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Abstract
Background: This study aimed to analyze the effects of ruxolitinib on children with secondary hemophagocytic
lymphohistiocytosis (HLH).
Methods: Eleven pediatric patients diagnosed with HLH and treated with ruxolitinib (ruxolitinib group: group R)
between November 2017 and August 2018 were retrospectively analyzed. Eleven age-matched pediatric patients
with HLH undergoing conventional treatment (control group: group C) during the same period were also analyzed.
Results: In group R, three patients who did not respond to methylprednisolone (MP) pulse and intravenous
immunoglobulin (IVIG) therapies were treated with Ruxolitinib and their temperature decreased to normal levels.
Four patients had normal temperature after conventional treatment (dexamethasone and etoposide, with or
without cyclosporine A), but they had severe organ involvement, including obvious yellowing of the skin, increased
liver enzyme levels and neuropsychiatric symptoms, and they were all ameliorated with ruxolitinib treatment. Four
patients were relieved with ruxolitinib therapy alone. In group C, the body temperatures of eleven patients
decreased to normal levels after conventional treatment. The body temperature of group R patients decreased to
normal levels more rapidly than that of group C patients. The glucocorticoid dosage in group R was significantly
lower than that in group C. Both groups were followed-up for 2–2.5 years. No obvious adverse drug reactions to
ruxolitinib were observed during treatment and follow-up.
Conclusion: Ruxolitinib might be an effective drug in controlling body temperature and reducing inflammation
indicators. It might be a potential replacement for glucocorticoid therapy for HLH treatment in children, thereby
reducing or avoiding glucocorticoid-related adverse reactions.
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Background
Hemophagocytic syndrome is also known as hemophagocytic lymphohistiocytosis (HLH). This rare life-threatening syndrome is characterized by excessive proliferation and
activation of lymphocytes caused by cytokine storms and
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severe systemic inflammatory responses. According to the
accepted doctrine, the pathogenesis of HLH is closely associated with the “cytokine storm” [1]. Depending on the etiology, there are two forms of HLH: primary autosomal
recessive inheritance, also known as familial hemophagocytic
lymphohistiocytosis, and secondary HLH, which develops because of strong immune activation. Primary HLH is mostly
caused by genetic defects leading to immune system
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dysfunction. Infection, connective tissue disease, and malignancy are considered common causes of secondary HLH
[2–4]. Epstein-Barr virus (EBV), a DNA virus and member
of the Herpesviridae family, has been consistently associated
with HLH [5–15].
HLH in children is a rare disease with a high fatality
rate. Studies have shown that most cytokines related to
HLH are activated through activation of the Janus Kinase (JAK)/signal transducer and activator of transcription signaling pathway, which not only regulates the
biological activity of cytokines, but also affects the differentiation of primary T cells into T helper (TH) cell families, TH1, TH2, TH17, and regulatory T cells [16].
The above clinical and laboratory findings are related
to the pathophysiology of HLH. High interleukin levels
cause fever. Elevated ferritin > 10,000 μg/L has been
demonstrated to be 90% sensitive and 96% specific for
HLH [17–20]. Activation of lymphocytes can result in
high concentrations of soluble IL-2 receptor [21].
Most clinicians still adopt the HLH-04 protocol recommended by the Histiocyte Society for the treatment of
HLH [22]. Conventional treatment options typically include three phases of induction therapy, maintenance
therapy, and/or hematopoietic stem cell transplantation.
The drugs for HLH include dexamethasone, cyclosporine
A, and etoposide. However, a multi-center study in 2016
revealed no significant benefit from cyclosporine and
intrathecal injections, and macrophage activation syndrome secondary to connective tissue disease is not always
treated with the HLH-04 regimen. The five-year survival
rate for secondary HLH in adults worldwide is approximately 54% and the survival rate reported in China is even
lower, ranging from 31.7–56.1% [23, 24]. Hence, less toxic,
more effective, and better targeted immunosuppressive
treatments in HLH are urgently needed.
In recent years, JAK inhibitors have been the focus of
research on new small molecule targeted therapies and
can be used for the treatment of inflammatory diseases
such as hematological diseases, tumors, rheumatoid
arthritis, ulcerative colitis, and other autoimmune diseases [25]. Ruxolitinib is a Janus-associated kinase 1/2
(JAK1/2) inhibitor that impedes downstream signaling
pathways of cytokines such as interferon-γ, IL-2, and IL6 to reduce inflammatory responses triggered by these
cytokines, which play important roles in HLH.
Treatment of children with secondary HLH is an offlabel use for ruxolitinib because it is only used for myelofibrosis [26], polycythemia [27], and graft-versus-host
disease (GVHD) [28–30]. But ruxolitinib was found to
control inflammatory storms and prolong survival in
secondary HLH model mice; this treatment was also effective in 10 cases of HLH [31–35], including one child
from the USA [33].
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Herein, we present 11 cases of children treated with
ruxolitinib. We compared the effects of ruxolitinib administration in children with HLH to the effects of conventional therapy in a control group of children with
HLH; both groups were followed up for 2–2.5 years.

