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Bronchiolitis obliterans organizing pneumonia is an inflammatory lung disease involving the
distal bronchioles, respiratory bronchioles, bronchiolar ducts and alveoli. Its cause is generally
unknown, but there are several known causes and associated systemic diseases. The clinical
features include cough, shortness of breath and bilateral crackles. The vital capacity is slightly
decreased, and the diffusing capacity is moderately to severely decreased. The high-resolution
chest CT scan shows bilateral ground-glass opacities with air bronchograms and triangular,
pleura-based opacities. Corticosteroid therapy is the best treatment option. The outcome of
patients suffering from bronchiolitis obliterans organizing pneumonia is good, as up to 80% of

individuals will be cured.
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There are many types and causes of bronchiolitis
obliterans organizing pneumonia (BOOP). The
treatment is often similar, but utilizing infor-
mation regarding BOOP gathered from the
last 25 years has created important distinctions
that need to be considered for optimal patient
care. BOOP is defined as organized polypoid
granulation tissue in the distal airways extend-
ing into the alveolar ducts and alveoli [1,2]. Tt is
an inflammatory disorder involving both the
peripheral bronchioles and alveoli simultane-
ously and has distinctive radiographic findings,
histologic features and response to therapy.
The general term, organizing pneumonia (OP)
mainly involves the respiratory bronchioles,
alveolar ducts and alveoli, and can be subcate-
gorized into either cryptogenic OP or secondary
OP. These two conditions have been described
elsewhere [3.4]. The term BOOP is used here
because it continues to be recognized and used
throughout the world 5-7]. It is a specific pul-
monary lesion recognized by pathologists with a
characteristic clinical pattern. The term BOOP
is preferred for the nonidiopathic types, such

as drug-related BOOD, systemic disease-related
BOOQOP, radiation therapy-related BOOP, occu-
pational and environmentally-related BOOP,
and newly described types. For patients, BOOP
is easy to remember and the term is used to
advance their understanding of the disease by
obtaining accessible scientific publications.

This diffuse parenchymal lung disease has the
following histological criteria:

* Organized polypoid granulation inflamma-
tory tissue in the distal bronchiole airways,
respiratory bronchioles, alveolar ducts and
alveoli;

¢ Absence of extensive interstitial fibrosis;
¢ Absence of traction bronchiectasis;

* Absence of histological honeycombing [1.2].

Crackles are heard on examination and the
high-resolution chest CT scans show triangular-
shaped ground-glass opacities with air broncho-
grams. There are several types of BOOP, some
with no known cause, others from specific causes,
and some associated with systemic disease.
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Box 1. Bronchiolitis obliterans organizing

pneumonia with no known cause.

e |diopathic BOOP
e Rapidly progressive BOOP
e Focal nodular BOOP

BOOP: Bronchiolitis obliterans organizing pneumonia.

BOOP with no known cause

Idiopathic BOOP is the most common form and continues to be
reported throughout the world [5-7]. Box 1 illustrates the three types
of BOOP with no known cause. The annual incidence of OP in
Iceland was 1.97 out of 100,000, and 1.1 out of 100,000 for primary
OP (8. Men and women are affected equally 7). The average age
is 50 years of age with a range from 12 to 93 years [s-7]. Symptoms
include cough and shortness of breath in 50-70% of patients [5-7],
and flu-like illness with fever in up to 50% [7]. Wheezing and hemo-
ptysis are unusual. There are bilateral end-inspiratory crackles in
up to 80% of patients [s], although in some individuals there may
be quite extensive radiographic findings with no crackles. There
is no relationship to smoking. Laboratory studies show increased
sedimentation in most patients and increased leukocyte count in
one-third of patients [6]. The bronchoalveolar lavage may show a
high percentage of lymphocytes, more than 25% in 72% of indi-
viduals [7]. Pulmonary function shows a decrease in vital capacity
in 60% and the diffusion capacity is abnormal is most patients who
have symptoms and typical bilateral patchy infiltrates [¢]. There is
no airflow obstruction. The chest x-ray shows bilateral patchy infil-
trates. The high-resolution chest CT scan shows bilateral ground-
glass opacities with air bronchograms and often triangular shape
with the base of the triangle along the pleural surface. Half of the
infiltrates are in the upper lungs and half in the lower lungs, migra-
tion of infiltrates occur in some patients, effusions and cavities are
rare, and honeycombing is not seen [5-7].

Rapidly progressive BOOP is a rare form of the idiopathic type
with an acute onset of several days leading to respiratory failure
and requirement for mechanical ventilation [6,9.10). A flu-like ill-
ness may occur early on, and this type can occur in individuals
with lupus erythematosus or rheumatoid arthritis (6]. Acute respi-
ratory failure develops rapidly with severe hypoxemia. The chest
x-ray shows a white-out of both lungs, and the chest CT scan
shows ground-glass opacities and alveolar consolidation. This
type of BOOP has the same appearance as acute interstitial pneu-
monia and diffuse alveolar damage and the fulminant type of
acute fibrinous OP [11], except the chest CT scan for BOOP shows
no honeycombing or traction bronchiectasis, and the pathology
shows no hyaline membrane reaction [9].

Focal nodular BOOP shows a single rounded opacity, and has an
excellent prognosis [7.12]. Among 26 patients with unifocal opacities,
most were asymptomatic while some had cough, and the PET scan
was positive in 100% of patients [12]. The process is often seen as an
incidental finding in patients, without symptoms and normal pul-
monary function tests, and the rounded lesion is removed as part of
a diagnostic surgical procedure. There was no recurrence among the
26 patients [12]. In some situations, there may be multiple nodules.

BOOP from known causes

Box 2 illustrates the eight types of BOOP resulting from known
causes. Post-respiratory infection BOOP occurs after an infec-
tious pneumonia. Instead of restoration of the normal lung, an
organized pattern of inflammation develops. BOOP diagnosis
should be considered when patients develop patchy ground-glass
opacities while being treated for lung infection, especially if they
are transplant recipients or have a dysfunctional immune disor-
der [13-16]. This type usually occurs after viral pneumonias such
as influenza, adenovirus or cytomegalovirus, or bacterial pneumo-
nias such as Chlamydia, but it also occurs after Legionella pneu-
monia, malaria pneumonia, Preumocystis, after fungal infections
such as Cryptococcus neoformans 13], and from a hydatid cyst [15].
Death from some infection-related BOOP has been reported.
A 68-year-old man underwent a stem cell transplant for acute
myeloid leukemia and developed Preumocystis jirovecii infection
2 months post-transplant [16]. The infection was treated, but he
developed fever, cough, shortness of breath, and new rapidly pro-
gressive bilateral patchy ground-glass opacities. A lung biopsy at
4 months post-transplant showed BOOP. High-dose corticoster-
oids had been started before the biopsy; despite this the patient
died 2 days later.

