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ABSTRACT: The course of pulmonary Langerhans' cell granulomatosis (pulmonary
LCG) is variable, difficult to predict and ranges from spontaneous remission to pro-
gressive respiratory insufficiency and death. To identify the determinants of sur-
vival, we performed a survival analysis on 45 patients with pulmonary LCG. 

The patients were aged 28±10 yrs (mean±SD) (range 12–62 yrs), 32 males and 13
females, almost exclusively current smokers (96%), and 78% presented symptoms
at the time of diagnosis. Diagnosis was made by lung biopsy in 25 patients (56%)
and by bronchoalveolar lavage (BAL) analysis in 20 patients (44%). The patients
were followed for a median period of 6 yrs (range 1–29 yrs ) after the diagnosis.

During the period of observation, 33 (73%) patients survived (median follow-up
period = 5.8 yrs; range, 1–29 yrs) and 12 (27%) died or underwent lung transplan-
tation (median follow-up period = 8.4 yrs; range 1.4–16.1 yrs). The median survival
was approximately 13 years. A univariate analysis demonstrated that diminished
survival was significantly associated with: an older age at diagnosis (p=0.0001); a
lower forced expiratory volume in one second/forced vital capacity (FEV1/FVC)
ratio at diagnosis (p=0.005); a higher residual volume/total lung volume (RV/TLC)
ratio at diagnosis (p=0.02); and steroid therapy during follow-up (p=0.03). Additional
predictive information on mortality was: age >26 yrs (sensitivity 83%, specificity
64%); FEV1/FVC ratio <0.66 (sensitivity 75%, specificity 86%); and a RV/TLC
ratio >0.33 (sensitivity 75%, specificity 63%). In multivariate Cox analysis, the com-
bination of factors which gave the best prognostic value was FEV1/FVC ratio and
age (p<0.01). 

The present findings suggest that adverse prognosis factors at diagnosis in pul-
monary Langerhans' cell granulomatosis include older age, lower FEV1/FVC ratio
and higher RV/TLC ratio, with additional predictive information on mortality if
aged >26 yrs, FEV1/FVC ratio <0.66, and RV/TLC ratio >0.33.
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Pulmonary Langerhans' cell granulomatosis (pulmonary
LCG), also referred to as histiocytosis X, is a rare granu-
lomatous disease of unknown aetiology, that represents
less than 4% of all forms of interstitial lung disease [1].
The disease occurs almost exclusively in smokers. The
course of the disease is variable, difficult to predict, and
may range from spontaneous remission to progressive
respiratory insufficiency and death [2–7]. In a minority
of patients, progressive disease leads to respiratory insuf-
ficiency over a period of months to years.

The percentage of deaths can range from 2% [8] to
30% [2–9]. Most authors consider that adverse prognos-
tic factors in pulmonary LCG include: advanced age at
diagnosis; prolonged constitutional symptoms; numerous
cysts on computed tomography; decreased lung transfer
factor for carbon monoxide (TL,CO) at diagnosis, recurrent
pneumothorax; multisystem generalized disease; and con-
tinuation of tobacco consumption [2, 3, 6, 9–13]. Some au-
thors have observed a beneficial response to corticosteroid

therapy [2] or chemotherapeutic agents [3]. However, the
efficacy of treatment currently used in pulmonary LCG
has so far not been demonstrated.

Few investigations have identified the clinical features
of pulmonary LCG that are independently associated with
a diminished survival. The purpose of this study was to
identify the causes of death and the determinants of sur-
vival at the time of diagnosis in pulmonary LCG.

Patients and methods

Patients

Forty five patients with pulmonary LCG were includ-
ed in this study. The time of disease onset was defined
as the patient's recollection of first appearance of chest
symptoms (dyspnoea or pneumothorax) or the first docu-
mented chest roentgenogram demonstrating interstitial



lung disease. Patients were classified as current smokers
(≥2 pack-years of cigarettes and a smoker at the time of
initial evaluation) or as nonsmokers. The demographic
features of the study population are shown in table 1,
and are similar to the demographic characteristics of other
reported series [2, 3] with a large percentage of male
cigarette smokers. At the time of the diagnosis, 35 pati-
ents (78%) presented with symptoms; 27 patients (60%)
had pulmonary symptoms and eight patients (18%) had
extrapulmonary symptoms without obvious pulmonary
symptoms. Patients whose follow-up was less than 1 yr
were excluded from the study.

