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Abstract: Despite extensive work-ups, some patients have been diagnosed with hemophagocytic lymphohistiocytosis (HLH) of unknown etiology. For HLH of unknown etiology, to investigate the clinical features and the factors that may affect the prognosis, we retrospectively reviewed the medical records of 94 patients hospitalized from January 2014 to December 2019. Survival times were evaluated until April 2020. For the 94 patients, the underlying causes of their diseases remained unclear at the end of the follow-up period, and the 1-, 3-, and 6-month survival rates, and the overall survival (OS) rates were 86.2%, 78.7%, 73.4%, and 70.2%, respectively. The multivariate analysis showed that the absence of an overall response or remission within 1 month after initial induction therapy (hazard ratio [HR], 11.914; 95% confidence interval [CI], 3.114–45.584; p < 0.001) and the refractory and relapsed HLH (HR, 16.003; 95% CI, 2.425–105.598; p = 0.004) were independently associated with adverse prognoses. The OR rate within 1 month occurred in 86.2% of the patients with doxorubicin-etoposide-methylprednisolone (DEP) regimen as initial induction treatments, while, that occurred in 58.46% of the patients with non-DEP regimens (p = 0.008). The OS rates did not differ between the patients with DEP regimens and non-DEP regimens (p = 0.252). These findings suggest that HLH of unknown etiology has relatively good OS rate and prognosis overall. Absence of an OR within 1 month after initial induction therapy and refractory and relapsed HLH were independently associated with adverse prognoses. The DEP regimen indeed could improve the OR rate, but it failed to show an OS benefit.
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1  Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a life-threatening syndrome involving excessive immune activation, and it is characterized by an inflammatory cytokine storm that causes multiorgan dysfunction. Excessive, but defective, immune activation leads to the atypical clinical manifestations and characteristic laboratory findings of HLH, including fever, hemocytopenia, splenomegaly, hypertriglyceridemia, hyperferritinemia, hypofibrinogenemia, and hemophagocytosis in bone marrow, spleen, or lymph nodes [1,2]. HLH is categorized as either primary or secondary HLH. Primary or familial HLH (FHL) has an autosomal recessive inheritance. Mutations of genes, including PRF1, UNC13D, STX11 and STXBP2, RAB27, CHS1/LYST, and AP13β1, are the major causes of the congenital immune deficiency syndrome associated with HLH. SH2D1A and BIRC4 gene mutations are associated with Epstein-Barr virus (EBV)-driven HLH. Secondary HLH is usually associated with viral, bacterial, fungal, and parasitic infections, autoimmune diseases, and malignant disorders. The related patients often have no family history of HLH or known genetic defects [3,4]. The clarification of the mechanisms underlying the development of HLH in some patients is required but hard, because HLH has a heterogeneous etiology, and it is associated with nonspecific clinical and laboratory findings. For unexplained HLH, the proportions of patients, the treatments, the related prognostic factors and the outcomes differ among research institutions [5–8]. Systematic studies investigating the clinical characteristics and prognoses of patients with HLH of unknown etiology are absent. To explore the clinical features and possible factors that may affect the prognosis of HLH of unknown etiology, we conducted a retrospective study that involved 105 patients with HLH of unknown etiology who were hospitalized from January 2014 to December 2019 at Beijing Friendship hospital.

2  Material and Methods

2.1 Material

From January 2014 to December 2019, 105 patients who met the HLH-2004 diagnostic criteria for HLH and whose underlying causes of HLH were not determined within 1 month, despite extensive examinations, were enrolled in the study. All the 94 patients had undergone HLH-associated Sanger sequencing, including PRF1, UNC13D, STX11, STXBP2, SH2D1A, BIRC4, RAB27A, LYST, ADTB3A, ITK, CD27 and XMEN, which corresponded to FHL2-FHL5, XLP-1, XLP-2, Griscelli syndeome 2(GS-2), Chediak-Higashi syndrome 1(CHS-1), Hermansky-Pudlak syndrome lI (HPS-II) and other EBV drived HLH, respectively [9]. They also undergone investigations into common pathogens that cause HLH, including bacteria, fungi, viruses, atypical pathogens, and parasites in the blood, sputum, urine, feces, and tissues, if needed, assessments of parameters related to rheumatic and immunologic diseases, positron emission tomography/computed tomography (PET/CT), lymph node and suspected lesion biopsies, if necessary, bone marrow smears, flow cytometric analyses, and bone marrow biopsies to exclude primary HLH, infection, rheumatic and immunologic diseases, and malignant tumors, especially lymphomas. Given that diagnosing lymphomas is difficult in some patients, we excluded patients whose PET/CT or bone marrow flow cytometry examinations indicated suspected lymphomas. Based on our research group’s experience, we defined HLH of unknown etiology as patients with HLH who underwent all the aforementioned examinations and whose underlying causes of HLH remained unclear within 1 month. The patients’ clinical characters and laboratory findings were retrospectively evaluated by reviewing their medical records.

