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Abstract
BACKGROUND
Aggressive natural killer cell leukemia (ANKL) is a rare natural killer cell neoplasm characterized by systemic infiltration of Epstein–Barr virus and rapidly progressive clinical course. ANKL can be accompanied with hemophagocytic lymphohistiocytosis (HLH). Here, we report a case of ANKL with rare skin lesions as an earlier manifestation, accompanied with HLH, and review the literature in terms of etiology, clinical manifestation, diagnosis and treatment.

CASE SUMMARY
A 30-year-old woman from Northwest China presented with the clinical characteristics of jaundice, fever, erythema, splenomegaly, progressive hemocytopenia, liver failure, quantities of abnormal cells in bone marrow, and associated HLH. The immunophenotypes of abnormal cells were positive for CD2, cCD3, CD7, CD56, CD38 and negative for sCD3, CD8 and CD117. The diagnosis of ANKL complicated with HLH was confirmed. Following the initial diagnosis and supplementary treatment, the patient received chemotherapy with VDLP regimen (vincristine, daunorubicin, L-asparaginase and prednisone). However, the patient had severe adverse reactions and complication such as severe hematochezia, neutropenia, and multiple organ dysfunction syndrome, and died a few days later. 

CONCLUSION
This is the first reported case of ANKL with rare skin lesions as an earlier manifestation and associated with HLH.
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Core Tip: Aggressive natural killer cell leukemia (ANKL) is a rare natural killer (NK) cell neoplasm characterized by systemic infiltration of Epstein–Barr virus and rapid development. Diagnosis and treatment of ANKL can be challenging due to its rapid development, rare nature, and varied clinical manifestations. Extranodal nasal NK/T cell leukemia, indolent NK cell lymphoproliferative disease, and T-large granular lymphoblastic leukemia must be considered in differential diagnosis. Standard therapy for ANKL has not been established because of its rare nature, rapid development, and poor prognosis. This is the first reported case of ANKL associated with hemophagocytic lymphohistiocytosis and rare skin lesions simultaneously.

INTRODUCTION
Aggressive natural killer cell leukemia (ANKL) is a rare mature natural killer (NK) cell malignant lymphoproliferative disease associated with Epstein–Barr virus (EBV) infection[1]. In general, patients with ANKL present with systemic symptoms, pancytopenia and hepatosplenomegaly. The skin lesion as an earlier manifestation of ANKL is very rare. ANKL runs an aggressive course and is usually rapidly fatal, with a median survival of only 2 mo[2]. Only early diagnosis, active control of complications, prevention of further deterioration of the disease, and effective chemotherapy can win time for the survival of patients. We report the case of a 30-year-old that was diagnosed as ANKL associated with hemophagocytic lymphohistiocytosis (HLH).

CASE PRESENTATION
Chief complaints
A 30-year-old female patient presented to our Department of Hematology Medicine complaining of fatigue, abdominal distension for 1 mo, and yellow staining of skin and scattered erythema for 10 d.

History of present illness
She had been treated with antibiotics and Chinese patent drug for 3 d for a cold before admission to our hospital. However, the symptoms were not significantly improved. Abdominal distension became more serious with nausea and vomiting, then yellow staining and dense flaky erythema appeared across the whole body skin, mucous membranes and sclera. She was presented to our hospital. 

History of past illness
There was no history of past illness.

Personal and family history
She and her family had no specific disease history. Both parents and one older brother were in good health.

Physical examination
Physical examination revealed that the whole skin, mucous membranes and sclera were yellow stained, and dense flaky erythema with scattered bleeding spots of different sizes were found on the forehead, behind the ears, neck and chest (Figure 1A), and the liver and spleen were obviously enlarged. 

