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Haemophagocytic lymphohistiocytosis (HLH) is a cytokine-driven inflammatory

syndrome caused by uncontrolled hypersecretion of inflammatory cytokines.

Conventional first-line treatment for HLH included HLH-94 and HLH-2004

regimens. However, quite a few patients do not respond to treatment or

cannot tolerate intensive chemotherapy. We reported two cases of HLH, one

caused by natural killer (NK)/T-cell lymphoma and another associated with

missense variants in the perforin 1 gene. They both received the ruxolitinib

plus dexamethasone protocol and had a rapid response to treatment without

obvious adverse effects. Our report indicates that treatment with ruxolitinib plus

dexamethasone might be a potential option for HLH, and clinical trials warrant

further investigation. In addition, the detection of HLH-related genes is necessary

for the identification of late-onset familial HLH in certain settings.
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Introduction

Haemophagocytic lymphohistiocytosis (HLH) is a rare, life-threatening, and rapidly

progressive syndrome characterized by hyperinflammation caused by inherited or acquired

immune dysregulation. Primary HLH often refers to patients with clear familial inheritance

or genetic causes. Autosomal recessive inheritance is a common mode of inheritance of this

disease [also known as familial hemophagocytic lymphohistiocytosis (FHL)]. Secondary

HLH (sHLH) is typically triggered by malignant, infectious, or autoimmune/

autoinflammatory stimuli, often without known HLH pathogenic genetic disorders and

family history (1). Due to its rapid progression and high mortality, timely initiation of

appropriate treatment is critical to improving prognosis.

The treatment of HLH is generally divided into two stages. First, induction regimens

mainly target the excessive inflammatory state to control the progression of HLH. Then,

aetiologic therapy focuses on correcting the underlying immune deficiency and controlling
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the primary disease to prevent HLH recurrence. The etoposide-

based HLH-94 and HLH-2004 regimens remain widely accepted as

the standard treatment for HLH. Nevertheless, quite a few patients

do not respond to treatment or are unable to tolerate intensive

chemotherapy (2, 3). The Janus kinase (JAK) 1/2 inhibitor

ruxolitinib (RUX) is a promising option for the treatment of

HLH (4–6), and combined glucocorticoid therapy might further

improve the efficacy. As of September 2022, eighteen human studies

have been reported evaluating RUX in patients with HLH. Sixteen

of these studies used RUX in sHLH as a first-line or salvage setting,

with a dozen case reports each consisting of a single patient.

However, reports using RUX as a first-line therapy among

patients with active malignancy or primary HLH are scarce (7).

Herein, we report 2 cases of HLH (1 case of sHLH associated with

natural killer (NK)/T-cell lymphoma, and 1 case of primary HLH

with missense variants in the perforin gene (PRF1), highlighting the

contribution of RUX plus dexamethasone (DXM) in controlling

hyperinflammation in sHLH or primary HLH.
Case presentation

Case 1

A previously healthy 27-year-old man presented with skin

ulceration and exudation in January 2022. He received antibiotics.

Three months later, fever, generalized body swelling, and fatigue

were experienced by the patient. The laboratory data revealed

abnormal liver functions, with an alanine aminotransferase (ALT)

level of 92 units/L (normal: 7-40 units/L), aspartate

aminotransferase (AST) level of 181.3 units/L (normal: 13-35

units/L), and total bilirubin (TBil) level of 73 µmol/L (normal: 0-

23 µmol/L). The laboratory data also revealed thrombocytopenia

with a platelet (PLT) count of 24 × 109/L (Figure 1A). The level of

haemoglobin (HGB) was 74 g/L. His ferritin level was 13504 ng/ml

(normal: 23.9-336.2 ng/ml), and triglyceride (TG) level was 3.61

mmol/L (normal: 0-1.7 mmol/L) (Figure 1C, D). He had severe

hypoalbuminemia (20 g/L). Epstein-Barr virus (EBV)-DNA in

blood plasma was 3.46 × 103 copies/ml (normal: < 400 copies/

ml). The level of soluble CD25 (sCD25) was 12062 pg/ml (normal:

≤ 6000 pg/ml) (Figure 1C). The patient tested negative for human

immunodeficiency virus (HIV). He denied a personal and family

history of haematological pathologies, specifically HLH.

