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Abstract

To find out the most appropriate management, clinical features of 18 cases of adult multisystem langerhans cell histiocytosis (LCH) have been analyzed. The patients comprising of 9 males and 9 females were median age of 36 years, ranging from 18-53 years at diagnosis. Regarding the initial symptoms, 7 patients (2 males and 5 females) showed central diabetes insipidus (CDI) and other endocrine symptoms with thickened pituitary stalk or a mass at the hypothalamic region. Additional 2 patients initiated the disease with CDI with no immediate diagnosis. In the remaining patients, the disease begun with single (n = 3) or multiple (n = 1) spinal bone lesion(s) in 4 patients (all males), with multiple bone lesions in 3 patients (1 male and 2 females), with single skull lesion in one female patient and with ambiguous symptoms including hypothyroidism in the remaining one male patient. We also recognized the correlation between pregnancy/ childbirth and LCH in 4 patients. In terms of treatment, 9 patients received systemic immuno-chemotherapy alone, of which the majority received vinblastine-based chemotherapy while 4 received 2-chlorodeoxyadenosine. Five had a combination of immuno-chemotherapy with surgical resection or radiotherapy, 2 had immunotherapy with bisphosphonate alone, 1 had surgical resection alone and 1 had observation alone to date. Three patients received hematopoietic stem cell transplantation after extensive chemotherapy. In terms of outcome, 15 patients are alive (12 with active disease, 3 without active disease), with a median of 66 mo (range 17-166 mo), two died of disease while the remaining 1 lost to follow-up. Based on these results, we think that early diagnosis and rapid introduction of appropriate treatment are essential, in order to overcome the problems relevant to adult LCH. 
( 2013 Baishideng. All rights reserved.
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Core tip: Clinical features and treatment in a total of 18 adult patients with langerhans cell histiocytosis (LCH) were reviewed. We found two major groups regarding the initial symptoms; one was central diabetes insipidus and other endocrine symptoms (n = 9) and the other bone diseases (n = 8; 1 skull, 4 spinal and 3 multiple). We also recognized the correlation between pregnancy/ childbirth and LCH in 4 patients. Based on the clinical features and outcomes, early diagnosis and rapid introduction of appropriate treatment are essential, in order to overcome the problems relevant to adult LCH. 
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INTRODUCTION

Langerhans cell histiocytosis (LCH) is a rare lymphoproliferative and granulomatous disease comprising of CD1a-positive LCH cells, T-cell lymphocytes, macrophages, eosinophils and other cells[1-3]. About two-thirds of LCH cases are seen in childhood, with the remaining occurring in adulthood[4]. Information on clinical features in adult LCH patients is limited[5,6]. While pediatric LCH has been extensively investigated, adult LCH remains poorly scrutinized, except for characteristic pulmonary diseases, which is closely related to smoking[7,8]. Epidemiology of non-pulmonary adult LCH is still poorly understood. LCH is an enigmatic disease that is thought to be caused by a pathological combination of oncogenesis and immune dysregulatio[1-3]. Arico et al[5] analyzed 274 biopsy-proven adult LCH cases from 13 countries; the mean ages at the onset and diagnosis of disease were 33 years and 35 years, respectively, with single-system LCH (SS-LCH) 31.4% and multisystem disease (MS-LCH) 68.6%. Central diabetes insipidus (CDI) was found in about one third (29.6%) of the patients. The probability of survival in these cases at 5 years post-diagnosis was 92.3%, indicating that the adult LCH is not necessarily a fatal disease, but the highly problematic in adults is the impaired quality of life associated with active disease, particularly of MS-LCH. Based on our previous literature review on 43 Japanese adult cases[4], age distribution showed a peak at 20-40 years of age (31/43 cases, 72%), particularly in females in the 3rd decade. Five cases (11.6%) were older than 55 years. In terms of involved organs, beside lungs (n = 15) which are the most frequently involved organ, bone (n = 11), CDI (n = 10), skin (n = 8), followed by various organs were noted in these adult cases. The LCH in adults excluding isolated pulmonary disease could be comparable with those in childhood; however, the characteristics in adult disease remain elusive. Here, we present a case series on recently treated 18 adult MS-LCH and review clinical features with specific issues relevant to adult patients, including imaging of characteristic findings. Regarding the treatment/outcome, there seems to be a significant progress in recent cases described here, compared to the cases in our previous literature review[4]. In this case series, we also attempted to find out the appropriate therapeutic measures in adult LCH patients. 
CASE REPORT

