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                                                            Hemophagocytic lymphohistiocytosis (HLH) is a clinical syndrome associated with hereditary or acquired immune-dysregulation. HLH is classified into either primary or secondary disease based on whether or not clear genetic defects are present. Patients of primary HLH have clear hereditary or genetic defects and shows functional deficiency of cytotoxicity. Patients of secondary HLH have no familial history or known genetic defects, and etiology of the disease is related to a variety of triggering factors such infection, cancer, and rheumatic disease. Current therapies have improved the survival of HLH patients; however, approximately 30% of patients do not respond to current therapies.1 At present, there is no unanimously recommended salvage HLH treatment regimen, and there are few case reports or clinical reports with small sample sizes concerning salvage therapy after first line treatment failure.2 Therefore, alternative therapies for relapsed/refractory HLH is needed.
HLH were the disorders of the immune system characterized by the excessive production of cytokines, including interferon-γ and interleukins 2, 6, and 10 (IL-2, IL-6, and IL-10).3 The Janus kinases (JAK) transduce signals initiated following engagement of specific receptors that bind a broad array of cytokines, including those overproduced in HLH. JAK1/2 inhibitor ruxolitinib suppresses the harmful consequences of macrophage overactivation characterizing HLH in several murine models.54 Broglie et al. used ruxolitinib to treat an 11-year-old male with refractory HLH.6 Within 24 hours of ruxolitinib treatment, he became afebrile, followed by rapid improvements in respiratory, liver, and hemodynamic function.6 Sin et al. reported the administration of ruxolitinib to a 38-year-old female patient with refractory Epstein-Barr virus (EBV)-related HLH, the patient showed significant improvement in several HLH markers, including serum ferritin, lactate dehydrogenase, fibrinogen, and liver function.7 The present study was designed to investigate the efficacy of ruxolitinib as a salvage therapy for refractory/relapsed (R/R) HLH.
Thirty-four patients with R/R HLH were enrolled from September 2017 to September 2018, including 18 males and 16 females. The median age was 27.5 years (range: 2–70 years) old. Patients who were enrolled in this study fulfilled the following criteria: (1) Met HLH-2004 diagnostic criteria;8 (2) were older than 1 year and younger than 75 years of age; (3) were treated with HLH-94 regimen 1 no less than two weeks before enrollment and did not achieve even a partial response (PR) or relapsed after remission with HLH-94 regimen 1; (4) the expected survival time was more than one month. Patients who were excluded from this study fulfilled the following criteria: (1) Uncontrolled infection at the time of enrollment and (2) a history of non-melanoma skin cancer. The study was approved by the Ethics Committee at the Beijing Friendship Hospital, Capital Medical University. All patients provided written informed consent before participating in the study. The main clinical features of the enrolled patients are summarized in Table 1.
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Table 1.The main clinical features of the patients.
In the two HLH patients previously treated with ruxolitinib, the doses given were as follows: 2.5 mg twice daily for an 11-year-old male6 and 20 mg twice daily for a 38-year-old woman.7 In adult patients, ruxolitinib at a dose of 10 mg orally twice daily can be tolerated in the treatment of patients with myelofibrosis or corticosteroid-refractory graft-versus-host disease.109 Therefore, the dose is 0.3 mg/kg/day according to the average adult weight of 60 kg. There are no recommended doses for children; therefore, the doses were adjusted for age and weight: The dose for adult patients (age ≥14 years) is generally 10 mg twice daily. For children (age <14 years, weight ≥25 kg), the dose was generally 5 mg twice daily. For children (age <14 years, weight <25 kg), the dose was generally 2.5 mg twice daily. In this study, all patients received ruxolitinib at the dose indicated until they received allogeneic hematopoietic stem cell transplants (allo-HSCT) or treatment for underlying disease. Ruxolitinib was used alone for 16 patients, and in combination with glucocorticoids for 18 patients in the following conditions: 17 patients were treated with long-term high-dose glucocorticoids, and the effect was poor. The glucocorticoids could not be stopped suddenly; therefore, ruxolitinib was added together with a small dose of methylprednisolone (4-16 mg/day). One patient with macrophage activation syndrome (MAS) was treated with ruxolitinib, methylprednisolone (32 mg/day) and hydroxychloroquine sulfate (200 mg/day).
The efficacy of ruxolitinib for the treatment of HLH was assessed every two weeks according to the evaluation criteria proposed by Marsh et al.11 The best overall response were defined as the highest degree of remission during eight weeks. The overall response rate (OR) of the 34 patients was 73.5% (25 of 34 patients), with 14.7% (5 of 34 patients) in complete response (CR) and 58.8% (20 of 34 patients) in PR. The median time to achieve response (CR+PR) for patients was two weeks (range: 1-8 weeks). Most patients achieved PR, whereas only a few patients achieved CR, suggesting the remission depth was not sufficient. This may be due to the low dose used in the present study. Of the 25 patients with R/R EBV-HLH, 17 (68%) patients responded to ruxolitinib. This response rate was lower than OR.