The patient’s symptoms worsened, as evidenced by deteriorated

coagulopathy with a prothrombin time (PT) of 25.5 s (normal: 10.4-

12.7 s) and an active thromboplastin time (APTT) of 102 s (normal:

22.3-32.5 s) (Figure 1B). The fibrinogen level was only 0.41 g/L

(normal: 1.8-3.5 g/L) (Figure 1D). Bone marrow aspiration and

biopsy demonstrated inflammatory changes and an increase in the

number of macrophages and histiocytes with intense

haemophagocytosis. Therefore, the patient fulfilled 7 of 8

diagnostic criteria for HLH (Table 1). NK-cell activity was not

analysed due to the lack of availability in Shanghai during

the pandemic.

The patient experienced extreme fatigue, severe oedema,

persistent high fever, and large skin ulcerations with exudation.
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He became expressionless and unresponsive. We decided to start

with RUX 15 mg twice daily plus dexamethasone (DXM) 10 mg/

m2/day per HLH-94 dosing, not only because of his poor

performance status (PS) and progressive deterioration of liver

function but also because of the short supply of blood products,

including red blood cells and platelets, at specific periods in

Shanghai. Fourteen days later, DXM was reduced to 5 mg/m2/

day. Broad-spectrum antibiotics, fibrinogen, prothrombin complex,

and immunoglobulin were also given. The patient had no fever on

Day 3 (Day 0 corresponds to RUX initiation). Eighty percent of

skin ulcers were healed on Day 7. Oedema and fatigue symptoms

were significantly relieved. The TBil level dropped to 58 µmol/L.

After two weeks of therapy, the PLT count recovered to

136 × 109/L (Figure 1A). The fibrinogen level, PT, and APTT

improved (Figure 1B, D). The sCD25 level decreased to 7238 pg/ml

(Figure 1C). The patient achieved a partial response (PR) according

to the response criterion described in previous studies (9, 10). He

underwent two skin biopsies and a cervical lymph node biopsy by a

core needle, but all were negative for lymphoma. The

histopathology of the excised right inguinal lymph node indicated

an NK/T-cell lymphoma on Day 22. The pegaspargase + Gemox

regimen was started on Day 23. He developed a fever again on Day

28. The levels of C-reactive protein (CRP, 97 mg/L) and ferritin

(10532 ng/ml) were all elevated (Figure 1A, C). The values of PLT

(31 × 109/L) and fibrinogen (0.80 g/L) were reduced again

(Figure 1A, D). The pulmonary computed tomography (CT) scan

suggested pneumonia. The result of alveolar lavage fluid culture was

Pseudomonas aeruginosa. Although broad-spectrum antibiotics

were administered according to the drug susceptibility, the patient

died on Day 33 with incomplete induction chemotherapy.
Case 2

A 33-year-old female with a history of encephalomyelitis treated

with high-dose methylprednisolone in 2018 presented with

neutropenia and mild anaemia in November 2021. A month later,

she developed a high fever, fatigue, headache, and pancytopenia

with an absolute neutrophil count (ANC) of 0.3 × 109/L, HGB of 93

g/L, and PLT of 37 × 109/L (Figure 1E, H). The CRP level was 131

mg/L (normal: 0-8 mg/L) (Figure 1E). She was admitted to our

hospital. Bone marrow aspiration and biopsy demonstrated

haemophagocytosis. Flow cytometric (FC) analysis of bone

marrow showed no clonal abnormalities, and chromosome

karyotype analysis was normal. The laboratory data revealed

abnormal liver function with an ALT of 70 units/L, AST of 182

units/L, and TBil of 24 µmol/L. Coagulation detection showed a

decreased level of fibrinogen (0.25 g/L) and prolonged APTT

(75.4 s) (Figure 1F, H). Her ferritin level was 12459 µg/L and the

TG level (7.04 mmol/L) was four times higher than normal

(Figure 1G). EBV-DNA in blood plasma was 896.68 copies/ml

(normal: <400 copies/ml). EBV nuclear antigen IgG (EBNA-IgG)

and EBV capsid antigen IgG (EBCA-IgG) antibody titers were 235

U/ml (normal: < 5 U/ml) and 218 U/ml (normal: < 20 U/ml),

respectively. Abdominal CT showed splenomegaly. The patient

denied that she had repeatedly developed HLH and denied a
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family history of HLH. According to her clinical manifestations and

laboratory parameters, she was diagnosed with HLH (Table 1).