Patients and methods
Adult (> 18 years) LCH cases referred to the authors for treatment and/or consultation during the period of 1999-2012 have been analyzed for clinical characteristics and treatment. Cases of isolated pulmonary LCH were excluded in the analysis. The patients comprising of 9 males and 9 females were median age of 36 years, ranging from 18-53 years at diagnosis. The diagnosis of LCH was confirmed immunohistochemistry (S100+, CD1a+ or CD207+) on the biopsied or resected tumors in all patients. In terms of treatment, besides surgery/radiotherapy or immunno-chemotherapy, all patients with CDI were given nasal desmopressin acetate hydrate (DDAVP) and those with other endocrine symptoms received hormonal replacement therapy. Outcome at the last follow-up was defined as alive with no active disease (ASD), alive with disease (AWD), or died. The follow-up period of the 15 patients excluding 1 lost-to follow up and 2 deceased was a median 66 mo (range 17-166 mo). Of these cases, Cases 13-16 were previously published focused on the endocrine problems[9]. Case 17 were included in an analysis of LCH-related neurodegenerative disease[10] and Cases 4 and 17 were also included in a therapeutic trial of LCH[11]. Case 10 was briefly reported as a case of multiple bone lesions[12]. 
Case 1 
A 27-year-old female complained of amenorrhea and polyuria/ polydipsia after her second childbirth. She was found to have a mass at the hypothalamic pituitary region (HPR), the biopsy of which revealed LCH. She was treated with radiotherapy (20 Gy) to the CNS mass, oral prednisolone (PSL) and DDAVP. No other LCH lesions developed in this case, thus no other systemic chemotherapy was given. In terms of outcome, she has been lost to follow-up.
Case 2 
A 25-year-old female developed amenorrhea and polyuria/ polydipsia after her second childbirth. She had a mass at the HPR, and granulomatous lesions at the nasal alar parts as well as thyroid mass, which biopsy revealed LCH. At first she was treated with hydrocortisone, DDAVP and levothyroxine sodium. Four years later, multiple LCH lesions were noted at her scalp, perineal-anal regions, subcutaneous abscess-like lesions at the lumbar area, cervical subcutaneous mass. She was treated with systemic chemotherapy (cyclophosphamide/etoposide/PSL), but remained in a partial remission. Particularly, her recalcitrant fistula-forming subcutaneous lesions were probably related to her poorly controlled diabetes mellitus. Eventually, she died of sepsis-induced disseminated intravascular coagulation (DIC).
Case 3
A 35-year-old female developed multiple masses after childbirth at the right subauricular and subscaplar regions and right 5th rib, which biopsy revealed LCH. She then developed multiple bone lesions at the spine (C2, C4, C5, Th3-4), clivus, occipital bone, as well as subcutaneous masses (at her left upper arm and elbow). The lesions at the Th3-4 caused paresis due to spinal compression, which needed laminectomy. She was initially treated with bisphosphonate alone, but thereafter with intensive systemic chemotherapy (JLSG-96 protocol)[13], including vincristine and cytosine arabinoside. However, 2 years later, she needed allogeneic hematopoietic stem cell transplantation (HSCT) because of progressive disease. The patient has currently been alive without active disease (ASAD). 
Case 4
A 37-year-old male was found to have CDI, in association with hyper-prolactinemia (seum PRL 56.1 ng/mL). A thickened pituitary stalk was demonstrated on brain magnetic resonance imaging (MRI), which biopsy revealed LCH. Since then he developed multiple bone lesions at spines (cervical, lumbar), bilateral ilium, left sacroiliac joint, and bilateral ribs as well as skin lesions (Figure 1A) and cervical lymphadnopathy. He was treated first with PSL and bisphosphonate followed by systemic chemotherapy (JLSG-02 protocol)[13]. One year later, because of progression of the disease (Figure 1B and C), he received HSCT and has currently been in a state of ASAD. 