Laboratory examinations
The blood cell counts were as follows: hemoglobin (HGB) 97 g/L, platelets (PLTs) 15 × 109/L and leukocytes 22.92 × 109/L. Biochemical tests showed marked increased level of total bilirubin to 250.6 μmol/L, direct bilirubin to 221.6 μmol/L, alanine transaminase to 270 U/L, aspartate transaminase to 341 U/L, lactate dehydrogenase to 8527 U/L, and marked decreased level of the total protein to 53.1 g/L. The laboratory findings also found coagulopathy [high level of D-dimer (1.51 μg/mL) and fibrinogen degradation product (5.70 μg/mL)]. Bone marrow aspiration showed that cells with unknown classification and abnormality were easy to see, accounting for 94% (Figure 2A). Bone marrow biopsy test showed that hematopoietic tissue proliferation was heterogeneous, granulocyte and erythrocytic proliferation were decreased, megakaryocytic hyperplasia (0–4/high-power field) was scattered (Figure 2B). Immunohistochemistry of bone marrow biopsy showed that these atypical cells were positive for cCD3, CD20, CD34, CD68, CD56, CD2, CD7, and negative for sCD3 (Figure 2C). Serological tests for EBV revealed that EBV DNA was 7.22  106 copies. Multicolor flow cytometry revealed that abnormal cell populations of 90% were seen in areas where CD45 was strongly positive, expressing HLA-DR, CD2, CD7, CD38 and cCD3, and partially expressing CD56. Abnormal NK cells could be seen in the samples, considering the possible source of NK/T cells. TCR gene rearrangement test was negative.

Imaging examinations
Positron emission tomography (PET)/computed tomography (CT) of the whole body showed that metabolism was increased in multiple parts (Figure 1B). PET/CT revealed that malignant tumor cells of the lymphoid hematopoietic system accumulated in multiple organs.

FINAL DIAGNOSIS
According to the clinical manifestation, laboratory and imaging examination, the patient was diagnosed with ANKL associated with HLH[3].

TREATMENT
Following the initial diagnosis and supplementary treatment of malignant tumors, such as transfusion of gammaglobulin, HGB, plasma and PLTs, the patient underwent chemotherapy with VDLP regimen (vincristine, daunorubicin, L-asparaginase and prednisone).

OUTCOME AND FOLLOW-UP
The patient had severe stomachache and vomiting on the second day of chemotherapy, and symptomatic support treatment such as proton pump inhibitor and antiemetic was given. On the third day of chemotherapy, severe hematochezia occurred. Blood pressure began to decrease; heart rate increased to 180 beats/min, HGB, and leukocyte and PLT counts were extremely low, especially PLTs. Considering ANKL complicated with HLH, neutropenia, myelosuppression, multiple organ dysfunction syndrome (MODS), the patient was transferred to the intensive care unit. The general condition of the patient did not improve and deteriorated. Finally, the patient died a few days later. 

