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ABSTRACT

Background: The adaptation criteria for administration of stereotactic body radiotherapy (SBRT) to
patients with lung cancer who previously underwent surgery and subsequently developed a second
primary lung cancer (SPLC) or intra-parenchymal lung metastasis (IPLM) are controversial, unlike the cri-
teria for repeat surgery. We aimed to evaluate the feasibility of SBRT for these patients. Factors associ-
ated with decreased respiratory function were also evaluated.

Material and methods: Sixty-nine patients with 89 lesions who underwent SBRT between 2008
and 2017 were analyzed. Of these, 29 were diagnosed with SPLC while the remaining 40 had IPLM.
The distribution of histological types was as follows: squamous cell carcinoma (n= 13 lesions); adeno-
carcinoma (n = 25); non-small cell carcinoma (n=1); unknown histological type (n =49). The prescribed
doses to the planning target volume (PTV) were 50 Gy in five fractions for 85 lesions and 60 Gy in 10
fractions for four lesions at PTV mean.

Results: Over a median follow-up period of 55 months, the 4-year overall survival and local control
rates were 50.3% and 87.6%, respectively. Six patients experienced grade 2 radiation pneumonitis and
one experienced grade 3. Two patients experienced grade 5 pulmonary fibrosis. Decreased respiratory
function was observed in 10 patients (15.1%). On multivariate analysis, the presence of pulmonary dis-
ease before SBRT was the only statistically significant factor associated with decreased respira-
tory function.

Conclusions: SBRT is safe and feasible in patients with SPLC or IPLM previously treated surgically.
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Pre-existing pulmonary disease was a predictive factor for decreased respiratory function.

Introduction

A second primary lung cancer (SPLC) or intra-parenchymal
lung metastasis (IPLM) is occasionally detected in patients
during follow-up after undergoing radical surgery for lung
cancer. The reported risk of developing an SPLC in
patients who undergo resection of non-small cell lung car-
cinomas is approximately 1-2% per patient per year [1].
Thus, long-term follow-up after the initial surgery is crucial
to increase SPLC and IPLM detection rates [2,3]. There are
significant differences in the treatment and prognosis of
SPLC and IPLM; however, even if the diagnostic criteria for
metachronous tumors devised by Martini and Melamed are
consistent with SPLC in patients undergoing repeat sur-
gery, some of these patients are deemed to have IPLM [4].
Therefore, eligible patients with IPLM often undergo repeat
surgery. In cases where the patient is unable to withstand
surgery or refuses it, radiotherapy is often adminis-
tered instead.

Stereotactic body radiotherapy (SBRT) for stage | non-
small cell lung cancer or metastatic lung tumors less than
3cm wide can achieve good local control (LC) and is associ-
ated with mild adverse events if a high radiation dose is
concentrated directly onto the target [5-8]. Therefore, if
SPLCs or IPLMs are located in the lung field and are rela-
tively small, SBRT is favored in lieu of further invasive treat-
ment. The criteria for repeat surgery are well established,
and include a post-surgical predicted forced expiratory vol-
ume in one second >800mL and percent forced vital cap-
acity (%VC)>40% [9,10]. Conversely, the criteria for
conventional radiotherapy or SBRT have not yet been estab-
lished. There are no reports adapting SBRT for the treat-
ment of patients with SPLC or IPLM who were previously
treated surgically; furthermore, exacerbating factors for
decreased respiratory function have not been determined.
Instead, the choice of treatment is at the discretion of radi-
ation oncologists.
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We therefore evaluated the feasibility of SBRT for SPLC
and IPLM in patients previously treated surgically for lung
cancer. We also investigated the factors related to decreased
respiratory function.

Material and methods
Patient inclusion criteria

This study included patients treated with SBRT who previ-
ously underwent surgery for lung cancer and were found to
have SPLC or IPLM on follow-up at our institution between
September 2006 and November 2015. Written informed con-
sent was obtained from all patients before undergoing treat-
ment; our institutional review board approved this
retrospective analysis (no. 16-18). All patients were evaluated
by a multidisciplinary thoracic oncology group that com-
prised thoracic surgeons, pulmonologists and radiation
oncologists.