Magnetic resonance imaging (MRI) showed multiple

inflammatory demyelinating lesions in the bilateral paraventricular

area, bilateral radiation crown area, and bilateral frontoparietal

temporal cortex. Cerebrospinal fluid pressure was high, protein

content was normal, and no tumour cell infiltrations were found.
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The recurrence of encephalomyelitis was considered. No clear

malignant, autoimmune, or infectious triggers for HLH were

identified. EBV infection was suspected as a potential trigger for

her HLH. The level of sCD25 and NK-cell activity were unavailable

during this time in Shanghai.

The patient was given 90 mg DXM a day for 3 days. At the same

time, RUX 10 mg was administered orally twice a day. The DXM
A

B

D

E

F

G

H

C

FIGURE 1

Inflammatory, coagulation function, and hematologic responses to HLH therapies: Day 0 corresponds to ruxolitinib (RUX) initiation. Treatment
schedules, lines, and bars represent continuous therapy and individual doses of drugs with intermittent schedules. Arrows indicate that treatment
was continued. (A–D) The laboratory assessments of Case 1. The levels of platelet (PLT), prothrombin time (PT), active thromboplastin time (APTT),
C-reactive protein (CRP), fibrinogen (FIB), ferritin, soluble CD25 (sCD25), and triglyceride were abnormal before Day 0 and gradually improved after
therapy. But he developed a fever again on Day 28. The levels of ferritin and CRP were all elevated. The values of FIB and PLT were reduced again.
(E–H) The laboratory assessments of Case 2. The dexamethasone (DXM) dose was reduced by half every three days, finally reaching a reduced dose
of 1.5 mg on Day 42. It was replaced by methylprednisolone on Day 43. Inflammatory, coagulation function, and hematologic parameters were
abnormal before Day 0, and gradually improved after therapy.
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dose was reduced by half every three days, finally reaching a reduced

dose of 10 mg. After that, the dose was adjusted every two weeks to

1.5 mg according to the patient’s laboratory examination results.

Then, DXM was replaced with 8 mg methylprednisolone for

maintenance treatment. Her fever was controlled on Day 2. The

PLT and ANC counts had normalized on Day 7 (Figure 1E, H). The

ferritin, fibrinogen, and TG level improved on Day 14 (Figure 1G,

H). She achieved PR according to the response criterion on Day 14

(9, 10).

Treatment with RUX and a low dose of methylprednisolone

were continuous. Plasma EBV-DNA load was 423 copies/ml on

Day 265. EBNA-IgG and EBCA-IgG antibody titers were 185 U/

ml and > 750 U/ml on Day 273, respectively. Two antibodies

were still positive with high avidity. The onset of primary HLH

in adults may lead clinicians to ignore or even misdiagnose

the disease. To further clarify the aetiology of HLH in Case 2,

the next-generation sequencing (NGS) of HLH-related genes

was performed on Day 275. A mutation of the PRF1 gene,

c.1349C > T (p. T450M) was reported. Two mutations of the
Frontiers in Oncology 04
lysosomal trafficking regulator (LYST) were also detected:

c.1183C > T (p. R395C) and c.2183G > T (p. S938I). All of

them were heterozygous missense mutations. The NGS results

are shown in Table 2. Unlike PRF1 mutations, which are known

pathogenic variants responsible for FHL, the clinical significance

of the two LYST gene variants is unclear. FC analysis revealed the

decreased expression of PRF1 in NK cells (Figure 2A). NK cells

stimulation test showed severe dysregulation of immune

response (Figure 2B) on Day 352. The final diagnosis of the

patient was FHL type 2 from homozygous c.1349C > T (p.

T450M) missense variants in the PRF1 gene. The patient’s

parents were reluctant to test HLH-related genes for financial

stress, so it was impossible to determine the location of these

variants. She remained well without neurological symptoms at

the monthly follow-up. The brain MRI on Day 329 showed stable

disease without any new lesions. The ferritin level, liver function,

coagulation, and hematologic parameters were normal at the last

follow-up on Day 353 (Figure 1E, F, G, H). The patient is

currently enjoying excellent PS.
TABLE 2 Genetic test* results of Case 2.

