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Abstract. Background/Aim: To evaluate the outcome of
definitive salvage radiotherapy (RT) in non-small cell lung
cancer (NSCLC) patients with oligo-recurrence in regional
lymph nodes after surgery. Patients and Methods: Between
January 2003 and December 2016, 33 patients with NSCLC
were reviewed from radiotherapy database at our hospital.
All patients received photon or proton salvage RT for
metastases in the regional lymph nodes. Results: The median
follow-up from salvage RT was 35.2 (range=5.9-89.6)
months. Recurrences occurred in 18 (55%) patients, and the
3-year overall and progression-free survival rates were
63.8% and 45.1%, respectively. Regional and local control
improved patients’ survival and these control rates were
increased by use of concurrent chemotherapy (p=0.039) and
proton RT (p=0.084). No grade 4 acute or late non-
hematologic toxicities were observed. Conclusion: Salvage
RT is an effective treatment for NSCLC patients with oligo-
recurrence at regional lymph nodes.

Lung cancer is a major disease worldwide affecting various
tissue types, with non-small cell lung cancer (NSCLC)
accounting for approximately 85% of all lung cancers (1). The
standard treatment for patients with stage I/Il NSCLC is

This article is freely accessible online.

Correspondence to: Kayoko Ohnishi, MD, Ph.D., Department of
Radiation Oncology, Faculty of Medicine, University of Tsukuba 1-
1-1, Tennodai, Tsukuba, Ibaraki, 305-8575, Japan. Tel: +81
298537100, Fax: +81 298537102, e-mail: ohnishi@pmre.tsukuba.ac.jp

Key Words: Radiotherapy, lymph node metastasis, oligo-recurrence,
non-small cell lung cancer.

surgery, which is also indicated for some patients with stage
IITA (2-5). However, locoregional recurrence develops in 10-
38% of NSCLC patients as the first recurrence event after
complete resection (6-11). Surgery is a radical treatment for
locoregional recurrence, but it is difficult to repeat if adhesions
are present after the initial surgery. Some reports showed that
radiotherapy (RT) for locoregional recurrence after surgery is
useful, and that overall survival (OS) can be prolonged by
prescribing a radical, rather than palliative, dose (12-16).
The concept of oligo-recurrence was proposed by Niibe er
al., and local therapies such as surgery and RT can prolong
the survival of patients with oligo-recurrence (17). If
recurrent tumor cells are limited to locoregional sites, RT is
a potential treatment option for isolated regional lymph node
oligo-recurrence after complete resection in patients with
NSCLC, but few reports have analyzed the clinical outcomes
of RT in patients with this type of recurrence (18-22).
Therefore, we focused on RT for oligo-recurrence in regional
lymph nodes after surgery in patients with NSCLC, and we
present the treatment outcomes obtained at our facility.

Patients and Methods

Patients. The present study was approved by the institutional review
board at the University of Tsukuba Hospital (approval no.: H30-
166). We retrospectively reviewed patients with NSCLC who
received definitive salvage photon RT or proton beam therapy
(PBT) for regional lymph node oligo-recurrence after complete
resection between January 2003 and December 2016 at our
institution. The selection criteria were as follows: i) lymph node
recurrence in the unilateral hilum, mediastinum, and supraclavicular
fossa as the initial failure event after surgery, ii) no
recurrence/metastasis at sites other than the lymph nodes, and iii)
photon RT or PBT =60 Gy/GyE administered with curative intent.
A total of 33 patients met the selection criteria.
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Table 1. Patient characteristics.

Patient characteristics Proton RT (n=17) Photon RT (n=16) All (n=33) p-Value
Age, years Median (range) 68 (51-80) 71 (64-80) 68 (51-80) 0.2
Gender (n) Male 11 11 22

Female 6 5 11 0.805
PS (n) 0 10 10 20

1 6 6 12

2 1 0 1 0.616
IP (n) Yes 5 2 7

No 12 14 26 0.235
Surgery type (n) Standard 14 13 27

Limited resection 3 3 6 0.935
7th UICC disease stage at surgery (n) 1A 3 5 8

1B 3 5 8

1IA 0 2 2

1B 2 1 3

1A 8 4 12

111B 0 0 0

v 1 0 1

Unknown 1 0 1 0.355
Tumor histology (n) Nee 2 10 12

AC 12 3 15

Other 3 3 6 0.005
Adjuvant chemotherapy received (n) Yes 8 4 12

No 9 12 21 0.188
Disease-free survival after surgery, months Median (range) 24.7 (2.2-61.0) 12.7 (6.2-54.1) 14.8 (2.2-61.0) 0.15
PET received at recurrence (n) Yes 16 14 30

