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Background: Sublobar resection has emerged as an alternative to lobectomy for management of earlystage non-small cell lung cancer (NSCLC). However, controversy remains as to whether it is adequate for
elderly patients. The present study aimed to comparatively study the perioperative outcomes and overall
survival of sublobar resection vs. lobectomy for management of elderly patients (≥65 years) with clinical stage
I NSCLC.
Methods: This is a multicenter retrospective cohort study. Clinical stage I NSCLC patients who
underwent lobar or sublobar resection (segmentectomy and wedge resection) at the Department of Thoracic
Surgery of 10 tertiary hospitals between January 2014 and September 2017 were retrospectively reviewed
from the national collaborative prospective lung cancer database (LinkDoc Technology Co, Ltd., Beijing,
China). Clinical data on demographic and tumor characteristics, surgical details were collected. Perioperative
outcomes and overall survival were analyzed by using propensity score matching to adjust for selection bias.
Subgroup analysis was further carried out to explore the potential sources of heterogeneity.
Results: Among the 1,579 eligible patients, 1,164 (73.7%) underwent lobectomy and 415 (26.3%)
underwent sublobar resection (106 segmentectomy and 309 wedge resection). Sublobar resection was
more frequently performed in patients who were elder, had more comorbidities and smaller, left-sided
adenocarcinoma (P<0.001). Propensity-matched analysis showed significant association of sublobar resection
with less blood loss, shorter operation time, chest drainage and hospital stay, while with less lymph node
removal when compared with lobectomy (P<0.001). Short term survival analysis showed comparable results
even after adjusted in the matched analysis. Similar results were obtained when limiting patients to those
aged >75 years, at pathologic stage I, and those who smoking or undergoing video-assisted thoracoscopic
surgery (VATS) or segmentectomy and lobectomy.
Conclusions: Sublobar resection was associated with significantly better perioperative outcomes without
compromising short term survival in elderly patients with clinical stage I NSCLC. However, the importance
of patient selection and management process, as well as accurate lymph node staging must be acknowledged
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Introduction
Lung cancer is a disease often seen in the elderly. Appropriately
50% of newly diagnosed cases are aged 70 years or older,
representing the fastest-growing segment of non-small cell
lung cancer (NSCLC) (1). Meanwhile, the recent advance
in technology and the overall aging of the population are
expected to provoke the increased incidence of NSCLC in
the elderly, especially for those at early-stage (2,3). Also, the
advanced age and easy access to CT scan make it possible
to diagnose some previously undiagnosed cases during
their lifetime, which may also contribute to the increasing
incidence of NSCLC observed. Nevertheless, it is estimated
that the incidence of NSCLC in elderly patients (≥65 years)
will rise 67% annually from 163,000 in 2010 to 271,000
in 2030 (4). This dramatic increase will surely cause a
substantial global burden on the health care system.
Surgical resection is generally considered as the
potentially curative option for early-stage NSCLC (5,6),
including elderly patients (7). Regarding the type of surgery,
most surgeons today would still acknowledge lobectomy
as the major chance for curing early-stage disease in the
elderly (2,8). However, increasing evidence has recently
emerged and supported more limited resections for earlystage NSCLC in elderly patients when compared with
lobectomy, with similar or non-inferior survival and better
perioperative outcomes and less perioperative complications
(7,9,10). Also, the advantages of reduced hospital stay and
better preserved pulmonary function were also reported
in patients underwent sublobar resection for early-stage
NSCLC (11,12). Sublobar resection was suggested for very
selected patients, such as those with advanced age and poor
pulmonary function (13,14).
Unfortunately, despite the burgeoning population of
early NSCLC in the elderly, almost all evidence for sublobar
resection were derived from retrospective studies (15).
Current evidence available for sublobar resection is ambiguous
to establish the safety and effectiveness for early-stage
NSCLC in the elderly. The conflicting results of inferior
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survival and limited lymph node removal were reported for
sublobar resection (16). Sublobar resection was suggested
not to be equivalent to lobectomy in older patients with
adenocarcinoma (16,17). Meanwhile, the last major trial
available to address this question was carried out over
20 years ago (18). Although the results were in favor of
lobectomy, several issues complicated their straightforward
application in modern practice (2). To address this issue,
several multicenter randomized trials are ongoing to
comparatively study the sublobar section vs. lobectomy for
(elderly) patients with clinical stage IA NSCLC in USA (19),
Japan (20) and China (21). Whereas the results are unlikely
to be available soon. To help bridge this gap while awaiting
trial results, we compared the clinical outcomes of sublobar
resection vs. lobectomy in elderly patients (≥65 years) with
clinical stage I NSCLC using the real-world data from
electronic medical records of 10 tertiary hospitals in China.
Methods
Study population
Clinical data of lung cancer patients who underwent
surgical resection at the Department of Thoracic Surgery of
10 tertiary hospitals in China were retrospectively reviewed
based on the national collaborative prospective lung cancer
database (LinkDoc Technology Co, Ltd., Beijing, China).
Between January 2014 and September 2017, a total of
21,790 patients were identified. Eligible patients were those
aged 65 years or older and underwent sublobar resection
or lobectomy for clinical stage I disease. A cutoff value of
65 years was set to define the elderly patients according to
retirement age and commonly associated definitions of an
elder age. Patients without pathological confirmation of
NSCLC were excluded. Other exclusion criterion was the
use of preoperative therapies (chemotherapy, radiotherapy
or biological treatment). These criteria yielded a sample
size of 1,579. All procedures performed in this study were
in accordance with the ethical standards of the Helsinki
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Declaration and were approved by the Ethics Committee
of all participating centers (the ID of Ethic Approval is
2018-13-K08). Formal consent was not required for this
retrospective study.
Clinical staging and treatments
The preoperative staging was performed in all patients
by computed tomography scan with or without positron
emission tomography at the discretion of surgeons in
charge. Surgical information was determined from
procedure documented in the medical records and was
classified as lobectomy or sublobar resection. All tumors
were staged according to the 7th edition of the American
Joint Commission on Cancer classification (22). Tumor
histology was classified according to the World Health
Organization criteria (23). Treatment-related variables
including surgical procedures, surgical margins, operation
time, intraoperative blood loss, the number of lymph node
dissection, duration of chest drainage and hospital stay,
as well as perioperative complications, were analyzed to
evaluate perioperative outcomes and safety of sublobar
resection in the target population.
Other clinical data
Patient demographic and clinical characteristics were
abstracted from the prospective LinkDoc database,
including age at the time of surgery, sex, smoking
history, comorbidity, body mass index (BMI), tumor size,
location, histology and pathologic TNM stage, as well as
preoperative pulmonary function tests [forced expiratory
volume in 1 second (FEV1) and carbon monoxide diffusing
capacity (DLCO)]. Follow-up data were also retrieved
from the medical records of each patient. Survival patients
were contacted by telephone interview. Cause of death was
established from medical records or interview. All patients
were followed up until February 20th, 2019.
Statistical analysis
Overall survival of the patients was determined from
the date of surgery to the date of death or last follow up.
Continuous variables are expressed as mean ± standard
deviation (SD) and compared by rank-sum test. Categorical
variables are presented as frequency and percentage and
calculated via Chi-square test or Fisher exact test when
appropriate. Overall survival was analyzed by the Kaplan-
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Meier method and compared between groups (lobectomy
and sublobar resection or segmentectomy) by using the logrank test.
In view of potential selection bias, propensity score
matching was calculated to construct a matched sample of
patients who underwent sublobar resection and lobectomy.
Of the original 1,579 patients, 513 were removed secondary
to pathologic stage II/III or procedures other than videoassisted thoracoscopic surgery (VATS), leaving 1,066 patients
(750 lobectomy and 316 sublobar resections) for propensity
score matching analysis. The independent variables included
were age at surgery, sex, smoking history, tumor size,
location and histology, and preoperative FEV1. Patients
were matched 1:1 using the nearest-neighbor method with
the caliper set at 0.2. All statistical analyses were two-sided
and P<0.05 was considered as statistically significant (SAS
version 9.4, SAS Institute, Cary, NC, USA).
A cut-off of 65 years was used to define elderly patients
in this study. However, there is no international agreement
on the definition of elderly patients. Increasing the age of
patients may be meaningful. A subgroup analysis of patients
aged over 75 years old was therefore carried out. Besides,
in view of potential selection or surgical bias, subgroup
analyses of patients aged over 75 years old, with pathologic
stage I NSCLC, and those who smoking or undergoing
VATS were also carried out regarding lobar and sublobar
resections. Also, subgroup analysis of patients undergoing
segmentectomy and lobectomy was conducted. Moreover,
sensitivity analyses were performed by excluding center
with larger patient number to adjust for potential center
effect.
Results
Baseline and tumor characteristics
Among 1,579 surgically resected early-stage patients, 1,164
(73.7%) were treated by lobectomy and 415 (26.3%) by
sublobar resection (106 segmentectomy and 309 wedge
resection). The mean age of patients was 70.49 years with
an equal sex distribution. Baseline characteristics of the
patients are summarized in Table 1. Patients undergoing
sublobar resection were older and had more comorbidities
(like hypertension and coronary artery disease). In both
groups, most patients were non-smokers with no significant
differences regarding smoking history, sex, BMI and
preoperative pulmonary function (P>0.05, Table 1). As
for the surgical procedures, sublobar resection was more
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Table 1 Baseline characteristics of the whole patient cohort
Sublobar resection
Variable