Materials and methods
Patients

A study was performed on 11 children diagnosed with
HLH and treated with ruxolitinib (group R) and 11 children with HLH who were age-matched and were not administered ruxolitinib during the same period (group C).
The diagnosis was made between November 2017 and
August 2018 with a follow-up endpoint in February 2020.
This study was reviewed by the Hospital Ethics Committee; informed consent was obtained from the patients’ parents, who had signed a written instrument, prior to the
use of ruxolitinib and specimen collection.
Inclusion criteria

Compliance with HLH-2004 diagnostic criteria [2] was
the inclusion criterion for this study. A diagnosis of
HLH can be made if five of the following eight criteria
are fulfilled: (1) fever; (2) splenomegaly; (3) cytopenias
(affecting ≥2 of three lineages in peripheral blood,
hemoglobin < 90 g/L, platelets < 100 × 109/L, neutrophils
< 1.0 × 109/L); (4) hypertriglyceridemia and/or hypofibrinogenemia; (5) hemophagocytosis in the bone marrow,
spleen or lymph nodes (no evidence of malignancy); (6)
low or absent natural killer (NK) cell activity (according
to local laboratory reference); (7) ferritin ≥500 μg/L; and
(8) soluble cluster of differentiation 25 (i.e., soluble
interleukin-2 (IL-2) receptor (IL-2R)) ≥ 2400 U/ml.
For HLH in combination with rheumatological disease,
such as juvenile idiopathic arthritis (systemic type), is
classified as macrophage activation syndrome (MAS) if
the following criteria are met [36, 37]: Serum ferritin >
684 ng/ml, as well as any two of the following: (1) Platelet count ≤181 × 109/L; (2) aspartate aminotransferase >
48 U/L; (3) triglycerides > 156 mg/dL; (4) fibrinogen ≤
c360 mg/dL.
Exclusion criteria

Children underwent purified protein derivative skin test,
chest radiography, high-resolution computed tomography
if necessary, and T-SPOT (T-cell enzyme immunospotting) to confirm the absence of tuberculosis infection,
which was the exclusion criterion for this study.
Etiological analysis

All children were tested for bacteria, viruses, fungi, and
parasites. Whole exome sequencing was performed for
all cases in group R and no known pathogenic genes
were found.
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Treatment

Results

In group R, in seven patients ruxolitinib was added to
therapies that had previously failed, and four patients
were treated with ruxolitinib alone immediately after
diagnosis of HLH. The dosage used in this study was
based on the lower dose used for GVHD in children
[38], which, similar to HLH, is characterized by the production of high levels of proinflammatory cytokines. The
doses were 2.5 mg/dose orally twice daily for those with
body weight ≤ 25 kg and 5 mg/dose orally twice daily for
those with body weight > 25 kg [30]. The use of ruxolitinib was discontinued after 3 months of administration.
Children with viral infections were also treated with
antiviral therapy. Group C was treated with the conventional treatment (dexamethasone and etoposide, with or
without cyclosporine A).

General information

Follow-up

Monitoring of clinical symptoms, such as body temperature,
hepatosplenomegaly, dizziness, headache, rash, dyspnea,
gastrointestinal reaction was performed. In addition, the following parameters were determined: routine blood test results (white blood cells, hemoglobin, platelets, etc.),
coagulation function, C-reactive protein, ferritin, cytokines,
infections (i.e., tuberculosis, adenovirus, Epstein-Barr virus,
cytomegalovirus and fungal infections), renal function (serum
creatinine, urea nitrogen), liver function (ALT, AST, GGT,
ALB, TBIL, I-BIL, and D-BIL). The children were followedup in outpatient clinics to record their clinical symptoms,
treatment status, and outcomes once every month for the
first, second, and third months, and then once every 3
months, and once every 6 months after 1 year, for a total of
2–2.5 years.

Safety evaluation

Symptoms of discomfort after taking medication were
recorded. Liver and kidney functions, as well as whether
the patients had co-infections were monitored.

Group R consisted of 11 children: six girls (54.5%) and
five boys (45.5%); aged 1–6 years, with a median age of
3.3 years. The course of HLH prior to ruxolitinib administration varied from 4 days to 2 months. Group C consisted of 11 children: five girls (45.5%) and 6 boys
(54.5%); aged 1–8 years, with a median age of 3.8 years.
There was no significant difference in the age and sex of
the children in the two groups. Information on clinical
features, underlying diseases, and therapy of the two
groups is shown in Table 1.
Etiology

In group R, 8 cases (72.72%) were caused by infection,
including 5 cases of Epstein-Barr virus (EBV) infection, 1
case of hepatitis B virus (HBV) infection (Li et al., in
press), 1 case of cytomegalovirus infection, and 1 case of
influenza virus infection; the other 3 cases had autoimmunity diseases, there were two cases (18.18%) of juvenile idiopathic arthritis (systemic type), and one case
(9.1%) of Kawasaki disease. In group C, 4 cases (36.36%)
were caused by infection, including 2 cases of EB virus
infection and 2 cases of parainfluenza virus infection. Six
cases (54.54%) with no infection manifested as juvenile
idiopathic arthritis (systemic type), and 1 case (9.1%)
with systemic lupus erythematosus. In all 11 cases of
group R, no known gene mutation was detected by
whole exon gene analysis, which was considered as secondary HLH.
Severe organ involvement

In group R, R4 had obvious skin yellowing, liver damage,
and cholestasis; R6 and R7 had CNS involvement such
as convulsions, drowsiness, and coma; R6 also had pulmonary hemorrhage and gastrointestinal bleeding. In
group C, C4 had liver damage, coronary artery dilation,
and pulmonary hypertension; C9 had bronchopneumonia, thrush, and febrile convulsions.
Efficacy of ruxolitinib therapy in group R

Statistical analysis

SPSS Statistics 24 (SPSS, Inc., Chicago, IL, USA) was
used for statistical analysis. For continuous data, normal
distribution was expressed as the means ± standard deviations and the independent sample t-test was used. Data
that did not meet the normal distribution were
expressed as the median (P25, P75), and the Wilcoxon
rank-sum test was used. For continuous data from ≥3
measurements, the repeated-measures design data analysis of variance was used. Categorical variables were
represented by N (%), and chi-square test was used.
P < 0.05 was considered statistically significant.

