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Abstract

Background The long-term outcomes of adult pulmonary Langerhans cell histiocytosis (PLCH),
particularly survival, are largely unknown. Two earlier retrospective studies reported a high rate of
mortality, which contrasts with our clinical experience.

Methods To address this issue, all patients with newly diagnosed PLCH referred to the French national
reference centre for histiocytoses between 2004 and 2018 were eligible for inclusion. The primary outcome
was survival, which was defined as the time from inclusion to lung transplantation or death from any
cause. Secondary outcomes included the cumulative incidences of chronic respiratory failure (CRF),
pulmonary hypertension (PH), malignant diseases and extrapulmonary involvement in initially isolated
PLCH. Survival was estimated using the Kaplan—Meier method.

Results 206 patients (mean age 39+13 years, 60% female, 95% current smokers) were prospectively
followed for a median duration of 5.1 years (IQR 3.2-7.6 years). Of these, 12 patients (6%) died. The
estimated rate of survival at 10 years was 93% (95% CI 89-97%). The cumulative incidences of CRF and/
or PH were <5% at both 5 and 10 years, and 58% of these patients died. 27 malignancies were observed in
23 patients. The estimated standardised incidence ratio of lung carcinoma was 17.0 (95% CI 7.45-38.7)
compared to an age- and sex-matched French population. Eight (5.1%) of the 157 patients with isolated
PLCH developed extrapulmonary involvement.

Conclusion The long-term prognosis of PLCH is significantly more favourable than has previously been
reported. Patients must be closely monitored after diagnosis to detect severe complications early.

Introduction

Langerhans cell histiocytosis (LCH) is a rare neoplastic inflammatory disorder driven by activating
mutations in the mitogen-activated kinase (MAPK) pathway in CDla" cells infiltrating the involved
tissues [1-3]. Adult pulmonary LCH (PLCH) occurs almost exclusively in current or ex-smokers of both
sexes, with a peak incidence between 20 and 40 years of age [4].

The prognosis of PLCH is highly variable and difficult to predict in an individual patient, ranging from
spontaneous resolution, particularly after smoking cessation, to chronic respiratory failure (CRF) and
pulmonary hypertension (PH), ultimately leading to lung transplantation or death [4]. In a small
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multicentre retrospective study, approximately half of the patients had worse lung function within 5 years
after diagnosis [5]. We previously conducted a prospective study on the 2-year natural history of PLCH
and identified a subgroup of patients whose lung function deteriorated early after diagnosis [6].

In contrast, the long-term outcomes of PLCH remain largely unknown. Two earlier retrospective studies
reported a high rate of mortality among PLCH patients [7, 8], which contrasts with our clinical experience.
The results of these studies should be interpreted with caution given the potential selection bias related to
their retrospective design. In addition, although CRF and PH may develop in patients with PLCH [4, 7-10],
the incidences of these complications during the course of the disease have not been assessed. Similarly,
whether and to what extent patients with isolated PLCH secondarily develop extrapulmonary LCH
localisations that affect their outcome has not been studied [11, 12]. Finally, the incidence of malignancies,
particularly lung cancer, in PLCH patients [8, 13—15] warrants further evaluation.

In the present study, we took advantage of our registry-based prospective large cohort to address these
issues with the main objective of determining the survival of these patients, who are generally young, and
determining the factors at diagnosis that are associated with mortality.

Methods

Study design

All patients with PLCH newly diagnosed in adulthood (i.e. >18 years old) who were referred between
January 2004 and April 15, 2018, were eligible for inclusion in the study. The study ended on October 31,
2018.

The diagnosis of PLCH was either histologically confirmed in a biopsy of an involved tissue or based on
the combination of an appropriate clinical picture, a typical nodulo-cystic pattern on lung high-resolution
computed tomography (HRCT) and the exclusion of alternative diagnoses [6] (see details on the diagnostic
process in supplementary methods).

The study was approved by the Institutional Review Board of the French Institute of Medical Research and
Health (IRB number 909207) and was registered with www.ClinicalTrials.gov (NCT04665674). All
patients provided written informed consent for the use of their medical records for research.

Data collection
Patient medical records were retrieved from the prospective standardised dedicated database and
retrospectively analysed (supplementary methods).

The patients were classified as having isolated PLCH or multisystem (MS) disease in case of
extrapulmonary involvement [16]. All lung HRCT scans performed at the time of inclusion in the study
were analysed by a radiologist (C de M) and two chest physicians (AT and AB) to determine the global
nodular and cystic scores and categorised into subgroups as previously described [5].

Lung function tests comprised spirometry, plethysmography and diffusion of carbon monoxide (Dyco) and
were performed according to the European standards [17]. The predictive values were determined as
previously described [6].

