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Central Nervous System Involvement in Hemophagocytic
Lymphohistiocytosis in Adults: A Retrospective Analysis of
96 Patients in a Single Center

Yue Song, Rui-Jun Pei, Yi-Ni Wang, Jia Zhang, Zhao Wang
Department of Hematology, Beijing Friendship Hospital, Capital Medical University, Beijing 100050, China

Background: Hemophagocytic lymphohistiocytosis (HLH) is a life-threatening clinical syndrome. Central nervous system (CNS)
involvement is a severe complication, which can lead to rapid disease development and higher morality. However, this has not been
given enough attention in adult HLH. Therefore, we carried out this study to analyze the clinical features, laboratory findings, treatment
outcomes, and other characteristics of adult HLH with CNS involvement.

Methods: A retrospective analysis of 96 adult patients with HLH combined with CNS involvement between June 2003 and December
2016 was conducted. Clinical features, cerebrospinal fluid (CSF) features, image changes, and therapeutic outcomes were analyzed.
Results: Among the 96 patients, 86 had various CNS symptoms and 33 (38.4%) had already presented symptoms before the HLH
diagnosis was confirmed. A total of 59 patients received CSF examinations and showed abnormalities in 23 patients (39.0%). Seventy
patients received imaging examinations and the results showed fifty patients with imaging changes (71.4%). Fifty-seven patients received
multiple rounds of repeated intrathecal injection therapy and 35 patients improved (61.4%). As for the multiple analyses of effective
factors on survival time, the results showed that the effects of combined Epstein—Barr virus (EBV) infection (P = 0.026, Exp(B) =2.309,
95% confidence interval [C/] [1.108, 4.823) and intrathecal injection therapy (P = 0.013, Exp(B) = 0.422, 95% C1[0.214, 0.831]) on the
survival time of the CNS-HLH patients were significant.

Conclusions: Complication with EBV infection is a risk factor, and intrathecal injection is a protective factor. CNS involvement in HLH
is not rare, which can result in a poor prognosis. Multiple rounds of repeated intrathecal injection therapy can improve the prognosis of
CNS-HLH patients.
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INTRODUCTION reports have shown that CNS involvement in HLH is mainly
presented as nervous system symptoms/signs and abnormal
relevant examination results. The definite diagnosis still
relies on pathology as the reference. However, current reports
and case summaries have mostly focused on pediatric HLH
patients to the detriment of adult patients, and single-center,
comprehensive, large-scale reports are lacking due to the
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or even fatal inflammatory status caused by a hereditary
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limited number of cases. This study collected the data of
96 adult HLH patients with CNS involvement (CNS-HLH)
at our center between November 2009 and December 2016.
The possible pathogenic mechanisms and specific clinical
presentations of adult CNS-HLH are summarized based on
analyses of the clinical symptoms, examination indicators,
and imaging presentations of these patients. Furthermore,
although a review of the literature showed that the presence
of CNS involvement in HLH strongly suggested a poor
prognosis,?! clear and effective measures for CNS-HLH
treatment are lacking. Therefore, we investigated factors
in CNS-HLH that were associated with a poor prognosis
and effective measures for the prolongation of survival of
CNS-HLH patients through comprehensive analyses of
the treatment and patient prognosis to provide opinions
concerning CNS-HLH clinical treatment.

MeTtHoDS

Ethical approval

The study was approved by the Ethical Committee of the
Beijing Friendship Hospital. Written informed consent was
obtained from the participating patients.

Subject eligibility criteria

Patients who enrolled in this study fulfilled the following
criteria: (1) met HLH-2004 diagnostic criteria;!*! (2) were
older than 18 years; and (3) suffered from CNS involvement.
The definition of CNS involvement has not been standardized.
In this study, we defined CNS involvement as at least meeting
one of these three criteria: (a) the presence of neurological
signs/symptoms, (b) neuroimaging abnormalities
(including cerebral computed tomography [CT] scan and/or
magnetic resonance imaging [MRI]), and (c) elevated level
of protein in cerebrospinal fluid (CSF) (>450 mg/L) or cell
count (>8 cells/ul). Besides, eliminate tumor infiltration in
CNS of these patients by searching for tumors cells in CSF.
Between November 2009 and December 2016, 96 patients
met these criteria at Beijing Friendship Hospital.

