
Abstract. Background/Aim: We retrospectively compared
stereotactic body radiotherapy (SBRT) with conventionally
fractionated radiotherapy (CFRT) for a solitary lung tumor after
resection of a non-small cell lung cancer (NSCLC), due to a lack
of data concerning whether SBRT or CFRT is more effective in
this setting. Patients and Methods: SBRT using 48 Gy in 4
fractions was administered to 15 patients with a peripheral
tumor (SBRT group). CFRT using 66-70 Gy in 33-35 fractions
was administered to 11 patients with a central tumor (CFRT
group). Results: The median follow-up time was 32 months
(range: 9-79 months). The 3-year overall survival rates in SBRT
and CFRT groups were 81% and 40%, respectively (p=0.008).
The 3-year local control rates in SBRT and CFRT groups were
83% and 35%, respectively (p=0.035). Regarding toxicities, no
significant differences were found between the two groups.
Conclusion: Compared to CFRT, SBRT may be more effective in
solitary-lung-tumor patients after the complete resection of an
NSCLC as with inoperable-stage I-NSCLC patients.

For patients with an inoperable stage I non-small cell lung
cancer (NSCLC), a meta-analysis (1) and randomized controlled
trial (2) have shown that stereotactic body radiotherapy (SBRT)
has been more effective than conventionally fractionated
radiotherapy (CFRT). For patients with a centrally located
NSCLC near the pulmonary hilum or the mediastinum, severe

toxicities have been reported following SBRT, and clinical trials
have been under way with the aim of identifying the optimal
SBRT doses (3). For patients with a solitary lung tumor
following complete resection of an NSCLC, RT can be
performed when the patients are medically inoperable or refuse
to undergo surgery. Until the 2000s, CFRT was performed for
such patients, and the 2-year overall survival (OS) rate ranged
from 30-73% (4-7). Currently, SBRT is performed for these
patients as well. The 2-year OS rate of 61-91% following SBRT
(8-12) seems more favorable compared to CFRT. However,
there is a lack of data as to whether SBRT or CFRT is more
effective in this setting. Therefore, we retrospectively compared
SBRT with CFRT for patients with a solitary lung tumor
following the complete resection of an NSCLC with regard to
their efficacy and toxicity.

Patients and Methods
Eligibility criteria. This retrospective analysis was approved by our
institutional review board with approval number H28-111. Patients
were considered eligible for this study on the basis of the following
criteria: i) patients had a solitary lung tumor that was a postoperative
local recurrence (PLR), pulmonary metastasis (PM), or multiple
primary lung cancer (MPLC) following the complete resection of an
NSCLC; ii) RT alone was performed for the solitary lung tumor
between 2006 and 2015 in our institution; and iii) none of the patients
had regional or extra-pulmonary distant metastasis at the time of RT.
Patients treated with concurrent chemoradiotherapy were excluded.

Subgroup criteria of PLR, PM, or MPLC. PLR was defined as a
lesion adjacent to a staple line or a bronchial stump following the
complete resection of an NSCLC. As for the lesions excluding PLR,
PM and MPLC were differentiated, according to the criteria by
Martini et al. (13). The criteria for MPLC are as follows: I) different
histology between an MPLC and a completely resected NSCLC or
II) same histology between an MPLC and a completely resected
NSCLC, with i) more than 2 years tumor-free interval, ii) within 2
years of a tumor-free interval in a different lobe or lung, or iii) with
origin from carcinoma in situ.
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Treatment. A vacuum cushion was used to fix the body of the patients
who were treated with SBRT. The planning computed tomography
(CT) scan under free-breathing was performed using a long-time scan
(3 seconds/scan) to calculate internal target volume (ITV). CT volume
data were then transferred to a 3-dimensional radiation treatment
planning system. A physician delineated the target volume on the
planning CT. Spicula formation and pleural indentation were included
within the ITV. Planning target volume (PTV) margin from the ITV
was 5-15 mm at the physicians’ discretion with reference to the
respiratory motion estimated via the use of an X-ray simulator.

Eight ports including 4 coplanar and 4 noncoplanar beams were
used for SBRT. Three or 4 coplanar beams were used for CFRT. A
heterogeneous dose calculation algorithm was used. RT was
delivered using 4 or 10 MV and 6 MV photon of a linear accelerator
until June 2008 and from July 2008, respectively.

SBRT using 48 Gy in 4 fractions over 1-2 weeks at the isocenter
was administered to the patients with a peripheral solitary lung
tumor (SBRT group). CFRT using 66-70 Gy in 33-35 fractions over
6.6-7 weeks at the isocenter was administered to the patients with
a central solitary lung tumor adjacent to the pulmonary hilum or the
mediastinum, to avoid a risk of severe hilar or mediastinal toxicity
with SBRT (CFRT group).

