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Objective: To evaluate the risk of radiation pneumonitis
(RP) after stereotactic radiotherapy (SBRT) for patients
presenting with severe pulmonary emphysema.

Methods: This study included 40 patients with Stage |
non-small-cell lung cancer who underwent SBRT, 75 Gy
given in 30 fractions, at the Tokyo Medical University,
Tokyo, Japan, between February 2010 and February 2013.
The median age of the patients was 79 years (range,
49-90 years), and the male:female ratio was 24:16. There
were 20 T1 and 20 T2 tumours. 17 patients had emphy-
sema, 6 had slight interstitial changes on CT images and
the remaining 17 had no underlying lung disease. The level
of emphysema was classified into three groups according
to the modified Goddard’s criteria (severe: three patients,
moderate: eight patients and mild: six patients). Changes

In addition to smoking, lung cancer has various causes,
including emphysema and chronic obstructive pulmonary
disease (COPD), which are common with underlying lung
diseases.”> Thus, patients with underlying lung diseases
have a high possibility of having cancer." Stereotactic body
radiotherapy (SBRT) for Stage I non-small-cell lung cancer
(NSCLC) has an excellent overall survival rate and local
control; therefore, SBRT is widely considered a cure with
fewer treatment-related toxicities.” Accordingly, an in-
creasing number of patients with co-morbidities, especially
underlying lung diseases, are undergoing SBRT.

Radiation pneumonitis (RP) is the most severe adverse
event of SBRT. Some potential predictors for the risk fac-
tors of RP are reported;* however, little is known about the
association between RP and underlying lung diseases, such
as pulmonary emphysema. Thus, we evaluated the relation

in the irradiated lung following SBRT were evaluated
by CT.

Results: On CT images, RP was detected in 34 (85%) patients,
and not in 6 (15%) patients, during a median observation
period of 313 days. Of the six patients, three had severe
emphysema and three had no underlying lung disease.
Patients with severe emphysema had lower risk of RP than
those with moderate emphysema (o = 0.01), mild emphysema
(p =0.04) and no underlying lung disease (p = 0.01).
Conclusion: Patients with severe emphysema had a low
risk of RP following SBRT.

Advances in knowledge: Little is known about the
association between RP and pulmonary emphysema.
Patients with severe emphysema had lower risk of RP
than those with no underlying lung disease.

between RP and pulmonary emphysema following SBRT in
patients with Stage I NSCLC.

METHODS

Patients

The ethical committee of the Tokyo Medical University
Hospital, Tokyo, Japan, approved this study. Between
February 2010 and February 2013, 40 consecutive patients
with Stage I NSCLC underwent SBRT, with a total dose of
75 Gy given in 30 fractions at the Tokyo Medical Univer-
sity. Patients’ characteristics are shown in Table 1. The
median age was 79 years (range, 49-90 years). The male
to female patient ratio was 24:16. 16 (40%) patients had
metachronous NSCLC a median of 56 months after sur-
gery for the first NSCLC. 26 (65%) patients had a history
of smoking. There were 20 T1 and 20 T2 tumours. 20
tumours were located in the upper lobe, 4 in the middle
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Table 1. Patients’ characteristics
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. Patients without emphysema Patients with emphysema
Characteristics p-value
(n=23) (n=17)
Sex (male:female) 9:14 15:2 0.003
Age (years), median (range) 79 (49-90) 79 (69-87) 0.910
Performance status (0:1) 21:2 15:2 0.580
Smoker:non-smoker 10:13 16:1 0.004
Diabetes mellitus:non-diabetes mellitus 5:18 3:14 1.000
Adenocarcinoma: 11 Adenocarcmorr}a: >
. Squamous cell carcinoma: 3
. . Squamous cell carcinoma: 4 . .
Histological type Pleomorphic carcinoma: 1 0.140
Non-small-cell lung cancer: 5
Non-small-cell lung cancer: 1
Unknown: 3
Unknown: 7
la:7 la:6
T factor 1b:2 1b:5 0.150
2a:14 2a:6
Right:left 12:11 12:5 0.330
Upper:middle:lower 11:3:9 9:1:7 0.760
Central:peripheral 6:17 2:15 0.430
3D-CRT:IMRT 2:21 6:11 0.050

3D-CRT, three-dimensional conformal radiation therapy; IMRT, intensity-modulated radiotherapy.

lobe and 16 in the lower lobe. For the underlying lung dis-
eases, 17 patients had emphysema, 6 had slight interstitial
changes at posterior site of the lung field on CT, and the
remaining 17 had no underlying lung disease. Interstitial
changes consisted of a variety of lung conditions, including
chronic inflammation from old tuberculosis or aspiration
pneumonia. Emphysema was assessed by the modified God-
dard’s criteria.” Emphysema was classified into five scores
according to the three slices of CT images taken of the apex, base
and middle of the lungs. In both lungs on each of the three slices
of CT images, no underlying lung disease scored zero, up to 25%
scored one, up to 50% scored two, up to 75% scored three and
almost total involvement of the lung tissue scored four.® Thus,
a maximum score of 24 (6 X 4) and a minimum score of 0 (6 X 0)
were possible. The scores from the 17 patients with emphysema
were classified into three groups according to severity: severe
(>16, =24), moderate (>8, =16) and mild (=0, =8). There
were three severe cases of emphysema, eight moderate cases and
six mild.

