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Summary Childhood pulmonary Langerhans cell histiocytosis (PLCH) is a rare disease. Its pulmonary his-
topathology, according to comprehensive clinical-radiological findings and BRAFV600E mutation status, has
not yet been thoroughly documented. From the 167 childhood PLCH cases entered in the French National
Histiocytosis Registry (1983-2016), we retrieved lung biopsies from a consecutive retrospective series of 17
patients, diagnosed when they were 2 weeks to 16 years old (median, 9.4 years), and report the clinical and
histopathological findings herein. Histological analyses of biopsies (16 surgical and 1 postmortem) found
the following features, alone or associated: Langerhans cell (LC) nodules with cavitation (9/17), cysts
(14/17), fibrotic scars (2/17), peribronchiolar topographic distribution of the lesions (10/17), and accessory
changes, like stretch emphysema (7/17). Those characteristics closely resemble those describing adult
PLCH. However, unusual findings observed were 2 large nodules and a diffuse interstitial LC infiltrate.
BRAFV600E mutation was detected in 4 of 12 samples tested, notably in the 3 with unusual features. In con-
clusion, childhood PLCH mostly shares the common histology features already described in adult PLCH,
regardless of age. Because smoking is considered the major trigger in PLCH pathogenesis, the findings
based on this series suggest other inducers of bronchiolar LC recruitment, especially in very young patients.
© 2019 Elsevier Inc. All rights reserved.
1. Introduction

Langerhans cell histiocytosis (LCH), characterized by in-
flammatory lesions mainly composed of CD1a+ Langerhans
cells (CD1a+ LCs), occurs in children and adults [1]. Its having
been shown to be associated with somatic mutations, espe-
cially BRAFV600E (v-RAF murine sarcoma viral oncogene ho-
molog B) in ~50% of children [2] and 35% of adults, favors a
clonal origin [3]. The lung is frequently the only organ in-
volved in adult pulmonary LCH (PLCH), which is strongly as-
sociated with tobacco smoking, considered to be the trigger for
CD1a+-LC recruitment in distal airways [4,5].

Unlike adults, childhood PLCH, albeit less frequent, is
more commonly associated with extrapulmonary involvement
[6], so it can be definitively diagnosed with a broader panel of
non-invasive biopsies. Consequently, clinical-histopathologi-
cal studies on childhood PLCH are scarce and rarely focused
on its histopathology [7,8], compared to numerous investiga-
tions on large adult series [7,9-11].

This context led us to conduct this retrospective histopathol-
ogy study on all the childhood PLCHs with available lung tis-
sue specimens entered into the French National Histiocytosis
Registry (FNHR) over 34 years (1983-2016) [12]. With access
to this unique retrospective cohort, we aimed to describe child-
hood PLCH histopathology according to clinical and radiolog-
ical features, and BRAFV600E mutation status, when available.
2. Materials and methods

2.1. The FNHR and collection of lung histological
material

This study included French patients b18 years old diag-
nosed with PLCH. To be included in the FNHR, patients had
to meet LCH diagnostic criteria and their parents provided in-
formed consent. The FNHR has been authorized by French
oversight authorities (CCTIRS, Committee for the Treatment
of Health-Related Information no. 09 6191; and CNIL, Na-
tional Committee for Informatics and Freedoms no. 909027)
and recognized as a National Registry by French health au-
thorities since 2008, and its completeness has been verified
against multiple separate sources, as required [12].

According to guidelines [13], childhood PLCH was diag-
nosed based on characteristic computed-tomography (CT)
scan abnormalities, confirmed by histology of an extrapulmon-
ary or lung biopsy. In addition to lung involvement, patients
were classified according to the number of organs involved,
especially any of the 3 defined risk organs (ROs) associated
with mortality (liver, spleen or blood) [14]: RO− (lung in-
volvement alone or with another non-RO affected) or RO+

(≥1 RO involved). Overall disease activity was scored with
the Disease Activity Score [15].