Observed indicators and evaluation criteria

The observational indicators included: (1) the age
of onset, the gender, and the cause of HLH; (2) the
neurological signs/symptoms and the onset time of the CNS
involvement; (3) the pressure, cell count, and protein of CSF;
(4) neuroimage and the Epstein—Barr virus (EBV)-DNA
copies in peripheral blood and CSF (which were detected by
quantitative polymerase chain reaction and were considered
positive if the copies were >500/L);" and (5) the therapeutic
methods and prognosis.

The assessment of the efficacy of treatment of CNS-HLH
included two aspects: the evaluation of HLH itself and the
evaluation of CNS involvement. HLH itself was assessed
by the criteria proposed by Marsh et al.[®7) Complete
response (CR) was defined as the normalization of all
quantifiable symptoms and laboratory markers of HLH,
including levels of soluble CD25, ferritin, and triglyceride;
hemoglobin levels; neutrophil and platelet counts; and

alanine aminotransferase (ALT) levels. Partial response (PR)
was defined as improvement in two or more of the following
quantifiable symptoms and laboratory markers by 2 weeks:
1.5-fold decrease in soluble CD25 response; ferritin and
triglyceride decreases of at least 25%; an increase of at
least 100% to >0.5 x 10%L in patients with an initial
neutrophil count of <0.5 x 10°%L; an increase by at least
100% to >2.0 x 10°/L in patients with an initial neutrophil
count of 0.5 to 2.0 x 10°/L; and a decrease of at least 50%
in patients with initial ALT levels >400 U/L. In addition,
the patient’s body temperature had to have reverted to
normal ranges for either CR or PR to be diagnosed. Failure
to achieve PR was defined as no response. As for the CNS
involvement, there is no consensus so far, and we defined
it as the improvement of the neurological signs/symptoms,
neuroimaging abnormalities, and/or CSF abnormalities.

Survival time

Survival times were calculated from the date of onset of
HLH. All patients were followed up until death or February
28, 2017, whichever occurred first.

Statistical analysis

SPSS 22.0 (IBM, USA) statistical software was adopted,
and data that did not fit a normal distribution were presented
as median and range. Kaplan—Meier survival curves were
used to analyze the patients’ survival and the log-rank
test was used to evaluate survival time. Multiple-factor
analysis was done using COX risk analysis regression
model, and the factors included the age of onset, the
severity of CNS symptoms, EBV infection, the intrathecal
injection, and the allogeneic-hematopoietic stem cell
transplantation (allo-HSCT). P < 0.05 was considered to
denote a significant difference and P <0.01 was considered
very significant.

ResuLts

General conditions

There were 96 cases of CNS-HLH in our center between
November 2009 and December 2016, and the occurrence
rate was 20.7% (96/463). The median age of HLH onset
was 34 (range: 18-79) years and there were 48 men and
48 women.

Causative factor of hemophagocytic lymphohistiocytosis
The most common type of HLH was infection-associated
HLH (53/96, 55.2%), followed by tumor-associated
HLH (18/96, 18.8%) and autoimmune-associated HLH
(6/96, 6.3%). Most of the pathogens of infection-associated
HLH were EBV (48/53, 90.6%). The number of HLH cases
associated with other disease causes was lower, and most
cases were sporadic. Two cases were confirmed to have
primary hemophagocytic syndrome based on gene detection.

Clinical symptoms and signs

A total of 86 patients (89.6%) presented nervous system
symptoms/signs. Disturbance of consciousness was the
most common sign (39.6%), followed by headache/dizziness
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(24.0%), seizure (17.7%), and psychiatric symptoms (16.7%).
The detailed characteristics of our patients are presented in
Table 1. Disturbance of consciousness and seizure were
considered as severe symptoms. Among the patients with
nervous symptoms/signs, 33 patients (38.4%) had already
presented nervous symptoms/signs before the HLH diagnosis
was confirmed.

