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Background: Pulmonary Langerhans cell histiocytosis (PLCH) is an interstitial primary pulmonary disease, characterized by Langerhans
cell proliferation. It is easily misdiagnosed in children. This study aimed to characterize the clinical manifestations and features of PLCH
by retrospective analysis.

Methods: A retrospective analysis was performed in 117 PLCH patients out of 338 LCH patients who were admitted in our center from
November 2006 to October 2013. Variables between two groups were compared by Mann-Whitney U-test and Chi-square test. Kaplan-Meier
curves were constructed to compare the survival rates and Cox regression to evaluate the effect of risk factors.

Results: The median age of PLCH group was significantly lower than that of non-PLCH group (18.63 months vs. 43.4 months, P<0.001). All
PLCH children had other organ involvement and only 11 cases (9.4%) had respiratory symptoms. The most common radiologic finding was
cystic lesions (29 cases, 24.8%). Pulmonary function abnormalities were dominated by obstructive ventilatory dysfunction (63 cases, 82.9%).
The 5-year overall survival (OS) of PLCH children was 93.6% + 2.3% and the event-free survival (EFS) was 55.7% + 5.2%. Among the
38 cases with progressed or relapsed disease, five cases (13.2%) were due to progression or recurrence of lung damage. The 5-year OS
of PLCH children with “risk organ” involvement was significantly lower than those without “risk organ” involvement (86.0% + 4.9% vs.
100%, y*=8.793, P=0.003). The difference of EFS between two groups was also significant (43.7% =+ 7.7% vs. 66.3% + 6.5%, y* = 5.399,
P =0.020). The “risk organ” involvement had a significant impact on survival (hazard ratio = 1.9, P = 0.039).

Conclusions: PLCH mainly occurs in young children, and only a small percentage of patients have respiratory symptoms. They generally
have other organ involvement. Most of PLCH children have a good prognosis and most lung lesions could have improved or stabilized.
Management of “risk organ” involvement is the key point to improving EFS.
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Narrow sense PLCH refers to the primary PLCH alone, in
which LCH lesions are confined to the respiratory system,
especially to the lungs. Generalized PLCH can be divided
into two categories. In the first category, pulmonary
involvement is only one part of multisystem involvement
and it is more common in infants and children without
significant pulmonary clinical manifestations. The other
category, only involving lungs, with no other lesions, occurs
mainly in adult smokers, predominantly affecting young
smokers from the ages of 20—40 years, which is extremely
rare in children.[**!

This study summarized the clinical data of 117 PLCH
patients among 338 LCH patients admitted to our hospital
between November 2006 and October 2013. Their clinical
manifestations, imaging examinations, lung function, and
treatment outcome were retrospectively analyzed.

MeTtHoDS

Ethical approval

The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Ethics Committee
of Beijing Children’s Hospital (No. 2018-k-56). As a
retrospective study and data analysis, this study was exempt
from the informed consent from patients.

Study population

In total, 338 LCH cases were admitted to Beijing Children’s
Hospital from November 2006 to October 2013. Among
them, 117 cases (34.6%) were found with pulmonary
involvement (PLCH), while the other 221 cases (65.4%) were
LCH patients without pulmonary involvement (non-PLCH).

Data collection

All patients received a complete physical examination,
regular laboratory tests (complete blood counts, liver
function, coagulation function, etc.), imaging examinations
on bone, pituitary, lung, and so on, abdominal ultrasound
scanning, bone marrow aspiration, and biopsy of the
lesions. In this study, all PLCH patients were examined with
computed tomography (CT) of the lungs, while the lung
function tests were performed in 104 cases.

Definition of pulmonary involvement and “risk organ”
In this study, the term “pulmonary involvement” is defined
as (1) disease proven by lung biopsy or (2) a positive biopsy
of extrathoracic localization of the disease associated with
characteristic high-resolution CT (HRCT) lung findings
including the presence of nodular, cystic, patch, or cord
shadows.

The definition of the “risk organ” involvement was based on
the Histiocyte Society evaluation and treatment guidelines. !

Treatment and disease state assessment

All PLCH patients were classified as Group 1 and treated
according to LCH-III-Group 1 chemotherapy (MTX group)
because the lung was taken as a “risk organ” in this study.

Disease state assessment after treatment was as follows:

a. Nonactive disease (NAD): The original lesions
disappeared or improved, no new lesion

b. Stable disease: No change in the original lesion and no
new lesion

c. Progressive disease: The original lesions progressed or
new lesion(s) appeared.

