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Background: Surgery is established as the most effective treatment for central lung cancer. Minimally

invasive surgery (MIS) is gaining popularity. The decision of whether surgical treatment of central lung
cancer should be minimally invasive or a conventional thoracotomy is a critical decision for the thoracic
surgeon. However, whether MIS is more advantageous than other surgical treatments for central lung
cancer. This study aimed to compare the short- and long-term results of MIS and conventional thoracotomy
in patients with central lung cancer.
Methods: This meta-analysis was conducted using the PubMed, Embase, Wiley Online Library, Google

Scholar, Wanfang, and China National Knowledge Infrastructure databases. Searches for relevant studies
were conducted in strict accordance with research protocols detailed in the Cochrane handbook. The
primary endpoints for comparison between the two surgical methods were perioperative and long-term
survival. A 95% confidence interval (CI) for relative risk (RR)/mean difference (MD) was calculated to assess
the strength of the correlation.
Results: Nine studies that met the inclusion and exclusion criteria were eventually included in this

meta-analysis. These studies involved a total of 5,869 patients [MIS, n =1,140 versus thoracotomy (TH),
n =4,729]. The 3- and 5-year disease-free survival (DFS) and the 2-, 3-, and 5-year overall survival (OS) were
similar for the MIS and TH groups [OR: 0.86 (95% CI: 0.51–1.43); P=0.55; OR: 1.01 (95% CI: 0.43–2.36);
P=0.99, OR: 0.91 (95% CI: 0.78–1.05); P=0.18; OR: 0.90 (95% CI: 0.77–1.06); P=0.22; OR: 0.95 (95% CI:
0.25–1.53); P=0.30]. A subgroup analysis of 8 articles revealed no statistical difference in the pathological
type of non-small cell lung cancer (squamous cell carcinoma or adenocarcinoma) between the two groups [OR:
0.99 (95% CI: 0.89–1.09); P =0.81]. However, the MIS group had a lower incidence of blood loss, duration of
hospital stay, and fewer complications [MD: −46.25 (95% CI: −85.05 to −7.46); P=0.02; MD: −1.93 (95% CI:
−3.15 to −0.7); P=0.002; MD: 0.73 (95% CI: 0.61–0.88); P=0.001].
Conclusions: MIS was shown to be a more effective option to conventional thoracotomy for the treatment

of central lung cancer.
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Introduction
Lung cancer has the highest morbidity and mortality of any
malignant tumor worldwide. Since the 1990s, the minimally
invasive surgical (MIS) techniques of video-assisted thoracic
surgery (VATS) and roboticassisted thoracic surgery
(RATS) have been applied in the diagnosis and treatment of
intrathoracic diseases.
Compared with conventional thoracotomy, thoracoscopic
surgery has many advantages, including less trauma and
pain, faster recovery, fewer complications, and a shorter
hospitalization period, and it is also associated with a higher
tolerance to postoperative adjuvant therapy (1-3). Central
lung cancer, which is in close proximity to the hilum of
the lung and originates from the proximal subsegmental
bronchi, often requires sleeve lobectomy or unilateral
pneumonectomy, due to the specificity of its anatomical site
and pathological type.
The advantages MIS over thoracotomy (TH) for central
lung cancer are unknown. To demonstrate that MIS has
the same application value in locally advanced central
lung cancer as it has in early peripheral lung cancer,
clinical studies are needed to determine the following: (I)
the feasibility and safety of using MIS techniques to
perform pneumonectomy and sleeve removal; (II) the
feasibility of MIS as a method for improving perioperative
efficacy and patient benefit compared with traditional
surgery; (III) the efficacy of MIS compared to open
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surgery in oncology, given lung cancer patients comprise
the target treatment population. Therefore, this metaanalysis was designed to be the first to compare the
postsurgical short- and long-term outcomes of patients
with centrally located non-small cell lung cancer treated
with MIS or TH. The results of our study will aid future
surgical decision-making and the design of effective and
safe treatment strategies for centrally located non-small
cell lung cancer.
We present the following article in accordance with the
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-3273).
Methods
Data sources and search strategy
Systematic searches of the PubMed, Embase, Google
Scholar, Wiley Online Library, Wanfang, and China
National Knowledge Infrastructure databases were
performed using the terms ‘‘minimally invasive surgery’’,
‘‘video-assisted thoracic surgery’’, ‘‘centrally located lung
cancer’’, ‘‘non-small cell lung cancer”, and ‘‘thoracotomy’’
combined with Boolean operators AND or OR (from the
date of inception until June 2020). The reference lists
of articles retrieved in the initial search were checked
for additional suitable studies, which were subsequently
included (Figure 1).

