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ABSTRACT
In the 2013 reclassification of the idiopathic interstitial pneumonias (IIPs), two rare IIPs  [idiopathic lymphoid interstitial pneumonia (LIP), idiopathic pleuroparenchymal fibroelastosis (IPPFE)] and two rare histologic patterns [acute fibrinous and organizing pneumonia (AFOP), bronchiolocentric pattern of interstitial pneumonia (BPIP)] are described. All these entities are rare with small series published to date, mostly containing primary and secondary forms of disease.  LIP is histologically characterized by diffuse polyclonal lymphoid cell infiltrate surrounding the airways and expanding the interstitium. Thin-walled cysts and diffuse ground glass are considered the typical radiologic features. The clinical course is highly variable with corticosteroid responsiveness evident in approximately half of cases.  IPPFE is defined histologically by coexisting upper lobe pleural and intra-alveolar fibrosis with elastosis. Dense subpleural irregular fibrosis and consolidation are the cardinal radiologic features. A history of recurrent lower respiratory tract infection is frequent.  Responses to immunomodulation have not been reported and the rate of progression appears to be highly variable.  AFOP is a rare histologic pattern lying within the spectrum of acute/subacute lung injury, characterized by organizing pneumonia and intra-alveolar fibrin deposition without hyaline membranes.  BPIP is characterized histologically by fibrosis and/or inflammation confined to the alveolar interstitium around bronchovascular bundles, overlapping with peribronchial metaplasia and fibrosis in some series.  Currently, AFOP and BPIP are both best viewed as histological entities rather than true clinical disorders, in the absence of characteristic associated imaging patterns and clinical features.     
Key words: idiopathic interstitial pneumonias, classification, histology, radiology, prognosis
RARE IDIOPATHIC INTERSTITIAL PNEUMONIAS
Abbreviations: IIPs, idiopathic interstitial pneumonias; LIP, lymphoid interstitial pneumonia; IPPFE, idiopathic pleuroparenchymal fibroelastosis; AFOP, acute fibrinous and organizing pneumonia; BPIP, bronchiolocentric patterns of interstitial pneumonia; HIV, human immunodeficiency virus; CVID, common variable immunodeficiency syndrome; HTLV-1, human T cell lymphotropic virus type; EBV, Epstein-Barr virus; NSIP, non-specific interstitial pneumonia; HRCT, high-resolution computed tomography; DIP, desquamative interstitial pneumonia; IPF, idiopathic pulmonary fibrosis; BCNU, Bis-Chloronitrosourea; MAC, mycobacterium avium-intracellulare; DAD, diffuse alveolar damage; OP, organizing pneumonia; COP, cryptogenic organizing pneumonia; SARS, severe acute respiratory syndrome; GORD, Gastroesophageal reflux; CT, computed tomography; IPAF, interstitial pneumonitis with autoimmune features;
1 INTRODUCTION
The 2013 updated classification of the idiopathic interstitial pneumonias [IIPs] includes two very uncommon entities sub-classified as “rare IIPs” (LIP and IPPFE, recently recognized as a distinct entity).  Also described in the reclassification document are two rare histologic patterns not at that time associated with well characterized clinical syndromes (BPIP and AFOP)1.  These are reviewed herein, including the question of whether the clinical features associated with either of the rare histologic patterns are sufficiently characteristic to warrant recognition as separate clinical entities. 
Bias is unavoidable in the characterization of new diagnostic entities.  Novel disorders are generally described in small series and their definition is justified and accepted by virtue of distinctive features.  As a rule, a new entity is more likely to be considered as clinically important if it is characterized by a poor outcome.  The full spectrum of disease is not captured in small series.  Milder variants of disease are often under-recognized following initial reports because the disorder is perceived to be rare, and diagnostic criteria (constructed from cardinal series) tend to be narrow.  For example, following early reports of systemic sclerosis and granulomatosis with polyangiitis (formerly known as Wegener’s granulomatosis), both disorders were widely regarded as exceedingly rare and almost invariably lethal.  With the passage of time, a much wider spectrum of less progressive disease was recognized.  

With regard to the category of rare IIPs in the current IIP classification, LIP has a long pedigree, dating to the first description 46 years ago.  It is clear that idiopathic LIP is, indeed, exceedingly rare but as a result, the full clinical spectrum of idiopathic LIP remains inexact.  By contrast, the prevalence of IPPFE, acknowledged as an IIP in 2013, is uncertain – based on growing “word of mouth” clinical experience, as yet unpublished, IPPFE may be significantly more prevalent than some IIPs not currently categorized as “rare” and less progressive than in index series.   The same may apply to the prevalence of BPIP, if it is ultimately endorsed as a stand-alone clinical entity. 
 In most LIP, AFOP and BPIP case series, idiopathic and secondary diseases/histologic patterns are both represented but comparisons between these sub-groups are potentially misleading, due to low patient numbers and incomplete data.  The exception is pleuroparenchymal fibroelastosis in secondary disease represented in only one of the larger series.  Therefore, the term IPPFE is used in this review whereas idiopathic and non-idiopathic forms of other reviewed entities are considered together. 
1 LYMPHOID INTERSTITIAL PNEUMONIA (LIP)

Lymphoid Interstitial Pneumonia was first described by Liebow and Carrington in 1969 as a diffuse and dense lymphocytic interstitial infiltrate2. Most cases of LIP are associated with other conditions and idiopathic cases are rare. 
Often LIP is associated with an underlying systemic disease such as Sjögren’s syndrome (25% of LIP cases), rheumatoid arthritis, systemic lupus erythematosus, Hashimoto’s disease, pernicious anemia, autoimmune hemolytic anemia, primary biliary cirrhosis, chronic active hepatitis, myasthenia gravis, human immunodeficiency virus (HIV) infection especially in children, and common variable immunodeficiency(CVID)3,4. LIP has also been associated with Legionella pneumonia, human T cell lymphotropic virus type 1 (HTLV-1), Epstein-Barr virus (EBV) infection and diphenylhydantoin use5. 