For this study, the records of 1844 LCH patients≤18 years
old, diagnosed from January 1983 to December 2016, were re-
trieved from the FNHR. PLCH was diagnosed in 167 (9.1%)
patients and a lung biopsy had been obtained from 20. Among
them, 17 specimens (16 surgical lung biopsies, 10 during
pneumothorax- curative interventions and 6 for isolated pul-
monary abnormalities, and 1 postmortem sample) could be re-
trieved (paraffin-embedded tissue or slides with stained
sections) from 10 pathology departments. For the remaining
3 patients, pathology samples were no longer available and
the pathology reports in the charts were too brief to be infor-
mative. Routine lung sections were independently reviewed
by 2 LCH-experienced pathologists (M.K. and J.-F.B.),
blinded to clinical information.

The overall characteristics of the 17 biopsy-cohort patients
and the 147 no-lung-biopsy group were compared, particularly
the numbers of involved extrapulmonary organs, especially
any of the 3 ROs. All patients were followed up until
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December 31, 2018 and their therapeutic regimens and out-
comes were collected.

2.2. CT scans

Radiological data were available for 16 patients: 6 CT-scan
reports, and 10 CT scans reviewed by 3 specialized pediatric
radiologists (V.D.V., C.S. and H.D.L.P.) and scored as recom-
mended [16]. The presence/absence of nodules, cysts,
costophrenic-angle involvement, alveolar condensation and
diffuse ground-glass opacities were systematically recorded.
A complete radiological description of this childhood PLCH
series has been submitted elsewhere.

2.3. Histological analyses

Hematoxylin-eosin–stained and anti-CD1a–immunola-
beled slides were available for the 17 samples. When possible,
to better identify remnants of bronchiolar structures, additional
sections were immunolabeled for cytokeratin and caldesmon.
Section areas were size rated: b1, 1-3 or N3 cm2. The 17
biopsies were assessed for the following features: LC nodular
aggregates, alveolar and interstitial LC infiltrates, cysts,
fibrotic scars, topographic distribution and accessory changes,
Table 1 Demographic and clinical parameters of childhood PLCH: 17

Characteristics Bio

Male/female, n 11/6
Age at diagnosis, years
LCH (median) 9.5
PLCH (median) 10.8
N10 years, n (%) 8 (4

No. of organs involved at maximal extent (median) 3
Follow-up, years 13.3
Disease activity score [15] median of the maximum 6.5
Extrapulmonary involvement, n (%)
RO+ (liver, blood, spleen) patients 4 (2
Hematological dysfunction 2 (1
Liver 3 (1
Spleen 1 (6
Bone 2 (1
Skin 6 (3
Pituitary 9(53
Central nervous system 2 (1

Overt pneumothorax 12 (
Any systemic treatments/chemotherapies, n (%) 13 (
Deaths, n (%) 5 (2
BRAFV600Eb 4/12

Abbreviations: NS, non-significant; PLCH: pulmonary Langerhans cell histiocytos
BRAF, v-RAF murine sarcoma viral oncogene homolog B.
a Fisher's exact test for qualitative parameters or Kruskal-Wallis test for quantitativ
b Ratio: positive BRAFV600E/number of tests done.
including stretch emphysema and smoking-related changes in
the surrounding tissues.

2.4. Detection of the genomic BRAFV600E mutation

After histological review and enrichment by macrodissection
to ≥10% histiocytes, DNA was extracted from formalin-fixed,
paraffin-embedded samples [2], all obtained before any therapy.
BRAFV600E was detected by pyrosequencing with PyroMark
Q24 (Qiagen, Hilden, Germany) for 9, or real-time polymerase
chain reaction (PCR; LightCycler 480; Roche, Rotkreuz, Swit-
zerland) for 3. For the patient whose histiocyte component was
b10%, a droplet digital PCR assay with a Raindrop system
(Raindance Technologies, Lexington, MA) was used [2].