References identified through
electronic searches of databases
n=5,213
Duplicates irrelevant by reading (n=2,615)
Titles and Abstracts (n=2,344)
References retrieved for more
detailed evaluation
n=254
Comments/reviews (n=99)
Out of scope (n=112)
Potentially prospective studies to
be included
n=43
Incomplete information (n=12)
Incomparable baseline of patients (n=22)
References included in
meta-analysis
n=9

Figure 1 Flowchart of the study selection process.
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Selection of studies
The articles included in the present meta-analysis were
required to meet the following inclusion/exclusion criteria: (I)
randomized controlled trials or non-randomized comparison
trials with parallel controls that (II) compared MIS and
thoracotomy, and (III) included sufficient data for calculating
relative risk (RR)/odds ratio (OR)/mean difference (MD) and
95% confidence interval (CI). Where the same population
had been used in multiple studies, only the most up-todate research was included. Studies that exhibited a noncontrolled design, case reports, or trials with incomplete
study data were excluded.
Data extraction
Data were independently extracted by three investigators
(Z Li, M Xia, and C Liu). The data extracted from each
study included, but were not limited to, the first author,
country, publication year, number of cases, and outcomes.
Doubled data were included. The Cochrane Collaboration’s
tool for assessing risk of bias was applied to each selected
study, covering the following domains: (I) random sequence
generation; (II) allocation concealment; (III) blinding
of participants and personnel; (IV) blinding of outcome
assessment; (V) incomplete outcome data; (VI) selective
reporting; and (VII) other bias. These domains were judged
as “yes”, “no”, or “unclear”.

between studies, and a fixed-effects model was also adopted.
P<0.10 and I2>50% indicated unacceptable heterogeneity;
under these circumstances, a random-effects model was
adopted. P<0.05 was considered statistically significant.
Heterogeneity was estimated using forest plots and
publication bias was estimated using funnel plots; the
funnel plot model was also used to detect deviations. The
risk of bias was assessed using the asymmetric test sizes of
treatment outcomes in funnel plots.
Results
Study characteristics
Nine studies involving a total of 5,869 patients (1,140 and
4,729 patients who underwent MIS and TH, respectively)
were finally included in this meta-analysis. Figure 1 presents
the flowchart of the literature search, which was performed
in accordance with the PRISMA statement. Patient clinical
data from each study are presented in Table 1.
Surgery time
Eight studies compared the surgery times of MIS and TH.
The duration of surgery with the TH method was shown
to be reduced compared to that with the MIS method
[MD: 26.61 (95% CI: 5.13–48.1); P=0.02]. For this analysis,
significant statistical heterogeneity was found (I2=92%,
χ2=86.37, df =7; P<0.00001).

