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	Objectives
1. To recognize smoking-related interstitial lung diseases as an important cause of respiratory symptoms in smokers, instead of, or in addition to, chronic obstructive pulmonary diseases, such as emphysema, chronic bronchitis, and bronchogenic carcinoma. 

2. To become familiar with the important clinical, pulmonary function test, and radiographic features of the smoking-related interstitial lung diseases (pulmonary Langerhans' cell histiocytosis, desquamative interstitial pneumonia, and respiratory bronchiolitis-associated interstitial lung disease). 

3. To develop an approach to the evaluation of respiratory symptoms in smokers that enables accurate diagnosis of smoking-related interstitial lung disease. 

4. To learn the available therapeutic options for patients diagnosed with a smoking-related interstitial lung disease, and to understand the prognoses associated with the various smoking-related interstitial lung diseases. 
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Abbreviations
DIP = desquamative interstitial pneumonia; DLCO = diffusing capacity for carbon monoxide; HP = hypersensitivity pneumonitis; HRCT = high-resolution CT; ILD = interstitial lung disease; IPF = idiopathic pulmonary fibrosis; LCH = Langerhans cell histiocytosis; PFT = pulmonary function test; PLCH = pulmonary Langerhans cell histiocytosis; RB = respiratory bronchiolitis; RB-ILD = respiratory bronchiolitis-associated interstitial lung disease

The strong association between smoking and a variety of lung diseases is well established and broadly known. The large and rapidly increasing worldwide burden of COPD, whether clearly differentiated as emphysema, airflow obstruction without emphysema, chronic bronchitis, or more generally categorized simply as COPD, may be attributed primarily to tobacco smoking, especially cigarettes. Similarly, the vast majority of lung cancer, which is now the leading cause of cancer death in both men and women in the United States, is directly caused by cigarette smoking, although the precise oncogenic mechanisms associated with cigarette smoke remain to be fully delineated.

Beyond COPD and bronchogenic carcinoma, however, cigarette smoking is also associated with significant additional lung disease. The relevant smoking-related disease processes, all of which fall within the general category of interstitial lung diseases (ILDs), will be the focus of this lesson. Specifically, we will review three such disease processes: pulmonary Langerhans' cell histiocytosis (PLCH; also variously referred to as pulmonary Langerhans' cell granulomatosis, eosinophilic granuloma of the lung, and histiocytosis X); desquamative interstitial pneumonia (DIP); and respiratory bronchiolitis-associated interstitial lung disease (RB-ILD). 

For a variety of reasons, and despite the important relationship between smoking and these ILDs,1 this association is not well appreciated. First, the various smoking-related ILDs are individually and collectively quite uncommon. Nonspecialists do not frequently encounter these conditions, and they have little opportunity to become familiar with them. Second, there is considerable overlap between the presenting clinical features, pulmonary function test (PFT) characteristics, radiographic findings, and, occasionally, even the histopathologic features of these diseases and much more common smoking-related lung conditions, such as chronic bronchitis and emphysema. This overlap may confound the performance and interpretation of the clinical evaluation, potentially leading to inaccurate diagnosis. Finally, clinicians' attitudes to smoking itself, especially the degree of fatalism in the face of difficult-to-treat nicotine addiction, may blunt enthusiasm for aggressive diagnostic differentiation beyond nonspecific labels such as "smoker's lung."

Encouragement of smoking cessation is the most obvious and important intervention that the clinician can undertake in a patient with any smoking-related lung disease. Above and beyond the general benefits provided by smoking cessation, the smoking-related ILDs are especially important entities in this regard. For each condition, the response to smoking cessation carries with it some degree of prognostic information that can drive patient management, for example, bringing into consideration the application or withholding of additional therapeutic measures. Indeed, smoking cessation and its follow-up are important branch points in the treatment algorithms for these conditions. Below, we consider individually each of the smoking-related ILDs (PLCH, DIP, and RB-ILD) with specific reference to their pathogenesis and pathologic findings, epidemiology, clinical features, PFT and radiographic findings, diagnostic evaluation, and treatment and prognosis. Although a lively debate is ongoing regarding the interrelationship of DIP and RB-ILD, and, in particular, whether they represent different points along the spectrum of the same disease,2-7 that discussion is beyond the scope of this review. Given this, we describe each disease separately. Additionally, although some relationship between smoking and idiopathic pulmonary fibrosis (IPF; the clinical entity associated with the pathologic diagnosis of usual interstitial pneumonia) is suggested by epidemiologic studies,1 this association is less strong than for PLCH, DIP, and RB-ILD, and therefore we do not further discuss IPF.