2.5. Statistical analyses

Characteristics of biopsy-cohort patients versus the no-
lung-biopsy group were compared. All statistical analyses
were computed with Stata v13 software (College Station,
TX). Categorical parameters were compared with Fisher's ex-
act test, and quantitative variables were compared with the
Mann-WhitneyU test. All tests were 2-tailed, withP b .05 de-
fining significance.
from the biopsy-cohort vs 147 with no lung biopsy

psy No lung biopsy Pa

82/65 NS

1.2 0.01
1.4 0.0109

7%) 22 (15%) 0.004
5 0.0005
8.5 NS
4.2 0.02

3%) 77 (53%) 0.03
2%) 58 (40%) 0.032
8%) 67 (46%) 0.04
%) 56 (38.1%) 0.007
2%) 110 (75%) b0.001
5%) 100 (68%) 0.01
%) 31 (21%) 0.007
2%) 18 (12%) NS
70%) 20 (13.6%) b0.001
76%) 137 (93%) 0.0109
9%) 25 (17%) NS
(33.3%) 22/34 (64%) NS

is; RO+, risk organ-affected, according to the international consensus [14];

e variables.



Table 2 Individual characteristics of the 17 childhood PLH patients from the biopsy-cohort and their corresponding histopathological findings

Patient Clinical and radiological findings

Sex Age at RO status; extrapulmonary disease PNO Active
smoker ⁎

CT scan (score) †

Lung
biopsy

Clinical
onset

1 F 2 wk 2 wk RO+ blood & spleen; skin, thymus,
bowel

No No Not done

2 M 4 wk 3 wk RO−; skin Yes No Nod (3), cysts (6), CPA+

3 F 3 mo 3 mo RO+ blood; skin No No Nod, cysts, CPA+
, condensation

4 F 14 mo 14 mo RO+ blood; bone, thymus Yes No Nod (0), cysts (20), CPA+

5 M 2 y 2 y RO+ liver, skin, blood Yes No Nod (0), cysts (18), CPA+,
condensation

6 F 4.5 y 4.5 y RO−; none Yes No Nod (0), cysts (12), CPA+

7 M 5 y 5 y RO−; none Yes No Nod (6), cysts (10), CPA+

8 M 10 y 10 y RO−; none No No Nod, CPA+

9 M 11 y 10.5 y RO−; pituitary Yes No Nod (1), cysts (6), CPA+

10 F 13.5 y 12 y RO−; pituitary No No Nod (6), cysts (2), CPA+

11 M 14 y 10.5 y RO−; pituitary Yes Yes 1 y/1 py Nod (0), cysts (12)
12 M 15 y 15 y RO−; pituitary Yes Yes 1.2 y/2

py
Nod, cysts

13 M 16.5 y 14 y RO−; pituitary Yes Yes 3 y/6 py Nod (1), cysts (7)
14 M 16.5 y 16.5 y RO−; pituitary, bone No Yes 1 y/1 py Cysts
15 F 16.5 y 9.7 y RO−; pituitary, thyroid Yes Yes 3 y/2 py Nod (1), cysts (1); ground-glass
16 M 17 y 5.2 y RO−; pituitary Yes Yes 3 y/6 py Nod, cysts
17 M 18 y 14 y RO+ liver; pituitary Yes Yes 4 y/3 py Nod, cysts
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3. Results

3.1. Demographic and clinical data

The overall characteristics of the 17 childhood-PLCH
biopsy-cohort patients and the 147 no-lung-biopsy group are
reported in Table 1. Biopsy-cohort patients were significantly
older at diagnosis, had less multisystemic involvement at max-
imal disease extension, especially RO+, bone and skin, and
less frequent, but not statistically significant, BRAFV600E-
positivity. Moreover, they had significantly more frequent
pneumothoraces and pituitary involvement.