Definition of MIS
MIS: this included single-hole, two-hole, and three-hole
thoracoscopic operations, and robot-assisted MIS without
the use of rib retractor.
Statistical analysis
All extracted data were entered into Review Manager
5.3 software by two investigators (Z Li and M Xia),
working in parallel. The 95% confidence intervals
of odds ratios (OR) or mean differences (MD) were
used to calculate dichotomous and continuous values,
respectively. Heterogeneity was evaluated using the χ 2
and I2 tests; I2<25% and I2>50% reflected small and large
inconsistencies, respectively. P>0.10 indicated homogeneity
between studies, in which case a fixed-effects model was
used. P<0.10 and I2<50% indicated acceptable heterogeneity
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Blood loss
Eight studies compared the amount of blood loss between
MIS and TH. The MIS method was shown to result in less
blood loss compared with the TH method [MD: −46.25
(95% CI: −85.05 to −7.46); P=0.02]. For this analysis, no
statistical heterogeneity was found (I2=81%, χ2=36.4, df =7;
P<0.00001) (Figure 2).
Tube duration
Eight studies compared postoperative tube duration
between MIS and TH. The two methods displayed a
statistically similar incidence of tube duration length [MD:
−0.53 (95% CI: −1.17 to 0.11); P=0.10]. For this analysis,
significant statistical heterogeneity was found (I2=71%,
χ2=24.39, df =7; P=0.001).
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Table 1 Characteristics of the included trials
Author

Chen
2017, (4)

Treatment

Surgical range

No. of
patients

MIS

Lobectomy

120

Pathological type

Gender
(M/F)

Mean age
(year)

tumor size
(mm)

Adenocarcinoma

Squamous
carcinoma

P stage

81/39

60.3±10.2

3.8±1.8

84

34

I: 9
II: 60
III: 51

TH

Lobectomy

120

86/34

60.9±9.3

4.1±1.8

72

47

I: 10
II: 59
III: 51

Gao
2019, (5)

MIS

Lobectomy

39

33/6

60.7±8.1

3.6±1.7

7

31

I: 12
II: 17
III: 19

TH

Lobectomy

39

33/6

60.5±7.1

3.6±1.7

7

30

I: 12
II: 18
III: 9

Gu
2018, (6)

MIS

Lobectomy

17

17/0

62.00±7.86

3.48±1.27

0

13

I: 6
II: 5
III: 6

TH

Lobectomy

86

80/6

61.14±8.44

3.58±1.69

9

62

I: 36
II: 29
III: 21

Hennon
2019, (7)

MIS

Pneumonectomy

755

453/302

62.4±0.4

–

303

361

I: 147
II: 287
III: 297

TH

Pneumonectomy

4,183

2,697/1,486

61.1±0.2

–

1,602

2,095

I: 709
II: 1,657
III: 1,686

Liu
2016, (8)

MIS

Pneumonectomy

29

–

55.4

3.6

–

–

TH

Pneumonectomy

58

–

55.4

3.7

–

–

Nakanishi
2010, (9)

MIS

Lobectomy

25

19/6

68 [30–85]

4

8

12

I: 5
II: 2
III: 7

TH

Lobectomy

20

18/2

63 [52–75]

3.2

7

8

I: 7
II: 2
III: 4

Table 1 (continued)
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Table 1 (continued)
Pathological type

Treatment

Surgical range

No. of
patients

Gender
(M/F)

Mean age
(year)

tumor size
(mm)

Adenocarcinoma

Squamous
carcinoma

Qiu
2020, (10)

MIS

Lobectomy

73

62/11

59.4±8.8

–

–

57

TH

Lobectomy

66

62/4

61.1±7.8

–

–

54

Zhou
2015, (11)

MIS

Lobectomy

10

9/1

60.5±16.9

2.7±0.9

1

8

Author

P stage

I: 6
II: 2
III: 2

TH

Lobectomy

41

35/6

62.5±7.2

3.6±1.2

7

33

I: 18
II: 10
III: 13

Xie
2020, (12)

MIS

Lobectomy

72

64/8

61.9±8.4

–

17

55

I: 28
II: 23
III: 21

TH

Lobectomy

116

103/13

62.6±8.5

–

28

88

I: 48
II: 29
III: 39

MIS, minimally invasive surgery; TH, traditional surgery.