The adapted criteria for SBRT to treat lung tumors at our
institution are as follows: (1) no simultaneous regional lymph
node metastases (i.e., to the hilar, mediastinal or supraclavic-
ular lymph nodes) or any distant metastases, (2) performance
status <3 and (3) tumors <5cm in diameter and total num-
ber <3 lesions. There are no clear criteria at our institution
with respect to respiratory function. Although the exclusion
criteria covered patients lost to follow-up who had not expe-
rienced recurrence within 6 months after the completion of
SBRT, no such patients were found in our cohort. Ultimately,
we included 69 patients with 89 lesions; the characteristics of
all patients and tumors are summarized in Table 1. The distri-
bution of histological types was as follows: squamous cell
carcinoma (n=13 lesions), adenocarcinoma (n=25), non-
small cell carcinoma (n=1) and unknown histological type
(n=49). Pulmonary diseases included chronic obstructive

Table 1. Patient characteristics.
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pulmonary disease (COPD), interstitial pneumonitis (IP; n=2)
and pulmonary aspergillosis (n=1). All cases of COPD
were emphysema.

Treatments

In April 2010, a new Novalis-Tx (Brain LAB AG, Feldkirchen,
Germany) for SBRT was installed at our institution, the proto-
col for which was modified as a result. Protocols before and
after the change are described below.

September 2006-April 2010

The patient was immobilized with a vacuum pillow, hip fix-
ation board and Exacerbar (Brainlab AG, Feldkirchen,
Germany). The target was defined as the gross tumor volume
(GTV)=clinical target volume (CTV)=internal target volume
(ITV). The ITV was determined according to the averaged
computed tomography (CT) image acquired four times dur-
ing normal breathing. The planning target volume (PTV) was
defined as the ITV plus 5mm in all directions. The beam
energy was 4 and/or 10 MeV. Eight non-coplanar beams were
used for treatment delivery. Irradiation was performed with a
linear accelerator (CLINAC 21EX, Varian Medical Systems,
Tokyo, Japan).

May 2010-November 2015

The patient was immobilized with a vacuum pillow and
Exacerbar. The target was defined as GTV=CTV=ITV. The
ITV was determined using four-dimensional CT during normal
breathing; the mass on expiratory phase CT was defined as
the ITV. The PTV was defined as the ITV plus 5mm on the
lower side and 3mm on the remaining sides. The beam
energy was 6 MeV. Eight non-coplanar beams were used for

Category

n

Number of patients
Age in years at SBRT, median (range)
Male/female
Brinkman index: <400/>400
Type of tumor: SPLC/IPLM
PS: 0/1/2/3
Pulmonary disease: yes/no
Number of times SBRT was performed: 1/2/3/4
Respiratory function before SBRT, median (range)
Total lung volume (lung-GTV; mL)
VC (L)
VC (% predicted)
FEV1.0 (L)
FEV1.0 %
MRC scale before SBRT
I/II//IV/V(HOT)
Resection type
W/S/S + W/L/L + W/L + S/BL/P
Stage of surgery

IA/IB/IIA/IIB/INIA/IA +1A/IA + IB/IB + IB/IA + IlIA/IA + meta/N.A.

Histology of surgery

ADC/SqCC/Adenosquamous/ADC + ADC/ADC + SqCC/SqCC + SqCC/Other/N.A.

69
76 (42-89)
49/20
27/42
29/40
34/25/8/2
26/43
57/6/4/2

2602 (1083-5195)
2.58 (0.94-4.36)
83.0 (43.3-132)
1.79 (0.66-3.05)
73.1 (35.3-106.7)

15/27/21/5/1
4/7/3/36/3/9/4/3
28/18/5/2/4/4/4/11/1/1/1

39/16/1/8/1/1/2/1

SBRT: stereotactic body radiotherapy; SPLC: second primary lung cancer; PRLC: postsurgical recurrence lung cancer;
PS: performance status; GTV: gross tumor volume; VC: vital capacity; FEV1.0: forced expiratory volume in one
second; FEV1.0%: percent forced expiratory volume in one second; MRC: Medical Research Council; HOT: home
oxygen therapy; W: wedge resection; S: segmentectomy; L: lobectomy; BL: bilobectomy; P: pneumonectomy;
meta: metastasis; ADC: adenocarcinoma; SqCC: squamous cell carcinoma; N.A.: not available.
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Table 2. Treatment details.