No 1 2 3 0.509
Number of recurrences (n) Single 7 11 18

Multiple 10 5 15 0.112
Lymph node recurrence (n) N1 1 2 3

N2 9 11 20

N3 7 3 10 0.349
GTV, cm3 Median (range) 5.3 (1.5-68.1) 7.1 (3.5-26.7) 6.6 (1.5-68.1) 0.517
Radiation dose, Gy Median (range) 70 (66-76) 70 (60-70) 70 (60-76) 0.824
Trradiation field (n) ENI 16 14 30

IFRT 1 2 3 0.509
CRT received (n) Yes 7 3 10

No 10 13 23 0.161
CRT regimen (n) CDDP/VNR 2 3 5

CBDCA/TS-1 3 0 3

UFT 1 0 1

TS-1 1 0 1 0.232

RT: Radiotherapy; PS: performance status; IP: interstitial pneumonia; UICC: Union for International Cancer Control; PET: positron emission
tomography; SCC: squamous cell carcinoma; AC: adenocarcinoma; ENI: elective nodal irradiation; IFRT: involved field radiation; CRT: concurrent
chemoradiation; CDDP: cisplatin; VNR, vinorelbine; CBDCA: carboplatin; TS-1, tegafur, gimeracil, and potassium; UFT: tegafur and uracil.

Radiotherapy. For photon RT treatment planning, computed
tomography (CT) images were taken at 3-mm intervals in the
treatment position. If necessary, four-dimensional CT images were
obtained using a real-time position management respiratory gating
system (Varian Medical Systems, Palo Alto, CA, USA). Three-
dimensional conformal RT plans were made using the Xio treatment
planning system (Elekta, Stockholm, Sweden). Photon RT was
delivered via 6 or 10 MV x-ray beams using a linear accelerator. For
PBT planning, CT images were taken at 2.5- or 5.0-mm intervals in
the treatment position using a respiratory-gated system during the end-
expiratory phase. Passive-scattering PBT plans were made using the
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VQA version 1.7 or 2.0 (Hitachi, Tokyo, Japan), and 155-250 MeV
protons were delivered during the end-expiratory phase.

In general, the clinical target volume 1 (CTV 1) encompassed the
hilar and mediastinal lymph nodes as prophylactic irradiation for
patients with positive hilar and/or mediastinal lymph nodes. If the
patient had supraclavicular lymph node recurrence, the CTV1 was
extended to include the involved supraclavicular lymph node. The
CTV2 encompassed only the clinically positive lymph nodes plus a
3-5 mm margin. Clinically positive lymph nodes were defined as
nodes =10 mm on CT or as positron emission tomography (PET)-
positive lymph nodes. The planning target volume (PTV) comprised
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the CTV plus a 5-10 mm margin. After 40 Gy/GyE in 20 fractions
was delivered to the PTV1, the total dose to the PTV2 was boosted
to 60-70 Gy/GyE in 30-35 fractions. Involved field RT (IFRT),
which was used to irradiate clinically positive lymph nodes with 5
mm margins, was indicated for high-risk patients with
comorbidities, such as interstitial pneumonia, at the discretion of the
radiation oncologist.

Overall, 16 patients were treated with photon RT and 17 with
PBT. The median total dose was 70 (range=60-70) Gy for photon
RT and 70 (range=60-76) GyE for PBT. IFRT was used in three
patients: one with interstitial pneumonia and the other two for
unknown reasons.

Follow-up procedures and statistical analysis. The patients were
followed-up with a physical examination, chest x-ray, and blood test
every 2-3 months after RT, and imaging studies such as CT and
magnetic resonance imaging were performed every 6-12 months.
Local progression within the radiation field was defined as an
increase in the size of the irradiated lymph nodes on CT or PET/CT.
Adverse events were assessed according to the Common
Terminology Criteria for Adverse Effects, version 4.0 (23).

The follow-up interval was defined from the first day of RT to the
date of death or the last follow-up. The OS, progression-free survival
(PFS), distant metastasis-free survival, local progression-free (LPF),
and regional control (RC) rates were calculated from the first day of
RT to the date of that event or the last follow-up using the Kaplan-
Meier method, and significant differences between survival curves
were assessed using the log-rank test. A p-value <0.05 was
considered statistically significant. The SPSS, version 25 (IBM, Co.,
Armonk, NY) software was used for the statistical analyses.