The diagnosis of pulmonary LCG was confirmed by
lung biopsy in 25 patients (open lung biopsy 24 cases;
transbronchial lung biopsy one case), or by bronchoalveol-
ar lavage (BAL) analysis in 20 subjects. The lung biopsy
demonstrated destructive granulomatous lesions contai-
ning Langerhans' cells [14]. When applicable, immuno-
histochemical staining of Langerhans' cells was positive
with antibodies to S-100 protein, as reported by WEBBER

et al. [15], and electron microscopy analysis revealed
Birbeck granules (X body) within Langerhans' cells. BAL
cell analysis was performed with immunocytochemical
staining to CD1a antigen expressed on the surface of Lan-
gerhans' cells using the anti-T6 monoclonal antibody
(Ortho Diagnostic systems, NJ, USA) [16]. The diagno-
sis was considered when more than 5% of BAL cells
stained with OKT6 antibodies [17]. Electron microscopy
study of BAL cells was performed in two cases and
revealed intracytoplasmic Birbeck granules in Langer-
hans' cells [18].

Pulmonary function tests

The pulmonary function tests consisted of standard
spirometry using a Medical Graphics 1070 system (St
Paul, MN, USA), and lung volumes via body plethys-
mography using a Medical Graphics 1085 system. Single-
breath TL,CO was measured using the Medical Graphics
1070 system. Results were also expressed as percentage
of predicted values [19]. Pulmonary function parameters
at the time of diagnosis are presented in table 2 and
showed a tendency to low values of forced expiratory
volume in one second (FEV1), forced vital capacity (FVC),

total lung capacity (TLC) and TL,CO/alveolar volume (VA)
associated with high values of residual volume (RV) and
RV/TLC ratio. At the time of diagnosis, 35% of the study
subjects had normal pulmonary function; 33% had an
obstructive pattern; 27% had a restrictive pattern and 5%
had a mixed pattern. In the group of patients who devel-
oped a terminal respiratory failure, 88% had an obstruc-
tive pattern.

Chest radiographs

Chest radiographs were performed in the posteroante-
rior projection and were independently interpreted by two
radiologists, who were unaware of the clinical data. Agree-
ment between the two readers was obtained by reaching
a consensus to identify chest radiographic abnormalities
according to the International Labour Organization (ILO)
classification of radiographs of pneumoconioses [20]; the
interobserver correlation coefficient was 0.89.

Statistical analysis

The following parameters were analysed for their prog-
nostic value on survival: age, sex, pulmonary symptoms,
cessation of tobacco consumption, ILO profusion cate-
gory, treatment with corticosteroids, and the functional
variables. All analyses were performed with Statistical
Analysis System (SAS) software (SAS Institute Inc.,
Cary, NC, USA). The association between the continu-
ous variables were tested using Spearman's correlation
coefficient. For discrete parameters, survival curves were
calculated based on the method of KAPLAN and MEIER

[21]. A log rank test [22] was used to determine whether
significant differences existed between curves. Risk ratio
were calculated using the MANTEL [23] estimator. The
prognostic value of continuous variables (age and func-
tional parameters) was studied using the Cox [24, 25] pro-
portional hazards model. The graphical method using
survival curve estimates based on the residuals was per-
formed to check the validity of the proportional hazard
assumption [25]. The parameters significant at the 0.15
level for survival were introduced in a Cox proportional
hazards regression analysis of survival, with both for-
ward and best subset selection [26, 27]. Receiver oper-
ating characteristic (ROC) analysis was performed to
determine cut-off values associated with the mortality for
the continuous parameters.
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Table 1.  –  Clinical characteristics of the study subjects
with pulmonary Langerhans' cell granulomatosis (LCG)
at the time of diagnosis

Age  yrs 28±10
Male gender  % 71
Smoking history  %

Nonsmoker 4
Current smoker 96

Symptoms  %
None 22
Dyspnoea 44
Spontaneous pneumothorax 16
Systemic complaints 11
(weight loss, fever, fatigue)
Lymph nodes 5
Diabetes insipidus 2

Results are expressed as mean±SD for continuous variables and
as a percentage of all study subjects for categorical variables.

