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Introduction

Background: This retrospective study aimed to determine the treatment patterns and
the surgical and oncologic outcomes after completion lobectomy (CL) in patients with
locoregionally recurrent stage | non-small cell lung cancer (NSCLC) who previously under-
went sublobar resection.

Methods: Data from 36 patients who initially underwent sublobar resection for clinical,
pathological stage IA NSCLC and experienced locoregional recurrence between 2008 and
2016 were analyzed.

Results: Thirty-six (3.6%) of 1,003 patients who underwent sublobar resection for NSCLC
experienced locoregional recurrence. The patients' median age was 66.5 (range, 44-77)
years at the initial operation, and 28 (77.8%) patients were men. Six (16.7%) patients under-
went segmentectomy and 30 (83.3%) underwent wedge resection as the initial operation.
The median follow-up from the initial operation was 56 (range, 9—150) months. Ten (27.8%)
patients underwent CL, 22 (61.1%) underwent non-surgical treatments (chemotherapy,
radiation, concurrent chemoradiation therapy), and 4 (11.1%) did not receive treatment or
were lost to follow-up after recurrence. Patients who underwent CL experienced no signif-
icant complications or deaths. The median follow-up time after CL was 64.5 (range, 19-93)
months. The 5-year overall survival (OS) and post-recurrence survival (PRS) were higher in
the surgical group than in the non-surgical (p<0.001) and no-treatment groups (p<0.001).
Conclusion: CL is a technically demanding but safe procedure for locoregionally recur-
rent stage | NSCLC after sublobar resection. Patients who underwent CL had better OS and
PRS than patients who underwent non-surgical treatments or no treatments; however, a
larger cohort study and long-term surveillance are necessary.
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comes for certain patients [2-4]. As chest computed tomog-
raphy (CT) becomes more widely available and the detec-

Lung cancer is the leading cause of cancer-related deaths
worldwide, and surgical resection is the gold-standard
treatment for early-stage lung cancer. The standard treat-
ment for stage I non-small cell lung cancer (NSCLC) has
traditionally been pulmonary lobectomy and mediastinal
lymph node dissection [1]. However, evidence suggests that
sublobar resection could offer comparable oncologic out-

tion of peripheral small-sized tumors rises, the number of
sublobar resection procedures for early-stage lung cancer is
anticipated to increase [5].

Sublobar resection for early-stage lung cancer preserves
pulmonary function without compromising overall surviv-
al (OS) [3-6]. However, the potential risk of recurrence
after sublobar resection is a concern [5,7,8]. In particular,
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locoregional recurrence can occur due to difficulties in
achieving sufficient surgical margins and hilar lymph node
dissection [5]. In the recent JCOG (Japan Clinical Oncolo-
gy Group) 0802 trial, significantly more locoregional re-
currences occurred in patients who underwent segmentec-
tomy (11%) than in patients who underwent lobectomy (5%)
(4].

The proper management of patients with locoregional
recurrences after sublobar resection has not been estab-
lished. Completion lobectomy (CL) is defined as resection
of the remaining pulmonary lobe after wedge resection or
segmentectomy [9-11]. CL is a potential surgical option for
locoregional recurrence. However, performing CL after
sublobar resection in the same lobe or hemithorax may be
complicated by severe adhesions around the hilar struc-
tures, especially the pulmonary artery [12,13]. Only a few
studies, which included a low number of patients, have re-
ported the outcomes of CL after locoregional recurrence
[9,12-15]. Therefore, the purpose of this study was to deter-
mine the surgical and oncologic outcomes of CL in patients
with locoregionally recurrent stage I NSCLC.

Methods
Patients

Data from a prospectively maintained institutional data-
base of patients who underwent sublobar resection for NS-
CLC between January 2008 and December 2016 at Sam-
sung Medical Center were retrospectively analyzed. Of the
1,003 clinical and pathological stage IA patients who un-
derwent sublobar resection for NSCLC, 360 patients (36%)
underwent anatomical segmentectomy, and 643 patients
(64%) underwent wedge resection. Seventy-four patients

(7.4%) experienced recurrence. After excluding patients
with distant metastasis, data from 36 patients with locore-
gional recurrence were analyzed; 10 of these patients un-
derwent CL (Fig. 1). Recurrence in the stump was defined
as local recurrence. Metastasis in the ipsilateral hilar or
mediastinal lymph nodes was defined as regional recur-
rence. Distant recurrence was defined as recurrence at any
other site [10].