The individual characteristics of each biopsied patient (11
males and 6 females; median age at PLCH diagnosis: 9.5 years
[range, 2 weeks-18 years]) are given in Table 2. Equal num-
bers were over or under 10 years old. Twelve (71%) were clas-
sified as RO− and 5 (29%) RO+. At PLCH diagnosis, the 10
patients ≤13.5 years old were not tobacco smokers, while
the 7 ≥14 years old were active cigarette smokers at the time
of biopsy. The mean smoking duration before the biopsy
was 1.9 year (range, 1-4 years) with a mean of 3 pack/years
(range, 1-6 pack/years). The pulmonary biopsy immediately
followed the first clinical symptoms for the 8 patients ≤10
years, but the mean interval between symptom onset and biopsy
was 3.6 (range, 0-11.8) years for the 9 older children. Twelve
children experienced pneumothoraces. Median follow-up lasted
13.3 years and 5 patients died of the consequences of the pulmo-
nary involvement: 1 sudden death at diagnosis, 1 graft-vs-host
disease complicating lung transplantation [17], 1 with untreata-
ble pneumothorax and 2 of late complications of chronic pul-
monary insufficiency. Twelve patients received systemic
therapy including prednisolone, vinblastine and/or cladribine.

3.2. CT-scan patterns

Radiological abnormalities seen on the 16 childhood-
PLCHCT scans are reported in Table 2. Nodules (with a score
from 1 to 6 when available) were observed in 70% of the pa-
tients (11/16). Most often 1 to 10 mm in diameter, with irreg-
ular borders, nodules were centrolobular, sometimes with
central cavitation. Cysts observed in all 16 patients were typi-
cally thick- or thin-walled, round or ovoid, measuring up to 2
to 3 cm in diameter. For 6 (no. 2, 4-7, 9) of the 9 patients b12
years old, the mean CT-scan cyst score was 12 (range, 6-20).



Clinical and radiological
findings

Pulmonary histological analysis

Outcome; age at last visit;
cause of death

Area
(cm2)

CD1a+ LC Lesion Additional Cysts Stretch BRAFV600E

lesions distribution findings emphysema

D, 2 wk; sudden death N3 Nodular PB LC int-alv None No Yes

A; 5.4 y 1-3 Nodular Non-assessable LC int-alv Mixed No No
A; 9 y N3 Nodular, pseudotumor Diffuse LC int-alv Mixed No Yes
D, 16 mo; PNO b1 Nodular PB LC int-alv Fibrous No No
A; 18 y 1-3 Nodular, pseudotumor Diffuse None Mixed No Yes

D; post-lung transplant; 5 y 1-3 Nodular PB None None No Not available
A; 18 y 1-3 Subpleural cysts PB None Mixed Yes No
A; 26 y 1-3 Fibrotic scars, few LCs PB None None Yes Not available
A; 24 y b1 Subpleural cysts Non-assessable None Mixed Non-assessable No
A; 19 y N3 Nodular PB None Cellular No No
A; 29 y b1 Subpleural cysts, few LCs Non-assessable None Fibrous Yes No
D, 28 y; Respir-I 1-3 Nodular PB None Fibrous Yes Not available

A; 16.2 y 1-3 Nodular, fibrotic scars PB LC int-alv Fibrous Yes No
A; 30.3 y b1 Nodular Non-assessable None Fibrous No Not available
A; 27 y N3 Diffuse interstitial Diffuse M-alv None No Yes
D, 28 y; Respir-I 1-3 Nodular, few LCs PB M-alv Cellular Yes No
A; 32 y 1-3 Subpleural cysts PB M-alv Fibrous Yes No

Abbreviations: RO+/RO−, respectively, with or without involvement of extrapulmonary risk organs associated with mortality (liver, spleen or blood); PNO pneu-
mothorax; LCs, Langerhans cells; BRAF, v-RAF murine sarcoma viral oncogene homolog B; py, pack-years; CT, computed-tomography scan, Nod, nodules,
CPA+, costophrenic angle involvement; A, alive, D, dead, Respir-I, respiratory insufficiency; PB, peribronchiolar; LC int-alv, LCs within interstitial and alveolar
compartments far from CD1a+-LC nodules; M-alv, macrophage accumulation in alveolar spaces.
*Active smoker at time of biopsy: duration and n of pack-years.
†The number in () indicates the score [16], when available.
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Nodules and cysts located near the costophrenic angles in pa-
tients 1 to 10 (63%), all b14 years, represented a pediatric
specificity, and alveolar condensation appeared as a new spe-
cific feature in patients 3 and 5.

