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Aim: The aim of this study was to investigate the etiological factors, clinical features, and
prognostic factors in children with hemophagocytic lymphohistiocytosis (HLH).

Methods: Fifty-six children with HLH in Wuhan Union Hospital, People’s Republic of China,
were retrospectively analyzed in recent years. We reviewed the medical records of 56 HLH
children hospitalized from 2000 to 2013 to identify the possible prognostic factors.

Results: In more than half of the cases (64.29%), the etiological factor was found to be infec-
tion. Clinical characteristics such as prolonged fever (100.00%), hepatosplenomegaly (95.24%),
and pancytopenia (100.00%) were observed. Characteristic laboratory values presented with
increased ferritin (64.29%), triglycerides (78.57%), transaminases (80.95%), bilirubin (67.54%),
lactate dehydrogenase (95.23%), and decreased fibrinogen (61.90%), natrium (40.48%), and
potassium (30.94%). Bone marrow aspiration showed hemophagocytosis in 48 cases (85.71%).
Forty-two patients were treated according to HLH-2004 protocol. Out of the 42 patients, 19 cases
acquired remission and 13 cases died. Ten cases lost follow-up. High lactate dehydrogenase
(>2,000 U/L), high bilirubin (>2 mg/mL), and younger age (<2 years) at the time of diagnosis
were adverse prognostic factors.

Conclusion: HLH is a life-threatening syndrome caused by complicated etiology. The level
of lactate dehydrogenase and bilirubin accompanied with younger age were adverse factors.
Keywords: HLH, clinical features, children, prognostic factors

Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a rare disease characterized by a rapidly
fatal hematological disorder usually associated with malignancies and severe infec-
tions. It presents with prolonged high fever that could not be controlled by antibiotics;
hepatosplenomegaly; cytopenia; widespread infiltration with lymphocytes; and benign-
looking histiocytes with hemophagocytosis in the bone marrow, liver, spleen, or lymph
nodes. A steadily increasing attention has been paid to HLH in the past decade. Early
diagnosis and combined treatment can effectively control this life-threatening disease. In
this study, we have described the progression of 56 children with HLH who underwent
treatment in Wuhan Union Hospital, People’s Republic of China, and have emphasized
the prognostic factors in an effort to improve the outcome of patients with HLH.

Methods

Diagnosis and patients
A retrospective analysis on HLH was carried out from January 1, 2000 to November 30,
2013, at the Pediatric Department of Wuhan Union Hospital. The criteria for diagnosis
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of HLH were based on the guideline of the HLH-2004
protocol of Henter et al.! Fifty-six pediatric patients who
received a discharge diagnosis of HLH during the period
were enrolled in our study. Clinical and laboratory data were
recorded and collected by a single investigator. This study was
approved by the Ethics Committee of Wuhan Union Hospital,
People’s Republic of China. Written informed consent was
obtained from the guardians of the patients.

Statistical analysis

Data are reported as mean * standard deviation (SD). Median
values were reported for nonnormally distributed data.
Regression logistic was used to identify prognostic factors.
All statistical analyses were performed with SPSS Software
Version 15.0 (SPSS, Chicago, IL, USA). Differences were
considered statistically significant if P<0.05.

Results

Clinical features

Of the 56 pediatric patients, 35 were boys and 21 were girls
with a median age of 4.5 years (range: 4 months to 12 years)
at the onset of HLH. The median duration before diagnosis
of HLH was 1.5 weeks (range: 1 week to 6 weeks). The most
common clinical symptoms observed were fever (100.00%),
hepatomegaly or splenomegaly (95.24%), and pancytopenia
(100.0%). The clinical features observed in the patients are
shown in Figure 1.

Laboratory findings

The laboratory results obtained for all pediatric patients with
HLH are given in Table 1. Anemia was observed in 39 patients
(five cases with hemoglobin level <90 g/L, 27 cases <60—89
g/L, seven cases <30-59 g/L), neutropenia (neutrophil count
<1.5x10°/L) in 28 patients (one case <1.0—1.5x10%/L, 22 cases

120
100
80
60
40

Percentage of patients

Figure | Clinical features of 56 patients with HLH.
Abbreviation: HLH, hemophagocytic lymphohistiocytosis.

