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Abstract
Background—Hemophagocytic Lymphohistiocytosis (HLH) is characterized by uncontrolled
inflammation that is generally fatal without immune modulating chemotherapy. At Texas
Children's Hospital, we have observed significant central nervous system (CNS) toxicity in several
patients treated for HLH according to the Histiocyte Society protocol HLH-2004 in which
cyclosporine is given early in the treatment regimen.

Methods—Patients diagnosed with HLH at Texas Children's Hospital between April 2004 and
October 2007 were identified and charts were reviewed. A reference group of patients treated
between August 2001 and March 2004, prior to the introduction of HLH-2004, was also evaluated.

Results—Five of 17 patients in the study group developed severe neurotoxicity. Four had new
onset seizures associated with significant MRI abnormalities, while the fifth died of intracerebral
hemorrhage. Timing of the development of neurologic side effects ranged from Day 5 to Week 6
of therapy. Cyclosporine levels were outside the therapeutic range (200-300 ng/ml) prior to the
onset of symptoms in two of the five patients. Systolic blood pressures for all five patients were
greater than the ninety-fifth percentile for age on at least one measurement within twenty-four
hours of the onset of neurologic symptoms. MRI scans obtained within twenty-four hours of
seizure activity in four patients were consistent with posterior reversible encephalopathy syndrome
(PRES). By comparison only one patient in the reference group (n=15) had neurotoxicity (PRES).

Conclusions—Patients being treated for HLH appear to be at risk for neurotoxicity, particularly
PRES. Elevated blood pressure, worsening renal and liver function, increased cyclosporine levels,
and CNS involvement of HLH may be triggers for the neurotoxic side effects of treatment.
Patients being treated on HLH-2004 require close monitoring of their neurologic status and
modifiable risk factors such as hypertension should managed aggressively. If larger studies
validate our observations, it will be important to determine if up-front cyclosporine in HLH
protocols confers a survival benefit that outweighs the potential risk of increased neurotoxicity.
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Introduction
Hemophagocytic lymphohistiocytosis (HLH) is a clinical syndrome caused by uncontrolled
activation of cytotoxic T-cells and antigen-presenting cells. Initial signs and symptoms of
HLH may mimic more common conditions including bacterial sepsis, viral infections, auto-
immune disease, hepatitis, and encephalitis. Early clinical signs include fever,
hepatomegaly, splenomegaly, neurologic abnormalities, rash, and lymphadenopathy [1]. In
severe cases, patients may present with multiple organ system failure.

The current Histiocyte Society treatment protocol, HLH-2004, defines HLH in patients that
meet at least five of the following criteria: fever, splenomegaly, cytopenias in at least two
cell lines, hypertriglyceridemia and/or hypofibrinogenemia, hemophagocytosis in tissue
biopsy, low or absent NK-cell activity, elevated ferritin concentration > 500 ng/dl, or
elevated soluble CD25 (soluble IL-2R) > 2400 ng/dl.[2] Proven mutation in genes encoding
perforin-1, MUNC13-4 or syntaxin11 are diagnostic, and family history is highly
supportive.

Central nervous system (CNS) involvement is common in HLH and is highly variable in its
presentation and associated imaging findings. Henter and Nennesmo reported the neurologic
findings in a series of 23 HLH patients including irritability, seizures, cranial nerve palsies,
ataxia, nystagmus, delayed psychomotor development, meningeal signs and evidence of
increased intracranial pressure.[3] Haddad et al reported a series of 34 patients in which they
observed a variety of neurologic symptoms including hypotonia or hypertonia,
meningismus, seizures, coma with opisthotonos, and abnormal cardiac or respiratory rates.
[4] Brain MRIs done in their patients showed peri-cerebral diffuse subdural dilation and
large confluent hyperintense T2-weighted signal in the cerebrum, or necrotic areas. At our
own institution we reviewed the brain CTs and MRIs of 18 patients. The most frequent
findings were periventricular white-matter signal abnormalities with cerebral volume loss
and enlargement of ventricles and extra-axial fluid spaces, and multiple enhancing bilateral
hemispheric lesions with edema.[5]