Idiopathic LIP was, in the updated 2013 IIP classification, placed in the category of rare IIPs1. It was argued historically that LIP was better classified within the pulmonary lymphoproliferative disorders as there were morphologic similarities between LIP and lymphoma but, with now established immunohistochemical and molecular techniques being routinely available, most cases of LIP are distinguishable from lymphoma6. Furthermore, some cases classified as LIP prior to 2002 would probably be reclassified as cellular non-specific interstitial pneumonia (NSIP), using current criteria7.
There is a paucity of information on the clinical features of idiopathic LIP due to its extremely low prevalence (Table 1). It is most frequent in females in the fifth decade but can present at any age3,8. It is characterized by the insidious onset, over three or more years, of exertional dyspnea and cough, occasionally associated with pleuritic chest pain or systemic symptoms such as fever, night sweats and weight loss8.  Many patients with LIP show abnormalities of immunoglobulin production, typically hypergammaglobulinemia but occasionally hypogammaglobulinemia (outside the spectrum of CVID) or monoclonal gammopathy3,4,9. The presence of monoclonal gammopathy or hypogammaglobulinemia should raise the suspicion for a lymphoproliferative disorder. Before assigning a diagnosis of idiopathic LIP, which is very rare, thorough investigations for any potential associated systemic disease should be undertaken. 
Pulmonary function tests usually demonstrate a restrictive pattern with reduced carbon monoxide diffusing capacity and variable levels of hypoxemia8,10. 
High-resolution computed tomography (HRCT) generally demonstrates diffuse or predominantly lower zone bilateral abnormalities. Uniform or patchy areas of ground glass are frequent, sometimes admixed with consolidation. Thin-walled, predominantly mid-zone perivascular cysts are present in the majority of cases11,12. The association of perivascular cysts and ground-glass opacities on HRCT is suggestive of LIP (Fig.1).  Thickening of the bronchovascular bundles and interlobular septa are quite frequent, as are centrilobular and sub-pleural nodules.  A reticular pattern has been described in a significant number of cases but honeycomb change is notably rare or absent11,13. Cysts, architectural distortion, reticulation and honeycombing are irreversible whereas ground glass, consolidation, nodular opacities and septal thickening are generally indicative of reversibility, although not always treatment-responsive.
The largest HRCT series in biopsy-proven LIP was that of Johkoh et al and consisted of 22 patients11.  However, LIP was idiopathic in only three cases and in the remainder was associated with Castleman’s disease, Sjögren’s syndrome or HIV.  Ground glass opacification was present in all cases and was diffuse (n=14), patchy (n=5) or peripheral (n=3). Poorly defined centrilobular nodules, also an invariable finding, were bilateral in all but one case (n=21) and were almost always diffuse in distribution. Other frequent findings were small sub-pleural nodules (n=19), mostly bilateral bronchovascular thickening (n=19) and mostly bilateral interlobular septal thickening (n=18), reflecting infiltration of the interlobular septa and adjacent alveoli by lymphocytes and plasma cells. Cystic airspaces, more often bilateral, were present in the majority (n=15).   Mediastinal lymph node enlargement was frequent (n=15), probably reflecting underlying Castleman’s disease or Sjögren’s syndrome. Less frequent HRCT signs included large nodules (n=9), consolidation (n=9), architectural distortion (n=8), emphysema (n=5), bronchiectasis (n=4), pleural thickening (n=4) and honeycombing (n=1).  Similarly, in 14 patients with LIP reported by Honda et al, ground glass opacification and cysts were present in the majority of cases 13. 
Based on this series and accumulated experience, the HRCT differential diagnosis includes hypersensitivity pneumonitis, cellular NSIP, desquamative interstitial pneumonia (DIP), sarcoidosis and other lymphoproliferative disorders.  Bronchoalveolar lavage reveals prominent lymphocytosis with lack of clonality but this finding applies also to sarcoidosis, hypersensitivity pneumonitis and cellular NSIP14,9. Thus, a definite diagnosis of LIP can only be made histologically. 

Histologically, LIP is characterized by diffuse interstitial lymphoid infiltration with T lymphocytes, plasma cells, histiocytes and macrophages with associated Type II cell hyperplasia with more intense alveolar septal involvement. Lymphoid follicles are usually enlarged and centered on pulmonary lymphatic channels. Intra-alveolar organization and loose non-necrotizing granulomas are occasionally seen4 (Fig.2). It should be noted that cellular NSIP, non-fibrotic hypersensitivity pneumonitis and LIP occupy the same broad morphologic spectrum and, with lymphoma, are the major differential diagnoses histologically15. Immunohistochemical and/or molecular studies are necessary for the definite differentiation and diagnosis of lymphoma14.
The previously described HRCT findings correlate with histological findings in LIP. Specifically, ground-glass opacification reflects the presence of diffuse alveolar septal infiltration with lymphocytes and plasma cells. Centrilobular nodules in LIP correspond to peribronchiolar infiltration by  lymphocytes or plasma cells.. Cyst formation in LIP may result from partial airway obstruction caused by peribronchiolar lymphocytic infiltration11,12.
The clinical course varies from resolution without treatment to progression to end stage disease.  In 2000, Johkoh et al reported a serial HRCT study containing 14 patients with biopsy-proven LIP16. Nine patients improved (although cysts were always irreversible), one was unchanged and there was progression of disease in four.  New cysts developed in three patients, mainly in areas with centrilobular nodules on the initial HRCT. Destructive changes resembling honeycombing developed in four patients in areas with consolidation or ground-glass opacification on initial HRCT. 

