
Abstract. Background/Aim: Circulating tumor cells (CTCs)
can be a surrogate biomarker of prospective prognosis.
Surgical manipulation can promote the dissemination of
CTCs. Prognosis improvement is expected with the no-touch
isolation technique (NTIT), preventing surgical manipulation.
The Wedge resection of the tumor site before lobectomy could
prevent surgical manipulation during lobectomy for non-
small cell lung cancer (NSCLC) and reduce the shedding of
tumor cells, similar to a NTIT. This study aimed to evaluate
the effect of wedge resection technique. Patients and
Methods: A total of 624 resected NSCLC patients were
retrospectively analyzed. Patients were divided in two groups:
Wedge and Non-Wedge. Overall survival (OS) curves were
plotted using the Kaplan-Meier method. Results: The 5-year
OS rates were 89.9% and 84.0% in the Wedge and Non-
Wedge groups, respectively (p=0.033). Conclusion: The OS
in the Wedge group was significantly better than that in the
Non-Wedge group. Wedge resection technique for NSCLC
may be a NTIT.

Surgery is the preferred treatment for non-small cell lung
carcinoma (NSCLC) patients. After curative resection,
approximately 50% of patients may develop local recurrence
or distant metastases within 3 years (1).

Recently, some studies demonstrated that the presence of
circulating tumor cells (CTCs) in the peripheral blood can be
a surrogate biomarker of prospective recurrence and prognosis
(2, 3). CTCs are released from the primary tumor into the
bloodstream and have the potential to spread to distant sites

and develop into micro-metastatic deposits (4). Furthermore,
surgical manipulation could promote the dissemination of
tumor cells into the circulation (5-7). Prognosis improvement
is expected with the no-touch isolation technique (NTIT) due
to preventing surgical manipulation. The NTIT reduces
intraoperative shedding of tumor cells into the circulation in
colorectal cancer (8, 9), hepatocellular carcinoma (10),
gastrointestinal stromal tumor (GIST) (11), and pancreatic
cancer (12). Another surgical technique that may prevent the
dissemination of tumor cells into the bloodstream is to ligate
the effluent veins first during surgery (13). Tumor cells can be
detected in effluent venous blood during surgery (14). In
addition, vascular invasion within the tumor is common in
lung cancer, which might be responsible for the high incidence
of hematogenous spread of tumor cells (15). Although it is
controversial whether the pulmonary vein (PV) should be
ligated first, Wei et al. (16) demonstrated that the PV-first
group had significantly better outcomes than the pulmonary
artery (PA)-first group in terms of 5-year survival, recurrence-
free survival, and lung cancer-specific survival. Furthermore,
they demonstrated that the PA-first procedure was an
independent risk factor for the increase in the number of CTCs
during surgery in multivariate analysis. 

However, it is not possible to ligate the PV without the
following surgical manipulations: dissection of the tissue
around the PV that occurs around and away from the lung.
This procedure can squeeze tumor cells from the tumor site,
and the tumor cells can then circulate throughout the
bloodstream. On the other hand, pulmonary wedge resection
of the tumor site before lobectomy may be superior to reduce
the number of CTCs to the PV-first ligation method during
lobectomy for NSCLC. Wedge resection may be considered
one of NTITs. The advantage of wedge resection of the
tumor site before lobectomy is that the absence of the tumor
could prevent release of tumor cells that may occur during
lobectomy for non-small cell lung cancer. Unfortunately,
there have never been the study of the relation between
wedge resection during lobectomy for NSCLC and no-touch
isolation techniques.

We hypothesized is that the overall survival and
recurrence-free survival will be improved for wedge
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resection compared to non-wedge resection before lobectomy
for NSCLC patients. The aim of this study was to evaluate
the effect of wedge resection of the tumor site before
lobectomy as a no-touch isolation technique. This is the first
study to investigate the efficacy of wedge resection during
lobectomy for NSCLC.

Patients and Methods
Among 891 patients who underwent resection of NSCLC at the
Nara Medical University Hospital between January 2010 and
December 2016, 624 NSCLC patients who underwent complete
resection (lobectomy) were selected and their medical records were
reviewed. The clinical T descriptor was reclassified based on the
TNM staging (eighth edition). Exclusion criteria included the
presence of other concomitant malignant diseases and determination
of NSCLC by intraoperative needle lung biopsy. The remaining 624
patients were divided into two groups: the group of patients who
underwent wedge resection of the tumor site before lobectomy
(Wedge group, n=256) and the group of patients who did not
undergo wedge resection of the tumor site before lobectomy (Non-
Wedge group, n=368).