Study or Subgroup
nakanishi2009
xie2020
gu2017
qiu2019
liu2016
chen2016
gao2019
zhou2015

MIS GROUP
Mean
SD Total
215 102.5
100 16.667
164.71 105.72
182.5 134.6
226
95
147 163.3
227.7 158.9
406
200

TH GROUP
Mean
SD Total

25
388 562.5
72
200 22.917
17 233.73 208.52
73 222.2 .130.4
29 261.3 162.5
120
180 176.6
39 246.4
79.9
10
318
198

20
116
86
66
58
120
39
41

Weight

Mean Difference
IV, Random. 95% CI

Mean Difference
IV, Random. 95% CI

2.2% -173.00 [-422.77, 76.77]
19.7% -100.00 [-105.68, -94.32]
12.5%
-69.02 [-135.86, -2.18]
15.8%
-39.70 [-83.78, 4.38]
14.3%
-35.30 [-89.56, 18.96]
15.9%
-33.00 [-76.04, 10.04]
14.0%
-18.70 [-74.52, 37.12]
5.7%
88.00 [-49.98, 225.98]

Total (95% CI)
385
546 100.0%
Heterogeneity: Tau2=1978.76; Chi2=36.40, df=7 (P<0.00001), I2=81%
Test for overall effect: Z=2.34 (P=0.02)

-46.25 [-85.05, -7.46]
-100

-50

0
MIS TH

50

100

Figure 2 The MIS group showed less blood loss than the TH group. MIS, minimally invasive surgery; TH, traditional surgery.

Length of hospital stay

Complications

Eight studies compared the length of hospital stay (LOS)
between MIS and TH. The MIS group was found to have
a shorter LOS than the TH group [MD: −1.93 (95% CI:
−3.15 to −0.7); P=0.002]. For this analysis, significant
statistical heterogeneity was found (I2=85%, χ2=48.1, df =7;
P<0.00001) (Figure 3).

Seven studies compared the incidence of postoperative
complications between MIS and TH. Patients who
underwent MIS experienced fewer post-surgical
complications than patients who underwent TH [MD:
0.73 (95% CI: 0.61–0.88); P=0.001]. For this analysis, mild
heterogeneity was found (I2=42%, χ2=10.3, df =6; P=0.11).
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Study or Subgroup

MIS GROUP
Mean
SD Total

TH GROUP
Mean
SD Total

Weight

nakanishi2009
zhou2015
chen2016
gao2019
xie2020
liu2016
qiu2019
gu2017

14
13
11.6
2.8
9.2 5.167
9.2
3.5
6 0.333
7. 5 1.75
10.2
6.5
11.24
8.4

34 12.25
16.1
4.9
12 3.667
11.3
7.2
7 0.333
8.1
2.25
10.2
5.5
9.5
4.14

2.4% -20.00 [-27.40, -12.60]
11.8%
-4.50 [-6.79, -2.21]
17.2%
-2.80 [-3.93, -1.67]
10.9%
-2.10 [-4.61, 0.41]
20.1 %
-1.00 [-1.10, -0.90]
18.3%
-0.60 [-1.46, 0.26]
13.1%
0.00 [-2.00, 2.00]
6.2%
1.74 [-2.35, 5.83]

Total (95% CI)

25
10
120
39
72
29
73
17
385

20
41
120
39
116
58
66
86

Mean Difference
IV, Random. 95% CI

546 100.0%

Mean Difference
IV, Random. 95% CI

-1.93 [-3.15, -0.70]

Heterogeneity: Tau2=1.94; Chi2=48.10, df=7 (P<0.00001); I2=85%
Test for overall effect: Z=3.08 (P=0.002)

-100

-50

0
MIS TH

50

100

Figure 3 The MIS group showed shorter length of hospital stay compared with the TH group. MIS, minimally invasive surgery; TH,
traditional surgery.