Case 5 
A 40-year-old male complained first of mandibular pain. He was found to have multiple bone lesions (left mandible, left temporal, occipital, bilateral femurs, cervical spines and right petrous bone. Biopsy of the temporal bone lesions revealed LCH. He was treated with irradiation (6 Gy) to the left petrous bone and systemic chemotherapy, including vinblastine (VBL) and PSL followed by the JLSG-96 protocol[13] and bisphosphonate; however, reactivation occurred to C1, C2, right mandible, Th5, bilateral femur distal end. Thereafter, he responded well to the chemotherapy with 2-deoxychloroadenosine (2CDA; cladribine). The patient has currently been in a state of ASAD.
Case 6
A 46-year-old female, who was first noted to have thyroid cysts at age 43, complained of back pain and found to have a compression fracture of Th4. A year later she complained of right rib pain. Positron emission tomography (PET) scan revealed hot spots (SUVmax; 7.0) at the both thyroid lobe (Figure 2A) as well as other numerous hot spots at the deep cervical lymph nodes, right scapula, right ilium as well as right rib. Another year later, right lobe of the thyroid was removed, which was diagnosed as LCH. She also received a resection of right rib, which was also found to be LCH. Since then, she was treated with VBL and prednisolone (PSL); however, treatment was stopped because of VBL neurotoxicity. Thereafter, new bone lesions at the frontal bone, rib, ankle, knee, etc. She gave births two children; however, the initiation of LCH was not relevant to her childbirth. The patient has continued to have active disease (alive with active disease, AWAD).
Case 7
A 40-year-old male complained of nuchal and left-shoulder pain without any triggering events. With MRI, he was found to have a mass at the left upper and lower articular processes and part of the left articular arch of C3, which was positive for Ga67 bone scintigraphy. This mass was totally resected. Nearly 2 years later, he had a tender and soft swelling at the right sided parietal bone (Figure 2B), which was also positive for Ga67 scintigraphy. This tumor was again resected. Both tumors were diagnosed as LCH. Currently at age 46, the patient has been followed up without receiving any systemic chemotherapy and in a state of ASAD.
Case 8
A 40-year-old male was found to have a mass at the left articular arch to the spinous process of C6, which was significantly hot (SUV max; 6.6) with PET scan (Figure 3). The mass was biopsied, which was diagnosed to be LCH. Since the CT scan showed the lymphadenopathy at the bilateral axillary as well as inguinal area. Thus, an inguinal node was biopsied, which also showed LCH with complex karyotypes. Past history showed he had a severe atopic dermatitis since age of 20, treated with Protopic (tacrolimus hydrate) ointment. He was treated with systemic chemotherapy (VBL/methotrexate/PSL/bisphosphonate). The patient has currently been treated for active C6 lesion.
Case 9
A 27-year-old female, who had been treated for atopic dermatitis since childhood, was noted to have a swelling at the right orbit. MRI showed a mass lesion at the right temporal bone extended to the adjacent muscle, which consisted of heterogeneous components (Figure 4A and B). The mass was extensively removed by surgery and the diagnosis of LCH was made. PET scan did not reveal any other suspected lesions. Thus, she was put on observation alone. The patient has been followed up longer than two years without reactivation of the disease. No CDI has occurred and the patient has been in a state of ASAD.
Case 10
A 31-year-old male was first noted to have 1st thoracic spine lesion at age 25, which was biopsied and diagnosed as LCH. Two years later the systemic bone survey revealed a skull lesion, which was surgically removed. Two more years later, he had difficulty in opening mouth and was diagnosed to have a lesion at the mandible bone. Since then he was treated with PSL and bisphosphonate. Nevertheless, he complained of right sided lumbago two more years later due to the involvement of newly appeared iliac bone lesions. Currently the patient has had multiple bone lesions as well as CDI. He needed further systemic chemotherapy for active disease.