Chromosome
position

Transcript mutation
position

Nucleotide
change

Amino acid
change

Homozygous/het-
erozygous

Disease/ phe-
notype

Genetic
mode

PRF1 chr10: 72358128 NM_001083116 Exon3 c.1349C >T p. T450M Heterozygous FHL2 AR

LYST chr1: 235972935 NM_00008.4 Exon5 c.1183C > T p. R395C Heterozygous CHS AR

LYST chr1: 235969623 NM_00008.4 Exon6 c.2813G >T p. S938I Heterozygous CHS AR
f

PRF1, The perforin gene; LYST, Lysosomal trafficking regulator; AR, Autosomal recessive inheritance; FHL2, Familial haemophagocytic lymphohistiocytosis 2; CHS, Chediak‑Higashi.
* HLH-related genes were detected using high-throughput sequencing (sequencing type, targeted sequencing; average sequencing depth, 115X; mutation types, SNV, Indel, CNV).
TABLE 1 Clinical and laboratory parameters measured in both patients at diagnosis and Day 14 post-ruxolitinib (post-RUX).

Parameter Proposed HLH diagnostic criteria
(requires 5/8) (8)

Data of Case 1 Data of Case 1

at diagnosis Day 14 post-
RUX

at diagnosis Day 14
post-RUX

Fever ≥38.5° Present No No No

Spleen Splenomegaly Present No Present No

Bicytopenia HGB <90 g/L, and/or PLT <100× 109/L, and/or
ANC< 1.0× 109/L

74 g/L 24 × 109/L
2.1× 109/L

87 g/L 136 × 109/L
3.6× 109/L

93 g/L 37 × 109/L
0.3 × 109/L

82 g/L 127 ×
109/L 3.04 ×
109/L

Hypertriglyceridemia
and/or
hypofibrinogenemia

>3 mmol/L < 1.5 g/L 3.61 mmol/L 0.41
g/L

2.32 mmol/L 1.82
g/L

7.04 mmol/L 0.25
g/L

4.23 mmol/L
0.83 g/L

Hyperferritinemia ≥500 mg/L 13504 mg/L 9728 mg/L 12459 mg/L 8034 mg/L

Soluble CD25 Elevated Yes (12062 pg/ml) Yes (7238 pg/ml) Not tested Not tested

NK Cell Activity Absent or Low Not tested Not tested Not tested Not tested

Haemophagocytosis Observed in BM, LN, spleen, or liver Observed in BM Not valued Observed in BM Not observed
in BM

Alternatively:

Genetics Homozygosity or compound heterozygosity for
HLH-associated mutations in an appropriate clinical
setting

Not tested PRF1 and LYST
rontiersin.org
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Discussion

HLH-94 and HLH-2004 are the recommended first-line

treatment protocols for HLH, but they are all based on clinical

studies of children with HLH. There is no consensus on HLH in

adults, especially for patients with severe cytopenia or poor PS. Less

toxic treatment for HLH has emerged as a subject of intense interest

and study (11).

RUX, an inhibitor of JAK 1 and JAK 2, blocks cytokine signaling

through JAK/STAT and inhibits the action of proinflammatory

cytokines. In murine models, treatment with RUX significantly

lessened the clinical and laboratory manifestations of primary HLH

and sHLH (12). Since Broglie L et al. first reported the use of RUX in

a refractory HLH paediatric case of unknown aetiology (13), there

has been an increasing number of publications describing the use of

this drug in patients with HLH. Zhang et al. presented the largest

prospective study reported to date, enrolling fifty-two newly
Frontiers in Oncology 05
diagnosed paediatric patients, demonstrating the clinical benefit

of RUX as a first-line targeted therapy. RUX has a rapid efficacy for

paediatric HLH with few attributable serious adverse events (6).

For HLH secondary to aggressive lymphoma, controlling HLH

with fewer side effects as soon as possible could create conditions for

lymphoma chemotherapy (14). Although the outcome of Case 1

was disappointing, HLH was controlled and the induction therapy

was initiated. The cause of failure may be rapid tumour progression

or infection caused by intensive chemotherapy and/or RUX plus

DXM. Therefore, for highly suspected aggressive lymphoma, it is

important to clarify the diagnosis and initiate aetiologic treatment

as soon as possible.