Study or Subgroup

MIS GROUP
Mean
SD Total

chen2016
gao2019
gu2017
liu2016
nakanishi2009
qiu2019
xie2020
zhou2015

15.6 9.2
21.3 6.8
15.82
5
11.9
5
19 12.5
22.9 8.3
12.3 4.8
25.7 6.5

Total (95% CI)

TH GROUP
Mean
SD Total

Weight

Mean Difference
IV, Fixed. 95% CI

120 14.7
7.9
39 21.5 11.5
17 15.81 6.03
29 14.2 12.25
25
12
10
73 22.9
9.9
72 12.6
3.8
10 22.9
9.9

120
39
86
58
20
66
116
41

17.2%
4.6%
11.1 %
6.1%
1.9%
8.7%
47.3%
3.2%

0.90 [-1.27, 3.07]
-0.20 [-4.39, 3.99]
0.01 [-2.69, 2.71]
-2.30 [-5.94, 1.34]
7.00 [0.43, 13.57]
0.00 [-3.05, 3.05]
-0.30 [-1.61, 1.01]
2.80 [-2.24, 7.84]

385

546 100.0%

0.08 [-0.81, -0.98]

Heterogeneity: Chi2=7.91, df=7 (P=0.34); I2=12%
Test for overall effect: Z=0.18 (P=0.85)

Mean Difference
IV, Fixed. 95% CI

-100

-50

0
MIS TH

50

100

Figure 4 No statistical difference was observed in the number of total lymph nodes removed between the two groups.

Total number of lymph node stations and total number of
lymph nodes dissected
Seven studies compared the total number of lymph node
stations dissected between MIS and TH. There was no
statistically significant difference between the two methods
[MD: −0.03 (95% CI: −0.24 to 0.17); P=0.75]. For this
analysis, no statistical heterogeneity was found (I 2=0%,
χ2=3.03, df =5; P=0.7).
Eight studies compared the total number of lymph nodes
dissected between MIS and TH. The two methods showed
a statistically similar number of total lymph nodes [MD: 0.08
(95% CI: −0.81 to 0.98); P=0.85]. For this analysis, mild
heterogeneity was found (I2=12%, χ2=7.91, df =7; P=0.34)
(Figure 4).
Overall recurrence
Three studies compared the rate of postoperative disease
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recurrence between MIS and TH. Statistically similar rates of
overall, local-regional, and distant recurrence were observed
for the two methods [OR: 0.79 (95% CI: 0.54–1.16); P=0.23;
OR: 1.04 (95% CI: 0.65–1.65); P=0.87; OR: 0.64 (95% CI:
0.40–1.05); P=0.08]. For this analysis, mild heterogeneity
was found (I2=15%, χ2=2.35, df =2; P=0.31; I2=44%, χ2=3.54,
df =2; P=0.17) in overall and local-regional recurrence
research, and no statistical heterogeneity was found (I2=0%,
χ2=1.25, df =2; P=0.54) in distant recurrence research.
Disease-free survival (DFS)
Five studies compared 3-year DFS and 3 studies compared
5-year DFS between MIS and TH. Statistically similar 3and 5-year DFS rates were observed for the two methods
[OR: 0.86 (95% CI: 0.51–1.43); P=0.55; OR: 1.01 (95% CI:
0.43–2.36); P=0.99]. For this analysis, significant statistical
heterogeneity was found (I2=57%, χ2=9.21, df =4; P=0.06) in
3-year DFS research and (I2=72%, χ2=7.14, df =2; P=0.03)
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Study or Subgroup
chen2016
gao2019
hennon2019
nakanishi2009
qiu2019
xie2020
zhou2015

MIS GROUP
Events
Total
94
31
177
4
32
13
7

Total (95% CI)
Total events

120
39
755
25
73
72
10

TH GROUP
Events
Total
87
26
1050
7
32
41
26

1094
358

Weight

Odds Ratio
M-H, Fixed. 95% CI

120
39
4183
20
66
116
41

5.8%
1.6%
75.8%
2.0%
5.8%
7.9%
0.9%

1.37 [0.76, 2.48]
1.94 [0.70, 5.39]
0.91 [0.76, 1.10]
0.35 [0.09, 1.45]
0.83 [0.43, 1.62]
0.40 [0.20, 0.82]
1.35 [0.30, 6.00]

4585

100.0%

0.90 [0.77, 1.06]

Odds Ratio
M-H, Fixed. 95% CI

1269

Heterogeneity: Chi2=11.05, df=6 (P=0.09); I2=46%
Test for overall effect: Z=1.24 (P=0.22)

0.01

0.1

1
MIS TH

10

100

Figure 5 No statistically significant difference was observed in 3-year overall survival between the two groups.