Case 11
A 53-year-old female first developed CDI at age of 41. Two years later, she was noted to have a right mandibudar bone mass which was totally resected; however, diagnosis remained unknown. Three more years later she developed bone lesions at the frontal to left temporal skull, which caused a diffuse bone defect, including skull and facial bones (Figure 4C), when LCH was diagnosed. With systemic CT scan, she also was noted to have multiple osteolytic lesions at the skull, spine, scapula, rib and pelvis. She received LCH-A1 protocol[6], consisting of VBL and PSL for a year, which induced a new bone synthesis at the frontal bone. More recently, 12 years after the onset of initial symptoms, she has had newly-developed left mandibular osteolysis. She has currently been treated for active disease.
Case 12
A 36-year-old female was noted to have amenorrhea even after stopping milk feeding for her first-born baby. Administration of Gonadotropin-releasing hormone was successful in resuming a menstrual cycle and she gave birth of second child; however, soon after second childbirth she complained of symptoms compatible with CDI, when brain MRI showed a loss of bright spot at the pituitary posterior lobe; however, almost a year later, she was found to have a hypothalamic mass with a gadlinium (Gd)-enhanced MRI (Figure 5A). Biopsy of the mass confirmed the diagnosis of LCH. Since the probable compression of cerebrum due to a huge mass caused impaired consciousness, the patient received systemic chemotherapy, first with VBL followed by 2CDA.
Case 13 
A 20-year-old girl first complained of polyuria/polydipsia and amenorrhea. Eight months later, she was detected a Gd-enhanced mass at the HPR by a brain MRI. An immediate open biopsy of the mass confirmed the diagnosis of LCH. Initially, irradiation (21 Gy) to the CNS markedly reduced the size of mass. Two years later, the patient was noted to have re-growth of hypothalamic mass, continued amenorrhea, poorly-controlled CDI and generalized cutaneous LCH, which was confirmed by biopsy. Re-institution of systemic chemotherapy significantly (> 50%) reduced the size of hypothalamic mass. The patient has currently been free of ASAD. 
Case 14 
A 36-year-old female developed CDI in association with amenorrhea. However, the thickened pituitary stalk detected by MRI was put on under observation and not immediately treated. After progression of the thickened pituitary stalk into a significant Gd-enhanced mass at the HPR, a biopsy was performed to reveal typical LCH histology, when the patient had amenorrhea, fatty liver, reduced glucose tolerance. Systemic chemotherapy with 2CDA significantly (> 50%) reduced the mass size (Figure 5). LCH lesions outside the CNS were not found. The patient remains markedly obese and diabetic, with residual active disease.
Case 15 
A 38-year-old male was first diagnosed with primary hypothyroidism. Nineteen months later, he developed the symptoms of CDI, fatigue and disturbed consciousness along with disorientation and abnormal behaviors. A brain MRI revealed a Gd-enhanced mass at the HPR, which biopsy did not confirm the diagnosis of LCH. Two years later, osteolytic bone lesions appeared on the right femur and left clavicle, when the LCH was eventually diagnosed by a bone biopsy. The patient received systemic chemotherapy with 2CDA, but the mass size was reduced minimally (< 50%), and he remained significantly obese and diabetic. Four years from the initial CDI symptom, the patient developed retropharyngeal B-cell lymphoma. He has had active diseases of LCH as well as lymphoma.
Case 16 
