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ABSTRACT

Background: In parallel with the change in circulating tumor cells, the no-touch isolation technique 
is offered as an option to reduce recurrences of non-small-cell lung cancer. We aimed to examine the 
relationship of this technique with recurrence and survival in our clinic.

Materials and Methods: Among 675 patients who were operated on with the diagnosis of lung cancer 
between 2009 and 2015, 98 patients with tumor size of less than 3 cm in the postoperative pathology 
report, no visceral pleural invasion or lymph node involvement, and a negative surgical margin were 
included in the study. The patients were divided into two groups as patients treated with and without the 
no-touch isolation technique (i.e., a wedge resection group prior to lobectomy and a direct lobectomy 
group), and the results of recurrence and survival were evaluated statistically.

Results: While adenocarcinoma was observed more frequently in the wedge resection group, squamous 
cell carcinoma was observed statistically more frequently among patients treated with direct lobectomy 
(p < 0.001). There was no statistically significant difference in recurrence or survival rates between 
patients treated with and without the no-touch isolation technique (p = 0.746 and p = 0.689, respectively).

Conclusions: Although wedge resection before surgery is theoretically well grounded, we found that 
it was not clinically significant as a result of our study. The technique may prove beneficial in re-
evaluating chemotherapy indications based on circulating tumor cells, especially in early-stage cases 
where patients have not received chemotherapy, and prospective studies are needed in this regard.
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Introduction
For patients with early-stage non-small-cell lung cancer 
(NSCLC), the primary treatment option remains lymph 
node dissection combined with anatomic lung resection de-
spite alternative treatment approaches recently proposed [1]. 
Nevertheless, local recurrence or distant metastasis is ob-
served in 30% of these cases and the 5-year survival rate is 
only 66-82% [2]. Evidence suggests that circulating tumor 
cells (CTCs) may be the leading cause of recurrence and 
distant metastasis, and studies have associated the presence 
of CTCs with significantly low survival rates [3-5].

The main surgical principle to prevent recurrence 
and distant metastasis is ligating the pulmonary vein be-
fore the artery during malignancy surgery [6]. However, 
the lobe is still manipulated during dissection of the pul-
monary vein from the hilar structures and its rotation, 
potentially causing higher numbers of CTCs. Some au-
thors argue that the CTC burden can be reduced by the 
no-touch isolation technique (NTIT), which involves 
the wedge resection of tumor-bearing tissue before the 
planned anatomical resection [2]. The technique has 
also yielded significant results in colorectal carcinoma 
and other non-pulmonary malignancy surgeries [7,8].

Thanks to protective mechanisms such as oxidative 
stress and immune response, the presence of CTCs in pe-
ripheral blood is not directly linked to their migration to 
distant tissues causing metastases [9]. However, a limited 
number of recent studies have reported significantly re-
duced recurrence after surgical resections with NTIT [6,7].

Here, we retrospectively compare the results of re-
currence and survival among early-stage NSCLC pa-
tients who underwent lobectomy after NTIT or direct 
lobectomy.

Materials and Methods
Patient data 

The initial population consisted of 675 patients operated 
on for NSCLC in our clinic between 2009 and 2015. We 
excluded patients with tumor size of >3 cm, non-anatom-
ical resection, perioperative chemotherapy and radio-
therapy, visceral pleural and lymph node invasion, or a 
positive surgical margin. As a result, the study included 
98 NSCLC patients without indication for chemotherapy, 
who were followed with no postoperative treatment and 
had tumor size of <3 cm with no lymph node or visceral 
pleural invasion and a negative surgical margin.

The lobe was removed with the help of an endobag 

for all patients who were operated on with video-assisted 
thoracoscopic surgery (VATS). In addition, while per-
forming lung resection, vein ligation was performed be-
fore the artery, adhering to standard surgical principles.

The patients were divided into two groups as the NTIT 
group treated with wedge resection before lobectomy and 
the non-NTIT group treated with direct lobectomy. In our 
clinical approach, intraoperative wedge resection is per-
formed for patients who cannot be diagnosed with preoper-
ative biopsy and a frozen sample is studied, while patients 
with a preoperative diagnosis directly undergo anatomic 
lung resection. The non-NTIT group included patients di-
agnosed with preoperative methods (transthoracic biopsy, 
bronchoscopy). We evaluated patient parameters such as 
age, gender, tumor size, tumor subtype (adenocarcinoma 
or squamous cell carcinoma), type of surgery, recurrence, 
time to recurrence, and survival, as well as factors affect-
ing recurrence and survival. Local ethics committee ap-
proval was obtained (2012-KAEK-12/2399).