Pulmonary Langerhans' Cell Histiocytosis

Pathology and Pathogenesis
PLCH falls within the spectrum of diseases known collectively as the Langerhans' cell histiocytoses (LCHs). These diseases were formerly referred to as histiocytosis X but have been renamed following recognition of the Langerhans' cell as a prominent feature of the shared characteristic pathologic findings in these conditions.8 This can be characterized as a loosely organized granuloma in which Langerhans' cells, plasma cells, lymphocytes, and eosinophils are present (hence, the alternative name "eosinophilic granuloma"). The LCHs are manifest in two distinct ways. Disseminated LCH mainly affects children, appears to represent a malignant disorder driven by monoclonal proliferation of Langerhans' cells, commonly involves the reticuloendothelial and other organ systems, and is treated with systemic chemotherapy.9,10 By contrast, isolated or single-system LCH occurs more commonly in adults, most often involves the lung or bone, and appears to represent a reactive disorder in which the proliferation of the Langerhans' cells is polyclonal.11 This form of LCH does not generally respond to chemotherapeutic agents.8 However, LCH in adults can also involve the skin, CNS (especially the hypothalamic region), liver, and lymph nodes.9
Langerhans' cells are a subtype of antigen-presenting dendritic cells. These cells are present within the epithelium of the respiratory tract and are believed to survey the antigenic environment of the airways. Once activated, they migrate to regional lymph nodes and stimulate the proliferation of appropriate lymphocytes, thereby initiating an immunologic response to the appropriate antigen(s). In PLCH an increased number of Langerhans' cells are present and express antigens normally associated with successful migration to nearby lymph tissue.8,12 Whether cigarette smoke influences Langerhans' cell behavior directly or via changes in the neighboring airway epithelium is not known. Experiments performed in animal models provide some evidence to support either hypothesis.8 Regardless, these numerous and phenotypically abnormal Langerhans' cells appear to drive formation of the characteristic destructive pathologic lesion seen in PLCH, leading to the clinical features of the disease.

Biopsy specimens of PLCH reveal loosely formed bronchiolocentric granulomata, the correlate of the nodules seen on high-resolution CT (HRCT), often with a characteristic stellate structure.17 These lesions are composed of Langerhans' cells intermixed with varying numbers of eosinophils (thus, the designation "eosinophilic granuloma"), neutrophils, lymphocytes, plasma cells, and fibroblasts.17 More advanced lesions contain a more prominent fibroblastic component, with associated collagen deposition and fibrosis, heralding the eventual formation of a "stellate scar," a minimally cellular fibrotic remnant of the prior inflammatory lesion.17 Enlargement of nearby airspaces due to their obstruction by fibrotic scars is typical and leads to cyst formation. Immunologic staining for two antigens, the S-100 protein, and the CD1a molecule, is an extremely helpful adjuvant method for the identification of Langerhans' cells in biopsy specimens.17 Additionally, electron microscopy may enable identification of so-called Birbeck granules, a structure unique to the Langerhans' cell, although for practical reasons such analysis is rarely performed.8
Epidemiology
Information regarding the incidence and prevalence of PLCH is limited given its infrequency. In several large series of patients with ILD, PLCH appeared to represent between 5 and 7% of cases.8 PLCH affects primarily young adults, with a median age at diagnosis of between 30 and 40 years of age, and Caucasians are markedly overrepresented in studies where race was noted.10,13-16 Both male and female predominance of PLCH has been noted, depending upon the particular case series. This has been interpreted as reflecting the increasing prevalence of tobacco use among women.8 All studies of PLCH have demonstrated a strong association between cigarette smoking and the disease; the prevalence of any history of smoking in patients diagnosed with PLCH is between 90 and 96%, depending upon the particular case series.10,13-16 Children with LCH occasionally manifest pulmonary involvement, but the disseminated nature of their disease suggests that this likely represents a distinct disease from isolated PLCH.9 This further highlights the dominant role of cigarette smoking in the pathogenesis of PLCH.