CRF was defined as a sustained decreased arterial oxygen tension (P,o,) on room air and/or the long-term
use of supplemental oxygen [18]. The European Society of Cardiology (ESC)/European Respiratory
Society (ERS) guidelines were used for the diagnosis of PH [19, 20].

End-points
The primary outcome was survival, which was defined as the time from inclusion to lung transplantation

or death from any cause.

Secondary outcomes included the cumulative incidences of CRF, PH, extrapulmonary LCH localisations
and malignancies during the study period.

Statistical analysis
Descriptive statistics are presented as the mean+sp, median (interquartile range (IQR)) or n (%).

Survival from the date of diagnosis of PLCH to the date of lung transplantation, death or last follow-up
was analysed using the Kaplan—-Meier method and compared with the values in the general French
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population matched by sex and age according to published actuarial tables (www.insee.fr). The one-sample
log-rank test was used to compare observed and expected survival. The standardised mortality ratio (SMR)
and its 95% CI were also calculated [21]. Univariable and multivariable Cox proportional hazards models
were used for analysis of factors predictive of survival. To address time-varying measurements over time, a
Cox model with a time-dependent covariate was used, in which all the predictors selected in the previous
multivariable model were considered time-varying rather than time-fixed. A last observation carried
forward method was used to impute missing forced expiratory volume in 1 s (FEV,) data over time.

The cumulative incidences of CRF, PH, extrapulmonary involvement and malignancies were estimated
separately in a competing framework, taking into account death and lung transplantation that occurred
before the event of interest as competing risk events.

The standardised incidence ratio (SIR), corresponding to the ratio of the number of observed to the number
of expected cases of lung cancer, was used as a measure of the relative risk of lung cancer in the study
population. The expected number of cases of cancer was calculated by multiplying the age-, sex- and
calendar year-specific cancer incidence in the French general population with the corresponding
person-time at risk in our cohort [22]. The 95% CIs of the SMR and SIR were estimated assuming a
Poisson distribution of the observed cases.

Statistical analyses were performed using R software (www.R-project.org/). All tests were two-sided with
p<0.05 denoting statistical significance.

Results

Study population at diagnosis

209 patients fulfilled the inclusion criteria. Three patients were excluded after a review of their medical
records, in which respiratory bronchiolitis with interstitial lung disease was retained as the final diagnosis.

The characteristics at diagnosis of the 206 patients retained in the study are shown in table 1. PLCH was
preceded by the involvement of another organ in four patients (1.9%) (bone, n=2; diabetes insipidus, n=2)
with a median interval of —3.4 years (IQR —6.5 to —2.3 years).

There were 15 smoking-related diseases concurrently present in 14 patients: COPD (n=4), respiratory
bronchiolitis with interstitial lung disease (n=1), ischaemic cardiomyopathy (n=4), ischaemic cerebrovascular
disease (n=4) and arteritis of the lower limbs (n=2). Other relevant comorbidities present in the cohort were
arterial hypertension (n=10), asthma (n=4), diabetes mellitus (n=6), obesity (n=14), obstructive sleep apnoea
(n=2) and gastro-oesophageal reflux disease (n=4). There were 11 patients with associated autoimmune
disorders: thyroiditis (n=5), multiple sclerosis (n=2), systemic lupus erythematosus (n=1), autoimmune
hepatitis (n=1), autoimmune haemolytic anaemia (n=1) and ankylosing spondylitis (n=1).

Lung HRCT scans were available for 196 patients (the diagnosis was histologically confirmed in all
remaining 10 patients for whom HRCT scans were missing). HRCT cystic scores were low to intermediate
in 175 patients (89.3%), denoting the recent development of PLCH (table 1). As expected for recent
PLCH, most patients had a typical nodulo-cystic pattern on lung HRCT, which explains why only 32% of
patients had histologic confirmation (table 1).

Lung function assessments were not available at diagnosis for 39 patients. Of these, 18 patients had a
pneumothorax, 18 underwent lung function measurements >6 months after diagnosis and three patients
were lost to follow-up soon after diagnosis (their vital status could be assessed through a telephone call at
the time the study ended). Airflow obstruction was present in 21 patients (13.3%).

Follow-up

Patients were followed for a median of 5.1 years (IQR 3.2-7.6 years). At study end, 188 patients (91%)
were still being followed. For the remaining 18 patients, the median time of follow-up was 4.6 years (IQR
3.4-9.3 years).

