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Background. Radiation therapy for breast cancer has been
implicated in the development of bronchiolitis obliterans
organizing pneumonia (BOOP). This inflammatory lung disorder
was first noted in 1983, and there have been numerous reports
of BOOP occurring in women who have had radiation therapy for
breast cancer since 1995. This study was undertaken to perform
asystematic review of postradiotherapy BOOP to determine the
occurrence, presentation, treatment, and outcome.

Materials and Methods. A systematic literature review was
conducted according to the guidelines provided by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses report.
Results. The literature search yielded 10 Japanese epidemio-
logical reports with 129 women, 4 case series reports with 36

women, and 24 case reports with 34 women. Common
symptoms included fever, cough, and shortness of breath.
Most patients received corticosteroid therapy, and duration of
treatment ranged from 6 months to 1 year, although some
patients received steroids for longer than 1 year because of
relapse, which occurred in approximately one half of patients.
No deaths have been reported.

Conclusion. BOOP is a rare but significant complication from
radiation therapy for breast cancer. Chest radiographic studies
for women who report new respiratory symptoms during the
postradiation period can be beneficial for early diagnosis and
for guiding appropriate management. The Oncologist 2014;
19:1216-1226

Implications for Practice: Bronchiolitis obliterans organizing pneumonia (BOOP) is a rare but potentially serious complication of
radiation therapy for breast cancer. Pulmonary symptoms occur within several weeks to a year or more after completion of
radiation. Initial signs and symptoms suggest pneumonia, but symptoms and lunginvolvement progress despite antibiotic therapy.
- The pulmonary infiltrates may be in the opposite lung from the radiation field. Patients without symptoms can be monitored, and
those with moderate to severe BOOP usually require corticosteroid therapy. Clinical oncologists and radiation oncologists

managing these patients need to consider obtaining diagnostic chest radiographic studies for women who report new respiratory

symptoms during the late radiation or postradiation period.

INTRODUCTION

The American Cancer Society estimates that 232,670 women
and 2,360 men in the United States will be diagnosed with
breast cancer in 2014 [1]. An additional 62,570 women are
expectedto be diagnosed with breast carcinomain situ or stage
0 breast cancer, and 90% of them will have ductal carcinoma in
situ [2]. The 1991 NIH consensus report on the treatment of
early stage breast cancer recommended that a lumpectomy
followed by radiation therapy is the preferable treatment of
early stage breast cancer because “it provides survival rates
equal to that of total mastectomy and axillary dissection while
preserving the breast” [3]. By 2000, breast conservation
therapy was used more often than mastectomy for women
with early stage breast cancer [4]. For men with breast cancer,

radiotherapy was given to 35% having lumpectomies and 21%
having mastectomies [5].

Radiation therapy after lumpectomy has traditionally
consisted of megavoltage radiation to the whole breast
at a dose of 45-50 Gy (1.8-2 Gy per fraction) [3]. Recently,
different radiation therapy methods and regimens have been
developed and adopted in varying degrees. These newer
regimens include intensity-modulated radiation therapy, ac-
celerated whole-breast irradiation, hypofractionated whole-
breast irradiation, accelerated hyperfractionated whole-
breast irradiation, partial-breast irradiation, brachytherapy,
and intraoperative radiation therapy. Many of these methods
use advances in imaging and treatment planning that may
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help localize the radiation dosage and subsequently minimize
toxicity to adjacent organs.

Radiation pneumonitis is a general term that includes both
inflammatory lesions and fibrotic lesions. Bronchiolitis oblit-
erans organizing pneumonia {BOOP) is a specific term used for
theinflammatory response, which isthe most common form of
radiation pneumonitis. The terms organizing pneumonia and
secondary organizing pneumonia are also used for this
inflammatory response. The term BOOP will be used in this
report because it is currently recognized and used throughout
the world [6—8] and is used for the nonidiopathic forms such as
radiation therapy BOOP [9]. It is a specific pulmonary lesion
recognized by pathologists with a characteristic clinical
pattern. For patients, BOOP is easy to remember, and the
term is used to advance their understanding of the disease by
obtaining accessible scientific publications.

BOOP is a potentially serious complication of radiation
therapy for breast cancer. This inflammatory lung disorder was
notedin 1983 [10] and published as a distinct clinical syndrome
in 1985 [11]. It is defined as “organized polypoid granulation
tissue in the distal airways extending into the alveolar ducts
and alveoli” [11]. Clinical manifestations include fever, cough,
shortness of breath, and fatigue. Chest radiographs typically
show bilateral patchy infiltrates [11, 12]. Chest computed
tomography (CT) findings show ground-glass opacities and air-
space consolidation ranging from 2 cm to extensive bilateral
disease[11,12]. Nodular opacities may be seen, and distinctive
triangular-shaped pleural-based densities with air broncho-
grams are common [12].

Pulmonary function tests show slight decrease in vital
capacity and moderate decrease in diffusing capacity [12].
Patients with moderate or severe BOOP may require hos-
pitalization. Lung biopsies show “well-formed plugs of
edematous granulation tissue involving terminal and respira-
tory bronchioles extending into alveolar ducts and alveoli
including polypoid plugs infiltrated by nests of chronic
inflammatory cells” [11]. Some biopsies are characterized by
fatty alveolar macrophages and by sparse interstitial infiltrates
of lymphocytes and plasma cells [12]. Corticosteroid therapy
remains the mainstay of therapy [11, 12]. Relapses occur
among one-quarter to one-third of patients when their cor-
ticosteroid dose is tapered or stopped; however, patients
respond to a second or multiple courses of corticosteroid
therapy at similar doses with eventual resolution over time;
there appears to be no development of resistance to cor-
ticosteroid therapy [12]. If there is no response to corticosteroid
therapy, the process may represent a fibrosing lung disease
and not primary BOOP. Up to 80% of patients with BOOP are
cured, and mortality has been estimated to be about 5% [12].

