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Background: Whether wedge resection of a tumor before lobectomy (Wed + Lob) can improve the 
prognosis of non-small cell lung cancer (NSCLC) has yet to be determined comprehensively. This study 
aimed to compare the effects of Wed + Lob with those of direct lobectomy (Lob) on survival and tumor cell 
dissemination in patients with T1N0M0 NSCLC.
Methods: A cohort of 813 patients with T1N0M0 NSCLC who underwent lobectomy at a single center 
in China was investigated. After propensity score matching, the overall survival (OS) and disease-free 
survival (DFS) of patients were estimated using Kaplan-Meier plots. Associations between surgical strategies 
and patient survival were computed as hazard ratios and 95% confidence intervals using Cox proportional 
hazards regression models. Changes in folate receptor-positive circulating tumor cells (FR+ CTCs) after 
lobectomy were analyzed in another cohort from our hospital.
Results: A total of 401 Wed + Lob cases were matched with 255 Lob cases according to their propensity 
scores. Although no significant differences were found in OS, multivariate analysis showed that patients 
with T1N0M0 NSCLC in the Wed + Lob group had significantly improved DFS (HR =0.583; P=0.012) 
compared to those in the Lob group. After surgery, a decrease in FR+ CTCs was observed in 21 of 23 
patients (91.3%) in the Wed + Lob group and in 16 of 23 patients (69.6%) in the Lob group [mean changes: 
6.10 (±7.80) FU per 3 mL vs. 1.31 (±4.39) FU per 3 mL; P=0.014]. 
Conclusions: Wed + Lob may improve DFS and reduce tumor cell dissemination in patients with 
T1N0M0 NSCLC.
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Introduction

According to recent epidemiological data, lung cancer 
ranks first among malignant tumors for incidence and  
mortality (1). About 85% of lung cancers are non-small cell 
lung cancer (NSCLC) (2). For patients with stages I, II, 
and a subset of stage III NSCLCs, surgery is the preferred 
treatment, with lobectomy advised as the standard surgical 
procedure for these patients (3,4). However, nearly 20% of 
patients experience distant metastases or local recurrence 
within 5 years after curative resection (5,6). 

Recent  advances  in  technical  approaches  have 
demonstrated that circulating tumor cells (CTCs) are 
important for the development of tumor metastasis and 
can serve as biomarkers for early detection, diagnosis, 
and prognosis in lung cancer (7,8). Recently, the probable 
value of CTCs as a liquid biopsy was established, and this 
detection method is necessary for tumors that are difficult 
to obtain by tissue biopsy, such as NSCLC (9,10). CTCs 
are introduced from the cancer into the blood and can 
spread to distant sites and develop into micrometastases 
(11,12). Studies illustrate that operative manipulation 
encourages the dissemination of tumor cells into the blood 
circulation. Theoretically, the risk of dissemination of 
cancer cells can be reduced if the tumor is resected before 
lobectomy (13-15). A recent study showed that wedge 
resection before lobectomy may be considered as a no-
touch isolation technique for patients with NSCLC (16). 
Therefore, we hypothesized that performing Wed + Lob on 
patients with NSCLC may reduce the tumor burden, the 
tumor retention time during surgery, and the number of 
tumor cells entering the blood circulation during surgery, 
thus providing a survival benefit. However, because of a 
lack of sufficient research, the effects of Wed + Lob on the 
prognosis of patients with T1N0M0 NSCLC have yet to be 
comprehensively assessed. Therefore, in this study, we used 
a retrospective propensity score matching (PSM) analysis to 
explore the effects of Wed + Lob on CTCs and the prognosis 
of patients with T1N0M0 NSCLC undergoing lobectomy. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-21-5246/rc).