A 46-year-old male first presented with decreased libido and erectile dysfunction seven years after total gastrectomy for gastric adenocarcinoma. Four years later, a Gd-enhanced mass at the HPR was detected. Until then, he had ignored his polydipsia/polyuria symptoms, thus the diagnosis of CDI was delayed. Biopsy of the CNS mass led to a diagnosis of LCH. A systemic MRI survey also revealed multiple spinal involvements. The patient also had loss of concentration and short term memory deficits suggesting mild neurodegenerative disease, which findings were confirmed with brain MRI examination. Eventually, the patients received systemic chemotherapy with 2CDA, which markedly (> 50%) reduced the CNS mass size. However, currently, he has been treated for the regrowth of the CNS mass.
Case 17
A 23-year-old young adult was noted to have cerebellar ataxia and dysarthria. Past history revealed that at age of 16, he had been diagnosed as CDI; however, the exact cause was unidentified. At age 20, he was found to have polycystic lung disease with pneumothorax, followed by a mild ataxia. At age 23, he suffered a traffic accident when he was incidentally found to have a brain disease with a mass at the HPR as well as neurodegenerative disease on MRI performed at the emergency hospital. Eventually, LCH was diagnosed from the biopsy of lung tissues. He received monthly intravenous immunoglobulin therapy for neurodegenerative disease with dexamethasone[10]; however, the patient declined further treatment. Currently, he has remained with progressive neurological symptoms and with active lung disease.
Case 18
An 18-year-old man initially complained of low back pain and cervical mass. MRI revealed multiple spinal bone involvement (Figure 6). The initial diagnosis of LCH was made from the histology obtained by excisional iliac biopsy. A year later, he developed swelling of left cervical lymph nodes. CT scan of the chest also revealed a nodule in the right lung and the enlargement of left upper mediastinal lymph nodes. Histopathology of the biopsied cervical lymph node showed coexistence of two tumorous components; one was LCH and the other tissue of Hodgkin disease with Reed-Sternberg/Hodgkin cells being positive for CD30. The disease responded temporarily to irradiation (36 Gy) and systemic chemotherapy, but became refractory with relapses to the lungs and lymph nodes. Despite autologous followed by allogeneic HSCTs, he died of refractory Hodgkin disease at age of 23.
Summary of the cases 
As summarized in Table 1, cases consisted of 3 SS-LCH (all CNS disease) and 15 MS-LCH. Regarding the initial symptoms, 7 (2 males and 5 females) of the 18 patients had CDI and other endocrine symptoms with thickened pituitary stalk or a mass at the HPR. Additional 2 patients initiated the disease with CDI with no immediate diagnosis. In the remaining patients, the disease begun with single (n = 3) or multiple (n = 1) spinal bone lesion(s) in 4 patients (all males), with multiple bone lesions in 3 patients (1 male and 2 females), with localized skull/muscle lesion in one female patient and with ambiguous symptoms including hypothyroidism in one male patient. Thyroid mass was noted in 2 patients. In terms of treatment, 9 patients received systemic immuno-chemotherapy alone, of whom 3 with CNS disease and 1 with multiple bone lesions received 2CDA. Five patients had a combination of immuno-chemotherapy with surgical resection or radiotherapy, 2 had immunotherapy with bisphosphonate alone, 1 had surgical resection alone and the remaining 1 had observation alone to date. Three patients received HSCT after extensive chemotherapy. In terms of outcome, 15 patients are alive (9 with active disease; AWAD, 6 without active disease; ASAD) with a median follow-up of 66 mo (range 17-166 mo) and 2 died of disease; 1 from sepsis-induced DIC and the other from progression of Hodgkin disease. The remaining 1 patient is lost to follow-up. As late sequelae, CDI (n = 9), neurodegenerative disease (n = 2) and obesity/diabetes mellitus (n = 3) are noted. 
DISCUSSION

