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Abstract
Background: The purpose of the present study was to retrospectively evaluate
the safety and efficacy of proton beam therapy (PBT) in patients with second pri-
mary lung cancer after lung resection.
Methods: Patients who were diagnosed with second primary lung cancer after
lung resection and underwent PBT between January 2009 and February 2015
were retrospectively recruited. Toxicities were evaluated using Common Termi-
nology Criteria for Adverse Events version 4.0.
Results: Nineteen patients were eligible for inclusion in this study. All of the
patients completed the treatment. The median age was 75 (range: 63–82)
years, and the median follow-up time of living patients was 60 months. The
median dose of PBT was 76.8 Gy relative biological effectiveness (range:
66.0–80.0 Gy). The three-year overall survival rate was 63.2% and the three-
year local control rate was 84.2%. No grade 4 or 5 toxicities were observed
after PBT.
Conclusions: Our results suggest that PBT is a safe and feasible treatment for
second primary lung cancer compared to surgery or X-ray radiotherapy. PBT
may become a treatment choice for patients with second primary lung cancer
after lung resection.

Introduction

An estimated 1.8 million new lung cancer cases occurred
worldwide in 2012, accounting for approximately 13% of
the total cancer diagnoses. Lung cancer was the leading
cause of cancer death among men in 2012.1 In addition to
primary lung cancer, local recurrence and second primary
lung cancer after lung resection for stage I lung cancer are
major issues. The risk of second primary lung cancers in
patients surviving resection of non-small cell lung cancer
(NSCLC) is 1–2%.2–4

Pulmonary resection is reported to be a feasible treat-
ment choice for second primary lung cancer after careful
resection and is associated with a low rate of operative
mortality after pneumonectomy.5–7 However, physical
function is reported to decrease in all patients after lung

resection, although most had stable or improved mental
health-related quality of life.8,9

Radiotherapy is a treatment choice for lung cancer
and lung oligometastasis. Recently, an increasing number
of patients have been administered stereotactic body
radiotherapy (SBRT) for lung tumors, including lung
metastasis with high local control.10–12 SBRT and conven-
tional radiotherapy are also used to treat lung tumors
after lung resection.13–16 These results indicate that the
treatments are feasible and safe, even though patients
with second lung cancer undergo lung resection before
this treatment.
Proton beam therapy (PBT) is a new radiotherapy tech-

nique and can deliver a more concentrated dose of radia-
tion while sparing normal tissue than conventional
radiotherapy or SBRT using X-ray irradiation. As a result

Thoracic Cancer 10 (2019) 289–295 © 2018 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 289
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited and is not used for commercial purposes.

Thoracic Cancer ISSN 1759-7706

https://orcid.org/0000-0002-9711-1158


of this advantage, an increasing number of lung cancer
patients choose this treatment.17–19 Therefore, PBT is also a
treatment choice for second lung cancer after lung resec-
tion. However there have been no reports on the safety or
efficacy of PBT after lung resection.
The purpose of the present study was to retrospectively

evaluate the safety and efficacy of PBT in patients with sec-
ondary primary lung cancer after lung resection, including
segmentectomy, lobectomy, and pneumonectomy.

Methods

Ethics statement

The ethics committees of our institution approved this
retrospective study (approval no.: D17-30). The study was
conducted in accordance with the Declaration of
Helsinki.

Patients

Patients who were diagnosed with secondary primary
lung cancer and were treated with PBT after lung re-
section between January 2009 and February 2015 at the
Southern Tohoku Proton Therapy Center were included
in the study. Second primary lung cancer was defined as a
lung tumor that occurred at least two years after surgery
for primary lung cancer or cancer of a different histol-
ogy.20 Patients were retrospectively recruited from our
database. Histological confirmation of lung tumor pathol-
ogy was not required as patients who did not receive
bronchoscopy or biopsy because of their poor general
condition or refusal were also included. If the pathology
was not confirmed, an increase in the size of the lung
tumor was regarded as a sign of clinical malignancy. The
clinical stage of the patients’ second primary lung cancer
was determined using computed tomography (CT) and
positron emission tomography (PET)-CT. Written
informed consent was obtained from all patients. The
inclusion criteria were: a solitary or double lung tumor
after lung resection, World Health Organization perfor-
mance status of 0–2, no lymph node metastasis, and no
distant other organ metastasis or other sites of uncon-
trolled cancer. Patients who received concurrent chemo-
therapy were excluded.

