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Abstract Early mortality remains a major challenge for the
treatment of hemophagocytic lymphohistiocytosis (HLH),
which warrants the need for prompt risk stratification in the
early phase of the disease. We retrospectively analyzed clini-
cal features of a cohort of pediatric patients managed at a
tertiary hospital in southern China from 2005 to 2015. A total
of 116 patients (median age 27.5 months) with predominantly
secondary HLH were included. In a multivariate Cox regres-
sion model, neutrophils <0.5 × 109/L (risk ratio (RR) = 5.01;
95 % confidence interval (CI) 1.55–16.20; P = 0.007), total
bilirubin over twofold upper limit of normal value (RR = 2.86;
95 % CI 0.83–9.88; P = 0.097), and albumin ≤20 g/L
(RR = 5.79; 95%CI 1.70–19.73;P = 0.005) at diagnosis were
independent risk factors for 30-day mortality. The 30-day
overall survival rate (OS) of patients with three risk factors
was significantly lower than that of patients with zero to two
risk factors (0 vs 90.7 %; P<0.001). Patients with three risk
factors were 64-fold more likely to have early adverse out-
come as compared to patients with zero to two risk factors
(RR = 64.45; 95 % CI 18.35–226.33; P<0.001). Platelet count
normalization in 2 weeks was an independent predictor for
resolution after initial therapy with an odds ratio (OR) of
18.4 (95 % CI 2.7–122.9; P = 0.003). Our results indicate that
severe neutropenia and liver function damage are prognostic
factors for early death in HLH and platelet count normali-
zation in 2 weeks is a critical predictor for resolution after
initial therapy.
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Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a rare but life-
threatening clinical syndrome primarily affecting infants and
children, characterized by common clinical signs and symp-
toms of extreme inflammation [1]. Typical clinical findings of
HLH are indicative of significant immune activation, includ-
ing prolonged fever, hepatosplenomegaly, elevated levels of
serum ferritin, and soluble CD25. Other presentations includ-
ing cytopenias, hepatitis, decreased fibrinogen, increased tri-
glyceride, hemophagocytosis, and central nervous system
(CNS) involvement reflect organ damage as the consequence
of immune dysregulation [2].

There are two forms of HLH: primary (genetic) and second-
ary (acquired). Familial hemophagocytic lymphohistiocytosis
(FHL) is an autosomal recessive disease with an estimated
incidence of 1.8 per 100,000 live births [3]. Known causative
genes including PRF1, UNC13D, STX11, and STXBP2, all
encode proteins required for lymphocyte cytotoxicity [4–7].
Other genetic immunodeficiencies can also develop HLH as
part of the disease process, such as X-linked lymphoprolifera-
tive syndrome (XLP) due to SH2D1A or XIAP gene defects
[8]. Patients in the primary category are usually infants or
younger children with a clear risk of recurrence, typically re-
quiring hematopoietic cell transplantation (HCT) for cure. In
contrast, patients with secondary HLH (sHLH), which is often
triggered by overwhelming immune stimuli such as severe
infections, malignancies, or rheumatologic disorders, are gen-
erally older children or adults. Nevertheless, both forms have
variable disease severity and may progress to a fatal outcome
[9]. Thus, patients with the severe full picture of HLH require
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prompt administration of systemic immunochemotherapy per
HLH-94 or HLH-2004 protocols to achieve immediate disease
control [10, 11]. Approximately 80 % of patients respond to
HLH-94 regimen but only half of patients can achieve resolu-
tion [12], indicating a significant number of patients not
responding adequately or completely may need more aggres-
sive treatment or salvage therapy in order to survive to HCT. In
patients with sHLH who achieved resolution at week 8, the
routine use of a per-protocol continuation therapy in these
cases is not appropriate. So resolution at week 8 is the
decision-point on whether to use continuation therapy after
induction except for familial, genetically verified HLH. Thus,
predictors in the early 2 weeks into therapy with evident rela-
tion to resolution could be especially useful for alerting clini-
cians to consider timely treatment improvement. In addition,
early incorporation of cyclosporine into the etoposide-
containing regimen appears beneficial to improve neutrophil
recovery in HLH [13–15], so the impact of cyclosporine on
early outcome has also been assessed in this study.