Methods

Study population

The retrospective research was based on data gathered 
from the First Affiliated Hospital of Guangzhou Medical 

University. This study analyzed patients with NSCLC 
who underwent lobectomy between March 2014 to 
November 2017. Patients were included if they met the 
following criteria: (I) underwent standardized video-assisted 
thoracic surgery (VATS) lobectomy; (II) had pathologically 
confirmed NSCLC with stage T1N0M0, as determined 
by two experienced pathologists after surgery; (III) had a 
peripheral tumor suitable for wedge resection of the lung; 
and (IV) had a Karnofsky performance score ≥70. Patients 
who did not meet these inclusion criteria were excluded. 
Other exclusion criteria were as follows: (I) without systemic 
lymph node dissection during surgery; (II) patients with 
purely ground glass nodules; (III) patients with a pathological 
diagnosis of adenocarcinoma in situ or minimally invasive 
adenocarcinoma; and (IV) patients with missing information 
on extracted data. The eighth edition of the American Joint 
Committee on Cancer (AJCC) was used for TNM staging.

According to their operation records, the patients 
were grouped into the wedge resection of the tumor 
followed by lobectomy (Wed + Lob) group and the direct 
lobectomy (Lob) group. Data for the patients including 
patient demographics, preoperative investigations, and 
postoperative factors were gathered and examined. The 
patients were staged according to the eighth edition of 
the TNM classification for lung cancer (17). PSM was 
performed to balance selection bias between the two groups. 

CTC study

An exploratory study was also conducted to investigate 
the levels of folate receptor-positive CTCs (FR+ CTCs) 
in patients with NSCLC who were treated at the First 
Affiliated Hospital of Guangzhou Medical University 
from September 15, 2018, to April 15, 2020. Patients with 
preoperative and postoperative FR+ CTC results were 
included. The inclusion and exclusion criteria used were 
the same as those above. Preoperative blood samples were 
harvested from patients on the second day of hospitalization. 
Postoperative blood samples were gathered instantly after 
chest closure. PSM was performed to balance selection bias 
between the Wed + Lob group and the Lob group. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The Ethics 
Committee of National Cancer Center/Cancer Hospital, 
Chinese Academy of Medical Sciences and Peking Union 
Medical College approved this study (approval No. 18-
014/166; issued date 15/3/2018). Individual consent for this 
retrospective analysis was waived.

https://atm.amegroups.com/article/view/10.21037/atm-21-5246/rc
https://atm.amegroups.com/article/view/10.21037/atm-21-5246/rc
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CTC analysis

CTC analysis was performed using the CytoploRare method 
(GenoSaber Biotech Co. Ltd, Shanghai, China) (9). Before 
and after surgery, blood samples (3 mL) from included 
patients were collected in a vacuum tube using EDTA 
for anticoagulation. All blood samples were stored in a 
refrigerator at 4 ℃ and analyzed within 24 hours. 

Enrichment of CTCs was init ial ly achieved by 
performing erythrocyte lysis followed by immunomagnetic 
depletion of leukocytes from the whole blood. FR+ CTCs 
in each sample were quantified using ligand-targeted 
polymerase chain reaction. A CTC unit [denoted functional 
unit (FU)] extracted from a standard curve was applied to 
show the abundance of FR+ CTCs in 3 mL of peripheral 
blood.

Statistical analysis

In the retrospective analysis, PSM was accomplished using 
a logistic regression model to balance the clinical baseline. 
The Wed + Lob group was treated in the same manner 
as the Lob group, and the factors were age, sex, tumor 
location, tumor size, and histology. The patients in Lob 
and Wed + Lob groups paired with the closest propensity 
score were matched 1 to 2 with a caliper width of 0.2 of the 
standard deviation. After PSM, differences in categorical 
clinical characteristics were tested for significance using 
chi-square tests. Differences in CTC units between the 
two groups were compared using unpaired T tests. Overall 
survival (OS) was measured as the time from the date of 
surgery to death or the last follow-up. Disease-free survival 
(DFS) was defined as the time from surgery to the date of 
tumor progression, death from cancer, or the last follow-
up. OS and DFS were assessed using the Kaplan-Meier 
method, and the survival difference was compared by log-
rank test. Results of univariable and multivariable analyses 
are shown as the hazard ratio (HR) and 95% confidence 
interval (CI). Statistical analyses were conducted in SPSS 
22.0 (IMB-SPSS Inc., Armonk, NY, USA) and R version 
3.5.3 (https://www.rproject.org/). P<0.05 was considered 
statistically significant.