Drug-related BOOP

There are more than 35 medications that may cause BOOP [17].
These medications include antimicrobial agents such as mino-
cycline, nitrofurantoin, cephalosporin and amphotericin-B.
Nitrofurantoin BOOP continues to be reported as shown by a
71-year-old woman who had taken nitrofurantoin for 6 months
prior to developing a nonproductive cough, fever, shortness of
breath, bilateral crackles, patchy infiltrates and an effusion [18].
There was complete resolution of symptoms with prednisone
therapy, which was discontinued after 16 months; however, the
diffusion capacity remained abnormal at 53% predicted. There
have been two case reports of daptomycin-related BOOP [19,20].
The first individual was an 84-year-old man who was treated with
4 weeks of intravenous daptomycin for an infected knee prosthe-
sis. The chest CT scan showed bilateral peripheral ground-glass
opacities, one of which was triangular [19]. The second individual
was a 54-year-old man who developed shortness of breath 14 days
after intravenous daptomycin treatment for a methicillin-resist-
ant Staphylococcus aureus infection [20]. Abacavir is HIV nucle-
oside analogue reverse transcriptase inhibitor that appeared to
cause BOOP after 2 weeks of treatment in a 52-year-old woman
infected with HIV [21]. The abacavir was discontinued, and she
showed a remarkable improvement with dramatic resolution of
the bilateral infilerates.

The anticancer agents causing BOOP include busulfan,
methotrexate, bleomycin, doxorubicin, thalidomide, cytosine-
arabinoside, cytarabine ocfosfate, chlorambucil, rituximab
and oxaliplatin. Platinum-based chemotherapy may also cause
BOOP [22,23]. A 30-year-old woman with rectal cancer and a
single liver metastasis had a liver tumor resection and was given
adjuvant therapy with 5-fluorouracil, leucovorin and oxaliplatin,
and after 10 weeks and the sixth cycle, she developed a cough
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and progressive shortness of breath [22]. A 47-year-old patient
developed a BOOP following oxaliplatin treatment for meta-
static rectal cancer [23]. Fludarabine, cytosine arabinoside and
mitoxantrone-related BOOP has been reported in a 31-year-old
man treated for acute myeloid leukemia [24].

Cardiovascular drugs implicated in the development of BOOP
include amiodarone and acebutolol. Amiodarone-related BOOP
is the most commonly reported drug-related reaction. Camus
et al. reported the occurrence is from 1 to 15% [25]. Boroso ez al.
found six cases among 197 patients (3%) in a study in Spain [26].
Amiodarone and the metabolite desethyl-amiodarone are cati-
onic amphiphilics that accumulate in tissues including the lungs.
These compounds localize in cell lysosomes and block turnover of
endogenous phospholipids, which explains the presence of foamy
lipid-laden macrophages in lavage or lung tissue. Clearance of
these substances from tissues is very slow as autopsy studies have
shown significant amounts of both compounds persisting in the
lung 1 year after cessation of treatment. The clinical and radio-
graphic findings resolve from 3 months to as long as 18 months
after cessation of amiodarone [27]. A small percentage of patients
with amiodarone lung toxicity have subpleural honeycombing
and traction bronchiectasis reflecting usual interstitial pneumo-
nia (UIP) and fibrosis, which is a distinctly different lesion than
BOOP [25-27].

Amiodarone BOOP is dose related, and can occur among
patients taking 200 mg daily. The duration of therapy prior to
symptom onset can be as short as 3 months; however, most cases
developed after 2 years and one patient had received 5 years of
treatment [28]. Light microscopy shows vacuolization in pneu-
mocyte cytoplasm and electron microscopy shows whorled,
lamellar, membranous inclusions in alveolar pneumocytes.
Adenopathy may occur in amiodarone-related BOOP [29]. A
67-year-old man had a precardiac transplant evaluation that
demonstrated bilateral small parenchymal opacities in the lower
lungs and a nodule in the right lower lobe [29]. He developed
bilateral ground-glass opacities, and an enlarged precarinal
lymph node. Thoracoscopic biopsy showed typical BOOP and
abundant foamy macrophages. The amiodarone was discontin-
ued and a chest CT scan 2 months later showed improvement
in the lymphadenopathy.

Anti-inflammatory agents that cause BOOP include gold,
sulfasalazine, mesalamine, bucillamine and infliximab.
Immunosuppressive agents include azathioprine, 6-mercaptopu-
rine, tacrolimus, sirolimus and everolimus [17]. Anticonvulsant
agents include cabamazepine and phenytoin. Miscellaneous
agents include IFN-a,, -p and -y, ticlopidine, L-tryptophan, illicit
use of cocaine and heroin, flavastatin, and risedronate [17].

Bronchiolitis obliterans OP can occur in the context of a
drug rash with eosinophilia and systemic symptoms, a gener-
alized syndrome that has been associated with anticonvulsant
drugs such as carbamazepine and phenytoin [30]. Intravenous
heroin can cause BOOP. A 24-year-old woman with 7 years of
active intravenous heroin use developed dense bilateral ground
glass opacities as confirmed by a chest CT scan and the lung
biopsy showed BOOP [31]. After cessation of heroin, respiratory

Box 2. Bronchiolitis obliterans organizing

pneumonia from known causes.

