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Abstract
BACKGROUND
[bookmark: _Hlk82105019][bookmark: _Hlk82104992]Langerhans cell sarcoma (LCS) is a rare malignancy with poor prognosis. LCS and chronic lymphocytic leukemia (CLL)/small lymphocytic lymphoma (SLL) can occur in the same diseased tissues, such as lymph nodes or skin. 

CASE SUMMARY
A 48-year-old female Han Chinese patient was admitted for generalized lymph node enlargement for 6 years and abdominal distension for 1 wk. She was diagnosed with small B-cell lymphoma (stage IV)/CLL (Benet stage B) and received chemotherapy. She started oral ibrutinib in February 2019. She was hospitalized on June 11, 2019, and a 1.5 cm × 1.5 cm dark-red nodule with ulceration scalp lesion was found. Biopsy revealed LCS but without CLL/SLL. She was diagnosed with CLL/SLL (Binet stage C, Rai stage IV) accompanied by secondary histiocytic sarcomas and skin LCS and received cyclophosphamide, doxorubicin, vincristine, dexamethasone, and etoposide but developed severe cytopenia. She ultimately refused treatments and discharged spontaneously. She died on September 12, 2019. The literature review showed that in patients with CLL/SLL, skin lesions of LCS are accompanied by CLL/SLL. This patient was different from the previously reported cases of skin LCS in patients with CLL/SLL.

CONCLUSION
In this patient, the skin lesion of LCS showed no concomitant CLL/SLL.
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Core Tip: Langerhans cell sarcoma (LCS) is a rare Langerhans cell malignant tumor with a poor prognosis. Chronic lymphocytic leukemia (CLL) is a hematologic malignancy. We report a patient with a history of CLL/small lymphocytic lymphoma diagnosed with cutaneous LCS by skin biopsy that is different from previously reported cases. In the case report, LCS occurred on the skin, and there was no CLL/small lymphocytic lymphoma in the same lesion. A possible mechanism is that ibrutinib led to the activation of a proto-oncogene that resulted in the malignant transformation of dendritic cells. Still, this hypothesis will have to be explored.

INTRODUCTION
Langerhans cell sarcoma (LCS) is a rare Langerhans cell malignant tumor with a poor prognosis[1,2]. LCS displays malignant tumor typical characteristics, such as rapid growth, local invasion, recurrence, and metastasis[2]. Positive immunohistochemical staining for CD1a, CD207 (Langerin), and S-100 protein are confirmatory of LCS[2]. There is a lack of evidence regarding the most appropriate treatment for LCS, but chemotherapy and surgery can be used[2]. Still, the prognosis remains poor, with overall survival of 27 ± 4 mo and disease-free survival of 18 ± 4 mo[2]. 
Chronic lymphocytic leukemia (CLL) is a hematologic malignancy characterized by progressive accumulation of phenotypically mature malignant B-cell lymphocytes in peripheral blood, bone marrow, and lymph nodes[3]. CLL is the most common leukemia in adults, with a reported incidence of about 4-6 per 100000 people per year in Western countries[3]. Small lymphocytic lymphoma (SLL) is a different manifestation of the same disease as CLL, with the main difference being that abnormal lymphocytes mainly accumulate in lymph nodes and other tissues, with no evidence of cytopenia or bone marrow involvement[3].
LCS and CLL/SLL can occur in the same diseased tissues, such as lymph nodes or skin[4-6]. We report a patient with a history of CLL/SLL diagnosed with cutaneous LCS by skin biopsy, but there was no CLL/SLL in the cutaneous lesion of LCS.

CASE PRESENTATION
Chief complaints
A female Han Chinese patient was admitted to the Department of Hematology of Jinan Central Hospital Affiliated to Shandong University. The patient was hospitalized on June 11, 2019 for a fourth time, and a 1.5 cm × 1.5 cm dark-red nodule with ulceration was found on the scalp.

History of present illness
The patient was hospitalized on June 11, 2019 for a fourth time, and a 1.5 cm × 1.5 cm dark-red nodule with ulceration was found on the scalp (Figure 1A).
Multiple enlarged subcutaneous masses appeared in the right neck 1 mo after the scalp mass, accompanied by substantial pain and dysphagia. The masses grew rapidly. 