In 1995, two reports from France described BOOP
occurring among three women who had received radiation
therapy for breast cancer [13, 14]. Additional reports were
published from the United States, Japan, and other countries
[6, 15-49]. Large-scale epidemiological reports have been
published from Japan, where prevalence ranged from 0.8% to
2.9% [15-24]. Most of these patients received traditional
whole-breastirradiation. It remains to be determined whether
newer radiotherapy methods and regimens will decrease the
risk of BOOP associated with breast cancer radiation therapy.
Conventional tangential fields used in breast cancer radiation
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therapy may induce inflammation of the subpleural regions of
the lung, and it has been proposed that radiation therapy
primes the lung for the development of BOOP by inducing
activation of pulmonary lymphocytes [25]; thus there may
be an interaction between radiotherapy and the immune
system [18].

Conventional tangential fields used in breast cancer
radiation therapy may induce inflammation of the
subpleural regions of the lung, and it has been
proposed that radiation therapy primes the lung for
the development of BOOP by inducing activation of
pulmonary lymphocytes; thus, there may be an
interaction between radiotherapy and the immune

system.

This study was undertaken to describe an additional case
and to perform a systematic review of postradiotherapy
BOOP occurring in patients with breast cancer by exploring
frequency, clinical and chest imaging findings, treatment,
and outcome.

MATERIALS AND METHODS

Case Report

Figure 1A shows a chest CT scan of a 51-year-old woman who
had a nonproductive cough and fever to 101°F at 9 months
after completion of accelerated whole-breast irradiation and
boost radiation to the right breast for ductal carcinoma in situ.
Her course of radiation therapy was complicated, with severe
fatigue beginning on day 2 and complaints of shortness of
breath midway through her treatments. A chest x-ray several
days prior to this chest CT scan showed right midlung airspace
opacification and an ill-defined right upper-lobe nodular
opacity. Pneumonia was diagnosed, and doxycycline was
given. After 5 days with no change in the febrile response,
azithromycin and a third-generation cephalosporin were
given. During this time, legionella titers suggested an active
infection. She remained febrile and reported increased
coughing, shortness of breath, and chest pain with deep
inspiration. She was hospitalized and given intravenous
antibiotics, supplemental oxygen, and nebulizer treatments.
Symptoms worsened during the next 3 days, with persistent
fever, chills, and sweats. The chest CT scan (Fig. 1A) showed
patchy ground-glass and consolidated opacities in the right
upper, middle, and lower lungs within and outside the
radiation field. Bronchoscopy with biopsy showed organizing
pneumonia associated with foamy histiocytes (Fig. 1B). In-
travenous methylprednisolone was given; symptoms im-
proved within 24 hours, and fever subsided. After 6 days of
intravenous steroid, the patient was discharged home with
prednisone 60 mg daily.

Three months later, at the prednisone dosage of 20 mg
daily, she developed fatigue, malaise, chills, and sweats. Chest
x-ray showed a new right middle-lung opacity consistent with
a BOOP flare that responded to prednisone at 35 mg daily. An
additional 3 months of prednisone was given, with resolution
of symptoms and complete clearing of the chest x-ray and the
chest CT scan.
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Figure1. Imaging ofawoman who had accelerated whole-breast irradiation plus boost radiation to the right breast. (A): Chest computed
tomography (CT) scan showing right-sided consolidations and ground-glass opacities with air bronchograms. There was complete
resolution after 7 months of corticosteroid therapy. (B): This medium-power photomicrograph of the transbronchial biopsy shows
organizing pneumonia and interstitial histiocytes. {C): Follow-up chest CTscan 2 weeks afterdiscontinuing corticosteroid therapy showing
new right ground-glass opacities with an air bronchogram and new left-sided ground-glass opacities posteriorly.

Ten days after discontinuing prednisone, the patient
developed headache and fever of 100.8°F, and she was treated
with azithromycin for a presumed sinus infection. Symptoms
progressed to cough and shortness of breath. The chest x-ray
showed new left lower-lung and right upper-lung infiltrates
with air bronchograms. She was hospitalized and given
intravenous methylprednisolone, and azathioprine therapy
was given as a steroid-sparing agent because she had multiple
toxicities from prednisone. During this time, left lower-
extremity soleal vein thrombosis developed that was initially
managed without anticoagulation therapy, and she was
discharged home with prednisone 40 mg per day.

Several days later, progressive shortness of breath de-
veloped, and a CT angiogram showed an acute pulmonary
embolism and new right-sided ground-glass opacities and left-
sided consolidations (Fig. 1C). She was treated with 6 months
of warfarin, and tamoxifen was discontinued because of the
pulmonary embolism. Symptoms resolved, and the chest CT
scan showed normal lungs. The prednisone and azathioprine
therapy were to be discontinued after 1 year; however, severe
corticosteroid withdrawal symptoms developed that required
13 additional months of gradual dose reduction. The aza-
thioprine was given for 1 yearand the prednisone was givenfor
a total of 3 years, half of the time for treatment of BOOP and
half for weaning from prednisone.

