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ABSTRACT Pulmonary Langerhans cell histiocytosis (PLCH) is a rare sporadic cystic lung disease of
unknown aetiology that is characterised by the infiltration and destruction of the wall of distal bronchioles
by CD1a+ Langerhans-like cells. In adults, PLCH is frequently isolated and affects young smokers of both
sexes. Recent multicentre studies have led to the more standardised management of patients in clinical
practice. Smoking cessation is essential and is occasionally the only suitable intervention. Serial lung
function testing is important because a significant proportion of patients may experience an early decline
in forced expiratory volume in 1 s and develop airflow obstruction. Cladribine was reported to
dramatically improve progressive PLCH in some patients. Its efficacy and tolerance are currently being
evaluated. Patients who complain of unexplained dyspnoea with decreased diffusing capacity of the lung
for carbon monoxide should be screened for pulmonary hypertension by Doppler echocardiography,
which must be confirmed by right heart catheterisation. Lung transplantation is a therapeutic option for
patients with advanced PLCH.

The identification of the BRAFV600E mutation in approximately half of Langerhans cell histiocytosis
lesions, including PLCH, and other mutations of the mitogen-activated protein kinase (MAPK) pathway in
a subset of lesions has led to targeted treatments (BRAF and MEK (MAPK kinase) inhibitors). These
treatments need to be rigorously evaluated because of their potentially severe side-effects.

Introduction
Langerhans cell histiocytosis (LCH) is a rare disorder of unknown aetiology that is characterised by the
infiltration of involved tissues by dendritic cells sharing phenotypic similarities with Langerhans cells,
which are often organised into granulomas [1]. LCH may affect patients of all ages, ranging from neonates
to the elderly [2, 3]. Although a few familial cases have been reported, LCH occurs sporadically [4]. The
incidence in children under 15 years of age is approximately five cases per million [5] and it occurs rarely
in adults.

The clinical presentation of LCH is widely heterogeneous. The disease may resolve spontaneously or lead
to life-threatening situations [6, 7]. The clinical forms of LCH are classified according to the number and
type of organs involved [6]. Multisystem LCH concerns two or more organs, including primarily bone,
skin and the pituitary stalk, but also the lungs, lymph nodes and, more rarely, central nervous system. The
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liver, spleen and haematopoietic system, which are referred to as “risk organs”, are associated with a worse
prognosis [6]. Single-system LCH affects only one tissue/organ, which is mainly bone (eosinophilic
granuloma), but it also affects the lungs in adults and usually has a better prognosis [6, 7].

In adults, pulmonary LCH (PLCH) is often isolated or is a predominant feature [8, 9]. PLCH belongs to
the spectrum of diffuse cystic interstitial pneumonias [10]. Its prevalence is unknown, but it is estimated
to account for 3–5% of adult diffuse lung diseases [11, 12]. PLCH is mainly observed in young patients of
both sexes, with a peak incidence at age 20–40 years, and females possibly develop PLCH at slightly older
ages. It occurs almost exclusively in smokers (90–100% patients are current or ex-smokers in the largest
series) [13, 14].

Over the last decade, significant progress has been made in expanding our knowledge of the natural
history of PLCH, which has allowed more standardised management of patients in clinical practice [13, 15, 16].
Here, we first describe several clinical situations in which pulmonary physicians may be faced with decisions
related to PLCH. We then review the key features of PLCH, including an important breakthrough in the
understanding of the pathogenesis of this rare disease [17].

Clinical situations
Case 1
A 24-year-old man was referred for a nodulocystic pattern on lung high-resolution computed tomography
(HRCT) that suggested PLCH (figure 1a). He had been smoking 10 cigarettes·day−1 since he was 17 years
of age and had started complaining of a disabling dry cough 3 months before being referred. The physical
examination was normal. Plethysmography showed normal total lung capacity (TLC) (89% predicted), a
mild decrease in vital capacity (VC) (74% predicted), air trapping (residual volume (RV)/TLC 152%
predicted) and no airflow obstruction. Diffusing capacity of the lung for carbon monoxide (DLCO) was
decreased to 65% predicted. Bronchoalveolar lavage (BAL) recovered 240000 cells·mL−1 with 90%
macrophages, 6% lymphocytes, 2% neutrophils, 2% eosinophils and no pathogens. A presumptive
diagnosis of isolated PLCH was made and the patient was strongly encouraged to quit smoking, which he
managed to do. He was regularly seen at 3, 6 and 12 months during follow-up while he weaned himself off
tobacco. He rapidly improved and became asymptomatic at 3 months of follow-up, and his chest
radiograph and lung function improved. At his 1-year evaluation, plethysmography showed normal lung
volume (TLC 91% predicted, VC 97% predicted and RV/TLC 88% predicted) and significant improvement
of DLCO (76% predicted). Lung HRCT confirmed that there was virtually a complete resolution of
pulmonary lesions (figure 1b).

