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Abstract

Crohn’s disease (CD) is a systemic illness with a constellation of extraintestinal manifestations affecting various organs. Of these extraintestinal manifestations of CD, those involving the lung are relatively rare. However, there is a wide array of lung manifestations, ranging from subclinical alterations, airway diseases and lung parenchymal diseases to pleural diseases and drug-related diseases. The most frequent manifestation is bronchial inflammation and suppuration with or without bronchiectasis. Bronchoalveolar lavage findings show an increased percentage of neutrophils. Drug-related pulmonary abnormalities include disorders which are directly induced by sulfasalazine, mesalamine and methotrexate, and opportunistic lung infections due to immunosuppressive treatment. In most patients, the development of pulmonary disease parallels that of intestinal disease activity. Although infrequent, clinicians dealing with CD must be aware of these, sometimes life-threatening, conditions to avoid further impairment of health status and to alleviate patient symptoms by prompt recognition and treatment. The treatment of CD-related respiratory disorders depends on the specific pattern of involvement, and in most patients, steroids are required in the initial management.

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: The clinicopathological patterns of pulmonary involvement consist of subclinical alterations, airway diseases, lung parenchymal diseases, pleural diseases and drug-related diseases in Crohn’s disease (CD). The treatment of Crohn's disease-related respiratory disorders depends on the specific pattern of involvement, and in most patients, steroids are required in the initial management. This review focuses on the pulmonary manifestations of CD in an attempt to avoid further impairment of health status and to alleviate patient symptoms by prompt recognition and treatment. 
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INTRODUCTION
Crohn’s disease (CD) is a granulomatous systemic disorder of unknown etiology commonly involving the gastrointestinal tract. However, CD may also have extraintestinal manifestations, which occur in at least 25% of CD patients[1]. Of these extraintestinal manifestations, arthritis, erythema nodosum, pyoderma gangrenosum, and primary sclerosing cholangitis are the most common. The lungs are not classically thought to be affected, although there is growing evidence for pulmonary involvement in CD[2-11]. CD can involve the tracheobronchial tree, the lung parenchyma and the pleura[12]. Although obvious pulmonary involvement is exceptional, latent pulmonary impairment and subclinical alveolitis as evidenced by lymphocytosis in bronchopulmonary lavage (BAL) have been described and are well recognized[13,14]. 
There are a number of mechanisms by which the lungs may become involved in CD. These include the same embryological origin of lung and gastrointestinal tract by ancestral intestine[15], similar immune systems in the pulmonary and intestinal  mucosa[16], the presence of circulating immune complexes and auto-antibodies[17], and the adverse pulmonary effects of some drugs.

CD is characterized by an exaggerated immune response to the luminal ﬂora, suggesting that deﬁciencies in barrier function of intestinal ﬂora may be involved[18,19]. The epithelial layer of the intestines must meet two opposing requirements: on the one hand it must allow for efficient uptake of nutrients and fluids, and on the other hand it is a vital defense barrier between the milieu interior and the milieu exterior. Airway epithelia contain a cell-autonomous system in which motile cilia both sense noxious substances entering airways and initiate a defensive mechanical mechanism to eliminate the offending compound[20]. In contrast to the lung which by virtue of cilia movement is kept virtually sterile, the gut epithelium is confronted by a large microbiological load and a substantial xenobiotic challenge[21]. This may explain why lung involvement is quite rare in CD.

The clinicopathological patterns of pulmonary involvement consist of subclinical alterations, airway diseases, lung parenchymal diseases, pleural diseases and drug-related diseases. The present article examines pulmonary manifestations of CD.
CD-RELATED LUNG DISEASES
Subclinical alterations

Although the overall prevalence of concomitant bronchopulmonary manifestations is only 0.4%[22], subclinical alterations in at least half of adults with CD have been demonstrated[23-25], suggesting the underlying bronchial inflammation. Patients with CD present with a subclinical inflammatory process despite the absence of pulmonary symptoms[26]. This pulmonary involvement can be reflected by an increased lymphocyte count in the BAL fluid[27,28] and/or lung function abnormalities[29,30].

BAL has provided a fresh dimension in the investigation of pulmonary and multisystem disorders. BAL fluid may be analyzed for cells and chemical mediators in the diagnosis and serially in the management of granulomatous disorders such as CD[31]. BAL studies in asymptomatic CD subjects have demonstrated the presence of persistently elevated alveolar lymphocytosis, suggesting latent pulmonary involvement[23,32]. There is no correlation between BAL differential cell count and drug treatment or CD site, and activity[27]. 

Pulmonary function test abnormalities are frequently found in patients with CD without the presence of respiratory symptoms or lung radiograph findings[33]. The severity and frequency of these pulmonary function test abnormalities which are detected even in remission periods increase with activation of the disease[34]. Pulmonary inflammation may correlate with bowel inflammation, as shown in the studies[23,35,36] which demonstrated a reduction in diffusing capacity and other pulmonary function abnormalities during CD exacerbations. Moreover, lung transfer factor for carbon monoxide (TLCO) abnormalities are related to the degree of disease activity[35]. Therefore, pulmonary function tests may be used as a non-invasive diagnostic procedure to determine the activation of CD and might aid the early diagnosis of latent respiratory involvement. 
Nitric oxide (NO) can be detected non-invasively in exhaled air (eNO) and is considered a surrogate marker of airway inflammation. Fractional eNO values were found to be significantly higher in CD patients and correlated positively with CD activity. eNO measurement may be of clinical value in the follow-up of CD patients[37]. An increased eNO level may be used to identify patients with CD who need further pulmonary evaluation[38]. It is important to be alert to this clinical disorder and to try to detect it as early as possible in order to prevent future respiratory disturbances.

Airway diseases
CD is an inflammatory bowel disease associated with a variety of systemic manifestations, including large and small airway involvement. Major patterns of airway diseases associated with CD are upper-airway obstruction[39-41], tracheobronchitis[42,43], chronic bronchitis[44], granulomatous bronchiolitis[45], bronchiectasis[41], asthma[46] and acute respiratory failure due to tracheobronchial involvement[47]. In cases with large airway involvement, marked tracheobronchial inflammation and narrowing of the tracheal and/or bronchial lumen is typically observed at bronchoscopy as erythematous and edematous tracheal mucosa with diffuse scattered whitish lesions, while biopsy reveals metaplastic changes of the epithelium, granulomatous infiltration by inflammatory cells and mucosal ulcerations[7,42,47,48]. The latter is most often a subclinical condition, and requires expensive and invasive diagnostic approaches. Bronchial hyperresponsiveness may be the expression of subclinical inflammation of the airways by several inflammatory cell types and their products, epithelial damage, microvascular leakage, and autonomic neural mechanisms[49], a phenomenon which can be responsible for the development of various pulmonary manifestations in CD[51].

The most commonly reported airway disease is bronchiectasis[51,52], which is defined as an abnormal and irreversible dilation of the medium size bronchioles. It most frequently presents with cough and copious amounts of sputum production. In some patients, the manifestations of bronchiectasis may only become clinically significant after surgery and the withdrawal of medical treatment[53]. Bronchiectasis is commonly associated with childhood pneumonia, necrotizing pneumonia, bronchial obstruction, and diseases that cause abnormal host immunity. 