Clinical Features, Pulmonary Function, and Radiography
Patients with PLCH commonly describe a variety of symptoms, usually of several months' duration. These include the following: cough (approximately 50% of patients); dyspnea, which may only manifest with exertion (35 to 45%); and constitutional symptoms, such as fever, weight loss, fatigue, or malaise (5 to 15%).13-16 A substantial number of patients (15 to 25%) report no symptoms and instead come to medical attention because of a deficit on PFT or an abnormal chest radiograph.13-16 Additionally, spontaneous pneumothorax occurs in 10 to 15% of patients and is another means by which patients may present with PLCH.13-16 Patients may also report symptoms related to PLCH involvement of other organs, such as pain due to bony involvement, polyuria or polydipsia (attributable to diabetes insipidus caused by hypothalamic involvement), rashes (due to skin involvement), and adenopathy.16 The physical examination results from patients with PLCH are most commonly normal (more than 60% of patients). Diminished breath sounds, a prolonged expiratory phase, rales, and wheezes are all noted occasionally (approximately 10% of patients with each symptom).13-16
The most reliable PFT finding in patients with PLCH is a low diffusing capacity for carbon monoxide (DLCO), although this is not universally present (approximately 65 to 85% of patients).10,13-16 Collectively, patients with PLCH display a wide spectrum of PFT results, including isolated obstruction, restriction, and low DLCO; various combinations of these abnormalities; or entirely normal pulmonary physiologic testing, in as many as 35% of patients.10,13-16 The application of exercise testing would likely decrease substantially the number of patients with PLCH who have normal PFT results, but this remains to be established definitively.

Conventional chest radiography in patients with PLCH classically demonstrates a bilateral, symmetric pattern of reticular or reticulonodular opacities.12,13,16 Lung volumes are typically normal or slightly increased, as opposed to other ILDs, in which the lung volumes are usually decreased. Especially early in the disease the chest radiograph may be normal. HRCT of the chest is the preferred imaging modality for the evaluation of all patients with suspected ILD. Such studies reveal that the reticular opacities apparent on conventional chest radiographs result from the confluence of numerous pulmonary cysts.8,12,15,16 Small nodules, some of which may appear to be cavitating, and irregularly shaped cysts display upper-lobe predominance and are the most important findings suggestive of PLCH. The relative preponderance of each abnormality depends upon the stage of the disease (nodules usually predominate in early disease, while cysts are more typical of advanced disease).8,16 The cysts are thought to result from initial obstruction of respiratory bronchioles by nodular inflammatory granulomata, followed by subsequent gradual obstruction and cystic dilation of these small airways.8,17 Thus, in more advanced cases of PLCH, cysts may appear to be confluent. This can make distinguishing between PLCH and emphysema a potential diagnostic challenge, especially given their shared epidemiologic association with smoking. Another characteristic radiographic feature of PLCH is sparing of the lung bases, which may be extremely useful when lymphangioleiomyomatosis is also a potential differential diagnostic consideration.8
Diagnostic Evaluation
The World Health Organization committee on Histiocytic/Reticulum Cell Proliferations and the Reclassification Working Group of the Histiocyte Society has developed the current classification criteria to establish a "definitive, justified, or presumptive" diagnosis.9 This relies on consistent histologic findings by biopsy, as described above. While biopsy procedures should be considered for all patients (particularly women and patients with atypical findings), in some cases a presumptive diagnosis can be made without tissue confirmation, provided that the appropriate clinical and radiologic findings are present.18 For example, given the right epidemiologic characteristics (a young adult who currently smokes) and the classic findings on chest HRCT (small nodules and cystic changes in the bilateral upper lobes, with relative sparing of the lung bases), the diagnosis of PLCH may be straightforward and not necessarily require further testing. BAL may be helpful in confirming the diagnosis, especially when it is strongly suspected, by demonstrating the presence of more than 5% Langerhans' cells.8 While reasonably specific, this finding is, unfortunately, rather insensitive. Taking all of the above into account, lung biopsy is indicated in cases where significant diagnostic uncertainty is present. Transbronchial biopsy samples, especially when analyzed with appropriate immunologic reagents, may be adequate, although the patchy distribution of PLCH and the relatively small size of biopsy samples usually obtained by this technique make for a significant false-negative rate.8 Additionally, the presence of cystic lesions may place patients with PLCH at an increased risk for iatrogenic pneumothorax, though this theoretical consideration has not been verified in clinical studies. Open lung biopsy, usually performed with video-assisted thoracoscopic techniques and guided by the findings on chest HRCT, is usually diagnostic. Given that the therapeutic options available for patients with PLCH are rather limited, before proceeding with an invasive diagnostic procedure the physician and patient should have a frank discussion of the associated risks and benefits.