Prior to treatment with immune modulating chemotherapy, survival for patients with HLH
was less than 10%.[6] In the last Histiocyte Society treatment protocol, HLH-94, there was
very little difference in survival between patients presumed to have familial HLH and
patients thought to have “acquired” disease with overall survival 55%.[7] Therefore, the new
protocol, HLH-2004, recommends chemotherapy for all patients who meet clinical criteria
for HLH. HLH-2004 prescribes immediate treatment with etoposide, dexamethasone, and
cyclosporine. Due to some early deaths observed in patients on HLH-94, initiation of
cyclosporine was moved from after Week 8 to Day 1 to provide more intense up-front
immune suppression. While timely administration of chemotherapy is essential to survival
of patients with HLH, we have observed neurologic complications that may be attributable
to therapy and not disease in several patients treated on Histiocyte Society protocols with
early administration of cyclosporine. In this study we review the experiences of patients
diagnosed with HLH treated at Texas Children's Hospital over a 2.5 year period.

Methods
Patient Selection

We performed a retrospective chart review of patients being treated for HLH at Texas
Children's Hospital from April 2004 to October 2007, and identified five patients who
developed severe neurotoxicity. Patients were treated according to HLH-94 (1/5) or
HLH-2004 guidelines (4/5) though the patient treated according HLH-94 had early initiation
of cyclosporine therapy. The patients treated according to HLH-2004 had cyclosporine
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started at the time of diagnosis. The patient treated according to HLH-94 guidelines had
cyclosporine started on D#22 of therapy. This is earlier than the prescribed by the HLH-94
protocol guidelines in which cyclosporine is not started until the ninth week of therapy. This
change was made at the discretion of the treating physician. Demographic, clinical, and
laboratory data were collected with a standardized data collection form. We also analyzed
the charts of a reference group of patients treated for HLH between August 2001 and March
2004 (prior to the introduction of HLH-2004 and the use of upfront cyclosporine therapy),
and identified one patient who developed neurotoxicity.

Pharmacokinetic Modeling
Two of the five patients presented had documented elevation of cyclosporine levels near the
time of neurologic side effects. For one of these patients, pharmacokinetic modeling was
done to more closely evaluate the exposure to cyclosporine with MW/PHARM (MediWare,
Groningen, the Netherlands) using a Bayesian approach. A two-compartment model was
assumed. The Bayesian priors for the pharmacokinetic parameters (volume of distribution,
rate constants, etc) were based on historical data from the Cincinnati Children's Medical
Center Therapeutic Drug Monitoring Service. PK parameters and concentration time curves
were then estimated using a Bayesian feedback method with MW/PHARM.

Statistical Considerations
Fisher's Exact tests were done to determine if there were significant differences between the
study group and the reference group in the fraction of patients with neurotoxicity. The
quoted P-value is a one-sided.

Results
Five patients who experienced severe neurologic toxicity while being treated for HLH are
described. Table I summarizes the clinical and laboratory data at the time of their diagnoses.
All five met criteria for the diagnosis of HLH according to the Histiocyte Society protocols.
Two of the five patients had subtle abnormal MRI findings consistent with HLH CNS
involvement at the time of diagnosis. All five patients had some degree of liver dysfunction
as indicated by either elevation of the liver enzymes or abnormalities in their coagulations
tests. None of the five patients had abnormal creatinine levels.

Table II summarizes the clinical and laboratory data at the time each patient experienced
neurotoxicity. Of note, all five patients had hypertension, 2/5 had elevated cyclosporine
levels near the time of symptoms, 4/5 had some degree of liver dysfunction as indicated by
either elevation of the liver enzymes or abnormalities in their coagulation tests, and 2/5 had
acute renal failure. All five patients had some prodromal mental status changes (either
somnolence, decreased speech, or delirium).

Table III summarizes the outcome data. Four of the five patients had new onset seizures and
MRI abnormalities consistent with PRES while the fifth had a fatal intracerebral
hemorrhage. Overall, two patients (including the one with the intracerebral hemorrhage)
died of disease or complications, one had permanent sensorineural hearing loss and two had
complete neurological recovery.

MRI studies obtained within twenty-four hours of seizure activity in four patients revealed
significant symmetric areas of increased signal in the cerebellum and subcortical white
matter on the fluid-attenuated inversion recovery (FLAIR) sequences. Two patients also
showed areas of increased signal in the corpus collosum and basal ganglia. No diffusion
restriction or enhancement was seen, suggesting transient vasogenic edema consistent with
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PRES. Follow-up MRIs were obtained at varying intervals in all four patients and showed
resolution of the abnormal imaging findings.