Follow-up. Patients were followed up 1 and 3 months following the
completion of RT. Subsequently, patients were observed every 3
months. During each follow-up visit a chest X-ray was performed.
CT or fluorodeoxyglucose (FDG) positron emission tomography
(PET)/CT was performed every 6-12 months to evaluate recurrence.
Tumor markers were assessed at the physicians’ discretion.

Local recurrence was defined as tumor progression or relapse in
the irradiated field. Recurrence which occurred within the lung but
appeared outside the post-irradiated change was scored as distant
recurrence within the lung. Regional recurrence was defined as the
regional lymph node recurrence. Any other recurrence was defined
as distant recurrence.

Statistics. OS was defined as the time from the completion of RT to
death due to any cause. Local control (LC) was defined as the time
from the completion of RT to local recurrence. The Kaplan–Meier
method was used to calculate the OS and LC rates. Regarding the
OS and LC rates, the log-rank test was used in the analysis.
Common Terminology Criteria for Adverse Events, version 4.0 (14),
were used to assess the toxicities. Fisher’s exact test was used in
the analysis of the patient and tumor characteristics and toxicities.
A p-value of <0.05 was considered to indicate statistical
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Table I. Patient and tumor characteristics.

Characteristics at complete resection      Number        %        Characteristics at RT for                                             Number          %            Median 
                                                                                                    a solitary lung tumor**                                                                                       (Range)

Gender                                                                                        Age (years)                                                                                                        79 (61-88)
   Male                                                           23              89        ECOG-PS
   Female                                                         3              11            0                                                                                     14              54
Histology                                                                                        1                                                                                       9              35
   Adenocarcinoma                                       14              54            2                                                                                       3              11                   
   Squamous cell carcinoma                           8              30        History of COPD
   Large cell carcinoma                                  2                8            Yes                                                                                   6              23
   Pleomorphic carcinoma                              2                8            No                                                                                  20              77                   
Surgery                                                                                       Histology
   Pneumonectomy                                          2                8            Adenocarcinoma                                                             1                4
   Bilobectomy                                                1                4            Squamous cell carcinoma                                              3              11
   Lobectomy                                                 14              54            Unknown                                                                       22              85                   
   Segmentectomy                                           4              15        Subtype of solitary lung tumor***
   Wedge resection                                          5              19            PLR                                                                               13              50
VATS                                                                                              PM                                                                                   2                8
   Yes                                                             12              46            MPLC                                                                            11              42                   
   No                                                              14              54        Maximum diameter of solitary lung tumor (mm)                                            15 (6-30)
pStage*                                                                                       Operability
   IA                                                              11              42            Medically operable with patient refusal                        4              15
   IB                                                                 6              23            Medically inoperable                                                    22              85                   
   IIA                                                                2                8        Time from surgery (months)                                                                            22 (0-288)
   IIB                                                                1                4        RT methods for solitary lung tumor
   IIIA                                                              5              19            SBRT                                                                             15              58
   Unknown                                                     1                4            CFRT                                                                             11              42
Adjuvant chemotherapy after surgery                                       Adjuvant chemotherapy after RT
   Yes                                                               9              35            Yes                                                                                   1                4
   No                                                              17              65            No                                                                                  25              96                   

*Seventh edition of the Union for International Cancer Control; **None of the patients had regional or extra-pulmonary distant metastasis; ***PLR
was defined as a lesion adjacent to a staple line, to a bronchial stump, or in the residual lobe after complete resection of NSCLC. VATS: Video-
assisted thoracoscopic surgery; RT: radiotherapy; ECOG-PS: Eastern Cooperative Oncology Group Performance Status; COPD: chronic obstructive
pulmonary disease; PLR: postoperative local recurrence; PM: pulmonary metastasis; MPLC: multiple primary lung cancer; SBRT: stereotactic body
radiotherapy; CFRT: conventionally fractionated radiotherapy.



significance. Statistical analyses were performed using the JMP
software, version 11 (SAS Institute, Cary, USA).

Results

Patient and tumor characteristics. In total, 26 patients were
analyzed: 15 and 11 patients in SBRT and CFRT groups,
respectively. Patient and tumor characteristics are listed in Table
I. Comparison of the patient and tumor characteristics between
SBRT and CFRT groups are listed in Table II. A history of
adjuvant chemotherapy following surgery was significantly
more often performed in the SBRT group compared to the
CFRT group (p=0.036), but the history was not a significant
factor for OS and LC rates following RT (p=0.232 and
p=0.547, respectively). No other characteristics of the patients
differed significantly between the SBRT and CFRT groups.