Case 2
A 21-year-old man was referred for recurrent pneumothorax in the context of PLCH. The patient was a
university student and had started smoking 3–5 cigarettes·day−1 1 year before the occurrence of a complete
right-sided pneumothorax. He had previously presented with skin lesions that were diagnosed as psoriasis.
Despite drainage, partial pneumothorax persisted and video-assisted surgical talc pleurodesis was
performed. A lung biopsy at the same time confirmed the diagnosis of PLCH. At that time, lung HRCT

a) b)

FIGURE 1 a) High-resolution computed tomography (HRCT) scan of the chest at the lung window level from
patient 1 showing a characteristic nodulocystic pattern at the time of pulmonary Langerhans cell histiocytosis
diagnosis. b) Serial HRCT 2 years later, while the patient was weaned off smoking, shows virtually complete
resolution of pulmonary lesions.
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showed diffuse thin-walled cystic lesions (figure 2a and b). The patient immediately stopped smoking, but
right-sided pneumothorax recurred 10 days later, which was treated by thoracoscopic resection of apical
bullae and a new talc pleurodesis. Three months later, a third right-sided partial basal pneumothorax
occurred that resolved after drainage. Meanwhile, skin lesions appeared in the inguinal folds and scalp that
corresponded to LCH lesions on biopsy and subsequently improved under dermal corticosteroids. A
fourth pneumothorax recurred 3 months later on the same side with complex bullous lesions of the lung
base on HRCT (figure 2c and d). The patient underwent a new thoracic surgical procedure with parietal
pleurectomy. Subsequently, he has been free from pneumothorax during the 2 years of follow-up. At his
last evaluation, he was asymptomatic, and his chest imaging (figure 2e and f) and lung function were
considered satisfactory (TLC 101% predicted, VC 88% predicted, forced expiratory volume in 1 s (FEV1)
80% predicted and DLCO 83% predicted), except for air trapping (RV/TLC 139% predicted).

Case 3
A 55-year-old woman was referred for severe airway obstruction in the context of known PLCH and she
was diagnosed by surgical lung biopsy when she was 26 years old. The patient had smoked
20 cigarettes·day−1 since she was 18 years old. During follow-up, her dyspnoea gradually worsened to
New York Heart Association (NYHA) stage 3, which was not improved by inhaled combined

a) b)

c) d)

e) f)

FIGURE 2 Serial high-resolution computed tomography (HRCT) scans at the lung window from patient 2, who
developed several episodes of right pneumothorax that required iterative surgical interventions. a, b) Thin-walled
cystic lung pattern (note the presence of a drain for the first episode). c, d) Complex right pneumothorax with
bullae in the right lung base. e, f ) 18 months after the last thoracic surgery, there were residual thin-walled
cystic lesions.
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corticosteroids and long-acting β2-agonists. She was examined several times for spastic exacerbation
episodes that were treated with oral steroids and short-acting β2-agonist nebulisation. Between these
episodes, lung auscultation was normal, as was her peripheral oxygen saturation. She walked 85% of the
predicted distance during the 6-min walk test (6MWT) without oxygen desaturation. Her lung function
showed severe irreversible airway obstruction (FEV1/forced vital capacity (FVC) 35% predicted, FEV1 38%
predicted, VC 100% predicted, TLC 119% predicted and RV 116% predicted). DLCO was greatly reduced to
26% predicted without pulmonary hypertension on Doppler echocardiography. Lung HRCT showed a few
thin-walled cysts and diffuse emphysema. The extent of the cystic lesions could not explain the importance
of impairment of lung function. This patient actually suffered from chronic obstructive pulmonary disease
(COPD) rather than progressive PLCH. She was put on a dedicated smoking cessation and rehabilitation
programme.