Proton beam therapy

Treatment planning for PBT was based on three-
dimensional CT images that were taken at 2 mm intervals
in the exhalation phase while using a respiratory gating
system (Anzai Medical, Tokyo, Japan). A custom-indexed

vacuum-lock bag was used to immobilize the patients. An
Xio-M treatment planning system (CMS Japan, Tokyo,
Japan; Mitsubishi Electric, Tokyo, Japan) was used to cal-
culate the dose distributions for PBT. The gross tumor
volume (GTV) included the lung tumor. The clinical tar-
get volume was defined as the GTV plus 0.5 cm. The
planning target volume was the clinical target volume plus
a 0.5 cm margin. The proton energy levels of 150 MeV
and 210 MeV for 2–3 portals, and a spread-out Bragg
peak were tuned to the extent that was possible until the
planning target volume was exposed to a 90% isodose of
the prescribed dose (Fig 1). The PBT system at our insti-
tute (Proton Beam System, Mitsubishi) used a synchro-
tron and a passive scattering method in which a proton
beam passes a bar ridge filter, a range shifter, and a cus-
tomized compensator before entering the patient. Treat-
ment was administered during the exhalation phase using
a respiratory gating system. A multileaf collimator, which
consisted of 40 iron plates with a width of 3.75 mm that
could be formed into an irregular shape, was used. Daily
front and lateral X-ray imaging was used for positioning.
The PBT schedule was 66 Gy relative biological effective-
ness (RBE) in 10 fractions over two weeks for peripheral
lung tumors, and 80 Gy (RBE) in 25 fractions over five
weeks for central or centrally located lung tumors.
Patients with lung tumors that were located near the
digestive tract received 66.0–76.8 Gy (RBE) in 30–33 frac-
tions over seven weeks.

Evaluation and follow-up

All patients underwent either CT or PET-CT to evaluate
the initial tumor response within three months after the
completion of treatment. The follow-up interval was every
one to three months for the first year and every three to
six months thereafter. Pneumonitis excluding infection,
esophagitis, rib fracture, and dermatitis radiation were
evaluated using Common Terminology Criteria for
Adverse Events version 4.0.21 The following dosimetric fac-
tors were examined with the use of a dose volume histo-
gram of the lung minus the GTV: mean lung dose, lung
V5, lung V10, lung V15, lung V20, lung V25, and
lung V30.

Statistical analysis

All statistical analyses were performed using SPSS version
22 (IBM Corp., Armonk, NY, USA). Overall survival
(OS) was defined as the interval between the start of PBT
and the date of the last follow-up examination or death.
The Kaplan–Meier method was used to estimate survival
probability. The relationships between the occurrence of
pneumonitis and the dose volume histogram factors were
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examined using the Mann–Whitney U test. All P values
were two sided, and P < 0.05 was considered to indicate
statistical significance.

Results

Patients

The initial study population included 38 patients who had
previously undergone lung resection and received PBT for
lung cancer. Patients were excluded from the analysis for
the following reasons: lymph node metastasis (n = 1), dis-
tant other organ metastasis (n = 6), concurrent chemother-
apy (n = 2), and failure to satisfy the criteria of second
primary lung cancer (n = 10). Thus, the characteristics of
19 patients, including 12 patients (63.2%) with clinically
inoperable cancer, were analyzed (Table 1). The following
treatments were applied for the patients’ first primary lung
cancer: pneumonectomy (n = 3), bilobectomy (n = 2)

lobectomy (n = 11), and segmentectomy (n = 3: one and
two lesions). Two patients received postoperative radio-
therapy outside of the irradiation field of present PBT (one
received concurrent chemotherapy). The cohort was com-
posed of 13 men and 6 women, with a median age of
75 (range: 63–82) years. The median follow-up time was
42 (range: 12–102) months. The median dose of PBT was
76.8 Gy (RBE) (range: 66.0–80.0 Gy [RBE]).