Number of lesions n=289

SBRT total dose

50 Gy/five fractions® 85
60 Gy/10 fractions® 4
TV (cm?) Median 4.9 (range, 0.6-42.2)

PTV (cm®) Median 15.0 (range, 2.7-79.6)
PTV D95 (Gy) Median 48.5 (range, 42.9-58.1)
V5 (%)° Median 19.1 (range, 6.7-40)
V20 (%)° Median 5.3 (range, 1.0-18.2)
V30 (%)° Median 3.0 (range, 0.7-9.9)

Mean lung dose (Gy)® Median 3.8 (range, 1.2-9.2)

SBRT: stereotactic body radiotherapy; Gy: gray; ITV: internal target volume;
PTV: planning target volume; PTV D95: dose covering 95% of PTV; V5: percent-
age of lung volume minus gross tumor volume (GTV) receiving more than
5Gy; V20: percentage of lung volume minus GTV receiving more than 20 Gy;
V30: percentage of lung volume minus GTV receiving more than 30 Gy.

*The plan normalization method of the dose prescription was 100% at
PTV mean.

BSBRT performed at multiple sites simultaneously was included.

treatment delivery. A respiratory synchronization system
using infrared markers was used for patients with stable res-
piration, synchronized with the expiratory phase. Irradiation
was performed with a Novalis-Tx.

Dose regimens consisted of 50Gy in five fractions for per-
ipheral tumors and 60Gy in 10 fractions for central tumors
during both periods. The plan normalization method
involved delivering 100% of the dose prescription at PTV
mean. Details of all SBRT treatments are summarized in
Table 2. Moreover, 10 patients underwent chemotherapy after
SBRT, six of whom underwent molecular targeted therapy.

Definitions of SPLC and IPLM

Tumor histology was difficult to differentiate and was not
always determined in SBRT patients for different reasons. We
defined SPLC according to the following criteria: (1) lesions
of a different histological type than the original, (2) lesions
appearing >5 years since the initial surgery or (3) lesions
with a ground glass nodule.

Follow-up

After SBRT, chest radiography was performed every 1-2
months and chest CT examinations were performed every
3-4 months. Magnetic resonance imaging of the brain and
'8F-fluorodeoxyglucose positron emission tomography exami-
nations were performed when assessment of the brain or of
other extra-pulmonary metastases was required on the basis
of clinical symptoms. Acute, sub-acute and chronic toxicity
was evaluated using the National Cancer Institute-Common
Toxicity Criteria Version 4.0.

We evaluated respiratory function using the British
Medical Research Council (MRC) scale [11] at the time of
radiotherapy, and reevaluated patients at every post-treat-
ment visit. Any decrease in the MRC scale by one grade or
more was considered a clinically significant event.

Overall survival (OS) was calculated from the date of initial
SBRT commencement to the date of death from any cause.
LC was calculated from the date of initial SBRT commence-
ment to the date of regrowth detection. Data of patients

who experienced no events of interest were censored at the
last follow-up date.

Primary endpoint and statistical analysis

The primary endpoint in this study was the feasibility of SBRT
in patients previously treated with surgery, and we also
wanted to identify predictors of decreased respira-
tory function.

The data were analyzed using SPSS software, version 24
(SPSS Inc., Chicago, IL, USA). OS and LC were evaluated using
the Kaplan-Meier estimates and the log-rank test. Pearson’s
¥° test was used to assess the association between decreased
respiratory function and different factors. Furthermore, on
multivariate analysis, binomial logistic regression analysis was
used. A p value of .05 or less was considered statistically sig-
nificant; all statistical tests were two-sided.

Results

Advanced age and decreased respiratory function were the
most common reasons for selecting SBRT instead of surgery;
only two patients rejected surgery by their own discretion.
The median follow-up time for all surviving patients was
55 months (range 3-105 months).