Segmentectomy
(n=106)

Wedge resection
(n=309)

Total
(n=415)

Lobectomy
(n=1,164)

Age at surgery, n (%)

P value

<0.0001

65–75 years

86 (81.1)

223 (72.2)

309 (74.5)

1,028 (88.3)

>75 years

20 (18.9)

86 (27.8)

106 (25.5)

136 (11.7)

Sex, n (%)

0.1437

Male
Female
2

Body mass index (kg/m )

45 (42.5)

153 (49.5)

198 (47.7)

604 (51.9)

61 (57.5)

156 (50.5)

217 (52.3)

560 (48.1)

23.4±3.0

23.6±3.3

23.6±3.2

23.6±3.0

Smoking history, n (%)

0.5722
0.2459

Yes

24 (23.1)

76 (25.1)

100 (24.6)

315 (27.5)

No

80 (76.9)

227 (74.9)

307 (75.4)

829 (72.5)

Hypertension

39 (36.8)

134 (43.4)

173 (41.7)

395 (33.9)

0.0047

Diabetes mellitus

12 (11.3)

44 (14.2)

56 (13.5)

145 (12.5)

0.5863

Coronary artery disease

5 (4.7)

30 (9.7)

35 (8.4)

53 (4.6)

0.0031

Cerebrovascular diseases

5 (4.7)

14 (4.5)

19 (4.6)

41 (3.5)

0.3340

FEV1 (%)

96.5±22.2

86.6±22.7

89.1±23.0

92.1±37.3

0.3135

DLCO (%)