Tracheobronchitis associated with CD has several very specific clinical findings[42,54]. A productive dry cough is typically the chief symptom, occasionally associated with shortness of breath or fever. It can often be identified by history, complemented by a clear X-ray film and obstructive pattern on pulmonary function testing. Although X-ray films of the chest field are usually normal, inflammation of the peripheral airways may present as infiltrates. Bronchoscopy shows diffuse inflammation of the trachea and bronchi with diffuse scattered whitish lesions, while biopsy reveals metaplastic changes in the epithelium and granulomatous infiltration by inflammatory cells.

The treatment of CD-related airway diseases depends on the specific pattern of involvement, and if left untreated, puts the patient at risk of developing irreversible destruction of the air passage[55]. In the majority of patients with airway disease, marked and long-lasting responses are seen following systemic or inhaled steroids. Bronchial lavages with methylprednisolone are effective in some patients with severe airway inflammation.
Lung parenchymal diseases

Several forms of lung parenchyma involvement in CD are recognized, including interstitial lung diseases such as bronchiolitis obliterans with organizing pneumonia (BOOP)[56,57], unspecified interstitial lung disease[58-60] noncaseating granulomatous inflammation and fibrosis[61], parenchymal nodules and granulomata[62-64], alveolitis[65] and alveolar consolidation[66]. Mycobacterium xenopi infection[67], noninfectious lung pathology[68], colopleural fistula and fecopneumothorax[69,70] have also been described in CD. 

Cryptogenic organizing pneumonia (COP), formerly known as BOOP, often caused by inhalation injury, or from a post-infection origin or drugs, has been described in about a dozen cases of CD, and may present acutely or sub-acutely with fever, cough, dyspnea and pleuritic chest pain[71]. Radiographic findings may range from patchy focal opacities to diffuse infiltrates on plain films, to pleural opacities and air bronchograms on chest computed tomography (CT) scan. 

Although interstitial disease most commonly involves drug-induced reactions with mesalamine and sulfasalazine, a small number of unrelated cases of fibrosing alveolitis and eosinophilic pneumonia have been reported[60]. In patients with interstitial lung disease, most require open or thoracoscopic lung biopsy for diagnosis and clarification of the disease. The latter technique may be useful for precise diagnosis with minimal invasion. The alterations are similar, showing acute alveolitis, granulomatous lymphocytic infiltration of the interstitium and of the walls of small arteries, with slight interstitial fibrosis. Sarcoidosis is included in the differential diagnosis of these lesions in some cases.

CD and sarcoidosis are chronic inflammatory barrier diseases that share several common clinical, genetic and immunological features[72], including the occurrence of granulomas. Since these two conditions also share common susceptibility loci[73], it is not surprising that these two diseases may simultaneously appear in the same patient, with pulmonary involvement[74], although this happens quite rarely and the two diseases usually follow an independent clinical course[75]. The clinical pictures of these two diseases are usually easy to differentiate, due to the topography of the lesions: while both diseases may be disseminated, sarcoidosis mainly involves mediastinal lymph nodes and lungs, while CD is essentially a digestive disease.

Multiple pulmonary nodules are an infrequent finding in patients with CD. When they are found, the nodules are composed of sterile aggregates of neutrophils with necrosis, and histology usually shows sterile necrobiotic nodules, which are spherical, and aggregates of neutrophils, which frequently cavitate[63]. 

Fistula formation is frequent in CD and occurs in approximately 33% of patients[76]. However, fistulous communication between the pleural cavity and adjacent organs below the diaphragm is an extremely rare complication of CD. Recurrent pneumonia with feculent sputum in patients with CD should raise suspicion of colobronchial fistula. The diagnosis of fecopneumothorax is based on meticulous clinical exam and additional diagnostic procedures. Abdominal and thoracic CT scan or magnetic resonance imaging (MRI) may provide additional information on the stage of the disease and can exclude the presence of abscess or fluid collection in the abdominal cavity. Colopleural fistula and fecopneumothorax are rare, but life-threatening complications of CD[77]. Surgical treatment is mandatory as soon as the diagnosis is established[71].

The manifestations of lung parenchyma in CD usually respond markedly to inhaled and/or systemic steroids.  Steroids administered orally lead to marked improvement in patients with interstitial lung disease and necrotic nodules, and intravenous steroids are required in the initial management of life-threatening complications such as extensive interstitial lung disease. The addition of cyclophosphamide or infliximab may result in a rapid clinical and radiologic response and is well tolerated in some cases[78,79]. 
Pleural diseases

Few cases of pleural involvement in CD have been reported in the literature. Pleural involvement can be classified as: pneumothorax[80], pleural thickening[81], pleuritis and pleural effusion[82,83]. Pleural effusion alone is a rare manifestation and is more often associated with pericarditis[45]. Pleural fluid is an exudate containing neutrophils and may be hemorrhagic. The pleural complications of CD may run an independent course and may be present at the time of inactive bowel disease. Mesalamine may also induce lupus-like symptoms, such as arthralgia, pericarditis, tamponade, and/or pleural effusion, with positive antinuclear antibodies[84]. Therefore, pleural diseases induced by drugs need to ruled out. Prednisone is administered for pleural complications if the patient is not already on a regimen of this drug or an increased dosage of prednisone is given, which usually results in resolution of the pleural effusions. However, pleural drainage may occasionally be required.
DRUG-RELATED LUNG DISEASES
Although drug-related diseases are not “proper” CD-associated diseases, as CD patients use several drugs for prolonged periods of time, it is not surprising that some of these may also cause problems to the lungs; therefore, this type of pathology must be kept in mind in patients taking sulfasalazine, mesalamine, methotrexate, and anti-tumor necrosis factor (TNF)-alpha.
Sulfasalazine and mesalamine

Sulfasalazine and mesalamine are commonly used medications for the long-term treatment of CD, and their side effects may be dose-related or idiosyncratic and should be differentiated from the respiratory involvement occurring in CD and due to the underlying disease, although this is challenging because they share similar pathological features[45]. Commonly reported lung pathology related to the use of these compounds is mostly due to interstitial disease[85-89], although eosinophilic pleuritis[90] and eosinophilic pneumonia[13,91,92] have also been described. Patients present with progressive respiratory symptoms such as dyspnea, chest pain and cough and radiographic abnormalities. Alternatively, sulfasalazine and mesalamine may induce asymptomatic lung injury more commonly than is presently suspected[93]. In most cases, symptoms appear after 2–6 mo of drug use, whereas in a few cases they appear after some days or after many years[94]. Interestingly, these pulmonary toxicities appear reversible after withdrawal of the drug, and in some cases, with the use of systemic corticosteroids[14]. 
Azathioprine and 6-Mercaptopurine