Survival

The median follow-up duration of living patients was
60 (35–102) months. The one, two, and three-year OS rates
were 89.5% (95% confidence interval [CI] 75.8–100%),
73.7% (95% CI 53.9–93.5%), and 63.2% (95% CI
41.4–85.0%), respectively (Fig 2). The median survival time
was 57 (95% CI 21.6–92.4) months. Five patients died as a
result of lung cancer (metastasis n = 3; local recurrence

Figure 1 The results of proton beam therapy after pneumonectomy in a 67-year-old squamous cell carcinoma patient. Positron emission tomogra-
phy (a) before proton beam therapy and (b) nine months after treatment. (c) The dose distribution map of proton beam therapy for a lung cancer
patient with idiopathic fibrosis. The region inside the innermost orange line received a 95% radiation dose, the pink line received a 90% radiation
dose, and outer line is indicated by a 10% step.
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n = 2), and 6 patients died of other causes (another newly
diagnosed cancer after PBT n = 2; other diseases n = 4).

Failure patterns

Three patients had local recurrence at 9–12 months. The
three-year local control rate was 84.2% (95% CI
67.7–100%) (Fig 3). Two of the patients did not receive
additional treatment because of their poor general condi-
tion, and one received chemotherapy after local recurrence.
Three had lymph node metastasis and two had lung metas-
tasis outside of the PBT field. Regarding other organ
metastasis, one patient had liver metastasis.

Toxicities

No incidence of grade 4 or 5 toxicities occurred after treat-
ment (Table 2). The toxicities of the 19 patients included:
3 (16%) cases of grade 2 pneumonitis (after lobectomy
n = 2, after segmentectomy n = 1), 1 (5%) case of grade
2 esophageal ulcers; and 5 (26%) cases of grade 2 dermatitis
radiation. One patient (5%) who had undergone right upper
and middle lobectomy seven years before PBT developed
grade 3 pneumonitis three months after receiving PBT. The

Table 1 Patient characteristics (n = 19)

Characteristics Patients

Age (years)
Median (range) 75 (63–82)

Gender
Male 13 (68%)
Female 6 (32%)

Performance status
0 8 (42%)
1 9 (47%)
2 2 (11%)

Fletcher-Hugh-Jones classification before treatment
1 12 (63%)
2 5 (26%)
3 2 (11%)

Follow-up duration (months)
Median (range) 42 (12–102)

Prior surgical methods
Pneumonectomy 3 (16%)
Bilobectomy 2 (11%)
Lobectomy 11 (57%)
Segmentectomy (one or two lesions) 3 (16%)

Postoperative treatment
Chemoradiotherapy 1 (5%)
Radiotherapy 1 (5%)
Chemotherapy 2 (11%)
None 13 (68%)
Unknown 2 (11%)

Prior chemotherapy
None 15 (79%)
Yes 4 (21%)

T category†
T1 13 (68%)
T2 4 (21%)
T3 2 (11%)

Stage†
I 17 (89%)
II 2 (11%)

Tumor location
Right upper lobe 5 (26%)
Right middle lobe 1 (5%)
Right lower lobe 6 (32%)
Left upper lobe 3 (16%)
Left lower lobe 4 (21%)

Time from lung resection (months)
median (range) 96 (40–324)

Peripheral or central
Peripheral 7 (37%)
Central 12 (63%)

Histopathology
Squamous cell carcinoma 5 (26%)
Adenocarcinoma 3 (16%)
Clinical malignancy 11 (57%)

Diameter of lung tumor (mm)
Median (range) 22.3 (11.0–43.0)

Dose per fraction
6.6 Gy (RBE) per fraction 7 (37%)
3.2 Gy (RBE) per fraction 8 (42%)
2.4 Gy (RBE) per fraction 3 (16%)

Table 1 Continued

Characteristics Patients

2.2 Gy (RBE) per fraction 1 (5%)
Total dose (Gy [RBE])
Median (range) 76.8 (66.0–80.0)

†Numbers correspond to the 8th edition International Union Against
Cancer Tumor Node Metastasis Classification. RBE, relative biological
dose effectiveness.