Case 4
A 23-year-old man was referred because of progressive multisystem LCH despite treatment with
vinblastine. He had presented multisystem LCH at 4 years of age, which involved the skin, peripheral

a) b)

c) d)

e) f)

FIGURE 3 Serial high-resolution computed tomography (HRCT) scans at the lung window from patient 4, who
was treated with cladribine for progressive multisystem Langerhans cell histiocytosis. a, b) A predominant
bullocystic pattern is observed in the lung bases. c, d) Six months after treatment began, there was a
substantial reduction in the extent of cystic lung lesions. e, f ) Four years after treatment, lung abnormalities
regressed substantially, with only residual fibrocystic lesions in the left lung base.
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lymph nodes and pituitary stalk with diabetes insipidus. At that time, he received two lines of treatment
with vinblastine, became disease-free at 6 years of age and was maintained on desmopressin for diabetes
insipidus. At 22 years of age, cutaneous and peripheral lymph node LCH lesions recurred and were
histologically confirmed. Lung involvement was also present and responsible for NYHA stage 3 dyspnoea
and important lung function impairment (FEV1/FVC 68% predicted, FEV1 37% predicted and DLCO 37%
predicted). Lung HRCT showed bullocystic lesions that were predominant in lung bases (figure 3a and b).
Notably, the patient had started smoking occasionally when he was 17 years old and stopped when LCH
recurred. As skin and lymph node lesions did not significantly improve after two induction courses of
vinblastine, he was switched to subcutaneous cladribine as a second-line treatment for multisystem LCH,
which was associated with infection prophylaxis with trimethoprim/sulfamethoxazole and valaciclovir. The
treatment was well tolerated, and the skin and lymph node LCH lesions were resolved. The lung
involvement also improved clinically and in lung imaging (figure 3c and d); lung function at 6 months
after initiation of cladribine also improved (FEV1 57% predicted) [18]. Subsequently, the patient continued
to improve, and at the last follow-up 4 years later he was still asymptomatic and received only
desmopressin for diabetes insipidus and had satisfactory lung function (FEV1/FVC 84% predicted, FEV1

74% predicted and DLCO 61% predicted). A concomitant lung HRCT showed impressive regression of
bullocystic pulmonary lesions (figure 3e and f).

Case 5
A 40-year-old woman was seen at the reference centre for the management of PLCH. The diagnosis was
obtained 6 years previously following a surgical lung biopsy. She had been a heavy cigarette smoker
(average 30 cigarettes·day−1) since she was 16 years old and continued to smoke 10 cigarettes·day−1 when
she was referred for treatment. At that time, she complained of mild NYHA stage 2 dyspnoea, and HRCT
showed a nodulocystic pattern and some linear densities (figure 4a). Her lung function parameters were
within the normal ranges, except for DLCO (54% predicted). Her arterial blood gases while breathing room
air and the 6MWT were normal. Skeletal survey radiography showed a unifocal asymptomatic small lytic
lesion of the left femur. The patient was strongly encouraged to stop smoking, which she managed to do
transiently several times during follow-up. Unfortunately, she resumed smoking each time and finally
persisted in smoking 8 cigarettes·day−1. She became progressively more dyspnoeic. After 3 years of
follow-up, her lung function deteriorated (TLC 98% predicted, VC 82% predicted, FEV1 66% predicted,
FEV1/FVC 69% predicted and DLCO 40% predicted). HRCT showed diffuse cystic lesions (figure 4b).
Cladribine was proposed, but the patient declined this treatment.

After 5 years of follow-up, her lung function parameters were: TLC 97% predicted, VC 75% predicted,
FEV1 65% predicted and DLCO 30% predicted. Doppler echocardiography measured systolic pulmonary
arterial pressure (PAP) at 48 mmHg with mild dilatation of the right ventricle. Pre-capillary pulmonary
hypertension was confirmed through right heart catheterisation (mean PAP 33 mmHg and cardiac index
3.38 L·min−1·m−2) and was considered secondary to hypoxaemia (arterial oxygen tension 55 mmHg
breathing room air), for which the patient received oxygen and furosemide. Two years later, the patient
required higher oxygen flow. The lung volumes were virtually stable, but DLCO had decreased to 15%
predicted. Lung transplantation was considered, but unfortunately smoking cessation was not achieved. A
new right heart catheterisation showed severe pulmonary hypertension (mean PAP 62 mmHg and cardiac
index 2.8 L·min−1·m−2). Her furosemide dosage was increased and bosentan was initiated, but not well
tolerated and was associated with worsening hypoxaemia. Ultimately, as the patient was weaned from

a) b)