Azathioprine (AZA) and 6-Mercaptopurine (6-MP) are therapeutic options for patients with moderate to severe CD[95]. Pulmonary toxicity due to these drugs has been reported infrequently in the literature, although interstitial pneumonitis, BOOP[96], chronic pneumonitis/fibrosis and pulmonary edema[97] have been described after use of AZA and 6-MP. Although rare, AZA and 6-MP can cause direct, dose-dependent and serious pulmonary toxicity[96,98]. The largest series of lung toxicity related to AZA was described in 7 cases undergoing renal allograft transplant immunosuppression with AZA[98]. Lung biopsies revealed interstitial pneumonitis in 5 patients and diffuse alveolar damage in 2 patients; 3 patients died and the other 4 improved after stopping AZA and in 2 of these patients cyclophosphamide therapy was needed to completely resolve this side effect. Thus, it is important for clinicians to have a high index of suspicion for this adverse reaction which occurs within 1 month after purine analog use in CD.
Methotrexate 
Methotrexate (MTX) may be useful in the treatment of CD[99], but can cause adverse effects in the lungs, which in some cases is lethal[100]. The mechanism of MTX-induced lung pathology remains unclear. A hypersensitivity reaction was suggested by lung biopsy findings: interstitial pneumonitis, granuloma formation and bronchiolitis[101], and in BAL: lymphocytic alveolitis, increased eosinophils and reversed CD4/CD8 ratio[102], together with the clinical findings of fever, peripheral eosinophilia and response to corticosteroids. MTX may also cause pneumonitis[103] and abnormal ventilation is an early sign and should lead to further investigation[104]. The diagnosis of MTX-induced lung disease is difficult as there are no pathognomonic findings and this condition may mimic other pulmonary diseases. The most frequent complaints include dyspnea, fever and nonproductive cough. Lung function tests show a restrictive picture with low carbon monoxide diffusion capacity. As MTX-related lung toxicity is potentially fatal, regular monitoring of the status of the respiratory system in MTX-treated patients is necessary and patients should be instructed to report any new pulmonary symptoms without delay[105]. Besides supportive therapy, withdrawal of MTX seems a logical approach.
Biological therapy

Biological therapy with anti-TNF drugs such as infliximab, adalimumab and certolizumab has represented a significant advance in the treatment of CD over the past few years[106-109]. However, serious side effects do occur, necessitating careful monitoring of therapy[110]. A number of associated opportunistic infections have been observed as a result of suppression of T cell-mediated immunity, the most frequent being tuberculosis[111-113]. Physicians should be aware of the increased risk of reactivation of tuberculosis in patients treated with anti-TNF agents and regularly look for usual and unusual symptoms of tuberculosis. Moreover, the use of biological therapy has been associated with Pneumocystis carinii pneumonia[114], as well as with other pulmonary infections (coccidiomycosis, histoplasmosis, aspergillosis, nocardia asteroids, actinomycosis and listeriosis)[115-119], especially in older patients[120]. 
Although infective complications are the most feared after the use of biological agents, these may induce other uncommon effects in the lung, such as acute respiratory distress syndrome[121], diffuse alveolar hemorrhage[122], nonbronchiolitis inflammatory nodular pattern of lung[123] and interstitial lung disease[124-127]. Close observation of patients undergoing treatment with TNF inhibitors for evolving signs and symptoms of autoimmunity is required. Organ involvement is unpredictable, which makes correct diagnosis and management extremely challenging[128].
CONCLUSION
In conclusion, CD is a systemic disorder and not restricted to the intestine. Pulmonary manifestations of CD are being increasingly recognized. The involvement of the respiratory system is relatively rare, but sometimes potentially harmful. The lung manifestations of CD vary and often represent a confounding diagnostic problem necessitating a complex work-up. As far as possible, extraintestinal manifestations need to be distinguished from the complications of intestinal inflammation and from the side effects of drugs used in its treatment. Patients suffering from CD should undergo pulmonary evaluation which should include physical examination, chest X-ray and pulmonary function tests with measurement of diffusing capacity of carbon monoxide. Invasive measures, such as bronchoscopy and thoracoscopy, are typically required to reach a final diagnosis and steroids are the most frequently reported treatment. It is imperative to maintain a high index of suspicion for the development of pulmonary disease in the setting of CD in order to initiate appropriate early treatment and avoid complications.

REFERENCES
1 Ephgrave K. Extra-intestinal manifestations of Crohn's disease. Surg Clin North Am 2007; 87: 673-680 [PMID: 17560419 DOI: 10.1016/j.suc.2007.03.003]

2 Rothfuss KS, Stange EF, Herrlinger KR. Extraintestinal manifestations and complications in inflammatory bowel diseases. World J Gastroenterol 2006; 12: 4819-4831 [PMID: 16937463]

3 Desai D, Patil S, Udwadia Z, Maheshwari S, Abraham P, Joshi A. Pulmonary manifestations in inflammatory bowel disease: a prospective study. Indian J Gastroenterol 2011; 30: 225-228 [PMID: 21935713 DOI: 10.1007/s12664-011-0129-1]

4 Omori H, Asahi H, Inoue Y, Irinoda T, Saito K. Pulmonary involvement in Crohn's disease report of a case and review of the literature. Inflamm Bowel Dis 2004; 10: 129-134 [PMID: 15168813 DOI: 10.1097/00054725-200403000-00011]

5 D'Andrea N, Vigliarolo R, Sanguinetti CM. Respiratory involvement in inflammatory bowel diseases. Multidiscip Respir Med 2010; 5: 173-182 [PMID: 22958334 DOI: 10.1186/2049-6958-5-3-173 ]

6 Roblin E, Pecciarini N, Yantren H, Dubois R, Hameury F, Bellon G, Bouvier R, Lachaux A. [Granulomatous pulmonary involvement preceding diagnosis of Crohn disease: a pediatric case report]. Arch Pediatr 2010; 17: 1308-1312 [PMID: 20709507 DOI: 10.1016/j.arcped.2010.06.006]

7 Lemann M, Messing B, D'Agay F, Modigliani R. Crohn's disease with respiratory tract involvement. Gut 1987; 28: 1669-1672 [PMID: 3428695 DOI: 10.1136/gut.28.12.1669]

8 Pain-Prado E, Rais A, Madhi F, Orzechowski C, Dubern B, Epaud R. Pulmonary and hepatic nodular lesions precede the diagnosis of Crohn's disease in an 8-year-old girl: a case study and review of the literature. Acta Paediatr 2012; 101: e86-e89 [PMID: 22040226 DOI: 10.1111/j.1651-2227.2011.02505.x]

9 Bentur L, Lachter J, Koren I, Ben-Izhak O, Lavy A, Bentur Y, Rosenthal E. Severe pulmonary disease in association with Crohn's disease in a 13-year-old girl. Pediatr Pulmonol 2000; 29: 151-154 [PMID: 10639206 DOI: 10.1002/(SICI)1099-0496(200002)29]

10 Neilly JB, Main AN, McSharry C, Murray J, Russell RI, Moran F. Pulmonary abnormalities in Crohn's disease. Respir Med 1989; 83: 487-491 [PMID: 2623217 DOI: 10.1016/S0954-6111(89)80132-5]

11 Valletta E, Bertini M, Sette L, Braggion C, Pradal U, Zannoni M. Early bronchopulmonary involvement in Crohn disease: a case report. BMC Gastroenterol 2001; 1: 13 [PMID: 11734067 DOI: 10.1186/1471-230X-1-13]

12 Tagle M, Barriga J, Piñeiro A. [Crohn's disease associated with focal pulmonare lesion]. Rev Gastroenterol Peru 2003; 23: 293-296 [PMID: 14716424]