The body temperatures of R1-R3 did not decrease after
MP pulse treatment and intravenous immunoglobulin
(IVIG) therapy (1 g/kg for 2 days), but returned to normal levels following administration of ruxolitinib. The
temperature of R3 rose again after 3 days of ruxolitinib
therapy but stabilized once the dose was increased from
2.5 mg bid (twice daily) to 3.75 mg bid (Fig. 1). Although
the body temperatures of R4–R7 decreased to normal
levels after conventional treatment, but they had severe
organ involvement, including obvious liver damage and
neuropsychiatric symptoms. They were all ameliorated
by ruxolitinib treatment. R8–R11 were treated with ruxolitinib immediately after diagnosis. All children had
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Table 1 Clinical features, underlying diseases, and therapy of the two groups of patients
Group R number [percentage (%)] Group C number [percentage (%)]
Clinical features

Underlying diseases

Fever ≥38.5 °C

11 (100)

11 (100)

Splenomegaly

11 (100)

11 (100)

Cytopenias

11 (100)

10 (90.91)

Hypofibrinogenemia/
Hypertriglyceridemia

11 (100)

10 (90.91)

Elevated ferritin

11 (100)

11 (100)

Hemophagocytosis

7 (63.64)

7 (63.64)

Low or absent NK-cell activity

4 (36.36)

7 (63.64)

Elevated soluble CD25

7 (63.64)

7 (63.64)

Infection

8 (72.73)

4 (36.36)

Juvenile idiopathic arthritis (systemic type) 2 (18.18)

6 (54.55)

Kawasaki disease

/

Systemic lupus erythematosus
Therapy
HLH-04
(Group R: before ruxolitinib) MP and IVIG
IVIG

1 (9.10)
/

1 (9.10)

4 (36.36)
3 (27.27)

6 (54.55)
5 (45.45)

4 (36.36)

/

NK-cell natural killer cell; HLH hemophagocytic lymphohistiocytosis; MP methylprednisolone; IVIG intravenous immunoglobulin; Group R ruxolitinib-treated group;
Group C control group treated with conventional therapy

Fig. 1 Daily temperature peak of patients (R1-R3) in the hospital. The body temperature rapidly returned to normal after 2 days of ruxolitinib
treatment. Abbreviations: Rux, ruxolitinib; MP, methylprednisolone; IVIG, intravenous immunogloblin
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Fig. 2 Body temperature of patients (P8–11). Body temperature returned to normal after 3 days of ruxolitinib treatment

Fig. 3 Mean body temperature of the two groups. Body temperature returned to normal after 3 days of ruxolitinib treatment. The mean body
temperature of group R patients was lower than that of group C patients
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normal body temperatures at 3 days after treatment
(Fig. 2).
Changes in body temperature between the two groups

There were no significant differences in body
temperature between the two groups before treatment
(P = 0.24). In group R, the children’s body temperatures
decreased to normal levels after 2 days of treatment and
remained stable. In group C, the body temperatures of
eight patients decreased to normal levels after 3 days of
treatment, whereas the body temperatures of the other
three cases returned to normal levels after 5–6 days of
treatment. However, fever recurred in eight patients in
group C at 2–7 days after the body temperature had normalized and had to be controlled with immunosuppressants. Figure 3 shows the rapid temperature decrease in
group R patients compared to group C patients: the
temperature of group R patients was significantly lower
than that of group C patients on days 2–3 and 7–9 after
treatment (Pd2 = 0.022, Pd3 = 0.014, Pd7 = 0.003, Pd8 =
0.020, Pd9 = 0.031).
Changes in laboratory values (Table 2 and Fig. 4)

Following treatment with ruxolitinib, the white blood
cell (WBC) count and fibrinogen levels gradually increased, whereas ferritin and IL-2R levels gradually decreased. The differences in WBC, fibrinogen, ferritin,
and IL-2R levels of the two groups were significant compared to prior treatment. One week and 1 month after
treatment, the WBC levels in group R patients showed
significantly rapid improvement compared to those in
group C patients (P1w = 0.037, P1m = 0.002). There was
no significant difference in the ferritin levels of the two
groups of patients (P1w = 0.398, P1m = 0.064). Although
there were no significant differences in the fibrinogen
and IL-2R levels of the two groups after 1 week (P1w
distribution was 0.74, 0.062), these levels showed significantly rapid improvement in R group patients compared
to those in group C patients after 1 month (P1m distribution was 0.035, 0.041). In group R, five cases of EBV

infection, one case of HBV infection, one case of cytomegalovirus infection, and one case of influenza virus infection were treated with a combination of ruxolitinib
and antiviral drugs (ganciclovir and entecavir), after
which these patients tested negative for antiviral IgM
antibodies and their viral DNA copy numbers had decreased. In group C, there were 2 cases with EpsteinBarr virus infection and 2 cases with parainfluenza virus
infection. After traditional therapy combined with antiviral drugs (ganciclovir and oseltamivir), the clinical
symptoms improved, the antiviral IgM antibodies turned
negative, and the DNA copy number decreased.
Glucocorticoid dosage (Fig. 5)