Initial induction treatments included the DEP regimen and non-DEP regimens. The DEP regimen was administrated as: Liposomal doxorubicin: 25 mg/m2/d d1; VP-16: 100 mg/m2/d d1; methylprednisolone: 2 mg/kg/d d1-3, 0.75 mg/kg/d d4-7, 0.25 mg/kg/d d8-10, and 0.1 mg/kg/d until the next cycle. Generally, 2 weeks is a cycle, and 3 to 6 cycles of DEP regimen were administrated to HLH of unknown etiology based on our experience. The non-DEP regimens, which included the HLH-94 and HLH-2004 protocols, and glucocorticoid and intravenous immunoglobulin therapy.

In this study, 35 of the 94 patients suffered from refractory and relapsed HLH. For patients with refractory and relapsed HLH, they also adopted the DEP regimen or non-DEP regimens as initial induction treatment. However, they adopted other salvage therapies after HLH relapse: 19 patients adopted DEP regimen (Liposomal doxorubicin + etoposide + methylprednisolone), and 14 of 19 patients died; 1 patient adopted Ru-DEP regimen (ruxolitinib + DEP); 3 patients adopted high-dose glucocorticosteroid + etoposide +/- cyclosporine A; 1 patient adopted ECHOP-like regimens (etoposide + cyclophosphamide + epirubicin + vincristine + glucocorticosteroid); 1 patient adopted ECOP-like regimens (etoposide + cyclophosphamide + vincristine + glucocorticosteroid); 1 patient adopted splenectomy; 9 patients died after HLH relapse without receiving any salvage therapies. The patients were not able to undergo hematopoietic stem cell transplantation for various reasons.

2.2 Assessment of Treatment

The patients’ treatment was assessed using the criteria proposed by Marsh et al. [10], with modifications based on our research group’s experience [5]. A complete response (CR) was defined as the normalization of the clinical symptoms and laboratory findings associated with HLH. A partial response (PR) was defined as a ≥25% improvement in ≥2 symptoms and laboratory tests, including the soluble interleukin (IL)-2 receptor-α (sCD25), ferritin, and triglyceride levels. For patients with initial absolute neutrophil counts (ANCs) <0.5 × 109/L, a response was defined as values that were elevated to >0.5 × 109/L; for patients with initial ANCs of 0.5–2.0 × 109/L, a response was defined as values that were elevated to >5.0 × 109/L; and for patients with alanine aminotransferase (ALT) levels >400 U/L, a response was defined as a 50% decrease in the absence of hemophagocytosis. Additionally, for patients with either a CR or a PR, their body temperature had to revert to the normal range. No response (NR) was defined as a failure to achieve a PR. Overall response (OR) or remission was defined as a success to achieve a CR or PR.

There are no accepted diagnostic criteria for refractory and relapsed HLH at present. It is generally recognized that absence of response at 2 to 3 weeks is often a sign of refractory HLH [11]. Therefore, in this study, we defined refractory HLH as patients who did not achieve at least PRs 2 weeks after initial standard. Relapsed HLH was defined as patients who had experienced relapses of HLH after initial remissions achieved with standard HLH therapy and had failed to achieve CRs with salvage therapies.

2.3 Statistical Analyses

The data were analyzed using IBM®SPSS® software, version 23.0 (IBM Corporation, Armonk, NY, USA). The continuous variables are presented as the medians and the 25th–75th percentiles. The categorical variables are presented as proportions. Overall survival (OS) was calculated from the date of an HLH diagnosis until death or April 2020. The comparison of ORR of DEP and non-DEP regimen was performed using Chi-square text. The survival curves were estimated by using the Kaplan–Meier method, and differences between the curves were tested for statistical significance using the log-rank test. Univariate analyses were performed using KM method. Multivariate analyses were performed using the Cox regression method. A value of p < 0.05 was considered statistically significant.

