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Abstract
BACKGROUND
Erdheim-Chester disease (ECD) is a rare multi-system or multi-organ histiocytic proliferative disease with diverse clinical manifestations, and the development of the disease is complex, which makes clinical diagnosis and treatment difficult. The characteristic clinical manifestations include multi-organ involvement, especially in the symmetrical diaphysis and metaphysis of the bilateral extremities. ECD with a unilateral talus lesion is extremely rare. Here, we report an unusual case of ECD invading the asymmetric talus and tibia without involving other organs. The patient had good outcome after surgery.

CASE SUMMARY
We report a case of a 67-year-old man who was referred to our outpatient department because of left ankle chronic pain for 5 years, which exacerbated after a foot sprain 6 mo previously. We discovered multiple sclerotic lesions of the tibia and talus on his previous X-ray films, which were initially missed in a local hospital. Therefore, enhanced computer computed tomography (CT) and magnetic resonance imaging were performed. These examinations showed multiple lesions in the bone marrow cavity of the left tibia, and cortical sclerosis and osteonecrosis of the left talus. Specimens were collected via bone puncture from the two lesions, and a final diagnosis of ECD was confirmed by pathological and immunohistochemical examinations. In addition, other auxiliary examinations including head CT, pulmonary CT, spinal CT, abdominal CT, cardiac ultrasound and thyroid ultrasound showed no obvious abnormalities. The patient underwent surgery for the tibia lesion scraping and talus lesion scraping combined with cement casting. The patient started on a progressive rehabilitation at 4 wk, and felt no pain after surgery. During a 2-year follow-up period, the patient exercised normally without pain, and there were no signs of recurrence.

CONCLUSION
This study shows that surgery treatment may also achieve good results for ECD patients with only bone involvement.
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[bookmark: OLE_LINK5]Core tip: Erdheim-Chester disease (ECD) is a subtype of non-Langerhans’s cell histiocytosis, for which diagnosis is difficult and no treatment guidelines have been available. In addition, ECD is a systemic disease with multi-organ involvement, and especially affects the symmetrical diaphysis and metaphysis of the bilateral extremities. We report the first case of ECD invading the unilateral tibia and talus without involvement of any other organs. The patient was treated with surgery, and had a good prognosis, which added evidence to the diagnosis and treatment of this disease.


INTRODUCTION
Erdheim-Chester disease (ECD) is a subtype of non-Langerhans’s cell histiocytosis with multi-system invasion and poor prognosis, which is now thought to be an inflammatory histiocytic disease caused by oncogene mutations[1-5]. Studies have shown that almost half of the patients with ECD have the BRAFV600E mutation, and this oncogene mutation activates the mitogen-activated protein kinase pathway, which is involved in the histiocytosis pathogenesis of inflammation and fibrosis[3,4,6,7]. In addition, typical histopathology revealed activated fibro-inflammatory histiocytes and Touton giant cells. This disease mainly occurs in adults between the fourth and seventh decades of life, with a slight male predominance[6,8].
Due to its multiple clinical manifestations and lack of specificity, diagnosis of ECD is difficult. ECD can potentially occur in all organs of the body with multi-system involvement, most commonly affecting bones, the central nervous system, cardiovascular system, lungs and retroperitoneal cavities[9]. Bone pain is the most common clinical presentation, and other frequent extra-skeletal presentations include periaortic infiltration as “coated aorta” in the cardiovascular system, and perinephric fat infiltration as “hairy kidney” in the urinary system. Therefore, it may become a fatal illness when extensive central nervous, pulmonary and other systems are affected[10].
The characteristic X-ray presentation of ECD is the symmetrical osteosclerosis of the extremities, and generally on the diaphysis of appendicular long bones. In addition to typical osteosclerosis, it may also be associated with partial epiphysis sclerosis, periostitis, and even bone infarction[11]. The disease rarely involves only bone or unilateral limbs, and most patients with bone involvement are accompanied by extra-bone lesions. In addition, asymmetric talus and tibia involvement without other organs affected has not been reported in the literature.
There are few prospective studies or randomized controlled clinical studies on ECD, so the treatments are mainly based on case reports or empirical summaries, and there is still a lack of high-level evidence. In general, except for a small number of asymptomatic patients, all patients should start treatment immediately after the disease is found rather than observe, and many therapies have been used for this disease. Currently, through in-depth studies of the pathogenesis of ECD, treatments such as interferon-α recommended as the first-line therapy, anakinra (IL-1 receptor antagonist), vemurafenib (specific BARF inhibitor) and cobimetinib (specific MEK inhibitor) have been proven to have various efficacies[4,12-18]. Besides, surgical treatment can also achieve good results[19-21]. However, there is still a lack of standard guidelines for the surgical treatment of focal bone lesions with ECD involvement. We aim to share our experience in managing a case of ECD with asymmetric bone involvement, and suggest the feasibility of surgery.