FIGURE 4 Serial high-resolution computed tomography (HRCT) scans at the lung window from patient 5. a) At
initial evaluation, there was a nodulocystic pattern with scattered linear densities. b) Three years later, there
were diffuse confluent lung cystic lesions.
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tobacco, she received a lung transplant with an uneventful surgery 9 years after her initial evaluation at the
centre.

Key features of adult PLCH
Clinical presentation
At clinical presentation [13, 14], PLCH is diagnosed by three main symptoms. 1) Respiratory symptoms
(cough and dyspnoea on exertion), which occur in approximately two-thirds of all such cases.
Constitutional manifestations (asthenia, fever, night sweats and weight loss) may be associated with
10–20% of these patients. 2) Spontaneous pneumothorax, which is observed in 15–20% of cases. It may
occur at any time during the course of the disease and may be bilateral and/or recurrent, and should be
suspected in any patient complaining of increased dyspnoea or chest pain. 3) Lesions in routine chest
radiography, which occur in 10–25% of asymptomatic patients.

Haemoptysis is uncommon and should not be attributed to PLCH until other aetiologies, such as acute
bronchitis, bronchogenic carcinoma and the rare Aspergillus colonisation of a cystic lung cavity, and
alternative diagnoses have been ruled out.

Adult PLCH is generally isolated. When present, LCH extrathoracic lesions usually involve the bones (lytic
lesion), pituitary stalk (diabetes insipidus) and, more rarely, the skin. Physical examination is generally
normal, except in cases of pneumothorax, advanced stages or when associated with extrathoracic
involvement. Rales are rarely present and clubbing is extremely rare.

Imaging
Chest radiography
Standard chest radiography typically shows bilateral symmetric reticulo-micronodular infiltration, in which
cysts may be identified, predominantly involving the upper and middle lung fields but sparing the
costophrenic angles [8, 9]. Lung volumes are usually preserved or increased. A pneumothorax or, more
rarely, a lytic lesion in a rib may be visible, which can provide diagnostic clues. Pleural effusion is not a
feature and mediastinal adenopathy is unusual. Hilar enlargement suggests pulmonary hypertension. In
later stages, chest radiography may show an emphysema-like appearance. Rarely, chest radiography may be
normal.

High-resolution computed tomography
HRCT is mandatory for every suspected case of PLCH [8, 9]. It can visualise parenchymal lesions, such as
nodules or cysts that are not readily visible on standard chest radiography. The typical HRCT pattern
combines small, poorly limited nodules, cavitated nodules and thick- and thin-walled cysts predominantly
in the upper and middle lung fields, with a relative sparing of the bases. The lesions are focal and are
separated by apparently normal parenchyma, and they affect both the peripheral and the central parts of
the lung fields.

The lung lesions vary with disease duration. As the disease evolves, cystic lesions become a predominant
finding. Cysts vary in size and may coalesce to form irregular shapes (“bizarre cysts”). Other findings in
PLCH may include linear opacities or ground-glass opacities and localised emphysema secondary to
cigarette smoking [19]. Significantly enlarged mediastinal lymph nodes are rarely observed and should
suggest another diagnosis. Pulmonary artery enlargement suggests that pulmonary hypertension is present.

Notably, in patients who developed PLCH as teenagers and are seen when they are adults, pulmonary
lesions are common in the lung bases [20]. Finally, HRCT is essential for selecting an optimal site for
surgical biopsy, if required.

18F-fluorodeoxyglucose-positron emission tomography-CT
Whereas 18F-fluorodeoxyglucose-positron emission tomography-CT is useful for the evaluation of the
extent of multisystem LCH and multifocal bone disease, its role in the assessment of isolated PLCH needs
to be better defined [21, 22]. Pulmonary nodules can be hypermetabolic and they cannot be distinguished
from malignant disease [21, 22]. Thick-walled cysts can occasionally also demonstrate high metabolic
uptake, but they are not predictive of the natural disease course or the response of PLCH to treatment in a
small series [21, 22].