During the study period, among the 196 current smokers at diagnosis, 76 patients (38.8%) were weaned
from tobacco, and one ex-smoking patient resumed smoking during his follow-up. 17 patients (8.3%)
received systemic treatment for their disease, which consisted of steroids alone (n=6), vinblastine (n=2),
cladribine alone (n=7), cladribine followed by steroids and vinblastine (n=1), and cladribine followed by
the mitogen-activated extracellular signal-regulated kinase inhibitor trametinib (n=1). One patient
underwent lung transplantation 2.7 years after the diagnosis of PLCH.
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TABLE 1 Characteristics of the pulmonary Langerhans cell histiocytosis (PLCH) patients at the time of diagnosis

Characteristic

Subjects, n 206
Age, years 39.3+12.8
Sex
Female 123 (59.7)
Male 83 (40.3)
Smoking status
Current smokers 196 (95.1)
Ex-smokers 8 (3.9)
Pack-years 21.74¢15.9
Non-smokers* 2(1)
Cannabis consumption® 35 (17.0)
Histological diagnosis* 66 (32%)
LCH extent
Isolated PLCH 157 (76.2)
Multisystem PLCH® 49 (23.8)
Bone 85
Diabetes insipidus 11
Skin 6
Liver 2
Otherf 2
History of pneumothorax 24 (11.7)
Before diagnosis 6
Median time (IQR), months 2.8 (0.8-5.9)
At the time of diagnosis™ 18
Chronic respiratory failure 5(2.4)
Long-term oxygen supplementation 2
Pulmonary hypertension 2
HRCT pattern, n=196""
Nodulo-cystic 176 (89.8)
Nodular (cavitated) 6 (3.1)
Cystic 14 (7.1)
HRCT nodular score 6.8+4.8
HRCT nodular score subgroup
Low (0-6) 116 (59.2)
Intermediate (7-12) 54 (27.6)
High (13-18) 26 (13.3)
HRCT cystic score 6.8+4.5
HRCT cystic score subgroup
Low (0-6) 136 (69.4)
Intermediate (7-12) 39 (19.9)
High (13-18) 15 (7.7)
Very high (19-24) 6 (3.1)
TLC % pred, n=152 102.2+15.9
RV % pred, n=150 123.3+34.6
RV/TLC % pred, n=150 116.1+26.0
FEV, % pred, n=167 89.6+18.6
FVC % pred, n=158 95.1+18.7
FEV,/FVC %, n=158 79.9+10.2
Dy co % pred, n=127 63.4+16.8
Lung function patterns™
Normal spirometry 85 (53.8)
Obstruction 21 (13.3)
Restriction 14 (9.2)
Air trapping 59 (39.3)
Hyperinflation 21 (13.8)
Dy co <80% pred 103 (81.1)

Data are expressed as the meantsp or n (%), unless otherwise specified. LCH: Langerhans cell histiocytosis; IQR:
interquartile range; HRCT: high-resolution computed tomography; TLC: total lung capacity; RV: residual volume;
FEV, : forced expiratory volume in 1's; FVC: forced vital capacity; D, co : diffusing capacity for carbon monoxide;
% pred: % predicted. *: one patient had multisystem PLCH histologically confirmed on a skin biopsy, one had a
typical nodulo-cystic pattern on lung HRCT and was exposed to import passive smoking; : all smokers;
*: surgical lung biopsy (n=44) and extrathoracic LCH localisation (n=22); S: nine patients had >1 extra-pulmonary
LCH localisation; *: peripheral lymph node n=1, central nervous system n=1; *: four patients had pneumothorax
before and at diagnosis; *: histological confirmation in 26%, 33% and 64% of patients with nodulo-cystic,
nodular (cavitated) and cystic lung HRCT pattern, respectively; " restriction was defined as TLC <80%, air
trapping as RV/TLC ratio >120% of the predicted values, obstruction as a FEV,/FVC ratio <70% and

hyperinflation as a TLC >120% of predicted values.
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FIGURE 1 Kaplan-Meier estimates of expected and observed survival of the 206 pulmonary Langerhans cell
histiocytosis (PLCH) patients during the study period. The shaded area represents 95% confidence intervals.
The red line indicates expected survival for the age- and sex-matched French general population (p<0.001,
one-sample log-rank test).

Survival

12 patients (6%) died during the study, including one patient who died 1 year after lung transplantation.
The median time from PLCH diagnosis to transplantation or death was 3.0 years (IQR 2.1-4.3 years). The
survival curve of the cohort of PLCH patients is shown in figure 1. The estimated survival rates at 5 and
10 years after PLCH diagnosis were 94% (95% CI 90-98%) and 93% (95% CI 89-97%), respectively.
The median survival was not reached during the study period. The observed survival was significantly
lower than that expected for the age- and sex-matched French general population (p<0.001) with an
estimated SMR of 4.32 (95% CI 2.29-8.17). The period of patients’ follow-up was not long enough to
provide a valid estimation of the life expectancy after diagnosis of PLCH. However, the restricted mean
survival time (i.e. life expectancy restricted to a fixed interval of time) at 10 years after diagnosis was
estimated as 4 months lower than that of the age- and sex-matched French general population. Table 2
details the characteristics of the patients who died during the study. Seven (58.3%) of the deceased patients
had prior CRF and/or PH.