[bookmark: _Hlk26436192]CASE PRESENTATION
Chief complaints
A 67-year-old man complained of left ankle pain with slight limitation of motion.

History of present illness
The patient had a 5-year history of left ankle chronic pain, which exacerbated after a foot sprain 6 mo previously. The patient suffered from pain in his left ankle during walking. He noted some swelling in the left medial malleolus region but no fever, chills or loss of weight.

History of past illness
His past history was unremarkable.

Personal and family history
His family history was unremarkable.

[bookmark: _Hlk22740461]Physical examination upon admission
Physical examination showed swelling in his left medial malleolus region with tenderness. He presented with pain and weakness in eversion.

Laboratory examinations
The laboratory tests showed a white blood cell count of 6.09 × 109/L, C-reactive protein of 1.64 mg/L and erythrocyte sedimentation rate of 2.00 mm/h. Biopsies were obtained from the affected tibia and talus for pathological and immunohistochemical examinations. Microscopy revealed foamy histiocytes filled with lipids and granulomatous inflammation containing fibrous tissue, lymphoid tissue, plasma cells and Touton giant cells. Immunohistochemical examination showed positive expression of CD68 and AACT, but negative expression of CD34, S100 and CD1a (Figure 1). In addition, molecular pathologic examination was negative for the BRAFV600E mutation.

Imaging examinations
We discovered osteosclerosis of the talus and tibia on the previous plain X-ray film taken by the patient 5 years ago, which was initially missed at a local hospital (Figure 2). His recent left tibiofibular X-ray showed irregular osteolytic lesions in the talus, and focal osteosclerosis in the distal tibia (Figure 3). The computer tomography (CT) revealed left talus osteolytic destruction and cortical discontinuity of the anterior articular surface (Figure 4). Magnetic resonance imaging (MRI) revealed lesions of the talus and tibia hypointense on T1-weighted images (T1WI) and hyperintense on T2-weighted images (T2WI) (Figures 5 and 6). The whole-body technetium bone scan showed increased asymmetric uptake at the left talus and tibia (Figure 7).

FINAL DIAGNOSIS
Erdheim-Chester disease with a wild-type mutation in the BRAFV600E gene.

TREATMENT
Based on the X-ray findings over a 5-year period, the patient was found to have relatively slow progress of the disease, and the other organs were not involved. Moreover, side effects of IFN and other drugs were frequently reported, so surgery was performed after consent was obtained from the patient. The patient was placed in a supine position with a thigh tourniquet. An anterior medial incision was made to avoid osteotomy of the medial malleolus. Intraoperatively, synovial hyperplasia was found in the ankle joint. A tawny and soft osteochondral lesion without obvious envelope was found in the neck and body of the talus. Complete resection of the astragalar lesion was performed, and specimens were sent for pathological examination. As there was a large area of defective bones in the internal side of the talus, combined with a small area of defective cartilage, bone cement was cast into this defective area without extending beyond the borders and damaging the surrounding tissues. A small incision was made in the distal tibia, and the diseased tissue in the medullary cavity of the tibia was completely scraped away. After sufficient hemostasis, the incision was covered with a dressing.

[bookmark: _Hlk22740537]OUTCOME AND FOLLOW-UP
Close follow-up was conducted after operation. At 1 mo after surgery, the patient was examined in our outpatient department. No postoperative incision infections or complications were found. At 6 mo post-operatively, the patient could walk normally without pain or limited mobility, and CT showed that the lesion in the talus was completely removed and the bone was filled with cement (Figure 8). During a 2-year follow-up period after the surgery, X-ray and whole-body bone scans showed no abnormalities, and no evidence of recurrence or metastasis was recorded (Figures 7 and 9).

