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Abstract
Langerhans cell histiocytosis (LCH) is a rare neoplastic disease in dendritic cells. LCH is classified as either a single-system (SS) or multisystem (MS) disease. There is not a standard first-line treatment for LCH in adults. We analyzed the efficacy and safety of immunomodulatory drugs (IMiDs) by searching PubMed/MEDLINE for case reports previously published. The clinical response (nonactive disease or active disease that regressed) was 94% in SS and 53% in MS. IMiDs should only be considered for adults with cutaneous SS involvement; in MS, they should be used only for patients not eligible for more aggressive treatments.
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Core tip: Langerhans cell histiocytosis (LCH) is a rare neoplastic disease derived from dendritic cells that is seen in children as well as in adults. There is not a standard first-line treatment in adults; no prospective trials have been undertaken on this population, and chemotherapy schedules are often reported from pediatric experiences with suboptimal efficacy and a higher toxicity in adults than in children. Immunomodulatory drugs (IMiDs), as less toxic therapeutic options, have been considered for treating LCH. We analyzed the efficacy and safety of IMiDs in adults with LCH from previously published research.
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INTRODUCTION
Langerhans cell histiocytosis (LCH) is a rare neoplastic disease derived from dendritic cells that is seen in children as well as in adults[1]. The LCH incidence is estimated to be 1-2 cases per million in adults[2,3]. The diagnosis of LCH is based on histologic and immunophenotypic evaluations of lesions: In particular, evidence of Langerhans cell infiltrates with a positivity for CD1a and/or CD207 (Langerin) as seen on an optical microscope or the presence of Birbeck granules as seen on an electronic microscope. Multiple organs may be involved in generating a broad spectrum of clinical manifestations[4,5], from a skin rash to an explosive disseminated disease. In particular, the disease may affect organs or organ systems, especially the bone, skin, pituitary gland, lymph nodes, liver, spleen, gut, central nervous system (CNS), bone marrow, and lungs, with focal or multifocal infiltrates[1,6], that results in different outcomes. The expert panel on behalf of the Euro-Histio-Net classified the disease as either single system LCH (SS-LCH) or multisystem LCH (MS-LCH) (two or more organs/system involved) with or without the involvement of high-risk organs such as bone marrow, spleen, liver or CNS[6]. Recently, mutations in the BRAF gene have been reported in approximately 50% of cases, representing a breakthrough in understanding the pathogenesis of LCH[7-9]. In particular, BRAF mutations induce constitutive activation of downstream mitogen-activated protein kinase (MAPK)/extracellular signal-regulated kinases, offering new therapeutic targets for the MAPK pathway[9]. Based on multifocal or focal LCH and on the involvement at special sites, the treatment changes[6]. However, there is not a standard for first-line treatment for adults with LCH; no prospective trials have been undertaken on this population, and the therapy schedules are often reported from pediatric experiences[1,6,10]. Therefore, the treatment depends on the extent and severity of the disease at onset. In particular, the pediatric treatment schedule for vinblastine in combination with a prednisone has been used in adults but has a suboptimal efficacy and higher toxicity in adults than in children[11]. Other therapeutic approaches for MS-LCH adults include monotherapy with cladribine, cytarabine, etoposide or polychemotherapy regimens[11-14]. According to the expert panel of Euro-Histio-Net, recommendations for first-line therapy are summarized in Table 1[6]. Among the therapeutic options with activity against LCH, immunomodulatory drugs (IMiDs) have been taken into account. In LCH, a variety of cytokines, IL-1, IL-10, interferon gamma, granulocyte-macrophage colony stimulating factor and tumor necrosis factor alpha (TNF-α), are expressed at high levels and play key roles in the pathogenesis of disease[15]. TNF-alpha is considered the major promoter for Langerhans cell proliferation and production from hematopoietic stem cells, and its expression is modulated by IMiDs[16]. Here, we analyzed the efficacy and safety of IMiDs in LCH.