92.2±18.3

87.2±21.3

88.6±20.6

91.8±18.7

0.0823

Comorbidities, n (%)

Preoperative lung tests

Surgical model, n (%)
Thoracotomy
VATS
Robotic surgery

<0.0001
4 (3.8)

13 (4.2)

17 (4.1)

215 (18.5)

99 (93.4)

290 (93.9)

389 (93.7)

917 (78.8)

3 (2.8)

6 (1.9)

9 (2.2)

32 (2.7)

FEV1, forced expiratory volume in 1 second; DLCO, carbon monoxide diffusion capacity; VATS, video-assisted thoracoscopic surgery.

frequently performed by VATS.
As shown in Table 2, sublobar resection was more likely
to be performed in patients with smaller, left-sided tumors,
at earlier stage and with histology of adenocarcinoma.
Importantly, pathologic upstaging occurred more often in
lobar resection group than that of sublobar group (14.7%
vs. 2.3%, P<0.0001).
Unadjusted perioperative outcomes and short-term
survival
Patients undergoing sublabor resection had less intraoperative
blood loss, shorter operation time and hospital stay (Table 3).
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Fewer patients treated by sublobar resection had lymph
node dissection done (57.1% vs. 96.1%, P<0.0001),
especially for those by wedge resection (45.3%). Also,
patients in sublobar resection group had less lymph nodes
dissected (median: 5 vs. 11, P<0.0001).
Meanwhile, fewer perioperative complications were observed
in patients undergoing sublabor resection (3.9% vs. 7.0%,
P=0.0238). Perioperative mortalities at 30 and 90 days were 2
and 5 patients, and all in the lobectomy group. The median
follow-up time was 21.3 and 21.2 months in subloar and
lobar resection groups, respectively. Seventy-two patients
died during follow-up, 14 in sublobar group and 58 in lobar
group (3.4% vs. 5.0%, P=0.1397). Forty-two patients died
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Table 2 Tumor characteristics of the whole patient cohort
Sublobar resection
Variable

Segmentectomy
(n=106)

Wedge resection
(n=309)

Total
(n=415)

Lobectomy
(n=1,164)

Histology, n (%)
Adenocarcinoma

P value

0.0027
96 (94.1)

257 (88.6)

353 (90.1)

931 (82.9)

Squamous cell carcinoma

3 (2.9)

27 (9.3)

30 (7.7)

157 (14.0)

Others

3 (2.9)

6 (2.1)

9 (2.3)

35 (3.1)

Tumor location, n (%)

0.0011

Left

61 (57.5)

138 (44.7)

199 (48.0)

451 (38.7)

Right

45 (42.5)

171 (55.3)

216 (52.0)

713 (61.3)

Tumor size (cm)

1.6±0.8

1.6±1.0

1.6±0.9

2.4±1.3

cT stage, n (%)

<0.0001
<0.0001

T1

95 (89.6)

280 (90.6)

375 (90.4)

858 (73.8)

T2

11 (10.4)

29 (9.4)

40 (9.6)

304 (26.2)

Pathologic TNM stage, n (%)

<0.0001

I

90 (96.8)

247 (93.2)

337 (94.1)

923 (85.1)

II

1 (1.1)

2 (0.8)

3 (0.8)

88 (8.1)

IIIA + IIIB

2 (2.2)

3 (1.1)

5 (1.4)

71 (6.6)

from cancers. Eleven patients died from other diseases,
commonly cardiovascular and cerebrovascular diseases. The
corresponding information was unknown for the remaining
19 patients.

resection than with lobectomy (3.3% vs. 0.0%, P=0.0437).
Meanwhile, the difference in short term survival remained
unchanged in the matched patients (0.8% vs. 1.6%,
P=0.5917).

Propensity score-matched analysis

Subgroup analysis and sensitivity analysis

Propensity score matching resulted in 122 patients in each
arm. The two cohorts were well-matched in the major
clinical characteristics (Table 4).
Of the matched patients, there were still significant
differences between the two treatment strategies with
respect to perioperative outcomes including intraoperative
blood loss P<0.0001), operation time (P<0.0001), and
duration of tube drainage (P<0.0001) and hospital stay
(P=0.0049, Table 5). Also, the proportion of patients
underwent lymph node dissection and the number of lymph
nodes harvested were still significantly lower in sublobar
resection group (65.6% vs. 95.9% and 6.9±5.1 vs. 11.3±6.5,
P<0.0001, Table 5). However, after adjusted in a propensitymatched analysis, postoperative complications were
found to occur significantly more frequent with sublobar

A cut-off of 65 years was used to define elderly patients in
this study. However, there is no international agreement
on the definition of elderly patients. A subgroup analysis of
patients aged over 75 years old was therefore carried out.
Patients undergoing sublobar resection were still older and
had smaller, left sided and earlier stage tumors (Table S1).
Meanwhile, less intraoperative blood loss, shorter operation
time and hospital stay were observed in those undergoing
sublobar resection (Table S2). Also, lymph node dissection
was still limited in the sublobar group (58.5% vs. 94.9%,
P<0.0001). Nine (6.6%) patients died in lobar group and 2
(1.9) died in sublobar group during a median follow-up time
of 18.6 and 21.4 months, respectively (P=0.0582).
In view of known potential bias of wedge resection in
lymph node dissection, subgroup analysis of segmentectomy
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Table 3 Perioperative outcomes and complications of the whole patient cohort
Sublobar resection
Variable

Lobectomy
(n=1,164)

P value

11 (0.9)

