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Purpose
The objective of this study was to  evaluate external beam radiotherapy (EBRT) in lung cancer
patients who suffer from airway obstruction.  

Materials and Methods
Medical data of 95 patients with a lung mass that obstructed the airway and received EBRT
for it were analyzed. Fifty-nine patients (62.1%) had non-small cell lung cancer and 36
patients (37.9%) had small cell lung cancer. Radiotherapy was given at 8 to 45 Gy (median,
30 Gy) in 1 to 15 fractions (median, 10 fractions). The response to EBRT was assessed
through changes in radiographic findings and/or subjective symptoms between before and
after EBRT. The median follow-up duration was 124 days. The primary end point was the
airway-obstruction resolving rate after EBRT. The secondary end points were patient survival
and toxic effects of EBRT.

Results
Improvement of airway obstruction after EBRT on chest X-ray was achieved in 75 of 95
patients (78.9%). The median time for resolving the radiologic findings and/or symptoms
of airway obstruction after EBRT was 7 days (range, 1 to 76 days). The 1-year survival rate
was significantly higher in responders than non-responders (12.5% vs. 0.0%, p < 0.001).
The biologically effective dose of  39 Gy/=10 (p < 0.01) and the longest obstructive lesion
of < 6 cm (p=0.04) were significantly associated with a good response to EBRT in resolving
the airway obstruction. No one had grade 3 or higher acute and chronic toxicities.  

Conclusion
EBRT is an effective treatment in relieving airway obstruction without severe toxicities in
lung cancer patients.
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Introduction

At the time of diagnosis, the majority of patients with lung
cancer are already in an advanced state [1-3], and 50% to 80%
of locally advanced lung cancer patients relapse after surgical
treatment and/or chemotherapy [4]. When the pulmonary
mass progresses so that it obstructs the airway, lung cancer
patients often experience dyspnea, cough, hemoptysis, post-
obstructive atelectasis, pneumonia, and life-threatening

conditions [5,6]. These patients usually need prompt treat-
ment to alleviate the agonizing symptoms.

However, metastatic or locally advanced lung cancer
patients with airway obstruction have poor performance
status. Thus, they are not suitable candidates for chemother-
apy or surgery. Immediate management of the airway
obstruction is essential to prolong life and improve the qual-
ity of life. Endobronchial brachytherapy is widely used for
resolving the airway obstruction and is an effective treatment
modality for malignant airway obstruction [1,5-12]. How-
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ever, endobronchial brachytherapy is a time-consuming pro-
cedure, and cooperation between physician and patient are
essential for effective and safe treatment. Thus, this treatment
is impossible for patients with poor performance status or
who are unable to cooperate with physicians.

External beam radiotherapy (EBRT) is more available, less
time-consuming than endobronchial brachytherapy and can
be useful for the treatment of obstructive lesions. However,
few trials have been reported for EBRT alone in lung cancer
patients with airway obstruction [13-17]. The intent of this
study was to assess the efficacy of EBRT for resolving airway
obstruction caused by a pulmonary mass.

Materials and Methods

We reviewed the medical data of 95 patients who had
airway obstruction due to lung cancer and underwent EBRT
for the obstructive pulmonary mass. Our study protocol was
reviewed and approved by Institutional Review Board.

The inclusion criteria were as follows: 1) locally advanced
or metastatic lung cancer; 2) radiographic finding of airway
obstruction, post-obstructive atelectasis or pneumonia on
simple chest X-ray film or computed tomography; and 3) no
prior radiation therapy to the chest. Patients were allowed
to have prior systemic chemotherapy or resection due to lung
cancer. The gross tumor volume included the lung mass, and
the conglomerated mediastinal or pulmonary lymph nodes
causing the airway obstruction. The gross tumor volume was
expanded by a 10-mm radial and 15 to 20 mm craniocaudal
margin to create the planning target volume. Respiratory
movements were observed under fluoroscopy, and the
margins were increased when the target motion exceeded the
planned margins. The radiation was delivered to anterior-
posterior opposed fields with 6-MV photons.