Laboratory and imaging findings

Among the 96 patients, 70 patients received imaging
examinations, including cranial CT and/or cranial MRI. The
results showed 50 patients (52.1%) with imaging changes.
The most common location of the imaging changes was
the bilateral white matter with a total of 18 patients. The
next popular location was the basal ganglia region with
a total of 13 patients; additionally, 6 patients exhibited
widening of the ventricle and sulcus and 3 patients had
meningeal involvement. The most common change in
the cranial CT was the presence of low-density punctate
lesions in the brain. The most common change in the MRI
was a white matter demyelination-like change, which had a
T1-weighted image (T1WI) low-intensity signal, T2WI, and
FLARE high-intensity signals and no obviously abnormal
diffusion-WI (DWI) signal [Figure 1]. In addition, the
enhanced scan showed that three patients had meningeal
enhancement [Figure 2] and four patients had DWI
high-intensity signals [Figure 3].

Table 1: Clinical symptoms and signs of CNS-HLH
patients

Group CNS symptoms and signs Number of cases
1 Disturbance of consciousness 38
2 Headache/dizziness 23
3 Seizure 17
4 Psychiatric symptoms 13
5 Irritability 16
6 Ataxia 9
7 Hypotonia 9
8 Meningeal irritation 8
9 Cranial nerve palsies 7
CNS:  Central nervous system; HLH: Hemophagocytic

lymphohistiocytosis.

Fifty-nine patients received CSF examinations; the other
patients did not receive CSF examinations due to lumbar
puncture contraindications (such as rash) or refusal by family
members. The CSF examinations showed abnormalities
in 23 patients (39.0%), of which 10 patients had elevated
white blood cell counts and 13 patients had elevated protein
contents. Twenty-two of the 48 EBV-associated HLH
patients received an EBV-DNA examination in CSF and
63.6% were positive (14/22).

Treatment and efficacy evaluation

For the systemic treatment, 77 patients received initial
therapy (including 62 HLH-94/04 regimens, 5 glucocorticoids
alone, 5 DEP [liposomal doxorubicin, etoposide, and
methylprednisolone] regimens, and other therapy) and
39 patients achieved a CR/PR (50.6%). The other 19 patients
just had supportive treatment. There were 38 patients who
did not get response or those who suffered relapse received
the DEP salvage regimen treatment and 30 patients achieved
CR/PR (78.9%). The overall response rate of HLH for
systemic treatment was 67.7% (65/96). Twenty patients
received allo-HSCT after remission, of which 13 patients
obtained remission (65.0%). Fifty-seven patients received
multiple rounds of repeated intrathecal injection therapy
after the discovery of CNS involvement signs (the injected
drugs were methotrexate and dexamethasone; the injection
method was once every week for a total of 8 weeks). The
CNS involvement signs of 35 patients improved (61.4%).

Survival analysis

(1) Analysis of overall survival: The statistical analysis
of the survival times ended on February 28, 2017. The
overall mortality of the 96 CNS-HLH patients was 56.3%.
The 4-week survival rate was 78.6%, the 12-week survival
rate was 57.5%, and the 53-week was 23.7%. The survival
curves of CNS-HLH patients and HLH patients without
CNS are shown in [Figure 4]. It is clear that CNS-HLH
patients’ long-term survival was worse than those without
CNS involvement (log-rank test y> = 4.004, P = 0.045)
(2) In 65 patients who got remission, analysis of the effects
of allo-HSCT on the survival rate showed no differences
between patients who received allo-HSCT and those without
transplantation (log-rank test y*> = 3.144, P=0.076), but the

Figure 1: In both sides of the bilateral ventricle and in the deep white area of the brain, spotted abnormal signal is shown on T1-weighted image
or lower signal, with high signal on T2-weighted image and fluid-attenuated inversion recovery (white arrow), and the boundary is clear. No