Lung function
Pulmonary function abnormalities are variable, and depend on both the predominant anatomical lesions
and the extent of cystic lesions on HRCT. Obstructive, restrictive and mixed patterns have been described.
In the early stages, pulmonary function testing may be normal in ∼10% of patients [13]. The most
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common abnormality is a reduction of DLCO, which is observed in 80–90% of cases and is primarily a
reflection of pulmonary vascular dysfunction [13, 14, 23].

The typical functional profile combines a reduction in VC, normal or increased RV, preserved TLC and
increased or normal RV/TLC ratio (air trapping). Obstructive dysfunction with airflow limitation is
observed in a sizeable proportion of patients, particularly in those with advanced cystic disease. A
restrictive ventilatory defect (defined by TLC <80% predicted) is present in a minority of cases [13].
Patients with a predominantly nodular HRCT pattern usually have minimal lung function alterations with
an isolated reduction in DLCO. The extent of cystic changes in HRCT is correlated with lung function
abnormalities, including airflow obstruction [15, 24].

Blood gas levels at rest remain normal for a long time, but exertion may cause alveolar arterial oxygen
gradient elevation and hypoxaemia [25, 26]. 6MWT distance may be impaired in patients with advanced
disease [16].

Bronchoscopy and BAL
The macroscopic appearance of the bronchial tree is normal or shows only nonspecific inflammation
related to smoking. Bronchial mucosa biopsy specimens do not confirm the diagnosis of PLCH, but are
helpful for ruling out an alternative diagnosis in atypical cases.

Transbronchial lung biopsies may be diagnostic for PLCH in expert centres with variable diagnostic yields
(15–40%) due to the focal nature of histological lesions. Multiple specimens should be obtained and
examined extensively using immunohistochemical techniques [27–29].

BAL usually reflects smoking exposure and shows an increased number of cells recovered, with a marked
predominance of alveolar macrophages. Differential BAL fluid cell counts may show a moderate
nonspecific increase in eosinophils. The proportion of alveolar lymphocytes is normal or diminished, with
a decreased CD4/CD8 ratio related to smoking.

The identification of ⩾5% CD1a+ cells in BAL was observed only in PLCH, but has a low sensitivity
[27, 30, 31]. False-positive results are common and the specimens must be examined by an experienced
cytologist. Thus, BAL rarely establishes a definite diagnosis for PLCH in adults, but rather provides
additional orientation by showing macrophage alveolitis. It is useful to differentiate PLCH from interstitial
lung diseases with more characteristic BAL findings, such as sarcoidosis in patients with predominant
nodular lesions on HRCT. BAL also allows lung infections to be ruled out, particularly in patients with
constitutional symptoms.

Routine laboratory tests are usually normal. A mild increase in peripheral neutrophil counts and blood
inflammatory markers unrelated to patient smoking consumption may be observed [32]. Blood eosinophil
counts are normal. In the rare patients who have lymphopenia, other diagnoses should be ruled out, such
as HIV infection [32].

Diagnosis of PLCH
Although transbronchial lung biopsies may show LCH granulomas, a definitive diagnosis of PLCH is most
commonly obtained through video-assisted thoracoscopic surgical biopsy guided by HRCT findings. The
biopsy specimens should ideally be taken from nodular areas of lung HRCT. The histological hallmark of
PLCH is the accumulation of CD1a+/CD207+ cells organised into loosely formed granulomas, which are
preferentially located in and destroy the wall of distal bronchioles [33, 34]. Large numbers of lymphocytes
and inflammatory cells, specifically macrophages and eosinophils, are also present in early LCH lesions
[33, 34].

With the progression of lesions, the numbers of CD1a+ cells decrease and are subsequently replaced by
either fibrosis in the form of a characteristic stellate scar or a cystic cavity surrounded by a fibrous ring.
However, CD1a+ cells may still be observed in cystic forms on HRCT and inflammatory cells may persist
even inside thin-walled cysts [35, 36].