In 2006, Cha et colleagues reported outcomes in 14 patients with biopsy-proven LIP (including three with idiopathic LIP)9. All patients received either corticosteroid therapy or other immunosuppression (corticosteroids, n=10; cyclophosphamide, n=3; azathioprine, n=1; colchicine, n=2; cyclosporine A, n=1; methotrexate, n=1). In the nine cases with follow-up data, four showed clinical improvement and four remained stable.  The median survival was 11.5 years with three of seven deaths primarily due to respiratory disease. Conversion to lymphoma did not occur.
In a series of 18 patients with LIP, described by Koss et al in 1987, follow up data were available in 13 cases10.  There were five deaths despite treatment with corticosteroids, including one due to lymphoma. Of the remaining patients, four had striking regression of disease and four had stabilization without a major response. 
There are no controlled treatment data in LIP and no likelihood of future treatment trials due to the rareness of the disorder.  Thus, current therapeutic decisions are based on accumulated clinical experience. Corticosteroid therapy is generally used as first-line treatment with regression or stabilization of disease in the majority of patients, based on the small series detailed above and anecdotal reports. There is no current means of predicting responsiveness to treatment in patients without major supervening fibrosis.   Second-line agents used in occasional cases have included cyclophosphamide, cyclosporine A, chlorambucil, colchicine, mycophenolate mofetil, azathioprine and rituximab2,8,10,17. Historically, 30% of LIP cases were reported to progress to lymphoma. In retrospect, it is believed that in many of these cases, lymphoma was misclassified as LIP.  More recently, with immunohistochemical and molecular data integrated into diagnosis, it has been estimated that only 5% of bona fide LIP cases progress to lymphoma18. From the limited published series, it is thought that progression to fibrosis occurs in a handful of LIP cases, with insufficient data to allow evaluation of the effect of treatment in preventing or retarding fibrogenesis.  
1 IDIOPATHIC PLEUROPARENCHYMAL FIBROELASTOSIS (IPPFE)
Pleuroparenchymal fibroelastosis is a rare interstitial lung disease, described for the first time by Amitani et al19 in 1992 under the name of ‘upper lobe pulmonary fibrosis’ or ‘Amitani’s disease’. Several publications in the Japanese literature followed and only later in 2004 the term pleuroparenchymal fibroelastosis was suggested by Frankel et al20. PPFE is characterized by fibrosis that involves both the visceral pleura and the subjacent sub-pleural lung parenchyma and has upper lobe predominance. The three largest PPFE series include nine21, twelve22 and fifteen patients23 (Table 2). It is a distinct entity with specific clinical, radiological and histological characteristics. It presents in adults with a median age of 57 years, has no sex predilection, and occurs mostly in nonsmokers 24,25. When compared to idiopathic pulmonary fibrosis (IPF), PPFE is associated with lower body mass index and more severe pulmonary function impairment26.  The main symptoms are exertional dyspnea, cough, pleuritic chest pain and weight loss. Platythorax, flattened thoracic cage anteroposteriorly, has been reported in severe cases27. Finger clubbing is rare28. The predominant ventilatory pattern is restrictive although some patients present with obstruction. Hypoxemia and hypercapnia occur in advanced 
disease 29.
High resolution scans demonstrate irregular pleuroparenchymal thickening with upper lobe predominance. Wedge-shaped pleural-based densities have been seen and hila tend to be retracted upwards. Additional features are small foci of consolidation away from the sub-pleural lesions, significant volume loss, distraction of the lung architecture and interlobular septal thickening (Fig. 3). Interstitial fibrosis distant from PPFE lesions, usually in the lower lobes, has been described22,29. The most frequent pattern is that of UIP, reported in approximately 25% of patients with PPFE (with the caveat that the number in this subgroup with lower lobe biopsies was very small)22 (Fig. 4a,b). In addition, PPFE may be more diffuse in a sub-group of patients: in five recently reported cases, there was histological evidence of upper and lower lobe involvement30.  Spontaneous unilateral or bilateral pneumothoraces, reported in about 30% of patients31, seldom resolve spontaneously as air-leakage often persists possibly because the pleuroparenchymal nature of the fibrosis inhibits lung re-expansion (Fig. 5). Interestingly, a study of PPFE in aged donkeys has shown that, similarly to humans, PPFE affected the non-dependent areas of the lung (dorsal distribution) extending in some cases to mid and ventral areas32.
The histologic pattern of PPFE consists of dense intra-alveolar fibrosis and dense fibrous thickening of the visceral pleura and adjacent lung. The lung fibrosis in PPFE is characterized by prominent deposition of elastic fibers as opposed to the dense collagenous fibrosis seen in the majority of fibrosing lung diseases25. A Japanese group recently demonstrated that elastin fiber content in PPFE is twice that of IPF. Even in the lower lobes, the amount of elastin fibers was higher in PPFE than in IPF28. The transition from fibrosis to normal lung parenchyma is characteristically sharp20,33. Areas of fibroblastic proliferation may be present at the edge of fibrosis, which may mimic UIP, but application of Verhoeff van Gieson elastin stains shows the characteristic pattern of elastin deposition within the fibrosis (Fig.6). Mild, patchy mononuclear lymphocytic infiltration has been reported34. Honeycombing is absent within PPFE lesions. Obliterative bronchiolitis, diffuse alveolar damage and hemorrhage have all been described as comorbid features in patients with PPFE complicating lung or bone marrow haematopoietic stem cell transplantation23,26. 
The aetiology is unclear. A small proportion of cases seem to be idiopathic. PPFE cases have been associated with lung, bone marrow or haematopoietic stem cell transplantation25,26,35-37.  A few familial cases have been reported, mostly females20,38. PPFE may develop many years after exposure to chemotherapeutic agents such as Bis-Chloronitrosourea (BCNU) and cyclophosphamide39,40. Recurrent infections are reported in about half of patients22. Cases with radiologic features of apical fungal infection have been seen and infections with Mycobacterium avium-intracellulare (MAC)40 and Aspergillus22,41-44 have been reported. The occurrence of PPFE post transplantation, association with recurrent infection and the presence of increased titres of non-specific autoantibodies in a minority of cases suggest that repeated inflammatory injury due to immune dysregulation may have an important pathogenetic role20,21,22.
The differential diagnosis includes conditions with a chronic pleural component, including tuberculosis, aspergillosis, ankylosing spondylitis, rheumatoid arthritis and rare pleural disorders45. Additional clinical data such as systemic symptoms, autoimmune profile, previous imaging can be helpful. The imaging in PPFE is very characteristic and lung or pleural biopsy should be avoided as post-operative iatrogenic pneumothorax commonly complicates the procedure. Pulmonary apical cap, which should be considered in the HRCT differential diagnosis, is an idiopathic fibrotic lesion of the lung apices, more prevalent in older males. It is usually pyramidal or cap-like and, unlike PPFE, does not extend caudally over the surfaces of the upper lobes. Histologically, apical cap consists of dense collagenous fibrosis with folded elastin fibers46.
Management is challenging as the clinical course is highly variable. In one early series, progression was slow with deaths occurring 10-20 years from diagnosis19. However, the clinical course may be accelerated in some cases. Recently, 110 patients with biopsy-proven IPF were reviewed and in 10% PPFE was evident on HRCT in the upper lobes. Patients with IPF and PPFE had shorter survival than those with IPF alone. The incidence of pneumothorax and pneumomediastinum was significantly higher in the IPF/PPFE group47. 