Allogeneic haematopoietic stem cell transplantation (allo-

HSCT) is the only available curative treatment for FHL at

present. The success of HSCT is dependent on complete control

of the disease prior to transplantation (15). Case 2 describes a

patient with FHL successfully treated in first intention by a
FIGURE 2

The perforin protein (PRF1) expression and DCD107a in natural killer (NK) cells of Case 2: (A) Flow cytometry analysis revealed the decreased
expression rates of PRF1 in NK cells of Case 2. The expression rates of PRF1 were 7.09% of the negative control and 33.08% of the patient sample.
The negative control was treated with isotype-control antibodies to eliminate the false positive interference caused by the non-specific binding of
antibodies to the cells. Thus, the actual expression rates of PRF1 were 25.99% (i.e., 33.08% - 7.09% = 25.99%, normal: ≥81%). (B) The NK cells
stimulation test showed severe dysregulation of the immune response. The expression rates of CD107a in the NK cells of Case 2 were 0.90% (before
stimulation) and 3.33% (post-stimulation). Thus, DCD107a was 2.43% (DCD107a >10% indicates normal degranulation function).
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combination of RUX and DXM. Our observation suggests that this

less toxic and effective treatment regimen could be used as a first-

line therapy for FHL and help bridge eligible patients to HSCT even

if Case 2 abandoned HSCT for personal reasons.

The management of HLH often requires adjustment of

guideline-directed therapies due to treatment-related toxicity or

the complexities of managing the underlying trigger and resultant

hyperinflammation simultaneously. Our two cases had poor PS and

could not tolerate the standard protocol containing chemotherapy.

In this setting, the application of RUX was a good option. Both

patients had a prompt response to RUX plus DXM. The initial

manifestation of the treatment response was rapid control of fever,

followed by improvement of abnormal coagulation and PLT counts.

Consistent with other reports, they both appeared to be well-

tolerated (16, 17).

RUX combined with glucocorticoids or conventional

chemotherapy may further improve efficacy. However, there is no

conclusion as to which combination therapy is better. RUX plus

glucocorticoids are frequently used. There is no definitive conclusion

on whether glucocorticoids, methylprednisolone, or DXM should be

used when initiating RUX therapy. In addition, the optimal dose and

schedule of glucocorticoid administration remain to be determined. A

minimum of 10 cases were arbitrarily chosen to identify larger studies.

At the time of writing this report, 3 independent larger studies

describing 122 unique patients have been published. In one

retrospective study, 36 patients with lymphoma-associated

haemophagocytic syndrome were treated with RUX combined with

doxorubicin, etoposide, and dexamethasone (DEP) (18). In two single-

centre prospective studies, 34 refractory/relapsed HLH patients and 52

paediatric HLH patients were enrolled (5, 6). According to the

protocols of these prospective studies, glucocorticoids could be

continued if the patient was receiving them before enrolment. In

Case 1, we initiated treatment with RUX at a dose of 15 mg twice

daily. Because the cause of HLHwas not clear, DXM 10mg/m2/day per

HLH-94 dosing was used. In Case 2, we used high-dose DXM because

the patient’s presentation was complicated with recurrent

encephalomyelitis. Similar to HLH, glucocorticoids have been the

mainstay of treatment in encephalomyelitis.

In both cases, abnormal elevation of EBV-DNA was detected.

During the follow-up of Case 2, persistent slight abnormalities of

serum EBV-DNA were revealed even though the patient’s clinical

symptoms improved significantly. EBV infection may play an

important role in the occurrence of haemophagocytosis in Case 2.

EBV may be involved in malignancy-related HLH, rheumatic

immune disease-related HLH, or primary HLH with known genetic

defects. For somewhat unclear reasons, EBV is highly associated with

HLH in Asia. In one report, it was observed to be associated with

nearly 3/4 of HLH patients (19). Sustained primary EBV infection

can trigger this immediately fatal disorder, especially in patients with

unknown congenital or acquired immunodeficiencies (20, 21). In

addition, EBV-DNA copies in whole blood and plasma of EBV-HLH

patients before and after RUX treatment did not change, indicating
Frontiers in Oncology 06
that RUX improves inflammation without affecting the underlying

primary cause of HLH (5).

Malignancy, particularly lymphoma-associated HLH, was a

prominent adverse prognostic marker correlating with poorer

survival in several studies (22–24). Patients with T-cell lymphoma

generally had worse outcomes than those with B-cell lymphoma

(25). Case 1 died despite prompt treatment for the primary disease

after diagnosis.