13 Saltzman K, Rossoff LJ, Gouda H, Tongia S. Mesalamine-induced unilateral eosinophilic pneumonia. AJR Am J Roentgenol 2001; 177: 257 [PMID: 11418451 DOI: 10.2214/ajr.177.1.1770257]

14 Sossai P, Cappellato MG, Stefani S. Can a drug-induced pulmonary hypersensitivity reaction be dose-dependent? A case with mesalamine. Mt Sinai J Med 2001; 68: 389-395 [PMID: 11687867]

15 MacDermott RP, Nash GS, Nahm MH. Antibody secretion by human intestinal mononuclear cells from normal controls and inflammatory bowel disease patients. Immunol Invest 1989; 18: 449-457 [PMID: 2731973 DOI: 10.3109/08820138909112255]

16 Bienenstock J, McDermott M, Befus D, O'Neill M. A common mucosal immunologic system involving the bronchus, breast and bowel. Adv Exp Med Biol 1978; 107: 53-59 [PMID: 742502 DOI: 10.1007/978-1-4684-3369-2_7]

17 Perrett AD, Higgins G, Johnston HH, Massarella GR, Truelove SC, Wrigth R. The liver in Crohn's disease. Q J Med 1971; 40: 187-209 [PMID: 5091808]

18 Jostins L, Ripke S, Weersma RK, Duerr RH, McGovern DP, Hui KY, Lee JC, Schumm LP, Sharma Y, Anderson CA, Essers J, Mitrovic M, Ning K, Cleynen I, Theatre E, Spain SL, Raychaudhuri S, Goyette P, Wei Z, Abraham C, Achkar JP, Ahmad T, Amininejad L, Ananthakrishnan AN, Andersen V, Andrews JM, Baidoo L, Balschun T, Bampton PA, Bitton A, Boucher G, Brand S, Büning C, Cohain A, Cichon S, D'Amato M, De Jong D, Devaney KL, Dubinsky M, Edwards C, Ellinghaus D, Ferguson LR, Franchimont D, Fransen K, Gearry R, Georges M, Gieger C, Glas J, Haritunians T, Hart A, Hawkey C, Hedl M, Hu X, Karlsen TH, Kupcinskas L, Kugathasan S, Latiano A, Laukens D, Lawrance IC, Lees CW, Louis E, Mahy G, Mansfield J, Morgan AR, Mowat C, Newman W, Palmieri O, Ponsioen CY, Potocnik U, Prescott NJ, Regueiro M, Rotter JI, Russell RK, Sanderson JD, Sans M, Satsangi J, Schreiber S, Simms LA, Sventoraityte J, Targan SR, Taylor KD, Tremelling M, Verspaget HW, De Vos M, Wijmenga C, Wilson DC, Winkelmann J, Xavier RJ, Zeissig S, Zhang B, Zhang CK, Zhao H; International IBD Genetics Consortium (IIBDGC), Silverberg MS, Annese V, Hakonarson H, Brant SR, Radford-Smith G, Mathew CG, Rioux JD, Schadt EE, Daly MJ, Franke A, Parkes M, Vermeire S, Barrett JC, Cho JH.Host-microbe interactions have shaped the genetic architecture of inflammatory bowel disease. Nature 2012, 491: 119-124 [PMID: 23128233 DOI: 10.1038/nature11582]

19 Manichanh C, Borruel N, Casellas F, Guarner F. The gut microbiota in IBD. Nat Rev Gastroenterol Hepatol 2012; 9: 599-608 [PMID: 22907164 DOI: 10.1038/nrgastro.2012.152]

20 Shah AS, Ben-Shahar Y, Moninger TO, Kline JN, Welsh MJ. Motile cilia of human airway epithelia are chemosensory. Science 2009; 325: 1131-1134 [PMID: 19628819 DOI: 10.1126/science.1173869]

21 Deuring JJ, de Haar C, Kuipers EJ, Peppelenbosch MP, van der Woude CJ. The cell biology of the intestinal epithelium and its relation to inflammatory bowel disease. Int J Biochem Cell Biol 2013; 45: 798-806 [PMID: 23291352 DOI: 10.1016/j.biocel.2012.12.020]

22 Rogers BH, Clark LM, Kirsner JB. The epidemiologic and demographic characteristics of inflammatory bowel disease: an analysis of a computerized file of 1400 patients. J Chronic Dis 1971; 24: 743-773 [PMID: 5146188 DOI: 10.1016/0021-9681(71)90087-7]

23 Bonniere P, Wallaert B, Cortot A, Marchandise X, Riou Y, Tonnel AB, Colombel JF, Voisin C, Paris JC. Latent pulmonary involvement in Crohn's disease: biological, functional, bronchoalveolar lavage and scintigraphic studies. Gut 1986; 27: 919-925 [PMID: 3015749 DOI: 10.1136/gut.27.8.919]

24 Fireman Z, Osipov A, Kivity S, Kopelman Y, Sternberg A, Lazarov E, Fireman E. The use of induced sputum in the assessment of pulmonary involvement in Crohn's disease. Am J Gastroenterol 2000; 95: 730-734 [PMID: 10710066 DOI: 10.1016/S0002-9270(99)00902-8]

25 Kuzela L, Vavrecka A, Prikazska M, Drugda B, Hronec J, Senkova A, Drugdova M, Oltman M, Novotna T, Brezina M, Kratky A, Kristufek P. Pulmonary complications in patients with inflammatory bowel disease. Hepatogastroenterology 1999; 46: 1714-1719 [PMID: 10430329]

26 Mikhaĭlova ZF, Levchenko SV, Karagodina IuIa, Barinov VV. [Pulmonary disorders in patients with chronic inflammatory bowel disease]. Eksp Klin Gastroenterol 2011; (3): 54-59 [PMID: 21695953]

27 Wallaert B, Colombel JF, Tonnel AB, Bonniere P, Cortot A, Paris JC, Voisin C. Evidence of lymphocyte alveolitis in Crohn's disease. Chest 1985; 87: 363-367 [PMID: 3971763 DOI: 10.1378/chest.87.3.363]

28 Smiéjan JM, Cosnes J, Chollet-Martin S, Soler P, Basset FM, Le Quintrec Y, Hance AJ. Sarcoid-like lymphocytosis of the lower respiratory tract in patients with active Crohn's disease. Ann Intern Med 1986; 104: 17-21 [PMID: 3940500 DOI: 10.7326/0003-4819-104-1-17]

29 Heatley RV, Thomas P, Prokipchuk EJ, Gauldie J, Sieniewicz DJ, Bienenstock J. Pulmonary function abnormalities in patients with inflammatory bowel disease. Q J Med 1982; 51: 241-250 [PMID: 7146309]

30 Munck A, Murciano D, Pariente R, Cezard JP, Navarro J. Latent pulmonary function abnormalities in children with Crohn's disease. Eur Respir J 1995; 8: 377-380 [PMID: 7789480 DOI: 10.1183/09031936.95.08030377]

31 James DG, Rizzato G, Sharma OP. Bronchopulmonary lavage (BAL). A window of the lungs. Sarcoidosis 1992; 9: 3-14 [PMID: 1344040]