PPFE associated with transplantation seem to have a worse prognosis 26,48,49.  

Idiopathic PPFE is often progressive and refractory to corticosteroids and other immunosuppressants. As already mentioned, a history of recurrent infections is reported in about half of PPFE cases. Infection control should be a priority. In advanced disease, it is appropriate to consider lung transplantation, successfully performed in a handful of reported cases37,50,51.   
1 ACUTE FIBRINOUS AND ORGANISING PNEUMONIA (AFOP)
AFOP is characterized typically by intraalveolar organizing pneumonia with coexistent fibrin deposition and a lack of hyaline membranes. The process is usually patchy1(Fig.7). 
The differential diagnosis should include the commoner patterns of lung injury such as diffuse alveolar damage (DAD), organizing pneumonia (OP) and eosinophilic pneumonia52-54. Focal areas of intra-alveolar organizing fibrin can be seen in DAD but areas of lung showing coexistent hyaline membranes are not seen in AFOP and the process is typically diffuse in DAD.  A histologic pattern of organizing pneumonia lacks the coexistent fibrin deposition.  Finally, eosinophilic pneumonia (acute and chronic) may have prominent intra-alveolar fibrin like that seen in AFOP. However, the major histologic finding in eosinophilic pneumonia is the intra- alveolar accumulation of eosinophils, sometimes termed eosinophilic microabscesses, and macrophages. The macrophages may vary in number, but the eosinophils predominate. The interstitium also contains abundant eosinophils within the inflammatory infiltrate.
Clinical features associated with AFOP have been characterized in only two case series with 27 patients in total. 

Beasley et al in 2002, reported 17 patients  (ten male mean age 62)55.  The pattern was identified at open lung biopsy in 15 and at autopsy in two.  Presenting symptoms were acute or subacute dyspnea (n=11), cough (n=3), haemoptysis (n=2) and fever (n=6).  Symptom duration was less than two months in all cases. In only 6/17patients, AFOP was apparently idiopathic: underlying associations in the remaining 11 cases included an immunocompromised status (n=6; diabetes, corticosteroid therapy, lymphoma), air-borne exposures (n=4; coal mining, zoological work, hairspray and wood dust), connective tissue disease (n=3; polymyositis, ankylosing spondylitis and fibromyalgia), overt infection (n=2) and amiodarone therapy (n=1).  Chest radiographic patterns included bilateral consolidation, pulmonary oedema and diffuse reticulonodular changes. Nine of 17 patients died of respiratory disease during a mean follow-up of 1.1 years, including all five patients requiring mechanical ventilation.  However, the outcome was good in most of the remaining cases. Based on this series, AFOP appears to be associated with two clinical profiles: a fulminant presentation overlapping with acute respiratory distress syndrome and a sub-acute form with a more favorable outcome.  In essence, these two patterns of disease behavior appear to correspond to the two histological components of the AFOP pattern: elements of diffuse alveolar damage and organizing pneumonia. 