The response to EBRT was assessed through the changes
of radiographic findings and/or subjective symptoms of the
patients. Radiologists compared the chest X-ray before EBRT
with the chest X-ray after EBRT. The radiologic response was
positive when the bronchus that was obstructed before EBRT
was opened and a hazy lung field was cleared on follow-up
chest X-ray after EBRT. The symptoms of cough, dyspnea,
and hemoptysis before and after EBRT were compared and
evaluated by radiation oncologists and medical oncologists.
However, symptom analyses before and after EBRT by clini-
cians could be subjective. Thus, airway obstruction improve-
ment is measured by the radiologic response on chest-X rays
in this study.

Toxicities were graded by the National Cancer Institute

Common Toxicity Criteria ver. 3.0. Grade 3 or higher acute
esophagitis, hemoptysis, and radiation pneumonitis were
considered meaningful toxic effects. Chronic toxicities such
as an esophago-bronchial fistula or pulmonary fibrosis were
tracked.

The primary end-point was an airway-obstruction resolv-
ing rate after EBRT. The secondary end-points were patient
survival and toxic effects of EBRT. Each end-point was meas-
ured from the end of the EBRT. All survival rates were esti-
mated by Kaplan-Meier analysis and compared by a log-rank
test. Chi-square or Fisher exact test was used to evaluate the
significance of the associations between the categorical 
variables and the tumor response to EBRT. Multivariate
analyses were not performed due to the small number of
patients with each variable. The biologically effective dose
was computed by a linear-quadratic model.  Null hypotheses
of no difference were rejected if p-values were less than 0.05.

Results

Patient characteristics are in Table 1. There were 68 men
and 27 women, with a median age of 69 years (range, 36 to
85 years). Primary cT3-4 tumors were diagnosed in 77.9% of
the patients. The median maximal size of tumors that
obstructed the bronchus was 6 cm (range, 2 to 11 cm). At the
time of the diagnosis, 64 patients (67.4%) had metastatic
disease. Fifty-nine patients (62.1%) had non-small cell lung
cancer (NSCLC) and 36 patients (37.9%) had small cell lung
cancer (SCLC). Forty-five patients (47.4%) received
chemotherapy for metastatic disease before EBRT, and one
patient had recurrent disease after surgical treatment of the
airway obstruction. Radiation doses of 8 to 45 Gy (median,
30 Gy) in 1 to 15 fractions (median, 10 fractions) were
prescribed to the planned target volume. Radiation sched-
ules were as follows: 1) 8 Gy in one fraction, 1 patient; 2)
20 Gy in four fractions, 15 patients; 3) 30 Gy in ten fractions,
74 patients; and 4) 45 Gy in fifteen fractions, 5 patients. The
median interval between bronchial obstruction and radio-
therapy was eight days (range, 0 to 42 days).

The subjective symptom of airway obstruction was
relieved after EBRT in 69 of 95 patients (72.7%). Objective
improvement of the airway obstruction on chest X-ray was
achieved in 75 of 95 patients (78.9%). All five patients who
received radiation of 45 Gy in 15 fractions had a good radio-
logic response after EBRT. Sixty-five of 74 patients (87.9%)
who received radiation of 30 Gy in 10 fractions and five of
15 patients (33.3%) who received radiation of 20 Gy in four
fractions had a resolution of obstructed bronchus after EBRT.

Cancer Res Treat. 2015;47(2):189-196



VOLUME 47  NUMBER 2  APRIL  2015  191

Jeong Won Lee, Radiotherapy for Bronchial Obstruction

One patient who received radiation of 8 Gy in one fraction
had no radiologic response after EBRT. The median time for
resolving the airway obstruction after EBRT was 7 days
(range, 1 to 76 days) irrespective of radiation schedules. The
airway-obstruction resolving duration after EBRT ranged
from 9 to 1,079 days (median, 102 days).