Clinical features 
To date, adult LCH cases have mostly been reported as case series[14-18]. Here, we add another case series describing the clinical features and discussing the issues specifically relevant to adult LCH. Adult patients may have LCH as a recurrence of childhood LCH as well as de novo LCH developing first in adult life. Here described is all the latter type of LCH. None had a history of LCH in childhood. 
Two major clinical features of non-pulmonary LCH in adults 
It is apparent that there are two major groups; one is a CNS mass with endocrine problems (9/18) and the other is recalcitrant bone lesions (7/18). Both types of disease are histologically non-malignant, but extensive disease causes various impairments leading to the decreased quality of life, and limiting to achieve normal daily life activity. 
Endocrine problems 
Adult patients are often noted first with endocrine problems such as CDI, amenorrhea, loss of libido and obesity[9]. Particularly, hypothalamic-pituitary disease is the most common CNS manifestation of LCH, which leads to CDI and anterior pituitary hormone deficiencies. CDI is diagnosed from the finding that MRI scan shows absence of the bright spot of the posterior pituitary on the T1-weighted sequences[9,19]; however, it is common that patients are taken care and followed up about these problems at the Endocrinology Unit until when Gd-enhanced MRI reveals a thickened pituitary stalk and/or a hypothalamic mass. Generally, it takes a year or longer for the mass to be biopsied and correct diagnosis be confirmed. Even when the diagnosis is confirmed, there are occasions that it takes time for the patient to be referred to hemato-oncologists for chemotherapy. Whenever the diagnosis and the introduction of treatment are delayed, the patient may develop not only endocrine problems but also cognitive impairment such as memory deficits as well as consciousness disturbances, as shown in our cases (Cases 12, 16, 17). 
LCH in association with childbirth 
The development of LCH in association with childbirth has not been well recognized. Regarding LCH occurring during pregnancy, only a few sporadic cases have been described previously[20,21]; however, no information is available how childbirth influenced on the development of LCH. In our series, the correlation between pregnancy/ childbirth and LCH in adult female patients was noted in 4 cases (Cases 1-3, 12). Sex hormones are believed to participate in immune responses, as estrogens have been found to serve as enhancers in humoral immunity while androgens/progesterone appears to act as natural immune-suppressors[22]. For examples, postpartum thyroiditis/ diabetes mellitus is speculated to be a consequence of the immunological flare that occurs after the lifting of the pregnancy-related immune suppression[23.24]. Moreover, pregnancy and the post-partum period are associated with increased breast cancer aggressiveness[25]. Thus, the hormonal imbalance in the postpartum period may trigger the development of LCH. Detailed examination of pregnancy and childbirth history in female LCH patients may clarify whether the associated hormonal changes influence the pathogenesis and the development of LCH. 
LCH in association with various diseases/ events 
Three patients (Cases 12, 16, 17) were noted to have cognitive disturbance due to LCH-related neurodegenerative CNS disease[10]. Additionally, two patients (Cases 15, 18) developed malignant lymphoma; one with concurrent LCH and Hodgkin disease and the other developed B-cell lymphoma after systemic chemotherapy for LCH. The association of LCH and other malignant lymphoid neoplasms has been well recognized[26-28]. In this series two patients (Cases 8, 9) with severe atopic dermatitis were found to develop LCH. This is an interesting topic considering the antigen-stimulation in the skin. It is also cautioned that recalcitrant or clinically atypical skin eruptions must be differentiated from LCH and other rare disorders[29] but no data is available that incidence of LCH is higher in patients with severe atopic dermatitis. Four patients (Cases 3, 5, 7, 8) were diagnosed to have LCH from spinal bone lesions. Particularly, of whom two had single spine (C3 or C6) involvement, not in the spinal body but in the arch. Spinal lesion should be searched for any adult who complained of cervical pain[30]. Intriguingly, discovery of LCH was triggered by road traffic accident in 2 patients (Cases 8, 17), although such reports are rarely found[31]. In Case 8, LCH lesion at the cervical spine was identified at the emergency hospital. In Case 17, traffic accident incidentally led to the diagnosis of CNS- and pulmonary- LCH in the patient. 
Importance of CT/MR/PET imaging for the diagnosis 
To determine the precise biopsy/excision site of LCH, CT/MRI findings are inevitable. Particularly, bone scintigraphy for multiple bone lesions and Gd-enhanced MRI for CNS lesions are essential for the diagnosis of LCH[9,19]. However, more recently, 18F-FDG PET is recommended. In one large study it was concluded that whole body FDG-PET scans can detect LCH activity and is useful to evaluate early response to therapy with greater accuracy than other imaging modalities (MRI, CT, plain films) in patients with LCH lesions in the bones and soft tissues [32]. Also, it is a useful tool for the monitoring of CNS disease activity in LCH[33,34]. It is said that 18F-FDG PET might be useful to detect an early neurodegenerative lesions before MRI abnormalities appear, where bilateral hypometabolism is shown in the cerebellum and the basal ganglia (caudate nuclei) areas[34]. 
Therapeutic measures for adult LCH 