PATIENTS AND METHODS
To summarize the current experience of IMiDs as the treatment for LCH, we conducted a PubMed/MEDLINE search for case reports and case series from 1987 until 2018. The search items used were LCH, IMiDs, thalidomide, and lenalidomide; the limits set were case reports, human, and English, French and German languages. A total of 53 articles were found. Review articles, pediatric cases and in vitro analyses were excluded. A total of 29 articles about case reports or case series were found[10,17-44]. Six patients treated with thalidomide were included in the study for a toxicity and efficacy analysis[45]. According to the Writing Group of the Histiocyte Society[46] and recommendations from the Euro-Histio-Net[6], in all collected cases, the histopathological diagnosis was made with positivity of CD1a and/or Langherin (CD207) or the presence of Birbeck granules on electronic microscopy. All patients were treated with IMiDs. Moreover, evaluating every single case, we stratified the disease as SS-LCH or MS-LCH. Briefly: SS-LCH is defined as having one organ or system involved (in particular, bone with single or multiple lesions, skin, lymph node, hypothalamic-pituitary/CNS, lungs or other systems), and MS-LCH is defined as having two or more organs or systems involved[6]. To assess the disease state after treatment, we applied the HS criteria to every case description[47]. Briefly, if the authors reported that all signs and symptoms were resolved, we considered the described patients as having a nonactive disease (NAD); otherwise, the patients were classified as having active disease (AD). AD was further subdivided into regressive [active disease regressive (ADR); improvement in the symptoms or signs, with no new lesions], stable [Active disease stable (ADS); persistence of symptoms or signs, with no new lesions], or progressive disease (PD) (progression and/or appearance of new lesions).

RESULTS
A total of 34 patients (21 female and 13 male) were included in this study, including 17 SS-LCH and 17 MS-LCH patients. Detailed information of each patient is displayed in Table 2. The mean age at diagnosis was 45.3 years (range 20-73). The skin or mucocutaneous involvement was reported in 32 patients (94%), and these patients were considered as having only a single organ represented in the SS-LCH group. In addition, the following involved areas were reported: the genital/perineal zone in 22 patients, trunk in 10 patients, groins in 9 patients, axillary involvement in 7 patients, scalp in 5 patients, buccal/mucosal involvement in 5 patients, face in 4 patients, nails in 3 patients, neck in 2 patients, external auditory meatus in 1 patients, retroauricular zone 1 patients, and feet 1 patients. The other organs involved are reported in Table 3. Thalidomide was used in 32 patients, and lenalidomide was used in 2 patients. In 14 patients [7 SS-LCH (20.5%) and 7 MS-LCH (20.5%)], thalidomide was the first-line therapy, while in 20 patients (58.8%) IMiDs were the therapy that followed treatment with steroids, radiotherapy, surgery and chemotherapy. The details of treatment types are summarized in Table 4. The mean thalidomide dosage was 155 mg/d (range 50-500 mg), and the mean lenaldomide dosage was 25 mg/d in case study of Szturz et al[41] and 10 mg/d in the case study by El-Safadi et al[24]. The mean duration of therapy with IMiDs was 10.7 mo. Regarding adverse events, the authors reported fatigue/somnolence in 9 patients (22.5%), neuropathy in 6 patients (15%), constipation in 1 patient (2.5%), thrombosis in 1 patient(2.5%), skin rash in 1 patient(2.5%), and neutropenia in 1 patient (2.5%). Regarding the outcomes, considering NAD and ADR, the overall response rate was 73.5%; ADS was reported in 20.5% of patients, and PD was reported in 6% of patients. In the SS-LCH group, 16 patients (94%) achieved NAD/ADR and one patient (6%) achieved PD; in the MS-LCH group, 9 patients (53%) achieved NAD/ADR, 7 patients (41%) achieved a ADS and one patient had PD (Figure 1). After starting therapy, the follow-up was evaluable in 30 patients with any response (NAD/ADR/ADS/PD) at a mean of 11.6 mo (range 3-60). During follow-up, 7 patients (23.3%) (2 SS-LCH and 5 MS-LCH) were referred for other cytotoxic regimens because of relapse or suboptimal disease control.