Post-respiratory infection BOOP

e Chlamydia, Legionella and Mycoplasma

e Adenovirus, cytomegalovirus and influenza virus
e Malaria

e Pneumocystis

e Cryptococcus

Hydatid cyst

Drug-related BOOP

e Antibiotics: minocycline, nitrofurantoin, cephalosporin,
amphotericin-B, daptomycin and abacavir

e Cancer chemotherapy drugs: busulfan, methotrexate,
bleomycin, doxorubicin, thalidomide, cytosine-arabinoside,
cytarabine ocfosfate, chlorambucil, rituximab and oxaliplatin

e Cardiovascular drugs: amiodarone and acebutolol

e Anti-inflammatory agents: gold, sulfasalazine, mesalazine or
mesalamine, bucillamine and infliximab

e Immunosuppressive agents: azathioprine, 6-mercaptopurine,
tacrolimus, sirolimus and everolimus

e Anticonvulsant agents: cabamazepine and phenytoin

e Miscellaneous medications: a, B and y interferons, ticlopidine,
i-tryptophan, inhaled cocaine, intravenous heroin, flavastatin
and risedronate

Radiation therapy BOOP

e Post-breast radiation

e Post-lung cancer and lymphoma radiation

Organ transplantation BOOP

e Lung, bone marrow, stem cell, renal and liver
Occupational and environmental BOOP
e Tapestry printing aerosol dye

¢ House fire smoke

e Food-spice flavoring

e Heated paraffin oil

e Penicillium mold plume

e Goose and duck down pillows and duvets
Miscellaneous known causes of BOOP

e Aspiration

e |eukemia

e Coronary artery bypass graft surgery

e HIV infection

BOOP: Bronchiolitis obliterans organizing pneumonia.

symptoms subsided without corticosteroid therapy and a follow-
up chest CT scan showed marked improvement. Statins may also
cause a BOOP reaction as shown by a report of a 66-year-old
woman who had 3 weeks of progressive shortness of breath [32].
She had taken fluvastatin for 1 year prior to the onset of dyspnea.
She had bilateral crackles and a chest CT scan showing bilateral
patchy consolidations. Transbronchial biopsy showed OP and
proliferating fibroblasts extending along and branching within
alveolar ducts. She had a favorable response with prednisone after
cessation of the fluvastatin.
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Radiation therapy BOOP

This type usually occurs after breast cancer radiation [17],
although it may occur after lung cancer or lymphoma radiation.
Symptoms consist of fever and cough [33]; although, there may be
no respiratory symptoms and the abnormalities are seen as part
of cancer follow-up.

Post-breast radiation BOOP may occur in up to 2.3% of
women ([34-36]. Majori et al. reported spontaneous migration
of infiltrates from the irradiated lung to the contralateral non-
irradiated lung, and bronchoalveolar lavage showed an increase
in lymphocytes, mast cells, CD3 cells, CDS8 cells, and a decrease
in CD4 cells and the CD4:CD8 ratio [34]. Ogo et al. reported
a 1.8-2.2% incidence of BOOP among 2056 women receiving
radiation therapy for breast carcinoma [35]. Most developed
BOOP within 6 months of therapy. Unilateral ground-glass
opacities occurred in 70% of patients, and almost always out-
side the radiation field. In a study of 702 women, 16 (2.3%)
of them developed post-radiation BOOP [36]. Risk factors
included an age of 50 years or older, and women who had
received concurrent endocrine therapy. Tamoxifen was not a
risk factor.

Organ transplantation BOOP

This reaction has occurred in association with lung, bone mar-
row, stem cell, renal and liver transplantation. The fibrotic
bronchiolar airway disease constrictive bronchiolitis also occurs
in these organ transplant recipients, often more commonly,
and is a distinctive lesion not to be confused with BOOP,
as the inflammatory BOOP lesion is usually responsive to
corticosteroid therapy.

Initially, BOOP in lung transplant recipients was thought to be
rare and caused by viral respiratory infections. However, in a study
from Denmark of 2697 transbronchial biopsies from 299 lung
transplant recipients, BOOP occurred in 28% of lung transplant
recipients during the first month and an additional 23% up to
24 months post-lung transplantation [37]. They also demonstrated
that BOOP was a risk factor for subsequent pulmonary fibrosis
and constrictive bronchiolitis, the concentric, external fibrotic
bronchiolar lesion [37,38].

Individuals who have received bone marrow or stem cell trans-
plantation may develop BOOP during the first several months
after the procedure [39.40]. Yotsumoto ez al. found the develop-
ment of BOOP was between days 22 and 347 with a mean of
114 days [40]. This type may occur from activation of latent and
dormant adenovirus or cytomegalovirus, although there may be
a genetic basis. Yotsumoto ¢z 2. found a significantly high fre-
quency (p = 0.0069) of HLA B35 among bone marrow transplant
recipients who developed BOOP [40].

Occupational & environmental BOOP

The largest report of occupationally-related BOOP involved 22
tapestry air-brush workers in eight textile printing factories in
Spain [41.42]. The aerosol dye was implicated in causing the dis-
ease, and no new occurrences developed after a change in the
spraying process.

There has been a report of a woman who developed BOOP
after inhaling smoke during a house fire. BOOP has been
reported in a food spice-flavoring process technician [43], in a
worker after inhaling metal fumes, and in a worker after inhaling
heated paraffin oil.

Exposure to goose or duck feathers used to fill pillows or quilts
can cause BOOP [44]. The authors reported 13 individuals who
were all women, and symptoms of dyspnea and cough occurred
within 3 weeks to 5 years after exposure. Some had previous con-
tact with goose feathers and bird keeping. IgG specific antibodies
were detected to goose or duck feathers in all individuals. They
had a decreased diffusing capacity, eight with less than 50% pre-
dicted. Lavage showed lymphocytosis in all 13 individuals with a
mean of 53%. Lung biopsies showed BOOP in two, lymphocytic
alveolitis in eight, granulomas in three, and UIP in one patient(s).
Inhalation challenge tests were positive in three patients from
their own quilts or pillows. A short 4—6-week course of corticos-
teroid therapy was given with complete recovery observed in seven
patients. All individuals improved, some had residual fibrosis [44].

Miscellaneous known causes of BOOP

Aspiration BOOP from gastroesophageal reflux disease has been
reported in lung transplant recipients [45]. Particulate matter may
also cause aspiration BOOP [46]. Predisposing factors included
esophageal or esophageal or gastric causes, drug use and neu-
rological conditions. Foreign material usually included vegeta-
ble or food remnants, but also included talc or microcrystalline
cellulose, crospovidone and kayexalate [46].

Lymphoma and leukemia BOOP has been reported. Patients
with solid organ tumors had nodular or mass-like infiltrates,
while the opposite pattern occurred in patients with hematologic
malignancies had diffuse infiltrates [47.48]. Coronary artery bypass
graft surgery BOOP has been reported. HIV infection BOOP has
occurred as a result of the profound effect on the immune system
and T-lymphocytes.