Figures 1A and 1B show the axial and coronal MRI images from Patient 2 and Patient 3,
respectively, and illustrate the areas of increased FLAIR signal in the basal ganglia and sub-
cortical white matter. Figures 2A and 2B show the imaging results for Patient 4. Figure 2A
is from the FLAIR sequence of an MRI one day after she developed seizures. Figure 2B,
obtained 12 days later, shows complete resolution of the abnormal signal increase.

Table IV compares the study group (treated after April 2004) to the reference group (treated
between August 2001 and March 2004). As the shows the study group had a higher
incidence of neurotoxicity. However, the differences between the two groups did not quite
reach statistical significance (p= 0.11) with this small sample size. Table III also shows that
the characteristics of these two groups in terms of age and gender were somewhat different.
The impact of these differences is not known.

Pharmacokinetic Modeling
Pharmacokinetic modeling was used to analyze the significant change in cyclosporine
concentration experienced by Patient #2. In this patient the cyclosporine concentration
increased from 156 ng/mL to 384 ng/mL within 24 hours. Figure 3 shows the concentration
time profile. As illustrated in the figure, the half-life of the drug increased from
approximately 5 hours to 42 hours. None of the concomitant medications the patient was
receiving have any documented interactions with cyclosporine that could explain such a
change. Since the metabolism of cyclosporine occurs in the liver and is mediated by
CYP3A4, the most likely explanation appears to be HLH related liver injury.

Discussion
At our institution, the increase in neurotoxicity during HLH treatment has coincided with the
introduction of cyclosporine earlier into the HLH treatment regimen. Cyclosporine, a
calcinuerin inhibitor used for immunosuppression, clearly has an important role in the
treatment of HLH. However, its use is not without the risk of side effects. It is estimated that
10-28% of patients who receive cyclosporine experience some neurotoxic side effect.[8] The
neurotoxic effects of cyclosporine are usually mild but encompass a wide-rage of symptoms
including mild upper extremity tremors, mental status changes, seizures, and sensory losses
including deafness.[9-12] Episodes of acute intracranial hemorrhage have also been
reported.[9,13,14]

One of the neurotoxicities associated with cyclosporine and other calcineurin inhibitors is
posterior reversible encephalopathy syndrome (PRES), a poorly understood clinical
syndrome. Features associated with this syndrome include headaches, vomiting, confusion,
seizures, cortical blindness and other visual abnormalities and motor signs.[15] PRES has
been reported in association with a variety of conditions including sepsis, hypertension,
lupus, renal disease, and sickle cell disease as well as with numerous medications.[16-19].
PRES is also a well documented side effect of the immunosuppressive therapy used after
both solid organ and bone marrow transplants.[20,21]

Estimates of the overall incidence of PRES vary widely. In the largest review of PRES in
solid organ transplant patients (over 4000 patients included) the incidence of was 0.49%.
[20] In a series of bone marrow transplant patients the overall incidence was 1.6% but
higher in matched-unrelated, mismatched-related, and cord-blood transplants with
incidences ranging from 3.5% to 7.1%.[21] The incidence of PRES in HLH patients is
unkown, but case reports of the syndrome have been reported.[22]
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Patients with PRES typically have findings on MRI of hyperintensity of the white matter on
T2-weighted images and FLAIR sequences, suggestive of edema, typically in the posterior
regions of the cerebral hemispheres.[8,23] The imaging changes however, can also involve
other cerebral areas, the brain stem or the cerebellum.[15] These findings are distinct from
those typically associated with HLH. In contrast, frequent findings associated with HLH
CNS disease include periventricular white-matter signal abnormalities, cerebral volume loss,
enlargement of ventricles and extra-axial fluid spaces, necrotic areas and multiple enhancing
bilateral hemispheric lesions with edema.[4,5]

Our series suggests that patients with HLH may be at high risk for PRES and other forms of
neurotoxicity. In the period we reviewed 24% (4/17) of patients treated for HLH had PRES
and 29% (5/17) had severe neurologic side effects. Although this is only a small series from
a single institution, the rate of PRES and other severe neurologic side effects appears to be
higher in HLH patients than in other groups at risk for PRES.[20,21]