Table 2.  –  Functional characteristics of the study sub-
jects with pulmonary LCG at the time of diagnosis

FEV1 % pred 70 (32–118)
FVC  % pred 77 (39–111)
FEV1/FVC  % 75 (43–106)
TLC  % pred 87 (50–130)
RV  % pred 101 (59–219)
RV/TLC  % 33 (19–56)
TL,CO/VA % pred 82 (23–142)

Results are expressed as median, and range in parenthesis. LCG:
Langerhans' cell granulomatosis; FEV1: forced expiratory vol-
ume in one second; FVC: forced vital capacity; TLC: total lung
capacity; RV: residual volume; TL,CO: transfer factor of the
lung for carbon monoxide; VA: alveolar volume; % pred: per-
centage of predicted value.



Results

Of 45 patients with pulmonary LCG, the median peri-
od of observation from onset of respiratory symptoms
was 6 yrs (range 1–29 yrs). During this period of obser-
vation, 33 subjects (73%) survived (Group A) and 12
(27%) died or underwent lung transplantation (Group B).
The median follow-up period from onset of respiratory
symptoms was 5.8 yrs (range 1–29 yrs) in Group A, and
8.4 yrs (range 1.4–16.1 yrs) in Group B.

Nine out of the 12 subjects (Group B) developed a ter-
minal respiratory failure (six died quickly within 2.5 yrs
after the diagnosis and three required a lung transplanta-
tion). Two patients died due to a nonresectable pulmona-
ry neoplasm (epidermoid carcinoma stage IV diagnosed
concurrently with pulmonary LCG, and adeno-carcinoma
stage IIIB diagnosed 16 yrs after the diagnosis of pulmo-
nary LCG). The last patient died following a cardiac arrest
12 yrs after the diagnosis of pulmonary LCG. According
to these data, it was demonstrated that the subjects with
pulmonary LCG had a median survival of approximate-
ly 13 yrs from the date of the diagnosis (fig. 1).

Eighteen patients (39%) quit smoking during the fol-
low-up period, a median of 2.8 yrs (range 0–26 yrs) after
the time of diagnosis.

Four patients exhibited extrapulmonary involvement
with LCG during the follow-up period: two had lymph
node involvement at diagnosis, one of whom developed
bone lesions during the follow-up period; bone lesions
appeared in one other during the follow-up period; and
one presented a diabetes insipidus at the time of diagnos-
is with a favourable evolution. These four patients survi-
ved but the small number did not allow statistical analysis.

Twenty three patients (52%) were treated with immuno-
suppressive drugs: 20 of these 23 patients were treated with
corticosteroids (table 3). Nineteen patients were treated
because of severe abnormalities of pulmonary function
and four because of systemic complaints. Corticosteroid
treatment was given for a median period of 1.1 yrs (range
0.2–8.4 yrs), and was introduced after a median period
of 0.1 yrs (range 0–6.9 yrs) from the date of diagnosis.

The effects of the clinical, radiological and functio-
nal variables on survival are presented in table 4. A

univariate analysis demonstrated that diminished survival
was significantly associated with an older age at diagno-
sis (hazard ratio (HR)=1.12; 95% confidence interval (95%
CI)=1.06–1.18; p=0.0001); a lower FEV1/FVC ratio at di-
agnosis (HR=0.94; 95% CI=0.90–0.98; p=0.005); a high-
er RV/TLC ratio at diagnosis (HR=1.09; 95% CI=1.01–1.18;
p=0.02) and corticosteroid therapy during follow-up (HR=
2.42; 95% CI=0.52–11.25; p=0.03). For these adverse
prognostic factors, additional predictive information on
mortality was provided if age was >26 yrs (sensitivity
83%, specificity 64%); FEV1/FVC ratio <0.66 (sensitiv-
ity 75%, specificity 86%) and RV/TLC ratio was >0.33
(sensitivity 75%, specificity 63%). In multivariate Cox
analysis, the combination of factors which gave the best
prognostic value was FEV1/FVC ratio and age (p<0.01).
A significant correlation was found between FEV1/FVC
ratio and RV/TLC ratio (p< 0.001). In addition, no lin-
ear relationship was found between the age and FEV1/FVC
ratio (p=0.2), and between the age and RV/TLC ratio
(p=0.09). Sex ratio, presence of pulmonary symptoms at
the time of diagnosis, ILO profusion category on chest
radiographic film findings, TL,CO at the time of diagno-
sis, and continuation of tobacco consumption were not
associated with diminished survival. The present find-
ings showed similar adverse prognostic factors for the
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Fig. 1.  –  Actuarial curve for survival from onset of respiratory symp-
toms for all patients with pulmonary Langerhans' cell granulomatosis
(LCG) (n=45). The Kaplan-Meier method was used to estimate the
survival distribution.  