According to the data from HLH-94 trial, the majority of
deaths occurred during initial therapy, especially in the first
month, indicating different phases of the disease may have
distinct odds of death [16]. Thus, we hypothesize that risk
stratification in early stage of HLH may be critical to tailor
treatment and reducemortality. In this report, we examined the
usefulness of regular clinical parameters for predicting early
outcome in pediatric patients with HLH. Epstein-Barr virus-
associated HLH (EBV-HLH) appears to have a high incidence
in East Asian countries [17, 18]. Patients included in the pres-
ent study could be a very typical cohort for investigating EBV-
HLH because they are from Guangxi province, where has
long been known as an endemic region with very high inci-
dence of EBV infection in China [19].

Patients and methods

Patients and data collection

During the period from July 2005 to September 2015, patients
(<14 years old) with discharge diagnosis of HLH in a tertiary
medical center of Guangxi Province in China were retrospec-
tively analyzed. Since two diagnostic criteria (soluble CD25
and NK cell activity tests) in HLH-2004 protocol were not
available in our institution, diagnosis was done when five
out of the other six criteria fulfilled [11]. Patients with clear
evidence of rheumatologic diseases and malignancies were
excluded. Clinical findings and laboratory data before and
after therapy were obtained using medical chart review.
EBV infections were confirmed serologically from evidence
of initial or previous exposure to EBV (elevated viral capsid
antigen IgM or IgG) or reactivation status (elevated early
antigen IgG or IgA) and/or increased EBV genomic DNA

copy number by polymerase chain reaction (PCR) [20].
Cytomegalovirus (CMV) infection was also routinely exam-
ined serologically (CMV-IgM and IgG) and by PCR. The
evaluation of disease states was done based on HLH-2004
protocol. Clinical response was evaluated at 2 weeks during
initial therapy as out-lined: no fever, spleen size reduction,
platelets≧100 × 109/L, normal fibrinogen, and ferritin level
decreasing by 25%. Ferritin decrease was calculated as ferri-
tin measure after 2 weeks of therapy minus the measure at
diagnosis, divided by the measure at diagnosis. Non-active
disease (resolution) was evaluated around 8 weeks after the
start of therapy as follows: no fever, no splenomegaly, no
cytopenia (hemoglobin ≧90 g/L, platelets ≧100 × 109/L, neu-
trophils >0.5 × 109/L), no hypertriglyceridemia (triglyceride
<3 mmol/L), no hyperferritinemia (ferritin <500 μg/L), and
normal cerebrospinal fluid (CSF). Active disease was diag-
nosed when patients did not have resolution. Overall survival
(OS) was defined as the evaluation of the time from HLH
diagnosis to the date of death from any cause or last follow-
up. Follow-up was done by searching medical records or mak-
ing phone calls. Early death was the primary outcome, and it
was defined as death occurred within 30 days after diagnosis.
An event truncation for the outcome of 30 days after onset of
therapy was used. Genetic testing was carried out by amplify-
ing all exons of PRF1, UNC13D, STX11, and XIAP genes
using PCR and then directly sequencing on ABI 3730XL
sequencer (Applied Biosystems, NY, USA). Variations iden-
tified in the above genes were compared to the information in
NCBI dbSNP, OMIM, and UCSC databases to determine their
function significance. Approval to perform this study was giv-
en by the First Affiliated Hospital of Guangxi Medical
University Institutional Review Board. Informed consent
was obtained from all patients for being included in the study.