The 36 patients who experienced locoregional recurrence
were categorized into 3 groups. The surgical group includ-
ed 10 patients who underwent CL. The non-surgical group
included 22 patients who received chemotherapy, radiation,
or concurrent chemoradiotherapy (CCRT). The remaining
4 patients were not treated or were lost to follow-up and
were categorized into the no-treatment group (Fig. 1). The
indications for CL and other non-surgical treatments were
as follows: in cases where locoregional recurrence was sus-
pected after sublobar resection, we initially performed im-
aging tests such as CT or positron emission tomography.
Currently, the National Comprehensive Cancer Network
guidelines recommend re-resection or radiotherapy in the
event of locoregional recurrence. Since surgical resection is
preferred when possible [16], we assessed the possibility of
surgical resection based on the imaging findings. If surgi-
cal resection was possible, we evaluated the patient’s gener-
al condition and cardiopulmonary function to determine
whether the patient would be able to tolerate CL. In cases
where the patient was considered not feasible for surgery,
we opted for non-surgical treatments through a multidisci-
plinary discussion. CL was performed using either vid-
eo-assisted thoracoscopic surgery (VATS) or a thoracotomy
approach. The surgical approach was determined by the
surgeon’s preference. The surgical and oncologic outcomes
after CL were investigated, followed by survival outcomes

January 2008 to December 2016

- Segmentectomy (n=360)
- Wedge resection (n=643)

Total 1,003 clinical, pathological stage IA patients
underwent sublobar resection for NSCLC

!

Definition of recurrence

Patients with recurrence: 74 (7.4%)

- Local: recurrence in the stump
- Regional: ipsilateral hilar or mediastinum

- Distant recurrence: n=23
- Combined: n=15

- Distant: recurrence in all other sites

- Local only: 14 (1.4%)
- Regional only: 15 (1.5%)
- Local+regional: 7 (0.7%)

Locoregional recurrence: 36 (3.6%)

Fig. 1. Flow diagram of patient se-

v v

¥ lection and patients’ categorization

Surgical: 10 (27.8%) Non-surgical: 22 (61.1%)
- Completion lobectomy: - Chemotherapy: n=13
n=10 - Radiation: n=4
- CCRT: n=5

No-treatment: 4 (11.1%) according to treatment options.

- Observation: n=3 NSCLC, non-small cell lung can-

- Follow-up: n=1 cer; CCRT, concurrent chemoradio-
therapy.
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in the 3 groups.

Data on the following perioperative outcomes were ob-
tained and evaluated: initial operation, pathology, initial
pathologic stage, recurrence pattern, recurrence interval
between initial operation and CL, forced expiratory vol-
ume in 1 second (FEV1) before CL, surgical approach, sur-
gical procedure, operative time for CL, intraoperative blood
loss, hospital days, surgical margin, postoperative compli-
cations, and pathologic stage after CL. Complications were
graded using the Clavien-Dindo classification [17].

Statistical analyses

Continuous variables were compared using the Student
t-test or Kruskal-Wallis test, and categorical variables were
compared using the chi-square or Fisher exact tests. OS
was defined as the time from the initial surgery to the time
of death or censoring. Post-recurrence survival (PRS) was
defined as the time from locoregional recurrence to the
time of death or censoring. Survival was estimated using
the Kaplan-Meier method and analyzed using the log-rank
test. All statistical tests were 2-sided, with a significance
level of 0.05. Statistical analyses were performed using IBM
SPSS ver. 26.0 (IBM Corp., Armonk, NY, USA).

Ethical statement

The study was approved by the institutional review
board of Samsung Medical Center (2023-05-113), and the
requirement for patient consent was waived due to the ret-
rospective nature of the study.