0.2762

Segmentectomy
(n=106)

Wedge resection
(n=309)

Total
(n=415)

Positive surgical margin, n (%)

0 (0.0)

1 (0.3)

1 (0.2)

Lymph node dissection, n (%)

97 (91.5)

140 (45.3)

237 (57.1)

1,119 (96.1)

<0.0001

N1

87 (82.1)

78 (25.2)

165 (39.8)

1,058 (90.9)

<0.0001

N2

85 (80.2)

128 (41.4)

213 (51.3)

1,096 (94.2)

<0.0001

8.3±4.9

5.5±4.9

6.6±5.1

12.5±7.4

<0.0001

N1

3.7±2.4

2.4±1.6

3.1±2.2

5.9±3.8

<0.0001

N2

5.6±3.6

4.5±4.2

5.0±4.0

7.1±5.3

<0.0001

Operation time (min)

118.4±47.6

82.6±43.2

91.9±47.0

129.0±51.7

<0.0001

Intraoperative blood loss (mL)

68.8±83.3

55.2±120.4

58.6±112.2

115.8±172.6

<0.0001

Chest drainage (days)

3.9±3.6

3.6±3.3

3.7±3.4

3.6±3.5

0.4236

Hospital stay (days)

6.4±4.0

6.3±3.2

6.3±3.4

7.3±12.5

<0.0001

9 (8.5)

7 (2.3)

16 (3.9)

81 (7.0)

0.0238

Pleural effusion

6 (5.7)

5 (1.6)

11 (2.7)

55 (4.7)

Pneumonia

7 (6.6)

3 (1.0)

10 (2.4)

54 (4.6)

Pneumothorax

5 (4.7)

2 (0.6)

7 (1.7)

37 (3.2)

Pulmonary atelectasis

0 (0.0)

1 (0.3)

1 (0.2)

9 (0.8)

Hydropericardium

0 (0.0)

0 (0.0)

0 (0.0)

3 (0.3)

Bronchial stump fistula

0 (0.0)

0 (0.0)

0 (0.0)

2 (0.2)

Respiratory failure

0 (0.0)

0 (0.0)

0 (0.0)

1 (0.1)

Cerebrovascular accident

0 (0.0)

0 (0.0)

0 (0.0)

1 (0.1)

1 (0.9)

13 (4.2)

14 (3.4)

58 (5.0)

Perioperative outcomes

Number of lymph nodes dissection

Perioperative complications, n (%)

Overall mortality, n (%)*

0.1397

*, log-rank test is performed for statistical analysis.

and lobectomy was further carried out. More patients
undergoing segmentectomy were aged older (>75 years),
and had smaller, earlier-staged, left-sided tumor and with
histology of adenocarcinoma. Meanwhile, segmentectomy
was more frequently performed by VATS (Table S3). Also,
segmentectomy was still significantly associated with
less lymph node dissection, blood loss and hospital stay
(Table S4). However, no significant difference was found in
operative time, chest drainage and overall mortality between
segmentectomy and lobectomy.
Besides, almost all patients undergoing sublobar
resection were at pathologic stage I and by VATS. Whereas,
approximately 15% of patients undergoing lobectomy were
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upstaged (II or III) or via thoracotomy. Subgroup analysis
of patients at stage I or underwent VATS were carried out
in terms of both complications and overall survival. The
superiority in perioperative outcomes remained significantly
in favor of sublobar resection in stage I or VATS subgroups
(Tables S5 and S6).
Moreover, most patients in this study were non-smokers.
We then considered examining more the smoker subgroup.
No significant difference in the duration of hospital stay was
observed between sublobar and lobar resection in smokers,
and also the cases of chest drainage and overall mortality
(Table S7).
Additionally, work experience and management criteria
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Table 4 Baseline and tumor characteristics of the propensity score-matched patients
Variable

Sublobar resection (n=122)

Lobectomy (n=122)

P value

111 (91.0)

107 (87.7)

0.4066

11 (9.0)

15 (12.3)

70.1±3.7

70.4±3.9

0.6121

61 (50.0)

61 (50.0)

1.000

Body mass index (kg/m )

23.8±3.4

23.9±3.4

0.355

Smoking history, n (%)

34 (27.9)

29 (23.8)

0.465

Hypertension

48 (39.3)

47 (38.5)

0.896

Diabetes mellitus

18 (14.8)

13 (10.7)

0.337

Coronary artery disease

10 (8.2)

8 (6.6)

0.624

FEV1 (%)

90.0±24.3

93.0±19.7

0.412

DLCO (%)

92.0±19.6

92.8±19.4

0.660

Age at surgery, n (%)
65–75 years
>75 years
Mean ± SD
Male, n (%)
2

Comorbidities, n (%)

Preoperative pulmonary tests

Histology, n (%)

0.189

Adenocarcinoma

107 (87.7)

108 (88.5)

Squamous cell carcinoma

13 (10.7)

11 (9.0)

2 (1.6)

3 (2.5)

Others
Tumor location, n (%)

0.416

Left

44 (36.1)

38 (31.1)

Right

78 (63.9)

84 (68.9)

2.0±0.9

2.0±0.9

Tumor size (cm)
Clinical stage, n (%)

0.796
0.827

T1

111 (91.0)

110 (90.2)

T2

11 (9.0)

12 (9.8)

FEV1, forced expiratory volume in 1 second; DLCO, carbon monoxide diffusion capacity; VATS, video-assisted thoracoscopic surgery.