History of past illness
A 48-year-old female Han Chinese patient was admitted to the Department of Hematology of Jinan Central Hospital Affiliated to Shandong University in May 2012 for generalized lymph node enlargement for 6 years and abdominal distension for 1 wk. On admission, physical examination showed the enlargement of multiple lymph nodes at the bilateral neck, axillary fossa, and inguinal, with varied sizes. The largest lymph node had a 3.0 cm × 4.0 cm size and was hard, without pain upon palpation. An abdominal mass of 15.0 cm × 10.0 cm was found under the umbilicus, which was hard and without pain. The Murphy sign was negative (-). Abdominal ultrasound showed liver and spleen enlargement and multiple solid masses at the bilateral neck, supraclavicular fossa, axillary fossa, abdominal cavity, hepatic hilar region, inguinal, and pelvic cavity. Abdominal computed tomography confirmed the enlarged lymph nodes. Biopsy of the lymph nodes suggested small B-cell lymphoma/CLL. Immunohistochemistry showed CD20 (+), CD79a (+), CD5 (+), CD23 (+), BCL-2 (+), CD3 (-), CD10 (-), BCL-6 (-), CD21 (+), CD30 (-), and Ki-67 (+, 40%). Pathological examination of the bone marrow showed extremely active bone marrow hyperplasia, extensive lymphocyte proliferation, which had small cellular bodies and less cytoplasm, round or irregular cellular nuclei, fine and dense chromatin, and unclear nucleoli. Diffused distribution of granulocytes and erythrocytes, which were almost mature, was found. The number of megakaryocytes was not reduced, and they had lobulated nuclei. Reticular fiber staining showed negative results. Immunohistochemistry showed CD20 (+), CD79a (+), CD5 (+), CD23 (+), CD3 (-), and cyclin D1 (-). These findings suggested CLL. Flow cytometry of the bone marrow showed increased monoclonal B lymphocytes (about 68% of the total cells), of which the immune phenotype was CD19 (+), CD20 (-), CD5 (+, some cells), CD10 (-), and CD23 (+, some cells). Restricted expression of the light chain of membrane immunoglobulin K was found, suggesting monoclonal cells. The patient was then diagnosed with small B-cell lymphoma (stage IV)/CLL (Benet stage B). The patient refused rituximab and thus received one cycle of the FC regimen [fludarabine (40 mg, d1; Hanhui Pharmaceutical Co. Ltd, Hangzhou, China) and cyclophosphamide (0.2 g, d1-4; Baxter Oncology Gmbh)]. The superficial lymph nodes and abdominal masses reduced during treatment, and the lymphocyte count reduced from 16.19 × 109/L to 1.94 × 109/L. She then received two cycles of the FND regimen [fludarabine (50 mg, d1-3), mitoxantrone (10-24 mg; Shandong Luoxin Pharmaceutical Group Co. Ltd, Shenyang, China), and cyclophosphamide (10 mg, d1-5)] on May 31, 2012, and June 23, 2012. 
The patient was admitted to the hospital again in May 2013 for rapid enlargement of cervical lymph nodes. The diagnosis on admission was small B-cell lymphoma (stage IV)/CLL (Benet stage B). She received two cycles of FND in May and June 2013. Still, the disease progressed, and she received two cycles of R-FC [rituximab (600 mg, d0; Roche Pharma), fludarabine (40 mg, d1-3), and cyclophosphamide (0.3 g, d1-3)] in July and August 2013, followed by one cycle of R-FND [rituximab (600 mg, d0), fludarabine (40 mg, d1-5), mitoxantrone (16 mg, d1), and dexamethasone (20 mg, d1-5)] in September 2013. She received gemcitabine (1.4 g d1, d8), oxaliplatin (150 mg d1), and dexamethasone (20 mg dl-4, d8-11) in November 2013 due to disease progression. 
The patient was hospitalized in February 2018 a third time for evident weakness and generalized lymph node enlargement. The evaluation suggested CLL/SLL stage C and Rai stage IV, which was a high-risk type. High-dose methylprednisolone (0.5 g × 3 d) and gamma globulin (5.0 g × 4 d) was given and followed by R-FC chemotherapy. After six cycles, she was in partial remission. The patient was hospitalized again on February 23, 2019 for generalized lymph node enlargement. The whole abdomen enhanced computed tomography showed multiple enlarged lymph nodes in the neck, chest, and pelvic cavity. Oral ibrutinib (0.42 g, once per day; Catalent CTS LLC) was given, and the lymph nodes diminished in size.

Personal and family history
The patient had no history.

Physical examination
There was no physical examination.