More recently, Feinstein et al. compared ten patients with a histological pattern of AFOP with 36 patients with cryptogenic organizing pneumonia (COP)56. Four AFOP patients were male, mean age was 59.6 years.  All had undergone radiotherapy (n=6) and/or chemotherapy (n=8) with a mean time interval of 4.5 and 2.5 months respectively.  Six patients had respiratory symptoms, most commonly dyspnea and cough. All cases showed prominent fibrin deposition, involving more than 50% of the alveolar space. Other histologic features included type II pneumocyte hyperplasia (seen in all cases, commonly with a diffuse distribution), mild or moderate lymphoplasmacytic infiltration in a predominant interstitial distribution (n=8) and mild thickening of the alveolar septae (n=2). Radiological abnormalities included nodules or masses (n=7), consolidation (n=5) and ground glass opacification (n=2):  abnormalities were peripheral (n=7) or diffuse (n=3).  Although non-respiratory deaths occurred, fatal progression of interstitial lung disease was not observed, perhaps reflecting the temporary nature of causative triggers.  HRCT appearances resembled those of COP in this series, with fibrosis evident on HRCT in only one case. 

Other clinical associations with AFOP include the severe acute respiratory syndrome (SARS), autoimmune disorders (juvenile dermatomyositis, inflammatory myopathy, primary biliary cirrhosis, lupus, ankylosing spondylitis, undifferentiated connective tissue disease), drug reactions (trimethoprim-sulfamethoxazole, abacavir), lung transplantation, environmental exposures (construction work, coal mining, zoological work) and infections such as Haemophilus influenza and Mycoplasma pneumoniae57-68. A case of AFOP has been reported in a patient with chronic renal failure on hemodialysis69. 

HRCT appearances of diffuse ground glass opacities and bilateral basal consolidation, described only in case reports, are most often closest to those of DAD with or without organizing pneumonia.  However, in some cases focal or diffuse organizing pneumonia predominates, in keeping with the outcome dichotomy described above. Traction bronchiectasis and fibrosis can also develop52,55-69. AFOP manifest as a solitary mass has been reported70. It is likely the imaging spectrum of AFOP has not yet been fully captured in the literature, as evidenced by a case of “nodular” AFOP (Fig. 8).
Corticosteroid therapy and other immunosuppressive regimens have been tried in AFOP including cyclophosphamide, mycophenolate mofetil and azathioprine with variable responses55,56,58-66,71,72. 

In summary, AFOP is a histologic pattern of lung injury, which lies between DAD and organizing pneumonia and is not associated with a stereotyped natural history or treated course.  In some cases, based on outcome, AFOP can be conceptualized as a fibrinous variant of DAD but in other cases, imaging features and outcome resemble those in COP.  In a recent study of COP, high levels of intra-alveolar fibrin were associated with an increased risk for relapse, including three cases with histologic appearances of AFOP73.  Thus, it appears that no discrete clinical entity can be constructed in relation to AFOP and that it is best viewed as part of the histologic spectrum of acute or sub-acute lung injury.

1 BRONCHIOLOCENTRIC PATTERN OF INTERSTITIAL PNEUMONIA (BPIP)
This was recently included in the updated classification of the IIPs as a separate but rare histologic pattern of presentation.  This pattern is now been described in six retrospective studies under a number of synonymous terms totaling 148 patients, although clinical information was limited in some series and imaging features were poorly characterized in all but the most recent and largest series of 68 patients74. The histologic pattern varied amongst several series and will be recounted separately for each series (Table 3).
In the first study published in 2002, Yousem & Dacic, in 2002 reported ten patients with “bronchiolocentric interstitial pneumonia”. Two were male and mean age was 46.7 years75. Four patients were current or former smokers but no other air-borne exposures were identified.  Two patients had a history of previous gastroesophageal reflux. The main symptoms were dyspnea and dry cough characterized by an insidious onset (mean duration of 10 months). The ventilatory pattern was restrictive without major concurrent airflow obstruction. Computed tomography findings were documented in only six cases and consisted of bibasilar reticular or reticulonodular changes, without signs of large or small airway disease. The histology was characterized by centrilobular and peribronchial chronic inflammation and fibrosis with a patchy distal lymphocytic interstitial pneumonitis but without the presence of granulomas.  Bronchiolar metaplasia was also present. All patients were treated with corticosteroids and two received cyclophosphamide. Three patients died of the disease, five were alive with stable or progressive disease and one had no evidence of disease at mean follow-up (48.2 months).  
In 2004, “airway centered interstitial fibrosis” was reported by Churg et al, in a series of 12 patients, four were male and mean age was 54 years76. The majority of the patients had various environmental or occupational exposures. The main symptoms were dyspnea and cough. The predominant ventilatory pattern was restrictive, although there was evidence of small airway obstruction. HRCT features in five patients were described as diffuse reticulonodular changes with peribronchovascular interstitial thickening and traction bronchiectasis with thickened airway walls and surrounding fibrosis. Bronchiolectasis and/or honeycombing was present in three patients. The main pathologic finding was significant interstitial fibrosis centered around and often linking other involved bronchioles. There was also evidence of smooth muscle cell hyperplasia, bronchiolar metaplasia and scattered interstitial inflammation. Patients were treated with oral and inhaled corticosteroids and bronchodilators. Four patients died and one had a progressive clinical course. Stability was reported in two and improvement in three patients.