Treatment and Prognosis
Smoking cessation is the mainstay of PLCH treatment and should be aggressively counseled and assisted. If successful, cessation leads to stabilization of respiratory impairment in most, and improvement, which may be marked, in some patients with PLCH.13,14,16 Complete remission of PLCH following smoking cessation has been reported but appears to be rare. At a minimum, smoking cessation should lessen the progression of additional pulmonary processes, such as emphysema, that may add to the morbidity and mortality experienced by patients with PLCH. Supportive smoking cessation modalities, including nicotine replacement, bupropion, and substance-dependence counseling, should all be provided. Although even repeated emphasis of the relationship between smoking and the disease may fail to induce some patients to quit successfully, the general principles of smoking cessation are still relevant, including multiple and repeated efforts by the primary health-care provider.8
Immunosuppression, chiefly consisting of oral corticosteroids, such as prednisone, has been used in a substantial number of patients with PLCH.8,13,14,16 Though some case reports suggest a beneficial effect of corticosteroids, the lack of a control for smoking cessation and the nonrandomized application of this therapy call into question its actual value. Additionally, two recent retrospective case series demonstrated no clear benefit associated with the use of immunosuppressive therapy.13,16
Early descriptions of PLCH emphasized its generally benign prognosis, with more than half of patients remaining in or achieving a symptom-free state and only extremely rarely progressing to respiratory failure and death.14 Two recent retrospective case series, however, have indicated that PLCH is associated with progressive lung disease and even disease-related mortality in a substantive number of patients.13,16 Mortality rate in these two studies, with a median time of follow-up of between 4 and 6 years, was approximately 30%. The median survival of patients in these studies was between 12 and 13 years, significantly lower than for age-matched population control. Patients with PLCH also reported significantly lower levels of physical function, general health, vitality, and overall physical well being, as compared with population control subjects. Importantly, these studies identified prognostic factors associated with a worse outcome: older age, lower FEV1, lower diffusing capacity, higher residual volume or residual volume/total lung capacity ratio, and former smoking status. Another factor that may contribute to poor prognosis in patients with PLCH is the development of pulmonary hypertension. A recent case series of 21 consecutive patients with advanced PLCH found that all had severe pulmonary hypertension, with a mean pulmonary arterial pressure of 59 ± 4 mm Hg.19 Many of these patients also had evidence on lung biopsy results of proliferative vasculopathy involving muscular arteries and veins. Patients should be monitored closely (approximately every 3 months) following diagnosis in order to identify patients with these risk factors, for whom a trial of corticosteroids and/or early consideration of lung transplantation may be appropriate.

A final consideration concerns the relationship between PLCH and various malignancies.8,12 There are numerous reports in the literature of patients with PLCH who have developed a variety of cancers, including lung cancer, lymphoma, and myeloproliferative disorders. Of note, an increased risk of malignancy in patients with other forms of LCH has also been observed.9 However, it is quite plausible that the strong correlation between smoking and both PLCH and various cancers explains these observations.