Figure 2 Overall survival rates of lung tumor patients who received
proton beam therapy after lung resection. The one, two, and three-year
overall survival rates were 89.5%, 73.7%, and 63.2%, respectively.
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patient had dyspnea, and was treated with steroid therapy
and oxygenation. His dyspnea was relieved within one week,
and the steroid dosage was gradually tapered. There were no
statistically significant differences with regard to the dosi-
metric factors in relation to the lung and the occurrence of
grade 2–5 pneumonitis, although the dosimetric factors for
the patients with grade 2–5 pneumonitis tended to be higher
than those of other patients (Table 3).

Discussion

To the best of our knowledge, this is the first report on the
use of PBT for patients with second primary lung cancer

after lung resection. Our results show that PBT is a safe
and feasible treatment for patients with second primary
lung cancer after lung resection.
Pulmonary resection is widely performed for patients

with second primary lung cancer or metastases. Pulmonary
resection is also performed after pneumonectomy, and
Grodzki et al. reported that the two-year OS rate of
patients who underwent this procedure was 61%.5 Our
results revealed superior two-year OS, even though more
than half of the patients had a clinically inoperable status.
This may be because PBT causes less lung and physical
damage than surgery for the treatment of lung cancer.
With regard to operative mortality, Voltolini et al. reported
an overall hospital mortality rate of 7.4%.22 Pastorino et al.
reported that the mortality rates among patients who
underwent sublobar resection, lobectomy, and pneumonec-
tomy were 0.6%, 1.2%, and 3.6%, respectively.23 These
results suggest that a larger resection volume causes a
higher mortality rate; however, no treatment related death
occurred in the present study. Thus, PBT for patients after
lung resection achieves a comparable OS rate and is safer
than surgery.
With regard to radiotherapy, SBRT has been adminis-

tered to lung tumor patients, even after pneumonec-
tomy.13,14 Haasabeek et al. reported that the one and two-
year OS rates were both 91%13 which is superior to our
results. This may have been a result of the shorter median
follow-up time (the follow-up time of 40% of the patients
was < 12 months) in the Haasabeek et al. study. Senti et al.
reported the results of SBRT or conventional radiotherapy
for patients with second primary lung cancer after pneu-
monectomy, and reported a three-year OS rate of 63%,14

the same as our three-year OS rate. These findings suggest
that PBT after lung resection is not superior to SBRT or
conventional radiotherapy in terms of survival. Regarding
local control, these reports showed 92–100% local control;
our local control rate was not superior comparing X-ray
radiotherapy.13,14 These distinctions may result from the
fact that the RBE of protons and X-rays are similar.
Pneumonitis after radiotherapy, including PBT, is a

major issue. Table 4 summarizes the rates of grade ≥ 3

Figure 3 The local control rate among lung tumor patients who
received proton beam therapy after lung resection. The three-year local
control rate was 84.2%.