The glucocorticoids used in both groups were given at
equivalent doses of methylprednisolone (MP), and were
always given at a lower dose in group R than in group C.
After discharge, the MP doses were adjusted according
to the laboratory indicators monitored. One and 2
months after discharge, the oral doses of MP in both
groups were significantly lower than those at discharge
(F = 60.536, P < 0.001). Compared with group C, the
average dose of MP in children in group R was significantly reduced (F = 29.756, P < 0.001).
Safety evaluation of ruxolitinib

All children tolerated ruxolitinib well, with no dosereductions or interruptions to ruxolitinib observed. Patients reported no headaches, dizziness, gastrointestinal
adverse events such as nausea, vomiting, or gastritis, oral
ulcers, sweating or constipation. Renal function was normal. One patient had mildly elevated liver enzymes after
treatment, but this was resolved quickly by oral administration of bicyclol tablets.
Follow-up

The patients were followed up for 2–2.5 years (average of
2.4 years). In group R, the glucocorticoid dose was first reduced, and the use of ruxolitinib was discontinued after 3
months of administration. Follow-up was continued for

Table 2 Changes in laboratory indices before and after treatment
Laboratory index

Group

Before treatment

1 week after treatment

1 month after treatment

WBC
(×109/L)

R

2.55 ± 2.21

5.45 ± 3.32

5.74 ± 2.52

C

4.29 ± 3.37

8.77 ± 4.69

9.62 ± 5.17

Fibrinogen
(g/L)

R

0.9 ± 0.35

1.65 ± 0.66

2.17 ± 0.89

C

1.36 ± 0.49

2.62 ± 0.21

3.94 ± 1.45

Ferritin (μg/L)

R

17,090 ± 17,586

828.1 ± 646.4

178.9 ± 166.1

C

12,579 ± 18,748

4765.6 ± 4562.2

597.6 ± 783.3

R

9381.3 ± 12,865.4

2540 ± 1381.5

494.2 ± 195.8

C

1784.5 ± 516.4

760 ± 155.6

390 ± 84.8

IL-2R(U/mL)

F

P

8.896

0.002

86.247

< 0.001

22.493

< 0.001

5.146

0.036

WBC white blood cell; IL-2R interleukin-2 receptor; Group R ruxolitinib-treated group; Group C control group treated with conventional therapy. P-values describe
comparisons within each group before and after treatment
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Fig. 4 Comparison of changes in clinical indicators before and after treatment in the two groups. a-d) Levels of white blood cells, fibrinogen,
ferritin and IL-2R, which are all inflammatory markers. Normal range values of WBC, fibrinogen, ferritin, and IL-2R are ≤10 × 109/L, ≤ 4 g/L, ≤
500 μg/L and ≤ 6400 pg/mL, respectively. The numbers on the x-axis of each graph represent the number of days before and after treatment
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Fig. 5 Comparison of MP doses between the two groups. Compared with group C, the average dose of MP in group R was significantly reduced (P < 0.01).
Abbreviations: MP, methylprednisolone; RUX, ruxolitinib; Group R, ruxolitinib-treated group; Group C, control group treated with conventional therapy

21–27 months. One child presented with recurrent fever,
accompanied by joint swelling and pain, and was diagnosed with juvenile idiopathic arthritis; the child improved
after treatment with tocilizumab. In group C, three children with juvenile idiopathic arthritis experienced recurrent symptoms after glucocorticoid reduction, presenting
as fever with joint swelling and pain; they also improved
after treatment with tocilizumab.

Discussion
In this study, we found that administration of ruxolitinib
to children with HLH was effective for controlling their
body temperature, improving inflammatory indices (ferritin, IL-2R), and ameliorating symptoms of CNS involvement. Combining glucocorticoids and antiviral
agents resulted in the resolution of viral infection and
reduction in the dose of glucocorticoids.
Hermans et al. found that administration of JAK inhibitors significantly inhibited the degranulation of mast
cells and reduced the production of cytokines in an
in vitro study of lymphocytes [39]. Ruxolitinib also reversibly improved the killing and degranulation of NK
cells and ameliorated organ damage in HLH animal
models [40, 41]. In 2016, Das et al. used lymphocytic
choriomeningitis virus to infect perforin-deficient mice
and construct a model of secondary HLH. A large dose
of ruxolitinib (90 mg/kg) not only improved the disease
symptoms and decreased cytokine levels in HLH model
mice, but also increased the survival rates in mice [42,
43]. A small dose of ruxolitinib (1 mg/kg) also significantly improved long-term survival and clinical symptoms and promoted liver tissue regeneration [2].
Subsequently, a case of an 11-year-old child with