Statistical methods

Statistical analyses were performed by SPSS (Statistical
Package for Social Sciences) software, version 16.0 (SPSS,
Chicago, IL). Continuous biologic variables were dichoto-
mized applying usual clinical thresholds. First, univariate
Cox regression analyses were used to screen possible predic-
tors for early death. Univariate relations between resolution
and prognostic variables were described as cross-tabulations
and assessed by using Pearson chi-square test or Fisher’s exact
test. Variables with a P value <0.15 in the univariate analysis
were incorporated into a multivariate Cox’s proportional haz-
ards regression model or logistic regression model to further
assess their independent contribution to outcomes. Missing
data were left as missing. A forward conditional selection
procedure with significant level for entry into the model set
at 0.10 was conducted. Prognostic groups (high or low risk)
were defined by categorizing the number of prognostic factors
in the final multivariate Cox regression model. Comparison of
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survival rates between groups was performed by using Kaplan-
Meier method and log-rank test. Two tailed P value <0.05 was
considered statistically significant.

Results

Patient characteristics

This study included a total of 116 Chinese children (77 males,
39 females) with HLH for analysis. The median age at diag-
nosis was 27.5 months (range 3 months to 14 years). 9.5 %
(11/116) patients were infants (<1 year old). Clinical and lab-
oratory characteristics of patients at diagnosis were shown in
Table 1. Strikingly, 92.3 % (24/26) patients with adequate
testing (both serologically and by PCR) were EBV infection
positive. Almost all patients were tested for CMV infection,
and the positive rate was 8.3 % (9/109). No consanguinity was
reported, and no patient had a family history of HLH.No known
HLH-related mutation was identified in PRF1, UNC13D,
STX11, SH2D1A, and XIAP genes of 60 patients in this cohort.
Five monoallelic single nucleotide variations (SNV) with uncer-
tain clinical significance in PRF1 exons including R4C
(rs12161733) in four unrelated patients, V50L (rs776299562),
A424T, L478Q, and R489W in each patient were detected.
Three patients harbored each monoallelic SNV in UNC13D
exons: R414L (rs768171054), R682G, and R921H. There

was no mutation identified in STX11, SH2D1A, and XIAP
genes.

Patients were treated basically per HLH-94 or HLH-2004
protocol but off the clinical trials. In total, all patients were
treated with dexamethasone and etoposide, and 59/116
(50.9 %) patients had cyclosporine A (CSA) per OS from
the start of therapy in 8 weeks of initial therapy. No patient
received intrathecal therapy during the 8 weeks. Neutropenic
patients were protectively isolated. Antibiotic prophylaxis was
not routinely applied. Empirical antibiotic therapy, including
broad-spectrum piperacillin-sulbactam or cefoperozone-
sulbactam, and intravenous antifungal therapy were pre-
scribed initially for neutropenic patients with clinical signs
and/or laboratory indicators of infection and were adjusted
according to treatment response and identification of patho-
gens. A total of 31 HLH-related fatalities occurred in this
cohort: 16/31 (51.6 %) deaths occurred within 30 days after
onset of therapy, one patient (3.2 %) died during 4–8 weeks,
9/31 (29.0 %) deaths occurred during 2–6 months, and 5/31
(16.1 %) deaths occurred after 6 months. There were 9/116
(7.8 %) patients had reactivation after remission, six of them
reactivated in 6 months from the start of therapy and the other
three had late recurrence after 6 months. Six patients with
reactivation were genetically tested and results only showed
two of them harbored the monoallelic R4C variation in PRF1.
No patient proceeded to HCT. Patients were followed up at
least 3 months.