abnormal high signal is seen on diffusion-weighted image.
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survival curves are clearly different [Figure 5]. Comparison
between HLH with CNS involvement in remission who had
allo-SCT and HLH without CNS involvement in remission
who had allo-SCT showed no differences (log-rank test
x> =0.014, P=0.906) [Figure 6]. For the patients who did
not receive allo-HSCT (76 patients), the COX proportional
hazards regression model was used to calculate the effects
of the factors on the survival time. The results showed that
the effects of combined EBV infection (P = 0.026, Exp(B)
=2.309, 95% confidence interval [C/] [1.108, 4.823]) and
intrathecal injection therapy (P = 0.013, Exp(B) = 0.422,
95% CI1[0.214,0.831]) on the survival time of the CNS-HLH
patients were significant [Figure 7]. Combination with
EBYV infection is a risk factor and intrathecal injection is a
protective factor. Conversely, the effects of age (P =0.588),
whether the CNS involvement was new onset (P = 0.093),
and the severity of CNS symptoms (P = 0.091) did not
significantly affect the survival time of the CNS-HLH
patients. Interestingly, with those patients who had the
positive EBV-DNA and had not get allo-HSCT, intrathecal
injection cannot improve the outcome (P = 0.112).

Discussion

HLH is a group of inflammatory reaction syndromes
with similar clinical manifestations that result from many
disease causes. HLH was characterized as observed
hemophagocytosis in bone marrow, perinatal blood, spleen
and so on, sometimes [Figure 8]. An inflammatory cytokine

Figure 2: The left picture is from normal magnetic resonance imaging
and the right picture is from enhanced magnetic resonance imaging.
The leptomeninges are enhanced on the right picture (white arrow).

storm caused by the excessive proliferation and activation
of T-lymphocytes and macrophages has been generally
accepted as the pathogenic mechanism. The presence of CNS
involvement signs has been observed during the HLH disease
course. Currently, the incidence of CNS-HLH reported by
different institutions is not completely consistent and varies
between 10% and 73%.%1 However, these data are mostly
from pediatric patients. Studies in our center showed that the
occurrence of CNS-HLH in adult HLH patients was 20.7%,
which was lower than the incidence reported in pediatric
patients in most reports.!' It is obvious that the development
of the blood-brain barrier was more complete in adults; thus,
inflammatory cells had more difficultly in passing through
the blood—brain barrier.

The pathogenic mechanism of CNS-HLH is not clear. The
mainstream view is that HLH is induced by an inflammatory
cytokine storm which was secreted by inflammatory cells
and these cells can also cause CNS involvement through
crossing the blood-brain barrier.'!? Of course, this effect
requires the accumulation of inflammatory reactions in HLH
disease to a certain extent. Therefore, CNS involvement
mostly occurs during the HLH disease course, especially
when HLH exhibits clinical aggravation, which is similar to
the findings observed in the majority of cases in our center.
However, we also observed that signs of CNS involvement
were present at the same time with HLH onset. It turns out
that almost half of these patients suffered an EBV infection.
Is it possible that in these cases, it is the virus that induces
the CNS manifestation, so it does not need to wait until
HLH progress? The EBV-DNA detection in CSF may be
helpful to the different diagnosis. Regrettably, because of
the technology limitation, we did not get the specific data
and more studies are needed.

The comparison of disease causes of all HLH patients showed
that infection is the most common, especially EBV infection.
EBV-HLH is one of the most common secondary HLH.!'?
Our survival analyses showed that the presence of peripheral
EBYV infection was a factor for a poor CNS-HLH prognosis.
This may be related to the poor prognosis of EBV-HLH. EBV
infection is usually silent, and only a small number of acute
infections cause infectious mononucleosis.['*! EBV infects
mostly B-cells in infectious mononucleosis but mostly
cytotoxic T-cells or NK cells in EBV-HLH.[" Interestingly,

Figure 3: The double-sided radial crown and the deep white matter of the brain with multiple spotted abnormal signals are slightly lower on
T1-weighted image, high signal on T2-weighted image (white arrow), and high signal on diffusion-weighted image (black arrow).
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Figure 4: Relationships between central nervous system involvement
and survival.
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Figure 5: Relationships between allogeneic-hematopoietic stem cell
transplantation and survival.
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Figure 6: Comparison between central nervous
system-hemophagocytic lymphohistiocytosis in remission who
had allogeneic hematopoietic stem cell transplantation and the
hemophagocytic lymphohistiocytosis without central nervous
system involvement in remission who had allogeneic hematopoietic
stem cell transplantation.