32 Wallaert B, Dugas M, Dansin E, Perez T, Marquette CH, Ramon P, Tonnel AB, Voisin C. Subclinical alveolitis in immunological systemic disorders. Transition between health and disease? Eur Respir J 1990; 3: 1206-1216 [PMID: 2090485 DOI: 10.1007/BF02718235]

33 Mikhaĭlova ZF, Parfenov AI, Ruchkina IN, Rogozina VA. [External respiratory function in patients with Crohn's disease]. Eksp Klin Gastroenterol 2011; (2): 82-85 [PMID: 21560645]

34 Ateş F, Karincaoğlu M, Hacievlıyagıl SS, Yalniz M, Seçkın Y. Alterations in the pulmonary function tests of inflammatory bowel diseases. Turk J Gastroenterol 2011; 22: 293-299 [PMID: 21805420]

35 Tzanakis N, Bouros D, Samiou M, Panagou P, Mouzas J, Manousos O, Siafakas N. Lung function in patients with inflammatory bowel disease. Respir Med 1998; 92: 516-522 [PMID: 9692115 DOI: 10.1016/S0954-6111(98)90301-8]

36 Songür N, Songür Y, Tüzün M, Doğan I, Tüzün D, Ensari A, Hekimoglu B. Pulmonary function tests and high-resolution CT in the detection of pulmonary involvement in inflammatory bowel disease. J Clin Gastroenterol 2003; 37: 292-298 [PMID: 14506385 DOI: 10.1097/00004836-200310000-00006]

37 Malerba M, Ragnoli B, Buffoli L, Radaeli A, Ricci C, Lanzarotto F, Lanzini A. Exhaled nitric oxide as a marker of lung involvement in Crohn& amp; #x0027; s disease. Int J Immunopathol Pharmacol 2011; 24: 1119-1124 [PMID: 22230422]

38 Ozyilmaz E, Yildirim B, Erbas G, Akten S, Oguzulgen IK, Tunc B, Tuncer C, Turktas H. Value of fractional exhaled nitric oxide (FE NO) for the diagnosis of pulmonary involvement due to inflammatory bowel disease. Inflamm Bowel Dis 2010; 16: 670-676 [PMID: 19705414 DOI: 10.1002/ibd.21085]

39 Kuźniar T, Sleiman C, Brugière O, Groussard O, Mal H, Mellot F, Pariente R, Malolepszy J, Fournier M. Severe tracheobronchial stenosis in a patient with Crohn's disease. Eur Respir J 2000; 15: 209-212 [PMID: 10678648 DOI: 10.1034/j.1399-3003.2000.15a38.x]

40 Ahmed KA, Thompson JW, Joyner RE, Stocks RM. Airway obstruction secondary to tracheobronchial involvement of asymptomatic undiagnosed Crohn's disease in a pediatric patient. Int J Pediatr Otorhinolaryngol 2005; 69: 1003-1005 [PMID: 15911023 DOI: 10.1016/j.ijporl.2005.02.004]

41 Henry MT, Davidson LA, Cooke NJ. Tracheobronchial involvement with Crohn's disease. Eur J Gastroenterol Hepatol 2001; 13: 1495-1497 [PMID: 11742200 DOI: 10.1097/00042737-200112000-00015]

42 Iwama T, Higuchi T, Imajo M, Akagawa S, Matsubara O, Mishima Y. Tracheo-bronchitis as a complication of Crohn's disease--a case report. Jpn J Surg 1991; 21: 454-457 [PMID: 1960905 DOI: 10.1007/BF02470975]

43 Asami T, Koyama S, Watanabe Y, Miwa C, Ushimaru S, Nakashima Y, Nokubi M. Tracheobronchitis in a patient with Crohn's disease. Intern Med 2009; 48: 1475-1478 [PMID: 19687602 DOI: 10.2169/internalmedicine.48.1999]

44 Camus P, Piard F, Ashcroft T, Gal AA, Colby TV. The lung in inflammatory bowel disease. Medicine (Baltimore) 1993; 72: 151-183 [PMID: 8502168 DOI: 10.1097/00005792-199372030-00003]

45 Vandenplas O, Casel S, Delos M, Trigaux JP, Melange M, Marchand E. Granulomatous bronchiolitis associated with Crohn's disease. Am J Respir Crit Care Med 1998; 158: 1676-1679 [PMID: 9817724 DOI: 10.1164/ajrccm.158.5.9801070]

46 Bernstein CN, Wajda A, Blanchard JF. The clustering of other chronic inflammatory diseases in inflammatory bowel disease: a population-based study. Gastroenterology 2005; 129: 827-836 [PMID: 16143122 DOI: 10.1053/j.gastro.2005.06.021]

47 Lamblin C, Copin MC, Billaut C, Marti R, Tacq V, Riviere O, Wallaert B. Acute respiratory failure due to tracheobronchial involvement in Crohn's disease. Eur Respir J 1996; 9: 2176-2178 [PMID: 8902486]
48 Lamblin C, Copin MC, Billaut C, Marti R, Tacq V, Riviere O, Wallaert B. Acute respiratory failure due to tracheobronchial involvement in Crohn's disease. Eur Respir J 1996; 9: 2176-2178 [PMID: 8902486 DOI: 10.1183/09031936.96.09102176]

49 Bartholo RM, Zaltman C, Elia C, Cardoso AP, Flores V, Lago P, Cassabian L, Dorileo FC, Lapa-e-Silva JR. Bronchial hyperresponsiveness and analysis of induced sputum cells in Crohn's disease. Braz J Med Biol Res 2005; 38: 197-203 [PMID: 15785830 DOI: 10.1590/S0100-879X2005000200007]

50 Mansi A, Cucchiara S, Greco L, Sarnelli P, Pisanti C, Franco MT, Santamaria F. Bronchial hyperresponsiveness in children and adolescents with Crohn's disease. Am J Respir Crit Care Med 2000; 161: 1051-1054 [PMID: 10712362 DOI: 10.1164/ajrccm.161.3.9906013]

51 Butland RJ, Cole P, Citron KM, Turner-Warwick M. Chronic bronchial suppuration and inflammatory bowel disease. Q J Med 1981; 50: 63-75 [PMID: 7267968]

52 Eaton TE, Lambie N, Wells AU. Bronchiectasis following colectomy for Crohn's disease. Thorax 1998; 53: 529-531 [PMID: 9713458 DOI: 10.1136/thx.53.6.529]

53 Kelly MG, Frizelle FA, Thornley PT, Beckert L, Epton M, Lynch AC. Inflammatory bowel disease and the lung: is there a link between surgery and bronchiectasis? Int J Colorectal Dis 2006; 21: 754-757 [PMID: 16625374 DOI: 10.1007/s00384-006-0094-9]

54 Kraft SC, Earle RH, Roesler M, Esterly JR. Unexplained bronchopulmonary disease with inflammatory bowel disease. Arch Intern Med 1976; 136: 454-459 [PMID: 1267553 DOI: 10.1001/archinte.1976.03630040056012]

55 Yilmaz A, Yilmaz Demirci N, Hoşgün D, Uner E, Erdoğan Y, Gökçek A, Cağlar A. Pulmonary involvement in inflammatory bowel disease. World J Gastroenterol 2010; 16: 4952-4957 [PMID: 20954282 DOI: 10.3748/wjg.v16.i39.4952]

