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Abstract. The aim of the present study was to evaluate the 
toxicity and investigate the prognostic factors of stereo-
tactic body radiotherapy (SBRT) for peripheral stage Ι lung 
cancer in patients with poor pulmonary function. Data from 
95 patients with stage I lung cancer with poor pulmonary 
function treated using SBRT at Osaka Rosai Hospital were 
retrospectively analyzed. Poor pulmonary function was 
defined as the forced expiratory volume %/sec (FEV1/FVC) 
<70% or percentage of vital capacity (%VC) <80% during 
pretreatment spirometry testing. The median FEV1/FVC and 
%VC of the patients were 59.1 and 78.8%, respectively. The 
most commonly prescribed dose of SBRT was 50 Gy in four 
fractions (68 patients, 72%). The median follow‑up period 
was 34 months. Four patients developed adverse effects of 
grade ≥3, one patient developed grade 5 radiation pneumonitis, 
one grade 5 hemoptysis, one grade 3 radiation pneumonitis 
and one grade 3 chest wall pain. The 3‑year local control and 
overall survival (OS) rates were 78.8 and 59.9%, respectively. 
Univariate analysis revealed that Karnofsky performance 
status (KPS) significantly predicted OS (P=0.037). Thus, 

SBRT in patients with stage I lung cancer with poor pulmo-
nary function may be effective with acceptable toxicity. A 
KPS score ≥80 indicated good prognosis.

Introduction

Stereotactic body radiotherapy (SBRT), which was introduced 
by Blomgren et al in 1991 (1), aims to concentrate the radiation 
dose to the tumor while minimizing that to the surrounding 
normal tissues by accurately focusing multiple radiation beams 
to small target volumes. SBRT in early‑stage lung cancer yields 
excellent local control (LC) with low toxicity (2‑8).

While the standard treatment for peripheral stage  Ι 
non‑small cell lung carcinoma (NSCLC) is surgery, SBRT 
is sometimes recommended to patients who have poor 
pulmonary function with chronic obstructive pulmonary 
disease (COPD), asthma or interstitial pneumonia, or 
those who have previously undergone lung cancer surgery. 
Studies on SBRT treatment in patients with lung cancer 
and normal or poor pulmonary function reported that 
the technique may cause severe radiation pneumonitis or 
pulmonary toxicity, despite being generally safe  (5,8,9). 
Patients with radiation pneumonitis and poor pulmonary 
function may develop lethal toxicity (10). Several studies 
have focused on patients with poor pulmonary function. Of 
176 patients with severe COPD, Palma et al (11) reported 
that six (3%) exhibited grade 3 toxicity, concluding that 
SBRT for lung cancer patients with severe COPD was 
well‑tolerated with acceptable toxicity. In a systematic 
review focusing on treatment‑associated toxicity in 
patients with early‑stage NSCLC and coexisting interstitial 
pneumonia, Chen  et al  (12) demonstrated a consistently 
high level of SBRT‑associated mortality (16.7%) and 
interstitial pneumonia‑specific toxicity (18.8%). Thus, 
curative treatment including SBRT should be considered in 
the context of high toxicity. However, the safety of SBRT in 
patients with lung cancer and coexisting poor pulmonary 
function remains unclear. The present study aimed to 
retrospectively evaluate the safety and effectiveness of 
linear accelerator‑based SBRT, and the prognostic factors 
of overall survival (OS) were investigated in patients with 
peripheral stage I lung cancer and poor pulmonary function.
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Materials and methods