of individual surgeon or center may vary in this electronic
medical records-based multicenter study. Sensitivity
analyses were further carried out by excluding centers
with larger patient number to adjust for potential center
effect. No significant center effect was observed regarding
perioperative outcomes excepting chest draining, which
showed some variations among the centers (Table S8).
Discussion
Nowadays, increasing attention has been focused on
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sublobar resection as an alternative therapy for elderly
patients with early-stage NSCLC. The contradictory
results of previous studies have prompted us to further
investigate the clinical outcomes of sublobar resection in
elderly patients with clinical stage I NSCLC. The findings
of our propensity score matching analysis demonstrated the
significant perioperative advantages of sublobar resection,
with less intraoperative blood loss, drainage days, operation
time and hospital stay. Meanwhile, short term survival
analysis showed no significant difference between the two
treatment strategies. The ongoing long term follow up may
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Table 5 Perioperative outcomes and complications of the propensity score-matched patients
Variable

Sublobar resection (n=122)

Lobectomy (n=122)

P value

Positive surgical margin, n (%)

1 (0.8)

0 (0.0)

0.3163

Lymph node dissection, n (%)

80 (65.6)

117 (95.9)

<0.0001

N1

60 (49.2)

108 (88.5)

<0.0001

N2

75 (61.5)

114 (93.4)

<0.0001

6.9±5.1

11.3±6.5

<0.0001

N1

3.0±1.9

65.5±3.4

<0.0001

N2

5.0±3.9

6.3±4.8

0.0269

Operation time (min)

96.2±46.0

136.2±47.8

<0.0001

Intraoperative blood loss (mL)

53.6±72.3

83.1±65.3

<0.0001

Chest drainage (days)

4.8±3.4

5.4±2.5

<0.0001

Hospital stay (days)

6.3±3.7

6.9±2.9

0.0049

4 (3.3)

0 (0.0)

0.0437

Pleural effusion

4 (3.3)

0 (0.0)

Pneumonia

3 (2.5)

0 (0.0)

Pneumothorax

2 (1.6)

0 (0.0)

1 (0.8)

2 (1.6)

Perioperative outcomes

Number of lymph node dissection

Perioperative complications, n (%)

Overall mortality, n (%)*

0.5917

*, log-rank test is performed for statistical analysis.

help to better clarify the survival difference with respect to
sublobar resection.
Sublobar resection has been recommended for highly
selected patients, such as those with poor pulmonary
functions or other major comorbidity that contraindicates
lobectomy, according to the NCCN guidelines (5). In
clinical practice, it was reported to be more frequently
performed in patients with elder age, smaller, less malignant
tumors and those with impaired pulmonary function (24,25).
In our study, patients undergoing sublobar resection were
older, and had more comorbidities and comparatively poor
pulmonary function, although the difference in perioperative
pulmonary function did not reach the statistical significance.
In addition, tumors treated by sublobar resection were more
often smaller, left-sided with histology of adenocarcinoma.
To adjust for the potential selection bias, propensity score
matching analysis was carried out. Our adjusted analysis
showed the significant association of sublobar resection with
better perioperative outcomes. These results were consistent
with previous study of elderly patients in China by Qiu
et al., which indicated less blood loss and chest tube days, as
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well as shorter duration of operation and hospital stay in a
comparatively small number of patients undergoing sublobar
resection for stage I NSCLC (245 elderly, ≥65 years,
pathologic stage I NSCLC patients, 39 sublobectomy and
206 lobectomy) (10). Other previous studies indicated that
sublobar resection did not offer improved perioperative
complications, mortality or postoperative pulmonary
function (18,26,27). However, the conflicting results of
fewer major complications and shorter hospital stay were
also noted following limited resection when compared with
lobectomy. It has been thought to be reasonably explained
by lung parenchyma preservation of less invasive sublobar
resection (12,24). Several possibilities may help to explain
these conflicting results, like the differences in surgical
technology, perioperative patient care, study population,
and study design. Some previous studies have focused
on the patients with pathologic stage I NSCLC (2,7,28),
while others mainly focused on those with clinical stage I
NSCLC (24,26). Still, others only took patients with stage
IA NSCLC into consideration (9,27). Furthermore, some
studies mainly focused on the elderly patient, while others
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did not make such restrictions (29,30). The definitions
of elderly patients also varied a lot, from 65 to 75 years
old. In view of the meaningfulness of increasing age, a
subgroup analysis of patients with elder age was further
carried out. Similar results were obtained when limiting
patients to those aged over 75 years old. In additions,
wedge resection is generally considered to be different from
segmentectomy in operative approach and morbidity. Our
subgroup analysis of segmentectomy and lobectomy showed
superior perioperative outcomes of segmentectomy without
compromising short-term survival of patients. Nevertheless,
the findings of our study corroborating the previous study
of Qiu et al. allowed us to conjecture that sublobar resection
can offer better perioperative outcomes than lobectomy in
elderly Chinese patients with clinical stage I NSCLC.
Sublobar resection has been reported to show survival
outcomes no different from lobectomy for management of
early-stage NSCLC in the elderly. However, contradictory
results of inferior survival were also reported. Previous study
by Shirvani et al. indicated significant association of sublobar
resection with worse overall survival in propensity scorematching analysis (HR: 1.36, 95% CI: 1.17–1.58, P<0.001) (2).
Meanwhile, Veluswamy and colleagues reported the
equivalence of lobectomy with segmentectomy, but not with
limited resection, in early stage lung adenocarcinoma (16).
The reason has been ascribed to comparatively worse survival
outcome of nonanatomic wedge resection (31). Yet, others
argued about the comparable outcome of wedge resection
and segmentectomy in patients with cT1N0 NSCLC (32).
In our study, short term survival analysis showed a noninferior survival rate of patients undergoing lobectomy
and sublobar resections. Thirteen out of 14 patients died
in sublobar resection group were treated by wedge section.
Subgroup analysis of segmentectomy and lobectomy also
showed no significant survival difference. In additions, our
other subgroup analyses also showed superior perioperative
outcomes without compromising short-term survival of
patients. Unfortunately, long term survival outcome is not
available in the current status for us to clarify further the
survival difference between lobar and sublobar resections
or segmentectomy. One thing worth noting here is that
pathologic upstaging was found to occur more frequently
in patients undergoing lobectomy when compared with
sublobar resection (14.7% vs. 0.9%, P<0.0001). Meanwhile,
sublobar resection was significantly associated with less lymph
node dissection, especially for wedge resection. We may not
exclude the possibility that better perioperative outcomes
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observed in our sublobar patients were at the expense of
less lymph node taken. Stringent preclinical evaluation and
procedure selection are therefore of major importance for
clinical management of this early-stage disease.
Sublobar resection has known to involve limited lymph
node dissection (26). The latter was identified as an
independent predictor of outcomes in patients with stage
T1a or I NSCLC (9,33). Failure to examine lymph nodes
may be a major challenge in patients undergoing sublobar
resection (13). Accurate lymph node staging in combination
with a minimally invasive approach was suggested to play
more of a factor than the extent of resection (28). Moreover,
the study by De Zoysa et al. indicated that there was no
appreciable difference between lobectomy and sublobar
resection in terms of survival when the adequate nodal
dissection was accounted for (12). Qu et al. found the
equivalent survival of patients managed by segmentectomy
or lobectomy when under analogous extent of lymph node
removal (17). In this regard, it may be reasonable to assume
that the extended sublobar resection including systemic
lymphadenectomy may be a solution that can help to better
management of the older, frail patients (34), but it obviously
requires further evaluation.
Not long enough follow-up time is the major obstacle
that prevents us from fully understanding the clinical
outcome of sublobar resection in elderly patients
with clinical stage I NSCLC. Besides, the number of
patients is comparatively smaller, especially for those of
segmentectomy (35). Also, the potential surgical or selection
bias and the heterogeneity of procedures performed and
management criteria or policy of each center may exist
in this electronic medical records-based multicenter
retrospective study. We have attempted to address these
limitations by using the propensity score matching,
subgroup analysis, and sensitivity analyses. Future studies
are still needed to better elucidate the perioperative and
long-term outcomes of sublobar resection for elderly
patients with clinical stage I NSCLC.
In conclusion, the data of our real-world study showed
better perioperative outcomes of sublobar resection without
compromising short term survival of elderly patients with
clinical stage I NSCLC. However, accurate lymph node
staging is the major consideration that should lead us to
favor lobectomy over sublobar resection when an issue.
Sublobar resection appears to offer better perioperative
outcomes in patients with stringently diagnosed early-stage
lung cancers.
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Supplementary
Table S1 Clinical characteristics of patients aged over 75 years old
Sublobar resection