Literature Review

The systematic literature review was conducted according
to the guidelines provided by the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses report (PRISMA
Statement) [S0]. The PubMed literature search using keywords
that included breast, radiotherapy, BOOP, organizing, and
cryptogenic showed 36 studies for review after screening
for duplications, relevance, and English-language text. Two
additional references were manually identified from the
references listed in these studies. A total of 38 references
were categorized into epidemiological reports, case series
reports, and case reports.

RESULTS
Ten Japanese epidemiological studies were identified [15-24].
Several studies were fromasingle institution [16,17, 20, 21, 23,
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24], and one study was a survey among 20 institutions (Table 1)
[18]. These reports described BOOP occurring in 129 of 7,671
women (1.7%), and studies showed a range of prevalence from
0.8% to 2.9% [15~24]. Five of the 9 reports showed patients
received a traditional whole-breast irradiation protocol of 50
Gyin25fractions [19-21,23,24], 1 report showed 248 patients
received hypofractionated whole-breast radiotherapy [17], 1
report included patients who received whole-breast irradia-
tion oraccelerated hyperfractionated whole-breast irradiation
[15], and there was no information about the radiation
protocol for 3 reports. Boost radiation was given from 0% [23]
to 75% [15]. A pulmonary follow-up protocol consisting of
scheduled chest radiographs during the year after treatment
was used in six studies [15-17, 20, 21, 24], and chest
radiographs were performed in three studies if respiratory
symptoms developed [18, 19, 23].

Clinical and treatment data in Table 2 show that 100% of
women were nonsmokers in 5 studies [15, 16, 18, 21, 23]; 1
study reported 88% nonsmokers [24], and another study
reported 92% nonsmokers [20]. The majority of women
received hormonal therapy, and those receiving chemother-
apy ranged from 0% [22] to 60% [23]. The latency period to
onset of pulmonary symptoms ranged from onset during
radiation therapy [18] to 23 months after completion of
therapy [20]. Cough, usually without sputum production, was
the most common symptom and in 50%~100% of patients.
Fever occurred in 41%-100% of patients. Although the
majority of patients were symptomatic, one report showed
15% were asymptomatic [24], another showed 16% were
asymptomatic [18], and another report showed 50% were
asymptomatic [21]; however, itis possible that data from some
patients may have been included in both reports, given that
there was an overlap in authorship [18, 21].

Biopsy rates varied from 27% [18] to 100% [15, 16]; 4 of the
studies did not report any biopsy data [17, 19, 21, 24]. Across
the studies, biopsy data were available for 36 patients. Biopsy
results consistent with BOOP were reported for 33 patients,
and 3 had biopsy results that were not diagnostic. Contralateral
involvement of BOOP occurred from 8% [21] to 100% [17].
Regarding corticosteroid treatment, none of the patients
received this treatment in a study in which 50% of patients
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Table 1. Study and radiation therapy characteristics from 10 epidemiological Japanese studies

BOOP, Radiation Radiation  Radiation Chest x-ray
Investigators Year Total(n) n(%) dates Radiation type dose (Gy) fractions Boost (%) protocol
Takigawaetal. 2000 157 4{2.5) 1996-1998 WBland 50 250r34 75 g6 mo
[15] hyper-AWBI
Miwaetal. [16] 2004 206 5(2.4) 1992-2002 50-60 q3-4 mo
Fujiietal. [17] 2008 248 2(0.8) 2003-2005 HF-AWBI 425-47.8 16t020 Preand g6 mo
Ogoetal. [18] 2008 2,056 37(1.8) 1990-2000 44-52 32
[Klagt?yama etal. 2009 702 16(2.3) 1995-2006 W8I 50 25 6 Symptoms
Kubo etal. [20] 2009 413 12(2.9) 2005-2007 WBI 50 25 50 g3 mo
Ogoetal [21] 2010 616 12(1.9) 1992-2008 W8I 50 25 Preandg3 mo
Kanoetal. [22] 2012 441 10(2.3) 2005-2009 40 or 50 50
Oie et al. [23] 2013 428 5{1.2) 2002-2009 W8I 50 25 0 Symptoms
Otanietal. [24] 2014 2,404 26(1.1) 1997-2011 WBI 50 25 15 g2 mo

Empty cells indicate data not reported in publication.

Abbreviations: AWBI, accelerated whole-breast irradiation; BOOP, bronchiolitis oblilterans organizing pneumonia; HF-AWBI, hypofractionated
accelerated whole-breast irradiation; mo, months; pre, pretreatment; g, every; WBI, whole breast irradiation.

were asymptomatic [21]; 1 study reported that 27% received
corticosteroid [24], 4 studies reported that more than 50%
received corticosteroid therapy [18-20, 22], and 4 reports
showed that 100% of patients received corticosteroid therapy
[15-17, 23]. Relapses ranged from 0% to 100% [15, 18], and
one patient had five relapses [23]. They typically occurred
during decreasing doses of corticosteroid or soon after
treatment was discontinued [15, 17]. Four patients received
corticosteroid therapy for more than 2 years, and 1 patient
received therapy for 3.7 years [19]. Otani et al. [24] retro-
spectively compared patients who received corticosteroid
therapy {n = 7) with patients who did not receive steroids
{n = 19).They reported that relapse occurred in 71% of those
treated with steroids and 16% of those not receiving steroids.