Factors related to the tumor response to EBRT are in Table 2.
Age, gender, smoking history, clinical stages, tumorhistol-
ogy, tumor and obstruction site, performance status,
interval between bronchial obstruction and radiation, and
recurrence were not significantly associated with the tumor
response to EBRT. The biologically effective dose (BED) of
 39 Gy/=10 (BED of 30 Gy in 10 fractions for early respond-
ing tissues) (p < 0.01) and the maximal tumor size of < 6 cm
(p=0.04) were significantly associated with a good response
to EBRT.
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Fig. 1. The 1-year survival rate for all patients with a
bronchial obstruction was 9.9%.
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Fig. 2. The 1-year survival rate for responders to the
irradiation was significantly higher than non-responders
(12.5% vs. 0%, p < 0.001).

ECOG, Eastern Cooperative Oncology Group.

Table 1. Patient and tumor characteristics (n=95)

Characteristic No. of patients (%)
Age (yr)
Median 69 (36-85)
< 70 49 (51.6)
 70 46 (48.4)

Gender
Male 68 (71.6)
Female 27 (28.4)

Smoking history
Non-smoker 25 (26.3)
Smoker 70 (73.7)

Clinical tumor stage
cT1 6 (6.3)
cT2 15 (15.8)
cT3 21 (22.1)
cT4 53 (55.8)

Clinical nodal stage
cN0 6 (6.3)
cN1 2 (2.1)
cN2 30 (31.6)
cN3 57 (60.0)

Clinical metastatic stage
cM0 31 (32.6)
cM1 64 (67.4)

Histology
Small cell lung cancer 36 (37.9)
Non-small cell lung cancer 59 (62.1)

Tumor side
Right 58 (61.1)
Left 37 (38.9)

Tumor location
Upper lobe 48 (50.5)
Middle lobe 33 (34.7)
Lower lobe 14 (14.7)

ECOG performance status
0 5 (5.3)
1 40 (42.1)
2 50 (52.6)

Previous treatment
None 49 (51.6)
Chemotherapy 45 (47.4)
Surgery 1 (1.0)
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Table 2. Factors associated with improvement of bronchial obstruction

No. of patients (%)
Variable p-value

Non-responder (n=20) Responder (n=75)
Age (yr) 0.51
< 70 (n=49) 9 (18.4) 40 (81.6)
 70 (n=46) 11 (23.9) 35 (76.1)

Gender 0.20
Male (n=68) 12 (17.6) 56 (82.4)
Female (n=27) 8 (29.6) 19 (70.4)

Smoking history 0.32
Nonsmoker (n=25) 7 (28.0) 18 (72.0)
Smoker (n=70) 13 (18.6) 57 (81.4)

Clinical tumor stage 0.67
cT0-3 (n=42) 8 (19.0) 34 (81.0)
cT4 (n=53) 12 (22.6) 41 (77.4)

Clinical nodal stage 1.00
cN0-2 (n=38) 8 (21.1) 30 (78.9)
cN3 (n=57) 12 (21.1) 45 (78.9)

Clinical metastatic stage 0.41
cM0 (n=31) 5 (16.1) 26 (83.9)
cM1 (n=64) 15 (23.4) 49 (76.6)

Histology 0.76
Small cell lung cancer (n=36) 7 (19.4) 29 (80.6)
Non-small cell lung cancer (n=59) 13 (22.0) 46 (78.0)

Tumor side 0.10
Right (n=58) 9 (15.5) 49 (84.5)
Left (n=37) 11 (29.7) 26 (70.3)

Tumor location 0.58
Upper (n=48) 9 (18.8) 39 (81.3)
Middle and lower (n=47) 11 (23.4) 36 (76.6)

Maximal tumor size 0.04
< 6 cm (n=48) 6 (12.5) 42 (87.5)
 6 cm (n=47) 14 (29.8) 33 (70.2)

ECOG performance status 0.21
0-1 (n=45) 7 (15.6) 38 (84.4)
2 (n=50) 13 (26.0) 37 (74.0)