1-5% of patients with infectious mononucleosis caused by
EBV infection have nervous system symptoms.!s! Combined
with the high rate of CSF EBV positive in our center, the
presence of EBV infection itself was a high-risk factor for the
presence of CNS involvement regardless of which cells were
infected by EBV. In the future, the detection of EBV-DNA
in the CSF may provide an indication of CNS involvement
for an early diagnosis of CNS-HLH.

The differences in CNS clinical symptoms in HLH patients
are relatively large. Some patients only have a headache or
dizziness. However, severe patients can develop epilepsy
and disturbance of consciousness. A comparison between
imaging results and clinical symptoms showed that the
clinical symptoms were usually more severe and disturbance
of consciousness and seizures were common when the cranial
CT/MRI displayed multiple lesions or the degree of lesion
involvement was higher (i.e., the presence of an obvious
DWTI high-intensity signal in the MRI or the presence of
large patches of lesions). Furthermore, a few patients did not
present CNS symptoms/signs. Most of the patients who did
not suffer from CNS symptoms/signs, were found of CNS
involvement from the regular examination before allo-HSCT.
CSF examination and neuroimaging were carried out regularly
before allo-HSCT to exclude the CNS involvement. Hence,
we suggest that, even without the clinical symptoms, CSF
examination and/or cranial CT/MRI examinations should be
performed in early stage, especially when these patients were
considered of allo-HSCT.

The imaging presentations had a strong correlation with
the brain tissue biopsies in CNS-HLH patients in previous
reports. The pathological results divided the degrees of CNS
involvement into three stages: Stage I involved lymphocyte
and tissue cell infiltration into the meninges; Stage Il included
brain parenchyma and perivascular space infiltration in
addition to the meninges; and Stage I1I involved infiltration
ofthe brain parenchyma, especially diffuse infiltration of the
white matter, and might have the presentation of multifocal
necrosis of the brain tissues and demyelination.!"!9 In the
study at our center, only three patients who received a cranial
MRI enhancement examination had meningeal enhancement,
which suggests that early-stage CNS involvement is hardly
seen in clinical settings. Bilateral white matter involvement
was most common; however, this did not indicate that HLH
was more likely to involve brain parenchyma. The more
likely explanation was that abnormal CNS presentations
more easily occurred when the disease involved the brain
parenchyma. The involvement locations were mainly
bilateral, which differed from other cerebrovascular disease
lesions that were mostly unilateral, and could also be
used as a point of differentiation between HLH with CNS
involvement and other cerebrovascular diseases. In addition,
four patients had DWTI high-intensity signals in the cranial
MRI and they all died. DWI high intensity may indicate
destruction of blood vessels and necrosis, so it may be a
poor prognosis factor for CNS-HLH. Furthermore, some
patients with abnormal imaging had lesion absorption at
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Figure 7: (a) COX analysis of multiple factors in patients without allogeneic-hematopoietic stem cell transplantation (including the age of onset,
severity of central nervous system symptoms, Epstein—Barr virus infection, and intrathecal injection). (b) The survival curve of intrathecal injection

factor and Epstein—Barr virus infection is shown.

Figure 8: Perinatal blood smear reveals activated macrophages with
phagocytosis of hematopoietic cells (black arrow).

the imaging re-examination after treatment remission. Our
center observed one patient with abnormal imaging who
exhibited significant improvement of imaging after 8 rounds
of intrathecal injection therapy [Figure 8]. The details of
this patient are described in the section below. In addition
to assisting with the CNS-HLH diagnosis, imaging also
has excellent suggestion functions concerning the severity
of CNS-HLH and can be used as one observation indicator
for the evaluation of efficacy.

Currently, there is a lot of attention on CSF abnormalities
worldwide. It has been reported that the CSF abnormality rate
in HLH patients was pretty high.l'” Hirst et al. reported that
76.47% of patients had abnormal CSF.'"® However, the rate of
CSF abnormity of our study was lower. Analysis of medical
records showed that one explanation might be the timing of
the CSF examination. At our center, the CSF examinations
were mainly performed at the stable condition stage and
the changes might disappear with the control of the disease
condition." In future studies, these data should be improved.