BOOP associated with systemic disorders
Rheumatological or connective-tissue BOOP
Bronchiolitis obliterans OP associated with systemic disorders
is listed in Box 3. This type is most commonly found in lupus
erythematosus, rheumatoid arthritis and polymyositis/der-
matomyositis. It also occurs with scleroderma/progressive sys-
temic sclerosis, ankylosing spondylitis, polymyalgia rheumatica,
antisynthetase syndromes, mixed connective tissue disease,
Sjdgren’s syndrome, Sweet’s syndrome and Behget’s disease. Chest
radiographic findings are similar to the idiopathic type. This type
may occur prior to the diagnosis of a connective tissue disorder;
therefore, for certain patients, it can be useful to obtain screening
blood tests such as the rheumatoid factor, anti-dsDNA antibod-
ies, creatinine phosphokinase, and anticardiolipin antibodies for
antiphospholipid syndrome. BOOP has also occurred in juvenile
rheumatoid arthritis [49].

Immunological disorders causing BOOP include common
variable immunodeficiency syndrome and essential mixed
cryoglobulinemia.
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Inflammatory bowel disease BOOP
This type of BOOP occurs in Crohn’s disease and ulcerative coli-
tis. The chest CT scan typically shows patchy infiltrates with air
bronchograms (s0]. Myelodysplastic syndrome has been a cause of
BOOP [511: BOOP has occurred in Hunner’s interstitial cystitis,
chronic thyroiditis, alcoholic cirrhosis and primary biliary cirrhosis.
Seasonal BOOP was reported in 12 individuals in the UK [52).
They developed BOOP and liver abnormalities during late
February with spontaneous resolution in May, but with recurrence
the following year. The cause has not been identified, and may
have been due to an inhaled allergen or airborne toxic substance
during a specific time of year.

BOOP associated with underlying lung diseases
Lung abscess BOOP and lung cancer BOOP have been reported
(Box 4).

BOOP secondary to fibrosing lung disease

Itis necessary to determine if BOOP is part of an underlying lung
fibrosing process such as idiopathic pulmonary fibrosis in the form
of UIP and nonspecific interstitial pneumonia (NSIP) because the
differences in treatment and prognosis are profound [s3-ss]. The
UIP lesion consists of inflammation, fibroblastic foci, traction
bronchiectasis and honeycomb lung. The inflammatory compo-
nent of UIP is usually randomly scattered throughout the lung,
but sometimes it has the appearance of organized inflammation in
the form of BOOP. In addition, acute exacerbations of UIP may
be in the form of BOOP, and these patients have a better response
with high-dose corticosteroid therapy than patients with an acute
exacerbation showing diffuse alveolar damage [s6]. A misdiagnosis
of idiopathic BOOP may be made if the tissue from the lung
biopsy is too small to show the fibroblastic foci and disruptive lung
architecture of UIP. In these situations, BOOP does not progress
to a fibrosing process but it is part of the underlying UIP from
the beginning. The high-resolution chest CT scan can be used
to distinguish the two lesions. For BOOP, there are ground-glass
opacities without disruption of the lung architecture, and for UIP,
there is traction bronchiectasis and honeycombing.

The BOOP lesion association with NSIP is relatively common and
occurs in an individual who has an initial response to corticosteroid
therapy but then responds slowly or notat all. It is the same situation
as UIP, where the biopsy tissue shows the BOOP lesion, but is too
small to show the typical histologic features of NSIP. The high-
resolution chest CT scan can be useful to sort out these two disorders
owing to the disruption in lung architecture pointing to NSIP.

Distinguishing between these underlying fibrosing lung diseases
and BOOP is important to the clinician to be able to predict the
clinical course and outcome. Chronic eosinophilic pneumonia and
nodular sarcoidosis can have the same radiographic appearance as

BOOQOP, but can be distinguished by histological findings.

Pathogenesis of BOOP

The pathogenesis of BOOP is important to understand because
it explains why some treatments succeed and others fail. It is
an inflammatory lung disease caused by a cascade of cytokine

Box 3. Bronchiolitis obliterans organizing

pneumonia associated with systemic disorders.

Rheumatological or connective-tissue BOOP
e Rheumatoid arthritis

e |upus erythematosus

e Polymyositis/dermatomyositis

e Scleroderma/progressive systemic sclerosis
e Ankylosing spondylitis

e Polymylagia rheumatica

e Antisynthetase syndromes

e Mixed connective tissue disease

e Sjogren’s syndrome

e Sweet's syndrome

e Behcet's syndrome

Immunological disorders

e Common variable immunodeficiency syndrome
e Essential mixed cryoglobulinemia
Inflammatory bowel disease

e Ulcerative colitis

e Crohn’s disease

Myelodysplastic syndrome

Hunner’s interstitial cystitis

Chronic thyroiditis

Alcoholic cirrhosis

Primary biliary cirrhosis

Seasonal BOOP with cholestasis

BOOP: Bronchiolitis obliterans organizing pneumonia.

events and differs from the inflammation occurring in asthma,
chronic bronchitis, NSIP and UIP. The pathogenesis is not a
fibrotic process as seen in UIP.

Naturally timed apoptosis appears to be a major difference
between BOOP and UIP. There is an increased apoptotic activ-
ity in BOOP but not UIP [57]. The cytokine profile of BOOP
demonstrates an increased degree of macrophage and lymphocyte
activation with the T-1 response [58]. In the reovirus model,
T-lymphocytic cells have an important role in the pathogenesis,
as depletion of CD4* or CD8* T cells decreases the expression of
the proinflammartory cytokines [59].

Treatment & outcome of the multiple types of BOOP

Idiopathic BOOP may be monitored if symptoms are mild or
radiographic findings and pulmonary function tests do not show
severe abnormalities (Box 5). If it worsens, steroid medication can
be administered. Most of the time, however, prednisone at 0.5 to
1.0 mg/kg is introduced and is decreased over a 6-12 month
period [2). This usually begins with a 60-mg daily dose until
improvement and decreased to 40 mg with decreasing doses
pending the clinical course. A 40-mg dose can be administered
for less severe disease, and 6 months of treatment may be suffi-
cient for moderate disease [60]. The outcome is good, up to 80%
of patients are cured, and a 5% mortality rate continues to be
reported. The goal is to administer the least amount of prednisone
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Box 4. Bronchiolitis obliterans organizing

pneumonia associated with underlying
lung diseases.

e Lung abscess

e Lung cancer

e Fibrosing lung disease:
— Idiopathic pulmonary fibrosis/usual interstitial pneumonia
— Nonspecific interstitial pneumonia

for the shortest possible period of time. Prednisone can be given
on an every alternate day dosage schedule, which may decrease its
side effects. If the tuberculin test is positive, tuberculosis preven-
tive therapy is needed after ruling out active disease. Preumocystis
preventive therapy is needed for prolonged corticosteroid use as
well as evaluation for osteoporosis.

