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KEY POINTS

� Smoking is associated with several forms of interstitial lung disease (ILD), including pul-
monary Langerhans cell histiocytosis, respiratory bronchiolitis-associated ILD, desqua-
mative interstitial pneumonia, acute eosinophilic pneumonia, and combined pulmonary
fibrosis and emphysema; some are diagnosed almost exclusively in smokers.

� High-resolution computed tomography shows various patterns depending on the specific
type of smoking-related ILD.

� Although histopathologic confirmation via lung biopsy may be indicated in some situa-
tions, it is not always necessary.

� Smoking cessation is a major component of the management strategy for patients with
smoking-related ILDs.
INTRODUCTION

Cigarette smoke is associated with the development of several diffuse parenchymal
lung diseases, known collectively as smoking-related interstitial lung diseases (ILDs)
Box 1.1,2 These disease entities include (a) pulmonary Langerhans cell histiocytosis
(PLCH), (b) respiratory bronchiolitis (RB) ILD, (c) desquamative interstitial pneumonia,
(d) acute eosinophilic pneumonia (AEP), and (e) combined pulmonary fibrosis and
emphysema (CPFE). This review describes the characteristics of the diseases
mentioned above, their clinical manifestations, pathogenesis, diagnosis, and treat-
ment strategies.
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PULMONARY LANGERHANS CELL HISTIOCYTOSIS

Langerhans cell histiocytosis (LCH) is a rare disease characterized by tissue infiltration of
CD1a 1 myeloid cells that share many features with Langerhans cells and can present
with a broad spectrum of clinical manifestations, from a self-limited process localized
to a single organ to severe, life-threateningmultiorgan involvement.3 It commonly affects
bone, skin, pituitary, spleen, and liver.3,4 Most cases of PLCH involve the lung alone, but
coexistence with extrapulmonary sites of involvement can also occur.5–7 Initially, the
pathogenesis was mainly attributed to a reactive process secondary to tobacco smoke
exposure. However, the paradigm shifted with the description of mutation BRAF V600E
and mutations in other genes resulting in constitutive activation of the MAPK (mitogen-
activated protein kinase) pathway.8,9 A combination of cigarette smoke and MAPK
signalingpathwaymutations results in aPLCH-like process in animalmodels.10 Although
the precise role of smoking in disease pathogenesis remains to be determined, it is likely
that smoking acts as a pro-inflammatory trigger in susceptible individuals.11

PLCH is typically diagnosed in young adults, and over 90% of patients are current or
former smokers at the time of diagnosis.6,7,12 Occasionally, patients are asymptomatic
and present with incidental radiographic changes.6 Common respiratory symptoms
include chronic dry cough and dyspnea; less commonly, patients report wheezing
or hemoptysis. Systemic symptoms, such as asthenia, chest pain, fever, and weight
loss can also be present.7,12 Fifteen to twenty percent develop pneumothorax related
to cystic lung process,13,14 with recurrence in about half of the affected patients.15

Pulmonary function tests (PFTs) reveal a decreased diffusing capacity in approxi-
mately 90%of patients, and both restrictive and obstructive patterns are seen.6,16 Chest
radiography typically shows a micronodular, reticular, or cystic pattern involving both
lungs with basilar sparing.17 The classic description of PLCH on high-resolution
computed tomography (HRCT) scans is the coexistence of nodules and cysts in the up-
per andmiddle lobes, with relative sparing of the lung bases (Fig. 1).18 However, nodular
opacities alone (including cavitating nodules) are more common in early disease.6,16

Bronchoscopy with bronchoalveolar lavage (BAL) can help establish the diagnosis,
with more than 5% of CD1a1 cells being consistent with PLCH.19 According to current
consensus guidelines, histopathologic confirmation is recommended, accompanied by
analysis for mutations in the BRAF or MAPK-ERK pathways.20 Typical cases, with char-
acteristic HRCT features of PLCH, in the appropriate clinical context, may be an excep-
tion.20 Bronchoscopic or surgical lung biopsies provide a definitive diagnosis, with
increased diagnostic yield with surgical biopsies.21,22 Alternatively, a positive biopsy
Fig. 1. PLCH. (A) Axial CT image showing nodules, cavitating nodules, and cysts in both up-
per lungs. (B) Coronal CT image showing predominantly upper lung distribution of abnor-
malities with relative sparing of the lower lungs.
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of an extrapulmonary site, accompanied by compatible imaging, is diagnostic of PLCH.
Echocardiography is helpful in screening for pulmonary hypertension (PH), a prevalent
complication.23 Histopathology shows multiple nodules with abundant Langerhans
cells, which stain positive for S100 protein and the more specific markers CD1a and
Langerin (CD207) (Fig. 2). In early disease, there is a predominance of cellular inflamma-
tion, with destructive bronchiolitis.24 In advanced cases, scarring, such as stellate scars,
is more common, and Langerhans cells might not be detectable.24 Vascular medial
thickening is commonly reported.12,24