DISCUSSION
Because of the rarity of LCH, there are no standard therapies for adults, and no prospective trials have been undertaken on this setting population. According to the standard pediatric treatment, the vinblastine/prednisone treatment experience has been employed in adults; however, suboptimal efficacy and near universal toxicity have been reported[11]. More recently, in a retrospective study, 35 adults (28 patients with MS-LCH) were treated with vinblastine and steroids as a first-line therapy, achieving an overall response rate of 71%[48]. In this study, neutropenia was reported in 17% of patients, peripheral sensitive neuropathy (grade 2) in 26% of patients, and peripheral motor neuropathy (grade 2) in 3% of patients[48]. As an alternative choice to vinblastine, other drugs, such as cladribine and cytosine arabinoside (ARA-c), have been considered in adults[1,11]. In particular, Saven et al[14] conducted phase II trials with cladribine; in total, 13 patients were enrolled with an overall response rate of 75% with not only skin involvement but also soft tissues, lymph nodes, bones and pulmonary sites. The principal acute toxicity was hematologic with seven patients experiencing grade 3 or 4 neutropenia. On other hand, Cantu et al[11] reported a retrospective study in which the poor response rate of ARA-c (21%) and the number of grade 3-4 toxic events (20%) were lowest of the three regimens shown in the study (vinblastine, cladribin and ARA-c) in patients with bone involvement. Retrospective analyses of the MACOP-B regimen (methorexate, doxorubicin, cyclosphamide, vincristine, prednisone, and bleomycin) have shown high efficacy[13] in adults with LCH. However, this intensive treatment should be reserved for very severe cases. The BRAF-V600E mutation gene discovery paved the way for targeted therapies such as BRAF or MEK inhibitors in patients with LCH[49]. In particular, vemurafenib is the first selective BRAF inhibitor approved by the United States Food and Drug Administration for malignant melanomas where BRAF mutations are expressed. However, in melanoma trials, vemurafenib was associated with considerable toxicity, including secondary squamous cell carcinoma, in over 30% of patients; moreover, the optimal dosage and duration of this treatment require further investigation[50]. A variety of cytokines are expressed in LCH lesions. In particular, high levels of IL-1, IL-10 and TNF-αhave been reported[15]. IMiDs such as thalidomide and lenalidomide (an analogue of thalidomide) are cytokine modulators, especially for the inhibition of TNF-α; therefore, these drugs have been considered feasible candidates for the treatment of LCH. However, the evaluation of the efficacy and safety of IMiDs in LCH are limited mostly to case reports. To our knowledge, the study of McClain et al[10] is the only phase II trial using thalidomide for LCH. In this study, the authors enrolled 16 patients: 12 pediatric patients (ages from birth to 3 years) and 4 adult patients (ages from 34 years to 46 years). Moreover, in 2004, Sander and coworkers reported a cutaneous LCH case successfully treated with thalidomide and reported ten cases published in the literature with similar clinical features[37]. In 2013, European panel of experts established recommendations about the diagnosis and therapy[6]. Grades of treatment recommendations were based on non-analytic studies (for example, case reports, case series, small retrospective studies, and expert opinions). After reviewing the literature[10,37], thalidomide was advised for LCH with mild symptoms in skin or soft tissue multifocal single system without risk organs involved. We performed a literature search for case reports on LCH treated with IMiDs and found 34 cases from 1987 to 2018. In our study, 94% of patients with SS-LCH achieved the best response (NAD/ADR) (Figure 1). In total, 50% of patients reported were MS-LCH (Table 3); in this analysis, the response rate for patients with NAD/ADR was 53%, and ADS was found in 41% of the patients. After somnolence, neuropathy is the most reported adverse event (16% of patients). In addition to the previously reported studies and recommendations from panel experts, we confirm in a larger setting of patients that IMiDs should be considered for treating adult patients with only mucocutaneous involvement; however, in the MS-LCH group, as expected, the IMiDs show a lower response rate. Therefore, other therapeutic approaches such as ARA-c, cladribin or vinblastine are recommended. In conclusion, IMiDs are a validated alternative to cytotoxic chemotherapeutic agents in most patients with SS-LCH; on other hand, considering the response rate in our study (53%) in patients with MS-LCH, IMiDs could be an evaluable choice for the treatment only in a limited number of patients based on age, compliance, performance status, expected toxicities, previous treatments, neuropathy or other comorbidities that make the patients not eligible for more aggressive treatments. Our study has several limitations. A publication bias toward more interesting and/or severe cases and successfully treated cases may lead to an over- or underestimation of the efficacy and safety of IMiDs in LCH. Prospective research for optimal treatment strategies for LCH should be warranted, albeit difficult to conduct for epidemiological reasons.

