
Clinical Case Report Medicine®

OPEN
Hemophagocytic lymphohistiocytosis in an adult
kidney transplant recipient successfully treated
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A case report and review of the literature
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Abstract
Rationale: Hemophagocytic lymphohistiocytosis (HLH) is a life-threatening disease entity primarily described in children, but
not less relevant in adults. It is characterized by a misdirected activation of the immune system, resulting in an uncontrolled
cytokine release from macrophages and cytotoxic T-cells (CTLs). Primary HLH relies on a genetic predisposition, whereas
secondary HLH develops in the context of infections, malignancies or autoimmune diseases. However, the awareness and
therapeutic knowledge for HLH in adulthood is limited. Most therapy protocols are almost exclusively validated in pediatric
cohorts and for primary HLH. Their transferability to adult individuals with mostly secondary HLH is doubtful. Especially the high
liver and bonemarrow toxicity of applied etoposide-based protocols is discussed controversially and connected to overwhelming
infections and death.

Patient concern: A 51-year old, male, kidney transplant recipient was admitted to our center suffering from diarrhea, fever,
nausea, hyponatremia, kidney graft failure, disorientation, progressive hemodynamic instability, and multiorgan failure.

Diagnoses: Clinical and laboratory findings resembled those of a septic shock. Ferritin and soluble interleukin-2 receptor (sCD25)
levels were disproportionally elevated. Only a mild hepatosplenomegaly was diagnosed in a CT scan. A T2-weighted, fluid-attenuated
inversion recoveryMRI showedmarked, bilateral andperiventricularwhitematter hyperintensities. The cerebrospinal fluid (CSF) analysis
showed a moderately elevated protein content and cell count. There was no evidence of any bacterial, viral, or parasitic infection. The
diagnosis of HLH was made.

Interventions&Outcomes:The patient was successfully treated by a combined approach consisting of plasma exchange (PE),
corticosteroids, anakinra, and cyclosporine (CsA).

Lessons: HLH is an important differential diagnosis in critically ill patients. Its unspecific clinical picture complicates an early
diagnosis and may be misclassified as sepsis. A combination of plasma exchange (PE), corticosteroids, anakinra, and cyclosporine
(CsA) may be a promising and less toxic approach for HLH therapy in adults.

Abbreviations: ALT = alanine aminotransferase, AOSD = adult onset Still’s disease, APC = antigen presenting cell, AST =
aspartate aminotransferase, BKV = BK-virus, CMV = cytomegalovirus, CNS = central nervous system, CRP = C-reactive protein,
CsA = cyclosporine A, CSF = cerebrospinal fluid, CTLs = cytotoxic T-lymphocytes, DIC = disseminated intravascular coagulation,
EBV = Ebstein–Barr virus, FHL = familial hemophagocytic lymphohistiocytosis, HAV = hepatitis A virus, HBV = hepatitis B virus, HCV
= hepatitis C virus, HEV = hepatitis E virus, HHV6 = human herpes virus 6, HIV = human immune-deficiency virus, HLH =
hemophagocytic lymphohistiocytosis, HSV = herpes simplex virus, IFNg = interferon gamma, IL = interleukin, IVIG = intravenous
immunoglobulins, JCV = JC-virus, LDH = lactate dehydrogenase, MAS =macrophage activation syndrome, NK cells = natural killer
cells, PCR = polymerase chain reaction, PE = plasma exchange, PML = progressive multifocal leukoencephalopathy, PRES =
posterior reversible encephalopathy syndrome, sCD25 or sIL-2r = soluble interleukin-2 receptor, SJIA = systemic juvenile idiopathic
arthritis, SLE = systemic lupus erythematosus, SNP = single nucleotide polymorphisms, TLR = toll-like receptors, TNFa = tumor
necrosis factor alpha, VZV = varicella zoster virus.
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1. Introduction appropriate measures are essential to improve outcomes and
Hemophagocytic lymphohistiocytosis (HLH) is a life-threatening
disease characterized by massive cytokine production from
activated blood monocytes, macrophages (histiocytes), and
cytotoxic T-lymphocytes (CTLs).[1] The ubiquitous cellular
organ infiltration and cytokine release evoke an unspecific and
often sepsis-like clinical picture.[2] Refractory and prolonged
fever, hepatosplenomegaly, hemophagocytosis in the bone
marrow, and several laboratory findings such as cytopenia, very
high ferritin levels, low or absent natural killer (NK) cell activity,
elevated soluble interleukin-2 receptor (sIL-2r= sCD25), hyper-
triglyceridemia and/or low fibrinogen are considered as typical
HLH features. These parameters form the widely applied HLH-
2004 diagnostic criteria.[3] In general, one has to distinguish
between primary and secondary HLH. Primary HLH is either of
genetic origin, also called familial HLH (FHL), or associated with
genetic immunodeficiency syndromes (Table 1). Secondary or
acquired HLH occurs mostly in the context of infections,
malignancies, and autoimmune diseases.[1] In addition, cases of
acquired HLH are described in patients receiving immunosup-
pressive therapy after solid organ transplantation.[4] The term
“macrophage activation syndrome” (MAS) is particularly used
for autoimmune-related secondary HLH.[5] Secondary HLH can
occur at any age, whereas FHL manifests mainly during infancy
or early childhood.[6] The epidemiological data for HLH are
limited, especially in adulthood. Thus, its true incidence is
probably unknown. The best data for primary HLH or HLH in
childhood comes from three studies, indicating a yearly incidence
of 1.2 per million children in Sweden[7] and of 7.5 and 3.3 per
10000 hospitalized children in Turkey and the United States of
America, respectively.[8,9] Only one epidemiological study exists
for HLH in adults, reporting an incidence of 3.6 per million for
malignancy associated HLH.[10] The overall mortality is high
and ranges between 45 and 60% for FHL[11–13] and 5 and
30% for autoimmune-related MAS in children.[14–17] The
situation in adults is even worse. Recent data suggest an overall
mortality of 41%.[18] Thus, early diagnosis and initiation of
Table 1