Table | Laboratory findings of 56 patients with HLH

Variables Data median(range)
Hemoglobin (g/L) 80(30-118)

White blood cell count (x10°/L) 3.0(0.3-11.5)
Neutrophil count (x10°/L) 0.6(0.1-5.8)

Platelet count (x10°/L) 49.0(11-450)

Alanine aminotransferase (U/L) 115(15-1,187)
Aspartate aminotransferase (U/L) 175(17-2,928)
Triglycerides (mmol/L) 5.0(1.5-10.8)
Fibrinogen (g/L) 2.7(0.3-6.0)

Ferritin (ug/L) 6,900(45-87,800)

Total bilirubin (umol/L)
Lactate dehydrogenase(U/L)
APTT (seconds) 31.0 (22.0-120)
PT (seconds) 14.0 (10.0-85)

Abbreviations: HLH, hemophagocytic lymphohistiocytosis; PT, prothrombin time;
APTT, activeated partial thromboplastin time.

28.7(3.5-269.0)
2,300(1,123-5,062)

<0.5-1.0x10°L, and five cases <0.5x10°L) and thrombocy-
topenia (platelet count <100x10%/L) in 35 patients (33 cases
with platelet count <20-99x10°/L and two cases with platelet
count <20x10°L).

Increased level of serum ferritin was observed in 36
(64.29%) patients. Elevated level of serum lactate dehydro-
genase (LDH) was found in the majority (95.24%) of our
patients. The highest LDH level observed was 5,062 U/L.
Increased triglycerides, transaminases, and bilirubin were
observed in 44 (78.57%), 45 (80.95%), and 38(67.86%)
patients, respectively. Hyponatremia and kaliopenia were
observed in 23 (41.07%) and 17 (30.36%) cases, respectively.
Decreased fibrinogen was observed in 34 cases (60.71%).
Prolonged prothrombin time and partial thromboplastin time
were observed in 38 (67.86%) cases. Examination of bone
marrow aspiration showed hemophagocytosis in 48 (85.71%)
patients. Unidentified cells were observed in the bone marrow
aspiration of three patients and normal cells in three patients.

Associated underlying diseases

Infectious agents were identified in 35 (61.90%) patients.
Non-infectious agents of HLH were identified in six (10.70%)
patients. No agents were identified in the remaining 15 cases
(26.78%). Analysis of etiology is shown in Figure 2.

Treatment and outcome

Forty-two patients were treated according to the HLH-94 or
HLH-2004 guidelines; 14 patients refused treatment and lost
follow-up because of rapid fatality or financial difficulty and
belief of HLH incurability. The common supportive treat-
ments included packed red cell, fresh plasma, and platelet
transfusions. Those patients who underwent treatment
received steroid and intravenous immunoglobulin. Of the 42
treated patients, 25 acquired remission and 17 died of relapse.
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Figure 2 Etiology analysis of HLH.
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Abbreviation: HLH, hemophagocytic lymphobhistiocytosis; EBV, Epstein—Barr virus; CMV, cytomegalovirus; HSV, herpes simplex virus; MP, mycoplasma; CP,chlamydia.

Prognostic factors analysis

Among the clinical and laboratory features analyzed, high
LDH (>2,000 U/L), high bilirubin (>2 mg/mL), and younger
age (<2 years old) at the time of diagnosis indicated worst
outcome (Table 2).

Discussion

HLH is classified into genetic (primary) HLH and acquired
(secondary) HLH. The pathogenesis and etiology of HLH
are still unknown. Primary HLH is thought to be associ-
ated with impaired natural killer cell function. Secondary
HLH may be acquired under a variety of conditions such
as infections? (including infections caused by bacteria,
viruses, and fungi), malignancies,® autoinflammatory and
autoimmune diseases,* and acquired immune deficiency
states.>” Thirty-one patients were found to have secondary
HLH. Epstein—Barr virus is the main viral infectious agent,
which accounted for 19.05% of the infections. In our study,
hematological malignancies were the second conditions
(9.52%) associated with HLH, in lower proportion than
previous reports.®®