There is an increasingly recognized overlap between primary

HLH and sHLH as new cases are described and genetic discoveries

are better understood. At present, it is believed that sHLH also has a

genetic background, such as heterozygous changes and

polymorphisms of primary HLH-related genes, and exhibits HLH

pathogenesis after suffering the “second hit” of external trigger factors

(such as a virus infection). sHLH is much more commonly described

than primary HLH in adults; therefore, adults are rarely tested for

genetic abnormalities, which leads to the misdiagnosis of late-onset

cases. Gene sequencing is recommended for patients with HLH

whose aetiology is unknown and/or who have recurrent episodes to

identify the rare late-onset case of primary HLH. Patients who have

not been detected the currently known pathogenic genes of HLH and

cannot be determined the secondary aetiology needs to be

continuously sought in subsequent treatment and follow-up.

In Case 2, NGS revealed c.1349C > T (p. T450M) heterozygous

missense variations in the coding sequence of exon 3 of the PRF1

gene. The oldest individual ever documented to be diagnosed with

FHL Type 2 from homozygous c.1349C > T (p. T450M) missense

variants in the PRF1 gene was a 33-year-old Indian man of a similar

age to Case 2 (26). Perforin is encoded by the PRF1 gene and forms

pores in target cell membranes in a process highly dependent upon

its C2 domain, allowing granzyme to enter and initiate caspase-

mediated apoptosis of the target cell (27). Functional studies

showed that the mutant perforin c.1349C > T (p. T450M)

heterozygous missense variant was completely inactivated at 37°C.

The scale-invariant feature transform (SIFT) predicted value was -

4.921, which was considered a harmful variant. According to the

2017 publication of the American College of Medical Genetics

(ACMG) and Genomics guidelines (28, 29), it is inferred that the

c.1349C > T mutation is a pathogenic mutation. The delayed onset

of FHL Type 2 may be related to the mutation type (30), triggering

factors (31), and pathogenic variation pattern of PRF1 (32). A

possible explanation for the delayed onset of HLH is that these

patients carry heterozygous missense mutations, which encode

some PRF1 activities. Two missense mutations of LYST genes

were also found in Case 2. The relevant literature on the

mutation was not reported in the Human Gene Mutation

Database (HGMD) database. According to the ACMG guidelines,

the clinical significance of this mutation is uncertain.

In conclusion, RUX is effective and less toxic in both primary

HLH and sHLH. However, there are still several additional

questions of RUX that warrant further study, including dosing,

duration, and combinations. Moreover, genetic screening is
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recommended to exclude adult-onset FHL to reduce patient

mortality, especially for patients with unexplained recurrence

of disease.
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8. Henter JI, Horne A, Aricó M, Egeler RM, Filipovich AH, Imashuku S, et al.
HLH2004: Diagnostic and therapeutic guidelines for hemophagocytic
lymphohistiocytosis. Pediatr Blood Cancer (2007) 2:124–131. doi: 10.1002/pbc.21039

9. Marsh RA, Allen CE, McClain KL, Weinstein JL, Kanter J, Skiles J, et al. Salvage
therapy of refractory hemophagocytic lymphohistiocytosis with alemtuzumab. Pediat
Blood Cancer (2013) 1:101–109. doi: 10.1002/pbc.24188

10. Locatelli F, Jordan MB, Allen C, Cesaro S, Rizzari C, Rao A, et al. Emapalumab
in children with primary hemophagocytic lymphohistiocytosis. N Engl J Med (2020)
19:1811–1822. doi: 10.1056/NEJMoa1911326
11. Keenan C, Nichols KE, Albeituni S. Use of the JAK inhibitor ruxolitinib in the
treatment of hemophagocytic lymphohistiocytosis. Front Immunol (2021) 12:614704.
doi: 10.3389/fimmu.2021.614704

12. Das R, Guan P, Sprague L, Verbist K, Tedrick P, An QA, et al. Janus kinase
inhibition lessens inflammation and ameliorates disease in murine models of
hemophagocytic lymphohistiocytosis. Blood (2016) 13:1666–75. doi: 10.1182/blood-
2015-12-684399