Radiotherapy methods

An immobilization device that compressed the abdomen to
restrict the respiratory movement was used. Then, the tu-
mour respiratory motions were observed to be within the
limit of 1.0 cm using an X-ray simulator for this treatment. The
clinical target volume (CTV) was defined as the gross tumour
volume plus 0.7 cm in all directions on the lung image of the
treatment planning system (Xio v. 4.6; Elekta AB, Stockholm,
Sweden). The planning target volume (PTV) was then defined as
the CTV plus 1.5 cm in the craniocaudal direction and 0.5 cm in all
other directions. The left and right lungs were delineated as organs

at risk. SBRT was performed using five non-coplanar directions.
In the three-dimensional conformal radiotherapy (3D-CRT) plan,
the PTV was coincident with the shape from the beam. In
the intensity-modulated radiation therapy (IMRT) plan, the
intensity modulation was generated by a compensated filter
according to the IMRT planning. In the 3D-CRT plan,
100% doses were prescribed to the isocentre; while in the
IMRT plan, the 95% dose line was set to cover the entire
PTV. Prescribed doses were both 75 Gy in 30 fractions. 8
and 32 patients underwent radiotherapy using 3D-CRT
and IMRT, respectively. The median percent of total lung
volume irradiated with >20Gy (V20 value) was 9.1% (range,
0.6-16.3).

Follow-up and statistical analysis

RP after SBRT was assessed according to common terminol-
ogy criteria for adverse events (CTCAE v. 4.0). The diagnosis
of grade 1 RP was made only when radiographic findings
showed asymptomatic conditions not interfering with activ-
ities of daily living. Physical, laboratory, chest radiograph and
chest CT examinations were performed every 3 months for
the first year and every 6 months thereafter. When the tumour
recurred or RP appeared, the follow-up schedule was modi-
fied depending on the patient. Factors associated with RP
were evaluated with the x* test and Fisher’s exact test for
categorical variables and Wilcoxon’s rank-sum test for con-
tinuous variables. A probability value (p-value) <0.05 was
considered statistically significant. The time to RP de-
velopment was calculated from the beginning of SBRT.
Kaplan—Meier’s methods and log-rank tests were also used to
evaluate the incidence of RP using STATA v. 12 (StataCorp,
College Station, TX).
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Figure 1. High-resolution CT images of a 72-year-old male
with no underlying lung disease (a) and an 89-year-old
female with interstitial changes (b). After stereotactic
body radiotherapy (SBRT) radiation pneumonitis
developed.
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RESULTS

During the median observation period of 313 days, 34 (85%)
patients experienced grade 1 RP according to the CTCAE
(Figure 1). No patient suffered from grade 2 or more RP. The
median time to RP development was 89 days. Six (15%) patients
did not experience RP; of these patients, three had severe em-
physema and three had no wunderlying lung disease
(Figure 2). The incidence of RP in patients with severe em-
physema was statistically significantly lower than in patients
with no underlying lung disease (p = 0.008) by Fisher’s exact
test.

When examining the underlying lung conditions affect-
ing RP, patients with interstitial changes suffered from
RP earlier than those with no underlying lung disease
(p=10.02) or emphysema (p=0.02) (Figure 3). Further
analysis showed that patients with severe emphysema had
lower risk of RP than those with moderate (p =0.01) and
mild (p=0.04) emphysema (Figure 4). In addition, RP
developed earlier for patients who underwent radiotherapy
in the lower or middle lobe than in the upper lobe (p = 0.04)
(Figure 5).

The patient’s smoking history (presence vs absence; p = 0.73),
Brinkman index (=1000 vs <1000; p =0.21), age (=75 vs
<75 years; p=0.33), sex (male vs female; p = 0.41), perfor-
mance status (1 vs 2; p = 0.19), tumour location (peripheral vs
central; p=0.48), T-factor (T1 vs T2; p=0.28), treatment
method (IMRT vs 3D-CRT; p = 0.21) and V20 value (=10 vs <10;
p =0.85) showed no statistically significant association
with RP.

DISCUSSION

Patients with Stage I NSCLC who are inoperable owing to
underlying lung diseases have become candidates for SBRT. RP
can be a life-threatening event when radiotherapy is performed
in the lung. SBRT provides radiation to a limited area of the
tumour while reducing it to the surrounding lung tissues. This
allows patients with underlying lung diseases to be treated. In
this study, all patients were medically inoperable owing to poor
pulmonary functions. To reduce serious RP, we used frac-
tionated SBRT at a dose of 75Gy given in 30 fractions. All
patients had good tolerance, and no grade 2 or higher RP was
observed.