56 Gil-Simón P, Barrio Andrés J, Atienza Sánchez R, Julián Gómez L, López Represa C, Caro-Patón A. [Bronchiolitis obliterans organizing pneumonia and Crohn's disease]. Rev Esp Enferm Dig 2008; 100: 175-177 [PMID: 18416645 DOI: 10.4321/S1130-01082008000300010]

57 Basseri B, Enayati P, Marchevsky A, Papadakis KA. Pulmonary manifestations of inflammatory bowel disease: case presentations and review. J Crohns Colitis 2010; 4: 390-397 [PMID: 21122534 DOI: 10.1016/j.crohns.2010.03.008]

58 Henrion F, Bretagne MC, Neimann L, Flechon PE, Canton P, Hoeffel JC. [Pulmonary and cutaneous lesions and terminal ileitis in a 11-year-old child: an exceptional case (author's transl)]. J Radiol 1982; 63: 123-126 [PMID: 7086730]

59 Kayser K, Probst F, Gabius HJ, Müller KM. Are there characteristic alterations in lung tissue associated with Crohn's disease? Pathol Res Pract 1990; 186: 485-490 [PMID: 2247378 DOI: 10.1016/S0344-0338(11)80468-1]

60 Hotermans G, Benard A, Guenanen H, Demarcq-Delerue G, Malart T, Wallaert B. Nongranulomatous interstitial lung disease in Crohn's disease. Eur Respir J 1996; 9: 380-382 [PMID: 8777981 DOI: 10.1183/09031936.96.09020380]

61 Lucero PF, Frey WC, Shaffer RT, Morris MJ. Granulomatous lung masses in an elderly patient with inactive Crohn's disease. Inflamm Bowel Dis 2001; 7: 256-259 [PMID: 11515853 DOI: 10.1097/00054725-200108000-00012]

62 Shulimzon T, Rozenman J, Perelman M, Bardan E, Ben-Dov I. Necrotizing granulomata in the lung preceding colonic involvement in 2 patients with Crohn's disease. Respiration 2007; 74: 698-702 [PMID: 16636526 DOI: 10.1159/000092854]

63 Golpe R, Mateos A, Pérez-Valcárcel J, Lapeña JA, García-Figueiras R, Blanco J. Multiple pulmonary nodules in a patient with Crohn's disease. Respiration 2003; 70: 306-309 [PMID: 12915753 DOI: 10.1159/000072015]

64 Al-Binali AM, Scott B, Al-Garni A, Montgomery M, Robertson M. Granulomatous pulmonary disease in a child: an unusual presentation of Crohn's disease. Pediatr Pulmonol 2003; 36: 76-80 [PMID: 12772229 DOI: 10.1002/ppul.10301]

65 Le Roux P, Boulloche J, Briquet MT, Guyonnaud CD, Le Luyer B. [Respiratory manifestation of Crohn's disease. Apropos of a case in an adolescent]. Rev Mal Respir 1995; 12: 59-61 [PMID: 7899671]

66 Puntis JW, Tarlow MJ, Raafat F, Booth IW. Crohn's disease of the lung. Arch Dis Child 1990; 65: 1270-1271 [PMID: 2248544 DOI: 10.1136/adc.65.11.1270]

67 Majoor CJ, Schreurs AJ, Weers-Pothoff G. Mycobacterium xenopi infection in an immunosuppressed patient with Crohn's disease. Thorax 2004; 59: 631-632 [PMID: 15223876 DOI: 10.1136/thx.2003.010546]

68 Casey MB, Tazelaar HD, Myers JL, Hunninghake GW, Kakar S, Kalra SX, Ashton R, Colby TV. Noninfectious lung pathology in patients with Crohn's disease. Am J Surg Pathol 2003; 27: 213-219 [PMID: 12548168 DOI: 10.1097/00000478-200302000-00010]

69 Barisiae G, Krivokapiae Z, Adziae T, Pavloviae A, Popoviae M, Gojniae M. Fecopneumothorax and colopleural fistula - uncommon complications of Crohn's disease. BMC Gastroenterol 2006; 6: 17 [PMID: 16756646 DOI:  10.1186/1471-230X-6-17]

70 Mera A, Sugimoto M, Fukuda K, Tanaka F, Imamura F, Matsuda M, Ando M, Shima K. Crohn's disease associated with colo-bronchial fistula. Intern Med 1996; 35: 957-960 [PMID: 9030994 DOI: 10.2169/internalmedicine.35.957]

71 Carratú P, Dragonieri S, Nocerino MC, Trabucco SM, Lacedonia D, Parisi G, Resta O. A case of cryptogenic organizing pneumonia occurring in Crohn's disease. Can Respir J 2005; 12: 437-439 [PMID: 16331316]

72 Grönhagen-Riska C, Fyhrquist F, Hortling L, Koskimies S. Familial occurrence of sarcoidosis and Crohn's disease. Lancet 1983; 1: 1287-1288 [PMID: 6134089 DOI: 10.1016/S0140-6736(83)92748-4]

73 Franke A, Fischer A, Nothnagel M, Becker C, Grabe N, Till A, Lu T, Müller-Quernheim J, Wittig M, Hermann A, Balschun T, Hofmann S, Niemiec R, Schulz S, Hampe J, Nikolaus S, Nürnberg P, Krawczak M, Schürmann M, Rosenstiel P, Nebel A, Schreiber S. Genome-wide association analysis in sarcoidosis and Crohn's disease unravels a common susceptibility locus on 10p12.2. Gastroenterology 2008; 135: 1207-1215 [PMID: 18723019 DOI: 10.1053/j.gastro.2008.07.017]

74 Fellermann K, Stahl M, Dahlhoff K, Amthor M, Ludwig D, Stange EF. Crohn's disease and sarcoidosis: systemic granulomatosis? Eur J Gastroenterol Hepatol 1997; 9: 1121-1124 [PMID: 9431906 DOI: 10.1097/00042737-199711000-00018]

75 Fries W, Grassi SA, Leone L, Giacomin D, Galeazzi F, Naccarato R, Martin A. Association between inflammatory bowel disease and sarcoidosis. Report of two cases and review of the literature. Scand J Gastroenterol 1995; 30: 1221-1223 [PMID: 9053978 DOI: 10.3109/00365529509101635]

76 Singh D, Cole JC, Cali RL, Finical EJ, Proctor DD. Colobronchial fistula: an unusual complication of Crohn's disease. Am J Gastroenterol 1994; 89: 2250-2252 [PMID: 7977257]
77 Alameel T, Maclean DA, Macdougall R. Colobronchial fistula presenting with persistent pneumonia in a patient with Crohn's disease: a case report. Cases J 2009; 2: 9114 [PMID: 20062691 DOI: 10.1186/1757-1626-2-9114]
78 Krishnan S, Banquet A, Newman L, Katta U, Patil A, Dozor AJ. Lung lesions in children with Crohn's disease presenting as nonresolving pneumonias and response to infliximab therapy. Pediatrics 2006; 117: 1440-1443 [PMID: 16585347 DOI: 10.1542/peds.2005-1559]