Four case series reports were published (Table 3). The most
comprehensive of these reports was published by Crestani
et al. in 1998 [25]. These investigators surveyed the Group
d’Etudes et de Recherche sur les Maladies “Orphelines”
Pulmonairesin France, consisting of 40 pulmonary centers.The
survey showed 15 women developed BOOP after breast
radiation and 87% were nonsmokers. Radiation dosage ranged
from 45 Gy to 55 Gy, and 36% received boost treatment.
Pulmonary symptoms occurred from 3 to 47 weeks after
treatment. Symptoms included fever (100%), cough (87%),
malaise (87%), and dyspnea (60%). The contralateral lung was
involved in 47% of patients. Seven patients had lung biopsies,
and these were diagnostic for BOOP in five and compatible
with BOOP in one; one biopsy did not contain sufficient tissue
for analysis. All 15 patients were treated with corticosteroids,
and duration of treatment ranged from 17 weeks to more than
100 weeks, with 3 patients remaining on steroids at the time of
publication. The relapse rate was 80%.

in an ltalian case series study, 11 women developed
postradiation BOOP, and they received whole-breast irradia-
tion at a dose ranging from 40 Gy to 56 Gy, 82% were
nonsmokers, latency was from 6 to 32 weeks, and 18% were
asymptomatic [26]. Because patients required biopsy results
for study entry, all 11 patients were biopsied in the non-
irradiated lung, and biopsy results for all were consistent with
BOOP. In another Italian study, 5 women had breast irradiation
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at doses from 46 Gy to 60 Gy, and latency was from 13 to 24
weeks [6]. All patients had lung biopsies, and all were
consistent with BOOP. In a nonbiopsy Romanian case series
study, bronchoalveolar lavage fluid showed increased lym-
phocytes, neutrophils, eosinophils, and mast cells [27].

Atotal of 24 publications from Japan, France,the U.S., The
Netherlands, Belgium, Italy, Spain, Portugal, Poland, Turkey,
and the U.K. described BOOP in 34 individual patients [13, 14,
28-49]. Patient characteristics (Table 4) showed the age
ranged from 42 to 92 years, with 76% of the patients in their 50s
or 60s. Smoking status among 14 patients showed that 9 were
nonsmokers, 3 were former smokers, and 2 were current
smokers. Types of breast cancer included ductal carcinoma in
situ, invasive breast cancer, breast cancer with chest wall
metastasis, and postmastectomy patients receiving adjuvant
radiation therapy. Radiation treatment protocols showed that
24 women received traditional whole-breast irradiation [13,
14, 28, 3032, 34~38, 44-46, 48, 49], 5 received chest wall
irradiation [29, 39, 40, 43], 2 received hypofractionated whole-
breast irradiation [33, 47], and 2 received partial-breast
irradiation delivered by external beam [41]. Thirteen patients
received boost treatment, and 18 received hormonal therapy.
Five patients received chemotherapy that included cyclophos-
phamide, methotrexate, fluorouracil, doxorubicin, and doce-
taxel; two also received the HER-2/neu receptor antagonist
trastuzumab [33, 44].

Presenting symptoms (Table 5) show the majority of
women were symptomatic, whereas three were asymptomatic
and were diagnosed from chestimagingabnormalities [30, 44].
Latency ranged from 2 weeks to 10 months, and 56% of women
developed pulmonary symptoms within the first 3 months
after radiation therapy.

Symptoms included fever (29 patients), nonproductive
cough (20 patients), and shortness of breath (14 patients). Less
frequently reported symptoms included malaise and fatigue
(8 patients) and weight loss (3 patients). Headache, sweating,
and pleuritic pain were reported by some patients. Chest
radiographs showed infiltrates with air bronchograms [13,
29-31, 33, 36, 38, 39, 41, 43, 44] and consolidations [14, 28, 35,
45, 47]. Chest CT scans showed ground-glass opacities with air
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Table 2. Patient clinical and treatment characteristics from 10 epidemiological Japanese studies

Fujii
Clinical Takigawa Miwa etal. Ogo et al. Katayama Kubo Ogo Kano QOie etal. Otani
characteristics et al. [15] etal. [16] [17] [18] etal.[19] etal.[20] etal. [21] etal.[22] [23] et al. [24]
BOOP, n 4 5 2 37 16 12 12 10 5 26
Nonsmokers, % 100 100 100 92 100 100 88
Hormonal 75 80 76 94 83 92 67 60 65
therapy, %
Chemotherapy, 50 20 41 25 8 8 0 60 i5
%
Symptom 5-6mo 2-7mo 4-5mo Upto10.5 2.3-79mo 2.5-23.1 3-12mo 2-8.2mo 170-229 1-12 mo
onset (latency) mo mo days
Asymptomatic, 0 0 0 16 0 0 50 0 0 15
%
Cough, % 100 100 68 100 100 50 58 80 85
Shortness 20 3 19 67 0 17 27
of breath, %
Fever, % 100 80 41 44 83 50 67 60 42
Biopsy, % 100 100 27 67 50 60
Contralateral 50 40 100 19 38 8 42 40 23
lung, %
Steroid therapy, 100 100 100 65 69 58 0 92 100 27
%
Relapse rate, % 100 40 50 6 50 57 0 50 80 31
Duration of 4-6 mo 2weeksto 1weekto 5.8-41.4 38-799 1.1-158
steroid 35 mo 3.7years mo days mo?
treatment

Empty cells indicate data not reported in publication.
®Patient on long-term steroid therapy for asthma.

Abbreviations: BOOP, bronchiolitis oblilterans organizing pneumonia; mo, months.

bronchograms[32, 39,43, 45). Migrating infiltrates were noted in
several reports [13, 14, 30]. Infrequent abnormalities included
nodules [28, 41], coin lesion [29], and reverse halo sign [45].