refractory HLH who was treated with a combination of
dexamethasone, etoposide, ruxolitinib (2.5 mg), and
alemtuzumab was reported. Inflammatory factor levels
rapidly decreased, organ function was restored, and no
HLH relapse was observed even after etoposide treatment was discontinued [33]. Ruxolitinib was used as
first-line treatment with dexamethasone in a 71-year-old
patient with HLH. Administration of ruxolitinib (10 mg/
dose, twice daily) was started on the 8th day of
hospitalization; the patient’s condition and laboratory
values improved on the 15th day of hospitalization [34].
A 38-year-old patient was treated with dexamethasone,
immunoglobulin, etoposide, and rituximab; after administration of ruxolitinib (20 mg/dose, twice daily), there
was an improvement in the patient’s phagocytic indicators such as serum ferritin, lactate dehydrogenase, and
fibrinogen levels, but the patient eventually died of intracranial bleeding and multiple organ failure [35].
In this study, refractory cases of HLH were treated
with ruxolitinib, resulting in the regulation of body
temperature and inflammatory factors and improvement
of CNS involvement. In addition, administration of ruxolitinib reduced the glucocorticoid dose, which is important for the normal growth and development of
children.
Five cases (R1–R5) in group R had recurrent fever and
showed no improvement in clinical features or inflammatory indicators such as IL-2R, ferritin, and C-reactive
protein levels despite hormonal, immunosuppressive,
and immunoglobulin therapies; hence, ruxolitinib was
added to their treatment regimen. Their body
temperature subsequently dropped rapidly and inflammatory indicators improved, demonstrating that
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ruxolitinib controlled the body temperature and inhibited the inflammatory response.
Two cases (R6, R7) with CNS involvement showed no
improvement in neuropsychiatric symptoms after termination of the HLH-04 regimen, but gradually recovered with administration of ruxolitinib, suggesting a
positive effect with CNS involvement. However, other
studies have shown unsatisfactory therapeutic effects of
ruxolitinib in patients with HLH combined with CNS involvement, attributing the lack of efficacy to its large
molecular weight which prevents its penetration across
the blood-brain barrier to act on the CNS [44]. This
contradictory evidence warrants further study.
Four cases (R8–R11) were treated with ruxolitinib directly without using the HLH-04 regimen. One patient
was diagnosed with HLH and HBV (published in the
Journal of Pediatrics). As immunosuppressants and glucocorticoids may aggravate HBV infection, the child was
treated with ruxolitinib combined with antiviral therapy
using entecavir. All disease indicators improved significantly. During follow-up after more than 1 year, the
body temperature of the child remained stable, and
HBV-DNA was undetectable because of the treatment
with antiviral drugs. This is the first study to use ruxolitinib alone to treat HLH. The other three children also
had normal body temperature after treatment with ruxolitinib, and all indicators showed improvement.
Compared with group C, the dosage of glucocorticoids
in R group children was apparently reduced throughout
the treatment, suggesting that ruxolitinib can reduce the
dosage of glucocorticoids or even replace glucocorticoid
therapy, thereby reducing or avoiding glucocorticoidrelated adverse reactions.
In children with co-infections, including EBV and
HBV, there was no exacerbation of existing infections
during ruxolitinib administration combined with antiviral therapy.
Possible side effects in children include oral ulcer, sweating,
nausea, gastritis decreased appetite, thrombocytopenia,
anemia, elevated liver enzymes and bilirubin, and hypertriglyceridemia. During the 2–2.5 years of follow-up, no children in group R had obvious adverse reactions. One patient
developed fever again following discontinuation of ruxolitinib
and had joint swelling and pain. That patient was diagnosed
with juvenile idiopathic arthritis, and the patient’s condition
improved after treatment with tocilizumab.

Conclusion
To date, there have been a few reports of individual
cases being treated with ruxolitinib. In this study, we
present 11 cases of children treated with ruxolitinib,
demonstrating that ruxolitinib might be effective for
treating HLH and is convenient to administer. It may be
used as a first-line treatment for HLH with
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glucocorticoid reduction. Treatment with ruxolitinib
also improved the symptoms of inflammatory factors
and CNS involvement in refractory HLH. A limitation of
this study was retrospective, and the sample size was
small. In future, prospective studies with large sample
cohort should be used to confirm the safety, optimal
dosage, treatment duration, withdrawal criteria, longterm effects, and efficacy of ruxolitinib in HLH caused
by different etiologies. The findings of this study indicate
that ruxolitinib permits lower cumulative glucocorticoid
dosing, partially replaces glucocorticoids and becomes a
potential first-line drug for the treatment of HLH, which
is important for the normal growth and development of
children.
Abbreviations
HLH: Hemophagocytic lymphohistiocytosis; JAK: Janus Kinase; TH cell: T
helper cell; NK cell: Natural killer cell; IL-2R: Interleukin-2 receptor; T-SPOT: Tcell enzyme immuno-spotting; EBV: Epstein-Barr virus; HBV: Hepatitis B virus;
WBC: White blood cell; ESR: Erythrocyte sedimentation rate; CRP: C-Reactive
protein; MP: Methylprednisolone; IVIG: Intravenous immunoglobulin; Group
R: Ruxolitinib-treated group; Group C: Control group treated with
conventional therapy
Acknowledgments
We would like to thank our patients for generously agreeing to share their
cases for publication.
Authors’ contributions
Jian-guo Li takes primary responsibility for the paper. Jian-guo Li and Ying
Chi designed the research; Rong Liu, Zhi-xuan Zhou and Xiao-dong Shi performed the research, contributed analytical tools, and collected the data;
Ying Chi analyzed and interpreted the data; Yu-chuan Ding performed statistical analyses; Ying Chi wrote the manuscript. The author(s) read and approved the final manuscript.
Funding
This study was funded by the Beijing Municipal Administration of Hospitals
Clinical Medicine Development of special funding support (#XMLX201813)
and the Capital’s Funds for Health Improvement and Research (#2020–22102).
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The study was reviewed and approved by the Hospital Ethics Committee of
Capital Institute of Pediatrics.
Consent for publication
Written consent was obtained
Competing interests
The authors declare that they have no competing interests.
Received: 18 September 2020 Accepted: 10 March 2021

References
1. Brisse E, Wouters CH, Matthys P. Hemophagocytic lymphohistiocytosis
(HLH): a heterogeneous spectrum of cytokine-driven immune disorders.
Cytokine Growth Factor Rev. 2015;26(3):263–80. https://doi.org/10.1016/j.
cytogfr.2014.10.001.

