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Abstract
BACKGROUND
Langerhans cell histiocytosis (LCH) is a rare disease of unknown etiology. LCH involving the thymus is mainly seen in pediatric patients and is extremely rare in adults. In this report, we describe a rare case of LCH originating from the thymus in an adult.

CASE SUMMARY
[bookmark: OLE_LINK2]A 56-year-old man was admitted in April 2022 with complaints of intermittent dizziness since 2020, which had worsened in the previous 10 d. The physical chest examination was negative, and there was a history of hypertension for > 2 years. Chest computed tomography showed a nodular soft tissue density shadow in the anterior mediastinum measuring approximately 13 mm × 9 mm × 8 mm. Postoperative pathological findings confirmed the diagnosis of LCH.

CONCLUSION
It is challenging to differentiate LCH involving the thymus from thymoma in imaging features. Pathological biopsy remains the gold standard when an anterior mediastinal occupying lesion is found.
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Core Tip: Langerhans cell histiocytosis (LCH) is an infrequent clinical hematological disorder. The gold standard for diagnosis is surgical biopsy for pathological examination and immunohistochemical analysis. We report a rare case of LCH with monosystemic involvement, which, when combined with previous case reports of LCH, reveals that LCH involving only the thymus is extremely rare in adults. The imaging features are similar to those of thymoma and may provide additional diagnostic ideas in the detection of anterior mediastinal occupations.

INTRODUCTION
Langerhans cell histiocytosis (LCH) is a group of immature dendritic cell proliferation disorders with complex pathogenesis that has not yet been defined[1]. LCH can affect almost all systems, with the most commonly affected organs include bones, skin, pituitary, liver, spleen, bone marrow, lungs, and lymph nodes. LCH involving the adult thymus is extremely rare. Its clinical manifestations include pain, splenomegaly, fever, cough, polyhydramnios, headache, protruding eyes, enlarged lymph nodes, unstable walking, and even neuropsychiatric symptoms. It has a low incidence and can be seen in any age group, mostly in children, but in adults, it is most insidious, often with a chronic course, and the specific treatment is not yet validated[2]. In this case report, we present an adult patient with a highly suspicious thymoma of anterior superior mediastinum, with a postoperative pathological diagnosis of LCH involving only the thymus.

CASE PRESENTATION
Chief complaints
A 56-year-old man was admitted to the hospital with intermittent dizziness, and chest computed tomography (CT) suggested an anterosuperior mediastinal lesion.

History of present illness
The patient was admitted to our Cardiology Department on March 31, 2022 with suspected hypertension because of intermittent dizziness for 2 years, aggravated for > 10 d. Routine chest CT indicated an occupying lesion of about 13 mm × 9 mm × 8 mm in the superior anterior mediastinum, which was highly suspected to be a thymoma after consultation with our Department of Thoracic Surgery. After blood pressure was stabilized, the patient was referred to our department for surgery to clarify the nature of the lesion.

History of past illness
The patient was previously treated with surgery for thyroid nodules at a local hospital 3 years ago, with no other specific medical history or history of particular medications.

Personal and family history
The patient denied any family history of related diseases. He has been drinking alcohol for > 20 years (400 mL/time).

Physical examination
On physical examination, the vital signs were as follows: Body temperature, 36.7 °C; blood pressure, 167/100 mmHg; heart rate, 80 beats per min; respiratory rate, 18 breaths per min. No positive signs on chest examination.

Laboratory examinations
Laboratory examination results showed no abnormalities.

Imaging examinations
[bookmark: OLE_LINK1]Chest CT on admission showed a nodular soft tissue density shadow in the anterior mediastinum of about 13 mm × 9 mm × 8 mm, and a more uniform enhancement was seen on the enhancement scan, with CT values of 38, 63 and 61 HU in the two phases of scanning and enhancement, respectively (Figure 1). The skin and bones showed no abnormalities, and no relevant clinical manifestations such as muscle weakness. No significant abnormal finding were seen on cranial CT and abdominal ultrasound.