HLH patients have several factors that may predispose them to neurotoxicity. HLH patients
can have significant liver dysfunction which could interfere with cyclosporine metabolism.
Cyclosporine is extensively metabolized by CYP3A4 in the liver. Only 0.1% of a
cyclosporine dose is eliminated in the urine as unchanged drug; the remainder is eliminated
as metabolites.[24] Consequently, in the case of liver dysfunction, supratherapeutic drug
levels could be achieved and the risk of toxicity increased. Patient 2 in our series
experienced a dramatic change in her ability to metabolize cyclosporine that was most
probably disease related and likely led to her neurotoxicity. Two of the other patients we
report also had significant liver dysfunction, as indicated either by elevated enzymes or
abnormal coagulation, immediately prior to the onset of neurotoxicity.

Hypertension also appears to play a role in the onset of HLH treatment related neurotoxicity.
The combination of cyclosporine and dexamethasone used to treat HLH dramatically
increases the risk of patients becoming hypertensive. None of the five patients reported in
this series had hypertension at baseline. However, at the time they experienced neurotoxicity
all five patients were hypertensive (at least one blood pressure measurement greater than the
95th percentile for age within twenty-four hours of the onset of symptoms).

The blood-brain barrier in HLH patients may also be affected by the extreme pro-
inflammatory state which characterizes the disease. As a result, newly diagnosed patients
and patients with reactivated disease who have the greatest amount of inflammation, as
reflected by elevated ferritin levels, might be at greater risk for neurotoxicity. Patients 1, 2,
and 4 in our series experienced toxicity either near the time of diagnosis or at the time of
reactivation.

Of note, all the patients experiencing toxicity were older than six years of age at diagnosis.
This is older than the mean age in either study or reference groups of patients at our
institution. This suggests that age may also be a risk factor for neurotoxicity. However, we
are not aware of a mechanism that explains this finding.

The cause of neurotoxicity in patients with HLH is almost certainly multifactorial. Elevated
blood pressure, liver dysfunction, and inflammation all likely play some role. The incidence
of neurotoxicity in HLH for patients being treated on HLH-2004 appears to be significant.
As a result, neurologic status should be closely monitored in patients being treated on
HLH-2004 and modifiable risk factors such as hypertension should be managed
aggressively. If larger studies validate our observations, it will be important to determine if
up-front cyclosporine in HLH protocols confers a survival benefit that outweighs the risk of
increased neurotoxicity.
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Figure 1.
MRI images illustrative of PRES. A: Axial images from Patient 2 showing increased FLAIR
signal in the basal ganglia and sub-cortical white matter. B: Coronal images from Patient 3
also showing FLAIR signal abnormalities in the basal ganglia and sub-cortical white matter.
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Figures 2.
MRI images illustrating the rapid resolution of the imaging abnormalities associated with
PRES. A: FLAIR sequence of an MRI one day after Patient 4 developed seizures showing
increased signal in the sub-cortical white matter. B: Follow-up images obtained 12 days
later showing complete resolution of the abnormal signal increase.
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Figure 3.
Effect of hepatic dysfunction on cyclosporine exposure for Patient 2. Pop PK modeling with
MW/PHARM (MediWare, Groningen, the Netherlands). As shown by the data, the half-life
of the drug increased from approximately 5 hours to 42 hours.
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Table III
Summary of Clinical Outcomes

Outcome Incidence

Seizures 4/5

Radiographic Evidence of PRES 4/5

Intracranial Hemorrhage 1/5

Sensorineural Hearing Loss 1/5

Full Neurological Recovery 2/5

Death 2/5
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Table IV
Comparison of Neurotoxicity in Study Group to Reference Group

Group Study Reference

Treatment Dates 4/2004-10/2007 8/2001-3/2004

Treatment Protocol HLH-2004 or HLH-94 with early introduction of cyclosporine HLH-94

Number of Patients 17 15

Male/Female 5/12 9/6

Age (yrs)
Range
Median

0.1-16
4.9

0.2-12
1.6

CNS Status at Diagnosis
(CNS Dz +/-) 4/13 3/12

Survival
(Alive/Deceased) 7/10 8/7

Neurotoxicity
(Present/Absent) 5/12 1/14
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