In this case series, four patients received surgical resection of LCH mass without immuno-chemotherapy. Four patients received irradiation to the CNS-mass (n = 2), bone (n = 1) and lungs (n = 1), in association with immuno-chemotherapy. In the majority, systemic immuno-chemotherapy was given, mostly with a conventional combination of VBL/PSL or JCSL-96 protocol including VCR/cytosine arabinoside (AraC)/PSL[13] for induction. In 3 cases with CNS-LCH, 2CDA was employed. Previously proposed A1 protocol for adult LCH[6] was used only in one case in this series. With these measures, 6 ASAD cases were obtained, but necessity for further improvement of treatment for adult LCH seems apparent. As future trials, we have to scrutinize how efficiently we can employ AraC, 2CDA, clofarabine, and other novel agents for adult LCH patients. In the past, treatment reports on adult LCH cases were very limited[35,36]. In particular, the usefulness of intravenous 2CDA for CNS-LCH as well as for systemic MS-LCH was described in adult patients[37-40]. Windebank et al[41]  also reported the usefulness of subcutaneous 2CDA treatment (5 mg/m2 × 5 d, sc, q4 wk, for up to 6 cycles) in LCH. Effectiveness of the combination of 2CDA/AraC was described for extremely refractory cases[42]. [More recently, effectiveness of clofarabine (25 mg/m2× 5 d, iv, q4 wk) has also been reported[43,44]. Particularly, Simko et al[44] demonstrated usefulness of clofarabine for multifocal skull lesions. On the other hand, Morimoto et al. reported the usefulness of Special C regimen of JLSG for treating adult LCH patients on ambulatory basis. [11] Intriguingly, for the treatment of multiple bone LCH lesions in adults, Cantu et al. reported that AraC alone is an effective and minimally toxic, while VBL/ PSL results in poor overall responses with excessive toxicity[45]. Considering the fact that about 50% of LCH possess BRAF V600E mutation, molecular targetting treatment with Vemulafenib has been proposed more recently[46]. As bone therapy regimen, Zoledronic acid as bisphosphonate is available, although its effectiveness on LCH bone lesions is still elusive[47]. In this article, allogeneic HSCT for adult LCH is not within a scope of this article, although a few reports on pediatric LCH cases have been described[48,49]. As well recognized, in the recipients of allogeneic HSCT, care must be taken for the transplant related adverse events. In Table 2, a list of candidate systemic immuno-chemotherapy regimens is summarized, which we think is useful in choosing regimens for adult LCH patients. In practice, for an adult case of LCH with persistent minimal disease and systemic involvement, we prefer once a month or twice a month treatment, like Special C regimen of JLSG[11]. However, with these regimens, some adult patients may still show VBL neurotoxicity, methotrexate (MTX) hepatotoxicity, or neutropenia due to mercatopurine hydrate (6MP); such events make it difficult to achieve the entire regimens as planned. Although we recognize that 2CDA is highly effective and could be useful in adult LCH, it is often difficult persuading the patients to stay in the hospital for the 5-d continuous treatment. If subcutaneous 2CDA is available at the outpatient care, this agent could be more employed in the treatment of adult LCH. In any case, it is important to make a most appropriate treatment plan for each patient individually. In summary, for adult patients with two major types of LCH, i.e., recalcitrant multiple bone lesions and/or a mass at the HPR, early introduction of systemic immuno-chemotherapy using conventional regimens including AraC or alternative 2CDA or clofarabine regimens is recommended to overcome the disease-related impairment of qualify of life.
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Figure 1 Langerhans cell histiocytosis skin lesions and systemic positron emission tomography imaging.  A:  Soft papular skin lesion is found at the inguinal area. Biopsy of the lesion revealed the histology of langerhans cell histiocytosis (LCH); B, C:  positron emission tomography (PET) scan shows multiple lesions, at the scapulas, plevic bones, cervical and inguinal lymph nodes: frontal view (B), lateral view (C).
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Figure 2 langerhans cell histiocytosis thyroid (A) and skull (B) lesions. A: Positron emission tomography scan shows hot spots (SUV max = 7.0) at both lobes of thyroid; B: Magnetic resonance imaging (T2W2) shows a mass at the right parietal region.
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Figure 3 langerhans cell histiocytosis bone lesion at cervical vertebra 6. Positron emission tomography scan shows a hot spot (SUVmax = 6.6) at the spinous process of C6. A: Sagittal view; B: Axial view.
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Figure 4 Langerhans cell histiocytosis skull mass (A, B) and lytic skull (C) lesion. A, B: Gadrinium-enhanced magnetic resonance imaging (T1W1) shows a mass with heterodensity at the right temporal area. axial view (A), coronal view (B); C: Computer tomography scan shows extensive lytic bones, at the left temporal bone and madible. Defect of the right mandible is due to surgical resection.
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Figure 5 Langerhans cell histiocytosis mass at the hypothamaic area (A) and hypothalamic–pituitary area, comparison of pre and post chemotherapy (B, C). A: Gadrinium-enhanced magnetic resonance imaging (W1T1) shows a large mass at the hypothalamic area.Pituitary stalk is enlarged;  B, C: Gadrinium-enhanced magnetic resonance imaging (T1W1) shows (B) a large mass before chemotherapy and (C) a residual mass post chemotherapy. The size of mass was significantly reduced after2-deoxychloroadenosine treatment. 
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Figure 6 Langerhans cell histiocytosis spinal lesions. Non-enhanced magnetic resonance imaging (T1W1) shows high and low signals at multiple vertebral bodies (arrows).