In 2005, “peribronchial metaplasia” was described, by Fukuoka et al, in 15 patients, only two males; mean age was 56.7 years77.  About half of patients had occupational exposure or an underlying connective tissue disease. Five had a history of current or former smoking. The main presenting symptoms were cough and dyspnea. Ventilatory patterns were highly variable with normal, obstructive and restrictive and mixed patterns all seen in individual patients.  Unlike other series, mosaic attenuation pattern and air trapping were the predominant HRCT characteristics. The cardinal histologic features were epithelial proliferation along thickened peribronchial alveolar walls and peribronchial fibrosis. There were no inflammatory changes in the surrounding parenchyma. Interestingly, in three cases, there was evidence of small non-caseating granulomas with giant cells in the absence of exposures known to cause hypersensitivity pneumonitis. At a mean follow up of 2.4 years, all patients were alive.
In 2008 Mark et al78 reported 31 cases under the term “bronchiolitis interstitial pneumonitis”. Eighteen were male; mean age was 58 years. The most common symptom was exertional dyspnea. Pulmonary function tests, available in only 13 cases, were restrictive in eight cases, mixed in four and obstructive in one. CT scans were available in only 18 patients and showed interstitial changes including patchy ground glass opacification. Only one patient had honeycomb changes on imaging. The histologic pattern was a combination of intrabronchiolar myxoid fibrous tufts and an interstitial process distant from the bronchiolar changes. The interstitial process, mostly fibrosing, was closest to usual interstitial pneumonia although honeycombing was present in the biopsies of only seven patients and there were no active fibroblastic foci.  All patients were treated with oral corticosteroids for two months to ten years. Follow up was available in nineteen patients with progression in only six and two respiratory deaths. These cases had a pathology and prognosis intermediate between organizing pneumonia and usual interstitial pneumonia. They differ from the cases reported by Yasoum/Dacic and Churg in the absence of peribronchial fibrosis. 
Very recently, Kuranishi et al described the largest group of patients with “airway-centered interstitial fibrosis”, consisting of 68 cases with surgical lung biopsies74. 29 were male and mean age was 57 years; 29 were current or ex-smokers. The main symptoms were cough (n=53) and exertional dyspnea of variable degree in all but one. There was exposure to birds, mould or both (n=42). There was concurrent systemic autoimmune disease (n=12) and Gastroesophageal reflux (GORD), currently or in the past (n=38). Notably, only two cases were considered to be wholly idiopathic. The ventilatory profile was restrictive and “a reticular pattern” was the predominant HRCT abnormality (n=68). A central peribronchovascular distribution was recorded in the majority of the cases (n=54). The main histologic findings were airway-centered fibrosis (n=68), airway inflammation (n=67), peribronchial metaplasia (n=60) and microscopic honeycombing (n=20). Cases with granulomata or foreign body material were excluded. The patients received treatment with corticosteroids or immunosuppressive agents but the effect of treatment on survival was not clear. The median survival was 10 years. The prognosis was worse in patients with cough and in those with fibroblastic foci, organizing tissue in the airways and, especially, when there was microscopic honeycombing at biopsy.  Interestingly, in patients with honeycombing on biopsy the median survival of 45months was similar to that of IPF. 
One small series can be viewed as an outlier.  De Carvalho et al in 2002  retrospectively analyzed 49 patients diagnosed with idiopathic interstitial pneumonias on open lung biopsy and identified 12 patients with “centrilobular fibrosis”79.  There were six males, mean age was 58 and half of them were current or ex smokers. Smoking history was unknown in two out of the 12 patients. The ventilatory pattern was restrictive. Imaging features included subpleural, basal, asymmetrical consolidation and prominent large airway wall thickening. Unlike other series, biopsies were characterized by bronchial necrosis with regeneration and extensive remodeling in a bronchiolocentric distribution, in association with intraluminal foreign bodies, a combination of findings suggesting injury due to chronic aspiration. Bronchiolar metaplasia, inflammation and fibrosis with centrilobular distribution have been described in patients with chronic aspiration. In both IPF and systemic sclerosis, elements of centrilobular fibrosis on biopsy can result from microaspiration80-81. 
Taken together, it can be argued that the six series encompass a spectrum of airway-centered injury triggered variably by a variety of possible causes and associations such as air-born exposures, GORD and immune dysregulation.  Given a total experience of 148 biopsied patients (and recognizing that larger numbers of non-biopsied patients must inevitably lie within this spectrum of disease), it is appropriate to consider whether BPIP should be viewed as a novel clinical syndrome.  The acceptance of a new diagnostic entity requires a) standardized diagnostic criteria for biopsied and, ideally, for non-biopsied patients; and b) the provision of important pathogenetic or clinical insights.  
BPIP poses particular difficulties for several reasons.  Histological and CT features are heterogeneous in the six published series, with fibrosis variably bronchocentric and non-bronchocentric (but associated with bronchiolar inflammation) and variable forms of bronchiolar inflammation and injury.  It is possible to find unifying histological features in three series74-76 encompassing 90 patients, consisting of bronchocentric fibrosis, associated with bronchiolar inflammation or metaplasia (Fig.9). The term “airway-centered interstitial fibrosis” probably best captures those features that are common to the histopathologic, radiologic and clinical profiles of BPIP in published cased series.  However, in the absence of its validation BPIP  as a true clinical disorder , continued use the term BPIP, as in the 2013 reclassification document, remains appropriate.
It can be argued that in reality, most patients with morphologic features of BPIP on biopsy or HRCT have a form of hypersensitivity pneumonitis and that the promiscuous creation of a new entity will lead to confusion.  BPIP has histologic similarities to hypersensitivity pneumonitis82-84 although the degree of centrilobular fibrosis is greater and granulomas are absent.  Bronchiolocentric fibrosis lies within the range of histologic abnormalities reported in hypersensitivity pneumonitis. However, both entities arise from inhalational injury and are likely to have some features in common.  The more important question is whether a multidisciplinary BPIP entity has prognostic or management implications distinctive from those of hypersensitivity pneumonitis.  Currently, the answer to both questions is  “possibly”.  Outcomes on average appear to be intermediate between idiopathic pulmonary fibrosis and hypersensitivity pneumonitis but the impact of treatment is uncertain.  In principle, it might be supposed that inhaled therapy might be efficacious in patients with a BPIP pattern but this also is unknown. Interestingly, macrolide treatment (known to be efficacious in some airway-centered disorders, including panbronchiolitis) was associated with stabilization in a patient with BPIP after unsuccessful treatment with systemic corticosteroids. 
The uncertainties with regard to BPIP discussed above mirror those in the recently hypothesized disorder of “interstitial pneumonitis with autoimmune features” (IPAF), in which a standardized definition has been created by an expert group in order to facilitate future studies of its clinical and pathogenetic importance.  It can be hoped that the recent publication of a relatively large series will promote a parallel BPIP initiative, without which no clear answers are likely to emerge.   
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Figures
Fig.1: Lymphoid interstitial pneumonia in a patient with Sjögren’s syndrome. HRCT section through the lower lobes showing scattered randomly distributed thin-walled cysts (arrowheads) and interspersed patches of ground glass opacification (arrows), the latter reflect a lymphocytic infiltrate. 
Fig.2: Lymphoid interstitial pneumonia. There is a dense diffuse interstitial expansion by lymphocytes, plasma cells and some histiocytes.