Aithough most of the 34 patients were originally diagnosed
with community-acquired pneumonia and treated with anti-
biotics, 9 patients were initially diagnosed with postradiation
pneumonitis [14, 29-31, 38, 39, 41]. When patients failed to
improve clinically or radiographically, additional evaluation
was undertaken. Increased sedimentation rate [14, 2833, 37,
39] and C-reactive protein [14, 32, 35, 36, 39, 43, 46, 47] were
the most consistently reported hematological abnormalities.
Arterial blood gases were reported infrequently, but several
patients had hypoxemia and hypocapnia [14, 28, 36, 43].
Pulmonary function test results for 13 patients most com-
monly showed decreased vital capacity and diffusing capacity
[13, 28, 29, 32, 35, 41, 43] with no airflow obstruction; results
were normal in 4 patients [14, 31, 33, 34].

Diagnostic and treatment data (Table 6) show that 10
patients were hospitalized [13, 14, 28, 33, 36-39, 46]. BOOP
occurred in the contralateral lung in 22 patients, mostly during
initial diagnosis, although in some, the contralateral lung was
involved only at relapse [43]. Lung biopsy material was
obtained from 26 patients. Four patients had results from
transbronchial biopsies that were not diagnostic, and their
subsequent surgical biopsies were diagnostic for BOOP [13, 28,
29]. Among these 26 patients, lung tissue was consistent with
BOOP for 24 patients with findings such as “infiltration of mast
cells and polymorphonuclear eosinophilsin the alveolar septa”
[13],“intra-alveolar organizing granulation tissue with collagen

©AlphaMed Press 2014

deposition, fibroblasts and numerous leukocytes” [14], “intra-
alveolar and interstitial proliferation of fibroblasts” [28], “buds
of granulation tissue and loose connective tissue” [33], and
“foamy macrophages and multiple fibroblastic plugs within
alveoli” [47]. Biopsy results for two patients were inconclusive
[39, 43]. Among the 34 patients, 25 were treated with cor-
ticosteroids. Duration of treatment ranged from 1 dose [47]
to 1 year or longer [14, 29, 39, 43]. Sixteen patients had
a relapse that usually occurred during steroid taper [38] or
soon after steroids were discontinued [14, 30, 41], and four had
more than one relapse [14, 29, 30, 38]. Relapses were usually
treated with steroids, although one patient was treated
successfully with clarithromycin because of the patient’s
inability to tolerate steroids [31]. Total duration of steroid use
for patients who relapsed often exceeded 1 year, with several
patients still receiving steroid therapy by the time of study
publication [14, 37, 41, 48]. Among the eight patients who
were not treated with corticosteroids, BOOP resolved
spontaneously in four [28, 30, 45, 49], after trastuzumab was
discontinued in two [33, 44], after macrolide therapy in one
[30], and after nodule resection in one [30]; the remaining case
report had no treatment information [42].

Discussion

A diagnosis of postradiation BOOP is useful because this
potentially serious disorder may require hospitalization and
long-term treatment with high-dose corticosteroid medication
[11, 12]. Duration of steroid treatment may exceed 6 months,
with some patients requiring steroid therapy for more than 1
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Table 3. Patient clinical and treatment characteristics from four case series studies

Clinical characteristics Crestani et al. [25] Maijori et al. [26] Cazzato et al. [6] Toma et al. [27]

At ooy

Year 1998 2000 2000 2010
Country France Italy Italy Romania
Number of sites 40 1 i 1
Collection dates 1995-1996 1990-1997 2001-2009
Radiation type WBI and CWI
Radiation dose, Gy 45-55 40-56 46-60 45-50
Boost, % 36

BOOP 15 B 5 5
Nonsmokers, % 87 82

Hormonal therapy, % 60 63

Chemotherapy, % 13 0 100
Latency to symptoms 3-47 weeks 6-32 weeks 13-24 weeks

Asymptomatic, % 0 18 0
Cough, % 87

Dyspnea, % 60

Fever, % 100

Malaise/asthenia/fatigue, % 87

Weight loss, % 40

Biopsy, % 47 100 0
Contralateral lung, % a7

Steroid therapy, % 100

Relapse rate, % 80

Steroid duration 17 to =100 weeks

Empty cells indicate data not reported in publication.

Abbreviations: BOOP, bronchiolitis obliterans organizing pneumonia; CWI, chest wall irradiation; WBI, whole-breast irradiation.

year [18-20, 23], compounding the potential for steroid-related
adverse effects and potentially compromising quality of life

Several Japanese epidemiological studies showed that the
prevalence of post-breast radiation BOOP ranged from 0.8%
to 2.9 [15-24). Postradiotherapy BOOP has been reported
in women with preinvasive, invasive, and metastatic breast
cancer. Early publications showed patients had whole-breast
irradiation, and recent reports showed postradiation BOOP
occurring in the setting of hypofractionated whole-breast
irradiation [17, 33, 47], hyperfractionated whole-breast irradi-
ation [15], accelerated partial-breast irradiation [41], and chest
wall irradiation [29, 39, 40, 43], suggesting that the risk has not
been eliminated with newer forms of radiation treatment.

The majority of patients have been nonsmokers. Although
not known, this may reflect the underlying prevalence of
smoking among women in the reference population and does
not confirm that nonsmokers are at an increased risk. Two
Swedish studies in the 1990s suggested that tobacco smoke
suppresses radiation-induced inflammation of the lung from
breast cancer radiotherapy [51, 52]. Epidemiological studies
are needed to establish the association between cigarette
smoking and postradiation inflammation.