Hereditary gene defects predisposing for primary HLH.[1,19–22].

Disease Protein/Gene

Familial HLH (FHL)
FHL 1 Unknown/unknown Unknown
FHL 2 Perforin/PRF1 Induction of a
FHL 3 MUNC 13-4/UNC13D Vesicle primin
FHL 4 Syntaxin 11/STX11 Vesical transp
FHL 5 MUNC18-2/STXBP2 Vesicle transp
Immunodeficiency syndromes associated with HLH
CD27 deficiency CD27/CD27 Impairs cellula
Chediak–Higashi Syndrome LYST Vesicle transp
Griscelli syndrome 2 RAB27A Vesicle transp
ITK deficiency ITK/ITK Reduced num
XPL1 SAP/SH2D1A Transduction a

lymphoma,
XPL2 (XIAP deficiency) XIAP/BIRC4 X-linked, mild

CNS= central nervous system, EBV=Epstein–Barr virus, NK=natural killer.
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quality of life.
Unfortunately, its nonspecific clinical presentation and sepsis-

like appearance makes the diagnosis challenging and suggests a
large number of undetected cases with potentially fatal outcomes
in adult critically ill patients.[2] A major problem is thereby the
limited awareness for HLH, leading at least in part to the high
mortality in adults. In addition, most clinical guidelines,
diagnostic criteria, and treatment protocols are developed and
validated in pediatric patients. It is unclear to what extent these
approaches are transferable into an adult patient population.
Concerns exist especially with regard to the use of the cytotoxic
topoisomerase II inhibitor etoposide that is widely applied during
pediatric disease manifestations. Herein, we report for the first
time on a HLH case in an adult kidney transplant recipient, who
was successfully treated by a less toxic approach consisting of
plasma exchange (PE), cyclosporine (CsA), anakinra, and
corticosteroids.

2. Case report

In April 2017, a 51-year old, male, kidney transplant recipient
was admitted to our center in poor general condition due to
excessive diarrhea and dehydration along with fever, nausea,
hyponatremia (126mEq/L), and kidney graft failure. There were
no signs for rush or polyarthralgia. The patient had a living donor
kidney transplantation in 2002 due to unknown primary renal
disease. On admission, the patient was on an immunosuppressive
therapy with tacrolimus, mycophenolic acid, and low dose
methylprednisolone. An empirical, antibiotic therapy with
ciprofloxacin and metronidazole was started and the fluid losses
were replaced. The patient’s condition improved over the next 2
days. On the fourth day after admission, diarrhea worsened again
and the patient developed progressive tachypnea, hypotonia, and
disorientation. An arterial blood gas analysis revealed a
metabolic acidosis with partial, respiratory compensation (pH
7.35, pCO2 15mm Hg, pO2 161mm Hg, sHCO3

� 8mmol/L,
base excess �15.6, sodium 135mEq/L, chloride 114mEq/L).
Function/Specials

poptosis, typically early onset.
g, early onset, CNS frequently affected
ort, rare, onset beyond first months, typically in Turkish or Arabic patients.
ort, late onset typically with hypogammaglobulinemia, platelet adhesion defect.

r and humoral immunity, EBV-associated, lymphoma risk, hypogammaglobulinemia.
ort, late onset, partial albinism, retardation.
ort, late onset, partial albinism, CNS frequently affected.
ber of NK cells, EBV-associated.
nd activation of lymphocytes, X-linked, mostly induced by EBV, severe form, risk of
hypogammaglobulinemia.
HLH, frequently EBV-associated, colitis.