3.3. Histopathology

Large tissue sections (N3 cm2) were analyzed for 4 patients,
small biopsies (b1 cm2) for 4, and intermediate (1-3 cm2)
specimens for the remaining 9 (Table 2). Themain histological
findings are summarized in Table 2 and shown in Fig. 1. In
all specimens, LCs were identified by their usual elongated
nuclei with delicate clefts and inconspicuous nucleoli, and
pale eosinophilic cytoplasm of indistinct cell borders. Anti-
CD1a immunolabeling confirmed that identify in all the
specimens.

3.3.1. LC nodules with cavitation
The main (9/17) observed lesion was CD1a+-LC aggre-

gates admixed with various amounts of lymphocytes or eosin-
ophils, forming more-or-less compact nodules centered
around small cavities (Fig. 1A and B). These cell aggregates
were separated by normal parenchymal bands (Fig. 1A). This
pattern was observed in 9 patients (Table 2). In addition, some
small CD1a+-LC clusters were located far from the main nod-
ules (patients 1-4 and 13).

3.3.2. Large nodules
In patients 3 and 5, the lung parenchyma was almost en-

tirely infiltrated by CD1a + LCs forming large nodules, com-
prised more or less compact infiltrates of CD1a+ LCs mixed
with eosinophils, the latter with a small cavitation (patient 5;
Fig. 2), or extensive infiltration of air spaces and alveolar
walls, with the underlying interstitial network still visible, sug-
gesting recent and massive CD1a+-LC expansion (patient 3;
Fig. 3).

3.3.3. Alveolar and interstitial LC infiltrates
An unusual diffuse interstitial infiltrative pattern was ob-

served in patient 15’s biopsy. The normal alveolar architecture
was well-preserved, and bronchioles looked normal. Alveolar
walls were infiltrated by sheets of CD1a+ LCs mixed with rare
eosinophils and lymphocytes, adjacent alveoli contained small
CD1a+-LC clusters intermixed with CD1a− macrophages,
resulting in a pattern of CD1a+-LC interstitial pneumonitis
(Fig. 4).



Figure 1 A-C, Patient 10. A, Peribronchiolar Langerhans cell (LC) aggregates with cavitation (arrows). B, Highermagnification shows the char-
acteristic breakdown of the bronchiolar mucosa (arrow) by LC aggregates (star). C, Cytokeratin immunolabeling highlights remnants of bronchi-
olar lining (arrow) within a bronchiolectasia associated with a LC nodule. D, Patient 6. Subpleural aggregate of immunolabeled CD1a+ LCs (star).
E, Patient 8. Typical pattern of bronchiolar starfish scar. F, Patient 17. Thick-walled cyst in continuity with a bronchiolar lumen (star). Hematox-
ylin-eosin staining (A, B, E, and F); original magnifications: ×25 (A, E, and F) or ×50 (B, C, and D).

Figure 2 Patient 5, a 2-year-old BRAFV600E-positive boy. A, Chest computed tomogram showing extensive cystic changes. B, Overview of the
lung biopsy showing more-or-less compact extension of Langerhans cell infiltrates, the latter with a small central cavitation (arrow). Hematoxylin-
eosin staining; original magnification ×25.
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Image of Figure 1
Image of Figure 2


Figure 3 Patient 3. A, Axial chest computed tomogram showing thickened septa and condensation visible in the costophrenic angle (encircled).
B, Low magnification of the biopsy showing a coalesced nodular-shaped infiltrate of Langerhans cells (LCs). C, Massive LC infiltration of both
airspaces (star) and alveolar walls (arrow). Hematoxylin-eosin staining; original magnification ×25 (B) or ×50 (C).