This literature review showed that most patients with
BOOP experienced pulmonary symptoms several weeks to
months after radiation therapy. In addition to the patient
described in this report, who experienced shortness of breath
during radiation therapy, Ogo et al. [18] described a patient
who complained of pulmonary symptoms during her radiation
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therapy. Her chest imaging studies showed interstitial
pneumonitis, and her radiation therapy was discontinued.
Although a report of shortness of breath may be considered
subjective, such a complaint should be taken seriously because
it may represent pulmonary toxicity and can prompt the
physician to re-evaluate the treatment plan. The potential
impact of serious pulmonary toxicity, for example, may
outweigh the potential benefits of continuing radiation
therapy in the setting of preinvasive or stage O breast cancer.

Although a report of shortness of breath may be
considered subjective, such a complaint should be
taken seriously because it may represent pulmonary
toxicity and can prompt the physician to re-evaluate

the treatment plan.

* Among women who developed postradiation BOOP, two
were receiving trastuzumab, the monoclonal antibody HER-2
receptor antagonist, at the time of their diagnosis, and in both
cases, BOOP resolved after discontinuation of trastuzumab
[33, 44]. Many of the patients who developed BOOP received
hormonal therapy and chemotherapy for treatment of their
breast cancer, and many received the antiestrogen tamoxifen.
These studies did not answer the question of whether these
agents acted as a primer for radiation-induced BOOP.

Symptomatic patients were usually treated with corti-
costeroids, both at initial diagnosis and for relapse. A
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Table 4. Radiation therapy characteristics from 34 patient case reports

Breast Ca Radiation Radiation Hormonal
Investigators Year Country Age Smoking diagnosis year type therapy Chemotherapy
Crestani et al. [13] 1995 France 59 NS Ductal Ca 1992 WBI
Bayle et al. [14] 1995 France 65 NS DCIS 1992 WBI +
Bayle et al. {14] 1995 France 558 Invasive 1991 WBI +
Van Laar et al. [28] 1997 The Netherlands 53 TINOMO 1994 WBI/B
Van Laar et al. [28] 1997 The Netherlands 58 TINOMO 1994 WBI/B
Van Haecke etal. [29] 1998 Belgium 56 NS T2NOMO 1993 CWi +
Arbetter et al. [30] 1999 USA 64 Adeno WBI
Arbetter et al. [30] 1999 USA 73 Adeno WBI/B
Arbetter et al. [30] 1999 USA 59 Adeno WBI/B
Arbetter et al. [30] 1999 USA 75 Adeno WBI
Arbetter et al. [30] 1999 USA 56 Adeno WBI/B
Arbetter et al. [30] 1999 USA 50 Adeno WBI/B + +
Stover et al. [31] 2001 USA 56 TINOMO 1997 WBI/B +
Nambu et al. [32] 2002 Japan 52 Breast Ca 1998 WBI +
gagcizikowska etal. 2003 Poland 48 NS Adeno+LN 2001 HF-WBI/B  + +
Dalle et al. [34] 2004 France 60 TINOMO 2000 WBI/B +
Isobe et al. [35] 2004 Japan 67 NS Breast Ca 2002 WBI/B +
Akita et al. [36] 2005 Japan 62 WBI +
Guerriero et al. [37] 2005 ltaly 71 - NS Infil ductal 2003 WBI +
Erdogan et al. [38] 2006 Turkey 54 Breast Ca WBI
Cornelissenetal. [39] 2007 The Netherlands 59 NS T2N2MO 2003 CWI + +
Cornelissenetal. [39] 2007 The Netherlands 92 CW mets cwi/s
Nagata et al. [40] 2007 Japan 59 CW recur CWwi +
Recht et al. [41] 2009 USA 55 S Infil ductal 2006 APBI +
Recht et al. [41] 2008 USA 69  Ex Infil ductal 2006 APBI +
Aguiar et al. [42] 2010 Portugal
Fumagallietal. [43] 2010 ltaly 62 CW recur cwi +
Taus-Garciaetal.[44] 2010 Spain 60 NS Infil ductal 2007 WBI/B +
Gudavalliet al. [45] 2011 USA 71 Breast Ca WBI
Gudavalliet al. [45] 2011 USA 65 Breast Ca WBI
Chiba et al. [46] 2012 Japan 61 NS Breast Ca W8I +
Fahim et al. [47] 2012 England 51 Ex Ductal Ca HF-WBI
Onitilo et al. [48] 2012 USA 42 Ex DCIsS WBI +
Nogi et al. [49] 2014 Japan 48 T1INOMO WBI/B +

Empty cells indicate data not reported in publication.

Abbreviations: +, therapy was used; Adeno, adenocarcinoma; APBI, accelerated partial-breastirradiation; B, boost; Ca, cancer; CW, chest wall; CWI, chest
wallirradiation; DCIS, ductal carcinoma in situ; Ex, ex-smoker; HF, hypofractionated; Infil, infiltrative; LN, lymph nodes; mets, metastasis; NS, nonsmoker;
recur, recurrence; S, smoker; WBI, whole-breast irradiation.

retrospective comparison between steroid-naive and steroid-
treated patients suggested the risk of relapse may increase
with corticosteroid treatment [24]. The authors speculated
that corticosteroids may interfere with the natural healing
process. Alternatively, it is possible that patients with more
severe BOOP were both more likely to be treated with
corticosteroids and more likely to relapse. Epidemiological
studies are needed to clarify this issue. Other retrospective
comparisons reported that disease severity as measured by
hypoxemia was associated with greater risk of relapse [53], and
patients who experienced longer delays between symptom
onset and treatment were more likely to relapse [54]. Both of
these studies were conducted for biopsy-confirmed patients,
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although the patient population included all patients with
BOOP and did not indicate whether any had received breast
cancer radiation therapy.