Results

Study population. Patient and tumor characteristics are
shown in Table I. The patients comprised 22 men, and the
median age was 68 (range=51-80) years. The pathological
stage according to the 7th version of the UICC TNM
classification was I in 14 patients, [T in 5, Il in 12, IV in 1,
and unknown in 1. The histology was squamous cell
carcinoma in 12 patients, adenocarcinoma in 15, and other
in 6. Twelve (36%) patients received adjuvant chemotherapy
after surgery. The median time from surgery to recurrence
was 14.8 (range=2.2-61.0) months. Thirty (91%) patients
underwent PET/CT at the time of recurrence. The rN stage
was N1 in 3 patients, rN2 in 20, and rN3 in 10. Recurrence
developed at single and multiple lymph node stations in 15
and 18 patients, respectively. Concurrent chemotherapy with
RT was administered in 10 (30%) patients.

Survival and locoregional control after radiotherapy. At the
last follow-up, 14 patients had died: 8 (24%) from
progression of their disease, 5 (15%) from intercurrent
disease, and 1 (3%) from unknown cause. The median
follow-up from the first day of RT was 35.2 (range=5.9-89.6)
months for all patients and 42.5 (range=7.8-70.3) months for
the surviving patients. Details of the failure patterns are
shown in Table II. Recurrences were observed in 18 (55%)

Table 1. Initial recurrence pattern after RT.

Field Site n

Inside the radiation field
Regional LN recurrence

Outside the radiation field
Regional LN recurrence

Site irradiated with >60 Gy 4

Ipsilateral supraclavicular LN
Contralateral supraclavicular LN
Adjacent mediastinal LN
Contralateral hilar LN

LN (outside radiation field)

and lung

LN (inside and outside radiation
field) and kidney

DM Lung

Bone and lung

Bone

Brain

—_ = = = W)

Regional LN recurrence
+DM

—_—

—_— NN

LN, Lymph nodes; DM, distant metastasis.

of 33 patients: 10 (30%) at regional lymph nodes only, 6
(18%) at distant organs only, and 2 (61%) at both. All cases
of regional recurrence within the radiation field occurred in
the area receiving the 60-70 Gy/GyE boost. All six patients
who experienced regional recurrence only (i.e., no distant
metastasis) outside the radiation field achieved RC after
repeat definitive RT, but five (83%) of them developed
distant metastases.

The 3-year OS, PFS, and distant metastasis-free survival
rates after RT were 63.8% [95% confidence interval
(CI)=46.3-81.2%], 45.1% (95% CI1=27.9-62.1%), and 53.6%
(95% CI=36.2-70.9%), respectively (Figure 1). The 3-year
RC and LPF rates were 63.3% (95% CI=45.8-80.7%) and
79.7% (95% C1=65.1-94.3%), respectively (Figure 2). Both
the 3-year OS (70.3% vs. 53.9%, p=0.116; Figure 3a) and
PFS (64.6% vs. 15.4%, p<0.001; Figure 3b) rates were better
in patients with RC than in those with regional recurrence,
although the difference in OS did not reach statistical
significance. Patients with local control (LC) also had better
3-year OS and PFS rates compared to patients with local
progression (69.8% vs. 42.9%, p=0.047 and 53.6% vs.
14.3%, p=0.013; Figure 3c and 3d).

Prognostic factors. Potential prognostic factors associated
with PFS, RC, and LPF are shown in Table III. The 3-year
PFS rate was significantly better in patients with a
performance status (PS) of 0 compared to =1 (59.6% vs.
23.1%, p=0.017). Use of concurrent chemotherapy with
salvage RT significantly improved the RC rate compared
with RT alone (87.5% vs. 53.9%, p=0.039). However, other
factors including age, sex, disease stage, and the status of
lymph node recurrence were not related to survival
outcomes.
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Figure 1. Overall, progression-free, and distant metastasis-free survival curves for the patients in this study. Straight, dashed, and dotted lines

indicate overall, progression-free, and distant metastasis-free survival, respectively.
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Figure 2. Regional control and local progression-free rates. Straight and dotted lines indicate regional control and local progression-free rates,

respectively.