Statistical analysis

The statistical analysis was performed with SPSS
17.0 (SPSS Inc., Chicago, IL, USA). Summary
statistics of both groups were presented as frequencies,
percentages, or median. For categorical variables,
significant differences between groups were assessed
with the Chi-square test or Fisher’s exact test. Continuous
variables were compared by Mann-Whitney U-test.
Cumulative survival curves for end point events were
constructed by Kaplan-Meier method and compared by
log-rank test. Cox regression was used to evaluate the
effect of risk factors on survival. A value of P <0.05 was
considered statistically significant.

ResuLts

General characteristics and clinical manifestation
The ratio of male (76 cases) to female (41 cases) was
1.85:1 in PLCH children, while it was 1.30:1 (125 cases
vs. 96 cases) in non-PLCH group. However, there was no
statistically significant difference in gender between two
groups (y*=2.237, P=0.135).

The age of PLCH or non-PLCH patients ranged from 2 months
to 162 months or 3 months to 165 months, respectively. The
median age of PLCH children was significantly lower than
that of non-PLCH patients (18.63 months vs. 43.4 months,
P < 0.001). The number of children younger than 3 years
in the PLCH group (95 cases) was significantly higher than
that of non-PLCH group (98 cases) (81.2% vs. 44.4%,
x> =42.414, P<0.001; Table 1).

Among the 117 PLCH children in this study, 106 cases
(90.6%) had no obvious respiratory symptom, while only
11 cases (9.4%) had cough, wheezing, or shortness of breath.

Organ involvement
All PLCH children had other organ involvement and there

Table 1: Comparison of general characteristics in PLCH
and non-PLCH groups

Parameters Number of cases, n (%) Vi P
PLCH Non-PLCH

Gender
Male 76 (64.9) 125 (56.6) 2237 0.135
Female 41 (35.1) 96 (43.4)

Age (years)
<3 95 (81.2) 98 (44.4) 42.414 <0.001
>3 22 (18.8) 123 (55.6)

The median age of PLCH children was significantly lower than that
of non-PLCH patients (18.63 months vs. 43.4 months, P<0.001).
PLCH: Pulmonary Langerhans cell histiocytosis.
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were 56 cases (47.9%) with other “risk organ” involvement.
There were 91 cases (77.8%) with bone destruction,
75 cases (64.1%) with rash, 51 cases (43.6%) with liver
involvement, 33 cases (28.2%) with spleen involvement,
13 cases (11.1%) with hematopoietic system involvement,
and 12 cases (10.3%) with pituitary involvement. Moreover,
hearing damage and thyroid, lymph node, or other organs’
involvement were not common.

Imaging findings

HRCT scanning was carried out in all PLCH patients in
this study. The most common manifestation was cystic
lesions, which was found in 29 cases (24.8%). Moreover,
there were some other radiologic findings such as ground
glass opacity in 25 cases (21.4%), micronodular pattern
in 19 cases (16.2%), and emphysema in 16 cases (13.7%)
[Figure 1]. In this study, pulmonary imaging findings
could be limited to a certain type of lesion or include the
coexistence of several types of lesions.

Pulmonary function

In this study, 104 cases of children with PLCH accepted
the lung function tests. The results showed that 76 patients
(73.1%) had abnormal pulmonary function, among whom,
there were 63 cases (82.9%) with obstructive ventilation
dysfunction, three cases (3.9%) with restrictive
ventilation dysfunction, and ten cases (13.2%) with mixed
ventilation dysfunction. Fifteen of 28 patients with normal
pulmonary function had improved or stabilized, while 49 of
73 cases with abnormal pulmonary function had improved
or stabilized. No significant difference in the prognosis was
found between the two groups (53.6% vs. 67.1%, x> =1.601,
P =0.200).

Figure 1: Common pulmonary imaging findings in children with
pulmonary Langerhans cell histiocytosis. (a) Patch and cords’
shadows. (b) Mass and nodules. (c) Interstitial lesions and multiple
cysts. (d) Cysts rupture to form pneumothorax.

Treatment outcome

Among the 117 children with PLCH, four patients
gave up treatment and lost to follow-up in the early
stage of chemotherapy due to economic reasons, while
the remaining 113 patients were treated according to
Histiocyte Society LCH-III protocol. As a whole, 5-year
event-free survival (EFS) and overall survival (OS) were
55.7% £ 5.2% and 93.6% + 2.3%, respectively. Sixty-eight
cases (60.2%) were always in NAD or stable disease state.
Thirty-eight cases (33.6%) had progressed or relapsed
disease. Among them, progression or recurrence was more
common in other organs than that in lung, there is 33 (86.8%)
and five cases (13.2%), respectively. Seven cases gave up
treatment or died in hospital due to multiple organ failure,
which occurred before chemotherapy or in the early stage
of chemotherapy. Notably, lesions such as patch, cords, or
ground glass opacity could be restored, while micronodular,
cysts, or pneumothorax often left residual lesions.