One-quarter to one-third of patients may have a relapse requir-
ing an additional course of prednisone therapy. The prednisone
can be restarted at 20 mg higher than the dose at relapse. For
individuals who relapse at 20 mg or less, the outcome is excellent,
while those that relapse at 40 mg or higher have a difficult course.
For this latter group, it is helpful to review the high-resolution
chest CT scan and biopsy owing to the fact that many of these
patients will have NSIP rather than idiopathic BOOP.

For patients who have an initial response to prednisone but later
fail to respond, a search must be undertaken for the diagnosis of
UIP or NSIP. Other reasons that steroid therapy fails include an
atypical type of BOOP or a diagnosis of bronchiolitis interstitial
pneumonia [61]. An additional very rare reason for nonresponsive
BOOP is dysfunction or loss of the gene responsible for producing
the enzyme to metabolize prednisone.

The macrolide antibiotics appear to be helpful in some patients
with BOOP [62-65]. In the 1980s, erythromycin at 400 mg daily
was found to have a profound influence on the mortality of diffuse
panbronchiolitis in Japan reducing the mortality from 90% to less
than 15%. In 1993, this form of treatment was found to be effec-
tive in six women with BOOP who responded to the treatment

Box 5. Bronchiolitis obliterans organizing pneumonia treatment.

e Clinical monitoring:

— No symptoms or mild radiographic findings for certain types of BOOP

e Corticosteroids:

— Prednisone 40-60 mg daily from 6 to 12 months, and shorter for certain types of

BOOP; clinical correlation is recommended
e Macrolides (3-month empiric course for certain types of BOOP):
— Azithromycin 250 mg three-times weekly
— Clarithromycin 500 mg twice daily

e Immune suppression agents (3-month empiric course and dosage according to type

of BOOP):

— Cyclophosphamide 100-125 mg daily

— Azathioprine 100-125 mg daily

— Mycophenolate mofetil, 1000 mg twice daily

BOOP: Bronchiolitis obliterans organizing pneumonia.

after 3 months of therapy [62]. The anti-inflammatory mechanism
includes an increase in the production of B-defensins, a decrease in
TNE-a expression and levels, a decrease in IL-8 production and
levels, a decrease in release of superoxide and elastase from stimu-
lated neutrophils; impaired phagocytic oxidative neutrophil bursts,
decreased neutrophil chemotaxis and survival, and importantly for
BOOD, increased apoptosis of lymphocytes as well as increased
apoptosis of neutrophils, histiocytes and eosinophils [64.65].
Although, macrolides may be used for patients who cannot be
treated with corticosteroid therapy, results may not always be sat-
isfactory. However, for BOOP, azithromycin at 250 mg three-
times weekly can be used, and anecdotally may be effective for
preventing recurrences. Stover demonstrated that clarithromycin
at 250 mg twice daily, can be successful [63].

Immune suppression agents such as cyclophosphamide or azathi-
oprine may be used for patients nonresponsive to corticosteroid ther-
apy. For cyclophosphamide, a 3-month trial at 100-125 mg daily
is given. Mycophenolate mofetil (CellCept®), given at 1000-mg
doses twice daily, may be helpful in some patients. There have been
no large-scale studies demonstrating effectiveness, although these
agents may be helpful on a case-by-case basis.

Rapidly progressive BOOP has a poor prognosis and high-dose
intravenous corticosteroid therapy is the best available treatment,
often in combination with intravenous cyclophosphamide [9]. Focal
nodular BOOP may gradually disappear without medications. A
brief course of moderate prednisone therapy will result in complete
resolution in most individuals. Post-infection BOOP is often respon-
sive to a brief course (weeks) of moderate-to-high dose prednisone
therapy. Drug-related BOOP has an excellent outcome. In mild
situations, the medication is stopped and BOOP resolves without
residual effects. If there are moderate-to-severe symptoms and wide-
spread BOOD, a brief course of a moderate dose of prednisone can be
given for complete resolution. Amiodarone BOOP is an exception
and may require high-dose prednisone for a longer period of time.

Radiation therapy BOOP has an excellent prognosis that can be
monitored for women who have no symptoms or minor symptoms.
For women with moderate or severe shortness of breath, a brief
course, usually weeks, of a moderate dose of
prednisone, usually beginning with 40 mg
daily can be administered. Relapses may
occur that require additional prednisone.
Macrolides have been shown to be helpful
in this situation [33].

Occupational and environmental BOOP
usually resolves after removal of the causative
agent or a brief course of prednisone. Some
of the textile workers had residual respiratory
dysfunction. Among the 13 individuals with
goose or duck down lung disease, a short
4—6-week course of corticosteroid therapy
was given with complete recovery in seven
patients. All individuals improved, some
without BOOP had residual fibrosis [44].

Aspiration BOOP may respond to

aggressive treatment of gastroesophageal
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reflux disease. Leukemia- and lymphoma-related BOOP has a
good response to prednisone treatment although patients with
leukemia may not respond as well as those with solid tumors.
AIDS-related BOOP is responsive to prednisone therapy.

Rheumatological or connective-tissue BOOP may respond well
to prednisone therapy although the percentage of complete resolu-
tion is less than that for the idiopathic form. Inflammatory bowel
disease BOOP is usually related to a rapid and sustained clinical
improvement with corticosteroid plus prednisone treatment, and
some patients can be monitored without treatment. Lung abscess
BOOQOP resolves with antibiotic treatment of the abscess or a small
dose of prednisone. Lung cancer BOOP usually responds to the
cancer treatment or a brief course of prednisone.

Pulmonary rehabilitation is an important element of managing
BOOP as individuals will learn about their disease and learn an
exercise program to improve their muscle conditioning, oxygen
efficiency and improved sense of control and well being.

In conclusion, there are many types of BOOP and making the
distinction among the different types has important clinical appli-
cation owing to the fact that knowing the different treatments for
the multiple types will result in successful management.

Expert commentary

This section will summarize what I think are some key points for
the diagnosis and treatment of the different types of BOOP. For
many individuals, BOOP is idiopathic and often presents as a
systemic disease with fever and flu-like symptoms. The radiographs
may appear more severe than symptoms. The rapidly progressive
idiopathic type is severe and associated with high mortality, while
the focal nodular type is almost always curable. Most post-respi-
ratory infection BOOP can be treated, but in some situations, it
must be recognized early. Amiodarone BOOP continues to be
an important drug-related reaction. Post-breast radiation BOOP

occurs in up to 2.3% of women, and can often be treated success-
fully. The occupational and environmental type continues to be
reported sporadically, and duck and goose down usually associated
with hypersensitivity pneumonia can cause BOOP. The BOOP
lesion associated with UIP and NSIP is an important distinction
because this is a secondary lesion and the treatment needs to be
directed toward UIP and NSIP. Prednisone continues to be the
most optimal treatment for BOOP. The macrolide antibiotics in
the form of azithromycin three-times weekly or clarithromycin
twice daily may be helpful in some patients. Cyclophosphamide or
azathioprine may be used on a case-by-case basis. Mycophenolate
mofetil has been used successfully. Pulmonary rehabilitation and
an exercise program is a beneficial adjunct for successful treatment.