Adverse events. In the present study, grade 2 esophagitis was
observed in seven patients (three and four treated with
photon RT and PBT, respectively) and grade 3 esophagitis in
one patient (photon RT). The patient with grade 3 esophagitis
developed grade 3 esophageal stricture as a late morbidity at
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7.5 months after salvage RT. Grade 2 pneumonitis occurred
in four patients (one and three treated with photon RT and
PBT, respectively). Among these patients, one required
steroid treatment, but no grade 3 or more severe RT-related
toxicities other than esophagitis were observed.
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Figure 3. Survival curves according to regional and local control. (a) Overall survival of the patients with regional control (straight line) vs.
recurrence (dotted line). The 3-year rates in the control and recurrence groups were 70.3% and 53.9%, respectively (p=0.116). (b) Progression-
free survival of the patients with regional control (straight line) vs. recurrence (dotted line). The 3-year rates in the control and recurrence groups
were 64.6% and 15.4%, respectively (p<0.001). (c) Overall survival of the patients with local control (straight line) vs. recurrence (dotted line).
The 3-year rates in the control and recurrence groups were 69.8% and 42.9%, respectively (p=0.047). (d) Progression-free survival of the patients
with local control (straight line) vs. recurrence (dotted line). The 3-year rates in the control and recurrence groups were 53.6% and 14.3%,

respectively (p=0.013).

Discussion

Oligo-recurrence is defined as one or more distant
metastasis/recurrence event (usually one) in one or more
organs (usually one), despite control of the primary cancer
site, that can be treated with local therapy, with no other
distant metastasis/recurrence event present (17). Therefore,
patients with oligo-recurrence still have a chance of being
cured by aggressive local therapies such as salvage surgery
and RT. Especially in cases of oligo-recurrence in regional
lymph nodes but not distant organs after surgery, it is possible
that the tumor cells do not spread systematically, and thus
salvage therapy will be very effective (18). Therefore, we
focused on oligo-recurrence of NSCLC in regional lymph

nodes and analyzed survival outcomes after salvage RT with
curative intent. In the present study, the 3-year OS rate of
patients with RC was better than that of patients with regional
lymph node recurrence, but this difference was not significant
(70.3% vs. 53.9%, p=0.116). Therefore, we cannot conclude
on the efficacy of salvage RT in these patients; however, the
main reason for the non-significant result was likely our small
sample size (n=33) due to the rarity of this disease. On the
other hand, the difference in the 3-year PFS rate between
those with RC than those with regional lymph node
recurrence was significant (p<0.001; Figure 3b). Therefore,
obtaining RC after salvage but definitive RT for oligo-
recurrence in regional lymph nodes appears important
especially for patients with a good PS.
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Table III. Univariate analysis of prognostic factors for survival and disease control.

Factor Total 3-year OS p-Value  3-year PFS  p-Value  3-year RC p-Value  3-year LPF  p-Value
(N=33) rate (%) rate (%) rate (%) rate (%)

Age 14vs. 19  725vs.574 0346  57.1 vs.36.8 0319 692 vs.59.1 0.622 839vs.76.8 0415
<68 vs. =68 years

Gender 22 vs. 11 60.8 vs. 70.1 0.242 45 vs. 45.5 0.897 633 vs.63.6 0928 79.2vs.80.8 0.585
Male vs. female

Performance status 20vs. 13 70.5 vs. 53.8 0.152  59.6 vs.23.1 0.017  73.7vs.44.0 0.09 89.5vs.629  0.037
0vs. 1

7th UICC stage at surgery 14vs. 18 417 vs.794 0.072 35.7 vs.55.6 0469  60.0 vs. 70.8 0.826 755vs.88.1 0.633
Ivs. II-IV

Tumor histology 15vs. 18  70.0 vs. 59.0 0214 600 vs.333 0.154 79 vs. 494 0.105 929 vs.682 0.065
Adenocarcinoma vs. other

Adjuvant chemotherapy 12vs.21  87.5vs.523 0.044 583 vs.38.1 0326 81.8vs.52.6 0.153 100 vs. 673  0.131
Yes vs. no

Disease-free interval 12 vs. 21 54.5 vs. 68.6 0.842 47.1 vs. 41.7 0835 642vs.634 0.684 909vs.739 0.194

after surgery
<1l vs. =1 year

Number of LN stations 18 vs. 15 70.6 vs. 54.2 0.677 60.6 vs. 26.7 0.086  71.8 vs.50.9 0.634 83 vs. 754 0.901

with recurrence
Single vs. multiple

Stage of lymph node 23 vs. 10 62.5vs.64.0 0.533 43.0 vs. 50.0 0.666  58.0 vs. 75.0 0398 76.6vs.87.5 0.822

recurrence
rN1/2 vs. rN3

Concurrent chemotherapy 10vs.23  65.6 vs. 649 0.592 50 vs.43.5 0.557 87.5vs.53.9 0.039 87.5vs.76.5 0.354
Yes vs. no

Type of radiation 16vs. 17  55.6vs.75.6 0256  37.5vs.523 0372 50.0 vs. 76.6 0084 688vs.909 0.054

Photon vs. proton

UICC: Union for International Cancer Control; LN: lymph node; OS: overall survival; PFS: progression-free survival; RC: regional control; LPF:

local progression-free.