Study or Subgroup
chen2016
gao2019
hennon2019
qiu2019.
zhou2015

MIS GROUP
Events
Total
61
31
18
7
4

Total (95% CI)
Total events

106
39
755
73
10

TH GROUP
Events
Total
73
26
159
16
23

228
103

134
39
4183
16
41

Weight
31.5%
28.4%
14.6%
25.4%

230 100.0%

Odds Ratio
M-H, Fixed. 95% CI

Odds Ratio
M-H, Fixed. 95% CI

1.13 [0.68, 1.89]
1.94 [0.70, 5.39]
Not estimable
0.00 [0.00, 0.06]
0.52 [0.13, 2.13]
0.46 [0.10, 2.07]

138

Heterogeneity: Tau2=1.78; Chi2=19.93, df=3 (P=0.0002); I2=85%
Test for overall effect: Z=1.01 (P=0.31)

0.01

0.1

1
MIS TH

10

100

Figure 6 No statistically significant difference was observed in 5-year overall survival between the two groups.

in 5-year DFS research.
Overall survival (OS)
Six studies compared 2-year OS, 7 studies compared 3-year
OS, and 4 studies compared 5-year OS between MIS and
TH. Statistically similar 2-, 3-, and 5-year OS rates were
observed between the two methods [OR: 0.91 (95% CI:
0.78–1.05); P=0.18; OR: 0.90 (95% CI: 0.77–1.06); P=0.22
(Figure 5); OR: 0.46 (95% CI: 0.10–2.07); P=0.31 (Figure 6)].
For this analysis, mild heterogeneity was found (I2=21%,
χ2=6.32, df =5; P=0.28; I2=46%, χ2=11.05, df =6; P=0.09)
in 2-year OS and 3-year OS research and significant
statistical heterogeneity was found (I2=81%, χ2=20.97, df =4;
P=0.0003) in 5-year OS research.

for both surgical methods. The results showed no statistical
difference in the pathologic type of non-small cell lung cancer
(squamous cell carcinoma or adenocarcinoma) between MIS
and TH [OR: 0.99 (95% CI: 0.89–1.09); P =0.81].
Lobectomy and pneumonectomy
Surgical procedures for central lung cancer in both groups
included lobectomy and pneumonectomy. The results were
similar to the overall results, including blood loss, LOS,
lymph node status, and complications. There were no
statistically significant differences in these indicators between
the two types of surgery and the overall comparison.
No difference in 5-year OS was noted between the
minimally invasive and open lobectomy groups. Additionally,
no difference was observed in 5-year OS between the
two methods of pneumonectomy.

Subgroup analysis
Squamous cell carcinoma and adenocarcinoma
A subgroup analysis of the pathological types was performed

© Journal of Thoracic Disease. All rights reserved.