Laboratory examinations
A biopsy showed epidermis absence, ulceration, dermis edema, and diffuse infiltration of tumor cells. Large amounts of large cells and multinucleated giant cell-like tumor cells were found, and pathological nuclear divisions were spotted (Figure 1B-E). Immunohistochemistry showed CD12 (+), S-100 (+), Ki-67 (+, about 30%), CD45 (+), EMA (-), CD15 (-), CK (-), MPO (-), HMB45 (-), CD68 (+, small amount), CD30 (-), CD20 (-), CD3 (-), and CD23 (-) (Figure 2). The pathological diagnosis was a high possibility of interdigitating dendritic cell sarcoma and unclassified dendritic cell tumor (grade 3). Re-examination of the bone marrow showed characteristics of bone marrow changes of CLL/SLL treatment. Flow cytometry of the bone marrow showed that about 5.98% of the cells were abnormally mature B lymphocytes, which expressed CD19 and skappa, some cells also expressed CD5, CD23, and CD200, very few cells expressed immunoglobulin M, and no cells expressed CD10, CD20, CD22, CD34, CD79b, FMC-7, or sLambda. Pathological examination of the bone marrow showed generally normal hyperplasia; some sites were with relatively active hyperplasia, and percentages of granulocytes and erythrocytes were normal. The granulocytes and erythrocytes were mainly dominated by cells more naïve than polychromatic or polychromatophilic cells. The number of megakaryocytes was not reduced, and they were mainly with lobulated nuclei. Lymphoid hyperplasia was found, which showed multifocal distribution, and showed reticular fiber staining (2+), CD3 (-), CD5 (+, some cells), CD20 (+), CD23 (+), CD1a (-), Mum-1 (-), CD79a (+), Ki67 (+, 30％), CD30 (-), CD10 (+, limited cells), S-100 (-), and BCL-6 (-). Findings of the bone marrow examination still met the diagnosis of CLL/SLL.
The scalp mass showed local ulceration of the skin tissues, with mixed cell proliferation and angiogenesis. Some cells were of increased sizes and rich cytoplasm, which were lightly stained and with single nuclear, double nuclei, multiple nuclei, or lobulated nuclei. Lymphocytosis was found in the cytoplasm of some cells, and relatively large amounts of sporadic lymphocytes and neutrophils were found in the background. Mucoid degeneration was found in local interstitial substance, CD1a (+), CD3 (-), CD15 (-), CD20 (-), CD21 (-), CD23 (-), CD30 (+, few), CD45 (+), CD68 (+), S-100 (+, small amount), CK (+, epithelium), EMA (-), Ki67 (+ 80%), MPO (-), and HMB45 (-). In situ hybridization showed Epstein-Barr virus (EBV) -EBVR (-). The patient was diagnosed with skin LCS. A biopsy of the right neck mass showed histiocytic sarcomas. Some areas showed undifferentiated sarcomatoid changes and CD3 (-), C20 (-), CD68 (+), Ki-67 (+, about 15%), CD21 (-), CK (-), HMB45 (-), S-100 (-), CD1a (-), and LCA (+). The patient was then diagnosed with CLL/SLL (Binet stage C, Rai stage IV) accompanied by secondary histiocytic sarcomas and skin LCS.

Imaging examinations
There were no imaging examinations.

FINAL DIAGNOSIS
CLL/SLL (Binet stage C, Rai stage IV) accompanied by secondary histiocytic sarcomas and skin LCS.

TREATMENT
Ibrutinib (0.42 g, QD) was continued.
As LCS is aggressive, the CHOP-E regimen [cyclophosphamide 1.2 g d1, doxorubicin (Wanle Pharmaceutical Co. Ltd, Shenzhen) 80 mg d1, vincristine (Minsheng Pharmaceutical Co. Ltd, Hangzhou) 4 mg d1, etoposide (Qilu Pharmaceutical Co. Ltd) 75 mg d3-5, and dexamethasone 10 mg d1, 15 mg d2-4, 20 mg d5-7, and 15 mg d8-14] was given. The mass in the right neck decreased, but severe bone marrow suppression occurred. Leucocyte promotion and platelet and red blood cell infusion were performed.

OUTCOME AND FOLLOW-UP
The patient died of an acute intracerebral hemorrhage on September 12, 2019.