Five-year view

Over the next 5 years, I hope to see continued reporting of new
and different types of BOOP as this information will be useful
to clinicians searching for an answer to the definitive diagnosis. I
would also like to see further characterization of BOOP as part of
NSIP and UIP, so patients will receive the appropriate diagnosis,
therapy, and prognosis. Further delineation of the cascade of cel-
lular events occurring in the pathogenesis will be useful to provide
a basis for discovering new treatment. During the next 5 years, |
hope to see the optimal setting, dose and duration of macrolide
antibiotic treatment for BOOP.
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Key issues

e Bronchiolitis obliterans organizing pneumonia (BOOP) is inflammation of the distal bronchioles, respiratory bronchioles, bronchiolar

ducts and alveoli.

capacity is moderately to severely decreased.

Clinical features include cough and shortness of breath and bilateral crackles. The vital capacity is slightly decreased, and the diffusion

e The high-resolution chest CT scan shows bilateral ground-glass opacities with air bronchograms, and triangular, pleura-based opacities

are almost pathognomonic.

Idiopathic, amiodarone and post-breast radiation BOOP are important types.
Corticosteroid therapy is the best treatment option, and the outcome is good, up to 80% of individuals are cured.
The macrolide antibiotics clarithromycin and azithromycin can be useful in certain situations.

e Immune-suppression agents including cyclophosphamide, azathioprine and mycophenolate mofetil can be useful on a

case-by-case basis.

References 2
Papers of special note have been highlighted as:
* of interest

ee of considerable interest

1 Epler GR, Colby TV. The Spectrum of °®
bronchiolitis obliterans. Chest 83, 161-162
(1983).

Epler GR, Colby TV, McLoud TC,
Carrington CB, Gaensler EA. Bronchiolitis
obliterans organizing pneumonia. V. Eng.
J. Med. 312, 152-158 (1985).

Original report of 50 patients with
bronchiolitis obliterans organizing
pneumonia (BOOP) demonstrating

the clinical, physiological and
radiographic findings, as well as
treatment outcomes.

3 Vasu TS, Cavallazzi R, Hirani A, Sharma
D, Weibel SB, Kane GC. Clinical and
radiologic distinctions between secondary
bronchiolitis obliterans organizing

www.expert—reviews .com

359



Epler

pneumonia and cryptogenic organizing Jjiroveci infection in orthotopic liver 25 Camus P, Martin WJ 2nd, Rosenow EC
pneumonia. Respir. Care 54, 10281032 transplantation. Transpl. Infect. Dis. 10, 3rd. Amiodarone pulmonary toxicity. Clin.
(2009). 339-342 (2008). Chest Med. 25, 65-75 (2004).

4 American Thoracic Society/European 15 Kilic D, Findikcioglu A, Kocer E, e This is an important cause of BOOP and
Respiratory Society. International Hatipoglu A. Unusual manifestation of this report reviews the clinical features,
multidisciplinary consensus classification of bronchiolitis obliterans organizing mechanism of action and outcomes of
the idiopathic interstitial pneumonias. Am. pneumonia. Act. Chir. Belg. 108, 468-470 amiodarone BOOP.

J. Respir. Crit. Care Med. 165, 277-304 (2008). 26 Barroso E, Hernandez L, Gil |, Garcia R,
(2002). 16 Deeren D, Lammertijn L, Van Dorpe J. Aranda I, Romero S. Idiopathic organizing

5 Cazzat(? Sj ZomPatori M, Bar.uz.zi Getal. Relapsing.in'ﬁltrates after Pneumocyst-is pneumonia: a relapsing disease. 19 years of
Bronchiolitis obliterans organizing pneumonia in stem cell transplant patients: experience in a hospital setting. Respiration
pneumonia: an Italian experience. Resp. think about BOOP! Acta Clin. Belg. 65, 74, 624—631 (2007).

Med. 94, 702_708‘(2000)' 200-201 (2010). 27 Vernhet H, Bousquet C, Durand G, Giron

6 Chang L Hfm Js Klm DW et ‘fL_ *  Important report because individuals J, Senac JP. Reversible amiodarone-induced
Bronchiolitis obliterans organizing can die from BOOP in certain lung disease: HRCT findings. Eur. Radiol.
pneumonia: clinicopathologic review of a clinical settings. 11, 1697-1703 (2001).
izgfjl;iﬁz If::;ig fiitmlcr;S ]1(r(1) f’i;:lzl;l\fe y 17 Epler GR. Bronchiolitis obliterans 28 Ott MC, Khoor A, Leventhal JP, Paterick
Sei 17 179g7186 (2002): ’ ' organizing pneumonia (BOOP) induced by TE, Burger CD. Pulmonary toxicity in

’ drugs and radiotherapy. In: Drug-Induced patients receiving low-dose amiodarone.
7 Oymak FS, Demirbas HM, Mavili E ez al. and Iatrogenic Respiratory Disease. Hodder Chest 123, 646651 (2003).
Bronchiolitis obliterans organizing Arnold, London, England. Chapter 14, 50 Omeroglu G. Kalugina Y, Ersahin C
pneumol.ﬂa. Clinical and'roegtgenological 268-279 (2010). \WojcikgEM. lﬁmiocgi;arone) lung toxici;y ina
features in 26 cases. Respiration 72, . . . . L
254-262 (2005). . R?vww of more than 35 drugs assocnat.ed c§rd1ac transplant candidate .mlt'lally
with BOOP and demonstrates the basis diagnosed by fine-needle aspiration:
8 ]C_}I}lnjdmundsgorl; G(,iS:{fein.sscl)_rll 2 ’ ISTkSS;; for each class of medication. cytologic, histologic, and
, Jonsson S, Frodadottir H, Aspelund T. i i i ;
Epidemiology of organizing pneul:nonia in 18 Fenton ME, Kanthan R, Cockeroft DW. eCl’e:gt rﬁ;jf;f;gig;j 1(;%)505 e
Iceland. Thorax 61, 805—808 (2006). Nitrofurantoin-associated bronchiolitis Jtop e . .
obliterans organizing pneumonia: report of 30 Allam JP, Paus T, Reichel C, Bieber T,
9 i/'[;g(ee (;M,t])ipler GR. HO‘;’ tlo ) a case. Can. Respir. J. 15, 311-312 (2008). Novak N. DRESS syndrome associated
ifferentiate between acute fulminant i i i
BOOP and AIP. /. Resp. Dis. 23, 459-466 19 ;:}:)bb E, Klmbrf)lfgh RC, Nug(?nt KM, ;‘-’lgle:;ZiTiZf[;lggj;ZZPéeggg‘ln. Eur.
(2002). y MP. Organizing pneumonia and .
pulmonary eosinophilic infiltration 31 Bishay A, Amchentsev A, Saleh A, Patel N,