Patients. This study was approved by the Institutional Review 
Board of Osaka Rosai hospital (Sakai, Japan, approval 
no.  18D093g) and was conducted in accordance with the 
Declaration of Helsinki. This study was a retrospective 
evaluation of all patients with stage I lung cancer treated 
with SBRT at Osaka Rosai Hospital between May 2003 and 
December 2009. Of these patients, 95 patients presented with 
poor pulmonary function, based on pretreatment spirometry 
testing; these patients were included in the study and their data 
were retrospectively analyzed. The median age was 76 years 
(range, 60‑90 years). The present study included 67 male 
(71%) and 28 female (29%) patients. In 80 patients, the disease 
was confirmed by histology or cytology, whereas clinical 
diagnosis of the apparent tumor growth was performed using 
serial CT in the remaining 15 patients. All tumors were clas-
sified according to the International Union Against Cancer 
tumor‑node‑metastasis classification (7th edition) (13). Patients' 
performance status was assessed by Karnofsky performance 
status (KPS) (14). The KPS describes a patient's functional 
status in 11 categories ranging from 100 (no symptoms) to 0 
(death). A KPS score of 80‑100 is defined as ‘able to carry on 
normal activity and to work. No special care is needed’.

Poor pulmonary function was defined as a forced expira-
tory volume %/sec (FEV1/FVC) <70% or percentage of vital 
capacity (%VC) <80% in the pretreatment spirometry test. If 
the FEV1/FVC was <70%, the patient was classified as having 
obstructive dysfunction. If the %VC was <80%, the patient was 
classified as having restrictive dysfunction. If the FEV1/FVC 
was <70% and %VC was <80%, the patient was classified as 
having mixed obstructive and restrictive dysfunction. Central 
tumor location was defined as that within 2 cm of the proximal 
bronchial tree, heart, great vessels, trachea or other medias-
tinal structures.

Treatment planning and delivery. All patients were immobi-
lized in an individually shaped vacuum bag that covered them 
from the head to the pelvis. Each patient who, if necessary, 
was equipped with abdominal compression, underwent CT 
simulation with 5‑mm thickness and a 5‑mm interval under 
free breathing of 3‑5  l/min oxygen. For three‑dimensional 
treatment planning, the RPS700U software (Shimadzu 
Corporation) was used. The gross tumor volume (GTV) was 
delineated in the lung window. The GTV with a 5‑mm margin 
was defined as the clinical target volume. Additional 5‑6‑mm 
margins for tumor motion were added in the cranio‑caudal 
direction for internal target volume (ITV) creation. A uniform 
margin of 5 mm was used to calculate the planning target 
volume (PTV) from the ITV. Treatment plans were designed 
using 24‑25  non‑coplanar, irregularly shaped isocentric 
beams. Beam shaping was performed using a multi‑leaf 
collimator with 1 cm width at the isocenter. The total dose 
was administered to the isocenter and conformably enclosed 
the PTV with the 90% isodose line. The prescribed doses 
were 50 Gy/4 fractions (Fr; 68 patients, 71.6%), 50 Gy/5 Fr 
(20 patients, 21.1%), 40 Gy/4 Fr (3 patients, 3.2%), 50 Gy/8 Fr 
(2 patients, 2.1%), 60 Gy/8 Fr (1 patient, 1.1%) and 48 Gy/4 Fr 
(1 patient, 1.1%). The dose constraints were applied as follows: 
Esophagus V40Gy <1 cm3; bronchus V40Gy <10 cm3; pulmonary 

artery V40Gy <1 cm3, V40Gy <10 cm3; lung V20Gy ≤20%, V15Gy 
≤25%; and spinal cord Dmax <25 Gy (3).

For treatment delivery, a Mitsubishi EXL‑15DP linear 
accelerator (Mitsubishi Electric Corporation) was used with 
mainly 10‑MV energy photon beans, occasionally using a 
4‑MV mixed beam to avoid regions receiving a higher than 
prescribed dose. The linear accelerator could not provide a 
6‑MV X‑ray that is often used for lung SBRT. Each patient 
was immobilized and treated under free breathing of 3‑5 l/min 
oxygen in the same manner as during the CT simulation. 
Usually, 5‑6  fields were irradiated per day, amounting to 
24‑25 fields in total in order to improve the conformality and 
to reduce the dosage to the organs at risk. In each treatment 
session, the beam's eye view of each port was monitored, and 
the tumor location was confirmed using a TheraView elec-
tronic portal imaging device (Cablon Medical B.V.).