Results

Characteristics of patients with locoregional
recurrence

The baseline characteristics of the 36 patients who expe-
rienced locoregional recurrence are summarized in Table 1.
The median age at the time of initial sublobar resection
was 66.5 years, and 28 patients (77.8%) were men. Six
(16.7%) and 30 (83.3%) patients underwent segmentectomy
and wedge resection as the initial operation, respectively.
Thirteen patients (36.1%) underwent mediastinal lymph
node dissection as the initial sublobar resection, 6 patients
(16.7%) underwent mediastinal lymph node sampling, and
1 patient (2.8%) underwent mediastinal lymph node biop-
sy. Twenty-five patients (69.4%) had adenocarcinoma, 10
patients (27.8%) had squamous cell carcinoma, and 1 pa-
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Table 1. Baseline characteristics of patients (N=36)

Characteristic Value

Age at initial operation (yr) 66.5 (44-77)
Sex

Male 28 (77.8

Female 8(22.2)
Initial operation

Segmentectomy 6 (16.7

Wedge resection 30(83.3)
Mediastinal lymph node

Mediastinal lymph node dissection 13 (36.1)

Mediastinal lymph node sampling 6(16.7)

Mediastinal lymph node biopsy 1(2.8)

Not done 16 (44.4)
Initial pathology

Adenocarcinoma 25 (69.4

Squamous cell carcinoma 10(27.8

Others 1(2.8)
Follow-up time from the initial operation (mo) 56 (9-150)

Values are presented as median (range) or number (%).

tient (2.8%) had basaloid carcinoma. The median follow-up
time after the initial operation was 56 months (range,
9-150 months).

For the 36 patients with locoregional recurrence, the me-
dian age at the time of recurrence was 68.5 years (range,
44-79 years), and the median disease-free interval (DFI)
from the initial sublobar resection to the locoregional re-
currence was 18 months (range, 4 to 60 months). Fourteen
patients (38.9%) had only local recurrence, 15 patients
(41.7%) had only regional recurrence, and 7 patients (19.4%)
had both local and regional recurrence. To treat recurrence,
10 patients (27.8%) underwent CL, 13 patients (36.1%) un-
derwent chemotherapy, 4 patients (11.1%) underwent radia-
tion therapy, and 5 patients (13.9%) underwent CCRT.
Three patients (8.3%) were observed but received no treat-
ment for unknown reasons. One patient (2.8%) was lost to
follow-up. The median post-recurrence follow-up time was
28 months (range, 0-102 months) (Table 2).

Surgical outcomes for completion lobectomy

Table 3 shows the operative outcomes for the 10 patients
who underwent CL for locoregional recurrence after the
initial sublobar resection. The median age at recurrence
was 71.5 years (range, 58-78 years). Eight patients under-
went wedge resection, and 2 patients underwent segmen-
tectomy as the initial operation. All patients had stage 1A
disease. The median DFI from the initial operation to re-
currence was 35 months (range, 10-44 months). All pa-
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Table 2. Characteristics of recurrent disease (N=36)

Variable Value
Age at time of recurrence (yr) 68.5 (44-79)
Disease-free interval from initial operation 18 (4-60)
to recurrence (mo)

Recurrence pattern

Local only 14 (38.9)

Regional only 15 (41.7)

Locoregional 7 (19.4)

Treatment for recurrence

Completion lobectomy 10 (27.8)
Chemotherapy 13 (36.1)
Radiation 11.1)
CCRT )

Observation
Loss to follow-up
Post-recurrence follow-up time (mo) 2

Values are presented as median (range) or number (%).
CCRT, concurrent chemoradiotherapy.

tients underwent initial sublobar resection with VATS.

In patients who underwent CL, the median operative
time was 244.5 minutes (range, 177-382 minutes), the me-
dian blood loss was 200 mL (range, 50-400 mL), and the
median hospital stay was 9 days (range, 7-25 days). RO re-
section was achieved in every CL. Three patients experi-
enced postoperative morbidities (atrial fibrillation), with a
Clavien-Dindo classification of II. No in-hospital deaths
occurred.