The natural history of the disease is variable. Two years after diagnosis, 40% of pa-
tients have evidence of worsening pulmonary function.5 Ongoing tobacco use and
lower PaO2 are associated with the risk of lung function deterioration.5 A recent study
reported an estimated ten-year survival of 93%,25 implying an improvement compared
to the median survival of 12.5 years reported previously.6,26 The presence of PH,
abnormal diffusion capacity for carbon monoxide (DLCO), air trapping, decreased
forced expiratory volume in one second (FEV1), and persistent smoking are markers
of poor prognosis.6,23,26 Therefore, counseling patients with PLCH about smoking
cessation is essential. Oral glucocorticoids, immunosuppressive and chemothera-
peutic agents are options in progressive disease, albeit with limited evidence. Cladri-
bine has been reported to improve symptoms and spirometry in several small case
series, and it is recommended as first-line systemic therapy in cases of progressive
disease or persistent respiratory dysfunction, including those patients unable to quit
smoking.20,27 In patients with pulmonary arterial hypertension, PH-targeted therapy
has been shown to improve hemodynamics.28 Finally, lung transplantation should
be considered in advanced disease when appropriate.29
RESPIRATORY BRONCHIOLITIS-INTERSTITIAL LUNG DISEASE

RB is a histopathologic term used to describe the presence of brown-pigmented mac-
rophages in the respiratory bronchioles and was initially described as an incidental
finding on autopsies of smokers.30 It is a finding present in virtually all lung biopsies
of smokers and many former smokers and is not necessarily a marker of clinical dis-
ease.30–33 On the contrary, when there is clinical and radiological evidence of ILD
associated with RB, it is classified as RB-ILD.34 Myers and colleagues34 described
RB-ILD in 1987, with cases of heavy cigarette smokers presenting with respiratory
symptoms and abnormal chest radiographs. Surgical-lung biopsy showed a mild
Fig. 2. PLCH. Lung biopsy showing cystic changes associated with collections of Langerhans
cells highlighted by CD1a immunohistochemical staining (inset).
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chronic inflammatory cell infiltration and thickening of the alveolar septa, in addition to
RB. The initial report was followed by several case series describing similar
findings1,35–37

Typically, patients with RB-ILD present in the third to the sixth decade of life
(Table 1). Almost all the cases correspond to smokers or former smokers.35,37,38

Symptoms include dyspnea, cough, and chest pain, and about half complain of
sputum production.34,35,37 On auscultation, patients often present with crackles and
wheezing. Examination of the extremities reveals clubbing in 10% to 30% of
cases.1,35,39 Pulmonary function is variable, with normal PFTs in 10% to 20%.35,39

The most consistent finding is a decrease in the DLCO, but it can be normal in up
to 30%.35,39

Chest radiography shows reticular or reticulonodular interstitial patterns.34,38 The
most common findings on high-resolution computerized tomography (HRCT) are
bronchial wall thickening, ground-glass opacities, and centrilobular nodules in both
upper and lower lobes (Fig. 3). Two-thirds of patients also have centrilobular emphy-
sema with upper lobe predominance.40 A reticular pattern is identified in close to 30%:
however, significant fibrosis, traction bronchiectasis, and honeycombing are typically
absent.40 Of note, hypersensitivity pneumonitis (HP) may present with similar radio-
logic findings, but a history of smoking makes the diagnosis of RB-ILD more likely,
as smoking is associated with a lower incidence of HP compared to the general
population.41

Findings on BAL are nonspecific and can yield the pigment-laden macrophages
associated with smoking, with no abnormal increase of other leukocyte types sugges-
tive of an alternative diagnosis.34,42 A biopsy is not always needed for the diagnosis.
However, when obtained, surgical lung biopsy is the method of choice, given the
patchy distribution of the disease, which could result in sampling error with broncho-
scopic biopsies. Histopathology reveals pigmented macrophages in alveolar ducts,
alveoli, and respiratory bronchioles, interstitial inflammation, and mild fibrosis of the
alveolar septa. There is a patchy, peribronchiolar, and periarterial distribution of the
interstitial abnormalities34,37,38 (see Fig. 3). Whether RB and RB-ILD can be separated
based on histopathological criteria alone is controversial.
Table 1
Clinical characteristics of respiratory bronchiolitis-associated interstitial lung diseases and
desquamative interstitial pneumonitis

RB-ILD Desquamative Interstitial Pneumonitis

Demographics Age: 30 to 60 years old Age: 40 to 50 years old
Slight male predominance

Associations Smoking >95% Smoking 80%
Occupational exposures
Connective tissue
Infection

Imaging Centrilobular nodules
Bronchial wall thickening

Ground glass opacities, lower lobe
predominant.