13. Broglie L, Pommert L, Rao S, Thakar M, Phelan R, Margolis D, et al. Ruxolitinib
for treatment of refractory hemophagocytic lymphohistiocytosis. Blood Adv (2017)
19:1533–1536. doi: 10.1182/bloodadvances.2017007526

14. Wang H, Gu Liang X, Mao X, Wang ZQ, Huang W. Low dose ruxolitinib plus
HLH-94 protocol: A potential choice for secondary HLH. Semin Hematol (2020) 1:26–
30. doi: 10.1053/j.seminhematol.2018.07.006

15. Marsh RA, Haddad E. How I treat primary haemophagocytic
lymphohistiocytosis. Br J Haematol (2018) 2:185–99. doi: 10.1111/bjh.15274

16. Goldsmith SR, Saif Ur Rehman S, Shirai CL, Vij K, DiPersio JF. Resolution of
secondary hemophagocytic lymphohistiocytosis after treatment with the JAK1/2
inhibitor ruxoli t inib. Blood Adv (2019) 23:4131–4135. doi : 10.1182/
bloodadvances.2019000898

17. Sin JH, Zangardi ML. Ruxolitinib for secondary hemophagocytic
lymphohistiocytosis: First case report. Hematol Oncol Stem Cell Ther (2019) 3:166–
170. doi: 10.1016/j.hemonc.2017.07.002

18. Zhou LL, Liu YN, Wen ZZ, Yang SM, Li MJ, Zhu QH, et al. Ruxolitinib
combined with doxorubicin, etoposide, and dexamethasone for the treatment of the
lymphoma-associated hemophagocytic syndrome. J Cancer Res Clin Oncol (2020)
11:3063–3074. doi: 10.1007/s00432-020-03301-y

19. Xu XJ, Wang HS, Ju XL, Xiao PF, Xiao Y, Xue HM, et al. Clinical presentation
and outcome of pediatric patients with hemophagocytic lymphohistiocytosis in China:
a retrospective multicenter study. Pediatr Blood Cancer (2017) 4:1–6. doi: 10.1002/
pbc.26264

20. Marsh RA. Epstein-Barr Virus and hemophagocytic lymphohistiocytosis. Front
Immunol (2018) 8:1902. doi: 10.3389/fimmu.2017.01902

21. Dunmire SK, Verghese PS, Balfour HHJr. Primary Epstein - Barr virus infection.
J Clin Virol (2018) 102:84–92. doi: 10.1016/j.jcv.2018.03.001
frontiersin.org

https://doi.org/10.1097/CCM.0000000000004581
https://doi.org/10.1182/blood-2011-06-356261
https://doi.org/10.1182/blood-2011-06-356261
https://doi.org/10.1182/blood-2017-06-788349
https://doi.org/10.1182/blood-2017-06-788349
https://doi.org/10.1016/S2352-3026(19)30156-5
https://doi.org/10.1016/S2352-3026(19)30156-5
https://doi.org/10.3324/haematol.2019.222471
https://doi.org/10.1182/blood.2021014860
https://doi.org/10.1177/10600280221134719
https://doi.org/10.1002/pbc.21039
https://doi.org/10.1002/pbc.24188
https://doi.org/10.1056/NEJMoa1911326
https://doi.org/10.3389/fimmu.2021.614704
https://doi.org/10.1182/blood-2015-12-684399
https://doi.org/10.1182/blood-2015-12-684399
https://doi.org/10.1182/bloodadvances.2017007526
https://doi.org/10.1053/j.seminhematol.2018.07.006
https://doi.org/10.1111/bjh.15274
https://doi.org/10.1182/bloodadvances.2019000898
https://doi.org/10.1182/bloodadvances.2019000898
https://doi.org/10.1016/j.hemonc.2017.07.002
https://doi.org/10.1007/s00432-020-03301-y
https://doi.org/10.1002/pbc.26264
https://doi.org/10.1002/pbc.26264
https://doi.org/10.3389/fimmu.2017.01902
https://doi.org/10.1016/j.jcv.2018.03.001
https://doi.org/10.3389/fonc.2023.1054175
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhao et al. 10.3389/fonc.2023.1054175
22. Arca M, Fardet L, Galicier L, Riviere S, Marzac C, Aumont C, et al. Prognostic
factors of early death in a cohort of 162 adult haemophagocytic syndrome: Impact of
triggering disease and early treatment with etoposide. Br J Haematol (2015) 1:63 – 8.
doi: 10.1111/bjh.13102