Discussion
The surgical treatment of central lung cancer is highly
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complex and consistently challenging for thoracic
surgeons. The development of surgical techniques and the
progress of MIS has led to an increase in its application in
the treatment of patients with central lung cancer. Until
the early 21st century, sleeve lobectomy was considered
a contraindication for minimally invasive thoracoscopic
surgery.
The aim of our analysis was to identify the benefits
of MIS, in order to eliminate the surgeon's bias in the
selection of minimally invasive or TH surgery. The majority
of our selected articles reported propensity score matching.
The standard surgical methods for central lung cancer
include complex lobectomy or pneumonectomy. Li et al.
showed that complex lobectomy for central lung cancer
is more beneficial for patients than pneumonectomy (13).
In this study, MIS included minimally invasive methods
of non-thoracotomy, including single-hole, double-hole,
standard, and robotic thoracoscopic surgery, and did
not include converted thoracotomy. In the perioperative
period, the operative time and intraoperative blood loss are
important indexes for assessing the feasibility of the surgical
method. Similar to our findings, Zhou et al. showed that
the difference in operative time between the minimally
invasive and open group was statistically significant (226±37
vs. 166±40 min) (11). In this meta-analysis, the TH method
showed reduced surgery duration compared with the MIS
method [MD: 26.61 (95% CI: 5.13–48.1); P=0.02]. Patients
in the minimally invasive group displayed less bleeding and
shorter durations of postoperative hospital stay, compared
to the open group, thereby improving their prognosis and
reducing the cost of treatment.
Complication types were similar in both groups, but the
incidence of complications in the minimally invasive group
was significantly lower than that in the TH group [MD: 0.73
(95% CI: 0.61–0.88); P=0.001]. Anastomotic complications,
such as bronchopleural fibril fistula and anastomotic
stenosis, are the major concerns in sleeve lobectomy. One of
the advantages of MIS is the low incidence of postoperative
complications, and minimally invasive thoracoscopic sleeve
lobectomy is superior to thoracotomy in relation to this. Our
study demonstrated a reduced rate of complications after
MIS, compared with after the TH method [MD: 0.76 (95%
CI: 0.63–0.91); P=0.004]. The incidence of anastomotic
complications after thoracotomy has been reported to range
from 2.0–6.9% (14-18), while the incidence of minimally
invasive sleeve-lobotomy has been reported as 0–15.4% in
studies with limited, small samples (11,19).
No differences were observed in performance, status,
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or comorbidities, irrespective of whether adjuvant
chemotherapy was administered. According to Lee et al. (20),
the VATS group displayed superior adherence to adjuvant
chemotherapy without a dose reduction. However,
this difference was not observed to be significant. In
two recent studies, long-term survival and the patterns
of recurrence were similar in both groups (21,22). There
was no significant difference between the two groups in
terms of locoregional or distant recurrence. These results
may explain some of the misconceptions and confusion
associated with minimally invasive techniques among
surgeons. The data also indirectly confirmed that minimally
invasive techniques for central lung cancer, including
complex lobectomy and pneumonectomy, could not create
technical barriers.
Okada and colleagues (23) established lymphatic
metastasis as the critical factor affecting the long-term
survival of central lung cancer patients treated with
sleeve lobectomy. Questions pertaining to the adequacy
of MIS lymph node dissection have been raised before.
Traditionally, lymph node dissection by MIS has not
been considered sufficient; specifically, due to the limited
surgical field and angle of the surgical instrument, it is
considered to provide incomplete lymph node dissection
in terms of station number or total number of nodes.
Our results demonstrated no differences in the number
of lymph nodes dissected or the number of lymph node
stations between the TH and MIS groups. More and more
data have confirmed that, with the progress of surgery,
MIS can achieve the same effect as open surgery in terms
of lymph node dissection. Our findings were consistent
with previous data obtained from the American College
of Surgeons Oncology Group Z0030 trial, which showed
no significant difference in the number of lymph nodes
dissected in the MIS group compared with that in the
standard lobotomy group (24).
In our study, no statistical significance was noted
in OS or DFS between the groups. Subgroup analyses
also showed no statistically significant difference in
the pathological type of non-small cell lung cancer
(squamous cell carcinoma or adenocarcinoma) between the
two surgical methods. No difference was noted in the
3-year survival rate between minimally invasive and open
lobectomy. Additionally, no difference was observed in the
3-year survival rate between minimally invasive and open
pneumonectomy. The data demonstrated that MIS could
procure a radical resection without compromising the
oncological outcome.
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Figure 7 Funnel plot of total lymph nodes.

Limitations of the study
Our conclusions may be limited by several factors. First,
not all data originated from randomized controlled trials.
Consequently, the overall level of clinical evidence was
relatively low. Publication bias existed in the included
studies. Surgeons without the experience or skills necessary
to perform open surgery may be less willing to publish
their data if they are accepted for publication. In addition,
there are many subtle differences in the technical levels
of surgeons with different professional titles, regardless of
the country. All of these factors can cause publication bias.
Finally, the asymmetry shown in the funnel plot might be
attributable to various factors, including publication bias
(Figure 7).
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