Results

Clinical characteristics

A total of 813 patients with T1N0M0 NSCLC were 
included, of whom 282 (34.7%) underwent Lob and 531 

(65.3%) underwent Wed + Lob (Figure S1). The median 
follow-up time of the study population was 38.1 months. 
Table 1 lists the baseline characteristics of patients and 
tumors. Female patients had a higher rate of Wed + Lob 
than did male patients. No significant differences were 
observed in age or tumor localization between the two 
groups. The clinical decision (Lob or Wed + Lob) of the 
surgeon was informed by the pathological type and size 
of the tumor and the presence or absence of lymph node 
metastasis. 

PSM produced 401 cases from the Wed + Lob group 
and 255 cases from the Lob group. After PSM, the matched 
cohort was well balanced in all groups, and the clinical 
baseline characteristics were comparable between the two 
groups (Table 1). 

Survival analysis in the matched cohorts

Survival analysis with log-rank tests indicated no difference 
in OS between the two groups (HR =0.621; 95% CI: 0.315 
to 1.225; P=0.170). However, DFS (HR =0.569; 95% CI: 
0.377 to 0.857; P=0.007) was better in the Wed + Lob group 
than in the Lob group (Figure 1). The 1-, 3-, and 5-year OS 
rates and DFS rates are shown in Table 2. After adjustment 
for age, sex, primary site, histology, and tumor size  
(Table S1), Cox proportional-hazards regression showed 
that the Wed + Lob group had significantly improved DFS 
(HR =0.583; 95% CI: 0.382 to 0.889; P=0.012) compared 
to the Lob group; however, no significant differences were 
found in OS (HR =0.706; 95% CI: 0.347 to 1.435; P=0.336).

CTC levels in patients

After PSM, 46 participants who were diagnosed with 
T1N0M0 NSCLC and were planning to undergo 
thoracoscopic lobectomy were included. Table 3 lists the 
clinical baseline characteristics of patients with stage I 
NSCLC. FR+ CTCs are presented as the mean ± square 
error. The levels of FR+ CTCs were compared before and 
after surgery. After surgery, a decrease in FR+ CTCs was 
observed in 21 of 23 patients (91.3%) in the Wed + Lob 
group and in 16 of 23 patients (69.6%) in the Lob group. 
In the Wed + Lob group, FR+ CTC levels were significantly 
higher before surgery than they were after surgery [16.6 
(±9.4) FU per 3 mL vs. 10.5 (±5.7) FU per 3 mL; P=0.011;  
Figure 2A]. In the Lob group, no significant changes in FR+ 
CTCs were observed before and after surgery [14.0 (±5.9) FU 
per 3 mL vs. 12.7 (±5.4) FU per 3 mL; P=0.44; Figure 2B]. 

https://cdn.amegroups.cn/static/public/ATM-21-5246-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-5246-Supplementary.pdf
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Table 1 Baseline characteristics of patients before and after propensity score matching

Characteristics
Before matching (n=813) After matching (n=659)

Wed + Lob (n=531) Lob (n=282) P value Wed + Lob (n=401) Lob (n=255) P value

Age (years), n (%) 0.386 0.525

<60 236 (44.4) 122 (43.3) 180 (44.9) 112 (43.9)

60–70 192 (36.2) 114 (40.4) 147 (36.7) 103 (40.4)

≥70 103 (19.4) 46 (16.3) 74 (18.5) 40 (15.7)

Sex, n (%) 0.078 0.769

Male 263 (49.5) 158 (56.0) 206 (51.4) 134 (52.5)

Female 268 (50.5) 124 (44.0) 195 (48.6) 121 (47.5)

Primary site, n (%) 0.05 0.674

Upper 310 (58.4) 140 (49.6) 226 (56.1) 131 (51.4)