DISCUSSION
Langerhans cells are dendritic cells (DC) located in epithelial tissues and act as antigen-presenting cells[2]. LCS is an extremely rare tumor and has a very poor prognosis. The median age at presentation is 50 years, and the ratio of male to female is 1.3. Most patients die within 2 years after diagnosis. The patient reported here died 3 mo after the diagnosis of LCS[2].
The etiological factors of LCS include immunosuppression, viruses, and previous hematological diseases[2]. Immunosuppression (such as calcineurin inhibitors) can increase the risk of malignant tumors (2.7-13.7-fold), which increases with the intensity and duration of immunosuppression[7]. Cutaneous and lymphoproliferative malignant tumors are among the most common malignant tumors after transplantation[8]. Malignant tumors induced by EBV and human papillomavirus virus are the most common post-transplant cancers[9]. Merkel cell polyomavirus DNA was detected in LCS tissue samples of 7 LCS patients, and the amplification level was higher than that in Merkel cell polyomavirus-positive Langerhans cell histiocytosis; it was speculated that LCS is likely to be the result of viral infection[10]. Still, the case reported here had no history of organ transplantation, no use of calcineurin inhibitors, and negative EBV mRNA. It is unlikely that the above causes induced the LCS. 
A primary history of CLL/SLL and long-term use of immunosuppressive agents may be the cause of skin LCS[2,4-6,11-13]. Previous studies showed that some CLL/SLL could transform into aggressive hematopoietic tumors of another lineage, such as LCS[2,4-6,11-13]. LCS clonally related to low-grade B-cell lymphomas and leukemias has been described[4-6]. Among the previous studies, one reported that the two malignancies were detected in the same skin biopsy[4], and three other studies reported that the two malignancies were detected in the same lymph nodes[5,6,12]. The mechanism is probably the transdifferentiation of the B cell lineage through direct transdifferentiation of neoplastic B cells into malignant histiocytes/DC, tumor lymphocytes dedifferentiate into early progenitor cells, and then progenitor cells redifferentiate into histiocytes/DCs[4]. It has been reported that the BRAF V600E mutation was found in patients with LCS and concurrent CLL/SLL[5,6]. Because CLL/SLL and LCS existed independently in this case, we did not detect a mutation in the BRAF V600E gene. Besides, the pathogenesis of LCS in this case was unknown.
The Bruton tyrosine kinase (BTK) inhibitor ibrutinib is an inhibitor of the B cell receptor signaling pathway through BTK. It ultimately prevents B cell proliferation, chemotaxis, transport, and adhesion by covalently binding to the cysteine residue (C481) in the ATP binding pocket of BTK. The effective regulation of signal transduction might control the intrinsically invasive tumors to some extent. Still, under the selection pressure by inhibitors targeting the B cell receptor signaling pathway, dedifferentiated or transdifferentiated tumor clones can appear[4,14]. In addition, enhanced maturation of BTK-deficient DC can be stimulated by lipopolysaccharides and their ability to stimulate T cells[15]. After the fusion of mature DC and tumor cells, DC can express tumor antigens in an immunogenic manner. When the DC of the tumor-bearing host engulfs apoptotic or necrotic tumor cells, these DC express tumor antigens in a tolerant manner. The tumor will defeat the host because of the tolerance, produce ubiquitous proto-oncogenes, and transform into malignant clones[16]. Since the case reported here received ibrutinib and ibrutinib can promote the transdifferentiation of B cells into DCs or stimulate the abnormal maturation of DCs, ibrutinib is a possible reason for the development of LCS in the present case. Still, the LCS lesion was not physically found at the same location as a CLL/SLL lesion but might have arisen elsewhere and moved through hematogenous migration. Since not all lesions seen at imaging were biopsied, this remains a possibility.

CONCLUSION
In conclusion, the LCS case reported here is different from the previously reported cases of LCS with CLL/SLL. In the case reported here, LCS occurred on the skin, and there was no CLL/SLL in the same lesion. A possible mechanism is ibrutinib led to the activation of a proto-oncogene, resulting in the malignant transformation of DCs, but this is only a hypothesis.
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Figure 1 Morphology and skin biopsy of the scalp lesion. The patient was admitted for the fourth time and was diagnosed as chronic lymphocytic leukemia/small lymphocytic lymphoma complicated with skin Langerhans cell sarcoma). A: Lesion on the left side of the head, looking like a hanging bag, with a soft texture, a slightly hard base, and ulceration and blood scabs at the tip; B: Skin tissue local ulcer formation (hematoxylin and eosin [HE], × 10); C: Ulcer showed mixed cell proliferation, vascular proliferation (HE, × 20); D: Some cells were enlarged, with a rich cytoplasm, light staining, mononuclear, binuclear, multinucleated, or lobulated nucleus; phagocytosis of lymphocytes could be seen in some cytoplasm. In the background, there were more scattered lymphocytes, neutrophils, and local interstitial mucoid degeneration pustular folliculitis (HE, × 100); E: Some cells were enlarged, with a rich cytoplasm, light staining, mononuclear, binuclear, multinucleated, or lobulated nucleus; phagocytosis of lymphocytes could be seen in some cytoplasm. In the background, there were more scattered lymphocytes, neutrophils, and local interstitial mucoid degeneration pustular folliculitis (HE, × 200).
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Figure 2 Immunohistochemical results. A: Positive immunostaining of cells for CD207/Langerin (magnification × 200); B: Positive immunostaining of cells for CD1a (magnification × 400); C: Positive immunostaining of cells for CD68 (magnification × 400); D: Positive immunostaining of cells for S100 protein (magnification × 200); E: A high proliferation index (Ki67 immunostaining > 80%, magnification × 400); F: Negative Epstein-Barr encoding region mRNA by in situ hybridization.
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