TABLE 2 Characteristics of the 12 pulmonary Langerhans cell histiocytosis (PLCH) patients who died during the study period

Patient Age at Sex  Smoking status at Pack-years at Extent of CRF PH Time to Cause of death
diagnosis, years diagnosis diagnosis LCH death, years

1 58 M Former 20 Isolated Yes Yes 13 Lung cancer

2 35 M Current 10 Isolated No No 5 Lung cancer

3 35 F Current 14 Multisystem  No  No 5 Lung cancer

4 49 F Former 20 Isolated No No 2 Lung cancer

5 33 M Current 30 Isolated Yes Yes 2 Respiratory failure

6 47 M Current 80 Isolated Yes Yes 2 Respiratory failure

7 48 M Current 30 Isolated Yes Yes 4 Respiratory failure

8" 38 F Former 20 Multisystem  Yes Yes 4 Pulmonary mucormycosis

9" 72 F Current 50 Isolated Yes Yes 4 CMML

10 49 F Current 60 Isolated No Yes 3 Acute coronary syndrome

11 79 M Former 60 Multisystem  No  No 3 Bacterial pneumonia

12 87 M Non-smoker 0 Multisystem  No  No 2 Heart failure

LCH: Langerhans cell histiocytosis; CRF: chronic respiratory failure; PH: pulmonary hypertension; M: male; F: female; CMML: chronic myelomonocytic
leukaemia. *: died 1 year after lung transplantation; *: treated with cladribine.
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TABLE 3 Multivariate analyses of the characteristics of pulmonary Langerhans cell histiocytosis (PLCH) patients at diagnosis and during follow-up

associated with survival

Cox model with covariates Cox model with all characteristics introduced as
at diagnosis time-dependent covariates
Characteristic HR (95% Cl) p-value Characteristic HR (95% Cl) p-value
Age 1.09 (1.03-1.16) 0.004 Age 1.07 (1.01-1.13) 0.017
FEVl# 0.97 (0.94-1.00) 0.042 FEV; 0.96 (0.92-1.00) 0.046
Smoking exposure, pack-years 1.00 (0.96-1.06) 0.85 Smoking status 1.54 (0.42-5.60) 0.52
Systemic treatment® 1.53 (0.36-6.54) 0.57

HR: hazard ratio; FEV;: forced expiratory volume in 1s. *: a lower FEV; was associated with an increased risk of mortality; *: 17 patients received
systemic treatment for Langerhans cell histiocytosis.

The results of univariable analyses of patient characteristics at diagnosis that were associated with survival
are detailed in supplementary table S1. In the multivariable model, only older age and a lower FEV,
(expressed as percentage of predicted values) at diagnosis influenced the risk of mortality (table 3). The
results of the univariable Cox model used to assess the impact of time-dependent variables (smoking
status, systemic treatment) on survival during follow-up are detailed in supplementary table S2. In this
multivariable Cox model involving 167 patients with available FEV; measurements at diagnosis, only
older age and a lower FEV; were still associated with the risk of mortality (table 3).

CRF and PH

12 patients (5.8%) had CRF, which was present at the time of PLCH diagnosis in five patients and
developed during follow-up in seven patients. The long-term use of supplemental oxygen was recorded for
seven patients (at diagnosis, n=2; during follow-up, n=5). For patients who did not receive oxygen, the
median P,o, was 59 mmHg (IQR 57-63 mmHg). The cumulative incidence of CRF at both 5 and 10 years
was 3.9% (95% CI 1.0-6.8%) (figure 2a). Among all patients with CRF, eight also had PH, which was
confirmed by right heart -catheterisation in seven patients (mean pulmonary artery pressure
29.8+7.8 mmHg) and determined to be probable PH on Doppler echocardiography in the remaining patient
based on the tricuspid regurgitation velocity (TRV) (3.31 m/s) and systolic arterial pulmonary pressure
(sPAP) (53 mmHg). Two additional patients had probable PH on Doppler echocardiography and did not
have CRF (TRV 2.95 m/s, sSPAP 40 mmHg and TRV 3.04 m/s, SPAP 47 mmHg, respectively). Thus, PH
was observed in 10 patients and was present at diagnosis in two of them, whereas the remaining eight
patients developed PH during follow-up. Only one patient was off-label treated with bosentan. The
resulting cumulative incidence of PH at both 5 and 10 years was 4.5% (95% CI 1.4-7.6%) (figure 2b).
The characteristics of patients with CRF and/or PH are detailed in supplementary table S3.
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(numbercensored) (0)  (25) (62) (109) (142) (160) (175) (184) (number censored) (0)  (25) (64) (110) (145) (163) (178) (187)

FIGURE 2 Cumulative incidence of a) chronic respiratory failure (CRF) and b) pulmonary hypertension (PH) among the pulmonary Langerhans cell
histiocytosis patients during the study period. Shaded areas represent 95% confidence intervals.
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Extrapulmonary LCH involvement

157 patients had isolated PLCH at diagnosis. Eight (5.1%) of these patients developed extrapulmonary
LCH during follow-up. The cumulative incidence of extrapulmonary LCH was 5.9% (95% CI 1.8-10.1%)
at both 5 and 10 years (supplementary figure S1).