79 Freeman HJ, Davis JE, Prest ME, Lawson EJ. Granulomatous bronchiolitis with necrobiotic pulmonary nodules in Crohn's disease. Can J Gastroenterol 2004; 18: 687-690 [PMID: 15565210]

80 Smith PA, Crampton JR, Pritchard S, Li C. Pneumothorax as a presenting feature of granulomatous disease of the lung in a patient with Crohn's disease. Eur J Gastroenterol Hepatol 2009; 21: 237-240 [PMID: 19212215 DOI: 10.1097/MEG.0b013e328304e0cc]

81 Faller M, Gasser B, Massard G, Pauli G, Quoix E. Pulmonary migratory infiltrates and pachypleuritis in a patient with Crohn's disease. Respiration 2000; 67: 459-463 [PMID: 10940806 DOI: 10.1159/000029550]

82 Mukhopadhyay D, Nasr K, Grossman BJ, Kirsner JB. Pericarditis associated with inflammatory bowel disease. JAMA 1970; 211: 1540-1542 [PMID: 5467054 DOI: 10.1001/jama.1970.03170090056015]

83 Patwardhan RV, Heilpern RJ, Brewster AC, Darrah JJ. Pleuropericarditis: an extraintestinal complication of inflammatory bowel disease. Report of three cases and review of literature. Arch Intern Med 1983; 143: 94-96 [PMID: 6849612 DOI: 10.1001/archinte.143.1.94]

84 Renner RR, Markarian B, Pernice NJ, Heitzman ER. The apical cap. Radiology 1974; 110: 569-573 [PMID: 4811676 DOI: 10.1016/0037-198X(77)90043-8]

85 Foster RA, Zander DS, Mergo PJ, Valentine JF. Mesalamine-related lung disease: clinical, radiographic, and pathologic manifestations. Inflamm Bowel Dis 2003; 9: 308-315 [PMID: 14555914 DOI: 10.1097/00054725-200309000-00004]

86 Herrlinger KR, Noftz MK, Dalhoff K, Ludwig D, Stange EF, Fellermann K. Alterations in pulmonary function in inflammatory bowel disease are frequent and persist during remission. Am J Gastroenterol 2002; 97: 377-381 [PMID: 11866276 DOI: 10.1111/j.1572-0241.2002.05473.x]

87 Bitton A, Peppercorn MA, Hanrahan JP, Upton MP. Mesalamine-induced lung toxicity. Am J Gastroenterol 1996; 91: 1039-1040 [PMID: 8633548]

88 Alskaf E, Aljoudeh A, Edenborough F. Mesalazine-induced lung fibrosis. BMJ Case Rep 2013; 2013: [PMID: 23576654 DOI: 10.1136/bcr-2013-008724]

89 Pascual-Lledó JF, Calvo-Bonachera J, Carrasco-Miras F, Sanchez-Martínez H. Interstitial pneumonitis due to mesalamine. Ann Pharmacother 1997; 31: 499 [PMID: 9101017]

90 Trisolini R, Dore R, Biagi F, Luinetti O, Pochetti P, Carrabino N, Luisetti M. Eosinophilic pleural effusion due to mesalamine. Report of a rare occurrence. Sarcoidosis Vasc Diffuse Lung Dis 2000; 17: 288-291 [PMID: 11033846]

91 Yaffe BH, Korelitz BI. Sulfasalazine pneumonitis. Am J Gastroenterol 1983; 78: 493-494 [PMID: 6136183]

92 Park JE, Hwangbo Y, Chang R, Chang YW, Jang JY, Kim BH, Dong SH, Kim HJ. [Mesalazine-induced eosinophilic pneumonia in a patient with Crohn's disease]. Korean J Gastroenterol 2009; 53: 116-120 [PMID: 19237838]

93 Cilloniz R, Chesrown SE, Gonzalez-Peralta RP. Asymptomatic presentation of mesalamine-induced lung injury in an adolescent with Crohn disease. BMJ Case Rep 2009; 2009: [PMID: 21686567 DOI: 10.1136/bcr.09.2008.0908]

94 Su CG, Judge TA, Lichtenstein GR. Extraintestinal manifestations of inflammatory bowel disease. Gastroenterol Clin North Am 2002; 31: 307-327 [PMID: 12122740 DOI: 10.1016/S0889-8553(01)00019-X]

95 Present DH, Meltzer SJ, Krumholz MP, Wolke A, Korelitz BI. 6-Mercaptopurine in the management of inflammatory bowel disease: short- and long-term toxicity. Ann Intern Med 1989; 111: 641-649 [PMID: 2802419 DOI: 10.7326/0003-4819-111-8-641]

96 Ananthakrishnan AN, Attila T, Otterson MF, Lipchik RJ, Massey BT, Komorowski RA, Binion DG. Severe pulmonary toxicity after azathioprine/6-mercaptopurine initiation for the treatment of inflammatory bowel disease. J Clin Gastroenterol 2007; 41: 682-688 [PMID: 17667053 DOI: 10.1097/01.mcg.0000225577.81008.ee]

97 Fauroux B, Meyer-Milsztain A, Boccon-Gibod L, Leverger G, Clément A, Biour M, Tournier G. Cytotoxic drug-induced pulmonary disease in infants and children. Pediatr Pulmonol 1994; 18: 347-355 [PMID: 7892068 DOI: 10.1002/ppul.1950180602]

98 Bedrossian CW, Sussman J, Conklin RH, Kahan B. Azathioprine-associated interstitial pneumonitis. Am J Clin Pathol 1984; 82: 148-154 [PMID: 6380265]

99 Kozarek RA, Patterson DJ, Gelfand MD, Botoman VA, Ball TJ, Wilske KR. Methotrexate induces clinical and histologic remission in patients with refractory inflammatory bowel disease. Ann Intern Med 1989; 110: 353-356 [PMID: 2492786 DOI: 10.7326/0003-4819-110-5-353]

100 Imokawa S, Colby TV, Leslie KO, Helmers RA. Methotrexate pneumonitis: review of the literature and histopathological findings in nine patients. Eur Respir J 2000; 15: 373-381 [PMID: 10706507 DOI: 10.1034/j.1399-3003.2000.15b25.x]

101 Sostman HD, Matthay RA, Putman CE, Smith GJ. Methotrexate-induced pneumonitis. Medicine (Baltimore) 1976; 55: 371-388 [PMID: 957997 DOI: 10.1097/00005792-197609000-00002]

102 White DA, Rankin JA, Stover DE, Gellene RA, Gupta S. Methotrexate pneumonitis. Bronchoalveolar lavage findings suggest an immunologic disorder. Am Rev Respir Dis 1989; 139: 18-21 [PMID: 2521438 DOI: 10.1164/ajrccm/139.1.18]

103 Margagnoni G, Papi V, Aratari A, Triolo L, Papi C. Methotrexate-induced pneumonitis in a patient with Crohn's disease. J Crohns Colitis 2010; 4: 211-214 [PMID: 21122509 DOI: 10.1016/j.crohns.2009.11.007]

104 Brechmann T, Heyer C, Schmiegel W. [Methotrexate-induced pneumonitis in a woman with Crohn's disease]. Dtsch Med Wochenschr 2007; 132: 1759-1762 [PMID: 17713885 DOI: 10.1055/s-2007-984962]