3  Results

3.1 Clinical and Laboratory Characteristics

From January 2014 to December 2019, 930 patients with HLH were hospitalized at our center. Of these patients, 105 for whom the underlying causes of HLH were not identified during early diagnoses were enrolled in this study. 11 patients’ underlying causes of HLH were identified eventually, and they comprised 4 patients with lymphomas, 6 patients with rheumatic and immunologic diseases, and 1 patient with typhoid fever. The underlying causes of HLH remained unidentified for the remaining 94 patients at the end of the follow-up period. Of these patients with HLH of unknown etiology, 30 (31.91%) were male and 64 (68.09%) were female. The age of the patients ranged from 1 to 70 years, and their median age was 33.5 years (interquartile range, 26–51 years). Complications of the 94 patients, 71patients (75.53%) had infections, 11 patients (11.7%) had hemorrhage, and 14 patients (14.89%) had central nervous system changes during the clinical course. All of the patients with HLH of unknown etiology presented with fever, and 88.3% had increased serum ferritin levels, 86.2% had increased sCD25 levels, 77.7% had splenomegaly, and 77.8% had the hemophagocytic phenomenon. Lower blood cell levels, low fibrinogenemia levels, hypertriglyceridemia, and reduced natural killer (NK) cell activity were present in 36.2%, 33%, 20.2%, and 12.8% of the patients, respectively. The clinical features of and the laboratory findings from the 94 patients with HLH of unknown etiology are shown in Table 1. Multivariate analysis of risk factors for hemophagocytic lymphohistiocytosis of unknown etiology are shown in Table 2.
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3.2 Initial Induction Treatment of Hemophagocytic Lymphohistiocytosis of Unknown Etiology

Of the 94 patients with HLH of unknown etiology, 29 were administered the doxorubicin-etoposide-methylprednisolone (DEP) regimen as initial induction treatment, and 65 were administered non-DEP regimens. Of the 29 patients who received the DEP regimen, 9 (31.03%) achieved CRs, 16 (55.71%) achieved PRs, and 4 (13.79%) had NRs at 1 month after initial induction treatment; the overall response (OR) rate was 86.2%. Of the 65 patients who received non-DEP regimens as initial induction therapy, 15 (23.08%) achieved CRs, 23 (35.38%) achieved PRs, and 27 (36.92%) had NRs at 1 month after treatment; the OR rate was 58.46%. The OR rate of using DEP regimen as initial induction treatment was higher than using non-DEP regimens (p = 0.008). The OS rates for the patients who received the DEP regimen and non-DEP regimens were 79.3% and 66.2%, respectively; this difference was not significant (p = 0.252) (Fig. 1).
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Figure 1: Overall survival curves for the patients who were administered the doxorubicin-etoposide-methylprednisolone (DEP) regimen and non-DEP regimens. DEP: doxorubicin-etoposide-methylprednisolone

3.3 Survival Analysis of Hemophagocytic Lymphohistiocytosis of Unknown Etiology

Survival was assessed until April 2020. Among the 94 patients evaluated, the 1-, 3-, and 6-month survival rates, and OS rate were 86.2%, 78.7%, 73.4%, and 70.2%, respectively. The OS curve is depicted in Fig. 2.
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Figure 2: Overall survival among patients with HLH of unknown etiology

3.4 Factors Influencing the Prognosis of Hemophagocytic Lymphohistiocytosis of Unknown Etiology

The univariate analysis identified several factors that may influence the survival of patients with HLH of unknown etiology, including age, sex, complications, the white blood cell count, and the hemoglobin, platelet, triglyceride, fibrinogen, ALT, aspartate aminotransferase, sCD25, ferritin, and NK cell activity levels, whether an OR or remission was achieved within 1 month after initial induction therapy, and whether patients experienced refractory and relapsed HLH. The multivariate analyses showed that failure to achieve an OR or remission within 1 month after initial induction therapy (hazard ratio [HR], 11.914; 95% confidence interval [CI], 3.114–45.584; p < 0.001) and refractory and relapsed HLH (HR, 16.003; 95% CI, 2.425–105.598; p = 0.004) were independently associated with adverse prognoses.