Desquamative Interstitial Pneumonia

Pathogenesis and Pathology
The pathogenesis of DIP is not known. DIP was first described as a distinct form of interstitial pneumonia by Liebow and colleagues20 40 years ago. The term "desquamative" derives from the initial pathologic description of lung biopsy specimens, which were interpreted as demonstrating "extensive desquamation of masses of large alveolar cells that proliferate actively both on the shores and within the lumens of the alveoli." These intra-alveolar cells were later recognized to be not alveolar cells but rather alveolar macrophages.17 Although consideration was given to renaming this entity "alveolar macrophage pneumonia," its rarity and the potential confusion engendered by such a change have led to retention of the name "desquamative interstitial pneumonia" in the most recent American Thoracic Society/European Respiratory Society classification of idiopathic interstitial pneumonias.2
The most important histologic finding in DIP is the homogeneous filling of alveolar spaces with macrophages containing light brown, granular pigment.17 Additionally, there is commonly mild-to-moderate alveolar septal thickening due to infiltration by macrophages and occasional eosinophils, a mild degree of fibrosis, and type II alveolar cell hyperplasia.17 Advanced fibrosis is uncommon in DIP and should prompt consideration of an alternative diagnosis.17
Epidemiology
There are very few studies describing the epidemiology of DIP. In the two largest case series,21,22 involving 40 and 36 patients, respectively, the mean age of onset of symptoms leading to a diagnosis of DIP was 42 years. Each of these series included approximately two and a half times as many men as women (by contrast, the initial description of DIP included nearly equal numbers of men and women). Importantly, approximately 90% of patients with DIP in each of these series had at least a 10 pack-year history of smoking. This highlights the potential importance of smoking in the pathogenesis of DIP, even though the smoking status of patients was not remarked upon in the initial description of DIP. Interestingly, DIP is proportionately one of the most commonly diagnosed ILDs in pediatric populations (where ILDs are overall quite rare). In this population, DIP is not associated with smoking and almost certainly represents a different clinical entity.4 DIP-like pathologic findings have also been reported in lung biopsy specimens from patients with rheumatologic diseases, as well as in pulmonary processes thought to be related to drug or environmental exposures.21 Finally, rare cases of DIP have been reported in persons not exposed to cigarette smoke.23
Clinical Features, Pulmonary Function, and Radiography
Dyspnea, at rest or with exertion, is the most common complaint in patients with DIP. This is reported in 85 to 100% of patients and is usually the reason that such patients seek medical attention.20-22 Cough, which may be either nonproductive or associated with nonpurulent sputum, is also quite common, affecting 75 to 80% of patients with DIP.20-22 Physical examination of the chest reveals rales in half or fewer of patients. Interestingly, and unique among the smoking-related ILDs, clubbing appears to be a relatively frequent finding in DIP, having been noted in 5 of 18 patients in one series and 15 of 36 patients in another.21,22
The most common and striking PFT finding in patients with DIP is a marked reduction in DLCO.21,22 Patients with DIP almost never have a normal DLCO and commonly display reductions of 50% or more from the predicted value. Patients with advanced disease may further demonstrate severe hypoxemia, either at rest or with exertion. Significant airflow obstruction is rather uncommon, while a restrictive ventilatory deficit is present in approximately half of patients with DIP.21,22 Conventional chest radiographs are rarely interpreted as normal in patients with DIP.21,22,24 The most common description, noted in 70 to 90% of patients, is of irregular and/or reticular opacities, often with lower lobe predominance. Ground-glass opacities are also commonly noted (approximately 35 to 45% of patients).21,22,24
On chest HRCT, ground-glass opacities appear to be an invariable finding in patients with DIP.24 These areas are typically bilateral, symmetric, and often more predominant in the lower and peripheral lung zones (approximately half of cases). Other common findings include irregular reticulations (greater than 50% of patients), traction bronchiectasis, and cysts that are thought to result from dilatation of distal bronchioles and alveolar ducts.24 Importantly for distinguishing DIP from IPF, another ILD with basilar predominant anatomic and radiographic patterns, advanced fibrosis leading to the formation of peripheral "honeycombing" occurs much less frequently in DIP as compared with IPF.4,24
Diagnostic Evaluation
The diagnosis of DIP should be considered whenever the clinical presentation (dyspnea, cough, clubbing), epidemiologic features (smoker, adult aged 40 to 60 years), and initial diagnostic studies (decreased DLCO on PFTs; symmetric bilateral, reticular, or ground-glass opacities on chest radiography) are typical. Hypersensitivity pneumonitis (HP) may result in a similar constellation of clinical, PFT, and radiologic findings, and thus is an important differential diagnostic consideration. Interestingly, HP is rather uncommon in smokers, suggesting some protective effect of smoke against this condition and providing a helpful clue to the correct diagnosis.4 Additionally, chest HRCT in HP often reveals centrilobular nodules in addition to ground-glass opacities and an upper-lobe predominance, both of which would be atypical for DIP. Other important differential considerations include sarcoidosis and, in immunosuppressed patients, pneumocystis pneumonia. BAL findings are nonspecific, generally showing the presence of brown pigment-laden macrophages, which are commonly seen in all smokers. Increased eosinophils may also be seen in BAL fluid from patients with DIP,4 a finding that may be useful in distinguishing DIP from other lung diseases. When reasonable doubt about the diagnosis remains, thoracoscopic lung biopsy is recommended2,4 because of the importance of ruling out more aggressive forms of ILD and the therapeutic prognosis and implications of a diagnosis of DIP.