Reticular pattern

Pulmonary
function tests

Variable. May be normal
Decreased diffusion capacity
(mild)

Restriction is more common, although
other patterns can be present.

Decreased diffusion capacity
(moderate-severe)

Treatment Smoking cessation Smoking cessation
Corticosteroids
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Fig. 3. RB-ILD. (A) Axial CT image showing hazy ground-glass opacities involving anterior
portions of the upper lobes. (B) RB-ILD shows less prominent collections of alveolar macro-
phages than in DIP, mainly localized to bronchiolar lumens and adjacent centriacinar alve-
olar spaces, with little or no interstitial fibrosis.
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Smoking cessation is the mainstay of treatment of RB-ILD andmay bring on stability
or improvement of symptoms after a few years.34,37 A small series showed improve-
ment in centrilobular ground-glass opacities and DLCO in all patients (n5 5) after quit-
ting smoking, with a mean follow-up of 46 months.43 However, many patients
experience worsening symptoms despite smoking cessation.39 Therefore, clinicians
often prescribe oral glucocorticoids or immunosuppressant drugs to treat RB-ILD,
but the evidence is limited. In general, the prognosis of RB-ILD is good, and mortality
is rare.39
DESQUAMATIVE INTERSTITIAL PNEUMONIA

Liebow first described desquamative interstitial pneumonia (DIP) in 1965.44 It was
initially thought that the characteristic lesions corresponded to the desquamation of
the alveolar cells into the distal air spaces. However, in reality, the lesion is caused
by the accumulation of pigment-laden macrophages in the alveoli. In 2001, the Amer-
ican Thoracic Society and European Respiratory Society discussed changing the
name to “alveolar macrophage pneumonia”, but they elected to preserve the historic
nomenclature.45 There is a significant clinical and histopathologic overlap between
RB-ILD and DIP, and although the pathogenesis has not been entirely elucidated,
they likely share some common mechanisms. Approximately 20% of cases are
encountered in never-smokers, as opposed to RB-ILD, which virtually always presents
in tobacco users.46 Approximately one-third of patients have a history of environ-
mental exposure to dust and fumes, and high levels of inorganic particles have
been found on biopsies of patients with DIP,46,47 suggesting that occupational expo-
sures may play a role in the development of the disease. Indeed, DIP has been re-
ported from exposure to copper, beryllium, fire extinguisher powder, diesel fumes,
solder fumes and nylon filaments48 Additional possible associations include connec-
tive tissue disorders such as scleroderma and rheumatoid arthritis, drugs such as siro-
limus, nitrofurantoin, tocainide, sulfasalazine, and viral infections.46,49–54

On average, patients are middle-aged at presentation, although cases in children
have also been described.55,56 Most series report a male predominance.35–37,46,57

Themost common symptom in DIP is dyspnea (86%), followed by cough (65%), which
is usually nonproductive. Chest pain and constitutional symptoms, such as weight
loss, fatigue, and weakness, can also occur.46 One-fifth of patients have a normal
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physical exam, whereas crackles and clubbing are common findings. The predomi-
nant pattern on PFTs is restrictive in 70% of cases, with impaired gas exchange, as
evidenced by a decreased diffusion capacity.35,46 The functional abnormalities tend
to be more severe in DIP than in RB-ILD (Table1).37

Chest radiography generally shows bilateral interstitial markings. HRCT is charac-
teristic for ground glass opacities with lower lobe and slight peripheral predominance;
consolidative opacities are less commonly seen (Fig. 4). Reticular opacities are pre-
sent in half of the cases, but findings of fibrosis like architectural distortion and honey-
combing are unusual. In some, thin-walled cysts may be noted in the parenchyma and
are usually small.58,59 BAL can show eosinophilia (mean eosinophil count of 18% in
one study) in aminority of cases.60 As in other ILDs, confirmation of the diagnosis often
requires a surgical lung biopsy, although cryobiopsy is an emerging option.22 The car-
dinal feature of DIP is the uniform filling of the alveolar spaces with mononuclear cells
(see Fig. 4), as opposed to the patchy, bronchiolocentric distribution of RB-ILD.61