Adhesions around the hilar structures were identified in
8 of 10 patients who underwent CL. The severity of the ad-
hesions varied. Parenchymal air leaks developed and the
lung parenchyma was reinforced using sutures or fibrin
glue in 4 cases. Additionally, the bronchial stump was rein-
forced using pericardial fat or additional sutures in 2 pa-
tients. During CL, suspicious nodules in other lobes or
surrounding structures were found in 6 patients, and addi-
tional precision excisions, en-bloc wedge resections, or bi-
opsy procedures were conducted.

VATS was performed in 3 patients, with no thoracotomy
conversion, and intentional thoracotomies were performed
in 7 patients. The median operation time was 237.0 min-
utes for VATS and 247.0 minutes for thoracotomies. The
median blood loss amounts were 50 mL and 200 mL for
VATS and thoracotomies, respectively. The median hospi-
tal stays were 13 days for patients who underwent VATS
and 9 days for those who underwent thoracotomy.

Oncologic and survival outcomes

The 36 patients with locoregional recurrence were cate-
gorized into 3 groups according to the treatment after lo-
coregional recurrence (Fig. 1). The surgical group consisted
of 10 patients who underwent CL. The non-surgical group
included 22 patients who were treated with chemotherapy,
radiation therapy, or CCRT. The no-treatment group in-
cluded 4 patients who underwent no treatment or were lost
to follow-up. The median age at initial sublobar resection,
the median age at recurrence, the median FEV1 (L) at ini-
tial sublobar resection, and the median DFI were com-
pared, and no significant differences were detected.

As shown in Fig. 2A, the Kaplan-Meier OS curves for the
treatment groups after locoregional recurrence were sig-
nificantly different; the 5-year OS was 33.3% for the entire
cohort, 60.0% for the surgical group, 27.3% for the non-
surgical group, and 0% for the no-treatment group (p<
0.001). As shown in Fig. 2B, the Kaplan-Meier curves for
5-year PRS were also significantly different depending on
the treatment group (p<0.001); the 5-year PRS was 44.4%
for the entire cohort, 80.0% for the surgical group, 36.4%
for the non-surgical group, and 0% for the no-treatment
group.

Although the 5-year PRS for the surgical group was 80%,
2 patients died within 5 years after the CL. One patient
died 39 months after CL without recurrence. Another pa-
tient underwent VATS right middle lobe (RML) wedge re-
section for the initial surgery, and both local and regional
recurrences occurred after 40 months. This patient under-
went completion RML lobectomy with mediastinal lymph
node dissection via a thoracotomy; during surgery, a meta-
static pleural nodule was completely removed. The patient
received palliative chemotherapy and died 19 months after
CL.

Two other patients experienced recurrence after CL. One
patient underwent VATS right lower lung (RLL) basal seg-
mentectomy with mediastinal lymph node dissection as an
initial sublobar resection, followed by completion RLL lo-
bectomy for local recurrence 44 months after the initial
surgery. However, multiple metastatic nodules in the RML
were suspected on chest CT 51 months post-CL. The pa-
tient decided to only receive regular follow-up and is still
alive 14 months after the second recurrence. Another pa-
tient underwent VATS left lower lobe (LLL) wedge resec-
tion and mediastinal lymph node sampling for the initial
surgery. Fourteen months after the initial surgery, the pa-
tient underwent completion LLL lobectomy with mediasti-
nal lymph node dissection via thoracotomy for local recur-
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Fig. 2. Survival curves according to the treatment options, including (A) overall survival (OS) and (B) 5-year post-recurrence survival (PRS).

rence. Regional recurrence in the left upper lobe (LUL) was
detected 20 months post-CL, and the patient underwent
LUL wedge resection via thoracotomy again. However,
multiple brain, lung, and pleural metastases occurred 27
months after the LUL wedge resection (47 months post-
CL). The patient received palliative chemotherapy and
Gamma Knife (Elekta AB, Stockholm, Sweden) radiosur-
gery and died 70 months post-CL due to coronavirus dis-
ease 2019 infection.

Discussion

To the best of our knowledge, this study included the
largest number of patients who underwent CL for locore-
gional recurrences after sublobar resection [12,13,15]. Pre-
vious studies on CL included patients who underwent sur-
gery not only for recurrence, but also for other reasons,
such as complications, and included fewer than 10 patients.
The results of this study demonstrate that CL for locore-
gionally recurrent stage I NSCLC after sublobar resection
is a technically demanding but safe procedure.