Middle 34 (6.4) 30 (10.6) 34 (8.5) 26 (10.2)

Lower 174 (32.8) 105 (37.2) 133 (32.9) 91 (35.7)

Unknown 13 (2.4) 7 (2.5) 10 (2.5) 7 (2.7)

Histological type, n (%) <0.001 0.183

Squamous cell 33 (6.2) 46 (16.3) 31 (7.7) 25 (9.8)

Adenocarcinoma 468 (88.1) 203 (72.0) 341 (85.0) 203 (79.6)

Other 30 (5.6) 33 (11.7) 29 (7.2) 27 (10.6)

Tumor size, n (%) <0.001 0.608

≤1 cm 81 (15.3) 28 (9.9) 48 (12.0) 28 (11.0)

>1–2 cm 252 (47.5) 99 (35.1) 163 (40.6) 96 (37.6)

>2 cm 198 (37.3) 155 (55.0) 190 (47.4) 131 (51.4)

Lob, direct lobectomy; Wed + Lob, wedge resection of the tumor before lobectomy.
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Figure 1 Kaplan-Meier estimates of overall survival and disease-free survival in the matched patients with T1N0M0 non-small cell lung 
cancer by surgical approach. HR, hazard ratio; Lob, direct lobectomy; Wed + Lob, wedge resection of the tumor before lobectomy.
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Table 2 OS rate and DFS rate in the matched patients with T1N0M0 non-small cell lung cancer

Survival Wed + Lob Lob P

OS rate (%) 0.17

1 year 99.2 98.8

3 years 98.4 95.0

5 years 89.9 88.4

DFS rate (%) 0.006

1 year 98.7 94.0

3 years 90.6 84.5

5 years 82.2 74.0

OS, overall survival; DFS, disease-free survival; Lob, direct lobectomy; Wed + Lob, wedge resection of the tumor before lobectomy.

Table 3 Baseline characteristics of patients in the CTC cohort before and after propensity score matching

Characteristics
Before matching (n=62) After matching (n=46)

Wed + Lob (n=33) Lob (n=29) P value Wed + Lob (n=23)  Lob (n=23) P value

Age (years), n (%) 0.201 0.525

<60 15 (45.5) 17 (58.6) 11 (47.8) 12 (52.2)

60–70 16 (48.5) 8 (27.6) 11 (47.8) 8 (34.8)

≥70 2 (6.1) 4 (13.8) 1 (4.3) 3 (13.0)

Sex, n (%) 0.961 0.767

Male 15 (45.5) 13 (44.8) 11 (47.8) 10 (43.5)

Female 18 (54.5) 16 (55.2) 12 (52.2) 13 (56.5)

Primary site, n (%) 0.498 0.76

Upper 21 (63.6) 16 (55.2) 15 (65.2) 14 (60.9)

Lower 12 (36.4) 13 (44.8) 8 (34.8) 9 (39.1)

Histological type, n (%)

Squamous cell 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Adenocarcinoma 33 (100.0) 29 (100.0) 23 (100.0) 23 (100.0)

Tumor size, n (%) 0.20 0.822

≤1 cm 3 (9.1) 2 (6.9) 2 (8.7) 1 (4.3)

>1–2 cm 17 (51.5) 9 (31.0) 8 (34.8) 9 (39.1)

>2 cm 13 (39.4) 18 (62.1) 13 (56.5) 13 (56.5)

Lob, direct lobectomy; Wed + Lob, wedge resection of the tumor before lobectomy; CTC, circulating tumor cell.