Prognostic factors for early death

Six patients were lost to follow-up by 30 days after diagnosis,
and the dropout rate is 4.9 %. The 30-day OS of this cohort
was 86.0 %. The correlations between clinical characteristics
at diagnosis and 30-day mortality by univariate analysis were
shown in Table 2. Results showed that neutrophils <0.5 × 109/
L (RR = 3.82; 95 % CI 1.33–11.00; P = 0.01), albumin level
≦20 g/L (RR = 4.96; 95 % CI 1.80–13.68; P = 0.002), total
bilirubin >twofold upper limit of normal value (2ULN)
(RR = 3.86; 95% CI 1.34–11.12; P = 0.01), and lactate dehy-
drogenase (LDH) >1000 IU/L (RR = 3.71; 95 % CI 1.05–
13.16; P = 0.04) were significantly associated with increased
early death inHLH.However, variables including age <1 year,
gender, hemoglobin <60 g/L, platelets <20 × 109/L, fibrinogen
≦1.5 g/L, triglyceride ≧3 mmol/L, ALT >200 IU/L, ferritin
>2000 or>10,000 μg/L, and hemophagocytosis in bone mar-
row, as well as abnormal CSF at diagnosis were not signifi-
cantly correlated with early adverse outcome. Administration
of CSA from the start of therapy was not significantly associ-
ated with a decreased risk of early death (RR = 0.93; 95 % CI
0.35–2.48; P = 0.89). Subsequently, age, gender, neutrophils,
hemoglobin, albumin, total bilirubin, LDH, and SF (> or ≦10,
000 μg/L) were included into a multivariate Cox regression
analysis, and neutrophils <0.5 × 109/L, total bilirubin >2ULN,

Table 1 Baseline patient characteristics

Characteristic No. (%) of patients

Fever 116/116 (100)

Splenomegaly 90/114 (78.9)

Cytopenias

Hemoglobin <90 g/L 86/116 (74.1)

Platelets <100 × 109/L 88/116 (75.9)

Neutrophils <1.0 × 109/L 72/116 (62.1)

Hypertriglyceridemia (≥3.0 mmol/L) 77/116 (66.4)

Hypofibrinogenemia (≤1.5 g/L) 51/115 (44.3)

Hemophagocytosis in bone marrow 79/109 (72.5)

Hyperferritinemia (≥500 μg/L) 115/115 (100.0)

Hepatomegaly 103/114 (90.4)

Elevated total bilirubin 63/116 (54.3)

Decreased albumin 113/116 (97.4)

Elevated alanine aminotransferase 87/116 (75.0)

Elevated dehydrogenase 110/111 (99.1)

Abnormal cerebrospinal fluid 15/54 (27.8)

Decreased %NK cells 102/113 (90.3)

%NK cells indicate the percentage of NK cells in the peripheral blood
mononuclear cell determined by flow cytometry
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and albumin ≦20 g/L were retained in the final model as in-
dependent risk factors for early death (Table 3). The 30-day
OS was significantly different between patients with neutro-
phils ≧ or <0.5 × 109/L (92.6% vs 75.4%; P = 0.007; Fig. 1a),
total bilirubin > or ≦2ULN (75.6 % vs 92.7 %; P = 0.007;
Fig. 1b), and albumin > or ≦20 g/L (89.8 % vs 62.5 %;
P = 0.001; Fig. 1c). Patients with all of the above three risk
factors at diagnosis in our cohort had 100 % mortality within
30 days, and the median survival time was 2.0 days (95 % CI
0–5.6). There was no significant difference among 30-day OS
of patients with zero, one, and two risk factors at diagnosis
(95.2 86.8, and 90.5 %; P = 0.40). The 30-day OS of patients
with three risk factors was significantly lower than that of
patients with zero to two risk factors (0 vs 90.7 %;
P<0.001). Thus, patients with all three risk factors at diagnosis
were categorized into high-risk group, while patients with
zero to two risk factors were at relatively low risk (Fig. 1d).
And patients with three risk factors were 64-fold more likely
to have early adverse outcome as compared to patients with
zero to two risk factors (RR = 64.45; 95 % CI 18.35–226.33;
P<0.001).

Prognostic factors for resolution

Patients with sufficient data to be evaluated for disease states
around 8 weeks of treatment were dichotomized according to
the resolution or active disease. Patients died before 8 weeks
were excluded from this analysis. In this study cohort, 72.0%
(59/82) patients achieved resolution after 8 weeks of therapy.
The relation between disease states after 8 weeks and
changes of clinical findings over the first 2 weeks of ther-
apy was examined to identify predictors for resolution
(Table 4). Remarkably, patients with normal body tempera-
ture at 2 weeks into therapy had obviously higher rate of
resolution after 8 weeks than those patients with persistent
fever (P = 0.02). And patients with platelet count ≧100 ×
109/L at 2 weeks also had significantly higher rate of resolution
than those patients with platelet count <100 × 109/L (χ2 = 10.2,
P = 0.001). In patients with serial ferritin data, 97.1% (33/34)
patients had ferritin level decrease by 25 % at 2 weeks, and
64.7 % (22/34) patients had ferritin level decrease by 80 %.
Patients with ferritin decrease over 80 % at 2 weeks also had
significantly higher rate of resolution than those patients with