BED < 0.01
< 39 Gya) (n=16) 11 (68.8) 5 (31.3)
 39 Gy (n=79) 9 (11.4) 70 (88.6)

Interval between obstruction 0.32
and radiotherapy
< 8 days (n=43) 11 (25.6) 32 (74.4)
 8 days (n=52) 9 (17.3) 43 (82.7)

Recurrent tumor 0.33
No (n=74) 14 (18.9) 60 (81.1)
Yes (n=21) 6 (28.6) 15 (71.4)

ECOG, eastern cooperative oncology group; BED, biologically effective dose. a)Biologically effective dose for the radiation
schedule of 30 Gy in 10 fractions for two weeks is 39 Gy when  /  ratio is assumed to be 10 for early responding tissues.
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The overall median survival time was 124 days. The
median survival time was 201 days (range, 17 to 1,097 days)
for the responders to EBRT and 15 days (range, 1 to 200 days)
for non-responders. The duration of palliation as a percent-
age of the survival duration ranged 10.1% to 99.6% (median,
81.1%). The overall survival curve for all patients is seen in
Fig. 1. The survival rate for all patients at one year was 9.9%.
The 1-year survival rate was significantly higher in the
responders to EBRT than non-responders (12.5% vs. 0%,
p < 0.001) (Fig. 2).

Among the 75 patients who obtained relief of the airway
obstruction, re-obstruction occurred in 33 patients after
remission of the obstructive symptoms and signs. Re-irradi-
ation was conducted on 22 patients. The remission of the
airway obstruction was achieved again in 18 patients (81.8%)
after re-irradiation.

Grade 2 or higher acute toxicities observed during treat-
ment and after irradiation are listed in Table 3. Most acute
toxicities were mild to moderate. No grade 3 or higher toxi-
city occurred in this study. During chest irradiation, grade 2
esophagitis occurred in six of the 95 patients (6.3%). Two
patients had grade 2 pneumonitis after chest irradiation and
were cured with steroid treatment. There was no esophago-
bronchial fistula or pulmonary fibrosis due to EBRT in this
study. 

Discussion

Up to 50% of lung cancer patients suffer from endo-
bronchial lesions, producing uncomfortable symptoms such
as dyspnea, hemoptysis, cough, and post-obstructive pneu-
monia [1,5]. Endobronchial obstruction can be regressed by

endobronchial brachytherapy, although complications can
develop, including esophago-bronchial fistula, bronchial
wall necrosis, bronchitis, and fatal massive hemoptysis
[1,7,9,18-20].

Aumont-le Guilcher et al. [12] analyzed the clinical
outcomes of 226 patients after high-dose brachytherapy for
lung cancer. There was a high rate of complete local response
(93.6%), but most tumors (95%) were low stage (Tis to T1) in
this study. They found better local disease-free survival in
distal tumor locations than proximal locations due to the
difficulty in positioning the catheter in proximal tumors.
They reported bronchial stenosis in 9.5%, necrosis of the
bronchial wall in 3.5%, hemoptysis in 6.6%, and 6% of the
patients died of severe complications.

Endobronchial brachytherapy requires specialized facili-
ties and skilled medical teams because it is an invasive
procedure and management-related complications some-
times occur, whereas EBRT is a modality that is easily acces-
sible in the community setting [6]. Stout et al. [21] reported a
comparative study of endobronchial brachytherapy and
EBRT. EBRT was applied at a dose of 30 Gy over 10-12 days
using two parallel-opposed fields to cover the tumor, with a
margin of 2 cm. Both treatments result in palliation of the
symptoms. Statistically significant longer palliation and
better survival were found with external beam radiotherapy
than with endobronchial brachytherapy, and 51% of the
patients who had endobronchial brachytherapy required
subsequent external beam radiotherapy for treating recurrent
lesions or symptoms after endobronchial brachytherapy.
Endobronchial brachytherapy can cover a limited range of
endobronchial tumors, due to the abrupt fall-off irradiation
outside the radioactive source. However, the treated volume
of EBRT should include not only the endobronchial portion
of the tumor but also the gross encircling mass which 
obstructs the bronchus. Thus, EBRT can result in better 