Figure 1. HLH-associated T2-/FLAIR-weighted white matter hyperintensities parietal (A–C) and around periventricular regions (D–F) in axial plane. (A+D) ICU
admission (day 5 after admission), (B+E) after 4 plasma exchange procedures (day 13 after admission), (C+F) under maintenance therapy (day 68 after admission).
FLAIR=fluid-attenuated inversion recovery, HLH=hemophagocytic lymphohistiocytosis
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Under the assumption of hyperchloremic metabolic acidosis
(normal anion gap) due to severe gastrointestinal bicarbonate
and fluid losses and a septic clinical picture, the patient was
transferred to our intensive care unit. The antibiotic regime was
changed to intravenous meropenem and immunosuppressive
therapy was reduced accordingly to a methylprednisolone (20
mg) monotherapy. Typical viral (norovirus, rotavirus, adenovi-
rus, astrovirus cytomegalovirus [CMV]) and bacterial (clostridi-
um difficile, shigella, yersenia, and campylobacter species)
pathogens of gastrointestinal infection were excluded and
multiple blood cultures remained negative. The neurological
condition worsened andC-reactive protein (CRP) levels increased
further to 120.9mg/L. T2-weighted, fluid-attenuated inversion
recovery (FLAIR) MRI images showed a marked, heterogeneous
white matter hyperintensity of the bilateral periventricular
regions with occipital, parieto-frontal, and especially dextral
accentuation (Fig. 1).
In the context of immunosuppressive therapy in this patient, a

diagnosis of progressive multifocal leukoencephalopathy (PML)
due to JC-virus (JCV) reactivation, any other virus-associated
encephalitis or posterior reversible encephalopathy syndrome
(PRES) was suspected. The cerebrospinal fluid (CSF) analysis
showed a moderately elevated spinal fluid protein content (480
3

mg/L), reduced lactate levels (1.6mmol/L) and an elevated
leucocyte count (12�106/L), consistent with inflammatory CSF
alterations. Antiviral therapy with acyclovir and cidofovir was
initiated, but the neurological condition worsened. The patient
developed hemodynamic instability together with liver and renal
failure and needed mechanical ventilation and vasopressor
therapy (norepinephrine 23mg/kg/min). A CT scan of the thorax
and abdomen showed only mild hepatosplenomegaly without
further pathologies. The most striking laboratory findings at this
time were as follows: ferritin 23623mg/L, serum creatinine 6.6
mg/dL, platelet count 66�109/L, leucocyte count 10.79�106/L,
hemoglobin 91g/L, CRP 160mg/L, total bilirubin 4.6mg/dL,
aspartate aminotransferase (AST) 6106U/L, alanine aminotrans-
ferase (ALT) 1421U/L, and lactate dehydrogenase (LDH) 2032
U/L. On the basis of therapy-refractory fever, hepatosplenome-
galy, massive hyperferritinemia, progressive thrombocytopenia
and anemia (though not fulfilling HLH-2004 criteria), central
nervous system (CNS) involvement and a sepsis-like clinical
picture without any evidence of a microbiological pathogen, the
suspected diagnosis of secondary HLH was established.
At this time, only 3 of the HLH-2004 criteria (fever,

splenomegaly, and hyperferritinemia, Table 2) were fulfilled,
but the clinical picture was highly suspicious for HLH. Thus, a
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Table 2

HLH-2004 diagnostic criteria.[3].

Features Cutoffs

Diagnosis of HLH can be made if either a molecular diagnosis consistent with HLH or five out of the following eight criteria are fulfilled
Classic diagnostic criteria (HLH-94) Fever

(Hepato-)Splenomegaly
Cytopenia ≥ 2 cell lines
-Hemoglobin <90g/L (neonates < 100g/L
-Platelets < 100 � 109/L
-Neutrophils < 1� 109/L
Hypofibrinogenemia or � 1.5g/L
Fasting hypertriglyceridemia ≥ 265mg/dL
Hemophagocytosis Bone marrow or tissue

Additional new diagnostic criteria (HLH-2004) Hyperferritinemia ≥500m/L
Elevated soluble CD25 ≥2400U/mL
Low or absent NK cell activity

Additional features (not included in HLH-2004 diagnostic criteria) Elevated bilirubin, transaminases
Elevated lactate dehydrogenase
Elevated D-dimers
Elevated CSF protein, CSF cells

CSF=cerebrospinal fluid, HLH=hemophagocytic lymphohistiocytosis, NK=natural killer.

Table 3

Overview of laboratory findings on admission, prior plasma exchange, Peak values for HLH-classification and ambulant follow-up after 2
months.

Parameters Admission Prior peak (d9) Peak values Follow-up

Creatinine, mg/dL 4.37 (BL 2.99) 6.2 6.57 (d10) 7.05
Urea, mg/dL 119 184 237 (d11) 198
LDH, U/L 136 2032 2032 (d9) 220
AST, U/L 28 6106 6106 (d9) 17
Bilirubin, total mg/dL 0.4 4.6 4.6 (d9) 0.3
Triglycerides, mg/dL n.s. 210 366 (14) 187
CRP, mg/L 30.4 160.2 160.2 (d9) < 2
WBC, �109/L 5.52 10.78 2.04 (d18) 7.08
Hemoglobin, g/L 100 91 65 (d13) 91
Platelets, �109/L 95 66 39 (d12) 175
Fibrinogen, g/L n.s. 2.64 n.s. n.s.
Ferritin, m/L n.s. 23623 23623 (d9) 1508

AST= aspartate transaminase, BL=baseline creatinine, CRP=C-reactive protein, d=days after admission, LDH= lactate dehydrogenase, n.s.=not specified, PE=plasma exchange, WBC=white blood cells.