Nine variables were assessed before and two weeks after the ruxolitinib. These comprised white cell count, platelet count, ferritin, fibrinogen, triglyceride, alanine aminotransferase (ALT), total bilirubin, soluble IL-2 receptor (sCD25) and ultrasonic spleen thickness (Table 2). Comparisons between multiple samples and groups were performed using the Wilcoxon rank sum test. P<0.05 was considered to statistically significant. Within 24 hours of starting ruxolitinib, 88.2% (30 of 34) of our patients became afebrile. Ferritin (P=0.003) and sCD25 (P=0.012) were significantly lower at two weeks after the ruxolitinib. In addition, EBV-DNA levels of whole blood (P=0.388) and plasma (P=0.064) in 25 EBV-HLH patients before and after ruxolitinib treatment did not change, indicating that ruxolitinib reduces inflammation without affecting the underlying primary cause of HLH.
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Table 2.Changes in selected indicators before and after ruxolitinib.
Among the 34 patients after ruxolitinib, leukopenia of grade III/IV in two (5.9%) patients, thrombocytopenia of grade III/IV in four (11.8%) patients, elevated transaminases of grade III/IV in six (17.6%) patients, elevated bilirubin of grade III/IV in three (8.8%) patients, hypertriglyceridemia of grade III/IV in one (2.9%) patient. Pulmonary infections in three patients were aggravated and urinary infection in one patient occurred during the treatment of ruxolitinib. No one stopped therapy due to toxicity.
Survival times were calculated from the date of ruxoli-tinib salvage therapy. All patients were followed up until death or January 1, 2019, whichever occurred first. A total of 15 of 34 patients had died, indicating a mortality rate of 44.1%. The median follow-up was 26.5 weeks (range: 15-52 weeks). The median survival time was 22 weeks (range: 4-52 weeks). The median progression-free survival (PFS) time was eight weeks (range: 2-40 weeks) (Figure 1).
[image: ]

Figure 1.Survival of patients with refractory/relapsed hemophagocytic lymphohistiocytosis treated with ruxolitinib. (A) Overall survival (OS). (B) Progression-free survival (PFS). The median survival time was 22 weeks (range: 4-52 weeks). The median PFS time was eight weeks (range: 2-40 weeks). Cum Survival: cumulative survival.
Six of 10 EBV-HLH patients who achieved CR or PR but were not given allo-HSCT relapsed, and EBV-DNA elevation was present in two of these patients prior to relapse. Conversely, 2 of 8 non–EBV-HLH patients who achieved CR or PR relapsed 12 weeks after ruxolitinib treatment. The prognoses and responses of patients receiving ruxolitinib salvage therapy for HLH varied depending on the underlying disease. EBV-HLH patients had the lowest rate of remission and the highest rate of recurrence. For these patients, the median time to recurrence after ruxolitinib treatment was eight weeks (range: 3-12 weeks). Therefore, if a matching donor is available, allo-HSCT should be performed within eight weeks of ruxolitinib treatment. In the present study, the median time for the patient to receive transplantation after ruxolitinib treatment was two weeks (range: 2-10 weeks). For those patients who went on to allo-HSCT, we discontinued ruxolitinib one day before hematopoietic stem cell transfusion.
In the 25 patients who achieved PR or CR, the levels of cytokines, specifically IFN-γ (P=0.006), IL-18 (P=0.016), macrophage inflammatory protein (MIP)-1a (P=0.029), and interferon-γ-inducible protein (IP)-10 (P=0.004), were significantly decreased within two to four weeks of ruxolitinib treatment. Mechanistically, ruxolitinib probably decreases a variety of cytokines by regulating the JAK1/2 signaling pathway, which is the downstream pathway of IFN-γ and other inflammatory cytokine receptors. Our results showed that ruxolitinib treatment improves several inflammatory biomarkers, such as body temperature, ferritin, and sCD25, suggesting the role of the JAK/STAT pathway in HLH progression, showing that ruxolitinib reduces inflammation and alleviates the HLH syndrome by decreasing the levels of cytokines, including IFN-γ. This is consistent with the results of earlier murine models.54
Ruxolitinib is a safe and effective salvage therapy for R/R HLH, and increases the possibility of patients with R/R HLH receiving allo-HSCT or treatment for underlying disease. Because ruxolitinib can improve the inflammatory status well, but the remission depth is not sufficient, we hope to combine ruxolitinib with our previous DEP (doxorubicin-etoposide-methylprednisolone) regimen to treat HLH. Consequently, a prospective multicenter large-scale clinical trial is underway in China and aims to validate the DEP-ruxolitinib (DEP-Ru) regimen for refractory/relapsed HLH (ClinicalTrails.gov Identifier: NCT03533790).
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