The prognosis of patients who develop CNS development
during the HLH disease course is significantly poorer

than those without CNS involvement. Current treatment
for CNS-HLH patients lacks prospective studies. The
general treatment opinion is to target HLH itself in
combination with intrathecal drug administration based
on the conditions. In this study, the overall response rate
of HLH disease for systemic treatment was 67.7%. The
presence of the blood—brain barrier restricts the drug effects
of the systemic therapy; therefore, intrathecal injection of
methotrexate + glucocorticoid was included in the standard
HLH-04 regimen.’! However, intrathecal injection in the
HLH-04 regimen has only targeted children, and currently,
no large-scale report has investigated the use of intrathecal
injection in adults with CNS-HLH. In the study at our
center, the response rate of CNS symptoms/signs who
received intrathecal injection reached 61.4%, indicating
that intrathecal injection should also be considered in adult
CNS-HLH.

Regarding the CNS-HLH prognosis, current views
generally consider that intrathecal injection does not have
a significantly active function on the final outcome of
CNS-HLH and that more often allo-HSCT is required.*>"
Even though in our study, the P value is not significant,
which may be related to the limited number of cases, it
is also very clear in the survival curve that allo-HSCT
significantly improved the prognosis of CNS-HLH patients
and effectively prolonged their survival times. As for the
comparison between allo-HSCT patients with and without
CNS involvement, it may be suggested that allo-HSCT
can improve CNS-HLH patients’ survival to the level of
patients without CNS involvement. However, the survival
analysis results obtained for the patients who did not receive
transplantation showed that the intrathecal injection therapy
could improve their survival significantly. In addition, the
patients we observed included one case of a 20-year-old
young male patient. This patient was confirmed to have
primary HLH after gene screening (c.172T>C, heterozygous
missense mutation, serine-proline (p.S58P) mutation)?!
and experienced a recurrence with CNS involvement after
transplantation. The presentation of symptoms was status
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epilepticus and elevated CSF pressure. Cranial imaging
examination showed abnormal signals in the bilateral
frontotemporal lobes and an occipital dorsal thalamus.
After 8 rounds of the intrathecal injection therapy, the
CNS symptoms/signs of this patient relieved and CSF
returned to normal. The cranial imaging showed significant
absorption [Figure 9]. This patient had survived for more
than 2 years until now. Therefore, combined with the above
aspects, multiple rounds of intrathecal injection may be an
alternative treatment method for CNS-HLH patients who
cannot receive allo-HSCT. Intrathecal injection therapy can
even be attempted for patients who experience a CNS-HLH
recurrence after transplantation. Another interesting finding
is that intrathecal injection seems to have no significant
effects on the prognosis of HLH patients with EBV infection.
The current international EBV-HLH treatment regimens
all recommend performing allo-HSCT after remission.
Obviously, for these patients, simple intrathecal injection
therapy cannot achieve the treatment intensity and control
the storm of inflammatory factor successfully. This leads
to a bigger picture on what kind of situation that simple
intrathecal injection can lead to a better outcome and on

Figure 9: There was an abnormal signal of the lateral thalamus of
the frontotemporal and occipital lobes, and the lesion was obviously
absorbed in 8 intrathecal injection (left: before treatment, right: after
treatment) (white arrow).

what kind of situation that using intrathecal injection alone
may not be good enough. Further prospective clinical studies
are required to provide a more precise evaluation system.
Overall, intrathecal injection is an effective therapeutic
measure for CNS-HLH and under specific condition it can
be used alone and the high-risk caused by allo-HSCT can
be avoided.

In summary, CNS involvement in HLH is not rare in adults.
Of all the disease causes of HLH, infection-associated HLH is
most common, and a positive EBV-DNA in the peripheral blood
is associated with a poor prognosis. CNS symptoms/signs are
diverse and should receive clinical attention. HLH patients
without CNS symptoms/signs should receive CSF and/or
imaging examinations. Imaging changes may prompt the
course of CNS involvement. CNS-HLH patients have a poor
prognosis and high mortality. Currently, allo-HSCT is the
effective measure. Multiple rounds of repeated intrathecal
injection therapy can improve the prognosis of CNS-HLH
patients who cannot receive allo-HSCT or experience CNS
recurrence after HSCT, especially in non-EBV-HLH patients.