We also compared 5-year OS and EFS between PLCH
children with (RO group) or without (RO~ group) “risk
organ” involvement. The results showed that the prognosis
of RO~ group was significantly better than RO" group
[Figure 2].

Moreover, multifactor Cox regression analysis showed
that the “risk organ” involvement was an independent
risk factor affecting prognosis (hazard ratio [HR] = 1.9,
P =0.039), while age was not an independent risk factor
(HR=1.3,P=0.550).

Discussion

PLCH is an interstitial primary pulmonary disease,
characterized by Langerhans cell proliferation. PLCH in
adults typically involves lung alone and predominantly
affects young smokers from the ages of 20 to 40 years, while
it generally involves multiple organ systems in children.
The etiology of children suffering from isolated PLCH is still
not clear. Some studies!”*! have shown that passive smoking
may play a role. Increased use of lung biopsy in children
with lung lesions may increase the number of pediatric
patients diagnosed with isolated PLCH. Noninvasive
techniques such as bronchoalveolar lavage cytology based
on morphologic features and immunocytochemistry can
also help in diagnosis.”! In this study, there were 117 PLCH
cases, accounting for 34.6% of the total LCH children. The
proportion was higher than the results of recent studies.['*!?
This might be related to regional differences such as passive
smoking, air pollution, or genetic difference, but more
research is still needed to prove these. All the PLCH children
in the study had other organ involvement, in which bone
destruction (77.8%), rash (64.1%), and liver damage (43.6%)
were very common. In addition, some children also had other
system involvement such as pituitary, spleen, hematopoietic
system, hearing system, thyroid, and lymph nodes. Of the
117 children with PLCH, 56 cases (47.9%) had “risk organ”
involvement, similar to the results of Ronceray et al.!']
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Figure 2: Treatment outcome of PLCH patients grouped by “risk organ” involvement. (a) EFS: There was a significant difference in the EFS
between children with and without “risk organ” involvement (43.7% =+ 7.7% vs. 66.3% = 6.5%, »* = 5.399, P = 0.020). (b) 0S: The 5-year
0S of PLCH children with “risk organ” involvement was significantly lower than those without “risk organ” involvement (86.0% =+ 4.9% vs.
100%, x* = 8.793, P = 0.003). PLCH: Pulmonary langerhans cell histiocytosis; RO~: Without “risk organ” involvement; RO*: With “risk organ”

involvement; EFS: Event-free survival; OS: Overall survival.

Early diagnosis and treatment are essential to prognosis
of PLCH. However, in this study, only 11 cases of the
117 children with PLCH had respiratory symptoms included
cough, wheezing, and shortness of breath, none of which
were initial symptoms. This suggested that the respiratory
symptoms in PLCH children were difficult to recognize at an
early stage. Early diagnosis of PLCH was difficult. Studies
have shown that the proportion of PLCH in multiple cystic
lung disease (MCLD) is not low. Gang et al.l'"¥! conducted
a retrospective study of 25 children with MCLD, in which
three cases were confirmed with PLCH, and four cases
were suspected LCH, altogether accounting for up to 28%
of total cases. The treatment of PLCH is widely different
from other MCLDs such as bronchopulmonary dysplasia
and idiopathic pulmonary fibrosis. Lesions such as patch,
cords, or ground glass opacity are reversible if timely
treatment is given. However, when lesions develop to
micronodular, cysts, or pneumothorax, the patients might
suffer from serious sequelae. To avoid misdiagnosis and
treatment delay, early identification and diagnosis of PLCH
is essential. PLCH should be considered in the differential
diagnosis of extensive interstitial lung disease in children,
and systemic examination and lung biopsy should be
performed if necessary.

In this study, the age distribution of children in PLCH group
was significantly younger than that in non-PLCH group,
which was consistent with the results of Ronceray et al.!'!
This indicates that PLCH is more frequent in infants and
young children, which may be because of younger children’s
relatively narrow respiratory track compared with adults,
immature immune system, and Th2-dominant immune
response. These may be related to low age preference of
PLCH. Considering that the boys had a higher risk of airway
obstruction than girls for their smaller airway capacity and
higher airway resistance,'* we compared the gender ratio
differences between the PLCH group and non-PLCH group.
The results showed that the ratio in PLCH group (1.85:1)
was higher than that in non-PLCH group (1.30:1), but the
difference was not significant (P = 0.135). The anatomical

differences in the respiratory tract between male and female
children may not be sufficient to cause a difference in the
incidence of PLCH. Further studies with larger sample sizes
may be needed.