CONCLUSION
Different therapeutic strategies have been proposed for treatment of LCH in adults. The efficacy and safety of IMiDs have been reported in the treatment of multifocal SS-LCH (in particular skin or soft tissue if symptomatic). However, IMiDs could play a key role also in MS-LCH only in a limited setting of patients not eligible for more aggressive schedules.
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Table 1 Recommendations for first-line therapy
	Disease category
	Treatment

	Unifocal LCH 
	

	Skin



	Local therapy (e.g., topical mustard nitrogen 20% in children)

	
	Phototherapy: PUVA, narrow band ultraviolet B

	Bone 


	Intralesional steroid injection (40-160 mg methylprednisolone)

	
	Radiotherapy (in case of neurological deficit, soft tissue involvement)

	Multifocal SS-LCH
Without “organ risk”
	



	SS-LCH (bone lesions)
	Zoledronic acid

	SS-LCH (skin)

	Methotrexate 20 mg per week p.o/i.v.

	
	Azathioprine 2 mg/kg/d p.o.

	
	Thalidomide 100 mg/die p.o. (skin or soft tissue multifocal SS-LCH if symptomatic).

	Symptomatic MS-LCH
Without “risk organs”
	Cytarabine 100 mg/m2 d1-5 q4w i.v.

	
	Etoposide 100 mg/m2 d1-5 q4w i.v.

	
	Vinblastin/Prednisone (“pediatric like schedule)”

	MS-LCH with “risk organs”
	2-CDA 6 mg/m2 d1-5 q4w s.c./i.v.

	PLCH asymptomatic 
	Quit smoking

	
	Careful observation

	PLCH symptomatic
	Sistemic steroids

	
	Chemotherapy in case of progressive disease

	
	In case of severe respiratory failure or major pulmonary failure consider lung transplantation


LCH: Langerhans cell histiocytosis; SS-LCH: Single-system Langerhans cell histiocytosis; MS-LCH: Multisystem Langerhans cell histiocytosis; P-LCH: Pulmonary Langerhans cell histiocytosis; Risk Organs: Hematopoietic system, spleen, liver, and central nervous system; PUVA: Psolaren plus ultraviolet A.

Table 2 List of case reports on immunomodulatory drugs in langerhans cell histiocytosis
	Ref.
	Publication yr
	Age
	Sex
	SS-LCH (1)
MS-LCH (2)
	Previous therapies
	IMiDS dose1
	Duration (mo)
	Out come

	Gnassia et al[27]
	1987
	32
	F
	1
	No
	50
	60
	NAD

	Viraben et al[43] 
	1988
	48
	M
	1
	NA
	300
	1
	NAD

	Bensaid et al[19]
	1992
	29
	F
	2
	No
	100
	3
	ADR

	Misery et al[33]
	1993
	67
	M
	1
	No
	200
	3
	NAD

	Thomas et al[42]
	1993
	24
	F
	2
	No
	50
	3
	ADS

	Thomas et al[42]
	1993
	59
	F
	2
	Prednisone
	50
	18
	ADS

	Dallafior et al[23]
	1995
	65
	F
	1
	Cladribin
	200-100
	10
	NAD

	Meunier et al[32]
	1995
	66
	M
	1
	No
	100
	2
	NAD

	Bouyssou-Gauthier et al[21]
	1996
	68
	M
	2
	Cyclophosphmide/steroids
	NA
	NA
	ADS