Only few reports have analyzed the outcomes of definitive
RT for postoperative lymph node oligo-recurrence in patients
with NSCLC. Okami et al. retrospectively reviewed 50
patients treated with RT for thoracic lymph node recurrence
after complete resection of the primary NSCLC and reported
3-year OS, PFS, and LC rates of 52.7%, 28.2%, and 65.9%,
respectively, compared with a 3-year OS rate of 5.9% in
patients who did not receive RT (24). Imai et al. evaluated
33 patients who received RT for postoperative lymph node
recurrence in the ipsilateral mediastinum and reported 2-year
OS and PFS rates of 78.5% and 36.0%, respectively (25).
Seol et al. reported 2-year PFS and LC rates of 50.9% and
75.8%, respectively, among 31 patients treated with RT for
regional lymph node recurrence after surgery (26). In a
recent report analyzing the outcomes of three-dimensional
conformal RT (92.9%) and intensity-modulated RT (7.1%)
using IFRT in 127 patients with postoperative mediastinal
nodal relapse, the 2- and 5-year OS rates were 72.9% and
43.9%, and the 2- and 5- year LPF rates were 82.4% and
73.8%, respectively (27).

The outcomes of definitive RT for patients with regional
recurrence of NSCLC after surgery reported by previous
studies are summarized in Table IV. In the present study, the

1888

3-year OS, PFS, and LC rates were 63.8%, 45.1%, and
79.7%, respectively. These rates are comparable to those
reported by Lee et al. (27) and slightly better than those
reported by the other three abovementioned studies (24-26),
despite the fact that only 30% of the patients in the present
study were treated with concurrent chemotherapy.
Consequently, definitive RT after surgery might be a
potentially curative treatment option for NSCLC patients
with limited regional lymph node recurrence. Large-scale
prospective studies are needed to determine the indications
and appropriate methods for salvage RT treatment of oligo-
recurrence from NSCLC.

Regarding the RT method, the optimal CTV and dose
fractionation for regional oligo-recurrence after surgery for
NSCLC patients have not been established. Although the
radiation fields and doses were not consistent among the
abovementioned studies, our treatment strategy was to use
elective nodal irradiation (ENI) and provide a high radiation
dose (median: 70 Gy in 35 fractions) to the metastasized
lymph nodes. The main reason why we used ENI was to
eradicate microscopic metastases surrounding visible tumors
based on studies showing that most recurrences were
observed at multiple sites after surgery for NSCLC (28, 29).
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Figure 4. Regional control according to treatment method. (a) Chemoradiotherapy (straight line) vs. radiotherapy alone (dotted line). (b) Proton

beam therapy (straight line) vs. photon beam radiotherapy (dotted line).

Table IV. Comparison of radiotherapy outcomes of patients with non-small cell lung cancer developing lymph node recurrence after surgery.

Author N  Postoperative =~ Median Treatment Median dose RT Patients CRT  LC rate OS rate  PFES rate
recurrence age period (prescription technique  with AC (years) (years) (years)
only method)
Okami et al. 50 Yes 68 1997-2009  60-66 Gy/30-33 fr 3D-CRT  420% 120% 659% (3) 52.7% (3) 28.2% (3)
(2013) (isocenter)
Imai et al.
(2016) 33 Yes 65 2002-2009 60 Gy/30 fr 3D-CRT  69.6% 393% N/A 78.5% (2) 36% (2)
(isocenter)
Seol et al.
(2017) 31 Yes 66 2008-2013 66 Gy/33 fr 3D-CRT  484%  22.6% 75.8% (2) 58.4% (2) 50.9% (2)
Lee et al.
(2018) 127 Yes 63 2004-2016 66 Gy/33 fr 3D-CRT  56.7%  945% 73.8% (5) 43.9% (5) 22.3% (5)
IMRT
This study 33 Yes 68 2003-2016 70 Gy/35 fr 3D-CRT  454%  303% 79.7% (3) 63.8% (3) 45.1% (3)
(isocenter) PBT

RT, Radiotherapy; AC, adenocarcinoma; CRT, chemoradiotherapy; LC, local control; OS, overall survival; PFS, progression-free survival; 3D-CRT,
three-dimensional conformal radiotherapy; IMRT, intensity modulated radiotherapy; PBT, proton beam therapy.