Survival outcomes

Thirty-three patients developed recurrences during the fol-
low-up period; five experienced local recurrence only, nine
experienced recurrences in other regions of the lung, one
experienced local and regional lymph node recurrences, one
experienced local and distant metastases, four experienced
regional lymph node recurrences only, and 13 experienced
distant metastases only. Twenty-three patients died of lung
cancer, and 10 died of other causes (two of cerebral infarc-
tion, two of pulmonary fibrosis (PF), two of unknown causes,
two of cardiac failure, one of laryngeal cancer, and one of
infection). Only one patient was lost to follow-up at 37
months with no recorded recurrence. The OS rate for all
patients was 50.3% at four years (Figure 1). The four-year LC
rates for all lesions were 87.6% (Figure 1). No significant dif-
ferences were found with respect to OS (p=.714) between
patients with SPLC and those with IPLM.

Adverse events

Six patients developed grade 2 radiation pneumonitis (RP)
and one developed grade 3RP. Five patients developed a
symptomatic rib fracture. A grade 1 pleural effusion was
found in one patient, while a grade 2 skin reaction was
reported in another. Conversely, two patients had a grade
5PF and mild IP was suspected based on CT scans obtained
before SBRT.
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Figure 1. The Kaplan—Meier estimates of overall survival (OS) (A; n=69) and local control (LC) (B; n = 89) from stereotactic body radiotherapy.

Table 3. Analysis of clinical and dosimetric variables associated with decreased respiratory function (n = 69).

p value
(+)n=10 (=) n=59  p value (univariate?) HR (95%Cl) (multivariate®) HR (95%Cl)
Age (years) >70 7 45 670 0.791 (0.276-2.264)
<70 3 14 1 (reference)
Sex Male 9 40 152 3.220
(0.484-21.442)
Female 1 19 1 (reference)
Brinkman index <400 1 25 .051 0.640 (0.474-0.865)
>400 9 34 1 (reference)
PS 0-1 8 50 .705 0.763 (0.692-3.025)
2 2 9 1 (reference)
Location of SBRT Ipsilateral 3 29 0.117 (0.012-1.113) 0.127 (0.004-3.935)
compared to the Contralateral 5 29 .026 0.083 (0.009-0.757) 466 0.150 (0.007-3.277)
previous surgery Both sides 2 1 1 (reference) 1 (reference)
Pulmonary disease + 7 19 .023 1 (reference) .028 1 (reference)
- 3 40 0.460 (0.266-0.797) 0.142 (0.025-0.805)
Number of 1 5 52 .003 0.237 (0.093-0.620) .089 0.190 (0.028-1.285)
SBRT sessions >2 5 7 1 (reference) 1 (reference)
Total lung volume <2600 mL 6 27 405 1.356 (0.013-3.001)
before SBRT >2600 mL 4 32 1 (reference)
%VC® <80% 5 21 143 0.569 (0.301-1.077)
>80% 3 38 1 (reference)
FEV1.0%° <70% 2 23 443 0.814 (0.519-1.275)
>70% 6 36 1 (reference)
MRC scale -1l 6 35 .968 1.017 (0.448-2.307)
before SBRT n-v 4 24 1 (reference)
Chemotherapy + 3 7 132 1.259 (0.830-1.909)
after SBRT - 7 52 1 (reference)
Molecular targeted + 1 5 874 1.017 (0.816-1.268)
therapy after SBRT - 9 54 1 (reference)

HR: hazard ratio; Cl: confidence interval; PS: performance status; SBRT: stereotactic body radiotherapy; VC: vital capacity; FEV1.0%: percent forced expiratory

volume in one second; MRC: Medical Research Council.

3pearson’s z* test.

PBinomial logistic regression analysis.

cResults of respiratory tests before SBRT were unavailable for two patients.

Evaluation of respiratory function

Ten patients (15.1%) had decreased respiratory function
according to the MRC scale. Five patients had decreased
respiratory function by <2 grades, and home oxygen therapy
(HOT) was introduced for two patients. We evaluated the
association  between decreased respiratory  function
(based on the MRC scale) and different factors (Table 3).