Table 3.  –  Treatment regimen for the study of subjects
with pulmonary Langerhans' cell granulomatosis (LCG)

Treatment regimen Subjects
n %

None 22 48
Corticosteroids alone 18 40
Corticosteroids and cyclophosphamids§ 2 5
Polychemotherapy# 1 2
Chlorambucil* 1 2
Vinblastine and azathioprin‡ 1 2
§: cyclophosphamide used for 4 and 3 months before death,
repectively; #: polychemotherapy for 1.5 yrs consisted of 8
courses of etoposide and 1 course of ifosfamide, mitoguazon,
vinorelbin and etoposide; *: chlorambucil used for 2.2 yrs; ‡:
vinblastin used for 0.9 yrs and azathioprine for 0.8 yrs.

Table 4.  –  Effect of clinical and functional variables at
the time of diagnosis and of steroid therapy during fol-
low-up on survival of the 45 patients with pulmonary LCG

HR 95% CI p-value

Age 1.12 1.06–1.18 0.0001
Male gender 1.23 0.24–6.19 0.8
Pulmonary symptoms 

vs none 3.40 0.90–12.80 0.07
Cessation of tobacco 3.03 0.87–10.55 0.08

consumption vs none
Treatment with 2.42 0.52–11.25 0.03

corticosteroids vs none
ILO profusion category 1.8 0.83–4.04 0.13
FEV1 0.97 0.94–1.00 0.08
FVC 1.01 0.97–1.05 0.8
FEV1/FVC ratio 0.94 0.90–0.98 0.005
TLC 1.05 0.99–1.10 0.07
RV 1.01 0.99–1.03 0.1
RV/TLC ratio 1.09 1.01–1.18 0.02
TL,CO/VA 0.99 0.97–1.01 0.4

HR: hazard ratio; 95% CI: 95% confidence interval; ILO:
International Labour Organization. For further definitions see
legend to table 2.



nine subjects who developed a terminal respiratory fail-
ure (table 5). For these nine subjects, TL,CO/VA <55% of
the predicted value at the time of diagnosis was signif-
icantly associated (HR=0.21; 95% CI=0.05–0.89; p=0.03)
with evolution to terminal respiratory failure.

Discussion

The present results indicate that patients with pulmonary
LCG have a median survival of approximately 13 yrs
from the date of diagnosis and that adverse prognostic
factors include an older age, a lower FEV1/FVC ratio, a
higher RV/TLC ratio, and steroid therapy during follow-
up. Additional predictive information on mortality was
demonstrated when age was >26 yrs, FEV1/FVC ratio
<0.66, and RV/TLC ratio >0.33 at the time of diagnosis.

The percentage of dead subjects (27%) was similar to
that reported by BASSET et al. [2] and SADOUN et al. [9].
FRIEDMAN et al. [8] reported a lower percentage (2%) but
a significant number of patients had persistent abnormal-
ities or experienced subsequent progression. Death was
mainly due to terminal respiratory failure, and secondly
to the development of a pulmonary neoplasm [13]. In the
present series, lung neoplasm occurred concurrently in
one patient and 16 yrs later in the second. The percent-
age of pulmonary malignancies associated with pulmona-
ry LCG is similar to that of EGELER et al., who found 3.5%
of pulmonary cancer during the course of pulmonary LCG
[4]. Clearly, tobacco consumption is the most important
factor for the development of pulmonary neoplasm.

Disseminated LCG with or without pulmonary involve-
ment is thought to have a worse prognosis than pulmonary
LCG involving the lung alone [3]. Interestingly, the four
subjects with extrapulmonary organs invaded by LCG
without severe dysfunction were alive at the end of the
follow-up period. However, the small number of these
subjects did not permit statistical conclusions to be made
and these data should be confirmed in larger studies.

Typically, radiographic abnormalities are bilateral, sym-
metrical, diffuse and predominate in the upper and mid-
dle lobes, with sparing of the costrophrenic angles [2].
Nodular lesions, as evaluated by ILO classification, are

present in the early stages, whereas cysts and bullae pre-
dominate in more advanced disease. Because radiographs
are insensitive in detecting small cystic lesions, patients
with low ILO profusion might demonstrate severe air-
way obstruction on pulmonary function tests. BASSET and
co-workers [28] reported that the degree of dissemina-
tion of nodular lesions within the lungs, presence or
absence of cysts, diameter of nodular opacities or diam-
eter of lesion had no prognostic value. High-resolution
computed tomography (HRCT) has proved to be of con-
siderable value in the diagnosis of pulmonary LCG, and
allows a precise identification both of nodular and cys-
tic lesions [29, 30]. However, we were unable to iden-
tify the HRCT determinants of survival because only 12
subjects underwent HRCT at the time of diagnosis.