10 Cha'kravorty L, Qldﬁeld W]'w .G'émez. CM. associated with daptomycin. Ann. Travis W, Raoof S. A hitherto unreported
Rapld.ly- progressive b.ronchlollfls obl.lterans Pharmacother. 41, 696701 (2007). pulmonary complication in an IV heroin
ooy e an ek cute 20 Shinde A, Sif A, Dele 5, Mowstfy pher Cher 133, 2197531 2009,
respiratory distress syndrome and Hussein WH, Ohebsion J. Daptomycin- 32 Naccache JM, Kamb'ouchne.r M, G}rard F
multi-organ dysfunction: a case report. induced pulmonary infiltrates with et al. Relapse of resp.lr.atory 1nsufﬁc%ency
] Med. Case Report.r 2, 145 (2008). eosinophilia.j jnfém 58, 173-174 (2009). one )fear after organizing pneumonia. Eur.

11 Beasley MB, Franks TJ, Galvin JR, 21 Yokogawa N, Alcid DV. Acute fibrinous Respir. J. 24, 1'0.62_1065 (2004}

Gochuico B, Travis WD. Acute fibrinous and organizing pneumonia as a rare 33 Stover ,DE’ Milite F, ZakOVYSk.l M. A newly
and organizing pneumonia: a histological presentation of abacavir hypersensitivicy recogm.zefi .syndr‘omc - radLatlon-fc!ated
pattern of lung injury and possible variant reaction. AIDS 21, 2116-2117 (2007). bronchlol'ms obl{tera'lns and organizing

of diffuse alveolar damage. Arch. Pathol. 22 Garrido M, O’Brien A, Gonzdlez S, pneumonia. Respiration 68, 540-544 (2001).
Lab. Med. 126, 1064-1070 (2002). Claverio JM, Orellana E. Cryptogenic 34 Majori M, Poletti V, Curti A, Corradi M,

12 Maldonado F, Daniels CE, Hoffman EA, organizing pneumonitis during .Falcone F,. P?s.ci A. .Bronchoalvec.)le}r lavage
Yi Es, Ryu JH. Focal organizing oxaliplatin chemotherapy for colorectal n beﬂCh}Olltl.S obliterans organizing
pneumonia on surgical lung biopsy: causes, cancer: case report. Chest 132, 1997-1999 pneumonia primed by radlatlon therapy to
clinicoradiologic features, and outcomes. (2007). ;};;b;ezztkgbzgél)erg Clin. Immunol. 105,
Chest 132, 1579-1583 (2007). 23 Fekrazad MH, Eberhardt S, Jones DV, Lee B :

13 Kessler AT, Al Kharrat T, Kourtis AP. FC. Development of bronchiolitis % Ogol, Kom:.iki. R, .Fujimoto Ker a'/. A
Cryptococcus neoformans as a cause of obliterans organizing pneumonia with suEvey of radlatlf)r.l—mduced br0.r1ch1011t1s
bronchiolitis obliterans oreanizin platinum-based chemotherapy for obliterans organizing pneumonia syndrome

ganizing ) ) : .
pneumonia. J. Infect. Chemother. 16, metastatic rectal cancer. Clin. Colorectal after breast.—conservmg }herapy in Japan.
206-209 (2010). Cancer 19, 177-178 (2010). Int. J. Radiat. Oncol. Biol. Phys. 71,
14 Almaslmani M, Derbala ME, Albozom L, 24 Salvucci M, Zanchini R, Molinari A ez al. 123-131 (2008).
Khattab M, Chacko K, Alani A. Lung toxicity following fludarabine, °s  Post-breast radiation BOOP is an
Bronchiolitis obliterans organizing cytosine arabinoside and mitoxantrone important lesion for the clinician. This
peumonia associated with Preumocystis (FLAN) treatment for acute leukemia. article shows the clinical features and
Haematologica 85, 769-770 (2000). outcomes of this type of BOOP.
360 Expert Rev. Respir. Med. 5(3), (2011)




BOOP, 25 years: a variety of causes, but what are the tfreatment options?

36

37

38

39

40

41

42

43

44

Katayama N, Sato S, Katsui K ez 4/.
Analysis of factors associated with
radiation-induced bronchiolitis obliterans
organizing pneumonia syndrome after
breast-conserving therapy. /nz. J. Radiat.
Oncol. Biol. Phys. 73, 1049-1054 (2009).

This report about breast radiation BOOP
shows that some patients can be
monitored without treatment while others
may require up to 3 years of treatment.

Burton CM, Iversen M, Carlsen J, Andersen
CB. Interstitial inflammatory lesions of the
pulmonary allograft: a retrospective analysis
of 2697 transbronchial biopsies.
Transplantation 86, 811-819 (2008).

Epler GR. Constrictive bronchiolitis
obliterans: the fibrotic airway disorder.
Expert Rev. Resp. Med. 1, 139-147 (2007).

Yoshihara S, Yanik G, Cooke KR, Mineishi
S. Bronchiolitis obliterans syndrome
(BOS), bronchiolitis obliterans organizing
pneumonia (BOOP), and other late-onset
noninfectious pulmonary complications
following allogeneic hematopoietic stem
cell transplantation. Biol. Blood Marrow
Transplant. 13, 749-759 (2007).

Yotsumoto S, Okada F, Yotsumoto S et al.
Bronchiolitis obliterans organizing
pneumonia after bone marrow
transplantation: association with human
leukocyte antigens. /. Comput. Assist.
Tomogr. 31, 132-137 (2007).