	Gerlach et al[26]
	1998
	73
	F
	2
	Etoposide/topical mustard
	200
	12
	ADR

	Lair et al[29]
	1998
	33
	F
	2
	RT/surgery
	100
	28
	ADS

	Claudon et al[22]
	2002
	44
	F
	2
	Metotrexate/steroids
	100
	4
	ADR

	Kolde et al[28]
	2002
	23
	M
	2
	No
	500
	3
	ADS

	Kolde et al[28]
	2002
	61
	F
	2
	Prednisone
	500
	16
	ADS

	Mortazavi et al[35]
	2002
	29
	M
	2
	No
	100
	2
	ADS

	Santillan et al[38]
	2003
	33
	F
	1
	RT/surgery
	100
	12
	NAD

	Padula et al[36]
	2004
	31
	F
	1
	RT/surgery
	NA
	NA
	NAD

	Sander et al[37]
	2004
	38
	M
	1
	Cladribin
	200
	6
	NAD

	Mauro et al[31]
	2005
	73
	F
	2
	CVP
	100
	7
	ADR

	Alioua et al[17]
	2006
	43
	F
	2
	No
	100
	12
	ADR

	Moravvej et al[34]
	2006
	27
	M
	1
	PUVA
	100
	3
	ADR

	Wollina et al[44]
	2006
	38
	M
	2
	Cladribin
	200
	9
	NAD

	Broekaert et al[20]
	2007
	57
	F
	2
	No
	50
	24
	ADR

	McClain et al[10]
	2007
	45
	F
	1
	Vinorelbine/prednisone
	100
	22
	NR/PD

	McClain et al[10]
	2007
	31
	F
	2
	Vinorelbine/prednisone/RT
	100
	0,5
	NR/PD

	McClain et al[10]
	2007
	21
	F
	2
	Vinorelbine/prednisone/RT
	100
	5
	NAD

	McClain et al[10]
	2007
	46
	F
	2
	Vinorelbine/prednisone/RT
	100
	12
	NAD

	Li et al[30]
	2010
	27
	M
	1
	No
	150
	5
	NAD

	[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Fernandes et al[25]
	2011
	60
	F
	1
	No
	100
	4
	NAD

	Shahidi-Dadras et al[39]
	2011
	20
	M
	1
	Topical steroid
	200
	6
	NAD

	Szturz et al[41]
	2012
	35
	M
	2
	Cladribin/ Cyclophosphamide methilprednisolone/RT/CHOEP/BEAM
	Lena 25
	9
	ADR

	El-safadi et al[24]
	2012
	59
	F
	1
	Surgery/RT/MTX
	Lena 10
	19
	NAD

	Subramaniyan et al[40]
	2015
	71
	M
	1
	No
	200
	10
	NAD

	Ruiz Beguerie et al[18]
	2017
	56
	F
	1
	No
	150
	12
	NAD


1Dose in mg/d. MS-LCH: Multisystem Langerhans cell histiocytosis; SS-LCH: Single-system Langerhans cell histiocytosis; RT: Radiotherapy; NAD: Nonactive disease; ADR: Active disease regressive; ADS: Active disease stable; NR/PD: Nonresponse/progression disease; MTX: Methotrexate; Lena 10: Lenalidomide 10 mg; Lena 25: Lenalidomide 25 mg; CVP: Cyclophosphamide, vincristine, prednisone; CHOEP: Cyclophosphamide, doxorubicin, vincristine, etoposide, and prednisone; BEAM: Carmustine, etoposide, cytarabine, and melphalan; PUVA: Photochemotherapy; NA: Not available; F: Female; M: Male; IMiDs: Immunomodulatory drugs.



Table 3 Clinical features of all 34 patients
	Clinical features
	All patients (%)

	Female
	21 (62)

	Age at diagnosis mean (range)
	45.3 (20-73)

	Muco-cutaneous involvement
	32 (94)

	Multiorgan involvement
	17 (50)

	Lung involvement
	3 (9)

	CNS/pituitary involvement
	8 (23.5)

	Bone involvement
	6 (18)

	Lymph nodes involvement
	3 (9)

	Splenomegaly/hepatomegaly
	2 (6)

	Others sites involved (bone marrow, parotid gland)
	2 (6)


CNS: Central nervous system.

Table 4 Previous treatments
	Treatment before IMiDs 
	n (%)

	None 
	14 (41)

	Radiotherapy 
	8 (23.5)

	Steroids 
	8 (23.5)

	Vinorelbine 
	4 (12)

	Surgery 
	4 (12)

	Cladribin 
	4 (12)

	Metotrexate 
	2 (6%)

	Polichemotherapy regimens
	2 (6)

	Cyclophosphamide (single agent)
	2 (6)

	Topical drugs
	2 (6)

	Etoposide 
	1 (3)

	PUVA
	1 (3)


PUVA: Psolaren plus ultraviolet A; IMiDs: Immunomodulatory drugs.


Figure 1 Final treatment outcome (n = 34). MS-LCH: Multisystem Langerhans cell histiocytosis; SS-LCH: Single-system Langerhans cell histiocytosis; NAD: Nonactive disease; ADR: Active disease regressive; ADS: Active disease stable; PD: Progression disease.
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