Table 3. Acute treatment toxicity of chest irradiation

Grade
Complication

2 3 4
Hematologic
Leucopenia 0 0 0
Anemia 0 0 0
Thrombocytopenia 0 0 0

Non-hematologic
Radiation pneumonitis 2 (2.1) 0 0
Pericarditis 0 0 0
Esophagitis 6 (6.3) 0 0
Hemoptysis 0 0 0

Values are presented as number of patients (%).
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Fig. 3. A patient with small cell carcinoma had obstructive pneumopathy in right upper lobe and received a radiation dose
of 30 Gy in 10 fractions. (A) There was an obstructive lesion in right upper lobe at the initial chest X-ray and computed to-
mography (CT). (B) Radiation-dose distributions in axial and coronal planning CT image. (C) Follow-up chest X-ray and CT
showed an improvement of obstruction in right upper lobe 7 days after external beam radiotherapy.
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outcomes for tumor control than endobronchial brachyther-
apy [21].

Several studies have suggested a concept of the duration
of palliation as a percentage of the survival duration [15-17].
The duration of palliation as a percentage of the survival
duration was more than 50% in the Medical Research Coun-
cil (MRC) trial [15]. The range of this index was reported
from 28% to 57% (median, 50%) by Lupattelli et al. [16], and
from 41% to 96% (median 80%) by Nihei et al. [17]. In our
study, the duration of palliation as a percentage of the
survival duration ranged 10.1% to 99.6% (median, 81.1%).
Thus, our result was comparable with the results of other
studies. Higher values of the index were achieved by earlier
resolution of the airway obstruction (median, 7 days) in the
present study than in other studies, and the lower values can
be explained by the patients who had been irradiated with
the biologically effective dose of < 39 Gy/=10, resulting in 
re-obstruction symptoms and signs.

In our analysis, EBRT may be a good option to resolve
bronchial obstruction; the response rate was 78.9%, and
responders to EBRT had a significantly higher survival time
than non-responders to EBRT (Fig. 3). It also did not give rise
to severe complications. Moreover, in our study, re-irradia-
tion was successfully performed on re-obstructed lesions
after EBRT. The airway obstruction resolving rate after
re-irradiation was more than 80%. If constraints for normal
tissues like the spinal cord, lung, and heart with prior radio-
therapy are strictly observed and the dose maintained within
the tolerance dose during re-irradiation, this treatment can
be performed safely [21].

The maximal tumor size of < 2 cm is a favorable factor to
open an obstructed bronchus in lung cancer patients who
undergo endobronchial brachytherapy [11,22]. In our trial,
the maximal tumor size of < 6 cm was significantly associ-

ated with improvement of the bronchial obstruction. Thus,
EBRT was more effective for large tumors that obstructed the
bronchus than endobronchial brachytherapy.

SCLC follows a more rapid clinical course than NSCLC,
and the prognosis is very poor. For limited-stage SCLC,
concurrent chemoradiotherapy is a standard treatment.
However, definitive chemoradiotherapy is a toxic modality.
Thus, for SCLC patients with low performance status,
medical comorbidity, and old age, compliance with defini-
tive treatment is low. Moreover, it could be fatal to vulnera-
ble SCLC patients [23-25]. Thus, we recommend palliative
radiotherapy, not definitive radiotherapy to limited-stage
SCLC patients with bronchial obstruction who are not suited
for definitive oncologic treatment due to their low perform-
ance status, medical comorbidity, and old age. 

Conclusion

In conclusion, EBRT is effective in resolving airway
obstruction in lung cancer patients, and the biologically
effective dose of  39 Gy/=10 is indicated for opening an
obstructed bronchus. Furthermore, the longest obstructive
lesion of < 6 cm is expected to have good results with EBRT.
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