Treatment and Prognosis
Smoking cessation is currently considered the primary treatment for DIP and should be promoted as strongly as possible, with the application of all adjunctive measures, as noted previously in the discussion of PLCH. In addition, as noted previously, smoking cessation lessens the likelihood that additional smoking-related lung diseases will occur.

Interestingly, in one series from 1978, as many as 22% of patients noted improvement without any specific therapy (improvement was not well defined, however), and 12% of patients were said to have fully recovered.21 A more recent case series of 23 patients with biopsy-proven DIP found that four patients who quit smoking had stable or improved lung disease over the follow-up period (this observation was confounded by concurrent prednisone therapy).6 Most patients with DIP are eventually treated, usually with oral corticosteroids such as prednisone at a typical dose of 40 to 60 mg daily. While no randomized trials exist to verify the effectiveness of this therapy, it is nonetheless generally recommended for patients with significant symptoms, PFT abnormalities, or chest HRCT findings, as well as for those whose disease appears to be progressive. Treatment should be continued at the starting dose for 1 to 2 months, followed by an attempt to gradually taper off the medication over 6 to 9 months.4 Careful monitoring of the patient's respiratory status and potential steroid complications is recommended. Such therapy appears to be beneficial for most, though unfortunately not all, patients with DIP, resulting in stabilization or improvement of symptoms in approximately two thirds of cases.21,22,25 Unfortunately, a significant number, on the order of one third of patients with DIP, will suffer progression of their disease despite all therapy, with respiratory failure and death occurring in a subset of these patients.21,22
Respiratory Bronchiolitis-Associated Interstitial Lung Disease

Pathogenesis and Pathology
The pathologic finding of respiratory bronchiolitis (RB) was first noted in autopsy studies conducted in the early 1970s on young smokers who had experienced sudden, nonhospital death unrelated to tobacco use.26 These studies demonstrated clusters of pigmented alveolar macrophages located around respiratory bronchioles and adjacent air spaces, as well as nearby areas of mild interstitial inflammation and thickening. Subsequently, identical pathologic findings have been demonstrated to be an almost universal marker of current (and often prior) cigarette smoking.27 The recognition that a subset of patients with a combination of respiratory symptoms and lung function or radiographic abnormalities had pathologic evidence of RB, led to the incorporation of RB-ILD into the American Thoracic Society/European Respiratory Society consensus classification of the idiopathic interstitial pneumonias.2 By definition the pathologic findings in RB-ILD are fundamentally indistinguishable from those in RB26 and differ more in degree than in kind from those seen in DIP.17 The most characteristic abnormality, as noted above, is patchy accumulation of pigment-laden macrophages within the lumens of respiratory bronchioles and neighboring alveolar ducts and air spaces.17 This is in contrast to the more homogeneous alveolar filling by macrophages seen in DIP.20 However, areas of so-called "DIP-like reaction," in which macrophage accumulation extends to involve a large number of alveoli relatively distant from the bronchiolocentric focus of inflammation, are also typical of RB-ILD17 and, to some extent, RB, further blurring the histopathologic distinctions between these various conditions. Other histopathologic findings typical of RB-ILD include varying degrees of interstitial lymphocytic inflammation and septal fibrosis, which are usually (though not always) more marked than in asymptomatic RB.17,27
Epidemiology
Though RB originated as a term limited to an asymptomatic state, numerous reports have now described patients with respiratory symptoms and abnormal results on PFT and/or chest radiography in whom RB was the only definable pathologic abnormality present. The designation RB-ILD is applied to these patients.5,22,28 Nonetheless, defining precisely who should be considered to have RB-ILD remains a significant challenge.4 This is all the more true given the substantial overlap in symptoms, PFT findings, and chest radiography between RB ("asymptomatic" pathology), RB-ILD, and DIP,5 not to mention the potential for co-existence of other smoking-related pulmonary diseases, such as emphysema or even PLCH,7 that may further cloud the diagnostic picture.