Corticosteroid therapy may increase the risk of deep vein
thrombosis and pulmonary embolism [55]; therefore, because
antiestrogen agents also increase the risk of venous thrombo-
embolism events, it may be prudent to review the use of
antiestrogen therapy while the patient is being treated with
corticosteroid therapy. Repeated use of corticosteroid treat-
mentappearsto be the best choice of treatment for recurrence
because postradiation BOOP does not become dose resistant,
and alternatives such as cyclophosphamide and azathioprine
add an extra level of overlapping toxicities without clear
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Table 5. Post-breast radiation bronchiolitis obliterans organizing pneumonia clinical characteristics from 34 patient case reports

Radiation
Latency to Cough Weight pneumonitis
Investigator symptoms Asymptomatic Cough sputum Dyspnea Fever Malaise loss diagnosis
Crestani et al. [13] 2 months + + + +
Bayle et al. [14] 2.5 months + + + Yes
Bayle et al. [14] 6 months + +
Van Laar et al. [28] 2 months + + +
Van Laar et al. [28] 2 months + + 4 +
Van Haecke et al. [29] 3 months + + + Yes
Arbetter et al. [30] 3 months + + Yes
Arbetter et al. [30] +
Arbetter et al. [30] 5 months + +
Arbetter et al. {30] 3 months -+ + Yes
Arbetter et al. [30] 3 months + +
Arbetter et al. [30] +
Stover et al. [31] 2 months + + -+ + Yes
Nambu et al. [32] 7 months + +
Radzikowska et al. [33] 3 months 4 + + +
Dalle et al. [34]* 4 months +
Isobe et al. [35] 8 months = +
Akita et al. [36] 3 months + + +
Guerriero et al. [37] 3 weeks + + + +
Erdogan et al. [38] 1 month + + Yes
Cornelissen et al. [39] 1 month + + Yes
Cornelissen et al. [39] 3 months + + Yes
Nagata et al. {40] 5 months +
Recht et al. [41] 4 months + + +
Rechtet al. [41] 9 months + + Yes
Aguiar et al. [42]
Fumagalli and 10 months + + +
Sanguinetti
[43]
Taus-Garcia et al. [44] +
Gudavalli et al. [45] 5 months + + + +
Gudavalli et al. [45] 2 months + + +
Chiba et al. [46] 4 months + +
Fahim et al. [47] 2 weeks + + +
Onitilo et al. [48] 2 months + +
Nogi et al. [49] 4 months + +

Empty cells indicate data not reported in publication.

2pseudosclerodermatous panniculitis occurred concomitantly with initial BOOP and BOOP relapse.
Abbreviations: +, symptom was present; BOOP, bronchiolitis obliterans organizing pneumonia.

benefit. Clarithromycin or azithromycin may be successful
alternatives for special situations [31].

Given the rarity of BOOP, oncologists and primary care
physicians may not be aware that breast cancer radiation
therapy is a risk factor for this inflammatory lung disease.
Although scores of publications have documented the
occurrence, the majority of publications have appeared in
either pulmonary journals or radiation therapy journals.
Patients receiving radiation therapy for breast cancer should
be educated about this potential pulmonary toxicity and seek
prompt medical attention if pulmonary symptoms develop
during or after radiation therapy. The diagnosis should be

www.TheOncologist.com

considered in a patient who complains of symptoms such as
new-onset fatigue, cough, fever, or shortness of breath.

The patient described in this case report experienced res-
piratory symptoms from BOOP and treatment-related toxic-
ities that significantly affected her well-being, quality of life,
and ability to work. Symptoms of cough, fever, shortness
of breath, chest pain, and fatigue, combined with treatment
toxicities such as fluid retention, muscle and generalized
weakness, insomnia, weight gain, and cushingoid appearance,
all contributed to the patient’s debilitation and poor
performance status. Subsequent steroid tapering and dis-
continuation were accompanied with steroid withdrawal
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Table 6. Post-breast radiation BOOP radiological and treatment characteristics from 34 patient case reports