Follow‑up. Follow‑up examinations were performed in all 
patients. The first examination was 1 month after treatment; 
subsequently, the patients were followed up 3, 6 and 12 months 
after treatment, and every 6 months thereafter. Each appoint-
ment included a spiral CT scan (slice thickness, 5 mm) and a 
clinical examination. If necessary, positron emission tomog-
raphy was performed.

All adverse effects were graded according to the National 
Cancer Institute's Common Terminology Criteria for Adverse 
Events (version 3.0)  (15). The information on toxicities of 
grade ≥2 was collected. All patients with interstitial pneumonia 
were diagnosed by pulmonologists using a bronchoscope, 
typical images and symptoms.

Statistical analysis. The statistical evaluation of LC, OS 
and cancer‑specific survival (CSS) was performed using the 
Kaplan‑Meier method. LC was defined as the duration from 
irradiation commencement to local tumor regrowth in the 
PTV or the last follow‑up. OS was defined as the duration from 
irradiation commencement to death or the last follow‑up. CSS 
was defined as the time interval from irradiation commence-
ment to cancer‑associated death or the last follow‑up. Log‑rank 
tests were used for the comparison of two survival curves. 
Univariate analysis using Fisher's exact test for discrete vari-
ables or Mann‑Whitney U test for continuous variables were 
used to explore potential prognostic indicators of grade ≥2 
radiation pneumonitis. In addition, univariate analyses using a 
log‑rank test to determine the CSS and OS prognostic indica-
tors we performed. All patients were divided into subgroups 
according to their median age, GTV, VC and FEV1/FVC. For 
forced expiratory volume/sec (FEV1.0), patients were divided 
into groups according to the Japanese Oncology Group Study 
0403 criteria (9). P<0.05 was used to indicate a statistically 
significant results. All statistical analyses were conducted 
using the JMP statistical software (version 14.0; SAS Institute, 
Inc.).

Results

Patient characteristics. The characteristics of the patients 
included in the present study are summarized in Table I. The 
median follow‑up period was 34 months (range, 1‑89 months). 
A total of 87 patients (92%) had an inoperable status due to 
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poor pulmonary function and the presence of other comorbidi-
ties. The remaining eight patients (8%) were considered to be 
operable but refused surgery. A total of 57 patients (60%) had 

stage IA (T1aN0M0 or T1bN0M0) and 38 (40%) had stage IB 
(T2aN0M0) lung cancer. Regarding ventilatory impairment, 
47 (49%), 22 (22%) and 26 (27%) patients were classified as 
having obstructive dysfunction, restrictive dysfunction and 
mixed obstructive and restrictive dysfunction, respectively. 
The median FEV1/FVC value in patients with obstructive 
dysfunction during pretreatment spirometry testing was 
58.6%. The median %VC in patients with restrictive dysfunc-
tion was 68.7%. The median FEV1/FVC and %VC in patients 
with mixed obstructive and restrictive dysfunction were 
51.9 and 67.7%, respectively. One patient (1%) had interstitial 
pneumonitis.

Adverse effects. During the follow‑up period, four patients 
(4%) experienced grade ≥3 toxicities. One patient (1%), who 
had already received home oxygen therapy (HOT) due to 
interstitial pneumonia prior to SBRT, developed grade 5 radia-
tion pneumonitis, and one (1%) developed grade 3 radiation 
pneumonitis (Table II). In total, two patients (2%) experienced 
grade ≥3 radiation pneumonitis. Grade 3 chest wall pain was 
observed in one patient (1%); one patient (1%) who received 
re‑irradiation using SBRT developed grade 5 hemoptysis. For 
this patient, the first SBRT was performed to the right S1 lung 
tumor, which did not include the trachea and the bronchus. 
After 57 months, recurrence was detected in the marginal zone 
of the initial SBRT. The recurrent tumor was located close to 
the pulmonary hilum. The second SBRT, which was used to 
treat the right S6 lung tumor with 60 Gy/8 Fr and the 95% dose 
line, partially included the right main bronchus. Consequently, 
grade 5 hemoptysis occurred following the second treatment 
with SBRT.