Malignant diseases

27 malignancies were observed in 23 patients (11%). These malignancies occurred before (n=11, median
time —3.1 years, IQR —6.2 to —2.1 years), concurrent with (n=6) or after (n=10, median time 4.1 years,
IQR 3.1-5.0 years) the diagnosis of PLCH. No patients had previously received chemotherapy for PLCH
(supplementary table S4).

A total of 11 lung carcinomas (seven after PLCH diagnosis) were observed (table 4). Six patients were
current smokers and five were ex-smokers at the time of the diagnosis of lung cancer, which occurred at a
mean age of 49.5+8.4 years. The smoking habits of these patients at the time of the diagnosis of lung
carcinoma were as follows: age of smoking initiation 19+6.9 years; smoking duration, 26+7 years; mean
number of cigarettes/day, 18.248; and cumulative tobacco consumption, 27420 pack-years. The five
ex-smokers had ceased smoking for a median duration of 4 years (IQR 3-5 years) before the diagnosis of
lung carcinoma.

Among the 202 PLCH patients without previous or concurrent lung carcinoma at diagnosis, the cumulative
incidences of lung cancer at 5 and 10 years were 2.5% (95% CI 0.0-5.0%) and 4.9% (95% CI 0.8-9.0%),
respectively (supplementary figure S2). Compared with the expected number of lung cancer cases in an
age- and sex-matched French population, the estimated SIR was 17.0 (95% CI 7.4-38.7). Of note, this
comparison was not matched according to smoking habits, because no such data are available for the
French general population.

Discussion

In this prospective cohort study evaluating the long-term outcomes in adult PLCH patients, we found the
following results: 1) the estimated 10-year survival was 93%; 2) CRF and PH occurred in a minority of
patients early in the course of the disease; 3) in patients with initially isolated PLCH, extrapulmonary
involvement rarely occurred during follow-up; and 4) PLCH patients had a high risk of malignancies,
particularly lung carcinoma.

Although the survival in our cohort was significantly shorter than that in the French general population,
our results are reassuring compared to those previously reported in the two earlier retrospective studies. In
the present study, the estimated survival rate at 10 years was 93%. Notably, most deaths in our cohort
occurred early in the course of PLCH, within a median of 3 years.

TABLE 4 Characteristics of the 11 patients with lung carcinoma observed in the cohort of pulmonary Langerhans cell histiocytosis (PLCH) patients

Patient  Age at PLCH Sex Type of lung Time to PLCH  Age at diagnosis of Smoking Treatment of lung  Status
diagnosis, carcinoma diagnosis, years lung carcinoma, status, carcinoma
years years pack-years
1 58 M Undifferentiated large 1 59 19 Chemotherapy Dead
cell carcinoma +radiation
2 35 M Adenocarcinoma 4.7 40 10 Palliative care Dead
3 35 F Adenocarcinoma 51 40 55 Palliative care Dead
4 49 B Adenocarcinoma Concurrent 49 21 EGFR inhibitor Dead
13 45 F Small cell carcinoma -0.6 45 30 Chemotherapy Alive
+radiation
14 49 F Adenocarcinoma Concurrent 49 15 Surgery Alive
15 44 F Adenocarcinoma Concurrent 44 12 Surgery Alive
16 42 M Adenocarcinoma 15 44 26 Surgery Alive
17 65 M Squamous cell 3 68 75 Chemotherapy Alive
carcinoma
18 43 M Adenocarcinoma 6.9 50 23 Surgery Alive
+chemotherapy
19 41 M Adenocarcinoma 10.1 51 18 Surgery Alive

M: male; F: female; EGFR: epidermal growth factor receptor.
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The survival of our patients was clearly better than the 74% and 64% survival rates at 5 and 10 years,
respectively, reported in one study [8] and the 13-year median survival duration reported in the other
study [7]. Of note, the median duration of follow-up in those two studies was similar to [7] or slightly
shorter than [8] the duration of follow-up in our study. Both studies had smaller sample sizes and were
retrospective, which may have introduced selection bias. Importantly, lung CT was either not performed in
any patient [7] or only performed in 28% of the patients [8]. Routine lung CT allows PLCH to be
identified at an early stage, as highlighted by the minority of patients in our series having a high lung
cystic score at imaging [6]. Thus, the patients included in those two retrospective studies most likely had
more severe disease at diagnosis than those in our cohort. Concordantly, lung function at diagnosis was
significantly more impaired in the patients in these studies than in our patients [7, 8]. Finally, although we
confirmed that an older age at diagnosis is associated with an increased risk of mortality in PLCH patients,
only FEV; was predictive of survival among the lung function parameters [7, 8]. Of note, we have recently
shown that the BRAF status of PLCH lesions is not associated with survival [3].