23. Riviere S, Galicier L, Coppo P, Marzac C, Aumont C, Lambotte O, et al. Reactive
hemophagocytic syndrome in adults: A retrospective analysis of 162 patients. Am JMed
(2014) 11:1118 – 25. doi: 10.1016/j.amjmed.2014.04.034

24. Hayden A, Park S, Giustini D, Lee AYY, Chen LYC. Hemophagocytic
syndromes (HPSs) including hemophagocytic lymphohistiocytosis (HLH) in adults:
A systematic scoping review. Blood Rev (2016) 6:411–420. doi: 10.1016/
j.blre.2016.05.001

25. Li F, Li P, Zhang RY, Yang GP, Ji DX, Huang XB, et al. Identification of clinical
features of lymphoma-associated hemophagocytic syndrome (LAHS): an analysis of 69
patients with hemophagocytic syndrome from a single-center in central region of
China. Med Oncol (2014) 4:902. doi: 10.1007/s12032-014-0902-y

26. Godby RC, Kraemer RR, May J, Soni S, Reddy V, Thomas JV, et al.
Lymphohistiocytosis type 2 and chronic active Epstein-Barr virus in adulthood. Am J
Med Sci (2021) 3:388–93. doi: 10.1016/j.amjms.2020.10.004

27. Yagi H, Conroy PJ, Leung EWW, Law RHP, Trapani JA, Voskoboinik I, et al.
Structural basis for Ca2+ - mediated interaction of the perforin C2 domain with lipid
membranes. J Biol Chem (2015) 42:25213–25226. doi: 10.1074/jbc.M115.668384
Frontiers in Oncology 08
28. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al. ACMG
laboratory quality assurance committee. standards and guidelines for the interpretation
of sequence variants: A joint consensus recommendation of the American college of
medical genetics and genomics and the association for molecular pathology. Genet Med
(2015) 17:405–424. doi: 10.1038/gim.2015.30

29. Abou Tayoun AN, Pesaran T, DiStefano MT, Oza A, Rehm HL, Biesecker LG,
et al. ClinGen sequence variant interpretation working group (ClinGen SVI).
recommendations for interpreting the loss of function PVS1 ACMG/AMP variant
criterion. Hum Mutat (2018) 39:1517–1524. doi: 10.1002/humu.23626

30. Feng WX, Yang XY, Li JW, Gong S, Wu Y, Zhang WH, et al. Neurologic
manifestations as initial clinical presentation of familial hemophagocytic
lymphohistiocytosis Type2 due to PRF1 mutation in Chinese pediatric patients.
Front Genet (2020) 11:126. doi: 10.3389/fgene.2020.00126

31. Birndt S, Schenk T, Heinevetter B, Brunkhorst FM, Maschmeyer G, Rothmann
M, et al. Hemophagocytic lymphohistiocytosis in adults: Collaborative analysis of 137
cases of a nationwide German registry. J Cancer Res Clin Oncol (2020) 146:1065–1077.
doi: 10.1007/s00432-020-03139-4

32. Zhang K, Chandrakasan S, Chapman H, Valencia CA, Husami A, Kissell D, et al.
Synergistic defects of different molecules in the cytotoxic pathway leads to clinical
familial hemophagocytic lymphohistiocytosis. Blood (2014) 124:1331–1334.
doi: 10.1182/blood-2014-05-573105
frontiersin.org

https://doi.org/10.1111/bjh.13102
https://doi.org/10.1016/j.amjmed.2014.04.034
https://doi.org/10.1016/j.blre.2016.05.001
https://doi.org/10.1016/j.blre.2016.05.001
https://doi.org/10.1007/s12032-014-0902-y
https://doi.org/10.1016/j.amjms.2020.10.004
https://doi.org/10.1074/jbc.M115.668384
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1002/humu.23626
https://doi.org/10.3389/fgene.2020.00126
https://doi.org/10.1007/s00432-020-03139-4
https://doi.org/10.1182/blood-2014-05-573105
https://doi.org/10.3389/fonc.2023.1054175
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Case report: Ruxolitinib plus dexamethasone as first-line therapy in haemophagocytic lymphohistiocytosis
	Introduction
	Case presentation
	Case 1
	Case 2

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