Table 1 Summary of 18 cases of non-pulmonary adult langerhans cell histiocytosis 
	

	Cases
	Age/

sex 
	Initial symptoms/signs
	Subsequent symptoms/ disease progression
	Treatment
	Outcome
	Follow-

up (mo)

	
	
	
	
	Surgical resection
	 Radiation
	Immune-

chemo Rx/HSCT
	
	

	
	
	
	
	
	
	
	
	

	1
	27/F
	CDI/endocrine
	none
	Y
	Y
	Y
	LTF
	-

	2
	25/F
	CDI/endocrine
	Nasal/thyroid/skin masses
	
	
	Y
	DOD1
	216

	3
	35/F
	MBL
	MBL
	
	
	Y/Y
	ASAD
	132+

	4
	37/M
	CDI
	MBL/skin lesions
	
	
	Y/Y
	ASAD
	128+

	5
	40/M
	MBL
	MBL
	
	Y
	Y
	ASAD
	133+

	6
	46/F
	thyroid mass/ spine (Th4)
	MBL/LNs 
	Y
	
	Y
	AWAD
	27+

	7
	40/M
	Spine (C3)
	Parietal bone
	Y
	
	
	ASAD
	72+

	8
	40/M
	Spine (C6)
	Inguinal LNs
	
	
	Y
	AWAD
	17+

	9
	27/F
	Temporal bone
	none
	Y
	
	
	ASAD
	26+

	10
	31.M
	Spine (Th1)
	MBL
	
	
	y
	AWAD
	108+

	11
	53/F
	CDI
	MBL
	Y
	
	Y
	AWAD
	166+

	12
	36/F
	endocrine
	HPR mass
	
	
	Y
	AWAD
	28+

	13
	20/F
	CDI/endocrine
	skin
	
	Y
	Y
	ASAD
	156+

	14
	36/F
	CDI/endocrine
	none
	
	
	Y3
	AWAD
	52+

	15
	38/M
	hypothyroid
	CDI/endocrine
	
	
	Y3
	AWAD
	48+

	16
	46/M
	endocrine
	CDI/MBL/ND-CNS
	
	
	Y3
	AWAD
	60+

	17
	23/M
	CDI
	Lungs/ND-CNS
	
	
	Y
	AWAD
	72+

	18
	18/M
	Spine (multiple)
	LNs/Lungs
	
	Y
	Y/Y
	DOD2
	72

	

	


1from DIC; 2from Hodgkin disease; 3Systemic chemotherapy with 2-deoxychloroadenosine. CDI: Central diabetes insipidus; MBL: Multiple bone lesions; HPR: Hypothalamic pituitary region; LNs: Lymph nodes; ND-CNS: Neurodegenerative central nervous system disease; Y: Yes; steroid alone with or without bisphosphonate; LTF: Lost to follow-up; ASAD: Alive without active disease; AWAD: Alive with active disease; DOD: Died of disease; 
Table 2 Therapeutic options in the treatment of adult langerhans cell histiocytosis
	Protocol
	Drugs
	Ref.

	A1 protocol
	VBL/PSL
	[6]

	JLSG-96,-02
	VCR/AraC/MTX/6MP/PSL
	[13]

	Cladribine-based
	2CDA/PSL, 2CDA/AraC
	[37-41]

	Clofarabine-based
	Clofarabine
	[43,44]

	JLSG-special C
	VBL/ MTX/6MP/PSL
	[11]

	Others
	AraC alone
	[45]

	Molecular targetting
	Vemulafenib
	[46]

	Bone therapy
	Zoledronic acid
	[47]

	


VBL: Vinblastine; PSL: Prednisolone; MTX:  Methotrexate; 6MP: Mercatopurine hydrate; 2CDA: 2-deoxychloroadenosine.
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