Given the above data, it is not surprising that the prevalence of RB-ILD is not known. As noted, the key pathologic findings of RB are almost universally present in current smokers, as well as in many former smokers. In the latter group, RB typically resolves over a variable time course of as little as a few months to as long as many years.27 The strong relationship between smoking and both the pathologic finding of RB and the clinicopathologic entity RB-ILD is clear. RB-ILD is essentially diagnosed only in active or former smokers when an adequately detailed history is obtained and appropriately rigorous diagnostic criteria are applied.

RB-ILD may be much more common than has been recognized, with mild degrees of the disease explaining the various minor respiratory symptoms, PFT abnormalities, and/or chest radiographic findings that occur in many smokers. Of course, such clinical abnormalities may equally represent asymptomatic changes associated with smoking, together with early COPD, rather than RB-ILD. At present, the term "RB-ILD" is reserved for patients with both clinically significant PFT and chest radiographic abnormalities consistent with RB-ILD, as well as histopathologic findings typical for RB.4 Case series suggest that RB-ILD may affect a slightly younger group of patients than does DIP, with a mean age of approximately 35 years, and no clear predilection for one or the other gender.6,22,28
Clinical Features, Pulmonary Function, and Radiography
As is typical of the other smoking-related ILDs, patients with RB-ILD typically note the insidious onset of dyspnea, especially upon exertion, as well as a nonproductive cough. There are no particular clinical features that distinguish these symptoms from other smoking-related pulmonary conditions, such as chronic bronchitis, progressive airflow obstruction, or early emphysema.4,6,22,28 Rales may be present, but, commonly, examination of the chest is entirely normal, while clubbing is extremely uncommon and should suggest an alternative or coincident diagnosis, such as DIP, IPF, or bronchogenic cancer.6,22,28 It should be emphasized that patients may not report any respiratory symptoms and still be diagnosed with RB-ILD, based upon PFT and chest radiographic findings typical of the disease.4
As is also true for DIP, the most common PFT finding in patients with RB-ILD is a reduction in the DLCO, which is seen in more than 90% of such patients.6,22,28 The presence of concurrent emphysema is an important confounder to bear in mind when considering a diagnosis of RB-ILD. Lung-volume measurements and spirometry may reveal obstructive and/or restrictive ventilatory deficits, with the findings of restriction generally being of greater magnitude.4,6,22,28 Concurrent emphysema may also confound lung volume measurements, with the resultant obstruction masking the restrictive effects of RB-ILD.