Financial support and sponsorship

This work was supported by the grants from the Beijing
Science and Technology Plan (No. Z151100004015172),
National Science Fund for Distinguished Young
Scholars (No. 81401627), and the Capital’s Funds for Health
Improvement and Research (No. 2016-2-2027).

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Henter JI, Nennesmo I. Neuropathologic findings and neurologic
symptoms in twenty-three children with hemophagocytic
lymphohistiocytosis. J Pediatr 1997;130:358-65. doi: 10.1016/
S0022-3476(97)70196-3.

2. Goo HW, Weon YC. A spectrum of neuroradiological findings in
children with haemophagocytic lymphohistiocytosis. Pediatr Radiol
2007;37:1110-7. doi: 10.1007/s00247-007-0569-z.

3. Henter JI, Horne A, Arico M, Egeler RM, Filipovich AH,
Imashuku S, et al. HLH-2004: Diagnostic and therapeutic guidelines
for hemophagocytic lymphohistiocytosis. Pediatr Blood Cancer
2007;48:124-31. doi: 10.1002/pbc.21039.

4. Horne A, Wickstrom R, Jordan MB, Yeh EA, Naqvi A, Henter JI,
et al. How to treat involvement of the central nervous system in
hemophagocytic lymphohistiocytosis? Curr Treat Options Neurol
2017;19:3. doi: 10.1007/311940-017-0439-4.

5. Imashuku S. Clinical features and treatment strategies of Epstein-Barr
virus-associated hemophagocytic lymphohistiocytosis. Crit Rev Oncol
Hematol 2002;44:259-72. doi: 10.1016/S1040-8428(02)00117-8.

6. Marsh RA, Allen CE, McClain KL, Weinstein JL, Kanter J,
Skiles J, et al. Salvage therapy of refractory hemophagocytic
lymphohistiocytosis with alemtuzumab. Pediatr Blood Cancer
2013;60:101-9. doi: 10.1002/pbc.24188.

7. WangY, Huang W,Hu L, Cen X, Li L, Wang J, et al. Multicenter study
of combination DEP regimen as a salvage therapy for adult refractory
hemophagocytic lymphohistiocytosis. Blood 2015;126:2186-92. doi:
10.1182/blood-2015-05-644914.

8. Jovanovic A, Kuzmanovic M, Kravljanac R, Micic D, Jovic M,
Gazikalovic S, et al. Central nervous system involvement
in  hemophagocytic ~ lymphohistiocytosis: A single-center
experience. Pediatr Neurol 2014;50:233-7. doi: 10.1016/j.
pediatrneurol.2013.10.014.

782

Chinese Medical Journal | April 5, 2018 | Volume 131 | Issuc 7 R




Weisfeld-Adams JD, Frank Y, Havalad V, Hojsak JM, Posada R,
Kaicker SM, et al. Diagnostic challenges in a child with familial
hemophagocytic lymphohistiocytosis type 3 (FHLH3) presenting
with fulminant neurological disease. Childs Nerv Syst 2009;25:153-9.
doi: 10.1007/s00381-008-0744-z.

. Yang S, Zhang L, Jia C, Ma H, Henter JI, Shen K, et al. Frequency

and development of CNS involvement in Chinese children with
hemophagocytic  lymphohistiocytosis. Pediatr Blood Cancer
2010;54:408-15. doi: 10.1002/pbc.22239.

. Gratton SM, Powell TR, Theeler BJ, Hojsak JM, Posada R,

Kaicker SM, et al. Neurological involvement and characterization in
acquired hemophagocytic lymphohistiocytosis in adulthood. J Neurol
Sci 2015;357:136-42. doi: 10.1016/j.jns.2015.07.017.

. Imashuku S. Treatment of Epstein-Barr virus-related hemophagocytic

lymphobhistiocytosis (EBV-HLH); update 2010. J Pediatr Hematol
Oncol 2011;33:35-9. doi: 10.1097/MPH.0b013e3181f84a52.

. Maeda E, Akahane M, Kiryu S, Kato N, Yoshikawa T, Hayashi N,

et al. Spectrum of Epstein-Barr virus-related diseases: A pictorial
review. Jpn J Radiol 2009;27:4-19. doi: 10.1007/s11604-008-0291-2.