Table 4

HLH-2004 treatment protocol.[3].

HLH-2004 treatment protocol (initial therapy over 1–8 weeks)
Substance Dosing

Dexamethasone IV 10mg/m2 2 weeks, 5mg/m2 2 weeks, 2.5mg/m2 2 weeks, 1.25mg/m2 2 weeks, tapering over 8 weeks
Etoposide IV 150mg/m2 twice weekly for the first 2 weeks, then weekly during initial therapy
Cyclosporine A Start 6mg/kg daily (divided in 2 doses), aiming levels around 200mg/L
Intrathecal therapy

∗

-Methotrexate < 1 year 6mg, 1–2 years 8mg, 2–3 years 10mg, >3 years 12mg
-Prednisolone < 1 year 4mg, 1–2 years 6mg, 2–3 years 8mg, >3 years 10mg
Supportive therapy Proton pump inhibitors or H2 receptor antagonists

Prophylactic cotrimoxazol (week 1 and onward)
IVIG 0.5g/kg once every 4 weeks
Oral antimycotic (1–9 weeks)

CSF=cerebrospinal fluid, IV= intravenous, IVIG= intravenous immunoglobulin.
∗
Only if progressive neurological symptoms or no improvement of abnormal CSF, maximum of 4 weekly doses.

Nusshag et al. Medicine (2017) 96:50 Medicine
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Figure 2. Laboratory findings in relation to plasma exchange.
∗
Plasma exchange (one plasma volume). AST=aspartate aminotransferase, CRP=C-reactive

protein, LDH= lactate dehydrogenase.
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therapy with 250mg prednisolone and PE were initiated on day 9
after admission. The laboratory findings prior to initiation of PE
are displayed in Table 3. The decision for PE was based on data
retrieved from children whit autoimmune related MAS that was
successfully treated by PE.[23,24] A therapy with etoposide and
CsA according to the HLH-2004 protocol (Table 4) was avoided
due to high liver toxicity of etoposide and known association of
CsA with suspected PRES and PML development.
Before steroid therapy was started, an active viral infection of

the CSF (JCV, varizella zoster (VZV), herpes simplex virus
(HSV)) was ruled out by polymerase chain reaction (PCR).
During the following 5 days, the patient developed relevant
hypertriglyceridemia (366mg/dL), progressive thrombocytope-
nia (39�109/L), anemia (nadir of 6.5g/dL) and leukocytopenia
(3.37�109/L), before all cell lines recovered under PE therapy.
The diagnosis of hemophagocytosis was confirmed in a bone
marrow biopsy, but admittedly of minor severity. The diagnosis
5

of HLH could be made according to the HLH-2004 criteria 5
days after initiation of therapeutic measures. In total, 18
plasmaphereses were performed and with initiation of plasma
exchange the patient’s condition improved impressively, vaso-
pressor therapy was terminated after the first procedure and the
neurological impairment as well as the CNS lesions were
regressive in a control MRI only 4 days after initiation of
therapy (Fig. 1). The laboratory parameters in relation to PE
procedures are shown in Figure 2. Anakinra, a recombinant
interleukin-1 (IL-1) receptor antagonist, was started as mainte-
nance therapy on day 19 with 200mg every other day based on 3
recent publications, which showed a beneficial effect of IL-1
blockade via anakinra in adults suffering from HLH and MAS-
like syndrome.[25–27] After improvement of CNS lesions during
PE and establishment of a definite diagnosis of HLH, PRES, and
PML were considered as unlikely and a CsA therapy at 3mg/kg
per day was added to the maintenance therapy on day 27. Target

http://www.md-journal.com
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CsA blood concentration was 150mg/L. All cell lines recovered
further and the PE therapy was terminated on day 31. The
prednisolone dose was tapered from 250mg for 2 days to 125mg
for 5 days to amaintenance dose of 20mg/day. During the further
clinical course a ventilator-associated sepsis with pseudomonas
aeruginosa in blood cultures and tracheal secretion was
successfully treated with pipieracilline/tazobactam and cipro-
floxacin that was changed to meropenem according to the
antibiotic resistance pattern.
After termination of plasma exchange the ferritin levels

remained stable at 2000 to 2500mg/L duringmaintenance therapy
with CsA, anakinra and low-dose prednisolone. After 48 days in
the ICU, the patient was transferred to the general ward and
improved further. A potential infectious trigger for HLH and the
reason for the initial gastrointestinal symptoms could not be
identified. A virologic screening for BK-virus (BKV), CMV,
Ebstein–Barr virus (EBV), enterovirus, hepatitis virus A/B/C/E
(HAV, HBV, HCV, HEV), HSV, human herpes virus 6 (HHV6),
human immune-deficiency virus (HIV), JC-virus (JCV), para-
influenza virus, parvovirus B19, and VZV showed no evidence of
an active viral infection. The patient was discharged 75 days after
the initial admission.
2.1. Concept of secondary HLH