Univariate analysis revealed that the following factors were
significantly associated with decreased respiratory function: a
higher Brinkman index (p =.046), the presence of pulmonary
disease before SBRT (p=.024), multiple SBRT treatments
(p=.039) and chemotherapy after SBRT (p=.015). Next,
before performing multivariate analysis, we analyzed the cor-
relation between the Brinkman index and COPD. As expected,
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Table 4. Summary of patients with decreased respiratory function after stereotactic body radiotherapy.

SBRT outcome

Age Contents Number Pulmonary Tumor Change of (cause
(years) /sex PS of surgery of SBRT disease location Dose/fraction  PTV (mL) V20 (%) MRC scale of death)
74/male 2 S 1 COPD RUL 50 Gy/5 fr 28.5 2.2 n—v Alive, 6 mo
73/male 1 P 1 COPD RUL 50 Gy/5 fr 31.2 9.1 I — v Died, 30 mo
(lung cancer)
60/female 0 L+S 3 None (1) LLL (1) 50 Gy/5 fr (1) 5.0 (1) 2.7 N— 1 Alive, 62 mo
(2) LLL (2) 50 Gy/5 fr (2) 8.8 (2) 34
(3) RLL (3) 50 Gy/5 fr (3) 8.1 (3) 4.8
80/male 1 L 3 None (1) RUL (1) 50 Gy/5 fr (1) 25.7 (1) 5.0 I — v Died, 84 mo
(2) LUL (2)50Gy/5fr (2152 (2+(3)° (lung cancer)
(3) LUL (3) 50Gy/5 fr (3)9.3 8.4
85/male 0 S+W 1 Mild IP COPD LLL 50 Gy/5 fr 36.5 74 -V Died, 14 mo
(pulmonary
fibrosis)
80/male 0 BL 3 None (1) LLL (1) 60Gy/10 fr (1) 49.7 (1) 14 | — 1l Alive, 43 mo
(2) LLL (2)50Gy/5 fr () 121 (2+@B)°
(3) LLL (3) 50Gy/5 fr  (3) 135 7.9
68/male 1 BL 4 COPD (1) LS (1) 50 Gy/5 fr Mm103 M+@)? I— 1 Died, 34 mo
(2) LLL (2) 50Gy/5 fr (2) 6.1 6.5 (lung cancer)
(3) LS (3) 50 Gy/5 fr 3)54 ()+©
(4) LLL (4) 50 Gy/5 fr 4) 6.1 4.8
64/male 0 L 1 COPD LLL 50Gy/5 fr 42.6 53 n— v Died, 177 mo
(lung cancer)
78/male 1 L 1 Mild IP COPD RUL 50 Gy/5 fr 513 8.1 -V Died, 28 mo
(pulmonary
fibrosis)
71/male 0 L 3 COPD (1) LUL (1) 50 Gy/5 fr (1) 25.2 (1) 7.6 II— v Died, 47 mo
(2) LUL (2) 50Gy/5 fr  (2) 334 (2) 4.8 (lung cancer)
(3) RLL (3) 50 Gy/5 fr (3) 46.3 (3) 6.2

Since SBRT was simultaneously performed at two sites, the total irradiated lung volume is shown (sum of both).

PS: performance status; SBRT: stereotactic body radiotherapy; PTV: planning target volume; V20: percentage of lung volume receiving more than 20 Gy; fr: frac-
tion; MRC: Medical Research Council; S: segmentectomy; P: pneumonectomy; W: wedge resection; BL: bilobectomy; L: lobectomy; IP: interstitial pneumonia;
COPD: chronic obstructive pulmonary disease; LLL: left lower lobe; LS: lingular segment; RUL: right upper lobe; LUL: left upper lobe; RLL: right lower lobe;

mo: months.

a strong correlation was identified (p <.001). Therefore, multi-
variate analysis was performed using the above three factors
(except for the Brinkman index) and the presence of pulmon-
ary disease before SBRT was found to be the only statistically
significant factor associated with decreased respiratory func-
tion (p =.028). The details of the 10 patients with decreased
respiratory function are shown in Table 4.