The mean changes in FR+ CTC levels were 6.10 (±7.80) FU 
per 3 mL in the Wed + Lob group and 1.31 (±4.39) FU per  
3 mL in the Lob group. A significant difference was 

observed in the change in FR+ CTC levels before and after 
surgery between the Wed + Lob group and the Lob group 
(P=0.014; Figure 2C).
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Discussion

At present, lobectomy is still the standard treatment for 
early-stage operable NSCLC (18,19). However, current 
research indicates that a certain percentage of patients with 
resected NSCLC experience recurrence in situ or distant 
metastases within 5 years (20,21). Patients with early-stage 
lung cancer are reported to have CTCs in their peripheral 
blood at the time of diagnosis (22-24), and studies have 
shown that operative manipulation can cause tumor cells to 
enter the peripheral blood circulation (13-15). This finding 
may be a reason that patients with early-stage lung cancer 
have recurrence and metastasis after curative resection. 
Therefore, in addition to early diagnosis and treatment, 
surgical plans also need to be further optimized to minimize 
the escape of tumor cells caused by surgery and improve the 
prognosis of patients with lung cancer.

Because pathological diagnosis before surgery is not 
possible for most lung tumors, many surgeons choose to 
first perform wedge resection. However, for a number of 
reasons, direct lobectomy might also be considered. Firstly, 
the imaging of lung tumors is based on an extremely high 
possibility of malignancy; therefore, direct lobectomy might 
shorten the operation time and reduce the cost. Secondly, 
some patients have preoperative pathology. Furthermore, 
for some patients, the lung tumor is located in a deep 
position and is large in size, which increases the difficulty 
of performing lung wedge resection. To our knowledge, 
our study is the first retrospective analysis to compare the 
effects of Wed + Lob and direct lobectomy on survival and 
circulating tumor cells in patients with T1N0M0 NSCLC. 
In the Wed + Lob group, due to selection bias, there was 
a higher proportion of women, more upper lobe tumors, 
more adenocarcinomas, and smaller tumor sizes than in 
the Lob group. Therefore, PSM analysis was performed to 

decrease the effects of selection bias. Also, we conducted 
an exploratory cohort study to analyze FR+ CTCs in the 
blood of patients with T1N0M0 NSCLC and compared the 
results with those of the retrospective analysis in patients 
with T1N0M0 NSCLC. Undergoing wedge resection 
of the tumor prior to lobectomy might have reduced the 
dissemination of tumor cells into the peripheral blood after 
lobectomy and thus may have potential DFS benefits for 
patients.

Wei et al. (25) used a similar method to illustrate that 
ligating effluent veins first during the operation might 
decrease tumor cell spread and increase survival outcomes 
in patients with NSCLC. Furthermore, in a recent study, 
Yasukawa et al. (16) indicated that wedge resection before 
lobectomy may be considered a no-touch isolation technique 
for patients with NSCLC because it was associated with 
better OS than direct lobectomy. Their study was primarily 
limited to significant differences in clinical characteristics 
between the two groups. In our study, multivariate analysis 
after PSM showed no significant differences in OS (HR 
=0.706; P=0.336) between the Wed + Lob and Lob groups 
of patients with peripheral T1N0N0 NSCLC. However, 
Wed + Lob resulted in better DFS (HR =0.583; P=0.012) 
than did Lob. This DFS benefit may be attributed to wedge 
resection of the tumor, which reduces both the patient’s 
tumor burden and the number of tumor cells that enter 
the circulatory system during surgery. Performing wedge 
resection of the tumor before removing the lung lobes 
reduces repetitive surgical operations that squeeze and flip 
the tumor-bearing lobes during the procedure. Reducing 
the tumor load for a short time also reduces the number of 
tumor cells entering the bloodstream. 

In our CTC study, no difference was found in age, 
sex, tumor location, tumor size, or histology. We found 
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that the levels of FR+ CTCs in the peripheral blood were 
significantly decreased after surgery in the Wed + Lob 
group but not in the Lob group. Furthermore, a notable 
difference was observed in the changes in FR+ CTC levels 
before and after surgery between patients who underwent 
Wed + Lob and those who underwent Lob. Several reasons 
may explain this decrease. Firstly, after wedge resection of 
the tumor, the tumor burden decreased immediately and 
the number of tumor cells in circulation reduced. Previous 
studies have reported a reduction in the number of CTCs in 
the peripheral blood after surgery, which is consistent with 
our findings (26-28). Secondly, surgical procedures, such as 
plunging pulmonary blood vessels and squeezing tumors, 
can cause CTCs to enter the bloodstream. For patients in 
the Lob group, the tumor stayed in the lung for a longer 
time than it did for patients in the Wed + Lob group, which 
may have led to more CTCs entering the bloodstream. 
Studies have reported that surgical manipulation can lead 
to tumor recurrence (13-15). This finding also supports the 
notion that surgery can facilitate the introduction of tumor 
cells into the blood (25,29). Therefore, undertaking wedge 
resection of the tumor first might aid in decreasing the 
number of tumor cells that are disseminated into the blood 
circulation in patients undergoing lobectomy. We therefore 
believe that wedge resection of the tumor followed by 
lobectomy should be given priority during radical resection 
of T1N0M0 NSCLC, which would help to standardize 
current surgical strategies.