4  Discussion

HLH is a heterogeneous disease. The difficulties of diagnosing HLH and identifying the underlying causes of HLH are associated with multiple confounding medical illnesses and imprecise diagnostic criteria. In addition, a small number of patients are diagnosed with HLH of unknown etiology, because of the limitations of current medical examination techniques, the rapid progression of the disease, and complications that include thrombocytopenia, coagulation disorders, and bleeding, which impede biopsies of suspicious lesions. Lymphoma is one of the most common diseases that cause adult HLH. A review of 162 patients with HLH showed that 56% had non-Hodgkin lymphomas [12]. Recommendations for the management of HLH in adults indicated that about 40%–70% of HLH in adults was associated with malignancy, particularly Hodgkin and non-Hodgkin lymphomas [13]. However, some patients do not have prominent masses or enlarged lymph nodes, and diagnosing lymphoma-associated HLH is difficult. Some lymphoma-associated HLH may be misdiagnosed as HLH of unknown etiology. Tabata et al. [14,15] reported a patient with HLH of unknown etiology whose autopsy revealed a disseminated, diffuse large B-cell lymphoma. However, no positive evidence of HLH was found before the autopsy, except for an extremely high serum sIL-2R level relative to the serum ferritin level. These authors subsequently reviewed 110 Japanese patients with HLH retrospectively, and they proposed that the serum sIL-2R level and the sIL-2R/ferritin ratio may be useful markers for predicting underlying malignant lymphomas in patients with hemophagocytic syndrome [14,15]. Wang et al. studied 19 patients with HLH of unknown etiology, and histopathologic examinations of the patients’ spleens identified lymphomas in 7 patients, which suggested that primary splenic lymphomas may underlie the development of HLH in some patients and that splenectomy could guide the diagnosis and treatment of HLH [16]. In our study, 105 patients fulfilled the study’s inclusion criteria during their early diagnoses, and of these, the underlying causes of HLH were eventually determined for 11 patients, of whom, 4 had lymphomas, 6 had autoimmune diseases, and 1 had typhoid fever. 2 of 4 patients who were diagnosed with hepatosplenic non-Hodgkin T-cell lymphomas following splenectomy, died as a consequence of HLH progression; these patients survived 2 months and 10 months. 1patient who was diagnosed with a non-Hodgkin B-cell lymphoma based on a pararenal lymph node biopsy, survived the follow-up period. An ascites smear led to a diagnosis of a non-Hodgkin T-cell lymphoma in 1 patient; this patient’s lymphoma progressed and he died after 36 months. The patients with the autoimmune diseases and typhoid fever survived the follow-up period. These findings indicate that some patients with HLH of unknown etiology may have underlying lymphomas, even if clinical and imaging manifestations and pathologic evidence are absent. Moreover, unidentified infections, autoimmune disease, and unknown genetic anomalies may exist that require more extensive work-ups and multidisciplinary collaborations.

Mortality among adult patients with HLH differs according to the different causes of the disease, and it ranges from 20% to 88% [13]. The prognoses, OS rate, and ORR to treatment vary among different institutions. Yanagisawa et al. [8] studied the outcomes of the HLH-2004 protocol administered to children with EBV-driven HLH, FHL, and HLH of unknown etiology. These investigators showed that the 3-year OS rate for children with HLH of unknown etiology was significantly lower (56.2%) than the 3-year OS rates for children with EBV-driven HLH (85.3%) and FHL (66.7%). Furthermore, the prognosis of children with HLH of unknown etiology after hematopoietic stem cell transplantation was much worse (25%) than the prognoses of children with EBV-HLH (66.7%) or FHL (85.7%) [8]. Li et al. found that patients with HLH of unknown origin had a poor survival rate (17%) [7,17]. The reasons for the poor prognoses of patients with HLH of unknown etiology at these institutions may relate to the studies involving children whose conditions were poor at diagnosis and their admission to intensive care units [6]. The findings from a multicenter study conducted by Wang et al. showed an OS rate of 87.5% for patients with HLH of unknown etiology, which is much higher than the OS rates determined for other types of secondary HLH [5]. In this study, our analysis showed that the 1-month, 3-month, and 6-month survival rates, and OS rate were 86.2%, 78.7%, 73.4%, and 70.2%, respectively, which indicated that the OS rate and the prognoses of patients with HLH of unknown etiology were relatively good overall.