Only a minority (<5%) of our patients developed CRF, which was frequently associated with PH and
required the long-term use of supplemental oxygen in most cases. This rate was significantly lower than
the 20% reported by DrroBBE et al. [7] and the 15% of patients who died from respiratory failure in the
Vassarro et al. [8] study. Based on the current guidelines [19], the estimated incidence of PH is 4.5% and
is mostly secondary to chronic hypoxemia but may be related to specific PLCH vasculopathy in some
cases [23, 24]. Because the median time of follow-up of this study was 5.1 years, it is possible that our
results underestimate the occurrence of PH during longer follow-up. These complications are associated
with a poor prognosis, given that ~60% of the patients who died during this study had CRF and/or PH.
Both CRF and PH occurred early in the course of the disease, either at the time of diagnosis or within
5 years of follow-up. This finding emphasises the importance of the close monitoring of PLCH patients in
the first years after diagnosis to detect these complications early.

An important result for clinical practice was the rare development of extrapulmonary LCH localisations
during follow-up in patients with initially isolated PLCH. In these patients, the performance of
extrathoracic investigations should be guided by clinical suspicion.

A major concern in PLCH patients is the association with malignancies. The increased risk of both
haematological and solid cancers in patients with LCH, including PLCH, has been identified previously
[2, 8, 13-15, 25-29]. However, the type and rate of these malignancies vary widely according to the extent
of LCH, the selected population and the treatment (chemotherapy or radiation) the patients eventually
received for LCH. Here, haematological malignancies accounted for seven (30%) of the 27 observed
neoplasms and did not occur after the diagnosis of PLCH during the study period. The reasons that
patients with LCH, including PLCH, are prone to developing haematological malignancies remain unclear.
An increased rate of myeloid neoplasia mutations was reported in patients with Erdheim—Chester disease, a
MAPK-driven non-Langerhans cell histiocytic disorder [30], but we rarely identified such alterations in
PLCH lesions [3]. Alternatively, LCH and myeloid malignancies may share a common progenitor clone
[31-33], particularly when the diseases occur concurrently.

Lung carcinoma was by far the most common solid neoplasm observed in our cohort, and it is a major
concern for young patients who smoke. Lung cancer may be diagnosed simultaneously with PLCH, but
most patients developed lung cancer during follow-up.

Sapoun et al. [14] reported five cases of lung carcinoma in a retrospective series of 93 adult PLCH
patients and attributed this increased proportion to the particularly heavy smoking habits (mean pack-years
64.7£13) in the patients who developed lung cancer. Although smoking was also clearly a determining
risk factor for lung cancer in our patients, additional factors may further increase this risk. Our patients had
a relatively lower cumulative tobacco consumption (mean pack-years 27+20) at the time of lung
carcinoma. The mean age at the time of the diagnosis of lung cancer was 50 years, which is 10-15 years
younger than the mean age at the time of the diagnosis lung cancer in France [34]. Host-related
predisposing factors may possibly contribute to the increased risk of lung cancer in PLCH patients [3, 35].
However, PLCH patients undergo lung CT more frequently than the general population, which could allow
an earlier detection of lung carcinoma. Further studies are needed to evaluate whether low-dose lung
cancer screening CT scanning would be useful in PLCH patients.

Our study has several limitations. Because the median duration of patient follow-up was 5.1 years, our

results do not necessarily reflect PLCH outcome over a longer time. Although our cohort included a large
number of patients, the population was from a single centre, which raises the question of the
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generalisability of our results. However, this cohort was composed of patients from across France who
were referred to the national referral centre for histiocytoses, and most likely reflects the clinical picture of
PLCH in France. We also did not identify the factors associated with the occurrence of CRF/PH and lung
carcinoma because these analyses were not part of our study plan. The multiplicity of statistical
comparisons would have limited the value of such analyses.

In summary, the results of our study are important for the information given to patients with this rare
disease. Survival was significantly better than has previously been reported. At the same time, CRF and
lung cancer accounted for most deaths, making smoking cessation mandatory in these patients. Close
follow-up during the first 5 years after diagnosis is essential for early detection of severe respiratory
complications. Further studies are needed to identify the factors associated with the development of CRF
and PH as well as the increased risk of lung cancer in PLCH patients.

Acknowledgements: The authors thank M. Mao and E. Savariau (Assistance Publique-Hopitaux de Paris; Service de
Pneumologie, Hopital Saint-Louis, Paris, France) for their technical assistance.