Chi et al. Pediatric Rheumatology

2.

3.

4.

5.

6.

7.
8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

(2021) 19:49

Henter JI, Horne A, Aricó M, Egeler RM, Filipovich AH, Imashuku S, Ladisch S,
McClain K, Webb D, Winiarski J, Janka G, for the Histiocyte Society. HLH2004: diagnostic and therapeutic guidelines for hemophagocytic
lymphohistiocytosis. Pediatr Blood Cancer. 2007;48(2):124–31. https://doi.
org/10.1002/pbc.21039.
Jiménez-Hernández E, Martinez-Villegas O, Sánchez-Jara B, et al. Epstein-Barr
virus-associated hemophagocytic lymphohistiocytosis: response to HLH-04
treatment protocol. Bol Med Hosp Infant Mex. 2016;73(1):26–30. https://doi.
org/10.1016/j.bmhimx.2015.12.007.
Dhote R, Simon J, Papo T, Detournay B, Sailler L, Andre MH, Dupond JL,
Larroche C, Piette AM, Mechenstock D, Ziza JM, Arlaud J, Labussiere AS,
Desvaux A, Baty V, Blanche P, Schaeffer A, Piette JC, Guillevin L, Boissonnas
A, Christoforov B. Reactive hemophagocytic syndrome in adult systemic
disease: report of twenty-six cases and literature review. Arthritis Rheum.
2003;49(5):633–9. https://doi.org/10.1002/art.11368.
Belyea B, Hinson A, Moran C, Hwang E, Heath J, Barfield R. Spontaneous
resolution of Epstein-Barr virus-associated hemophagocytic
lymphohistiocytosis. Pediatr Blood Cancer. 2010;55(4):754–46. https://doi.
org/10.1002/pbc.22618.
Beutel K, Gross-Wieltsch U, Wiesel T, Stadt UZ, Janka G, Wagner HJ. Infection
of T lymphocytes in Epstein-Barr virus-associated hemophagocytic
lymphohistiocytosis in children of non-Asian origin. Pediatr Blood Cancer.
2009;53(2):184–90. https://doi.org/10.1002/pbc.22037.
Fisman DN. Hemophagocytic syndromes and infection. Emerg Infect Dis.
2000;6(6):601–8. https://doi.org/10.3201/eid0606.000608.
Buza N, Bálint I, Schneider T, Koltai L, Orosz Z. Unusual clinical manifestation
of virus-associated hemophagocytic syndrome. Pathol Res Pract. 2003;
199(11):755–9. https://doi.org/10.1078/0344-0338-00493.
Chuang HC, Lay JD, Hsieh WC, Wang HC, Chang Y, Chuang SE, Su IJ.
Epstein-Barr virus LMP1 inhibits the expression of SAP gene and
upregulates Th1 cytokines in the patho-genesis of hemophagocytic
syndrome. Blood. 2005;106(9):3090–6. https://doi.org/10.1182/blood-200504-1406.
Chellapandian D, Das R, Zelley K, Wiener SJ, Zhao H, Teachey DT, Nichols KE,
EBV-HLH Rituximab Study Group. Treatment of Epstein Barr virus-induced
haemophagocytic lymphohistiocytosis with rituximab-containing chemoimmunotherapeutic regimens. Br J Haematol. 2013;162(3):376–82. https://
doi.org/10.1111/bjh.12386.
George TI, Jeng M, Berquist W, Cherry AM, Link MP, Arber DA. Epstein-Barr
virus-associated peripheral T-cell lymphoma and hemophagocytic
syndrome arising after liver transplantation: case report and review of the
literature. Pediatr Blood Cancer. 2005;44(3):270–6. https://doi.org/10.1002/
pbc.20231.
Fox CP, Shannon-Lowe C, Gothard P, Kishore B, Neilson J, O’Connor N,
Rowe M. Epstein-Barr virus-associated hemophagocytic lymphohistiocytosis
in adults characterized by high viral genome load within circulating natural
killer cells. Clin Infect Dis. 2010;51(1):66–9. https://doi.org/10.1086/653424.
George MR, Herman JH, Holdbrook T, Cui C, Vardhana HG, Behling EM.
Platelet refractoriness in acquired hemophagocytic syndrome. Transfusion.
2011;51(11):2319–26. https://doi.org/10.1111/j.1537-2995.2011.03182.x.
Gonzalo DH, Rodriguez G, Marcilla D. Diagnostic difficulties of the
hemophagocytic lymphohistiocytosis (HLH) associated with the Epstein-Barr
virus. J Pediatr Hematol Oncol. 2007;29(3):206–7. https://doi.org/10.1097/
MPH.0b013e3180335095.
Halasa NB, Whitlock JA, McCurley TL, et al. Fatal hemophagocytic
lymphohistiocytosis associated with Epstein-Barr virus infection in a patient
with a novel mutation in the signaling lymphocytic activation moleculeassociated protein. Clin Infect Dis. 2003;37(10):e136–41. https://doi.org/10.1
086/379126.
Terrén I, Mikelez I, Odriozola I, Gredilla A, González J, Orrantia A, Vitallé J,
Zenarruzabeitia O, Borrego F. Implication of Interleukin-12/15/18 and
Ruxolitinib in the phenotype, proliferation, and polyfunctionality of human
cytokine-preactivated natural killer cells. Front Immunol. 2018;9:737. https://
doi.org/10.3389/fimmu.2018.00737.
Allen CE, Yu X, Kozinetz CA, McClain KL. Highly elevated ferritin levels and
the diagnosis of hemophagocytic lymphohistiocytosis. Pediatr Blood
Cancer. 2008;50(6):1227–35. https://doi.org/10.1002/pbc.21423.
Lin TF, Ferlic-Stark LL, Allen CE, Kozinetz CA, McClain KL. Rate of decline of
ferritin in patients with hemophagocytic lymphohistio-cytosis as a
prognostic variable for mortality. Pediatr Blood Cancer. 2011;56(1):154–5.
https://doi.org/10.1002/pbc.22774.