Table 2 Prognostic factors for
30-day mortality according to
univariate Cox regression

Candidate prognostic factor Comparison Number P value RR 95 % CI

Age (year) <1 vs ≥1 116 0.10 2.40 0.84, 6.93

Gender Male vs female 116 0.13 0.47 0.17, 1.26

Neutrophils (×109/L) <0.5 vs ≥0.5 116 0.01* 3.82 1.33, 11.00

Hemoglobin (g/L) <60 vs ≥60 116 0.09 2.52 0.87, 7.26

Platelets (×109/L) <20 vs ≥20 116 0.26 1.91 0.62, 5.93

Fibrinogen (g/L) ≤1.5 vs >1.5 116 0.32 1.64 0.61, 4.41

Albumin (g/L) ≤20 vs>20 116 0.002* 4.96 1.80, 13.68

Triglyceride (mmol/L) ≥3 vs <3 116 0.40 1.63 0.53, 5.05

Total bilirubin (μmol/L) >2ULN vs ≤2ULN 116 0.01* 3.86 1.34, 11.12

Alanine aminotransferase (IU/L) >200 vs ≤200 115 0.18 1.95 0.73, 5.19

Lactate dehydrogenase (IU/L) >1000 vs ≤1000 111 0.04* 3.71 1.05, 13.16

Ferritin (μg/L) >2000 vs ≤2000 115 0.58 1.42 0.41, 5.00

Ferritin (μg/L) >10,000 vs ≤10,000 115 0.10 2.28 0.85, 6.06

Hemophagocytosis Present vs absent 108 0.73 1.25 0.35, 4.56

Cerebrospinal fluid Abnormal vs normal 54 0.36 2.00 0.45, 8.94

Cyclosporine A Used vs not used 116 0.89 0.93 0.35, 2.48

RR risk ratio, 95% CI 95% confidence interval, 2ULN twofold of upper limit of normal value

*Significantly different

Table 3 Predictors at diagnosis
for early death in HLH by
multivariate Cox regression
analysis

Variable Adverse factor β SE (β) Wald χ2 P value RR RR 95% CI

Neutrophils (×109/L) <0.5 1.61 0.60 7.24 0.007 5.01 1.55, 16.20

Total bilirubin (μmol/L) >2ULN 1.05 0.63 2.76 0.097 2.86 0.83, 9.88

Albumin (g/L) ≤20 1.76 0.63 7.88 0.005 5.79 1.70, 19.73

β regression coefficient, SE standard error, RR risk ratio, 95 % CI 95 % confidence interval, 2ULN twofold of
upper limit of normal value

1414 Ann Hematol (2016) 95:1411–1418



ferritin decrease less than 80% (P = 0.03). Clinical response at
2 weeks during initial therapy was evaluated for patients with
sufficient parameters. The clinical response rate at 2 weeks
was 51.0 % (26/51). A total of 37 patients with evaluation of
both 2-week clinical response and 8-week disease states were
analyzed, and results showed that there was no statistically
significant association between 2-week clinical response and
8-week resolution (P = 0.08). Subsequently, fever, platelet
count, and ferritin decrease after 2 weeks of therapy were
incorporated into a multivariate logistic regression analysis,
which resulted in a parsimonious model with the main effect
of platelet count over 100 × 109/L with an odds ratio (OR) of

18.4 (95 % CI 2.7–122.9; P = 0.003), indicating that patients
was 18 times more likely to attain resolution after initial ther-
apy when platelet count was above 100 × 109/L at 2 weeks
into therapy as compared to patients with lower platelet count.