Our study has some limitations. First, the retrospective 
nature of the data resulted in an unavoidable bias. For 
example, more patients with larger and deeper lung nodules 
underwent direct lobectomy. Therefore, our research topic 
was limited to T1N0M0 NSCLC, and PSM was performed 
to decrease the effects of selection bias. Second, the number 
of patients in this study was small. Only 659 patients were 
included after PSM and only 46 patients were covered in 
the studies of FR+ CTC levels. Moreover, although we 
determined DFS and OS in the PSM analysis, the survival 
results for the FR+ CTC study could not be obtained on 
account of an inadequate follow-up period. Therefore, 
further studies with larger sample sizes and prospective 
randomized clinical trials should be performed to evaluate 
the effects of Wed + Lob on the dissemination of tumor 
cells in patients with NSCLC. 

Conclusions

Wed + Lob may result in decreased dissemination of tumor 

cells during surgery and improve DFS outcomes in patients 
with T1N0M0 NSCLC. Further prospective studies to 
determine the effects of Wed + Lob on these patients are 
warranted.
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Supplementary

Figure S1 Flow chart of study development.



© Annals of Translational Medicine. All rights reserved.  https://dx.doi.org/10.21037/atm-21-5246

Table S1 Multivariable analysis of OS and DFS in the matched patients with T1N0M0 non-small cell lung cancer

Characteristic
OS DFS

Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Age (years) 0.133 0.038

<60 1 (reference) 1 (reference)

60–70 2.123 (0.984 to 4.582) 0.055 1.814 (1.142 to 2.883) 0.012

≥70 1.179 (0.396 to 3.512) 0.768 1.259 (0.682 to 2.325) 0.462

Sex

Male 1 (reference) 1 (reference)

Female 1.179 (0.396 to 3.512) 0.183 0.829 (0.537 to 1.280) 0.397

Primary site 0.049 0.001

Upper 1 (reference) 1 (reference)

Middle 0.495 (0.063 to 3.899) 0.504 0.886 (0.368 to 2.137) 0.788

Lower 1.997 (0.964 to 4.137) 0.063 1.439 (0.925 to 2.238) 0.107

Unknown 4.623 (1.220 to 17.529) 0.024 5.215 (2.224 to 12.231) < 0.001

Histological type 0.572 0.052

Squamous cell 1 (reference) 1 (reference)

Adenocarcinoma 1.789 (0.403 to 7.950) 0.445 0.494 (0.267 to 0.914) 0.025

Other 2.493 (0.452 to 13.749) 0.294 0.379 (0.149 to 0.965) 0.042

Tumor size 0.941 0.253

≤1 cm 1 (reference) 1 (reference)

1.1–2 cm 1.020 (0.223 to 4.659) 0.98 2.330 (0.827 to 6.564) 0.11

>2 cm 1.153 (0.260 to 5.113) 0.851 2.361 (0.845 to 6.598) 0.965

Surgery type

Lob 1 (reference) 1 (reference)

Wed + Lob 0.706 (0.347 to 1.435) 0.851 0.583 (0.382 to 0.889) 0.012

OS: overall survival; DFS: disease-free survival; Lob: direct lobectomy; Wed + Lob: wedge resection of the tumor followed by lobectomy; 
CI: confidence intervals. 