Conventional chest radiography cannot distinguish between asymptomatic RB and clinically relevant RB-ILD. In both conditions, bronchial wall thickening, scattered reticular micronodular opacities, and patchy areas of ground-glass consolidation may be observed.6,22,28 Patients with frank RB-ILD uncommonly have an entirely normal conventional chest radiograph (fewer than one third), but the same is true of many smokers without RB-ILD.6,22,28 Chest HRCT abnormalities seen in RB-ILD overlap substantially with RB and DIP, as well as other ILDs, such as HP. These abnormalities include bronchial wall thickening, centrilobular nodules, and areas of ground-glass opacification.5 The extent and distribution of such abnormalities, however, may be useful in distinguishing these various clinical entities. By current diagnostic criteria, RB is associated with relatively limited findings on chest HRCT, compared with RB-ILD. The ground-glass opacities seen in RB-ILD are usually bilateral but are typically patchy and affect all lung zones. This contrasts with the more homogeneous, lower lung field findings typical of DIP.5 Mosaic perfusion and (if expiratory images are obtained) evidence of air trapping also appear to be extremely common and potentially important findings,5 although RB alone, as well as HP and sarcoidosis, may also produce these findings.4
Diagnostic Evaluation
RB-ILD should be considered within the differential diagnosis whenever DIP is under consideration. Additionally, patients with RB-ILD may initially come to attention because of abnormalities on a conventional chest radiograph, chest HRCT, or PFTs that are consistent with this diagnosis, rather than due to any symptoms. HP is important in the differential diagnosis. Because smoking appears to confer some protection against HP, obtaining a detailed smoking history is an important initial step in the diagnostic algorithm. BAL is not routinely indicated. When performed, in addition to the brown pigment-laden macrophages that are seen in the BAL of all smokers, including those with both RB-ILD and DIP, a mild neutrophilia may be present. A lymphocytic predominance or the presence of eosinophils in the lavage fluid, however, is much more typical of HP and DIP, respectively, and would not be expected in RB-ILD.4 Transbronchial biopsy is not useful in distinguishing RB-ILD from DIP, a distinction with potential prognostic importance. Thus, unless the clinician is considering HP and/or sarcoidosis as diagnostic possibilities, transbronchial biopsy is not generally recommended. The decision to proceed to thoracoscopic lung biopsy must be considered when significant diagnostic uncertainty remains, the patient has substantial symptoms, or there are marked radiographic or PFT abnormalities. 

Treatment and Prognosis
Whether and how to treat RB-ILD is a difficult question, especially in light of the condition's rather benign prognosis. Smoking cessation should be emphasized, although RB-ILD-specific data delineating the benefits of such cessation are lacking (as opposed to other concurrent smoking-related pulmonary disease). 

Corticosteroids have been employed in between one quarter and one half of patients in various published series describing RB-ILD,22,28 without any convincing evidence of effectiveness (which is in contrast to DIP, where some clinical benefit may exist, despite the absence of demonstrative evidence in randomized placebo-controlled trials). Thus, unless a patient's symptoms and/or pulmonary function and radiographic abnormalities are extremely severe, smoking cessation and careful observation should form the basis of initial therapy. Only those who are profoundly affected or who progress despite successful smoking cessation should be considered as possible candidates for corticosteroids. In these situations, patients should be followed closely for demonstration of objective improvement (or at least stabilization), as indicated by serial PFTs and/or chest HRCT, as well as the attendant complications of systemic corticosteroid use. In this context, such therapy should be discontinued if complications of treatment outweigh the benefits.

No documented deaths or cases of respiratory failure have ever been attributed directly to RB-ILD. Indeed, the large majority of patients with RB-ILD described in the literature appears to evince either improvement in their symptoms and measures of pulmonary physiology (as many as 80% of patients) or at least a clinical stability (most other patients).7,22,28 Very few patients seem to suffer clinical deterioration, although the duration of follow-up in most studies has probably not been adequate to state this with complete confidence. Additionally, if it is true that RB-ILD may, in some cases progress to DIP2 (and this has not been convincingly demonstrated), a reassessment of this generally benign prognosis would be required.

Conclusions

The appropriate diagnosis and treatment of patients with smoking-related ILDs represent a significant challenge to the clinician. Individually and collectively PLCH, DIP, and RB-ILD are rare entities in which clinical presenting features and attendant findings on PFTs and HRCT are not specific for these conditions. Also, the concurrence of multiple smoking-related pulmonary conditions within the same patient is not uncommon, further clouding the diagnostic picture. Finally, treatment for the smoking-related ILDs is currently based primarily on smoking cessation. This is often extremely difficult for patients to achieve. Beyond smoking cessation, high-dose, systemic corticosteroid use is of uncertain benefit and brings with it significant potential complications.

Nonetheless, a careful and methodical approach to smokers with respiratory symptoms, including detailed review of the history and physical examination, PFT results, and chest radiography (especially chest HRCT), together with judicious use of bronchoscopy with BAL and surgical lung biopsy, should enable appropriate diagnosis of the smoking-related ILDs. Once a diagnosis has been established, a frank discussion with the patient regarding his or her expected prognosis and potential interventions is paramount, including the importance of smoking cessation for preservation of lung function and the risks and benefits of other available therapies. In this way, an optimal treatment plan for that individual can be designed and pursued by the physician and patient acting in concert.
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