In the course of the clinical follow‑up, 14 patients (14.7%) 
eventually required HOT due to radiation pneumonitis in one 
patient and pulmonary disease deterioration in 13 patients. The 
average time until the introduction of HOT following SBRT 
was 25.8 months (range, 0.5‑66.0 months). Of the 14 patients, 
eight survived for >12 months following HOT introduction.

Univariate analysis was performed to identify the poten-
tial risk factors of grade ≥2 radiation pneumonitis across the 
different subgroups (Tables SI and SII). However, none of the 
patient, tumor or treatment characteristics were identified as 
risk factors. In addition, none of the factors observed in the 
pretreatment pulmonary function test were detected as signifi-
cant risk factors.

Local control and survival. All patients completed the 
planned treatment. During the follow‑up, 48 patients (51%) 

Table I. Patient characteristics.

Factors	 Value or number (%)

Age, median (range) years 	 76 (60‑90)
Sex	
  Male	 67 (71)
  Female	 28 (29)
KPS	
  90	 1 (1)
  80	 64 (67)
  70	 15 (16)
  60	 3 (3)
  50	 11 (12)
  40	 1 (1)
Smoking status	
  Current or previous	 79 (83)
  Never	 12 (13)
  Unknown	 4 (4)
Interstitial pneumonia	
  Yes	 1 (1)
  No	 94 (99)
Treatment status	
  Initial treatment	 90 (95)
  Recurrence or residual	 5 (5)
  cancer after surgery
Operable	
  Yes	 8 (8)
  No	 87 (92)
Clinical stage	
  cT1aN0M0, stage IA	 32 (34)
  cT1bN0M0, stage IA	 25 (26)
  cT2aN0M0, stage IB	 38 (40)
Histology of primary lung cancer	
  Adenocarcinoma	 47 (49)
  Squamous cell carcinoma	 29 (31)
  Small cell carcinoma	 4 (4)
  Unknown	 15 (16)
VC, median (range) cm3	 2,230 (710‑4,290)
FEV1.0, median (range) cm2	 1,220 (410‑2,550)
Pattern of ventilatory impairment	
  Obstructive dysfunction	 47 (49)
  Restrictive dysfunction	 22 (22)
  Mixed dysfunction	 26 (27)
Total dose, median (range) Gy	 50 (40‑60)
GTV, median (range) ml	 15.6 (3.1‑87.7)

KPS, Karnofsky performance status; VC, vital capacity; FEV1.0, 
forced expiratory volume in 1 sec; GTV, gross target volume.

Table II. Adverse effects.

	 Grade, n (%)
	 ---------------------------------------------------------
Variables	 2	 3	 4	 5	 Total, n (%)

Dermatitis	 1 (1)	 0	 0	 0	 1 (1)
Pneumonitis	 3 (3)	 1 (1)	 0	 1 (1)	 5 (5)
Chest wall pain	 2 (2)	 1 (1)	 0	 0	 3 (3)
Hemoptysis	 0	 0	 0	 1 (1)	 1 (1)
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died; 22 succumbed to cancer, 24 died of unrelated causes and 
two patients died of treatment‑associated causes. The 3‑year 
LC, CSS and OS rates were 78.8 (95% CI, 67.2‑87.15%), 76.8 
(95% CI, 66.2‑84.8%) and 59.9% (95% CI, 49.1‑69.7%), respec-
tively (Fig. 1). The median OS time was 34.0 months.

Considering clinical stage, the 3‑year LC rate was 84.4% 
for Stage IA and 69.7% for Stage IB disease. The 3‑year CSS 
rate was 80.3% for Stage IA and 71.0% for Stage IB disease. 

The 3‑year OS rate was 57.0% for Stage IA and 45.1% for 
Stage IB disease (data not shown).

Prognostic factors. Univariate analyses were performed to 
identify potential prognostic factors of CSS and OS among 
the different subgroups. The results revealed that the KPS was 
a significant predictor of OS (P=0.037), and that the histology 
of primary lung cancer was a significant predictor of CSS and 

Table III. Univariate analysis of cancer‑specific survival and overall survival.