Fig.3: Subpleural irregularity typical of pleuroparenchymal fibroelastosis. There is an air bronchogram in the dense peripheral fibrosis at the right lung apex (arrow). In addition there is some interstitial fibrosis with mild traction bronchiectasis (this particular patient also had distant parenchymal fibrosis in the lower lobes).

Fig.4: Coexisting pleuroparenchymal fibroelastosis in the upper zones (a) and typical HRCT pattern -basal subpleural honeycombing- of usual interstitial pneumonia in the lower zones (b).

Fig.5: Small chronic left pneumothorax in a patient with idiopathic pleuroparenchymal fibroelastosis. Dilated oesophagus because of a previous partial oesofagectomy. 

Fig.6: Pleuroparenchymal fibroelastosis. a) There is dense subpleural fibrosis with sharp demarcation between abnormal and abnormal lung. b) EVG staining shows that the fibrosis is mainly intra-alveolar with elastin fibres forming a reticular network. 

Fig.7: Acute fibrinous and organizing pneumonia. A bud of organizing pneumonia shows focal fibrin deposition within the granulation tissue. 

Fig.8: Patient with acute presentation and intubation within a few days from initial symptoms. HRCT through the upper lobes showing numerous nodular opacities with indistinct margins, ranging in size from a few millimetres to one centimeter. The nodules are randomly distributed with no ancillary features to suggest their nature (a). Portable chest radiograph, on intensive care unit shortly after presentation shows widespread confluent nodular pattern and consolidation (and a small left pneumothorax) (b). On the second radiograph, 10 months later, there has been complete radiographic resolution of the biopsy-confirmed acute fibrinous and organizing pneumonia (AFOP) (c).

Fig.9: Bronchiolocentric patterns of interstitial pneumonia. At low power, there are areas of peribronchiolar metaplasia and also mild peribronchiolar interstitial fibrosis and inflammation. On multidisciplinary review, there was a history of bird exposure and a final clinical diagnosis of hypersensitivity was made.
TABLES
Table 1.  Summary of LIP series
	Study
	Carrington &

 Liebow, 1966
	Strimlan et al,

1978
	Johkoh et al, 

1999 & 2000
	Koss et al, 
1987
	Cha et al, 
2006

	N (M/F)
	5 (1/4)
	13 (4/9)
	22 (5/17)
	18
	15 (4/11)

	Mean age
	40
	51
	50
	56
	47

	Idiopathic
	NA
	6/13
	3/22
	2/18
	3/15

	Associations


	NA
	7/13

Dysproteinemia, n=10

Sjögren’s, n=3

RA, n=2

Hashimoto thyroiditis, n=1

	19/22

Sjögren’s, n=10

Castleman, n=7

AIDS, n=2


	16/18

Dysproteinemia, n=11

Sjögren’s, n=2

Hepatitis, n=2

PBC, n=1


	12/15

Dysproteinemia, n=6

Sjögren’s, n=8

RA, n=1

CVID, n=1

Hypothyroidism, n=2

	Radiology
	CxRs:

Basal linear &

nodular changes
	CxRs: 

Basal linear&

nodular changes 
	HRCT:

GGO, 

Centrilobular & subpleural nodules, 

Interlobular septal thickening

	NA
	NA

	PFTs

	NA
	Restrictive
	NA


	NA
	Restrictive

	Treatment
	3/5

CS, n=3
	13/13

CS, n=12

Chlorambucil, n=2

IVIG, n=1

	NA
	15/15
	NA

	Follow-up
	3/5

Improved, n=3
Some cases proved to be lymphoma

	13/13, 58 months

Improved, n=6

Stable, n=2

Progressed, n=5
	14/22

Improved, n=9

Stable, n=1

Progressed to fibrosis, n=4
	NA
	9/15

Improved, n=4

Stable, n=4

Progressed, n=1
Median survival 11.5yrs

	Deaths
	0/5
	5/13
	0/14
	5/18
	7/15
respiratory cause, n=6


N (M/F), number of patients (Male/Female); CxR, chest radiograph; PFTs, pulmonary function tests; RA, rheumatoid arthritis; AIDS, acquired immune deficiency syndrome; CVID, common variable immunodeficiency; PBC, primary biliary cirrhosis; GGO, ground glass opacification; CS, corticosteroids; MTX, methotrexate; NA, not available
Table 2. Summary of major PPFE series 