105 Karoli NA, Rebrov AP, Roshchina AA, Steshenko RN, Bukiia AS. [Iatrogenic lung diseases]. Klin Med (Mosk) 2012; 90: 70-72 [PMID: 22896987]

106 Rutgeerts P, Vermeire S, Van Assche G. Biological therapies for inflammatory bowel diseases. Gastroenterology 2009; 136: 1182-1197 [PMID: 19249397 DOI: 0.1053/j.gastro.2009.02.001]

107 Ghosh S. Anti-TNF therapy in Crohn's disease. Novartis Found Symp 2004; 263: 193-205; discussion 205-18 [PMID: 15669643 DOI: 10.1002/0470090480.ch14]

108 Bachmann O, Länger F, Rademacher J. [Pulmonary manifestations of inflammatory bowel disease]. Internist (Berl) 2010; 51 Suppl 1: 264-268 [PMID: 20107759 DOI: 10.1007/s00108-009-2504-x]
109 Cheifetz AS. Management of active Crohn disease. JAMA 2013; 309: 2150-2158 [PMID: 23695484 DOI: 10.1001/jama.2013.4466]
110 Hoentjen F, van Bodegraven AA. Safety of anti-tumor necrosis factor therapy in inflammatory bowel disease. World J Gastroenterol 2009; 15: 2067-2073 [PMID: 19418577 DOI: 10.3748/wjg.15.2067]

111 Keane J, Gershon S, Wise RP, Mirabile-Levens E, Kasznica J, Schwieterman WD, Siegel JN, Braun MM. Tuberculosis associated with infliximab, a tumor necrosis factor alpha-neutralizing agent. N Engl J Med 2001; 345: 1098-1104 [PMID: 11596589 DOI: 10.1056/NEJMoa011110]

112 Mayordomo L, Marenco JL, Gomez-Mateos J, Rejon E. Pulmonary miliary tuberculosis in a patient with anti-TNF-alpha treatment. Scand J Rheumatol 2002; 31: 44-45 [PMID: 11922200 DOI: 10.1080/030097402317255372]

113 Milenković B, Dudvarski-Ilić A, Janković G, Martinović L, Mijac D. Anti-TNF treatment and miliary tuberculosis in Crohn's disease. Srp Arh Celok Lek 2011; 139: 514-517 [PMID: 21980664 DOI: 10.2298/SARH1108514M]

114 Kaur N, Mahl TC. Pneumocystis jiroveci (carinii) pneumonia after infliximab therapy: a review of 84 cases. Dig Dis Sci 2007; 52: 1481-1484 [PMID: 17429728 DOI: 10.1007/s10620-006-9250-x]

115 Colombel JF, Loftus EV, Tremaine WJ, Egan LJ, Harmsen WS, Schleck CD, Zinsmeister AR, Sandborn WJ. The safety profile of infliximab in patients with Crohn's disease: the Mayo clinic experience in 500 patients. Gastroenterology 2004; 126: 19-31 [PMID: 14699483 DOI: 10.1053/j.gastro.2003.10.047]

116 Tsiodras S, Samonis G, Boumpas DT, Kontoyiannis DP. Fungal infections complicating tumor necrosis factor alpha blockade therapy. Mayo Clin Proc 2008; 83: 181-194 [PMID: 18241628 DOI: 10.1016/S0025-6196(11)60839-2]

117 Cohen RD, Bowie WR, Enns R, Flint J, Fitzgerald JM. Pulmonary actinomycosis complicating infliximab therapy for Crohn's disease. Thorax 2007; 62: 1013-1014 [PMID: 17965080 DOI: 10.1136/thx.2006.075150]

118 Kasai S, Tokuda H, Otsuka Y, Ookohchi Y, Handa H, Emoto N, Yoshikawa M. [Two cases of respiratory infection complicating treatment with infliximab]. Nihon Kokyuki Gakkai Zasshi 2007; 45: 366-371 [PMID: 17491318]

119 Stratakos G, Kalomenidis I, Papas V, Malagari K, Kollintza A, Roussos C, Anagnostopoulou M, Paniara O, Zakynthinos S, Papiris SA. Cough and fever in a female with Crohn's disease receiving infliximab. Eur Respir J 2005; 26: 354-357 [PMID: 16055885 DOI: 10.1183/09031936.05.00005205]

120 Toruner M, Loftus EV, Harmsen WS, Zinsmeister AR, Orenstein R, Sandborn WJ, Colombel JF, Egan LJ. Risk factors for opportunistic infections in patients with inflammatory bowel disease. Gastroenterology 2008; 134: 929-936 [PMID: 18294633 DOI: 10.1053/j.gastro.2008.01.012]

121 Riegert-Johnson DL, Godfrey JA, Myers JL, Hubmayr RD, Sandborn WJ, Loftus EV. Delayed hypersensitivity reaction and acute respiratory distress syndrome following infliximab infusion. Inflamm Bowel Dis 2002; 8: 186-191 [PMID: 11979139 DOI: 10.1097/00054725-200205000-00005]

122 Panagi S, Palka W, Korelitz BI, Taskin M, Lessnau KD. Diffuse alveolar hemorrhage after infliximab treatment of Crohn's disease. Inflamm Bowel Dis 2004; 10: 274-277 [PMID: 15290924]

123 Reid JD, Bressler B, English J. A case of adalimumab-induced pneumonitis in a 45-year-old man with Crohn's disease. Can Respir J 2011; 18: 262-264 [PMID: 21969926]

124 Ostör AJ, Chilvers ER, Somerville MF, Lim AY, Lane SE, Crisp AJ, Scott DG. Pulmonary complications of infliximab therapy in patients with rheumatoid arthritis. J Rheumatol 2006; 33: 622-628 [PMID: 16511933]

125 Ramos-Casals M, Brito-Zerón P, Muñoz S, Soria N, Galiana D, Bertolaccini L, Cuadrado MJ, Khamashta MA. Autoimmune diseases induced by TNF-targeted therapies: analysis of 233 cases. Medicine (Baltimore) 2007; 86: 242-251 [PMID: 17632266 DOI: 10.1097/MD.0b013e3181441a68]

126 Weatherhead M, Masson S, Bourke SJ, Gunn MC, Burns GP. Interstitial pneumonitis after infliximab therapy for Crohn's disease. Inflamm Bowel Dis 2006; 12: 427-428 [PMID: 16670533]

127 Villeneuve E, St-Pierre A, Haraoui B. Interstitial pneumonitis associated with infliximab therapy. J Rheumatol 2006; 33: 1189-1193 [PMID: 16622902]

128 Korsten P, Sweiss NJ, Nagorsnik U, Niewold TB, Gröne HJ, Gross O, Müller GA. Drug-induced granulomatous interstitial nephritis in a patient with ankylosing spondylitis during therapy with adalimumab. Am J Kidney Dis 2010; 56: e17-e21 [PMID: 20974510 DOI: 10.1053/j.ajkd.2010.08.019]

P-Reviewers: Grizzi F, Peppelenbosch MP S-Editor: Qi Y 
L-Editor:   E-Editor:

PAGE  
29