DISCUSSION
[bookmark: _Hlk22740553]The diagnosis of ECD is based on characteristic pathological findings, clinical manifestations and unique imaging features[5,9]. The most common pathological manifestation is diffuse sclerosis characterized by foam-like adipose tissue infiltration and granulomatous inflammation containing fibrous tissue, lymphoid tissue, plasma cells and Touton giant cells. Histologically, CD68(+), CD34(-), CD1a(-) and S100(-) were observed in immunostaining[22]. The clinical manifestations range from mild asymptomatic focal lesions to severe life-threatening multiple organ dysfunction syndrome, which are especially common in the diaphysis and metaphysis of long bones[23]. Affected extra-osseous organs include cardiovascular, respiratory, central and neuroendocrine, orbital, retroperitoneal and other rare sites[22].
In recent years, with the deepening of imaging research, diagnosis, evaluation, monitoring and follow-up of ECD become increasingly important. X-ray is the primary method of examining changes in bone structure; CT, MRI and radionuclide bone scans are more sensitive to early and hidden lesions. The unique imaginary feature is the symmetrical osteosclerosis of the long bone, and it may also be associated with partial epiphysis sclerosis, periostitis, and even bone infarction[11]. MRI is highly sensitive to bone marrow infiltration, which shows that normal intramedullary fat is replaced by abnormal hyperplasia tissue. In addition to assessing the extent of bone marrow infiltration, MRI can clearly show changes in the periosteum and cartilage.
ECD affecting the unilateral talus is rare, and may be easily missed in diagnosis. Up to date, there are only about 1000 cases reported in the literature. The disease may be ignored by inexperienced clinicians, leading to delayed diagnosis. In general, ECD can occur in any site of the body, but almost all patients have symmetrical osteosclerosis of the limb long bone, such as the femur, tibia and fibula. Our patient only had unilateral talus and tibia involvement, while no lesions were found in the rest of the body. According to the literature review, all the affected bones are above the ankle plate. Epiphysis, articular cartilage and talus involvement has been scarcely reported previously[9-11,22]. Anatomically, there is no muscular attachment to the talus, all the bones are surrounded by the articular surface of cartilage, and there is also cartilage continuation at the edge of the upper articular surface; in addition, the main blood supply comes from the dorsal foot artery, which passes into the body from the talus anterolateral neck[24]. In the case of trauma, destruction of the talus is likely to occur due to cartilage damage or ischemic necrosis caused by blood supply interruption. Extensive synovial hyperplasia, articular cartilage damage and severe bone destruction of the affected talus were discovered during surgery. Upon reaching this point, we are faced with two possibilities: one would be the disease itself, which exacerbates bone and cartilage destruction. Considering that the patient had a history of trauma, the other possibility is that trauma as an inducement would lead to bone destruction and articular cartilage damage of the affected talus, which further exacerbates the deterioration of ECD.
To date, many different drugs for ECD have been explored, but few prospective studies or randomized controlled clinical studies are being conducted. Currently, the best ECD treatment is IFN-α and PEG-IFN-α therapy. A prospective, non-randomized, observational cohort analysis of 53 ECD patients revealed that 46 patients with ECD who received IFN-α- or PEG-IFN-α-based treatment had increased overall survival[12]. Numerous adverse events such as fever, fatigue, gastrointestinal symptoms and depression were observed. Anakinra has also been available as an IL-1 receptor antagonist[15,16]. In addition, based on the pathogenesis that almost half ECD patients have the BRAFV600E mutation and almost all ECD tissue samples are active in extracellular signal–regulated kinase phosphorylation, the use of vemurafenib as a specific BRAF inhibitor and cobimetinib as a specific MEK inhibitor resulted in good therapeutic effects as well[13,14,25]. However, the most frequent side effects with vemurafenib or cobimetinib were skin complications, gastrointestinal symptoms and rhabdomyolysis. There are very few studies on the surgical treatment of ECD. Alfieri et al[19] have confirmed that surgical resection and radiation therapy can be a good treatment choice for cerebral lesions; Wimpissinger et al[20] have reported that renal complications in ECD should be considered as part of the surgical strategy; and Mahoozi et al[21] have concluded that surgical treatment is an option in the management of isolated cardiac ECD. Here, we describe a unique case of ECD that only affected the focal talus and tibia, but no other organs. The lesions were completely removed by surgery, and there was no recurrence or metastasis during the 2-year follow-up period.

CONCLUSION
Although different drug treatments for ECD have been reported, surgery for bone involvement alone should also be considered to avoid side effects caused by drugs. Given its rarity, further research on ECD, as well as a comparison of the clinical efficacy of surgery and medication, will undoubtedly be vital and difficult.
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Figure 1 Histopathological findings of the lesions (100 ×). A: Hematoxylin-eosin stains of the specimen; B: Immunohistochemistry showing positive staining for CD68; C: Immunohistochemistry showing positive staining for ACTT; D: Immunohistochemistry showing negative staining for CD34; E: Immunohistochemistry showing negative staining for S100; F: Immunohistochemistry showing negative staining for CD1a.
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Figure 2 Plain X-ray film taken 5 years ago showed slight osteosclerosis in the tibia and the talus (white arrow).
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Figure 3 Plain anteroposterior radiography of the tibiofibula indicated osteosclerosis in the tibia and osteolytic lesions in the talus (arrow). 
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Figure 4 Computed tomography clearly suggested the left talus osteolytic destruction and cortical discontinuity of the anterior articular surface (white arrow).
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Figure 5 Magnetic resonance imaging showed osteolytic lesions in the talus hypointense on T1WI and hyperintense on T2WI (white arrow).
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Figure 6 Magnetic resonance imaging suggested a marrow-replacing infiltrative lesion of the tibia hypointense on T1WI and hyperintense on T2WI.
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Figure 7 Comparison of preoperative and postoperative whole-body bone scans.
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Figure 8 Computed tomography showed that lesions in the talus were completely removed and the bone was filled with cement casting.
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Figure 9 Postoperative plain X-rays indicated complete lesion removal and no signs of recurrence. 
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