DISCUSSION
ANKL is a rare entity with < 200 cases published to date, and is always associated with EBV infection[1]. In 1986, Suzuki et al[4] put forward the concept of ANKL for the first time. In 2001, the World Health Organization classified it as ANKL in the classification of lymphoid tissue tumors, and extranodal NK/T cell lymphoma and extranodal nasal NK/TX cell leukemia (ENKTCL) were both mature NK cell tumors[5]. With the emergence of the next generation of sequencing technology, the molecular basis of ANKL has been clarified. In recent years, the introduction of combined chemotherapy including L-asparaginase (L-ASP), and allogeneic hematopoietic cell transplantation, has helped some patients achieve complete remission and potential cure in theory[6]. However, the prognosis of ANKL is still poor, with a median survival time of 2 mo[7].
ANKL is a systemic disease; the main clinical symptoms are obvious B symptoms, including high fever, fatigue, night sweats, loss of appetite, weight loss, jaundice, and hepatosplenomegaly[8]. The blood cell counts are mostly one-line or multi-line progressive decrease, and the activity of serum lactate dehydrogenase and FASL levels are often high[9]. ANKL is often associated with HLH. Compared with ENKTCL, skin damage is rare[8]. The course of the disease is outbreak, usually accompanied by diffuse intravascular coagulation, leading to multiple organ failure, which progresses to death within a few weeks.
At present, there are no unified diagnostic criteria for ANKL and the more recognized diagnostic criteria are: (1) more immature large granular leukocytes in peripheral blood and bone marrow; (2) rapidly progressive B symptoms, liver, spleen and lymph node enlargement, neutropenia, low HGB, thrombocytopenia, liver function and blood coagulation abnormalities; (3) EBV antibody or DNA positive; (4) immunophenotype conforms to CD2+ CD56+ sCD3 TCRαβ TCRγδ; (5) common chromosomal abnormalities del; and (6) q21q25[10]. The genetic changes of ANKL are largely unknown, which is in sharp contrast to the rich genetic information of ENKTCL; a disease closely related to ANKL. Some gene mutations in ANKL, including the JAK–STAT and Ras–MAPK systems, are found in the signal transduction system. Some studies have shown that the frequent mutations in the JAK–STAT signaling system are STAT3 or STAT5B. STAT3 represents the most frequently mutated gene (~20% of cases)[11]. Tumor suppressor genes TP53 and DDX3X, epigenetic modification genes CREBBP, TET2, MLL2, BCOR and SETD2 and hypermethylation mutation of HACE1 have also been described in ANKL[12]. However, in terms of clinical practice, the diagnosis of ANKL still depends to a large extent on leukemic cells with abnormal morphology and immunophenotype. Chromosome gain and loss, STAT3 and STAT5B mutations, and HACE1 hypermethylation were detected only in sporadic cases.
HLH is also a rare hematological disease, but it is one of the common complications of ANKL. In one published study, there were 34 patients with ANKL, of which 19 (56%) developed HLH during the course of treatment[13]. It was secondary HLH because it was secondary to NK cell leukemia. 
Initially, a large area of dense flaky erythema with scattered bleeding spots of different sizes appeared on the forehead, behind the ears, neck and chest. We found no relevant reports in the literature. It has been reported that skin lesions in ANKL are relatively rare compared with ENKTCL[7], but skin lesions were found in the present case. The patient died due to rapid progression of the disease; therefore, we lost the opportunity to clarify the nature of the skin lesions and their relationship with the primary disease. The systemic invasion of tumor cells in this patient was obvious, so it can be speculated that the condition was complicated with rare skin lesions. 
At present, there are no unified clinical treatment standards or prospective clinical trials specifically for ANKL. The widely accepted clinical chemotherapy regimens are: CHOP-like regimen (including anthracycline and vincristine), L-ASP + methotrexate + dexamethasone regimen, SMILE (dexamethasone + methotrexate + ifosfamide + L-ASP + VP16) regimen, and acute lymphoblastic leukemia intensive chemotherapy (VDLP) regimen[10]. Some studies have shown that the high expression of P-glycoprotein encoded by multidrug resistance gene MDR1 in NK tumor cells may be related to the poor response of ANKL to chemotherapy and relapse after chemotherapy[14]. Most studies have shown that antineoplastic drugs whose action mechanism was not affected by P-glycoprotein, such as L-ASP, had an effect on ANKL, especially in high-risk patients[15]. The chemotherapy regimens based on MTX, L-ASP and VP16, such as SMILE, have shown promising results[16]. Allogeneic hematopoietic stem cell transplantation after remission is the main method to improve the prognosis of ANKL patients. 
In the present case of ANKL complicated with HLH, disease progression was rapid. According to current research, it was suggested that SMILE or L-ASP + methotrexate + dexamethasone regimen should be used to control the primary disease, but considering the poor condition of the patient, she could not tolerate the adverse reactions of SMILE intensive therapy. Finally, VDLP regimen was used. Unfortunately, the patient had severe abdominal pain with vomiting in the course of chemotherapy, serious hematochezia occurred on the third day of chemotherapy, and blood pressure dropped rapidly. The patient died a few days later.

CONCLUSION
ANKL is still a challenging disease due to its rapid development, rare nature, and variety of clinical manifestations. Therefore, only early diagnosis, active control of complications, prevention of further deterioration of the disease, and effective chemotherapy can win time for the survival of patients.
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Figure Legends
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Figure 1 Physical examination and positron emission tomography/computed tomography scan (PET/CT). A: The forehead, behind the ears, neck and chest had dense flaky erythema with scattered bleeding spots of different sizes; B: PET/CT showed that metabolism was obviously increased in the right nasal cavity, right maxillary sinus, right frontal sinus, partial ethmoid sinus, bilateral sphenoid sinus, right turbinate, nasopharynx, uterus, tail of pancreas, bilateral breast, multiple lymph nodes, liver and spleen, and bone marrow. 
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Figure 2 Hematoxylin–eosin staining. A: Bone marrow cell morphology test showed that cells with unknown classification and abnormality were easy to see, accounting for 94% (magnification: 4 × 10 and 10 × 10); B: Bone marrow biopsy test showed that hematopoietic tissue proliferation was heterogeneous, adipose tissue hyperplasia was decreased, granulocyte and erythrocytic proliferation was decreased, megakaryocytic hyperplasia (0–4/high-power field) was scattered (magnification: 10 × 10 and 10 × 40); C: Immunohistochemical of bone marrow biopsy showed that the atypical cells were positive for CD2, cCD3, CD7, CD20, CD34, CD68, CD56, and negative for sCD3 (magnification:  10 × 10;  10 × 40 and 10 × 10).
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