. Smith MC, Cohen DN, Greig B, Yenamandra A, Vnencak-Jones C,

Thompson MA, et al. The ambiguous boundary between EBV-related
hemophagocytic lymphohistiocytosis and systemic EBV-driven T cell
lymphoproliferative disorder. Int J Clin Exp Pathol 2014;7:5738-49.

. Dunmire SK, Hogquist KA, Balfour HH. Infectious mononucleosis.

Curr Top Microbiol Immunol 2015;390(Pt 1):211-40. doi:

20.

21.

10.1007/978-3-319-22822-8 9.

. Ju HY, Hong CR, Kim SJ, Lee JW, Kim H, Kang HJ, et al

Hemophagocytic lymphohistiocytosis diagnosed by brain biopsy.
Korean J Pediatr 2015;58:358-61. doi: 10.3345/kjp.2015.58.9.358.

. Horne A, Trottestam H, Arico M, Egeler RM, Filipovich AH,

Gadner H, er al. Frequency and spectrum of central nervous
system involvement in 193 children with haemophagocytic
lymphohistiocytosis. Br J Haematol 2008;140:327-35. doi:
10.1111/j.1365-2141.2007.06922 .

. Hirst WJ, Layton DM, Singh S, Mieli-Vergani G, Chessells JM,

Strobel S, et al. Haemophagocytic lymphohistiocytosis: Experience
at two U.K. centres. Br J Haematol 1994;88:731-9. doi: 10.1111/j.13
65-2141.2007.06922 x.

. Anderson TL, Carr CM, Kaufmann TJ. Central nervous system

imaging findings of hemophagocytic syndrome. Clin Imaging
2015;39:1090-4. doi: 10.1016/j.clinimag.2015.07.013.
Sparber-Sauer M, Honig M, Schulz AS, zur Stadt U,
Schiitz C, Debatin KM, et al. Patients with early relapse of
primary hemophagocytic syndromes or with persistent CNS
involvement may benefit from immediate hematopoietic stem
cell transplantation. Bone Marrow Transplant 2009;44:333-8. doi:
10.1038/bmt.2009.34.

Janka  GE. Familial ~and  acquired  hemophagocytic
lymphohistiocytosis. Annu Rev Med 2012;63:233-46. doi: 10.1146/
annurev-med-041610-134208.

.Chinese Medical Journal | April 5,2018 | Volume 131 | Issue 7

783




JR N I gtk S 2 R S e AR R AR R
B A09645 [ B 7 AT

R WAk AL S 2 5E  Chemophagocytic lymphohistiocytosis, HLH) /& —Rg M Eam kIR s & E. FIXME RS
(central nervous system, CNS) 32 B2 H—F ™ 1 JF A, #ERER, R38N, (HAEMAHLHT ARG S 2 HM.
o, BALEEWEXKEE, KOV RAHLHAECNS S RAIRRRIL . SRR =M A 1077 75 S a5

Jr¥Es BIBPE ST HT20034F6 H 2220164F 12 H FH L 96HIHLHECNS 52 B N BB I IR R e RL . It AR % 78 R
J7. A,

R N6 Z BEY, S6XMAFEMAERGIER, HP334 (38.4%) fEHLHHIZATEI M A RGUER. 594 &
FHIEZWE AR, HF234 (39.0%) AIERE. 704 B HLEZTHEFEHAA, HPs504 (71.4%) HIMEEFELET.
HSTHBELEZZ RN ES RS, K354 (61.4%) BFHREE. W T RG22 HEESP K, &HEBW
7 (Epstein-Barr virus, EBV) B¢ (P=0.026, Exp(B)=2.309, 95% CI [1.108, 4.823]) M¥EZ¥MNESAIT (P=0.013,
Exp(B)=0.422, 95% CI[0.214,0.831]) XF EAFI [l (15043 G125 .

Zi: X THRAHLHAHCNSZ RN EE, FIEEBRFHR ISR A RIS, M2 A SHa 7T W o S s . BN S
HLHE&FCNSZ RHADW, FHH—BHICNSZ RIRTGHKZ . 297 F 008 ST 7T DA 8% X JSCNS-HLH & 3
MRS -