PLCH mainly involved the distal respiratory bronchioles.
The lung function of most early-stage PLCH patients was
normal or only showed dysfunction of alveolar dispersion.
However, there was obstruction, restriction, or mixed
ventilation dysfunction in the late stage. Thus, in the
differential diagnosis of diffuse interstitial lung disease with
obstructive ventilatory dysfunction, PLCH needs to be taken
into consideration. In this study, 73.1% of PLCH children
had abnormal pulmonary function, mainly with obstructive
ventilatory dysfunction (82.9%). However, we did not find
significant correlation between the pulmonary function and
the disease prognosis. There are many factors affecting
pulmonary function including the development of the lung
itself, infection, and other lung diseases, so its diagnostic
value for PLCH is limited. Pulmonary function, therefore,
cannot serve as an independent diagnostic criterion for
PLCH, but it can be used as an auxiliary means for diagnosis
and judgment of disease stage.

Other organ systems are typically involved in most children
diagnosed as PLCH. The treatment of these patients was
basically in accordance with the histiocyte society LCH-III
protocol with the treatment of isolated PLCH cases based on
chemotherapy.['"> Furthermore, for some refractory patients,
cladribine was found to improve respiratory function and
reduce the size of cysts, even in patients with advanced
disease.!6:17]

In recent years, many studies!!*'>!8 showed that pulmonary
involvement did not play an important role on the prognosis of
children with LCH, and the Histiocyte Society has gradually
not classified lung as a “risk organ.” The results of this study
showed that the 5-year OS rate of PLCH patients without
“risk organ” involvement was significantly higher than that
of children with “risk organ” involvement (100% vs. 86%),
and both groups had better outcomes compared to the results
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Figure 3: Repeated pneumothorax in the course of one patient with pulmonary Langerhans cell histiocytosis.

of Ronceray et al.’s study.!"'! Moreover, among the children
with progressed or relapsed disease, only 13.2% were
mainly due to progression or recurrence of lung damage.
The lung lesions in the vast majority of PLCH children
could be restored (or maintained stable) after treatment,
which also showed that pulmonary involvement might not
be a prognostic risk factor. Management of “risk organ”
involvement was essential to improve progression-free
survival.

As we all know, pulmonary involvement is no longer an
independent prognostic risk factor, but there will be serious
progression or complication in the absence of timely and
effective treatment. Nagy et al.l'! reported a 2-year-old
girl with isolated PLCH. Since LCH was not medically
treated for 3 years due to parental refusal, the disease could
be regarded as having followed its natural course. In the
beginning, the X-ray revealed significant bilateral and
multifocal reticulonodular infiltrates in all lung lobes. After
3 years of follow-up, HRCT revealed widespread, severe
cystic fibrotic destruction characteristic of the honeycomb
lungs. In this study, a 4-year-old boy with recurrent rash,
cough, wheezing, and other symptoms for up to 1 year had not
received regular treatment before admission to our hospital.
With the lung, skin, and liver involvement, he was treated with
LCH-III-Group 1 protocol. Pneumothorax occurred repeatedly
during chemotherapy [Figure 3], and finally, the boy died of
severe tension pneumothorax at 22 weeks of chemotherapy.

The present study is a retrospective observational study
with inherent limitations. First, for lung biopsy was rarely
performed, most of PLCH patients in this study were
diagnosed by a positive biopsy of extrathoracic localization
associated with characteristic HRCT lung findings. This may
lead to misdiagnosis of some cases, especially the patients
with isolated PLCH; moreover, some infants or young
children had difficulty completing lung function tests which
may be the reason for some imperfect data.

In summary, PLCH often occurred in infants and young
children, with occult clinical manifestations. HRCT was
important for diagnosis and assessing the disease. Children
with PLCH were generally associated with other organ
involvement. The involvement of “risk organs” was a poor
prognostic factor for PLCH. Early diagnosis, standard
treatment, and control of “risk organ” progression result

in a good prognosis for PLCH; lung lesions were mostly
reversible or stable, and relapse of lung disease was not
common. Clinicians should improve the awareness of this
disease to reduce misdiagnosis.
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