Factor	 No. of patients	 Cancer‑specific survival P‑value	 Overall survival P‑value

Age, years		    0.766	 0.338
  ≥76	 50		
  <76	 45		
Sex		    0.589	 0.362
  Male	 67		
  Female	 28		
KPS		    0.858	 0.037
  <80	 30		
  ≥80	 65		
Smoking status		    0.310	 0.775
  Current or previous	 79		
  Never	 12		
Operable		    0.996	 0.285
  Yes	   8		
  No	 85		
Clinical stage 		    0.223	 1.000
  ΙA	 57		
  ΙB	 38		
Histology of primary lung cancer		  <0.001	 0.003
  Adenocarcinoma	 47		
  Squamous cell carcinoma	 29		
  Small cell carcinoma	   4		
Pattern of ventilatory impairment			 
  Obstructive dysfunction	 47	   0.697	 0.700
  Restrictive dysfunction	 22
  Mixed dysfunction	 26	   0.497	 0.510
GTV, cm3			 
  ≥15.6	 48		
  <15.6	 47		
FEV1.0, cm3		    0.669	 0.979
  >700	 69		
  ≤700	 26		
VC, cm3		    0.981	 0.214
  >2, 282	 43		
  ≤2, 282	 52		
FEV1/FVC, %		    0.219	 0.188
  >59.1	 47		
  ≤59.1	 48		

KPS, Karnofsky performance status; GTV, gross target volume; FEV1.0, forced expiratory volume in 1 sec; VC, vital capacity; FEV1.0/FVC, 
forced expiratory volume % in 1 sec.
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OS (P<0.001 and P=0.003, respectively; Table III). In addition, 
the 3‑year OS rates of patients with a KPS score <80 and those 
with a score ≥80 were 46.6 and 65.5%, respectively (Fig. 2A). 
The 3‑year CSS rates of patients with adenocarcinoma, squa-
mous cell carcinoma and small cell carcinoma were 81.3, 90.7 
and 0%, respectively (Fig. 2B). The 3‑year OS rates of patients 
with adenocarcinoma, squamous cell carcinoma and small 
cell carcinoma were 68.7, 66.0 and 0%, respectively (Fig. 2C). 
Although the associations between prognosis and pulmonary 
variables such as FEV1.0, VC and FEV1/FVC were also evalu-
ated, no significant differences were identified.

Discussion

To the best of our knowledge, although several studies have 
focused on SBRT for patients with stage I lung cancer and poor 
pulmonary function, the safety and efficacy of the technique 
have not been clarified (16‑18). The results of the present study 
demonstrated that SBRT is effective in patients with lung 
cancer and poor pulmonary function with acceptable toxicity. 
A KPS score ≥80 was found to indicate favorable prognosis, 
and SBRT may be an effective and safe treatment option with a 
KPS score ≥80 among patients with poor pulmonary function.

In the present study, one patient (1.0%) who received 
re‑irradiation by SBRT developed grade 5 hemoptysis. In this 
patient, the recurrent tumor was located close to the pulmonary 
hilum in the marginal zone of the initial SBRT. Consequently, 
the patient succumbed to hemoptysis due to tracheal hemor-
rhage. Subsequently, re‑irradiation close to the pulmonary 
hilum was not performed for the other patients.