Secondary or acquired HLH can occur at any age,[18] but generally
manifests in older ages, is more frequent than primary HLH, and
appears mostly in the context of infectious, malignant or
autoimmune diseases.[1] One of the most common factors that
trigger the disease are viruses of the herpes family (CMV, HSV,
HHV8), especially EBV.[22,28] In addition, other viral (HAV, HBV,
HCV, measles, dengue, enterovirus, parvovirus B19, etc.), bacterial
(campylobacter, chlamydia, staphylococcus, salmonella, tuberculo-
sis), fungal (aspergillus, candida) andparasitic (leishmanial,malaria,
toxoplasma) pathogens can serve as a trigger.[28]Malignant disease,
most notably leukemia, lymphoma and especially t-cell driven
disease entities, are also able to trigger HLH.[1]

The term “Macrophage activation syndrome” (MAS) is
particularly used for autoimmune-related, secondary HLH[5]

and by some authors also for HLH in adults.[29] The highest
incidence of MAS in pediatric rheumatology is found in patients
with systemic juvenile idiopathic arthritis (SJIA), systemic lupus
erythematosus (SLE), and Kawasaki syndrome,[30] whereas adult-
onset Still’s disease (AOSD) and SLE play a major role in
adulthood.[18] About 7 to 11% of children with SJIA seem to
develop MAS[17,31] and according to newer reports up to 30 to
40% may suffer from subclinical MAS.[32] Epidemiological data
on secondary HLH/MAS in adults are almost absent. Studies are
needed to generate a better understanding of the epidemiology of
secondaryHLH, especially in adults andnonautoimmunediseases.
2.2. Diagnostic criteria

The first guidelines for the diagnosis of HLH were published by
the Histiocyte Society in 1991[6] and in revised version in 2004
(HLH-2004).[3] Today, at least 6 relevant diagnostic guidelines
exist[3,32–36] (Table 5), but only 2 are proposed for use in adult
patient population.[35,36] All other guidelines either focus on
primary HLH or HLH secondary to autoimmune diseases in
children.[3,32–34] Thus, validated scores for a reliable and early
HLH/MAS diagnosis in adults are still missing apart from
autoimmune or malignant diseases (Table 5). Furthermore, the
differentiation between sepsis and HLH/MAS remains a major
6

problem in clinical practice, especially when liver, kidney, and
multiorgan failure occur.[37]
2.3. Pathogenesis

Central to the pathogenesis of HLH is a massive production of
pro-inflammatory cytokines (“cytokine storm”) through an
uncontrolled activation of macrophages and CTLs.[30] An
impairment of cytotoxic activity of NK cells and CTLs (mainly
cytotoxic CD 8+ T-cells) is considered a hallmark of most HLH
entities.[22,38] The general understanding is that on the basis of
impaired cytotoxic cell function, NK cells, and CTLs fail to
sufficiently eliminate antigen-presenting cells, especially macro-
phages, leading to an inability to terminate immune responses.[30]

As a consequence, uncontrolled expansion of macrophages and
CTLs with production of large amounts of cytokines occurs with
IL-1, IL-6, IL-18, tumor necrosis factor alpha (TNFa), interferon
gamma (IFNg) being the driving forces.[30] The result is an
ubiquitous inflammation and cellular organ infiltration, causing
the diverse, syndrome-like disease pattern.[28] This hypothesis
applies to primary HLH, where genetic mutations cause a
dysfunction of perforin-mediated cytotoxicity in 97% of FHL
patients.[38] However, in patients suffering from secondary HLH
the postulated NK cell deficiency is only seen in 22%.[38] Thus,
the precise pathogenesis for secondary HLH where normal NK
cell function is found remains speculative. In this setting, an
acquired immunodeficiency on the basis of a malignancy, a HIV
infection,[39] an iatrogenic immunodeficiency due to immuno-
suppressive drug therapy (solid organ- and stem cell transplan-
tation)[4,40,41] or any other reason is still discussed as key role in
adult HLH pathogenesis.[28,42]

However, in otherwise healthy and immune competent
individuals, it remains unclear how viral infections, auto-
inflammatory diseases and malignancies induce secondary
HLH. Single nucleotide polymorphisms in cytokine genes, which
lead to an aggravated and prolonged immune response are just as
considered[43,44] as repeated stimulation of toll-like receptors due
to genetic predisposition.[45–47] In summary, the general
pathophysiology in acquired HLH remains incompletely under-
stood, especially when NK cell deficiency is absent.
2.4. Clinical picture & classic laboratory findings