HLH is characterized by a hyperinflammatory phenotype. Irrespective of the underlying causes, the early suppression of the life-threatening inflammatory processes with initial induction therapy is elementary, and it impacts on the prognosis of the disease [11,18]. In the present study, the multivariate analysis showed that the failure to achieve an OR within 1 month after initial induction therapy and the refractory and relapsed HLH were independently associated with an adverse prognosis. The use of the DEP regimen as a salvage therapy for adult refractory HLH was proposed by the personnel at our center, because it had significantly improved the response rate (76%) in the adult patients, who failed to respond to the HLH-94 or HLH-04 protocols [5]. In this study, the OS rates for the patients with the DEP and non-DEP regimens were 79.3% and 66.2%, respectively; these findings, in addition to the 1-month OR rate, highlight the potential benefit of using the DEP regimen as initial induction treatment in patients with HLH of unknown etiology. However, the DEP regimen could improve the OR rate, but it failed to show an OS benefit. Overall, this revealed that DEP could be a potential optimal choice for the related patients. Some researchers have also suggested that, for the patients with relapsed HLH of unknown etiology, splenectomy can improve the clinical symptoms and survival by changing the percentage of NK cells as well as the IL-21 and IL-1α levels [19]. Another study showed that, splenectomy could improve the survival of the patients with HLH and unknown underlying diseases, and, to achieve optimal results, splenectomy should be performed during the initial stages of the related diseases. However, splenectomy did not prolong the survival time for all the patients with HLH, particularly for those with definite diagnoses [20]. In our study, 6 of 105 patients underwent splenectomies for splenomegaly. In the 6 patients, two were diagnosed with lymphomas based on their histopathology findings, and they died as a consequence of primary disease progression. Moreover, 4 were not diagnosed with lymphomas, and their clinical manifestations and laboratory findings improved, and they survived the follow-up period; 2 achieved CRs, and they survived 35 and 11 months, respectively, and, 1 achieved a PR and survived 42 months, and, 1 had NR and survived 60 months. Hence, splenectomy may be a useful measure for diagnosing and treating patients with HLH of unknown etiology. The mechanism for splenectomy in the treatment of HLH of unknown etiology needs further studies.

5  Conclusion

HLH is a heterogeneous disease, and it may have many unknown etiologies, as a consequence of the limitations of medical technologies. For patients with HLH, the treatments and prognoses vary due to the different underlying etiologies. Therefore, further researches into the patient assessments and disease indicators is necessary to identify the causes of HLH. HLH of unknown etiology has relatively good OS rate and prognosis overall. Early suppression of the life-threatening inflammatory processes with initial induction therapy is important, and DEP regimen is a potential optimal choice for adult patients with HLH of unknown etiology.
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Table 2: Multivariate analysis of risk factors for HLH of unknown etiology

B SE Wald df p HR HR 95.0% CI
Refractory and relapse HLH 2772 0.963 8.295 1 0004 16.003 2425~105.598
Absence of OR within | month 2478 0.685 13.097 1 0 11.914  3.114~45.584

Note: B: regression coefficient; SE: standard error; df: degree of freedom; HR: hazard ratio; CI: confidence interval.
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Table 1: Clinical and laboratory findings from the 94 patients with HLH of unknown etiology [n(%) or M

(P25~P75)]
Clinical feature Patients (n=94) p value
Sex Male 30 (31.91) 0.423
Female 64 (68.09)
Age (years) 1-70 33.50 (26-51) 0.01
Complications Infection 71 (75.53) 0.003
Hemorrhage 11 (11.70) 0.001
CNS changes 14 (14.89) 0.001
Fever 94 (100) 0.001
Splenomegaly 65 (69.15) 0.469
Hemophagocytosis 77 (81.91) 0.476
Laboratory finding
WBC count (x10/L) 0.20-30 2.91 (1.60-5.76) 0.001
Hb (g/L) 46-155 95 (77.50-109.50) 0.001
PLT (x10°/L) 1-478 70 (35-121) 0.001
TG (mmol/L) 0.78-10.10 2.26 (1.58-3.03) 0.001
Fbg (mg/dL) 0.20-7.22 1.68 (1.19-2.75) 0.016
ALT (IU/L) 6.0-2061 88.50 (38.03-221) 0.001
AST (IU/L) 5.80-1408 88.10 (44.60-280) 0.001
T-BIL (umol/L) 4.97-522.56 23.67 (14.18-63.63) 0.001
Ferritin (ng/mL) 91.8-75,000 3405 (1236-10511) 0.001
sCD25 (pg/mL) 531-220,000 13,151.4 (4419-24,634.15) 0.001
NK cell activity (%) 1.5-25.36 14.77 (13.34-16.28) 0.003
Refractory and relapse HLH 35 (37.23) 0.001
Absence of OR within 1 month 31 (32.98) 0.001

Note: CNS: central nervous system; WBC: white blood cell; Hb: hemoglobin; PLT: platelet; Fbg: fibrinogen; ALT; alanine aminotransferase; AST:
aspartate aminotransferase; T-BIL: total bilirubin; TG: triglyceride; sCD235: soluble interleukin-2 receptor-alpha; NK: natural killer.
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