Lobectomy
(n=136)

P value

78.2±2.5

77.6±2.2

0.0397

46 (53.5)

57 (53.8)

72 (52.9)

0.8975

24.2±2.4

23.3±3.2

23.5±3.0

23.1±2.8

0.8854

5 (25.0)

20 (23.3)

25 (23.6)

33 (24.6)

0.8515

FEV1 (%)

94.9±25.6

87.3±22.7

88.6±23.2

93.9±22.6

0.09

DLCO (%)

89.8±22.6

82.4±23.7

84.0±23.5

86.9±20.6

0.2957

19 (95.0)

83 (96.5)

Variable

Segmentectomy
(n=20)

Wedge resection
(n=86)

Total
(n=106)

Age at surgery (years)

78.9±3.0

78.1±2.4

Male, n (%)

11 (55.0)

Body mass index (kg/m2)
Smoker, n (%)
Preoperative lung tests

VATS, n (%)

102 (96.2)

102 (75.0)

Histology, n (%)
Adenocarcinoma

0.6358
19 (95.0)

68 (84.0)

87 (86.1)

111 (82.8)

Squamous cell carcinoma

0 (0.0)

11 (13.6)

11 (10.9)

20 (14.9)

Others

1 (5.0)

2 (2.5)

3 (3.0)

3 (2.2)

Tumor location, n (%)
Left
Right
Tumor size (cm)
TNM stage I, n (%)

0.2099

0.0034
18 (90.0)

41 (47.7)

59 (55.7)

50 (36.8)

2 (10.0)

45 (52.3)

47 (44.3)

86 (63.2)

1.8±0.8

1.7±0.8

1.7±0.8

2.5±1.5

<0.0001

19 (100.0)

71 (93.4)

90 (94.7)

114 (88.4)

0.0004

FEV1, forced expiratory volume in 1 second; DLCO, carbon monoxide diffusion capacity.