Steroid Steroid Total
Investigator Biopsy Contralateral Hospital therapy duration Relapse Relapses steroid Outcome
Crestani et al. [13] Yes Yes Yes Yes 7 months No 0 7 months Resolved
Bayle et al. [14] Yes Yes Yes Yes 12 months  Yes 1 =17 months On steroids
Bayle et al. [14] Yes Yes Yes 4 months Yes 2 13 months  Resolved
Van Laar et al. [28] Yes Yes Yes No Yes 1 Resolved
Van Laar et al. [28] Yes  Yes Yes No 0 Resolved
Van Haecke et al. [29] Yes Yes Yes 1 + years Yes 4 =1 year Resolved
Arbetter et al. [30] Yes Yes Yes Yes Relapse
Arbetter et al. [30] Yes Yes No No 0 Resolved
Arbetter et al. [30] Yes No Macrolide
Arbetter et al. [30} Yes Yes Yes 5 months Yes 1 9 months Resolved
Arbetter et al. [30] Yes No Yes Yes 3 13 months  Resolved
Arbetter et al. [30] Yes No No Resected
Stover et al. [31] Yes No Yes 3 months Yes 1 3 months Clarithromycin
Nambu et al. [32] Yes No Yes 1 week No 0 1 week Resolved
Radzikowska et al. [33]° Yes Yes Yes No No 0 Resolved
Dalle et al. [34] Yes Yes 9 months Yes 1 =9 months
Isobe et al. [35] Yes No Yes No 0 Resolved
Akita et al. [36] Yes No Yes Yes No 0 Resolved
Guerriero et al. [37] Yes Yes Yes On steroids
Erdogan et al. [38] Yes Yes Yes Yes 3 months Yes =3 months
Cornelissen et al. [39] No Yes Yes Yes 12 months No 15 months  Resolved
Cornelissen et al. [39] Yes Yes Yes Yes 6 months No 0 6 months
Nagata et al. [40] No Yes 2 months No 2 months Lymphoma
Recht et al. [41] Yes Yes 2 months Yes =19 months On steroids
Recht et al. [41] Yes Yes 7 days Yes Resolved
Aguiar et al. [42] No
Fzé?agalli and Sanguinetti  Yes Yes Yes 5.5 months Yes 5 11 months  Resolved
Taus-Garcia et al. [44]® Yes No No No 0 Resolved
Gudavalli et al. [45] Yes Yes No No 0 Resolved
Gudavalli et al. [45] Yes Yes Yes 6 months No Resolved
Chiba et al. [46] Yes No Yes Yes Yes 1 Resolved
Fahim et al. [47] Yes No Yes 1 dose No 0 1 dose Resolved
Onitilo et al. [48] Yes No Yes 4 weeks Yes 1 =8 months  On steroids
Nogi et al. [49] Yes Yes No Yes 1 Resolved

Empty cells indicate data not reported in publication.
*BOOP resolved after discontinuation of trastuzumab.
Abbreviation: BOOP, bronchiolitis obliterans organizing pneumonia.

symptoms that included hypotension, shortness of breath,
weakness, and pain. The protracted 3-year duration of illness
and its treatment proved to be extremely challenging for the
patient and her treating physicians.

A disturbing aspect of this rare complication is the general
lack of awareness about BOOP. A review of breast cancer
radiation therapy educational materials failed to identify any
mention of BOOP as a potential complication of treatment
[56]. Educating health care providers and patients with breast
cancer about BOOP is appropriate and necessary, given the
potential severity of this disease. Oncologists are particularly
well suited to educate patients about this complication
because they have tremendous experience informing patients
about other rare but serious adverse effects of treatment.

©AlphaMed Press 2014

The limitation of this literature review is the rarity of BOOP
occurring after breast cancer radiotherapy. Many of the reports
were retrospective with limited information. It is not known
whether these case reports are representative of postradio-
therapy BOOP in the general community. The epidemiological
reports came from Japan and were not available from other
regions in the world.

In summary, postradiation BOOP may occur in 0.8%—2.9% of
women receiving radiation therapy for breast cancer. Symptoms
are generally cough, fever, and shortness of breath. They may
occur a few weeks or up to 1 year or more after therapy. Radio-
graphic findings show patchy ground-glass opacities, often away
from the radiation field, either in the same hemithorax or the
contralateral hemithorax. Patients with no symptoms can be

Ontologist




Epler, Kelly 1225
During Radiation i High-resolution
Therapy? chest CT scan
Onset of Symptoms \ T
{cough, shortness of Obtain chest x-ray
breath, fever) / i
After Radiation Normal? Abnormal?
Therapy? Typical Infectious Antibiatics
l Process?
Continue { Obtain high-
monitoring for resolution /——————---—\\
new-onset chest CT scan Not Typical Infectious  ———; Pulmonary function
respiratory Process? tests with diffusing
symptoms i capacity
/ " .
Monitor if no { Vldeo<a$$|fted
respiratory 1 ) thor?coscopm tung
symptoms or If biopsy if no respunsta to
minimal findings and (rea.tmen! . \'IOI:I!YP‘FE!
repeat chest imaging clinical or chest imaging
findings for BOOP to

studies until

completely clear
i diagnosis and rule out

lung metastasis

confirm a definitive

Course
corticosteroid
therapy if moderate
or severe symptoms

N

Figure 2. Breast radiation BOOP diagnostic and treatment decision tree.
Abbreviations: BOOP, bronchiolitis oblilterans organizing pneumonia; CT, computed tomography.

observed without treatment, whereas those with symptoms and
moderate to severe disease can be treated with corticosteroid
therapy (Fig. 2). There have been no reports of patients requiring
mechanical ventilation and no reported deaths.
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CONCLUSION

BOOP after breast radiation is a rare but significant potential
complication of all types of radiation therapy for all stages of
breast cancer. Chest imaging studies will show patchy ground-
glass opacities with air bronchograms within the radiation field
and often away from the field and in the contralateral lung.
Treatment with corticosteroid therapy for several months or
longer is needed for moderate to severe BOOP. Although this
complication has a good prognosis and no deaths have been
reported, tolerating long-term corticosteroid therapy may be
challenging for some patients. Diagnostic studies such as
chest x-rays or chest CT scans are needed for new-onset fever,
cough, or shortness of breath during radiation treatment and
up to 18 months after. Because many of these patients are
receiving hormonal and chemotherapy agents, it is important
that the oncologist and the pulmonologist combine their
efforts to develop a successful management plan.
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