Kimura et al” reported that following SBRT, patients with em-
physema developed RP less frequently. Using the x> test, they
reported that patients with emphysema had a much lower in-
cidence of RP than patients without emphysema. Their data
were consistent with our results. To further investigate the re-
lationship between RP and emphysema, we used the Goddard
criteria for emphysema severity.

Pauwels et al® showed that pulmonary emphysema occurred
more frequently in the upper lung regions in milder cases,
and extended throughout the entire lung in advanced cases.
Here, we showed that the patients with tumours in the lower
lobe had greater chance of suffering from RP than those with
tumours in the upper lobe. This finding appears consistent
with others.”™"" Severity of emphysema varied in different
areas of the lungs. As severe emphysema causes a reduction in
the volume of the parenchyma, the total dose absorbed by the
lung decreases, which may be related to the low incidence of
RP. Yamada et al'' reported similar results and found an in-
creased risk of RP by multivariate analysis when chemo-
radiotherapy was performed in the lower lobe. Palma et al'’
conducted an individual meta-analysis to clarify the risk of
RP following chemoradiotherapy for NSCLC. They showed
fatal RP was related not only to dosimetric factors but also
to the irradiated location. Kyas et al’ denoted that the dose—
response curve shifted to the left when the lower part of the
lung was irradiated, which had a tendency to increase the risk
of RP. Two others reported that irradiation of the upper part
of the lung was associated with a low risk of RP. Addition of
dosimetric information such as V20 and mean lung dose to
location of tumour more accurately predicted RP.'>'> The
tumour location may be an independent risk factor from
dosimetric parameters.

COPD is a physiological deterioration in the lung that is di-
agnosed through a lung physiological function test.'* By
contrast, emphysema is a morphological condition that is
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Figure 2. High-resolution CT images of a 75-year-old male (a) and a 74-year-old female (b) with severe emphysema and a 79-year-
old female with no underlying lung disease (c). There were no fibrotic changes after stereotactic body radiotherapy (SBRT).
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diagnosed with dilatation and destruction of the respiratory
bronchioles. Destruction of the lung parenchyma in patients with
COPD typically causes centrilobular emphysema.'” Therefore,
COPD and emphysema represent different aspects of lung in-
juries. Emphysema was recognized on CT images, meeting the
parameters needed to modify a treatment, however, COPD

Figure 3. A Kaplan-Meier curve shows development of
radiation pneumonitis among patients with no underlying lung
disease, interstitial change and emphysema. The median times
for developing radiation pneumonitis for patients with no
underlying lung disease, interstitial change and emphysema
were 150, 63 and 127 days, respectively. Patients with in-
terstitial changes suffered from radiation pneumonitis earlier
than those with no underlying lung disease (p=0.02) and
emphysema (p = 0.02).
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diagnosed by physiologically tests did not meet the necessary
parameters.

Studies with patients with COPD have often produced contra-
dictory results in clinical practice and clinical trials. Rancati et al'®
reported patients with COPD are associated with a higher risk of
RP. By contrast, some reported that COPD did not increase RP.
Takeda et al'’ investigated the relationship between RP and
COPD grade according to the Global Initiative for Chronic
Obstructive Lung Disease criteria, which were determined by the
severity of pulmonary functions. They concluded that patients
with COPD had lower risk of suffering from RP than do patients

Figure 4. Patients with severe emphysema had lower risk of
radiation pneumonitis than those with moderate (o =0.01) and
mild emphysema (p = 0.04).
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Figure 5. The median time to radiation pneumonitis in the
treatment of tumours in the lower or middle lobe, and the
upper lobe were 73 and 182 days, respectively. Radiation
pneumonitis developed earlier in patients with tumours in the
lower lobe than in the upper or middle lobe (p = 0.04).
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with no underlying lung diseases, and moreover, severe
COPD was a negative risk factor for RP following SBRT.

Wang et al'® also assessed whether poor pulmonary function
was associated with RP. In their analysis, the risk of RP in-
creased with high mean lung doses, the absence of COPD and
high forced expiratory volume 1s. They concluded that poor
pulmonary function did not increase the risk of RP. These
results showed radiotherapy may be a good treatment option
for patients with NSCLC who have COPD.

The limitation of this study is that there are only a small
number of patients with severe emphysema. It is reported
there are few patients with severe criteria of COPD,"
therefore incidence of severe emphysema was predicted to
be low. Further multi-institutional studies are needed to
demonstrate our results. In this study CT scans were per-
formed every 3 months, so grade I RP could have occurred
before.

This report focuses on the morphological changes affecting
RP. Therefore, this study is limited by the lack of physiological
data. Combined morphological and physiological data, as well
as morphological data by site, are needed to further in-
vestigate RP. In conclusion, patients with severe emphysema
have a lower risk of RP when SBRT is performed for stage I
NSCLC.
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