The indication for a lung biopsy must be determined in each individual case, with a careful evaluation of
risks and benefits of the procedure. In a young adult smoker with mild or no symptoms and a typical
nodulocystic HRCT pattern, a presumptive diagnosis is acceptable with a close follow-up. Conversely, a
surgical lung biopsy is performed during surgical pleurodesis in patients with recurrent or persistent
pneumothorax. In contrast, the biopsy of an extrathoracic lesion, such as a lesion in bone or skin, may
confirm the diagnosis if the pulmonary manifestations are consistent with PLCH. In patients with
extensive cystic lesions and impaired lung function, the risk of a surgical lung biopsy should be balanced
with the need for a definitive diagnosis.
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The differential diagnoses to consider vary according to nodulocystic or isolated cystic patterns in lung
HRCT and have been recently reviewed [10, 37, 38].

Outcome and prognosis
The natural history of the disease is variable and it is difficult to predict in an individual patient. Partial or
complete resolution of lung HRCT abnormalities may occur without treatment, particularly after smoking
cessation. Up to 40% of patients may experience a significant (⩾15%) decline of FEV1 or DLCO during the
first 2 years after diagnosis [13]. At 5 years, ∼50% of patients will experience impaired pulmonary function
over time and some will develop obstructive lung disease [15]. In some patients, despite regression of the
disease, pulmonary function continues to deteriorate due to smoking-related COPD. Finally, in 10–20% of
patients, early severe manifestations are present at diagnosis and they evolve to progressive respiratory
failure with chronic cor pulmonale [14, 39].

Retrospective studies have found that altered lung function parameters, particularly FEV1 and DLCO, could
predict worse outcomes [14, 15, 39]. However, only pulmonary hypertension is a reliable factor of a
pejorative prognosis in an individual patient [16, 40, 41]. In a recent multicentre prospective study, the
persistence of smoking was associated with an increased risk of lung function deterioration [13].

Pregnancy does not appear to modify the course of PLCH, but certain precautions, such as a caesarean
section, are required for women with diffuse cystic lesions and impaired pulmonary function due to the
risk of pneumothorax during labour.

In two retrospective studies, the median survival of patients with PLCH was found to be significantly
shorter compared with individuals of the same sex and age, but mortality in these studies is probably
overestimated due to the number of patients lost to follow-up [14, 39]. In addition to the association with
lymphoma, particularly Hodgkin’s lymphoma, increased incidences of primary lung cancer (related to
continued smoking) as well as various other malignancies have also been reported [14, 42–44].

Initial evaluation and follow-up
At the diagnosis of PLCH, a thorough history and a comprehensive physical examination (including ear/
nose/throat) and stomatology are essential to search for extrapulmonary LCH involvement. It is
recommended that a skeletal radiograph survey be performed, including a dental panoramic radiograph
[7]. However, if patients are meticulously and clinically evaluated for the absence of extrathoracic LCH
manifestations, the systematic search for bone involvement seems uninformative [32].

A complete blood count, blood chemistry analysis (including total protein, electrolyte, creatinine, bilirubin,
alanine aminotransferase, aspartic aminotransferase, alkaline phosphatase, γ-glutamyl transpeptidase,
C-reactive protein and fibrinogen levels) and protein electrophoresis are systematically performed [7, 32].
They can rarely reveal LCH-related abnormalities (such as cholestasis in liver LCH involvement) and are
useful for distinguishing alternative diagnoses or for patient therapeutic management [32, 45, 46].
Morning urine osmolality is a screening test for suspected diabetes insipidus [7].

Follow-up with a physical examination, chest radiography and lung function tests should be performed
periodically for PLCH. Patients with recently diagnosed PLCH may experience early progression of their
disease [13]. It is recommended that all patients undergo follow-up every 3–6 months for the first year
after diagnosis [7, 8, 13]. Systematic sequential chest CT scans add little information [13, 15]. In practice,
we perform a serial lung HRCT only in those patients who exhibit changes in their clinical, functional or
chest radiography status during follow-up. Doppler echocardiography is indicated in patients with
unexplained dyspnoea or isolated/disproportionate decrease in DLCO to search for pulmonary
hypertension, which needs to be confirmed by cardiac catheterisation [16, 40, 47].

Long-term follow-up is recommended and may detect respiratory dysfunction [14, 15] or a rare relapse
with recurrent nodule formation [48].