The study was registered with www.ClinicalTrials.gov (NCT04665674). Requests for data supporting the results
reported in the current study will be reviewed on an individual basis by the director of the hospital clinical trial
unit, and data will be available following publication.

Conflict of interest: A. Benattia has nothing to disclose. E. Bugnet has nothing to disclose. A. Walter-Petrich has
nothing to disclose. C. de Margerie-Mellon has nothing to disclose. V. Meignin has nothing to disclose.
A. Seguin-Givelet reports personal fees for lectures from Medtronic and AstraZeneca, outside the submitted work.
G. Lorillon reports travel grants from Vitalaire, outside the submitted work. S. Chevret has nothing to disclose.
A. Tazi reports personal fees for lectures from Chiesi and BMS, and travel grants from Vitalaire, AstraZeneca,
Boehringer Ingelheim and Teva, outside the submitted work.

Support statement: This study was supported by a grant from the French Ministry of Health. Funding information
for this article has been deposited with the Crossref Funder Registry.

References

1 Badalian-Very G, Vergilio JA, Degar BA, et al. Recurrent BRAF mutations in Langerhans cell histiocytosis.
Blood 2010; 116: 1919-1923.

2 Allen CE, Merad M, McClain KL. Langerhans-cell histiocytosis. N Engl J Med 2018; 379: 856-868.

3 Jouenne F, Chevret S, Bugnet E, et al. Genetic landscape of adult Langerhans cell histiocytosis with lung
involvement. Eur Respir J 2020; 55: 1901190.

4 Vassallo R, Harari S, Tazi A. Current understanding and management of pulmonary Langerhans cell
histiocytosis. Thorax 2017; 72: 937-945.

5 Tazi A, Marc K, Dominique S, et al. Serial computed tomography and lung function testing in pulmonary
Langerhans’ cell histiocytosis. Eur Respir J 2012; 40: 905-912.

6 Tazi A, de Margerie C, Naccache JM, et al. The natural history of adult pulmonary Langerhans cell
histiocytosis: a prospective multicentre study. Orphanet J Rare Dis 2015; 10: 30.

7 Delobbe A, Durieu J, Duhamel A, et al. Determinants of survival in pulmonary Langerhans’ cell
granulomatosis (histiocytosis X). Groupe d’Etude en Pathologie Interstitielle de la Societe de Pathologie
Thoracique du Nord. Eur Respir J 1996; 9: 2002-2006.

8 Vassallo R, Ryu JH, Schroeder DR, et al. Clinical outcomes of pulmonary Langerhans’-cell histiocytosis in
adults. N Engl J Med 2002; 346: 484-490.

9 Harari S, Brenot F, Barberis M, et al. Advanced pulmonary histiocytosis X is associated with severe pulmonary
hypertension. Chest 1997; 111: 1142-1144.

10 Harari S, Simonneau G, De Juli E, et al. Prognostic value of pulmonary hypertension in patients with chronic
interstitial lung disease referred for lung or heart-lung transplantation. J Heart Lung Transplant 1997; 16:
460-463.

11  Elia D, Torre O, Cassandro R, et al. Pulmonary Langerhans cell histiocytosis: a comprehensive analysis of 40
patients and literature review. Eur J Intern Med 2015; 26: 351-356.

12 Montefusco L, Harari S, Elia D, et al. Endocrine and metabolic assessment in adults with Langerhans cell
histiocytosis. Eur J Intern Med 2018; 51: 61-67.

13 Egeler RM, Neglia JP, Puccetti DM, et al. Association of Langerhans cell histiocytosis with malignant
neoplasms. Cancer 1993; 71: 865-873.

14 Sadoun D, Vaylet F, Valeyre D, et al. Bronchogenic carcinoma in patients with pulmonary histiocytosis X.
Chest 1992; 101: 1610-1613.

https://doi.org/10.1183/13993003.01017-2021 9


https://www.crossref.org/services/funder-registry/

EUROPEAN RESPIRATORY JOURNAL

15

16

17

18
19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

ORIGINAL RESEARCH ARTICLE | A. BENATTIA ET AL.

Feuillet S, Louis L, Bergeron A, et al. Pulmonary Langerhans cell histiocytosis associated with Hodgkin’s
lymphoma. Eur Respir Rev 2010; 19: 86-88.

Tazi A, Lorillon G, Haroche J, et al. Vinblastine chemotherapy in adult patients with Langerhans cell
histiocytosis: a multicenter retrospective study. Orphanet J Rare Dis 2017; 12: 95.

Standardized lung function testing. Official statement of the European Respiratory Society. Eur Respir J 1993;
16: Suppl. 16, 1-100.

Roussos C, Koutsoukou A. Respiratory failure. Eur Respir J 2003; 22:: Suppl. 47, 3s-14s.