Grade 5 PF

The CT findings of a 78-year-old man, one of two patients
with grade 5PF, are shown in Figure 2. The 3.5-cm mass was
located in the right lower lobe (Figure 2(A)); squamous cell
carcinoma with cT2NOMO stage IB was diagnosed. The
patient had a medical history of pulmonary emphysema and
right lower lobe resection for lung cancer five years previ-
ously, and we detected signs of mild IP in the contralateral
lung on diagnostic imaging. Before SBRT, his respiratory func-
tion was assessed as grade 1. The ITV and PTV for SBRT were
19.2mL and 42.6 mL, respectively, and dose regimens were
50Gy in five fractions using eight non-coplanar static beams
(Figure 2(B)). At 3 months after SBRT completion, a frosted
glassy shadow emerged, and the tumor shrank (Figure 2(C)).
At 13 months after SBRT, the lung volume had severely con-
tracted in the region of the irradiated field (Figure 2(D)). At
28 months after SBRT, an IP-like pattern emerged bilaterally
in the pulmonary region outside the irradiated field, and
honeycomb lung in the peripheral area was observed (Figure

2(E)). HOT was introduced; however, the patient died of
respiratory insufficiency at 29 months. The remaining patient
was an 85-year-old man with a 3.2-cm mass located in the
left lower lobe diagnosed as IPLM. The patient had previously
undergone surgery on three occasions; therefore, the %VC
considerably decreased to 60.7%. Mild IP and emphysema in
the contralateral lung were detected via CT. The patient
underwent SBRT; dose regimens were 50 Gy in five fractions
using eight non-coplanar static beams. At 3 months after
SBRT completion, grade 3 RP developed in the irradiated field
and the patient developed concurrent mediastinal emphy-
sema. Although HOT was introduced due to deterioration of
respiration and worsening of daily activity, the patient died
of respiratory insufficiency at 14 months post-SBRT.

Discussion

The adaptation of SBRT for patients previously treated with
surgery has not been discussed before. In this study, data
analysis revealed that the presence of pulmonary disease
before SBRT was significantly associated with decreased
respiratory function.

There are few studies of SBRT in patients previously
treated with surgery [12-15]. Takeda et al. originally analyzed
the outcomes of SBRT in 23 patients with isolated post-surgi-
cal local recurrences (IPSLRs), including 21 patients with
bronchial stump or staple line recurrences and two patients
with chest wall recurrences. Three patients suffered from
grade 3, 4 and 5RP [12]. The investigators concluded that
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Figure 2. Disease course of the patient with grade 5 pulmonary fibrosis. (A) Computed tomography (CT) before stereotactic body radiotherapy (SBRT) revealed a
mass in the right lower lobe (red arrow). (B) Treatment planning for SBRT (50 Gy in five fractions). (C) CT findings 3 months after SBRT revealed that the tumor
decreased in size (red arrow) and a frosted glassy shadow appeared. (D) CT findings 1 year and 1 month after SBRT; the lung volume had severely contracted in the
region of the irradiated field (red arrow). (E) CT findings 2 years and 4 months after SBRT. An interstitial pneumonitis-like pattern was observed bilaterally in the pul-
monary region outside the irradiated field (red arrows), and honeycomb lung in the peripheral area was observed (green arrows).

SBRT for IPSLR achieved high LC with limited toxicity.
Nishiyama et al. subsequently investigated 41 medically inop-
erable patients who underwent SBRT for second pulmonary
nodules arising from different types of cancer, and reported
that grade 2RP toxicity occurred in five patients and one
died of grade 5RP [13]. Two further studies by Chang et al.
and Creach et al. assessed SBRT for multiple primary lung
cancers, including patients who underwent surgery as the ini-
tial treatment [14,15]. Creach et al. reported no grade >3
toxicity; however, Chang et al. reported a 3% incidence of
grade >3RP, grade 3 chest wall pain, and grade 3 skin tox-
icity. The results of second resections for SPLC and IPLM
reported by the thoracic surgery team at our institution are
of interest, with Yukiue et al. reporting OS rates at two and
five years of 87.8% and 62.9%, respectively [16]. Of note, nine
patients (23%) had postoperative complications and one
(2.6%) died during surgery. Studies indicate that the general
OS rates after repeat surgery for SPLC and IPLM are
26-56.5% at 5 years [3,17-21]. As many patients in our ana-
lysis were originally considered ineligible for surgery, we
regard our results as promising in terms of LC and toxicity.
However, the results of SBRT are not necessarily comparable
to those of surgery, where a pathological specimen can be
obtained to verify that the underlying disease is lung cancer.
A histological diagnosis is not always determined in patients
undergoing radiotherapy because CT-guided lung biopsies or
endobronchial ultrasound-guided transbronchial needle

aspiration may not be suitable for patients who have under-
gone lung resection.