Table S2 Clinical outcomes of patients aged over 75 years old
Sublobar resection

Lobectomy
(n=136)

P value

0 (0.0)

2 (1.5)

0.2099

43 (50.0)

62 (58.5)

129 (94.9)

<0.0001

17 (85.0)

24 (27.9)

41 (38.7)

120 (88.2)

<0.0001

15 (75.0)

39 (45.3)

54 (50.9)

125 (91.9)

<0.0001

7.2±4.8

5.5±4.0

6.0±4.3

11.4±7.1

<0.0001

N1

2.8±1.4

2.4±1.8

2.5±1.6

5.5±3.5

<0.0001

N2

5.9±3.8

4.5±3.0

4.9±3.2

6.5±4.8

0.0263

Operation time (min)

123.1±40.0

82.4±41.7

90.1±44.2

128.5±52.0

<0.0001

Intraoperative blood loss (mL)

44.6±42.1

50.2±40.3

49.1±40.5

122.2±197.4

<0.0001

Chest drainage (days)

3.9±2.9

3.4±3.4

3.5±3.3

4.0±3.8

0.427

Hospital stay (days)

7.5±5.9

6.4±2.9

6.6±3.6

7.2±3.0

0.0093

Overall mortality, n (%)*

1 (5.0)

1 (1.2)

2 (1.9)

9 (6.6)

0.0582

Variable

Segmentectomy
(n=20)

Wedge resection
(n=86)

Total
(n=106)

Positive surgical margin, n (%)

0 (0.0)

0 (0.0)

Lymph node dissection, n (%)

19 (95.0)

N1
N2

Perioperative outcomes

Number of lymph nodes dissection

*, log-rank test is performed for statistical analysis.

Table S3 Clinical characteristics of patients undergoing lobectomy or segmentectomy
Variable

Lobectomy (n=1,164)

Segmentectomy (n=106)

P value

70.1±3.9

70.9±4.7

0.1754

Age at surgery (years)
Age at surgery, n (%)

0.031

65–75 years

1,028 (88.3)

86 (81.1)

136 (11.7)

20 (18.9)

604 (51.9)

45 (42.5)

0.0628

Body mass index (kg/m )

23.6±3.0

23.4±3.0

0.3762

Smoker, n (%)

315 (27.5)

24 (23.1)

0.3278

FEV1 (%)

92.1±37.3

96.5±22.2

0.0164

DLCO (%)

91.8±18.7

92.2±18.3

0.9051

VATS, n (%)

917 (78.8)

99 (93.4)

0.0006

>75 years
Male n (%)
2

Preoperative lung tests

Histology, n (%)

0.0063

Adenocarcinoma

931 (82.9)

96 (94.1)

Squamous cell carcinoma

157 (14.0)

3 (2.9)

35 (3.1)

3 (2.9)

Others
Tumor location, n (%)

0.0002

Left

451 (38.7)

61 (57.5)

Right

713 (61.3)

45 (42.5)

Tumor size (cm)

2.4±1.3

1.6±0.8

<0.0001

TNM stage I, n (%)

923 (79.3)

90 (84.9)

0.0172

FEV1, forced expiratory volume in 1 second; DLCO, carbon monoxide diffusion capacity.

Table S4 Clinical outcomes of patients undergoing lobectomy or segmentectomy
Variable

Lobectomy (n=1,164)

Segmentectomy (n=106)

P value

Perioperative outcomes
Positive surgical margin, n (%)

0 (0.0)

0.3148

1,119 (96.1)

97 (91.5)

0.0239

N1

1,058 (90.9)

87 (82.1)

0.0035

N2

1,096 (94.2)

85 (80.2)

<0.0001

Lymph node dissection, n (%)

Number of lymph node dissection

11 (0.9)

12.5±7.4

8.3±4.9

<0.0001

N1

5.9±3.8

3.7±2.4

<0.0001

N2

7.1±5.3

5.6±3.6

0.02

Operation time (min)

129.0±51.7

118.4±47.6

0.0568

Intraoperative blood loss (mL)

115.8±172.6

68.8±83.3

<0.0001

Chest drainage (days)

3.6±3.5

3.9±3.6

0.3337

Hospital stay (days)

7.3±12.5

6.4±4.0

0.0015

Overall mortality, n (%)*
*, log-rank test is performed for statistical analysis.

58 (5.0)

1 (0.9)

0.0894

Table S5 Subgroup analysis of patients with stage I NSCLC
Sublobar resection

Lobectomy
(n=923)

P value

1 (0.3)

7 (0.8)

0.2836

126 (51.0)

210 (62.3)

887 (96.1)

<0.0001

75 (83.3)

73 (29.6)

148 (43.9)

834 (90.4)

<0.0001

74 (82.2)

115 (46.6)

189 (56.1)

871 (94.4)

<0.0001

8.0±4.9

57±5.1

6.6±5.1

12.0±6.9

<0.0001

N1

3.5±2.2

2.4±1.7

3.0±2.0

5.6±3.5

<0.0001

N2

5.5±3.8

4.7±4.3

5.0±4.2

6.7±5.1

<0.0001

Operation time (min)

117.4±47.5

82.2±40.1

91.8±45.2

126.5±51.5

<0.0001

Intraoperative blood loss (mL)

66.2±86.5

44.4±37.6

50.1±55.6

108.6±150.8

<0.0001

Chest drainage (days)

3.8±3.7

3.7±3.2

3.7±3.3

3.5±3.4

0.0652

Hospital stay (days)

6.4±4.2

6.2±3.0

6.2±3.3

7.2±13.9

0.0004

Overall mortality, n (%)*

1 (1.1)

9 (3.6)

10 (3.0)

34 (3.7)

0.4777

Lobectomy
(n=917)

P value

Variable

Segmentectomy
(n=90)

Wedge resection
(n=247)

Total
(n=337)

Positive surgical margin, n (%)

0 (0.0)

1 (0.4)

Lymph node dissection, n (%)

84 (93.3)

N1
N2

Perioperative outcomes

Number of lymph nodes dissection

*, log-rank test is performed for statistical analysis. NSCLC, non-small cell lung cancer.