Discussion

Early initiation of an appropriate treatment is critical for im-
proving the chance of survival in patients with HLH.
However, it is often difficult to decide the treatment intensity
without reliable prognostic indicators in the very early phase

Fig. 1 Kaplan-Meier curve of patients with risk factors by 30 days after
diagnosis. Overall survival (OS) of patients with a neutrophils ≥ or
<0.5 × 109/L, b total bilirubin > or 2 upper limit of normal value

(ULN), c albumin > or ≤20 g/L, and d zero to two risk factors (low-risk
group) or three risk factors (high-risk group)
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of the disease. This study reports original findings of predic-
tors for 30-day mortality in Chinese children with predomi-
nantly sHLH. In this cohort, over half of all deaths occurred in
the first month of therapy, which we termed Bearly death.^
Since themajority of early deaths actually happened in 2weeks
after diagnosis, we believe that the most helpful predictor
should be assessed upon diagnosis and guide clinicians to
categorize patients into high- or low-risk subgroups. As pre-
viously reported, hyperbilirubinemia or jaundice were signif-
icantly associated with adverse outcome in HLH [9, 21, 22].
Our results confirmed high bilirubin more than twofold upper
limit of normal value (usually with jaundice) as a risk factor
for 30-day mortality. We also found that severe neutropenia or
agranulocytopenia (neutrophils <0.5 × 109/L), as well as se-
vere hypoalbuminemia (albumin ≦20 g/L) are independent
risk factors. No patient with all three risk factors at diagnosis
has survived till 30 days in our cohort, as patients with three
risk factors altogether could be with extremely overwhelming
disease and ongoing severe organ damage. Our finding of the
prognostic value of severe neutropenia agrees with the analyt-
ic study by another Chinese group, in which leukopenia
(white blood cell count <3 × 109/L) upon hospitalization was
found to be correlated with inferior survival in pediatric EBV-
HLH [23]. Patients with leukopenia or agranulocytopenia are
prone to severe opportunistic infection, which is known as a
common cause of death in HLH [24]. Ten out of the 16 early
deaths in our cohort had severe infection complications in-
cluding pneumonia and sepsis, which played a major role in
early mortality despite aggressive antimicrobial therapy.
Prompt short-term CSA infusion followed by CSA per OS

has been described as an attractive treatment to improve neu-
trophil recovery in patients with HLH [13]; however, our re-
sult does not support that early administration of CSA per OS
can significantly improve early outcomes. Edema has been
described as a factor associated with deaths in the first 8 weeks
of initial therapy [16], while severely decreased albumin is
demonstrated to be a strong prognostic marker in our study,
reflecting the similar biological effect as edema but in a more
objective manner. Abnormal CSF at diagnosis is associated
with poor long-term survival and increased risk of sequelae
[25, 26], but it appears not a risk factor for early outcome
according to our result. The reason may be that CNS relapse
generally occurs as a major cause of late recurrence. Trottestam
et al. found that elevated ferritin level (>2000 μg/L) at diag-
nosis is an independent risk factor for pre-transplant death [9],
but our results did not show significant relevance of this pa-
rameter to 30-day mortality.

To date, little is known about early indicators of resolu-
tion during the HLH treatment. Ferritin has been well rec-
ognized as a useful inflammatory marker correlating with
current disease activity. Lin et al. has shown that patients
with less than a 50 % drop in ferritin level as opposed to a
96 % or greater drop had a 17-fold increased chance of
dying [27]. There is also a study by Otrock et al. observed
a correlation between percent ferritin decrease less than
75 % and poor survival in adult patients [28]. Similarly,
our results showed that patients with ferritin decrease over
80 % by 2 weeks had significantly higher rate of resolution
as compared to those with less ferritin decrease in univariate
analysis. But this effect was not significant in a multivariate
logistic regression model. Thrombocytopenia has been de-
scribed as a consistent prognostic factor for mortality in
adult HLH by several studies [29–32]. Trottestam et al.
has reported thrombocytopenia (platelet count <40 × 109/L)
2 weeks into therapy was associated with increased pre-
transplant death in pediatric HLH [9]. Notably, an original
finding of the present study is that platelet recovery in
2 weeks can largely predict resolution after 8 weeks of
initial therapy, which is an important supplement and ex-
tension of the prognostic value of platelet count in HLH.
Thrombocytopenia may result frommultiple mechanisms, such
as a dysmegakaryopoiesis due to excess of cytokines release,
consumption through hemophagocytosis, hypersplenism, and
disseminated intravascular coagulopathy [32, 33]. The con-
ventional supportive care for thrombocytopenia is platelet
transfusion, while a prospective study by Wang et al. has re-
cently shown efficacy of recombinant human thrombopoietin
(rhTPO) in the treatment of thrombocytopenia in adult HLH
[34]. It could be interesting to investigate the benefit of rhTPO
to patient outcomes.