Ten patients (15.1%) in this study had decreased respira-
tory function and, on multivariate analysis, the presence of
pulmonary disease before SBRT was significantly associated
with decreased respiratory function. Mentzer and Swanson
reported that 20% of patients with COPD had decreased,
inoperable respiratory function [22]. Therefore, SBRT may
markedly decrease respiratory function in patients with back-
ground pulmonary disease, such as COPD. Moreover, Kojima
et al. reported that age and smoking (as measured by the
Brinkman index) were strong risk factors for COPD [23]. The
significant association between the Brinkman index and
decreased respiratory function may indicate the potential
existence of COPD, and the association between the
Brinkman index and COPD was confirmed in our study.
Therefore, it is important to take into consideration the pres-
ence of COPD or of a high Brinkman index before delivery
of SBRT.

Two patients (2.8%) with grade 5PF were included in this
study and we considered this rate to be acceptable. The two
patients with grade 5PF were diagnosed with mild IP on
diagnostic imaging. Ozawa et al. investigated the clinical
characteristics and predictive factors for developing acute
extended RP with a focus on the presence and radiological
characteristics of preexisting IP, and concluded that the pres-
ence of preexisting IP on the CT scan before radiotherapy
was a significant predictive factor (odds ratio=22.6; 95%
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confidence interval: 5.29-155; p<.001) [24]. Lee et al.
reported that the interstitial changes in the pre-RT chest CT
scan (p=.009), mean lung dose (p <.001), and the percent-
age of lung volume receiving over 30 Gy (V30) (p <.001) sig-
nificantly predicted RP on multivariate analysis. Therefore,
despite the comparatively small field and minimal irradiation
volume of SBRT, clinicians should consider the possibility of
exacerbated IP [25].

The association between the irradiated lung volume and
decreased respiratory function should be further explored;
however, in cases of multiple irradiations, it is difficult to pre-
cisely determine the irradiated lung volume and, therefore,
the amount of radiation resulting in decreased respiratory
function. Tsujino et al. examined the association between the
percentage of lung volume receiving more than 20 Gy (V20)
and RP; V20 is currently one of the most widespread indexes
used by radiation oncologists for devising treatment plans
[26]. In an effort to develop a more accurate prediction
model for severe RP, Tsujino et al. suggested that scoring fac-
tors, such as V20, lung volume spared from a 5Gy dose
(VS5), age, and PF on baseline CT, may improve the predic-
tion of severe RP [27]. Therefore, clearer indexes, such as
V20, V30, VS5, or lung mean dose should be investigated for
their suitability as predictive factors for decreased respiratory
function under well-designed conditions.

In this study, we did not observe significant differences in
the prognosis between patients with SPLC and [IPLM,
although the latter are presumed to have worse prognoses.
We postulate that our grouping criteria were imperfect, and
that some patients with SPLC were included in the IPLM
group. However, accurate categorization based on image
findings or tissue analysis may not be possible. It is difficult
to distinguish SPLC from IPLM even surgically, despite the cri-
teria developed by Martini or the American College of Chest
Physicians [4,28]. Conversely, some studies of repeat surgery
reported that patients with stage | SPLC had significantly bet-
ter survival rates compared to patients with higher stage dis-
eases [17,18]. Therefore, SPLC-targeting treatments should
also be considered for isolated lung masses in SBRT.

The following limitations of this study should be consid-
ered: the retrospective nature, relatively small sample size,
and single-center experience. Other limitations included the
fact that many patients with known histological types were
included, which could have created a bias.

In conclusion, SBRT is safe and feasible against SPLC or
IPLM in patients previously treated with surgery. However,
the presence of pulmonary disease can significantly affect
respiratory function. Going forward, a prospective study is
warranted to obtain a larger sample size and better identify
significant predictive factors for decreased respiratory func-
tion in patients previously treated with surgery.
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