We used video-assisted thoracoscopic surgery technique to resect
the lung cancers. This involved three incisions; a camera port was

inserted in the anterior axillary line through the seventh or eighth
intercostal space; a second 1-cm incision was made in the anterior
axillary line through the fourth or fifth intercostal space, and a 4-
to 5-cm working port was placed in the middle axillary line through
the fourth or fifth intercostal space. The patients whose preoperative
diagnosis was not yet decided underwent wedge resection when the
location of the tumor could be partially resected without any
difficulties. At this time, we were not committed to PV-first ligation
during lobectomy. Instead, we prioritized ease of the lobectomy
procedure regarding vessel ligation.

Follow-up examinations were symptom-oriented, but all patients
underwent medical checkups and chest X-rays at least twice a year,
and whole-body computed tomography (CT) was performed at least
once a year. The observation period began on the day of operation
and was terminated on December 31, 2018.

Either the Chi-square test or Fisher’s exact test was used, as
appropriate, to analyze any correlation between the two groups.
Overall survival curves and recurrence-free survival curves were
plotted using the Kaplan-Meier method, and the statistical
significance of differences between groups was determined by the
log-rank test. Univariate and multivariate Cox regression analyses
were used to evaluate the hazard ratio with the endpoint of overall
survival (period from the day of operation to the day of death) or
recurrence-free survival. All p-values were two-sided, and p-values
<0.05 were considered to indicate a statistically significant
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Table I. Clinicopathological characteristics of patients.

Wedge (n=256) Non-Wedge (n=368) p-Value

Age <70/≥70 140/116 167/201 0.023*
Gender: Male/Female 151/105 240/128 0.130
CT findings:

Pure GGN/Others 52/224 44/324 0.005*
Location:

Peripheral/Others 247/9 242/126 <0.001*
c-Stage

Tmin/T1a/T1b/T1c/T2a/T2b/T3 or more 2/62/101/62/24/5/0 4/23/73/103/93/40/32 0.098
p-Stage

Tmin/T1a/T1b/T1c/T2a/T2b/T3 or more 8/24/93/58/62/3/8 5/10/68/85/108/45/37 0.098
Invasive size of the tumor (cm) 2.08 3.23

<3/>3 224/32 198/170 <0.001*
p-N0/N1/N2 or more 224/14/18 284/53/31 0.001*
Histology:

Ad 200 249
Sq 39 77
Others 17 42 0.024*

Pl+/- 55/201 105/263 0.051
Ly+/- 88/168 189/179 <0.001*
V+/- 78/178 184/184 <0.001*
Preoperative CEA

<5/>5 ng/mL 195/61 240/128 0.003*
Period of days from point out to operation

<90/>90 120/79 185/147 <0.001*
Adjuvant therapy  Yes/No 66/190 143 /225 <0.001*
Death 20 52 0.016*
Recurrence 35 128 <0.001*

CT: Computed tomography; GGN: ground-glass nodule; c-Stage: clinical stage; p-Stage: pathological stage; p-N: pathological-N; Ad: adenocarcinoma;
Sq: squamous cell carcinoma; Pl: pleural invasion; Ly: lymphatic invasion; V: vascular invasion; CEA; carcinoembryonic antigen. 



difference. All analyses were conducted using EZR on R commander
version 1.33 (Saitama, Japan).

This retrospective study was approved by our institute Ethics
Review Board (No. 2263). The Ethics Review Board of our institute
waived the requirement to obtain written informed consent from
patients and approved the study protocol, because individual
patients were not identified in this retrospective study.

Results

A total of 256 patients in the Wedge group and 368 patients
in the Non-Wedge group were included in this study. The
median follow-up period was 49 months (range 1-102
months). Table I shows the clinicopathological characteristics
of patients in both groups. There were statistically significant
differences in age, ground-glass nodule (GGN), location of
the tumor, invasive size of the tumor, positivity of lymph
node metastasis, pleural invasion, lympho-vascular
involvement, administration of the adjuvant therapy, and
high preoperative carcinoembryonic antigen (CEA), which
were more frequently observed in patients in the Non-Wedge
group than those in the Wedge group (Fisher’s exact test). 

During the observation period, NSCLC recurrence was
identified in 35 patients in the Wedge group and 128 patients in
the Non-Wedge group. Twenty patients in the Wedge group and
52 in the Non-Wedge group died during the observation period.
The 5-year overall survival rates were 89.9% (95% confidence
interval [CI]=84.2-93.6) and 84.0% (95% CI=79.2-87.8) in the
Wedge and Non-Wedge groups, respectively (p=0.033) (Figure
1). The 5-year recurrence-free survival rates were 81.8% (95%

CI=74.1-87.3) and 64.8% (95% CI=58.8-70.1) in the Wedge
and Non-Wedge groups, respectively (p<0.001) (Figure 2).