	Study
	Amitani et al, 

1992
	Frankel et al, 

2004
	Reddy et al, 

2012
	Watanabe et al,

2012
	Ofek et al, 

2013

	N (M/F)
	13 (NA)
	5(1/4
	12 (5/7)
	9 (4/5)
	15 (NA)

	Mean age
	NA


	50
	57
	59
	NA

	Idiopathic
	13/13


	5/5
	12/12 
	9/9
	0/9

	Associations
	NA
	4/5

Family history, 

n=2

Chemotherapy, n=2

Radiation, n=1
	8/12

Recurrent infections, n=7

Airborne, n=2

Immune dysregulation, n=5

Dressler’s syndrome, n=1

Family history, n=2


	0/9
	15/15

Post lung transplantation

	Radiology (HRCT):

ILD in other lobe
	Absent
	Absent or mild
	Diffuse PPFE, n=1

UIP, n=3

NSIP, n=1

Unclassifiable, n=1


	Diffuse PPFE, n=9

Reticular changes or honeycombing, n=2


	OB, n=15

Reticular changes, n=14



	PFTs
	NA
	Restrictive
	Restrictive
	Restrictive
	Restrictive

	PTX
	Recurrent 
	0/5
	3/12
	6/9
	NA

	Follow-up
	Slowly progressive
	5/5, 4 years

Alive, n=3
	10/12

Improved, n=1

Stable, n=2

Progressed, n=7
	9/9

Improved, n=0

Stable, n=2

Progressed, n=7
	NA

	Deaths
	Patients died 10-20 years from presentation
	2/5
	5/12
	6/9, 

respiratory cause, n=5
	NA


            N (M/F), number of patients (Male/Female); PFTs, pulmonary function tests; ILD, interstitial lung disease; 
            UIP, usual interstitial pneumonia; NSIP, non-specific interstitial pneumonia; PTX, pneumothorax; NA, not available.
Table 3.  Summary of ACIF series

	Study
	Yousem & Dacic, 

2002
	De Carvalho et al, 2002
	Churg et al,

2004
	Fukuoka et al,

2005
	Mark et al,

2008
	Kuranishi et al, 

2015

	Term
	Idiopathic

Bronchiolocentric

Interstitial Pneumonia
	Centrilobular

Fibrosis
	Airway-centered

Interstitial

Fibrosis
	Peribronchial

Metaplasia
	Bronchiolitis

Interstitial

Pneumonitis
	Airway-centered 

Interstitial fibrosis

	N (M/F)
	10 (2/8)
	12 (6/6)
	12 (4/8)
	15 (2/13)
	31 (18/13)
	68 (29/39)

	Mean age
	47
	58
	54
	57
	58
	57

	Smoking,

NS/S/UN
	6/4/0
	6/4/2
	9/4/0
	7/8/0
	NA
	39/29/0



	Associations 
	GORD, n=2
	GORD, n=12
	Airborne

exposures, n=8
	Airborne, n=2

CTD, n=5
	Immune dysregulation, n=6
	Airborne, n=42

GORD, n=38

CTD, n=12



	Histology
	-Peribronchial 

  inflammation & 

  fibrosis

-Lymphocytic   

   Interstitial

   infiltrate
	-Bronchiolocentric

   fibrosis

-Bronchiolar    

  epithelial 

  necrosis

-Intraluminal   

  foreign bodies


	-Peribronchial

  inflammation

  &  fibrosis

-Interstitial 

  involvement

-Bronchial  

  muscle

  hyperplasia


	-Peribronchial

  metaplasia & 

  fibrosis


	-Intrabronchial

  myxoid fibrous 

  tufts

-Interstitial 

  fibrosis
	-Airway-centred

  interstitial 

  fibrosis

-Airway 

  inflammation

-Peribronchial 

  metaplasia

	Radiology 

(HRCT)
	Bi-basal reticular changes
	Basal consolidation

(often asymmetrical)

& airway 

involvement
	Peribronchial

Interstitial changes

with thickened airway walls and fibrosis


	Mosaic pattern
	Interstitial fibrosis & diffuse GGO 


	Reticular peribronchovascular changes & GGO



	PFTs
	Restrictive

pattern


	Restrictive

pattern
	Restrictive

pattern
	Variable

(mostly restrictive)
	Variable

(mostly restrictive)


	Restrictive

	Follow-up
	9/10, 48.2 months
Improved, n=1

Stable, n=2

Progressed, n=6
	NA
	10/12
Improved, n=3

Stable, n=2

Progressed, n=5
	11/15, 29 months
Improved, n=5

Stable, n=6
	19/31, 60 months 
Improved, n=12

Stable, n=1

Progressed, n=6
	68/68, 43.5 months
Median survival 

116 months



	Deaths
	3/10
	
	4/10
	0/11
	4/12
	22/68 in 5 years


N (M/F), number of patients ( Male/Female); NS/S/UN, non-smoker/smoker/unknown;  GORD, gastroesophageal reflux; 
CTD, connective tissue disease; PFTs, pulmonary function tests; GGO,  ground glass opacities; NA, not available.
�Is this true? A Sjogrens patient with cysts and interstitial changes would likely be called LIP without Bx? I would delete this sentence
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