However, the distinction between these processes is not always clear and may repre-
sent a continuous spectrum of smoking-related reactions. Lymphoid follicles, intersti-
tial fibrosis, and eosinophils are more common in DIP compared to those with RB.36

Varying degrees of fibrosis have been reported, but typically not as prominent as in
usual interstitial pneumonia (UIP),62 the histopathologic pattern seen in idiopathic pul-
monary fibrosis and fibrotic forms of connective tissue-associated ILD, hypersensitiv-
ity pneumonitis, and drug-induced lung disease.
DIP may manifest fibrotic changes when progressive, although the proportion of pa-

tients with progression of their disease is much smaller than with UIP.58 Smoking and
other inhalational exposures should be avoided. Most patients are treated with corti-
costeroids or immunosuppressants with variable responses, although with scarce ev-
idence supporting their therapeutic efficacy. Two-thirds of patients have clinical
improvement, whereas close to 25% decline.46 Without treatment, the proportion of
clinical worsening is higher.57 A minority of patients require lung transplantation.50

ACUTE EOSINOPHILIC PNEUMONIA

AEP is an acute respiratory illness presenting with hypoxemia, diffuse pulmonary infil-
trates, and a markedly elevated eosinophil count on BAL.63,64 Typically, it presents in
young males in the third to fifth decades of life, especially in those initiating or
Fig. 4. DIP. (A) Axial CT image showing bilateral ground-glass opacities along with some
reticular opacities and few regions of hyperlucency (air-trapping). (B) Diffuse accumulation
of pigmented alveolar macrophages with mild interstitial thickening due to fibrosis.
Lymphoid follicles with a prominent germinal center (shown in the upper left field) are
often present in DIP.
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increasing the amount of tobacco smoked.65 Secondhand smoke, electronic ciga-
rettes, recreational drugs, dust, and other occupational exposures have also been re-
ported to precipitate this disorder.66–70 AEP can also be associated with medication
use, including daptomycin, minocycline, mesalamine, and other antimicrobials, anti-
depressants, and anti-inflammatory and chemotherapeutics.71–73

In patients with smoking-related AEP, an acutely evolving (days to few weeks)
presentation occurs with cough, fever, chest pain, and dyspnea. Peripheral eosin-
ophilia is often absent on initial presentation and develops later in the course.74,75

Chest radiography shows alveolar and interstitial opacities, Kerley B-lines; bilateral
pleural effusions are seen in approximately half of patients.75 CT typically shows
ground-glass, nodular and consolidative opacities, interlobular septal thickening,
and pleural effusions (Fig. 5A).76 A BAL with an eosinophil count of >25% is usually
diagnostic in the appropriate clinicoradiologic setting (Fig. 5B). Interestingly, eosin-
ophilia on BAL has been reported to be associated with less hypoxemia.75 If a bi-
opsy is performed, it shows interstitial edema and infiltration of alveolar,
bronchiolar, and interstitial spaces by eosinophils and diffuse alveolar damage
(Fig. 5C).77

Although the presentation can be severe, including respiratory failure requiring me-
chanical ventilation, the prognosis is generally good, and most patients experience
complete resolution with steroid treatment when diagnosed promptly.78,79 Typically,
the treatment includes intravenous or oral steroids in the acute setting, followed by
a taper over 2 to 4 weeks.78 Review of potential exposures and subsequent avoidance
of the offending agent is crucial.

COMBINED PULMONARY FIBROSIS AND EMPHYSEMA

CPFE is a clinical syndrome that classifies a subgroup of patients with emphysema with
coexistent pulmonary fibrosis (Fig. 6).80–83 It remains controversial whether CPFE is a
distinct entity or merely the coexistence of two separate processes. Box 1 presents a
summary of the clinical, physiologic, and radiologic characteristics associated with
CPFE. PFTs may show normal lung volumes and spirometry despite the profoundly
abnormal physiology due to two opposing pathophysiologic processes. Reduced gas
exchange capacity occurs with both emphysematous and fibrotic disorders; therefore,
decreased DLCO may be the sole abnormality on PFTs.82,83