Survival and efficacy. In total, the median follow-up time
was 32 months (range:9-79 months): i) SBRT group, 35
months (9-79 months), and ii) CFRT group, 18 months (9-
46 months). The 3-year OS rate in the SBRT and CFRT
groups (Figure 1) were 81% and 40%, respectively
(p=0.008). Causes of death were as follows: SBRT group,
lung cancer in 3 (20%) and other diseases in 2 (13%)
patients; CFRT group, lung cancer in 5 (45%) and other
diseases in 2 (18%) patients.

The 3-year LC rate in the SBRT and CFRT groups (Figure
2) were 83% and 35%, respectively (p=0.035). Sites of
initial recurrence were as follows: SBRT group, local-only
in 1 (7%), local with distant to the adrenal gland in 1 (7%),
and distant-only within the lung in 4 (27%) patients; CFRT
group, local-only in 5 (45%) and distant-only within the lung
in 1 (9%) patient. In the initial recurrence, regional lymph
node recurrence did not occur.

Toxicities. Toxicities following RT are listed in Table III. Of
the 15 patients treated with SBRT, grade-3 dyspnea occurred
in 2 patients (13%) who had a history of pneumonectomy or
chronic obstructive pulmonary disease, despite their slight
radiological changes following SBRT. No other grade-3 or
higher toxicities were observed in the SBRT and CFRT
groups.

Comparison of the toxicities following RT between the
SBRT and CFRT groups are listed in Table IV. No significant
differences in the occurrence of grade-2 radiation
pneumonitis and grade 2-3 dyspnea were found between the
SBRT and CFRT groups (p=1.000 for both). 

Discussion

To the best of our knowledge, this is the first study to compare
SBRT to CFRT for patients with a solitary lung tumor
following the complete resection of an NSCLC. These showed
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Table II. Comparison of the patient and tumor characteristics between
SBRT and CFRT groups.

Characteristics at                          SBRT group   CFRT group    p-Value
complete resection                             (n=15)             (n=11)

Histology
  Adenocarcinoma                             9 (60%)          5 (45%)          0.692
  Others                                              6 (40%)          6 (55%)            
Surgery
  ≥Lobectomy                                  10 (67%)          7 (64%)          1.000
  ≤Segmentectomy                            5 (33%)          4 (36%)
VATS
  Yes                                                   7 (47%)          5 (45%)          1.000
  No                                                    8 (53%)          6 (55%)            
pStage
  ≥IIA                                                 5 (33%)          3 (27%)          1.000
  ≤IB                                                10 (67%)          7 (64%)*
Adjuvant chemotherapy 
after surgery
  Yes                                                   8 (53%)          1 (9%)            0.036
  No                                                    7 (47%)        10 (91%)

Characteristics at RT for              SBRT group   CFRT group    p-Value
solitary lung tumor                            (n=15)             (n=11)

Age (years)
  ≥80                                                  7 (47%)          3 (27%)          0.428
  <80                                                  8 (53%)          8 (73%)
ECOG-PS
  0                                                       8 (53%)          6 (55%)          1.000
  1 or 2                                               7 (47%)          5 (45%)
History of COPD
  Yes                                                   3 (20%)          3 (27%)          1.000
  No                                                  12 (80%)          8 (73%)            
PLR
  Yes                                                   6 (40%)          7 (64%)          0.428
  No                                                    9 (60%)          4 (36%)            
PM
  Yes                                                   2 (13%)          0 (0%)            0.492
  No                                                  13 (87%)        11 (100%)          
MPLC
  Yes                                                   7 (47%)          4 (36%)          0.701
  No                                                    8 (53%)          7 (64%)
Maximum diameter of solitary 
lung tumor (mm)
  >20                                                  2 (13%)          4 (36%)          0.348
  ≤20                                                13 (87%)          7 (64%)            
Time from surgery (months)
  ≥24                                                  6 (40%)          4 (36%)          1.000
  <24                                                  9 (60%)          7 (64%)            
Adjuvant chemotherapy 
after RT
  Yes                                                   0 (0%)            1 (9%)            0.423
  No                                                  15 (100%)      10 (91%)

*One patient with unknown characteristics in the CFRT group was
excluded in this row. SBRT: Stereotactic body radiotherapy; CFRT:
conventionally fractionated radiotherapy; VATS: video-assisted
thoracoscopic surgery; RT: radiotherapy; ECOG-PS: Eastern
Cooperative Oncology Group Performance Status; COPD: chronic
obstructive pulmonary disease; PLR: postoperative local recurrence;
PM: pulmonary metastasis; MPLC: multiple primary lung cancer.
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Figure 1. The 3-year overall survival rates in the stereotactic body radiotherapy (SBRT) and conventionally fractionated radiotherapy (CFRT)
groups were 81% and 40%, respectively (p=0.008).