Fig.4 Patient 15: a 16.5-year-old BRAFV600E-positive girl, active smoker. A, Chest computed tomogram shows thickening of the septae and
diffuse ground-glass opacities (framed in the box). B, Low magnification of CD1a-immunolabeling demonstrating both interstitial and alveolar
infiltration of diffuse Langerhans cell (LC) clusters (original magnification ×25). C, Diffuse alveolar (thick arrow) and interstitial (thin arrow)
LC infiltration associated with preservation of lung architecture (hematoxylin-eosin staining; original magnification ×100).
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Image of Figure 3
Image of Fig.4


58 M. Kambouchner et al.
3.3.4. Cysts
Cystic remodeling was observed in most of the biopsies

(13/17 [76%]). In addition to the usual nodule cavitation ob-
served (Fig. 1A and C; Fig. 2B), a predominant pattern made
of subpleural cysts surrounded by CD1a+-LC clusters was ob-
served in patients 7, 9, 11 and 17, notably those whose biop-
sies had been obtained concurrently with pneumothorax cure
(Figs. 1F and 5C). Cystwallswere eitherfibrous and thin contain-
ing rare CD1a+ LCs (5/11; 45%) or cellular with still numerous
CD1a+ LCs (6/11; 55%) (Fig. 1F and 5C). Importantly, cysts
were seen in infants with no tobacco exposure.

3.3.5. Fibrotic scars
Healing lesions, like the so-called “starfish scars” (Fig. 1E) or

fibrous nodules, were seen in biopsies from patients 8 and 13.

3.3.6. Topographic distribution of PLCH lesions
For 7 (41%) patients, the narrowness of their subpleural

specimens (b1 cm2) or the diffuse extension of lesions pre-
vented suitable evaluation of PLCH topographic distribution
in relationship to peripheral bronchioles (Table 2). Bronchiolar
mucosal remnants were sometimes identified, either on hema-
toxylin-eosin–stained or anti-cytokeratin– or anti-caldesmon–
immunolabeled tissue (Fig. 1C). For 9 patients with suffi-
ciently large areas, CD1a+ LCs predominated in lobule cen-
ters, in contact with bronchiolar walls (Fig. 1A-C). That
centrolobular LC-lesion topography was even observed in
the lungs of very young patients 1 and 4.
Fig 5 Patient 7: a 5-year-old boy. A and B, Chest computed tomograms s
Lung-biopsy histology confirmed cystic spaces (stars) surrounded by mixed
ing; original magnification ×25).
3.3.7. Accessory changes
Stretch emphysema was observed in 7 of 17 samples,

mostly in apparently older lesions (Table 2).
Histological changes commonly associated with long-term

smoking (respiratory bronchiolitis, brown-pigmented macro-
phage alveolitis) were absent, even when patients 11 to 17
were active tobacco smoker at the time their biopsies were ob-
tained. This finding probably reflects the relatively recent on-
set of smoking. Also, hemosiderin-laden macrophages were
very scarce.
3.4. Histopathology according to CT scan and age

A nodular pattern observed in 9 of 16 (56%) CT scans was
also found in 11 of 16 (68%) tissue samples. CT scans showed
pulmonary cysts in 15 (94%). However, due to the sampling
site, cysts were histologically observed in only 13 of 17
(76%) tissue specimens. Importantly, 5 of the 8 lung biopsies
from patients ≤10 years old, including children as young as
4 weeks, contained cysts.

Patients 3, 5 and 15 had unusual histological diffuse
infiltrative patterns. Alveolar condensations were seen
on the CT scan of patients 3 and 5 who had large nod-
ules. Patient 15’s CT scan showed diffuse ground-glass
opacities, and her biopsy contained diffuse alveolar and
interstitial LC infiltrates evocative of CD1a+-LC intersti-
tial pneumonitis.
howing diffuse, bilateral, thick-walled cysts and left pneumothorax. C,
cellular and fibrotic Langerhans cell lesions (hematoxylin-eosin stain-

Image of Fig 5
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3.5. Histopathology according to BRAFV600E mutation

Interestingly, the 4 BRAFV600E mutation carriers were:
newborn patient 1, 3-month-old female patient 3, 2-year-old
male patient 5 whose pulmonary biopsies demonstrated mas-
sive CD1a+-LC infiltrations, and16.5-year-old female patient
15 who had an unusual diffuse interstitial pneumonitis pattern.
Notably, these 4 cases were characterized by the histopatho-
logical and radiological absence of typical circumscribed LC
nodules and scarcity of cysts.
4. Discussion

In the FNHR cohort, 9.1% of LCH patients ≤18 years old
have PLCH. Lung biopsies had been obtained for diagnosis
from 12% of the cohort; this low lung-biopsy rate agrees with
a previous series [13]. However, that earlier study reported no
histopathology findings [13]. Indeed, histopathology reports
dealing with childhood PLCH are scarce [7,8], mostly spo-
radic clinical-pathological cases [18-22], thereby making this
analysis of 17 childhood-PLCH biopsies the largest series to
be reported [7,8,18-23].