In the analysis of relative risk with the endpoint of overall
survival, age, sex, wedge resection, the period from tumor
discovery to operation, pure GGN on CT, histological type,
pathological tumor infiltration diameter, pT stage, pN stage,
pleural invasion (pl) factor, vascular invasion (v) factor,
lymphatic invasion (ly) factor, and preoperative CEA were
indicators of survival; however, in multivariate analysis, age,
pN stage, and v factor were independent survival predictors
(Tables II and III). In the analysis of relative risk with the
endpoint of cancer recurrence, the same measures as for
overall survival, except for age and sex, were indicators of
recurrence, whereas in multivariate analysis, wedge
resection, invasive size of the tumor, pN stage, and v factor
were independent recurrence predictors (Tables IV and V).

Discussion 

In this study, the overall survival and recurrence-free
survival rates in the Wedge group were significantly better
than those in the Non-Wedge group. Intraoperative wedge
resection was shown to be one of the independent predictive
factors of recurrence in NSCLC patients.

CTCs, originating from primary tumor sites, mobilize into
the bloodstream as a result of intrinsic factors, such as active
migration and invasion, or extrinsic factors, such as passive
shedding by surgical manipulation, biopsy, and other
iatrogenic sources (17). Numerous studies have demonstrated
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Figure 1. Overall survival curve for patients according to receipt of
wedge resection before the lobectomy procedure. The 5-year overall
survival rate is 89.9% in the Wedge group and 84.0% in the Non-Wedge
group. The difference between the groups is statistically significant
(p=0.033).

Figure 2. Recurrence-free survival curve for patients according to receipt
of wedge resection before the lobectomy procedure. The 5-year
recurrence-free survival rate is 81.8% in the Wedge group and 64.8% in
the Non-Wedge group. The difference between the groups is statistically
significant (p<0.001).



that surgical manipulation can promote the dissemination of
tumor cells into the circulation (5-7).

It is important to prevent increased numbers of CTCs that
may shed from the primary tumor due to surgical intervention
for NSCLC. Interestingly, even for early stage lung cancer,
CTCs can be detected in 60-80% in patients (18, 19).
Recently, Murlidhar et al. (20) reported that PV had
significantly not only higher number of CTCs, but also larger
CTC clusters compared to pre-operative and intra-operative
peripheral vein among early stage lung cancer patients. Duan
et al. (17) demonstrated that CTC counts after lobectomy for
lung cancer were significantly higher than those before PV
interruption. These results suggested that surgical
manipulation may dislodge tumor cells into the PV, because
the pulmonary vein is an overflow channel for tumor cell
metastasis. Surgical manipulations may squeeze the tumor and
further promote the spread of tumor cells into circulation (7).

The NTIT intraoperative shedding of tumor cells into the
circulation from solid cancer (8-12). In addition, another
surgical technique that may prevent the dissemination of tumor
cells into the bloodstream involves ligating the effluent veins
first during surgery (13). Tumor cells can be detected in effluent
venous blood during surgery (14). Furthermore, vascular
invasion within the tumor is common in lung cancer (15).

Although previous studies demonstrated that intraoperative
manipulation increases the number of CTCs that shed into the

blood of patients with NSCLC, whether the drainage PV
should be ligated first remains controversial (21). Hashimoto
et al. (7) reported that the increased PV CTC count prior and
subsequent to surgical manipulation for lobectomy was not
significantly associated with the sequence of vessel
interruption. Refaely et al. (22) also demonstrated that that the
sequence of vessel interruption was not a risk factor for
recurrence. He et al. (23) reported that the sequence of
pulmonary vessel ligation during video-assisted thoracoscopic
surgery lobectomy for NSCLC had no significant effects on
overall survival and recurrence-free survival. Therefore,
ligating the PA-first remains an option during lobectomy based
on the preference of the surgeon or the minimally invasive
surgery technique used, particularly for upper lobectomy (21).

Recently, Wei et al. (16) demonstrated that the PV-first
group had a significantly better outcome than the PA-first
group in terms of 5-year survival, disease-free survival, and
lung cancer-specific survival. Furthermore, they
demonstrated that the PA-first procedure was an independent
risk factor for the increase of CTCs during surgery in
multivariate analysis. Hashimoto et al. (24) reported that
increasing CTCs in the PV during surgical manipulation was
significantly correlated with postoperative distant metastasis
in completely resected NSCLC patients, although neither
recurrence-free survival nor overall survival was
significantly correlated with the increase in CTCs in PV.
Furthermore, Song et al. (25) conducted a prospective
randomized study related to the invasiveness and
adhesiveness of malignant tumor cells and suggested that
ligation of the PV should be performed first during
lobectomy. Surgical manipulation itself may stimulate the
occurrence of blood micro-metastases. Ligation of the PV
first during surgery may help prevent blood micro-
metastases. 

