pdf
https://doi.org/10.1016/j.ijporl.2005.02.014
https://doi.org/10.1002/(SICI)1096-911X(199809)31:3<131::AID-MPO1>3.0.CO;2-C
https://doi.org/10.1002/1097-0142(19800515)45:10<2516::AID-CNCR2820451008>3.0.CO;2-V
https://europepmc.org/article/med/3839578
https://doi.org/10.1182/blood.V82.8.2319.2319
https://doi.org/10.1182/blood-2002-01-0172
https://doi.org/10.1182/blood.V89.3.794
https://doi.org/10.1016/S0022-3476(97)70196-3
https://doi.org/10.1080/0888001039024301
https://doi.org/10.1542/peds.2006-3164
https://doi.org/10.1002/pbc.24188
https://doi.org/10.1182/bloodadvances.2017007526
https://doi.org/10.1002/art.41103
https://doi.org/10.1182/blood-2016-02-700013
https://doi.org/10.1038/sj.bmt.1703554
https://doi.org/10.1111/j.1365-2141.2005.05501.x
https://doi.org/10.1182/blood-2005-05-1819
https://doi.org/10.1542/peds.2005-1789
https://doi.org/10.1182/bloodadvances.2020002101
https://doi.org/10.1016/j.bbmt.2018.01.022
https://doi.org/10.1182/blood-2005-05-1819
https://link.springer.com/article/10.1007/s12185-013-1391-z
https://doi.org/10.1111/j.1399-3046.2011.01529.x
https://doi.org/10.1542/peds.2005-1789
https://www.nature.com/articles/pr2013121
https://doi.org/10.1182/blood-2010-04-282392
https://doi.org/10.1182/blood-2010-06-284935
https://doi.org/10.1111/bjh.12386
https://pubmed.ncbi.nlm.nih.gov/15235168/
https://www.europeanreview.org/wp/wp-content/uploads/1414-1424.pdf
https://doi.org/10.1182/blood.2019002289
https://doi.org/10.1007/s40265-018-1046-8