Figure 2. The 3-year local control rates in the stereotactic body radiotherapy (SBRT) and conventionally fractionated radiotherapy (CFRT) groups
were 83% and 35%, respectively (p=0.035).



a significantly better OS with SBRT compared to CFRT,
similar to patients with an inoperable stage I NSCLC (1).

Following CFRT the reported rates of the 2-year OS and
grade 3 toxicity or higher have been shown to be in the
range: 30-73% and 0%, respectively (4-7) and following
SBRT 61-91% and 2-15%, respectively (8-12). We consider
our results to be comparable to the published results.

Regarding toxicities, a retrospective study of patients with
or without a history of lung resection has shown that grade
2 pulmonary toxicity or higher following SBRT tended to
increase in patients with previous lung resection compared
to others, although there was no trend for grade 2 radiation-
induced pneumonitis or higher (12). In our study, grade 3
dyspnea occurred in 2 patients, despite their slight
radiological changes following SBRT. Therefore, we should
probably pay attention to pulmonary toxicities even if there
were only slight radiological changes following SBRT in
patients with a history of lung resection.

A solitary lung tumor following the complete resection of
an NSCLC could be classified as a PLR, PM, or MPLC. Post
CFRT data have been limited to PLR and are missing for PM
or MPLC (4-7). On the other hand, post SBRT data have
been published for all subgroups. With regards to PLR, the
2-year OS has been shown to be 76% following SBRT (9).
Between PM and MPLC, no significant difference in OS

following SBRT has been observed; with a 3-year OS at 61%
and 62%, respectively (11). From these data it can be
suggested that no marked difference for OS might be among
the 3 subgroups following SBRT. In our study, no significant
differences of tumor characteristics for PLR, PM and MPLC
were observed between the SBRT and CFRT groups.
Therefore, the influence of subgroups was probably
restrictive in our study.

The histology of the irradiated tumor in our study was
unknown in 85% patients. Because of comorbidities,
refusals, tumor location, and other parameters, there have
been different degrees of difficulty in obtaining the
pathological diagnosis before RT from patients with a
solitary lung tumor following the complete resection of an
NSCLC. Other studies of SBRT for a solitary lung tumor
following complete resection of NSCLC included 49-80%
patients with an unknown histolopathology (8-11).
Therefore, we consider our results to be comparable to the
published results.

Because of its retrospective nature, this study has certain
limitations, such as the single institutional design and the
small number of events with unknown long-term results.

In conclusion, SBRT may be more effective compared to
CFRT in patients with solitary lung tumors following the
complete resection of an NSCLC similar to patients with an
inoperable stage I NSCLC.
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Table III. Toxicities following RT.

                                                         Grade             Number               %

Radiation pneumonitis                         0                      3                     12
                                                             1                    19                    73
                                                             2                      4                     15
                                                             3                      0                       0
                                                             4                      0                       0
                                                             5                      0                       0
Dyspnea                                                0                   12                     46
                                                             1                      8                     31
                                                             2                      4                     15
                                                             3                      2                       8
                                                             4                      0                       0
                                                             5                      0                       0
Chest pain                                            0                    23                    88
                                                             1                      3                     12
                                                             2                      0                       0
                                                             3                      0                       0
                                                             4                      0                       0
                                                             5                      0                       0
Radiation esophagitis                           0                    22                    84
                                                             1                      2                       8
                                                             2                      2                       8
                                                             3                      0                       0
                                                             4                      0                       0
                                                             5                      0                       0

RT: Radiotherapy.

Table IV. Comparison of toxicity between SBRT and CFRT groups
following RT*.

                                              SBRT group       CFRT group         p-Value
                                                   (n=15)                (n=11)

Radiation pneumonitis
  Grade 0-1                             13 (87%)              9 (82%)              1.000
  Grade 2                                   2 (13%)              2 (18%)
Dyspnea
  Grade 0-1                             12 (80%)              8 (73%)              1.000
  Grade 2-3                               3 (20%)              3 (27%)
Chest pain
  Grade 0                                 14 (93%)              9 (82%)              0.556
  Grade 1                                   1 (7%)                2 (18%)
Radiation esophagitis
  Grade 0-1                             15 (100%)            9 (82%)              0.169
  Grade 2                                   0 (0%)                2 (18%)

*No other grade 3-5 toxicities were observed. SBRT: Stereotactic body
radiotherapy; CFRT: conventionally fractionated radiotherapy; RT:
radiotherapy.
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