Pulmonary function tests are highly variable during the
course of pulmonary LCG. Evidence of airway obstruc-
tion is common and usually characteristic of the disease.
Decreased FEV1/FVC ratio and increased RV/TLC ratio
are a common finding, especially in patients with exten-
sive cystic lesions [31, 32]. The specific factors that were
found to be independently associated with survival rep-
resent a small portion of markers of disease severity. As
previously emphasized in idiopathic pulmonary fibrosis
[33], measures of lung function are highly interdepen-
dent and the present study only demonstrates that, once
the effect of FEV1/FVC ratio is taken into account, the
effect of the other measures of lung function in predict-
ing survival is negligible. The fact that severe airway
obstruction is associated with a decreased survival may
be due to the fact that the diagnosis was made at the
end-stage of the disease. Indeed, in the early stage, the
granulomas have a strong tendency to occur around bron-
chioles and are associated with mild restrictive changes
and/or reduction in TL,CO. At the end-stage, cystic lesions
of variable size are present and pulmonary function test-
ing commonly demonstrates evidence of airflow obstruc-
tion, air-trapping and reduced transfer factor.

In the present study, absence of immunosuppressive
therapy, mainly steroids, and the continuation of tobacco
consumption were not associated with diminished survi-
val. Because of the high rate of spontaneous remission,
and the rarity of the disease, there are no reliable data
concerning the efficiency of various treatment schedules
on survival. Several studies have reported the effects of
corticosteroids combined or not with chemotherapeutic
agents or combination chemotherapy often used in gen-
eralized disease [12, 34]. However, none of these stud-
ies have reported the effectiveness of such treatments on
survival and on the long-term course of the disease. In
the present study, Group B patients (deceased or lung
transplanted) had received significantly more treatment
and significantly more of them had completely ceased
their tobacco consumption compared to Group A patients
(survivors). It is likely that subjects who were treated or
have completely stopped their tobacco consumption had
more advanced pulmonary LCG. Importantly, this study
was not established as a treatment trial, and the absence
of relationship between survival and treatment or cessa-
tion of tobacco consumption should be interpreted cau-
tiously. Clearly, patients with pulmonary LCG should stop
smoking. However, although a beneficial effect of smok-
ing cessation on pulmonary LCG has been reported [35],
such an effect has never been formally established.
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Table 5.  –  Effect of clinical and functional variables at
the time of diagnosis and of steroid therapy during follow-
up on evolution to terminal respiratory failure of the 45
patients with pulmonary LCG

HR 95% CI p-value
Age 1.12 1.05–1.19 0.0005
Male gender 1.57 0.3–8.25 0.6
Pulmonary symptoms

vs none 3.69 0.76–17.96 0.11
Cessation of tobacco 

consumption vs none 10.57 1.29–86.34 0.03
Treatment with 

corticosteroids vs none 2.44 0.50–11.28 0.03
ILO profusion category 1.7 0.80–4.12 0.16
FEV1 0.99 0.94–1.00 0.07
FVC 0.98 0.94–1.03 0.5
FEV1/FVC ratio 0.95 0.90–0.99 0.03
TLC 1.02 0.97–1.08 0.4
RV 1.01 0.99–1.03 0.2
RV/TLC ratio 1.11 1.02–1.21 0.01
TL,CO/VA 0.98 0.95–1.00 0.07
TL,CO/VA <55% 0.21 0.05–0.89 0.03
For definitions see legend to tables 2 and 4.



Our results suggest that severe deterioration of pul-
monary function at the time of the diagnosis, especially
obstructive ventilatory defect, affects survival of patients
with pulmonary Langerhans' cell granulomatosis. These
findings raise the intriguing question of the validity of the
beneficial effects of an early treatment in severe pulmonary
Langerhans' cell granulomatosis. Future studies and prosp-
ective multicentre trials should assess whether identifica-
tion of clinical, functional and radiological factors, including
high resolution computed tomography, at the time of diag-
nosis and during the first year of follow-up may provide
useful information in the management and treatment of
pulmonary Langerhans' cell granulomatosis.
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