HLH has a syndrome-like appearance with characteristic clinical
and laboratory findings. Particularly during the disease onset,
symptoms are rather unspecific and patients develop a clinical
picture with fever, hemodynamic instability, hepatosplenomegaly,
CNS affection, and an increase in leukocytes and CRP.
Unfortunately, early diagnosis is often hampered by delayed
appearance of the characteristic laboratory findings.[2] Fever is
induced by a misdirected cytokine release, unresponsive to
antibiotic treatment and often of subacute, prolonged and
recurrent character.[48] It is one of the most consistent symptoms,
but certainly not specific for HLH diagnosis.[2,48] CNS symptoms
were initially described in FHL,[49–51] butmanifest aswell in adults
suffering from secondary HLH.[52] They range from minor
alterations of consciousness, headache, memory loss and disorien-
tation to Guillain–Barré-like syndromes, nerve palsy, meningi-
smus, and seizures. The CSF in HLH patients usually shows an
elevated spinal fluid leukocyte count and a mild to moderate
elevation of protein content.[49,52] MRI scans typically display
polymorphic, bilateral and especially periventricular white matter
hyperintensities in T2-weighted, FLAIR images.[51,53] Therefore,
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HLHpatients withCNS affectionmay often bemisdiagnosedwith
viral or other inflammatory CNS diseases.

2.4.1. Hyperferritinemia. Hyperferritinemia is generally consid-
ered as one of the most characteristic findings in HLH. According
toa recent study,medianandmaximal ferritin levels inadults range
between 2367 and 25,720ng/mL, and 6067–684,000ng/mL,
respectively. However, there are also patients, who are diagnosed
with HLH with significantly lower ferritin levels (181–2424ng/
mL).[2] Several studies investigated the significance of ferritin levels
for HLH diagnosis in children. One study showed a 84%
sensitivity for FHL diagnosis for ferritin levels above 500ng/mL,[3]

whereas 2 other studies exhibited a 70% sensitivity and 68%
specificity and a 90% sensitivity and 96% specificity for
concentrations over 2000ng/mL and 10,000ng/mL, respective-
ly.[8,54] The diagnostic value of ferritin concentrations in adult
HLH is unknown. A study by Schram et al[55] suggested that
ferritin levels beyond50,000ng/mLare associatedwith a variety of
disorders (hemochromatosis, hepatocellular injury, hematologic
malignancy, solid malignancy, inflammatory conditions, and
hemolytic anemia) and are nonspecific.

2.4.2. Cytopenia. Cytopenia is caused by cytokines, especially
IFNg and TNFa and usually affects two or more cell lines.
Hemophagocytosis, however, seems to play a minor role.[48]

Median thrombocyte counts appear to be lower in adults than in
children (6–52�109/L vs. 44–69�109/L) and are reduced below
100�109/L in 86 to 93% of all HLH cases. Median hemoglobin
(Hb) levels range from 6.7 to 11.4g/dL in adults.[2] Hemolysis,
however, has to be ruled out in this context. Haptoglobin
measurement and exclusion of auto-antibody-mediated hemoly-
sis via Coombs-test are obligate. The degree of neutrocytopenia
differs in the literature. While severe agranulocytosis is described
in most but not all pediatric cases,[48] neutrocytopenia does not
represent a characteristic finding in adults.[56]

2.4.3. Hypertriglyceridemia and hypofibrinogenemia.Hyper-
triglyceridemia is caused by inhibition of the lipoprotein lipase
through TNFa. It occurs in 30 to 89% of HLH patients.
Fibrinogen concentrations differ substantially in literature and
have to be analyzed together with standard coagulation
parameters and platelet counts, especially to exclude other
coagulopathies of critically ill patients like disseminated
intravascular coagulation (DIC).[57]

2.5. Special features

The characteristic clinical picture and the classic laboratory
findings are supplemented by special diagnostics, which play a
major role in diagnostic criteria of HLH and MAS: hemopha-
gocytosis and sCD25.

2.5.1. Hemophagocytosis. Despite the fact that the disease
owes its name to this feature, hemophagocytosis is rather of
minor relevance as diagnostic criterion. Hemophagocytosis
occurs in many inflammatory conditions such as sepsis, bacterial,
and viral infections (influenza, malaria, leishmaniosis), rheuma-
tologic diseases and after blood transfusions.[58,59] It manifests
late in the disease course and was found in only 32% of children
on admission, but in 85% at the time of diagnosis.[60] In other
reports, hemophagocytosis was present in 59 to 100%of children
and in 52 to 100% of adults. Although one study claims a high
sensitivity of hemophagocytosis for HLH diagnosis of 83%, the
specificity is rather low and additional criteria need to be fulfilled
to establish a definite diagnosis.
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2.5.2. Soluble interleukin-2 receptor (sCD25). The soluble
interleukin-2 receptor (sIL-2r= sCD25) is a surrogate parameter
for T-cell activation[61] and suggested as a sensitive marker for
HLH detection. However, the primary data on its sensitivity is
derived from only 3 pediatric patient cohorts.[62] On the basis of
one report, which showed an 93% sensitivity and 100%
specificity for values ≥ 2400U/mL, this threshold was incorpo-
rated in the 2004 HLH diagnostic criteria.[3,62] sCD25 levels are
supposed to correlate with higher disease activity, worse clinical
response to therapy and worse clinical outcomes, but fail to
reliably distinguish between subtypes of HLH/MAS.[62]