Table 2 Toxicities

Toxicities Grade 0 Grade 1 Grade 2 Grade 3 Grade 4/5

Pneumonitis 3 (16%) 12 (63%) 3 (16%) 1 (5%) 0
Esophagitis 18 (95%) 0 1 (5%) 0 0
Rib fracture 16 (84%) 3 (16%) 0 0 0
Dermatitis
radiation

3 (16%) 11 (58%) 5 (26%) 0 0

Table 3 Relationship between dose volume histogram parameters and
incidence of grade 2 pneumonitis

Grade ≥ 2
pneumonitis (n = 4)

mean � SD

Grade < 2
pneumonitis (n = 15)

mean � SD P

MLD 9.6 � 4.3 5.4 � 1.7 0.141
Lung V5 24.7 � 9.5 14.4 � 3.3 0.118
Lung V10 21.9 � 8.4 12.3 � 3.2 0.104
Lung V15 19.8 � 7.6 10.9 � 3.2 0.097
Lung V20 18.0 � 6.9 9.7 � 3.1 0.093
Lung V25 16.0 � 5.9 8.7 � 3.0 0.085
Lung V30 14.2 � 5.3 7.8 � 2.9 0.092

MLD, mean lung dose; SD, standard deviation.

Table 4 Summary of incidence of grade ≥ 3 pneumonitis after radia-
tion therapy in lung resected patients

Study
Number

of patients Treatment Pneumonitis

Haasabeek et al.13 15 SBRT 1 (6.3%)
Senti et al.14 27 SBRT or

conventional RT
3 (11%)

Xiong et al.15 23 SBRT 4 (13%)
Present study 19 PBT 1 (5.3%)

PBT, proton beam therapy; RBE, relative biological dose effectiveness;
RT, radiotherapy; SBRT, stereotactic body radiotherapy.
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pneumonitis after radiotherapy in patients who received
lung resection before radiotherapy in previous studies and
the present study.13–15 Haasabeek et al. reported that grade
3 pneumonitis occurred in 6.3% of their patients (all
patients received SBRT),13 while Senti et al. reported that
grade ≥ 3 pneumonitis occurred in 11% of their patients
(59% received SBRT and 41% received conventional radio-
therapy). These cases included one patient with grade
5 pneumonitis.14 Xiong et al. reported that grade ≥ 3 pneu-
monitis occurred in 13% of their patients (all patients
received SBRT).15 This occurrence rate was higher than the
rate among lung cancer patients without lung re-
section history who received SBRT (1.4–2.4%).12,24,25 These
results suggest that radiotherapy after lung resection can
cause higher rates of pneumonitis than radiotherapy in
patients with full lung function. This may be because the
radiation volume to the lung is increased because of the
loss of part of the lung. In fact, a high radiation volume in
the lung has been reported as a cause of pneumonitis.12,24

On the other hand, only one patient had grade 3 pneumo-
nitis (5.3%) in the present study. This may be because PBT
can deliver a more concentrated dose in smaller treatment
fields than SBRT. Kadoya et al. reported that PBT for stage
I lung cancer can reduce the lung dose compared to
SBRT.17 With regard to dosimetric factors, Barriger et al.
reported that lung mean lung dose and V20 are associated
the incidence of symptomatic pneumonitis, and Matsuo
et al. reported that the lung V20 and V25 were associated
with the development of radiation pneumonitis.24,25 These
findings suggest that a radiotherapy to a smaller lung vol-
ume results in a lower incidence of pneumonitis; however,
we found no significant correlation between dosimetric fac-
tors and the presence of pneumonitis. Thus, the use of
PBT in the treatment of patients with lung tumors after
lung resection may be performed more safely than SBRT
or conventional X-ray irradiation.
The present study is associated with three limitations.

First, the patient sample was small because it involved the
treatment results of single institution. However, other
reports concerning the treatment of patients after lung re-
section also had small study populations. Second, this was
a retrospective rather than a prospective study. Third, we
included various lung resection procedures. However, there
are few reports on the application of PBT for the treatment
of lung tumors after lung resection, and not all patients are
eligible for further surgery after lung resection because of
decreased physical function.8,9 Thus, evidence of PBT for
second lung cancer after lung resection is meaningful.
Our results suggest that PBT is a safe and feasible treat-

ment for second primary lung cancer in patients after lung
resection compared to surgery, SBRT, and conventional
radiotherapy. PBT may become a treatment choice for sec-
ond primary lung cancer patients after lung resection.
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