Camus P, Nemery B. A novel cause for
bronchiolitis obliterans organizing
pneumonia: exposure to paint aerosols in
textile workshops. Eur. Respir. J. 11,
259-262 (1998).

Useful review of an unusual occupational
cause of BOOP.

Flors L, Domingo ML, Leiva-Salinas C,
Mazén M, Rosells-Sastre E, Vilar J.
Uncommon occupational lung diseases:
high-resolution CT findings. A/R Am.
J. Roentgenol. 194, W20-\W26 (2010).

Alleman T, Darcey DJ. Case report:
bronchiolitis obliterans organizing
pneumonia in a spice process technician.

J. Occup. Environ. Med. 44, 215-216 (2002).
Koschel D, Wittstruck H, Renck T, Miiller-
Wening D. Héffken G. Presenting features

of feather duvet lung. Int. Arch. Allergy
Immunol. 152, 264-270 (2010).

Hypersensitivity pneumonitis or allergic
alveolitis is usually observed in this type
of immune-based lung disease; however,
this report includes the finding of BOOP
in individuals who have developed a lung
sensitivity to goose and duck down
pillows and quilts.

45

46

47

48

49

50

51

52

53

55

Miyagawa-Hayashino A, Wain JC, Mark
EJ. Lung transplantation biopsy specimens
with bronchiolitis obliterans or
bronchiolitis obliterans organizing

pneumonia due to aspiration. Arch. Pathol.
Lab. Med. 129, 223-226 (2005).

Mukhopadhyay S, Katzenstein AL.
Pulmonary disease due to aspiration of
food and other particulate matter: a
clinicopathologic study of 59 cases
diagnosed on biopsy or resection
specimens. Am. J. Surg. Pathol. 31, 752759
(2007).

Mokhtari M, Bach PB, Tietjen PA, Stover
DE. Bronchiolitis obliterans organizing
pneumonia in cancer: a case series. Respir.
Med. 96, 280-286 (2002).

Martinez-Gallo M, Puy C, Ruiz-
Hernandez R et 2/. Severe and recurrent
episodes of bronchiolitis obliterans
organizing pneumonia associated with
indolent CD4* CD8* T-cell leukemia. Eur.
Respir. J. 31, 1368-1372 (2008).

Sohn DI, Laborde HA, Bellotti M, Seijo L.
Juvenile rheumatoid arthritis and
bronchiolitis obliterans organized
pneumonia. Clin. Rheumatol. 26, 247-250
(2007).

Gil-Simén P, Barrio Andrés J, Atienza
Sdnchez R, Julidn Gémez L, Lépez Represa
C, Caro-Patén A. Bronchiolitis obliterans
organizing pneumonia and Crohn’s
disease. Rev. Esp. Enferm. Dig. 10, 175-177
(2008).

Garg R, Soud Y, Lal R, Mehta N, Kone
BC. Myelodysplastic syndrome manifesting
as Sweet’s Syndrome and bronchiolitis
obliterative organizing pneumonia. Am.

J. Med. 119, ¢5—¢7 (2006).

Spiteri MA, Klenerman P, Shepard MN,
Padley S, Clark TJK, Newman-Taylor A.
Seasonal cryptogenic organizing
pneumonia with biochemical cholestasis:
a new clinical entity. Lancer 340, 281-284
(1992).

Wilson MS, Wynn TA. Pulmonary
fibrosis: pathogenesis, etiology and
regulation. Mucosal. Immunol. 2, 103—121
(2009).

Kligerman SJ, Groshong S, Brown KK,
Lynch DA. Nonspecific interstitial
pneumonia: radiologic, clinical, and
pathologic considerations. Radiographics

29, 73-87 (2009).

Park IN, Jegal Y, Kim DS ez al. Clinical
course and lung function change of
idiopathic nonspecific interstitial
pneumonia. Eur. Respir. J. 33, 68—76
(2009).

56

57

58

59

60

62

63

64

65

Churg A, Wright JL, Tazelaar HD. Acute
exacerbations of fibrotic interstitial lung
disease. Histopathology 58(4), 525-530 (2010).

Important report because some acute
exacerbations of usual interstitial pneu-
monia/idiopathic pulmonary fibrosis are
from a treatable lesion in the form of BOOP.

Lappi-Blanco E, Soini Y, Piikks P.
Apoptotic activity is increased in the newly
formed fibromyxoid connective tissue in
bronchiolitis obliterans organizing

pneumonia. Lung 177, 367-376 (1999).

Forlani S, Ratta L, Bulgheroni A ez al.
Cytokine profile of broncho-alveolar lavage
in BOOP and UIP. Sarcoidosis Vasc. Diffuse
Lung Dis. 19, 47-53 (2002).

Majeski EI, Paintlia MK, Lopez AD, Hatley
RA, London SD, London L. Respiratory
reovirus 1/L induction of intraluminal
fibrosis, a model of bronchiolitis obliterans
organizing pneumonia, is dependent on

T lymphocytes. Am. J. Pathol. 163,
1467-1479 (2003).

Lazor R, Vandevenne A, Pelletier A, Leclerc
P, Court-Fortune I, Cordier JF.
Cryptogenic organizing pneumonia.
Characteristics of relapses in a series of

48 patients. Am. J. Respir. Crit. Care Med.
162, 571-577 (2000).

Mark EJ, Ruangchira-Urai R. Bronchiolitis
interstitial pneumonitis: a pathologic study
of 31 lung biopsies with features intermediate
between bronchiolitis obliterans organizing
pneumonia and usual interstitial
pneumonitis, with clinical correlation.

Ann. Diagn. Pathol. 12, 171-180 (2008).

Ichikawa Y, Ninomiya H, Katsuki M,
Hotta M, Tanaka M, Oizumi K. Low-
dose/long-term erythromycin for treatment
of bronchiolitis obliterans organizing
pneumonia (BOOP). Kurume Med. J. 40,
65-67 (1993).

Stover DE, Mangino D. Macrolides: a
treatment alternative for bronchiolitis
obliterans organizing pneumonia? Chest
128, 3611-3617 (2005).

Vanaudenaerde BM, Vos R, Meyts I ez al.
Macrolide therapy targets a specific
phenotype in respiratory medicine: from
clinical experience to basic science and
back. Inflamm. Allergy Drug Targets 7,
279-287 (2008).

Friedlander AL, Albert RK. Chronic

macrolide therapy in inflammatory airways
diseases. Chest 138, 1202—1212 (2010).

Updated review of the use and mechanism
of the macrolide antibiotics

in inflammatory lung disease,

including BOOP.

www.expert—reviews .com

361