Pathological examination
We considered the possibility of thymoma before the operation, and after obtaining consent from the patient and family, we performed a right thoracoscopic resection of the anterior mediastinal mass and sampled three nearby lymph nodes. Postoperative pathological findings showed that the nodule was approximately 1.3 cm × 0.9 cm × 0.8 cm in size, with solid gray–white slightly hard and poorly defined cut surface and gray–yellow surrounding the tissue cut surface. Combined immunohistochemical staining supported LCH with surrounding thymic tissue. Immunohistochemical staining showed: S100 (+), CD1a (+), CD68 (partial +), CD163 (partial +), cyclin D1 (+), CD21 (-), and Ki-67 (active area about 25% +). There were three lymph nodes with reactive hyperplasia (Figure 2).

FINAL DIAGNOSIS
Based on clinical presentation, imaging, and pathological findings, the final diagnosis of LCH with thymic involvement was established.

TREATMENT
[bookmark: OLE_LINK3]After excision of the lesion and a comprehensive assessment of the patient’s overall condition, the patient was referred to the Hematology Department, where further positron emission tomography (PET)/CT, cranial enhancement magnetic resonance imaging (MRI) and bone marrow examination revealed no other lesions (Figure 3). The patient was considered to have LCH involving only the thymus. Considering that the patient had only a single systemic involvement, clinical observation was continued, and no recurrence or metastasis was observed 3 mo after surgery.

OUTCOME AND FOLLOW-UP
Chest CT at 3 mo postoperatively showed good healing (Figure 4). At the time of writing, the patient is still being followed up.

DISCUSSION
LCH is a rare proliferative disorder of the dendritic and reticulocyte systems, which belongs to the category of histiocytic neoplasms in hematological diseases, and is characterized by abnormal proliferation of cells of the monocyte–phagocyte system and tissue infiltration as the main pathological features[3]. Lesions can involve almost every system of the body. According to the latest National Comprehensive Cancer Network guidelines, LCH can be classified by its clinical characteristics and the extent of lesion involvement into four types: Single system, pulmonary-involved, multisystem with risk organ involvement, and multisystem without risk organ involvement[4].
The pathogenesis associated with LCH is not yet clear, and most believe that the cause may be related to immune dysfunction, cytokine mediation, viral infection, smoking, and genetic factors. LCH is essentially a group of myeloid tumors of LC origin[5], and studies in recent years have identified mutations in the proto-oncogene BRAF-V600E in LC of LCH patients, further supporting the idea that LCH is a clonal neoplastic disease[6], and since then mutations in alternative activating mitogen-activated protein kinase (MAPK) pathway genes have been identified. The condition is more common in children, with an incidence of 4–8 cases per million people, while LCH in adults is rare, with an incidence of only one or two cases per million people, mostly in men, with a male to female ratio of about 3.7:1[7,8]. Common sites of LCH involvement include the bones, skin, pituitary gland, liver, spleen, bone marrow, lungs, and lymph nodes[9]. In most cases, in older children and adults, LCH presents with monosystemic involvement, usually involving the skeleton. In adults with a long smoking history, the lungs are also vulnerable[10], less frequently affecting the skin, lymph nodes, etc., and more rarely the thymus.
The diagnosis of LCH is mainly based on clinical and radiological findings, with acute onset in pediatric patients and insidious onset and milder symptoms in adult patients. In this case, there was no special discomfort, and the physical examination showed negative results. Only an occupying lesion in the anterior mediastinum was found during routine chest CT, and further investigation was performed to clarify the nature of the lesion. According to the literature, LCH occurring in the thymus of children mostly shows an abnormal enlargement of the thymus and mostly punctate calcifications on CT[11]. Due to the continuous degeneration of the thymus with age, LCH involving the thymus is extremely rare in adults. There is no literature that systematically describes the relevant features of LCH occurring in the thymus of adults on CT. Among the anterior mediastinal masses, lesions caused by tumors of the thymus, lymph nodes, and germ cells are more common. Benign thymoma mostly appears on CT as a round or oval mass in the superior anterior mediastinum with clear and lobulated margins and mostly uniform density. In contrast, malignant thymoma (type B) mostly appears as a lobulated or irregularly shaped mass with unclear margins, loss of fatty lines, uneven density, and susceptibility to cystic transformation and necrosis[12]. However, in this case, CT showed nodule-like soft tissue density shadow with unclear marginal boundaries, and the enhancement scan showed more uniform enhancement, which caused a significant problem for the initial diagnosis of the disease. For diagnosing LCH, histopathological examination remains the gold standard, and surgical biopsy and histological analysis are mandatory in most cases to plan the best treatment[13]. In the pathological presentation of LCH, the inflammatory background is usually myeloid in the spectrum and contains abundant eosinophils. LCH consistently expresses S100 and cyclin D1 and has mutations in genes leading to excessive activation of MAPK pathways[14]. CDla is a differentiating antigen of LC with persistent, stable expression, and it is considered the best choice for identifying human peripheral blood and bone marrow dendritic cells. The finding of Birbeck granules or positive CDla antigen in lesioned cells by electron microscopy is the most compelling evidence for diagnosing LCH[10]. In this case, we surgically removed the anterior mediastinal space and sampled the nearby lymph nodes, and it was through pathological examination of the tissue and immunohistochemical staining that the results indicated positive S100 and CDla antigens in the thymus tissue, and the preliminary diagnosis was LCH. The diagnosis of LCH involving only the thymus was confirmed by PET/CT, cranial MRI and bone marrow aspiration after surgery.
The prognosis of LCH is closely related to the patient’s age at onset, the number of organs involved, the degree of functional impairment, and response to treatment, with a better clinical prognosis for low-risk LCH. There is no standard therapy for adult LCH, and no prospective trials have been conducted in this population; treatment of adult LCH is based on pediatric treatment criteria. In patients with single-system involvement of LCH, surgical resection to remove the lesion and postoperative combination with radiotherapy or local chemotherapy to reduce the recurrence of the disease, depending on the assessment of the disease, are most feasible and most patients can survive for a long time[15]. High-risk patients with involvement of bone marrow, liver, spleen and other organs are mostly treated with systemic chemotherapy regimens but still have a high recurrence rate. Some studies have reported that hematopoietic stem cell transplantation can improve the survival rate of patients with refractory LCH. The post-transplantation survival rate (55%) is significantly higher than the overall survival rate (20%)[16]. It is now considered that hematopoietic stem cell transplantation can be used as a remedial treatment after the failure of chemotherapy for refractory LCH.