Table S6 Subgroup analysis of patients undergoing VATS
Sublobar resection
Variable

Segmentectomy
(n=99)

Wedge resection
(n=290)

Total
(n=389)

Positive surgical margin, n (%)

0 (0.0)

1 (0.3)

1 (0.3)

7 (0.8)

0.2836

Lymph node dissection, n (%)

90 (90.9)

131 (45.2)

221 (56.8)

878 (95.7)

<0.0001

N1

80 (80.8)

71 (24.5)

151 (38.8)

829 (90.4)

<0.0001

N2

80 (80.8)

120 (41.4)

200 (51.4)

860 (93.8)

<0.0001

8.5±5.0

5.5±5.0

6.6±5.2

11.8±6.5

<0.0001

N1

3.6±2.3

2.4±1.7

3.1±2.1

5.6±3.5

<0.0001

N2

5.7±3.7

4.5±4.2

5.0±4.1

6.6±4.7

<0.0001

Operation time (min)

117.6±48.3

81.7±43.1

91.2±47.2

128.6±50.8

<0.0001

Intraoperative blood loss (mL)

66.1±81.5

55.1±123.5

57.9±114.3

94.2±138.4

<0.0001

Chest drainage (days)

3.9±3.7

3.6±3.3

3.7±3.4

3.6±3.4

0.4137

Hospital stay (days)

6.4±4.1

6.2±3.3

6.3±3.5

7.1±14.0

0.001

Overall mortality, n (%)*

1 (1.0)

12 (4.1)

13 (3.3)

34 (3.7)

0.5969

Perioperative outcomes

Number of lymph nodes dissection

*, log-rank test is performed for statistical analysis. VATS, video-assisted thoracoscopic surgery.

Table S7 Perioperative outcomes and overall mortality of smokers
Sublobar resection

Lobectomy
(n=315)

P value

0 (0.0)

5 (1.6)

0.2099

30 (39.5)

52 (52.0)

300 (95.2)

<0.0001

20 (83.3)

17 (22.4)

37 (37.0)

281 (89.2)

<0.0001

19 (79.2)

28 (36.8)

47 (47.0)

296 (94.0)

<0.0001

8.1±4.5

5.3±4.6

6.5±4.7

14.6±9.1

<0.0001

N1

3.3±2.2

2.4±1.8

2.9±2.0

6.5±4.5

<0.0001

N2

5.9±3.0

4.2±3.2

4.9±3.2

8.5±6.7

<0.0001

Operation time (min)

111.2±38.3

91.3±41.9

96.3±41.8

150.2±53.6

<0.0001

Intraoperative blood loss (mL)

64.7±78.1

39.7±40.7

46.1±53.6

135.8±247.2

<0.0001

Chest drainage (days)

4.4±3.1

5.7±4.4

5.3±4.0

5.3±3.9

0.7797

Hospital stay (days)

6.8±3.4

7.9±4.4

7.7±4.2

8.0±4.1

0.2208

Overall mortality, n (%)*

0 (0.0)

8 (10.5)

8 (8.0)

Variable

Segmentectomy
(n=24)

Wedge resection
(n=76)

Total
(n=100)

Positive surgical margin, n (%)

0 (0.0)

0 (0.0)

Lymph node dissection, n (%)

22 (91.7)

N1
N2

Perioperative outcomes

Number of lymph nodes dissection

31 (9.8)

0.4411

*, log-rank test is performed for statistical analysis.

Table S8 Sensitivity analysis of perioperative outcomes regarding centers with larger sample sizes
Variable
Operation time (min)

Intraoperative
blood loss (mL)

Chest drainage (days)

Hospital stay (days)

No. of centers

Sublobar resection

Lobectomy

P value

99.7±45.7

146.5±52.3

<0.0001

93.4±45.2

102.6±49.9

154.8±53.1

<0.0001

158.4±54.3

97.0±46.7

104.2±51.4

167.4±53.1

<0.0001

6 centers

195.0±56.0

106.8±56.5

120.4±64.4

178.4±52.1

<0.0001

9 centers

56.5±90.2

34.5±34.1

40.2±55.0

109.1±205.1

<0.0001

8 centers

67.2±102.2

40.4±38.0

48.1±64.4

149.9±263.0

<0.0001

7 centers

105.7±174.3

41.7±39.2

49.3±71.9

183.0±279.7

<0.0001

6 centers

210.0±274.8

58.1±53.5

84.3±128.6

296.5±364.1

<0.0001

9 centers

4.5±4.0

4.7±3.6

4.6±3.7

4.8±3.7

0.338

8 centers

5.2±4.1

5.3±3.6

5.2±3.7

5.9±3.6

0.0036

7 centers

8.8±6.6

5.6±3.8

5.9±4.2

7.2±3.6

<0.0001

6 centers

6.0±NA

4.6±3.1

4.7±3.0

7.2±4.5

0.028

9 centers

6.7±4.5

6.9±3.4

6.8±3.7

7.4±3.7

0.0024

8 centers

7.0±5.1

7.8±3.8

7.6±4.2

8.1±3.8

0.0131

7 centers

11.3±7.2

8.2±3.9

8.6±4.5

9.6±3.4

<0.0001

6 centers

8.0±1.4

8.3±3.4

8.3±3.1

10.3±3.5

0.0002

Segmentectomy

Wedge resection

Total

9 centers

122.7±49.2

91.4±41.4

8 centers

125.4±53.8

7 centers