Page 10 of 11

19. Imashuku S. Hyperferritinemia in hemophagocytic lymphohistiocytosis and
related diseases. Pediatr Blood Cancer. 2008;51(3):442. https://doi.org/10.1
002/pbc.21623.
20. Henter JI. Pronounced hyperferritinemia: expanding the field of
hemophagocytic lymphohistiocytosis. Pediatr Blood Cancer. 2008;50(6):
1127–9. https://doi.org/10.1002/pbc.21500.
21. Janka GE. Familial and acquired hemophagocytic lymphohistiocytosis. Eur J
Pediatr. 2007;166(2):95–109. https://doi.org/10.1007/s00431-006-0258-1.
22. Bergsten E, Home A, Aricó M, et al. Confirmed efficacy of etoposide and
dexamethasone in HLH treatment: long term results of the cooperative
HLH-2004 study. Blood. 2017;130(25):2728–38. https://doi.org/10.1182/
blood-2017-06-788349.
23. Wang Z, Wang Y, Huang W, et al. Hemophagocytic lymphohistiocytosis is
not only a childhood disease: a multi-center study of 613 cases from
Chinese HLH work group. Blood. 2014;124:41–6.
24. Li F, Yang Y, Jin F, Dehoedt C, Rao J, Zhou Y, Li P, Yang G, Wang M, Zhang
R, Yang Y. Clinical characteristics and prognostic factors of adult
hemophagocytic syndrom patients: a retrospective study of increasing
awareness of a disease from a single-center in China. Orphanet J Rare Dis.
2015;10(1):20. https://doi.org/10.1186/s13023-015-0224-y.
25. Stark GR, Darnell JE Jr. The JAK-STAT pathway at twenty. Immunity. 2012;
36(4):503–14. https://doi.org/10.1016/j.immuni.2012.03.013.
26. Verstovsek S, Mesa RA, Gotlib J, Levy RS, Gupta V, DiPersio JF, Catalano JV,
Deininger M, Miller C, Silver RT, Talpaz M, Winton EF, Harvey JH Jr, Arcasoy
MO, Hexner E, Lyons RM, Paquette R, Raza A, Vaddi K, Erickson-Viitanen S,
Koumenis IL, Sun W, Sandor V, Kantarjian HM. A double-blind, placebocontrolled trial of ruxolitinib for myelofibrosis. N Engl J Med. 2012;366(9):
799–807. https://doi.org/10.1056/NEJMoa1110557.
27. Vannucchi AM, Kiladjian JJ, Griesshammer M, Masszi T, Durrant S,
Passamonti F, Harrison CN, Pane F, Zachee P, Mesa R, He S, Jones MM,
Garrett W, Li J, Pirron U, Habr D, Verstovsek S. Ruxolitinib versus standard
therapy for the treatment of polycythemia vera. N Engl J Med. 2015;372(5):
426–35. https://doi.org/10.1056/NEJMoa1409002.
28. Przepiorka D, Luo L, Subramaniam S, Qiu J, Gudi R, Cunningham LC, Nie L,
Leong R, Ma L, Sheth C, Deisseroth A, Goldberg KB, Blumenthal GM, Pazdur
R. FDA approval summary: Ruxolitinib for treatment of steroid-refractory
acute graft-versus-host disease. Oncologist. 2020;25(2):e328–34. https://doi.
org/10.1634/theoncologist.2019-0627.
29. Zeiser R, Burchert A, Lengerke C, Verbeek M, Maas-Bauer K, Metzelder SK,
Spoerl S, Ditschkowski M, Ecsedi M, Sockel K, Ayuk F, Ajib S, de Fontbrune
FS, Na IK, Penter L, Holtick U, Wolf D, Schuler E, Meyer E, Apostolova P, Bertz
H, Marks R, Lübbert M, Wäsch R, Scheid C, Stölzel F, Ordemann R, Bug G,
Kobbe G, Negrin R, Brune M, Spyridonidis A, Schmitt-Gräff A, van der Velden
W, Huls G, Mielke S, Grigoleit GU, Kuball J, Flynn R, Ihorst G, du J, Blazar BR,
Arnold R, Kröger N, Passweg J, Halter J, Socié G, Beelen D, Peschel C,
Neubauer A, Finke J, Duyster J, von Bubnoff N. Ruxolitinib in corticosteroidrefractory graft-versus-host disease after allogeneic stem cell transplantation:
a multicenter survey. Leukemia. 2015;29(10):2062–8. https://doi.org/10.1038/
leu.2015.212.
30. Spoerl S, Mathew NR, Bscheider M, Schmitt-Graeff A, Chen S, Mueller T,
Verbeek M, Fischer J, Otten V, Schmickl M, Maas-Bauer K, Finke J, Peschel C,
Duyster J, Poeck H, Zeiser R, von Bubnoff N. Activity of therapeutic JAK 1/2
blockade in graft-versus-host disease. Blood. 2014;123(24):3832–42. https://
doi.org/10.1182/blood-2013-12-543736.
31. Trantham T, Auten J, Muluneh B, Van Deventer H. Ruxolitinib for the
treatment of lymphoma-associated hemophagocytic lymphohistiocytosis: a
cautionary tale. J Oncol Pharm Pract. 2020;26(4):1005–8. https://doi.org/10.11
77/1078155219878774.
32. Goldsmith SR, Saif Ur Rehman S, Shirai CL, Vij K, DiPersio JF. Resolution of
secondary hemophagocytic lymphohistiocytosis after treatment with the
JAK1/2 inhibitor ruxolitinib. Blood Adv. 2019;3(23):4131–5. https://doi.org/1
0.1182/bloodadvances.2019000898.
33. Broglie L, Pommert L, Rao S, Thakar M, Phelan R, Margolis D, Talano J.
Ruxolitinib for treatment of refractory hemophagocytic lymphohistiocytosis.
Blood Adv. 2017;1(19):1533–6. https://doi.org/10.1182/bloodadvances.201
7007526.
34. Slostad J, Hoversten P, Haddox CL, Cisak K, Paludo J, Tefferi A. Ruxolitinib as
first-line treatment in secondary hemophagocytic lymphohistiocytosis: a
single patient experience. Am J Hematol. 2018;93(2):E47–9. https://doi.org/1
0.1002/ajh.24971.