Pathogenesis
The cell-specific gene expression signature in Langerin (CD207)+ cells within LCH lesions has shown that
these cells are more consistent with immature myeloid dendritic cell precursors than Langerhans cells
[49, 50].

Very few LCH cells proliferate in the lesions [51, 52]. The accumulation of CD1a+ cells in granulomas
around small airways mainly results from recruitment in response to various soluble factors (particularly
granulocyte–macrophage colony-stimulating factor (GM-CSF) and CCL20 chemokine) of circulating
peripheral blood myeloid haematopoietic precursor cells, which then differentiate in the tissues that are
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involved [53–56]. Additionally, the CD1a+ cells in PLCH granulomas appear to be less sensitive to
apoptosis [57].

A specific characteristic of PLCH granulomas is their capacity to destroy and remodel surrounding tissues.
CD1a+ cells of PLCH granulomas express, to varying degrees, membrane maturation markers (especially
costimulation molecules) similar to those that are present on the surface of dendritic cells after exposure to
pathogens or activating cytokines [58]. CD1a+ cells extracted from bone LCH granulomas appear,
however, to be functionally impaired [59]. An important proportion of the T-lymphocytes that infiltrate
LCH granulomas are regulatory T-lymphocytes [51]. Various metalloproteinases have been identified in
LCH granulomas and could account for LCH-induced tissue destruction [49, 50, 60]. Recently, the
activation of the Notch1 signalling pathway has been shown to be at least partly responsible for the
specific profile of LCH cells [49].

The strong link between smoking and PLCH highly suggests that tobacco plays a role in the pathogenesis
of PLCH. The role for smoking in triggering PLCH is highlighted by the finding that children with
extrapulmonary LCH who subsequently develop PLCH during adolescence or adulthood are often smokers
[61]. Smoking induces accumulation of CD1a+ cells in the lungs in healthy smokers as well as in COPD
patients [62–64]. It stimulates local production of cytokines, which are important for the recruitment and
differentiation of dendritic cells (particularly tumour necrosis factor-α, GM-CSF, transforming growth
factor-β and CCL20), and these cytokines are expressed in PLCH lesions [56, 65–67]. Osteopontin also
appears to play a role in PLCH because large quantities of osteopontin are present in the BAL of patients
with PLCH compared with control smokers [68]. Tobacco smoke also promotes the survival of dendritic
cells through anti-apoptotic mechanisms [63].

An important breakthrough in the understanding of LCH was the recent identification of a recurrent
BRAFV600E mutation in ∼50% of LCH lesions [17], including PLCH lesions [69–72]. The presence of this
mutation can be determined both by molecular genotyping and immunohistochemistry with
paraffin-embedded specimens.

The BRAFV600E mutation is present in various types of cancers, including malignant melanomas and
almost all cases of hairy cell leukaemia [73, 74]. However, BRAFV600E somatic mutation does not
necessarily mean that LCH is a malignant disease because this mutation was also observed in benign nevi
[75]. Interestingly, in children with severe systemic forms of LCH, the BRAFV600E mutation may also be
detected in circulating and sometimes bone marrow precursors of dendritic cells [76].

The mitogen-activated protein kinase (MAPK) pathway is activated in LCH lesions regardless of the
presence or not of the BRAFV600E mutation and may be activated by mutations in other key factors of this
signalling cascade [17]. Similar to other forms of LCH, MAP2K1 (MEK1) mutations were observed in a
subset of BRAF-wild-type PLCH lesions [69, 77–79]. Recently, activating NRASQ61K/R mutations have been
described in a substantial subset of PLCH lesions, whereas these mutations were only exceptionally
reported in other forms of LCH (figure 5) [69]. These NRAS mutations occurred concurrently with
BRAFV600E mutations in most cases and both mutations were carried by different cell clones [69].

Recently, a significant expression of the programmed cell death PD-1/PDL-1 immune checkpoint
inhibitors and T-regulatory cells was shown to be present in the micro-environment of LCH lesions, and
these markers were correlated with the presence of the BRAFV600E mutation [80–82].

The correlation of MAPK mutations with clinical presentation and prognosis of PLCH is currently being
evaluated. In children with LCH, the BRAFV600E mutation is associated with an increased risk of
recurrence in systemic LCH, a high-risk disease (with risk organs) with increased resistance to first-line
therapy [76, 83].