CONCLUSION
In this case of primary adult thymic LCH, there were no obvious clinical symptoms, no significant abnormalities on physical examination and routine laboratory tests, and imaging findings were difficult to differentiate from thymoma. The onset of the disease is insidious, and surgical biopsy and pathology remain the gold standard for confirming the diagnosis. Due to the scarcity of clinical data, this case may have important clinical implications, suggesting new ideas for initial diagnosis when anterior mediastinal occupying lesions are found. That attention should be paid to rarely involved sites and commonly involved organs when screening for LCH lesions.
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Figure Legends
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Figure 1 Imaging and macroscopic examination of the anterior mediastinum occupancy. A and B: Plain computed tomography (CT) of pulmonary window (A) and mediastinal window (B) showed anterior mediastinal mass; C and D: The enhanced CT of pulmonary window (C) and mediastinal window (D) showed no significant enhancement of the anterior mediastinal mass.
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Figure 2 Histopathological analysis and immunohistochemical examination of the resected specimen. A: Hematoxylin and eosin staining (200 ×); B-G: Immunohistochemical staining for (B) S100 (200 ×), (C) CD1a (200 ×), (D) CD163 (200 ×), (E) cyclin D1 (200 ×), (F) CD21 (200 ×) and (G) Ki-67 (200 ×).
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Figure 3 18F-fluorodeoxyglucose positron emission tomography showed positive uptake of the mass, suggesting no systemic metastasis.
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Figure 4 Computed tomography of the chest at 3 mo after surgery. A: Plain Computed tomography (CT) of pulmonary window showed good postoperative healing; B: Plain CT of mediastinal window.
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