The first issue concerns this series' representativeness
of childhood-PLCH histopathology. Actually, most of
the 147 no-lung-biopsy group were younger, with more
diffuse disease, allowing diagnosis based on non-
invasive biopsies. The higher pneumothorax rate in the
biopsy cohort might explain the higher likelihood of
obtaining a lung biopsy [7,8,18-23]. Nevertheless, our se-
ries' biopsies were obtained from children 2 weeks to 18 years
old, with RO+ or RO− extrapulmonary disease extension.
Other than these limitations, the histopathology patterns found
in this series can be considered representative of childhood
PLCH. Similar characteristics were described in the few
childhood-PLCH cases published [7,8,18-23] and the largest
study so far on 102 children with PLCH, among whom only
12 (12%) underwent lung biopsy [13]. However, it seems im-
portant to keep in mind potential bias, with constant underrep-
resentation of the youngest patients, with less extensive
disease.

Technically, the main study limitations were the small sizes
of the pediatric pulmonary biopsies (4 cases b1 cm2) and thin-
ness of the subpleural samples obtained to cure pneumothorax,
because they prevented reliable histological analyses to detect
the vascular changes described in adults [24] but not yet eval-
uated in childhood PLCH.

Pertinently, most of the lesions in our biopsied patients
shared the same histological pattern as that described in adult
PLCH. Indeed, tissue specimens sufficiently large to allow
easy interpretation exhibited the archetypal histology of adult
PLCH, ie, coexistence of CD1a+-LC aggregates admixed with
inflammatory cells, forming nodules in a bronchiolocentric
distribution, and variously aged cysts, even in very young chil-
dren. In addition, as previously described in adults, bronchiolar
mucosa was frequently broken in the middle of CD1a+-LC
clusters. It must be emphasized that fibrous or mixed-pattern
cysts were observed in 4 of the 5 samples from children ≤2
years.

Importantly, cystic changes represent a characteristic histo-
pathologic feature of adult PLCH [7,9-11]. As we previously
demonstrated in a 3-dimensional study, the elective location
of CD1a+-LC lesions along the bronchiolar axis, undoubtedly
indicates the role of the bronchiolar lumen in the pathophysiol-
ogy of most cystic spaces observed in adult PCLHs [25]. Cyst
diameters varied greatly as a function of their localization
along the bronchiolar tree and the stage of the lesions. Accord-
ingly, bullous defects develop from the destruction of distal re-
spiratory bronchioles, particularly alveolar ducts, likely due to
their thin anatomical architecture [25]. In addition, stretch em-
physema of alveoli adjacent to CD1a+-LC lesions or sub-
pleural blebs could participate in the cystic appearance of
PLCH lesions. All these features were observed in our biop-
sied patients. It is accepted that such cysts in adult PLCH result
from progressive destruction of the bronchiole and the down-
stream airways. Subpleural cysts withmixed fibrotic and cellu-
lar lesions may originate from peribronchiolar cysts,
bronchioloectasia or even from cavitation of subpleural LC ag-
gregates, as shown in Fig. 1D.