In general, median sCD25 values lie between 2963 an d21,500
U/mL, but data in adults are limited. Two studies in adults showed
absolute values between 1891 an d206,567U/mL[63,64] and in a
recent review79%of775HLHcases had sCD25 concentrations>
2400U/mL and 38%> 10,000U/mL.[18] Prospective clinical trials
are needed to clarify the diagnostic relevance of sCD25 in adults
and nonautoimmune disease entities.
2.6. Therapy/treatment

The first prospective treatment protocol was established in 1994
by the Histiocyte Society,[33] but revised in 2004.[3] The HLH-
2004 protocol now recommends a combined, early chemo-
immunotherapy approach consisting of CsA and pulse therapy
with dexamethasone and etoposide for at least 8 weeks.[3]

Nevertheless, the severe side-effects of etoposide and especially
the high liver toxicity and bone marrow suppression remain a
general concern.[30] In this context, deaths due to overwhelming
infections are reported in primary and secondary HLH in
childhood.[11,12,65] Therefore, most clinicians start with an
intravenous dexamethasone pulse therapy and added CsA (2–
7mg/kg per day) if there is no rapid response to steroid
monotherapy. In most of these patients, CsA induces quick
disease control and allows for rapid steroid reduction,[16] but one
has to be aware of neurological and renal toxicity. In the end, the
HLH-2004 protocol is reserved for more severe and therapy-
refractory cases and efforts exist to establish less toxic therapy
alternatives. Previous attempts on the basis of PE, intravenous
immunoglobulins (IVIG), and methylprednisolone are under
investigation.[23,24,66,67]

However, treatment studies in adults, mostly include <20
patients and are of retrospective character.
Furthermore, the studies are extremely heterogenic and drugs

were applied in various doses and combinations.[18] Thus,
treatment decisions are rather based on clinical expertise, than on
reliable data. The situation in patients who develop HLH under
immunosuppressive therapy (see also our case report) is even
more complex when HLH may be triggered by malignancies or
overwhelming infectious diseases. In these patients, the underly-
ing triggering event must be treated but HLH specific therapy
may also be needed.

2.6.1. Plasma exchange. In the 1980s, PE was shown to induce
transient clinical remission in FHL patients.[68] However, PE was
later replaced by chemo-immunotherapy. Lately, PE is regaining
attention for acquired HLH as a less toxic therapeutic alternative
to the HLH-2004 protocol.[24,67] Especially in autoimmune-
related MAS in children, PE combined with corticosteroids has
proven therapeutic efficacy by showing an effective disease
suppression and improved survival compared to etoposide-based
regimens.[23,24,69] Furthermore, in case reports PE seems to be
beneficial as salvage therapy, when a CsA and steroid regime fail
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to control autoimmune-related MAS on the basis of SJIA
or AOSD.[23,66,70] In adults and apart from autoimmune
diseases, there exist only a few case reports about PE as HLH
therapy.[71–73]Most of them showed fatal outcomes, although PE
was initially capable of stabilizing the patient’s condition. Taken
together, PE may be a promising less toxic therapeutic option,
especially to control disease onsets of secondary HLH. However,
the data are mostly derived from case reports and after
termination of PE; the choice of maintenance therapy has to
be discussed. A congeneric therapeutic option may be a highly
effective cytokine clearance via high cutoff membranes (cyto-
sorb),[74] but up to now, there is no report of a use in the context
of HLH therapy.

2.6.2. Interleukine-1-directed therapy. Independent from the
underlying pathogenesis, a common feature of HLH entities is a
massive cytokine release. Thus, cytokine-directed therapy,
targeting cytokines that are typically involved in HLH
pathogenesis, is a rising therapeutic alternative. According to
the current knowledge, especially IL-1 may be one promising
target.[30]

IL-1 is a pro-inflammatory cytokine produced by peripheral
mononuclear cells.[75] It leads to leukocyte activation and
production of other cytokines like IL-6 and is considered as a
relevant molecule in the pathogenesis of SJIA.[47,76] This is
supported by data showing an IL-1 related gene expression
profile in the blood of patients with newly diagnosed SJIA.[46,76]

In addition, serum of SJIA patients is capable of activating IL-1
related genes in monocytes of healthy individuals.[47] Anakinra, a
recombinant IL-1 receptor antagonist, is an established treatment
agent in SJIA, inducing a long-lasting remission in more than half
of SJIA patients[77,78] and represents a major therapeutic option
in AOSD.[79] The contribution of IL-1 to HLH development is,
however, unclear. Several studies showed a beneficial effect of
anakinra in SJIA-associated MAS after inadequate response to
steroids and cyclosporine,[80,81] as well as in AOSD complicated
byMAS.[26,82] The data of anakinra in autoimmune independent
HLH entities is rather limited. To our knowledge three studies
reported a beneficial effect of anakinra in a heterogeneous adult
HLH cohort (after transplantation, autoimmune disease, acute
lymphoblastic leukemia, EBV infection),[27] AOSD related
MAS[26] and a sepsis-related MAS-like syndrome, defined by
hepatobiliary dysfunction and DIC.[25]
3. Conclusions