Sublobar resection is a treatment option for early-stage
NSCLC [2-4]. The use of sublobar resection is increasing
because the early detection of suspicious ground-glass nod-
ules with low-dose CT screening is increasing. However,
sublobar resection is associated with a higher incidence of
locoregional recurrence, and only a limited number of
studies have described the surgical outcomes of CL for lo-
coregional recurrence after sublobar resection. CL is a
technically demanding procedure due to the dense adhe-
sions around hilar structures [9,12-14]. Additionally, more
severe adhesions around the hilum occur 5 weeks after the
initial surgery, which can make CL more challenging to

perform [14].

This study showed that CL for locoregional recurrence of
NSCLC after sublobar resection was a feasible and safe
procedure. The median operation time was approximately
240 minutes, and the median blood loss was 200 mL for
the 10 CL cases performed at our institution. Eight patients
had adhesions around hilar structures, especially along the
former staple line or pleural space due to the previous sub-
lobar resection. Four cases required reinforcement of the
lung parenchyma because of air leaks, and 2 cases required
bronchial stump reinforcement, indicating that CL is not a
simple procedure. However, we observed favorable out-
comes; the median hospital stay was only 9 days, and no
deaths occurred. Although some patients experienced
postoperative complications, all cases were classified as
minor (Clavien-Dindo grade II).

Regarding the surgical approach, VATS is a viable option
for performing CL. However, previous studies have shown
that VATS CL is challenging due to the presence of hilar
adhesions [9,12,13]. Severe hilar adhesions and fibrosis are
more likely when CL is performed in the upper lobes, and
a thoracotomy approach is often required [12,15]. The oc-
casional use of taping and/or clamping of the main pulmo-
nary artery may prevent catastrophic bleeding when the
pulmonary artery is difficult to expose and divide [9,13].
In this study, 3 patients underwent CL through VATS with-
out thoracotomy conversion, while the remaining 7 pa-
tients underwent CL via intended thoracotomy. The opera-
tion times (237.0 minutes versus 247.0 minutes) were
shorter and blood loss (50 mL versus 200 mL) was lower
for CL performed via VATS than for CL performed via
thoracotomy.

When recurrence is suspected, tissue confirmation and
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evaluation of the extent of recurrence are important for se-
lecting the appropriate treatment. However, confirmation
through non-surgical methods is challenging for locore-
gional recurrence. In such cases, CL provides simultaneous
tissue confirmation and surgical treatment. Diaphragmic
pleural seeding was discovered during the CL procedure in
1 case, indicating that surgical exploration may be useful
for accurate staging.

We acknowledge that our comparison may not be per-
fect, insofar as we compared survival outcomes after CL
with outcomes after non-surgical treatment or no treat-
ment. In this study, the 5-year OS (60.0%) and PRS (80.0%)
in patients who underwent CL were better than the OS and
PRS in patients who underwent non-surgical treatment or
received no treatment (OS: 27.5% and 0.0%; p<0.001, PRS:
36.4% and 0.0%; p<0.001). Although the survival rate was
significantly higher among patients who underwent CL in
this study, the possibility of differences in other general
conditions and case selection should be taken into consid-
eration. Larger cohort studies with sufficient patient num-
bers are needed in the future.

Several limitations to this study should be acknowledged.
First, the study included a limited number of patients,
which may impact the generalizability of the findings. Sec-
ond, the patients who underwent CL may have had more
favorable general conditions, leading to selection bias in
this study. Third, this study was conducted at a single in-
stitution, and the quality of surgery, surgeon’s proficiency,
and other factors may differ from other centers. Addition-
ally, this study was retrospective, which may limit the va-
lidity of the results. Further studies with larger populations
and longer-term surveillance are necessary to confirm the
findings of this study and address these limitations.

In conclusion, CL for locoregionally recurrent stage I
NSCLC after sublobar resection is a technically demanding
but safe procedure. VATS CL can be performed with com-
parable feasibility and safety. However, some patients expe-
rienced recurrence after CL, and long-term surveillance is
necessary to ensure optimal patient outcomes.
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