Table 2 Analysis of prognostic factors of HLH

The onset characteristic of HLH is complicated by com-
mon clinical and laboratory findings that may present in other
infectious disease, such as pneumonia or sepsis. The patients’
condition became worse rapidly. Early recognition of HLH
and immediate appropriate therapy to HLH patients have
been identified to improve or to relieve the disease progres-
sion. The time from the onset of symptoms to the diagnosis
varied from 1 to 6 weeks (median 1.5 weeks) in our patients.
The delay of diagnosis or prolonged duration of diagnosis
(1.5 weeks) reflected the difficulties in diagnosing HLH.
Persistent fever, hepatosplenomegaly, cytopenia, hypertri-
glyceridemia, and/or hypofibrinogenemia, together with the
progressive course, suggest suspicion of an HLH diagnosis
and the pediatricians should be aware of the hemophagocytosis
in bone marrow.'® Gupta et al'! reported that the sensitivity is
60% for hemophagocytosis in initial bone marrow aspirate in
patients diagnosed with HLH. Of the 56 patients with HLH,
hemophagocytosis was not found in six patients. So repeated
bone marrow aspiration was recommended to these patients.
Physicians should note the fact that cytological characteristic
of hemophagocytosis is not the gold standard for the diagnosis

Risk factors B Standard error x? OR 95% Confidence interval P-value
Age <2 years 2.905 8515 7.636 18.661 1.562-197.781 0.007
N <1.0x10%/L -0.836 0.202 1.244 0.424 0.021-4.881 0.288
Hb <60 g/L 1.775 2.266 0.715 5.891 0.612-60.271 0.395
Plt <50 g/L 0911 1.164 2.060 2491 0.214-23.115 0.142
LDH >2,000 U/L 3.335 13.881 8.891 29.771 2.681-317.114 0.003
AST >400 U/L 2.603 6.337 2.249 13.771 1.298-133.141 0.133
ALT >400 U/L 2.515 5.661 1.441 12.361 1.017-130.712 0.230
EBV infection 2.055 3.660 1.958 10.123 0.612-71.124 0.163
CMV infection 1.061 1.335 0.615 7.821 0.216-38.218 0411
Bilirubin >2 mg/mL 3.066 11.315 10.331 19.145 1.225-113.512 0.013

Abbreviations: HLH, hemophagocytic lymphobhistiocytosis; N, neutrophil; Hb, hemoglobin; Plt, platelet; LDH, lactate dehydrogenase; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; EBV, Epstein—Barr virus; CMV, cytomegalovirus; OR, odds ratio.
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of HLH. Some potential prognostic factors, such as cytokine
levels, may reveal a consistent elevation in HLH patients. It was
reported that a cytokine storm occurred in most of the HLH
patients, which was responsible for the clinical manifestations
and abnormal laboratory data of HLH.'>"'* High levels of LDH
and bilirubin accompanied with younger age were observed in
our patients which may predict the severity of HLH. Further
investigations should focus on identify the result.

Previous studies of HLH indicated that older age (in
adults), multidrug chemotherapy, and Epstein—Barr virus
reactivation were related to poor treatment outcomes
in these patients.’” According to the guideline of HLH
(HLH-94) in children, the drugs such as dexamethasone,
etoposide, cyclosporine A were employed (after 8 weeks) in
combination with antithymocyte globulin/antilymphocyte
globulin and high-dose intravenous immunoglobulin as
systemic therapy.'® Mild cases may require remission on
condition that corticosteroids are used properly. Patients
with primary HLH required Hematopoietic Stem Cell
Transplantation'” and they were treated with the afore-
mentioned drugs until a transplant could be performed.'®
Etoposide can destroy infected antigen-presenting cells.
Dexamethasone can penetrate into the cerebrospinal fluid.
Cyclosporine A inhibits T-cell activation and is consid-
ered as valuable cytolytic corticosteroids. HLH-94 and
HLH-2004 enrolled 26 cases in our study, one patient was
presumed primary HLH and treated with maintenance
treatment, followed by Hematopoietic Stem Cell Trans-
plantation. The event-free survival of the patient till the
last follow-up was 5 years.

Conclusion

In conclusion, the etiology of HLH is complicated and early
diagnosis is difficult. The level of LDH and bilirubin may
predict the severity of HLH. Depending on the clinical presen-
tation, individualized therapy is needed for different patients.
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