To our knowledge this is the first report of an adult kidney
transplant recipient suffering from severe, acquired HLH years
after transplantation, who was successfully treated by an initial
combination of PE and steroids, followed by a maintenance
therapy with anakinra, CsA and low dose steroids. HLHhas been
reported in kidney transplant recipients, mostly weeks after renal
transplantation. In only a few patients HLH occurred years after
surgery.[4] Late occurrence of HLH was seen in patients with
neoplasia (T-cell lymphoma, angiosarcoma, karposi sarcoma),
parasitic infection (leishmaniosis, toxoplasmosis, babeiosis,
histoplasmosis), parvovirus B19 and histoplasmosis.[4] In our
patient, HLH occurred 15 years after living donor kidney
transplantation and both solid and hematological malignancies
were excluded by means such as multiple CT scans, bone marrow
aspiration and flow cytometry. Although, there was no evidence
of a viral, bacterial or parasitic infection on admission, the patient
presented with severe gastroenteritis, diarrhea, dehydration, and
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nausea suggesting an infectious HLH trigger. This in line with
previous reports where HLH in kidney transplant patients was
associated with viral infections such as CMV, EBV, HHV6,
HHV8, BKV or with bacterial infections like tuberculosis.[4]

In our patient, the sepsis-like appearance delayed the diagnosis
of HLH and the initiation of adequate therapeutic measures. The
patient suffered from hepatic and renal transplant failure, severe
neurologic dysfunction and relevant hemodynamic instability.
Until the time of initiation of PE therapy, none of the 6 known
HLH diagnostic criteria were fulfilled and characteristic features
like hypertriglyceridemia and relevant pancytopenia according to
the HLH 2004 criteria occurred late.[3] Additionally, hemopha-
gocytosis was of only minor severity in an early bone marrow
aspiration and could rather be attributable to any other
inflammatory condition like sepsis. This observation is consistent
with reports from other authors, who found that hemophago-
cytosis lacked specificity for HLH, when not supported by other
criteria.[83] sCD25 is considered as a parameter with higher
sensitivity.[62] A retrospective analysis of a sample that was
drawn in our patient 3 days before initiation of PE, confirmed a
significantly increased sCD25 level of 5450U/mL. Thus,
although we did not measure NK cell activity, our case report
suggests that the HLH diagnostic criteria (HLH-2004) may not
be sufficient to diagnose the disease in adults at early stages.
High ferritin together with persistent fever, progressive

thrombocytopenia or anemia (even when not fulfilling HLH
2004 cutoffs) and CNS impairment pointed to the suspected
diagnosis of HLH in our case. But once the diagnosis was
considered the question came to therapeutic measures. In our
patient, several contraindications existed for the HLH-2004
protocol (Table 4). Other causes of the CNS symptoms such as
PRES, PML or viral infection have not been ruled out completely
during MRI scan and CSF analysis and the patient suffered from
progressive pancytopenia and severe hepatic failure, so that the
application of immunosuppressive therapy or etoposide were not
reasonable at that time.Thus,we considered cytokine clearance via
a PE and corticosteroid-based regime as less toxic therapy
alternative, especially to account for the mentioned contra-
indications. It has already been shown in children that secondary
HLH can be successfully treated with a combination of PE, IVIG
and methylprednisolone. This approach led to improved survival
compared to etoposide- or CsA- based regimens.[24] In adults,
however, treatment with PE had only been reported in the form of
case reports[71–73] with mostly fatal outcomes. The PE frequency
was low, ranging from one procedure at all[71,73] to twice per
week[72] and maintenance therapies were diverse including
etoposide- and CsA-based regimes,[71] or corticosteroid mono-
therapy,[73] suggesting an insufficient concept for disease control
after PE termination.
In our case, a high frequency PE led to a tremendous

improvement of the patient’s general condition as well as the
neurological status. After the occurrence of further characteristic
HLH symptoms (hypertriglyceridemia, relevant pancytopenia)
over the next days, PRES, viral disease and PMLwere considered
as unlikely and a maintenance therapy with anakinra and CsA
was started. PE was terminated after 18 procedures. All
laboratory findings turned to normal, the disease activity was
sufficiently suppressed under a maintenance therapy with CsA,
anakinra and low dose corticosteroids and the patient could be
discharged 75 days after admission. Several follow-ups showed a
sufficient disease control. The kidney graft, however, did not
recover and we started with intermittent hemodialysis two
months after discharge.
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In summary, this case report suggests high frequency PE in
combination with steroids as an effective and less-toxic
alternative to the HLH-2004 protocol for severe HLH onsets
in adults or as a bridging approach as long as contraindications to
more aggressive therapies exist. Furthermore, the maintenance
therapy with CsA, anakinra and low dose corticosteroids showed
excellent disease control after termination of PE. The relevance of
PE as first line treatment option for severe HLH in adulthood as
well as the here applied combination of CsA and IL-1-directed
maintenance therapy by anakinra has to be assessed in
prospective future studies.
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