Unfortunately, CPFE is associated with a high mortality rate, with a clinical course
characterized by frequent exacerbations and gradual progression to chronic respira-
tory failure.84–87 In addition, the incidence of lung cancer and PH is high.85,88,89 The
outcomes of patients with CPFE are worse than in COPD alone but comparable to
idiopathic pulmonary fibrosis when adjusting for the degree of fibrosis.81 There is no
specific treatment of CPFE other than optimizing the treatment of the emphysema
and fibrosis. Management includes general measures such as smoking cessation,
supplemental oxygen if required, and pulmonary rehabilitation. Bronchodilators may
be useful in patients with airflow limitations. Antifibrotics can be considered in cases
with progressive fibrosis. However, patients with significant emphysema have been
generally excluded from clinical trials assessing the efficacy of antifibrotic therapy.81

Identification of PH and specific treatment thereof can be considered for these
patients.88,90

OTHER INTERSTITIAL LUNG DISORDERS

There is growing recognition of parenchymal abnormalities in smokers that do not
meet the criteria for distinct smoking-related ILDs described above. With the
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Fig. 5. AEP. (A) Axial CT image showing patchy consolidative opacities bilaterally with small
pleural effusions, right greater than left. (B) Cytology specimen showing numerous eosino-
phils with occasional Charcot Leyden crystals (right middle field). (C) Lung biopsy with
numerous intraalveolar eosinophils accompanied by features of diffuse alveolar damage
including hyaline membranes and alveolar fibrinous exudates.
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implementation of lung cancer screening for smokers, it has been reported that many
have interstitial lung abnormalities (ILAs), even in the absence of respiratory symp-
toms.91,92 Although the clinical significance is unclear, ILAs have been associated
with decreased functional capacity, lung function, quality of life, and increased mortal-
ity.93–95 In addition, the histopathologic term “smoking-related interstitial fibrosis”
(SRIF) describes a common finding in smokers’ lungs, with interstitial fibrosis in the
subpleural lung tissue showing prominent collagen deposition.96 Some patients may
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Fig. 6. CPFE. Coronal CT image showing emphysematous changes predominantly in the up-
per lungs with a bibasilar and peripheral distribution of fibrotic changes.
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manifest mild-moderate changes in lung function measurement, but long-term follow-
up data are lacking.96,97 In contrast, hypersensitivity pneumonitis is less prevalent in
smokers for reasons that are still not fully defined but may involve the effect of nicotine
on immune responses to inhaled antigens.98 Sarcoidosis also has a decreased prev-
alence in tobacco smokers, and some studies suggest that smoking could modify the
effect of genetic predisposition.99,100
Box 1

Clinical characteristics of combined pulmonary fibrosis and emphysema (CPFE)

Clinical characteristics of combined pulmonary fibrosis and emphysema (CPFE)

Demographics
Age: Commonly 60 to 80 years old
Sex: Over 70% male

Symptoms
Dyspnea on exertion
Cough
Recurrent exacerbations

Associated comorbidities
Pulmonary hypertension
Lung cancer

Physical examination
Inspiratory basal crackles
Clubbing

Radiographic findings
Fibrotic changes: honeycombing, reticular opacities, traction bronchiectasis, ground-glass
opacities, and architectural distortion; more prominent in lower lung zones
Emphysema and bullae, more prominent in upper lung zones (see Fig. 6)

Pulmonary function tests
Severely reduced diffusion capacity
FEV1/FVC ratio is normal or slightly reduced
Spirometry and lung volumes may be normal or near normal

Data from Refs.81,82
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SUMMARY

Smoking-related ILDs encompass a heterogeneous group of pulmonary diseases
diagnosed in association with tobacco use, including RB-ILD, DIP, PLCH, AEP, and
CPFE. Their pathogenesis is not entirely understood, and the contribution from ciga-
rette smoke itself versus other environmental and genetic factors is a current area of
investigation. Prognosis varies among these disorders, but smoking cessation is ama-
jor component of management for affected patients.

CLINICS CARE POINTS

� Smoking induces a broad spectrum of pathologic processes in the lung and includes
interstitial lung diseases (ILDs).

� Currently recognized forms of smoking-related ILDs include pulmonary Langerhans cell
histiocytosis, respiratory bronchiolitis-interstitial lung disease, desquamative interstitial
pneumonia, acute eosinophilic pneumonia, and combined pulmonary fibrosis and
emphysema.

� Smoking cessation is an essential component of management for patients with smoking-
related ILDs.

� The coexistence of emphysema and pulmonary fibrosis often escapes clinical recognition but
is frequently associated with the occurrence of pulmonary hypertension and lung cancer.
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