Radiation pneumonitis is the most commonly observed 
adverse effect following SBRT for lung cancer. Several studies 
using SBRT have reported that grade ≥3 radiation pneumonitis 
is detected in 1.8‑14.5% of patients, although these studies 
include patients with normal pulmonary function  (5,8,9). 
Of 176 patients with severe COPD, Palma et al (11) reported 
that three patients (2%) had grade 3 radiation pneumonitis. 
Chen et al (12) reported an occurrence rate of grade ≥3 radiation 
pneumonitis or acute exacerbation of interstitial pneumonia in 
18.8% of patients with lung cancer and coexisting interstitial 
pneumonia. The focus of the present study was on patients 
with lung cancer and poor pulmonary function, and only 2% 
of the patients developed grade ≥3 radiation pneumonitis, 
although one patient (1%) with HOT due to interstitial pneu-
monia prior to SBRT developed grade 5 radiation pneumonitis. 
This result suggested that the incidence of severe radiation 
pneumonitis following SBRT in patients with lung cancer and 

poor pulmonary function is similar to that in patients with 
normal pulmonary function or COPD. Guckenberger et al (16) 
analyzed the influence of pretreatment pulmonary function on 

Figure 1. (A) Local control rate, (B) cancer‑specific survival rate and (C) overall survival rate.

Figure 2. Local control or survival curves of different groups. (A) Overall 
survival rate according to KPS score, (B)  cancer‑specific survival rate 
according to the histology and (C) overall survival rate according to the 
histology. KPS, Karnofsky performance status; AD, adenocarcinoma; SCC, 
squamous cell carcinoma; SC, small‑cell carcinoma.
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pulmonary toxicity following SBRT for early‑stage NSCLC; 
no significant associations between any of the pretreatment 
pulmonary function parameters and the risk of either grade ≥2 
or ≥3 radiation pneumonitis were observed. Similarly, the 
univariate analysis of potential risk factors of grade ≥2 radia-
tion pneumonitis in terms of average pulmonary function and 
dosimetric parameters in the present study indicated that none 
of the factors in the pretreatment pulmonary function test were 
significant risk factors, suggesting that SBRT use in patients 
with lung cancer and poor pulmonary function is relatively safe.

The reported 3‑year LC and OS rates following SBRT 
for peripheral stage Ι lung cancer were 89‑97.6 and 47‑69%, 
respectively  (5,8,9,11). In addition, LC and OS depend on 
clinical stage or operability  (8,19). Shibamoto  et  al  (19) 
reported that the 3‑year LC rate was 86% for Stage IA and 
73% for Stage IB disease, and the 3‑year OS rate was 74% 
for operable and 59% for inoperable patients. The results of 
the present study revealed that the 3‑year LC rate was 78.8% 
for all patients, 84.4% for those with Stage IA disease and 
69.7% for those with Stage IB disease. The 3‑year OS rate was 
59.9%, although all 95 patients had poor pulmonary function, 
of which 87 patients (92%) had an inoperable status. LC in the 
present study was slightly worse compared with previous find-
ings, although the OS was consistent with the aforementioned 
studies. The reason for the lower LC is not clear; however, it 
was hypothesized that in patients with low pulmonary func-
tion, the tumor may be hypoxic and radio‑resistant.

Previous studies on SBRT for lung cancer have identified 
several prognostic indicators such as T classification and COPD 
severity (8,11). The univariate analysis in the present study iden-
tified KPS score as a significant predictor of OS (P=0.037), and 
primary lung cancer histology was a significant predictor of CSS 
(P<0.001) and OS (P=0.003). This may arise from the fact that 
patients with a low KPS score generally have poor prognoses, or 
that small cell lung carcinoma is more aggressive compared with 
NSCLC. In addition, no significant differences were identified 
between prognoses and pulmonary variables such as FEV1.0, 
VC and FEV1/FVC in the univariate analysis, consistent with 
previous studies (17,18). The results of the present study indi-
cated that SBRT may be effective in patients with peripheral 
stage Ι lung cancer and poor pulmonary function.

The present study had several limitations. Firstly, this study 
was performed using a single‑center retrospective design. 
Therefore, the possibility of selection bias cannot be elimi-
nated. Secondly, the study sample size was limited. Finally, 
the total doses and fractionation varied (48‑60 Gy in 4‑8 Fr), 
which may have influenced tumor control, toxicity occurrence 
and severity.

SBRT for patients with peripheral stage Ι lung cancer and 
poor pulmonary function may be an effective treatment with 
acceptable toxicity, and a KPS score ≥80 may indicate good 
prognosis.
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