Chi et al. Pediatric Rheumatology

(2021) 19:49

35. Sin JH, Zangardi ML. Ruxolitinib for secondary hemophagocytic
lymphohistiocytosis: first case report. Hematol Oncol Stem Cell Ther. 2019;
12(3):166–70. https://doi.org/10.1016/j.hemonc.2017.07.002.
36. Ravelli A, Minoia F, Davì S, Horne A, Bovis F, Pistorio A, Aricò M, Avcin T,
Behrens EM, de Benedetti F, Filipovic L, Grom AA, Henter JI, Ilowite NT, Jordan
MB, Khubchandani R, Kitoh T, Lehmberg K, Lovell DJ, Miettunen P, Nichols KE,
Ozen S, Pachlopnik Schmid J, Ramanan AV, Russo R, Schneider R, Sterba G,
Uziel Y, Wallace C, Wouters C, Wulffraat N, Demirkaya E, Brunner HI, Martini A,
Ruperto N, Cron RQ, Paediatric Rheumatology International Trials Organisation,
Childhood Arthritis and Rheumatology Research Alliance, Pediatric
Rheumatology Collaborative Study Group, Histiocyte Society. 2016
classification criteria for macrophage activation syndrome complicating
systemic juvenile idiopathic arthritis: a European league against rheumatism/
American College of Rheumatology/Paediatric rheumatology international
trials organization collaborative initiative. Ann Rheum Dis. 2016;75(3):481–9.
https://doi.org/10.1136/annrheumdis-2015-208982.
37. Grom AA, Horne AC, De Benedetti F. Macrophage activation syndrome in
the era of biologic therapy. Nat Rev Rheumatol. 2016 May;12(5):259–68.
https://doi.org/10.1038/nrrheum.2015.179.
38. González Vicent M, Molina B, González de Pablo J, et al. Ruxolitinib
treatment for steroid refractory acute and chronic graft vs host disease in
children: clinical and immunological results. Am J Hematol. 2019;94(3):319–
26. https://doi.org/10.1002/ajh.25376.
39. Hermans MAW, Schrijver B, van Holten·Neelen CCPA, et al. The JAK1/JAK2
inhibitor Ruxolitinib inhibits mast cell degranulation and cytokine release.
Clin Exp Allergy 2018; 48:1412–1420, 11, DOI: https://doi.org/10.1111/
cea.13217.
40. Schönberg K, Rudolph J, Vonnahme M, Parampalli Yajnanarayana S, Cornez
I, Hejazi M, Manser AR, Uhrberg M, Verbeek W, Koschmieder S,
Brümmendorf TH, Brossart P, Heine A, Wolf D. JAK inhibition impairs NK cell
function in myeloproliferative neoplasms. Cancer Res. 2015;75(11):2187–99.
https://doi.org/10.1158/0008-5472.CAN-14-3198.
41. Curran SA, Shyer JA, St Angelo ET, et al. Human dendritic cells mitigate NK cell
dysfunction mediated by nonselective JAK1/2 blockade. Cancer Immunol Res.
2017;5(1):52–60. https://doi.org/10.1158/2326-6066.CIR-16-0233.
42. Das R, Guan P, Sprague L, Verbist K, Tedrick P, An QA, Cheng C, Kurachi M,
Levine R, Wherry EJ, Canna SW, Behrens EM, Nichols KE. Janus kinase
inhibition lessens inflammation and ameliorates disease in murine models
of hemophagocytic lymphohistiocytosis. Blood. 2016;127(13):1666–75.
https://doi.org/10.1182/blood-2015-12-684399.
43. Maschalidi S, Sepulveda FE, Garrigue A, Fischer A, de Saint Basile G.
Therapeutic effect of JAK1/2 blockade on the manifestations of
hemophagocytic lymphohistiocytosis in mice. Blood. 2016;128(1):60–71.
https://doi.org/10.1182/blood-2016-02-700013.
44. Gadina M. Janus kinases: an ideal target for the treatment of autoimmune
diseases. J Investig Dermatol Symp Proc. 2013;16(1):S70–2. https://doi.org/1
0.1038/jidsymp.2013.29.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 11 of 11