Currently, clinical response at 2 and/or 4 weeks according
to HLH-2004 protocol is the main index for clinicians to as-
sess the efficacy of therapy in the early phase of treatment and

Table 4 Characteristics after 2 weeks of therapy with relation to
resolution after 8 weeks by univariate analysis (No. (%))

Predictor Resolution Active disease χ2 P value

Fever

Present 4 (14.8) 7 (58.3) – 0.02*

Absent 23(85.2) 5 (41.7)

Fibrinogen

>1.5 g/L 23 (92.0) 12 (100) – 1.00

≤1.5 g/L 2 (8.0) 0 (0)

Platelets

≧100 × 109/L 41 (73.2) 8 (34.8) 10.2 0.001*

<100 × 109/L 15 (26.8) 15 (65.2)

Ferritin decrease

≥80% 18 (78.3) 4 (36.4) – 0.03*

<80 % 5 (21.7) 7 (63.6)

Clinical response

Yes 17 (68.0) 4 (33.3) – 0.08

No 8 (32.0) 8 (66.7)

*Significantly different
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decide on whether to improve treatment or not. Unexpectedly,
the association between 2-week clinical response and the
achievement of 8-week resolution was not significantly obvi-
ous according to our results. We consider that the current
criteria for evaluating clinical response might not be specific
enough to reflect real disease responsiveness. Particularly, fer-
ritin level decrease (by 25%) is one of the criteria, but in our
cohort, 97 % of the patients reached this criterion at 2 weeks.
And almost all patients fulfilled the criteria of normal fibrino-
gen levels and spleen size reduction by 2 weeks, irrespective
of active disease after initial therapy. As these results come
from analysis of small sample, these findings should be
interpreted with caution.

Imashuku et al. has reported a male/female ratio of 0.64 in
Japanese children with EBV-HLH [14]; on the contrary, more
boys had this disease in our cohort with a male/female ratio of
2.1, which is consistent with reports from other Chinese
groups [23, 35]. The male preponderance may reflect the pe-
diatric population in China. For many decades, it has been
concerned that a part of EBV-HLH in boys may actually be
XLP, which is linked tomutations of the signaling lymphocyte
activation molecule (SLAM)-associated protein (SAP) or
X-linked inhibitor of apoptosis protein (XIAP), leading to
dysregulated T cell activation in response to EBV infection
[8, 14]. We sequenced exons of SH2D1A and XIAP genes
of 60 children in this cohort, but no deleterious mutation
was identified.

In conclusion, neutrophils <0.5 × 109/L, total bilirubin
>2ULN, and albumin ≦20 g/L at diagnosis represent a set of
risk factors for 30-day mortality in HLH. The number of risk
factors at diagnosis identifies patients with high risk for early
death. These results may provide clinical guidance in cat-
egorizing patients upon diagnosis, in order to intensify
treatments including maximizing supportive care promptly
for the subset of patients with a substantial risk of early
fatal outcome. Platelet count normalization may aid clini-
cians in judging real responsiveness of the disease to the
etoposide-based regimen as early as 2 weeks into therapy
and highlighting poor responders for the consideration of
treatment improvement. Large prospective studies with
uniform evaluation and treatment are applauded to further
verify these findings.
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