In addition, high dose in most patients were usually given
safely, because the irradiated volumes of the lung at the
present setting, especially treated with PBT, were much
smaller than those in concurrent chemoradiotherapy for stage
IIT NSCLC as initial therapy. As a result, no grade 3 or more
severe RT-related toxicities other than esophagitis were
observed, and a good 3-year LC rate (79.7%) was achieved.
In addition, there were no cases of marginal recurrence,
although six patients developed regional recurrence outside
of the radiation field; the most common site of recurrence
was the supraclavicular fossa. Therefore, it seems that our

dose fractionation schedule is effective and well tolerated
irrespective of the use of ENI. Further evaluation is needed
to determine whether the supraclavicular fossa should be
included in the prophylactic area or not. Horne et al. treated
patients with lesions involving the hilum or mediastinum
from primary or oligo-recurrent NSCLC with stereotactic
body RT and reported 2-year RC and LC rates of 64.3% and
87.7%, respectively (30). In addition, the 3-year PFS rate
was 22.5%, and the rates of severe acute and late toxicities
were 7.5% and 2.5%, respectively. Although the cumulative
rates of LC, RC, and PFS in that study were similar to our
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rates, more severe adverse events were observed with
stereotactic body RT; the efficacy of regional RT on disease
control was not reported.

In our study, the 3-year RC and LPF rates tended to be
better in the PBT than photon RT group, although these
differences were not significant (50.0% vs. 76.6%, p=0.084
and 68.8% vs. 90.9%, p=0.054, respectively). One potential
reason for this might be better target coverage by protons
than x-ray beams (31), because the build-up and build-down
of photons affect the dose reduction at the edge of target
volumes located mostly in the hilum and mediastinum
adjacent to air. However, in our study, there were
differences in the patient background characteristics, such
as tumor histology, between the PBT and photon RT groups,
and multivariate analyses from large prospective studies are
needed.

Various prognostic factors for postoperative recurrence of
NSCLC have been reported, including PS, sex, initial stage,
time from surgery to the initial relapse, response to the initial
treatment for recurrence, recurrence site, number of
recurrence events, tissue type and degree of differentiation,
and presence of recurrence-related symptoms (9, 11, 13-15,
32). In reports of patients with recurrence limited to the
lymph nodes, the absence of symptoms and involvement of
a single lymph node station were associated with OS, and
the size of the involved lymph node was associated with PFS
(24, 26). In the present study, PS was the only significant
factor associated with the 3-year PFS rate. The use of
concurrent chemotherapy was associated with RC, but not
OS or PFS. Although the advantage of using concurrent
chemotherapy with RT has not been established, some
studies reported that concurrent chemotherapy tended to
improve OS and PFS rates in NSCLC patients with
postoperative oligo-recurrence in the mediastinal lymph
nodes (22, 25, 33, 34). Imai et al. reported that concurrent
chemoradiotherapy resulted in a significantly longer PFS
compared with RT alone (median survival: 19.0 vs. 12.5
months) (25). Therefore, concurrent chemoradiotherapy may
be an option for patients with good PS to improve outcome.

The major limitations of this study are its retrospective
nature, small number of patients, heterogeneous treatment
characteristics, and lack of a standardized follow-up
schedule. In addition, RT details, such as the prophylactic
irradiated area according to the primary tumor location, were
not fully evaluated. However, we could not perform a
prospective study comparing patients who received RT with
those who did not because the OS of latter patients is too
short (24). Moreover, collecting sufficient data for analysis
in a prospective study might be too difficult due to too few
cases. Therefore, we consider that the limitations of this
study were unavoidable.

In conclusion, 33 patients with postoperative oligo-
recurrence of NSCLC in regional lymph nodes who were
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treated with RT or PBT showed favorable survival and
control rates and no severe adverse events. The RC rate
might be improved using RT or PBT with concurrent
chemotherapy. RT or PBT for NSCLC oligo-recurrence in
regional lymph nodes after surgery is considered an effective
treatment option, and further prospective studies are
expected.
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