PV-first ligation should be good for the prognosis of
surgically resected NSCLC patients. However, in the real
world, the PV cannot be ligated immediately at the start of
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Table II. Univariate analysis of factors influencing survival of patients
after complete resection of primary lung cancer.

Hazard ratio 95% CI p-Value

Age ≥70 1.965 1.206-3.203 0.007*
Gender: Male/Female 2.457 1.389-4.345 0.002*
Wedge resection 0.574 0.342-0.962 0.035*
Period of days from point 
out to operation ≥90 0.394 0.232-0.667 <0.001*

CT findings: Pure GGN 0.066 0.009-0.476 0.007*
Location: Peripheral 1.058 0.606-1.848 0.843
Histology:

Sq/Non-Sq 2.164 1.300-3.604 0.017*
Ad/Non-Ad 0.402 0.253-0.641 <0.001*

Invasive size of the tumor 3.440 2.150-5.506 <0.001*
>3 cm

p-T2 or more/T1 or less 4.948 3.064-7.990 <0.001*
p-N1 or more/N0 2.149 1.612-2.866 <0.001*
Pl+ 3.518 2.211-5.599 <0.001*
V+ 6.292 3.560-11.120 <0.001*
Ly+ 4.799 2.752-8.367 <0.001*
Adjuvant therapy: Yes 2.178 1.371-3.459 <0.001*
Preoperative CEA ≥5 ng/mL 2.470 1.550-3.936 <0.001*

CI: Confidence interval; CT: computed tomography; GGN: ground-glass
nodule; Sq: squamous cell carcinoma; p-T: pathological-T; p-N:
pathological-N; Ad: adenocarcinoma; Pl: pleural invasion; V: vascular
invasion; Ly: lymphatic invasion; CEA; carcinoembryonic antigen.

Table III. Multivariate analysis of factors influencing survival of
patients after complete resection of primary lung cancer.

Hazard ratio 95% CI p-Value

Age ≥70 1.906 1.166-3.117 0.010*
Wedge resection 0.848 0.501-1.434 0.537
CT findings: Pure GGN 0.234 0.031-1.794 0.162
p-T2 or more/T1 or less 1.726 0.969-3.074 0.064
p-N1 or more/N0 1.562 1.128-2.165 0.007*
V+ 2.989 1.365-6.548 0.006*
Ly+ 1.215 0.562-2.626 0.621

CI: Confidence interval; CT: computed tomography; GGN: ground-glass
nodule; p-T: pathological-T; p-N: pathological-N; V: vascular invasion;
Ly: lymphatic invasion; CEA: carcinoembryonic antigen. 



lobectomy before the shedding of tumor cells occurs due to
surgical manipulations such as dissection of tissues and
moving or turning over the lung. Before the PV is ligated
from the lung during lobectomy, careful dissection of tissues
around the PV and softly moving the lung could disturb the
tumor site and squeeze the tumor cells out from the tumor.
Even bronchoscopic biopsy can increase the count of PV
CTCs before the procedure (17, 26).

During lung cancer surgery, one could hypothesize that
CTCs could be dislodged by surgical manipulation;
therefore, preventing the shedding of tumor cells would
reduce the seeding of cancer cells, resulting in decreased
metastatic spread. 

We, therefore, hypothesized that the overall survival and
recurrence-free survival is improved for wedge resection
compared with non-wedge resection before lobectomy for
NSCLC patients. The wedge resection technique could
prevent surgical manipulation during lobectomy for NSCLC,
and reduce the shedding of tumor cells, similar to the no-
touch isolation technique for lobectomy. Our findings show
that wedge resection was significantly better for patients
undergoing surgical resection for lung cancer. This is the first
study to show that wedge resection has the efficacy to reduce
recurrence of NSCLC. This efficacy may be related to the
reduction in the number of CTCs that are related to surgical
manipulation.

At our institution, wedge resection is performed using
ring-shaped forceps. The ring-shaped forceps are locked and
not released until completion of the wedge resection.
Previously, we demonstrated that patients who underwent
pulmonary wedge resection of lung cancer had a reduced
probability of CTC detection after surgery when ring-shaped
forceps were used without tumor release (27). Ring-shaped
forceps generate high pressure by compression, which can
reduce the risk of tumor cell spreading, therefore; wedge
resection may be considered a no-touch isolation technique. 