The bronchiolar breakdown, highlighted by the keratin immu-
nolabeling and attributed to CD1a+-LC infiltration very early
during postnatal life, challenges the recognized relationship
of adult-PLCH pathogenesis with active smoking [4,5]. In-
deed, herein, all 7 patients ≥14 years were active smokers at
the time of biopsy and 5 had the clinical-radiological-histo-
pathological pattern of adult PLCH. However, for 4 of them,
disease onset preceded the lung biopsy from 3.5 to 12 years.
Importantly, the microscopic analyses of those biopsies from
the 6 young smokers did not demonstrate any of the usual
smoking-related histological changes of adult PLCH (ie, respi-
ratory bronchiolitis, emphysema, desquamative interstitial
pneumonia-like reaction), probably because these adolescents’
cumulative tobacco consumption remained low. No informa-
tion related to passive smoking could be obtained for the other
patients. Therefore, multiple lines of evidence provided by our
study suggest that tobacco does not play a key role in the path-
ophysiology of all childhood PLCHs. Consequently, other in-
ducers must be considered in children. In 1993, Haque and
Mancuso reported proliferations of dendritic/Langerhans cells
in the bronchioles of sudden infant death syndrome victims,
suggesting a consequence of exposure to environmental anti-
gens [26]. Hence, environmental factors or virus infections,
frequent in infants, might trigger bronchiolar cell secretion of
cytokines/growth factors (eg, granulocyte-macrophage
colony-stimulating factor) and peribronchiolar CD1a+-LC re-
cruitment [27], a known major pathogenetic mechanism of
LCH [28-30].

Despite strong general similarities with adult-PLCH lesions
across children's ages, some significant distinctive patterns
were discerned, but may have been under-evaluated because
younger PLCH patients were biopsied less often. As previ-
ously described in 7 children [31], pulmonary parenchyma of
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the costophrenic angles on CT scans was involved in all the
children≤13.5 years, unlike adult PLCH, which characteristi-
cally spares this part of the lung. That finding might suggest
that deposition of potential airborne triggers varies according
to bronchial maturation until puberty, a hypothesis consistent
with the greatest pulmonary particle-deposition fraction in in-
fants, then decreasing with age [32].

Unusual CD1a+-LC-clustering patterns were observed in
this series: large nodules in 2 patients or interstitial pneumoni-
tis in a third. Extensive sheets of CD1a+ LCs were observed in
the biopsy of 2 of 7 ≤6-year-old children: a 3-month-old girl
and a 2-year-old boy with RO+ multiorgan disease. CT scan
showed alveolar condensation. In a 16-year-old smoker girl
with RO− disease (patient 15), we observed an interstitial
and alveolar spread of CD1a+ LCs with maintained alveolar
architecture evocative of CD1a+-LC interstitial pneumonitis.
In that patient, diffuse ground-glass opacities were observed
on CT scan. In a review of 59 patients, from the pediatric
LCH series, alveolar condensations and ground-glass opaci-
ties, respectively, were observed in 24% and 17% of PLCHs
(Valeria De la Valle et al personal communication; manuscript
submitted). These unusual childhood-PLCH histological pat-
terns suggest the possibility of dissemination throughout the
lung parenchyma via circulating CD1a+ LCs [33]. Moreover,
the infiltrative pattern evocative of CD1a+-LC interstitial
pneumonitis is particularly unusual in PLCH, although
rare LCs have been described in fibrotic interstitial dis-
eases [34]. Indeed, the multiorgan diffusion observed in that
patient suggests a possible hematogenous or extrapulmonary
origin resulting in interstitial LC infiltration of alveolar walls.
It must be emphasized that, herein, BRAFV600E mutation was
detected in these 3 patients with unusually extensive lesions.
The percentage of BRAFV600E mutations in the biopsy cohort
(33%) was lower than that of the no-lung-biopsy group
(64%). That finding can be explained by a sampling bias be-
cause of a low number of tests or by biopsy-cohort patients be-
ing significantly older. However, the overall BRAFV600E rate
(26/47; 55%) is in line with the previously published results
[2].

In conclusion, the overall histopathology ofmost childhood
PLCHs, regardless of age, mostly resembled that already de-
scribed for adult disease. That observation raises the possibil-
ity, particularly for very young patients, of triggers other
than tobacco smoke for bronchiolar CD1a+-LC recruitment.
A minority of our childhood PLCHs carrying the BRAFV600E

mutation exhibited unusually extensive interstitial CD1a+-LC
infiltration.
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