Galie N, Humbert M, Vachiery JL, et al. 2015 ESC/ERS guidelines for the diagnosis and treatment of
pulmonary hypertension: the Joint Task Force for the Diagnosis and Treatment of Pulmonary Hypertension
of the European Society of Cardiology (ESC) and the European Respiratory Society (ERS): endorsed by:
Association for European Paediatric and Congenital Cardiology (AEPC), International Society for Heart and
Lung Transplantation (ISHLT). Eur Respir J 2015; 46: 903-975.

Galie N, McLaughlin VW, Rubin LJ, et al. An overview of the 6th World Symposium on Pulmonary
Hypertension. Eur Respir J 2019; 53: 1802148.

Finkelstein DM, Muzikansky A, Schoenfeld DA. Comparing survival of a sample to that of a standard
population. J Natl Cancer Inst 2003; 95: 1434-1439.

Binder-Foucard F, Belot A, Delafosse P, et al. Estimation nationale de l'incidence et de la mortalité par cancer
en France entre 1980 et 2012. Etude a partir des registres des cancers du réseau Francim. Partie 1 - Tumeurs
solides [National estimates of the incidence and mortality from cancer in France between 1980 and 2012. A
study based on Francim network of cancer registries. Part 1 - Solid Tumors].  Saint-Maurice, Institut de
Veille Sanitaire, 2013.

Chaowalit N, Pellikka PA, Decker PA, et al. Echocardiographic and clinical characteristics of pulmonary
hypertension complicating pulmonary Langerhans cell histiocytosis. Mayo Clin Proc 2004; 79: 1269-1275.

Le Pavec J, Lorillon G, Jais X, et al. Pulmonary Langerhans cell histiocytosis-associated pulmonary
hypertension: clinical characteristics and impact of pulmonary arterial hypertension therapies. Chest 2012;
142: 1150-1157.

Billings SD, Hans CP, Schapiro BL, et al. Langerhans cell histiocytosis associated with myelodysplastic
syndrome in adults. J Cutan Pathol 2006; 33: 171-174.

Edelbroek JR, Vermeer MH, Jansen PM, et al. Langerhans cell histiocytosis first presenting in the skin in
adults: frequent association with a second haematological malignancy. Br J Dermatol 2012; 167: 1287-1294.
Temporal J, Armstrong L, Bhatt N, et al. Pulmonary Langerhans cell histiocytosis in pre-existing chronic
myelomonocytic leukaemia: a rare association. QJM 2016; 109: 201-202.

Goyal G, Shah MV, Hook CC, et al. Adult disseminated Langerhans cell histiocytosis: incidence, racial
disparities and long-term outcomes. Br J Haematol 2018; 182: 579-581.

Ma J, Laird JH, Chau KW, et al. Langerhans cell histiocytosis in adults is associated with a high prevalence of
hematologic and solid malignancies. Cancer Med 2019; 8: 58-66.

Papo M, Diamond EL, Cohen-Aubart F, et al. High prevalence of myeloid neoplasms in adults with
non-Langerhans cell histiocytosis. Blood 2017; 130: 1007-1013.

Feldman AL, Berthold F, Arceci RJ, et al. Clonal relationship between precursor T-lymphoblastic leukaemia/
lymphoma and Langerhans cell histiocytosis. Lancet Oncol 2005; 6: 435-437.

Rodig SJ, Payne EG, Degar BA, et al. Aggressive Langerhans cell histiocytosis following T-ALL: clonally related
neoplasms with persistent expression of constitutively active NOTCH1. Am J Hematol 2008; 83: 116-121.
Konstantinou MP, Lucas P, Uthurriague C, et al. Langerhans cell histiocytosis associated with chronic
myelomonocytic leukaemia both harbouring the same BRAF V600E mutation: efficacy of vemurafenib. J Eur
Acad Dermatol Venereol 2021; 35: e120-e121.

Locher C, Debieuvre D, Coetmeur D, et al. Major changes in lung cancer over the last ten years in France:
the KBP-CPHG studies. Lung Cancer 2013; 81: 32-38.

Duruisseaux M, Martinez-Cardus A, Calleja-Cervantes ME, et al. Epigenetic prediction of response to anti-PD-1
treatment in non-small-cell lung cancer: a multicentre, retrospective analysis. Lancet Respir Med 2018; 6:
771-781.

https://doi.org/10.1183/13993003.01017-2021 10



	Long-term outcomes of adult pulmonary Langerhans cell histiocytosis: a prospective cohort
	Abstract
	Introduction
	Methods
	Study design
	Data collection
	End-points
	Statistical analysis

	Results
	Study population at diagnosis
	Follow-up
	Survival
	CRF and PH
	Extrapulmonary LCH involvement
	Malignant diseases

	Discussion
	References