The wedge resection method is easy and can be performed
immediately when beginning the surgical procedure. Despite
needing several cartridges of staples, the wedge resection
method results in improved oncological outcomes due to the
reduction of intraoperative shedding of tumor cells into the
circulation. 

The limitations of this study include the retrospective
design and single-institution setting. Also, there were
significant differences between the two groups for
clinicopathological characteristics. We might consider
matched analysis for the two groups, because they were not
matched in terms of loco-regional invasiveness, which could
create a bias in outcome analysis. However, the patients
whose tumor site could be partially resected without any
difficulties tend to be in small NSCLC. We used multivariate
analysis in this study. More research is needed to investigate
the correlation between CTC detection and poor prognosis,
and between wedge resection and CTC detection. CTC
detection for NSCLC might be a difficult and complicated
technique because of a lack of standard isolation methods,
and heterogeneity of CTCs. However, recent research studies
have reported the development of the following techniques
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Table IV. Univariate analysis of factors influencing recurrence for
patients after complete resection of primary lung cancer.

Hazard ratio 95% CI p-Value

Age ≥70 1.293 0.948-1.763 0.105
Gender: Male/Female 1.370 0.988-1.900 0.059
Wedge resection 0.430 0.295-0.626 <0.001*
Period of days from point 
out to operation ≥90 0.490 0.347-0.690 <0.001*

CT findings: Pure GGN 0.149 0.061-0.362 <0.001*
Location: Peripheral 0.862 0.611-1.218 0.400
Histology:

Sq/Non-Sq 1.352 0.918-1.992 0.127
Ad/Non-Ad 0.640 0.462-0.885 0.007*

Invasive size of the tumor 3.188 2.340-4.344 <0.001*
>3 cm

p-T2 or more/T1 or less 3.796 2.697-5.342 <0.001*
p-N1 or more/N0 2.732 2.290-3.259 <0.001*
Pl+ 2.749 2.015-3.751 <0.001*
V+ 4.373 3.115-6.141 <0.001*
Ly+ 5.327 3.634-7.810 <0.001*
Adjuvant therapy: Yes 2.925 2.140-3.999 <0.001*
Preoperative CEA ≥5 ng/ml 2.336 1.715-3.184 <0.001*

CI: Confidence interval; CT: computed tomography; GGN: ground-glass
nodule; Sq: squamous cell carcinoma; Ad: adenocarcinoma; p-T:
pathological-T; p-N: Pathological-N; Pl: pleural invasion; V: vascular
invasion; Ly: lymphatic invasion; CEA; carcinoembryonic antigen.

Table V. Multivariate analysis of factors influencing recurrence of
patients after complete resection of primary lung cancer.

Hazard ratio 95% CI p-Value

Gender: Male/Female 0.782 0.782-1.597 0.543
Wedge resection 0.498 0.326-0.761 0.001*
CT findings: Pure GGN 0.882 0.326-2.383 0.804
Histology:

Ad / Non-Ad 1.200 0.823-1.751 0.343
Invasive size of the tumor 1.610 1.120-2.315 0.010*
>3 cm

p-N1 or more / N0 2.079 1.666-2.594 <0.001*
Pl+ 1.027 0.724-1.458 0.880
V+ 1.672 1.053-2.654 0.029*
Ly+ 1.367 0.800-2.337 0.253
Preoperative CEA >5 ng/mL 1.209 0.871-1.679 0.258

CI: Confidence interval; CT: computed tomography; GGN: ground-glass
nodule; Ad: adenocarcinoma; p-N: pathological-N; Pl: pleural invasion;
V: vascular invasion; Ly: lymphatic invasion; CEA; carcinoembryonic
antigen.



for tumor cell detection: liquid biopsy, analysis of circulating
biomarkers from peripheral blood, such as CTCs, and
circulating tumor DNA (ctDNA) (28, 29). The analysis of
ctDNA might be a key to the solution of tumor heterogeneity.
A prospective study, such as the analysis of CTC between
Wedge group and Non-Wedge group pre-and post-operatively,
is recommended to obtain more accurate evidence.

In conclusion, this is the first report to reveal the efficacy
of wedge resection before lobectomy for NSCLC patients.
The overall survival and recurrence-free survival in the
Wedge group were significantly better than in patients of the
Non-Wedge group, and intraoperative wedge resection was
shown to be one of the independent predictive factors of
recurrence in NSCLC patients. Our data support the idea that
wedge resection before lobectomy for NSCLC patients may
be considered a NTIT. This observation is helpful to improve
the surgical intervention strategy and outcomes for patients
with NSCLC.
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