Taken together, LCH is currently considered an inflammatory myeloid neoplasm with variable clinical
expression [84]. Smoking probably plays a triggering role in the development of lung localisation. Another
exogenous cofactor, such as viral infection, has been suspected but has not yet been identified [85].

Treatment
As the natural history of PLCH is mostly unpredictable in the individual patient and the disease may
spontaneously resolve, the first step for patient management is observation with a close follow-up [13].
Smoking cessation is essential in all patients and they may need to be enrolled in individualised
programmes. It is the only required intervention in a significant proportion of patients [86]. Combined
inhaled corticosteroid and long-acting β2-agonist therapy may provide benefit to patients with wheezing
and obstructive lung disease [13]. Pneumothorax management may be particularly difficult and requires
almost constant drainage. Surgical pleurodesis is indicated in cases of recurrence, and is often needed for
cases of a single large pneumothorax because of a frequent and prolonged air leak and a high rate of
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recurrence with a conservative approach [87]. Ideally, these patients should be referred to centres with
expertise in these procedures. Pleurectomy is best avoided for patients who may be candidates for lung
transplantation in the future, but pleurectomy is occasionally inevitable because of recurring
pneumothoraces.

Lower respiratory tract infection is a common cause of deterioration for PLCH and should be promptly
treated. An annual vaccination against influenza and an antipneumococcal vaccine are recommended for
patients with impaired lung function.

Systemic treatment is considered for symptomatic patients with impaired lung function.

Oral corticosteroids are prescribed by some physicians in patients with progressive disease [88], although
there is no controlled proof of their efficacy in stabilising or inducing disease remission. Vinblastine,
which is the cornerstone treatment of LCH in children [6, 89], has limited efficacy in PLCH [90].

Cladribine (2-chlorodeoxyadenosine), which is a purine nucleoside analogue and is directly toxic for
lymphocyte and monocyte cells, has been used as a second-line treatment in multisystem LCH [91, 92]
and has been reported to induce remission or improve lung disease in several PLCH cases [18, 93–96]. As
this treatment is highly immunosuppressive (inducing prolonged lymphopenia), prolonged infection
prophylaxis of Pneumocystis jirovecii and herpes viruses should also be included in the treatment. The
efficacy and tolerance of this promising treatment for symptomatic forms of PLCH with impaired
pulmonary function is currently being evaluated in a phase II clinical trial (Clinicaltrials.gov: identifier
NCT01473797).

Hypoxaemia is treated with supplemental oxygen. Symptomatic treatment is often needed in cases of
pulmonary hypertension. The role of vasodilator therapy for the treatment PLCH/pulmonary hypertension
is not well established, and should be reserved for centres with expertise in both vascular and advanced
lung disease [16, 97, 98]. Patients with advanced PLCH benefit from lung transplantation [41]. Disease
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FIGURE 5 The mitogen-activated protein kinase (MAPK) pathway showing mutations identified in pulmonary
Langerhans cell histiocytosis (PLCH). TKR: tyrosine kinase receptor; GTP: guanosine triphosphate; MEK:
MAPK kinase; ERK: extracellular signal-regulated kinase. Under physiological conditions, MAPK is activated
through binding growth factors to the TKR. The phosphorylation of downstream factors ultimately results in
the translocation of phosphorylated ERK1/2 into the nucleus and the activation of transcription for genes
involved in cell activation. The MAPK pathway is constitutively activated downstream of each mutated factor.
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relapse in the transplanted lungs has been described, especially for patients with pre-operative
extrapulmonary manifestations and patients who resume smoking following transplantation [41, 99].

Perspectives
As a result of the progress made in recent years, it is possible to provide recommendations for the
management of patients with PLCH in clinical practice. Smoking cessation (and weaning the patient off
other addictive substances) remains an important challenge that, at best, can be achieved through
individualised programmes and psychological support whenever necessary. Patient associations are very
helpful for patients who are often discouraged when coping with this orphan disease. Another important
goal is the search for predictive factors that can be reliably used at the individual level. Better knowledge of
the pathogenesis of LCH has led to the use of targeted therapies, including BRAF or MEK (MAPK kinase)
inhibitors, in patients with severe disease. Cooperative efforts are needed to rigorously evaluate the efficacy
and tolerance of these treatments due to their potentially severe side-effects.
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