Statistical Analysis
The SPSS 22.0 statistical package program was used 
for the statistical analysis of data. Categorical variables 
were presented as number and percentage, while continu-
ous variables were shown as mean ± standard deviation 
if normally distributed and as median (min-max) if not 
normally distributed. Pearson’s chi-square test, Fisher’s 
exact test, and the chi-square test with Yates continuity 
correction were used to compare categorical variables 
between independent groups. The normality of continu-
ous variables was evaluated using visual methods (his-
togram and probability plot) as well as analytical meth-
ods (Kolmogorov-Smirnov and Shapiro-Wilk tests). Our 
analysis revealed that the continuous variables were not 
normally distributed. We used the Mann-Whitney U test 
to compare the two groups for the other variables. The 
Kaplan-Meier method was used to calculate estimated 
survival and the patients who died from other causes were 
censored. Differences in survival rates were assessed us-
ing the log-rank test with regard to gender, presence of 
wedge resection, pathological subtype, and recurrence.

Results
Of the 98 patients in our study, 42 underwent wedge re-
section before anatomic resection (NTIT group) and 56 
underwent direct anatomic resection (non-NTIT group). 
All wedge resections were performed with VATS, while 
anatomical lung resections were performed with VATS 
for 17 patients and thoracotomy for 81 patients. The 
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anatomical resections included lobectomy (n = 84), bi-
lobectomy (n = 6), pneumonectomy (n = 5), segmen-
tectomy (n = 2), and sleeve lobectomy (n = 1). Table 
1 shows the patients’ ages, gender distribution, tumor 
sizes, pathological tumor subtypes, recurrence rates, 
and time to recurrence by groups. We observed a sig-
nificant difference between the groups in terms of tu-
mor subtype. Adenocarcinoma cases were significantly 
more frequent in the NTIT group (27/15) than the non-
NTIT group (17/56), whereas squamous cell carcinoma 
was significantly more frequent in the non-NTIT group 
(39/56) than the NTIT group (15/42) (p < 0.001).

Similarly, there was no significant difference be-
tween the groups regarding factors affecting survival. 
We detected no significant differences in recurrence, tu-
mor subtype, gender, or survival (Table 2). The 5-year 
overall survival rate was 78.6% and the 10-year surviv-
al rate was 76.1%.

Figures 1, 2, and 3 show the survival graphs by re-
currence, tumor subtype, and application of NTIT.

Table 1. Patients’ characteristics and results of the analysis.
Wedge group 
(n=42)

Control group 
(n=56) p

Age (mean) 63.3±8.10 60.2±8.11 0.064
Gender (male), n (%) 37 (88.1) 52 (92.9) 0.419
Size (cm) 2.00±0.657 2.18±0.766 0.156
Pathology
    Adeno
    SCC

27 (64.3)
15 (35.7)

17 (30.4)
39(69.6)

<0.001

Recurrence 35 (83.3) 48 (85.7) 0.746
Recurrence time (mo) 80.5±34.6 84.6±40.6 0.248
Abbrev.: M/F; male/female, Adeno; adenocarcinoma, SCC; squa-
mous cell carcinoma, mo: months

Table 2. Survival analysis of the patients according to 
covariates.

Estimate 
(mean±SD) 95% CI Log-rank 

(Mantel-Cox)
Gender 
     Male 118.5±6.0 107.0-130.1 0.352     Female 124.3±7.3 110.2-138.5
Wedge 
     Absent 111.7±6.9 98.1-125.2 0.689     Present 123.4±8.0 107.8-139.1
Recurrence 
     Absent 116.5±5.4 105.9-127.1 0.128     Present 103.1±15.0 73.7-132.6
Pathology 
     Adeno 128.3±7.1 114.5-142.2 0.234     SCC 107.6±7.6 93.0-122.2
Abbrev.: CI: Confidence interval, SD: standard deviation, Adeno; 
adenocarcinoma, SCC; squamous cell carcinoma

Figure 1. Survival analysis graph for application of no-touch sur-
gery technique.

Figure 2. Survival analysis graph for recurrence.

Figure 3. Survival analysis graph for subtype.

Discussion
Our investigation revealed no relation between appli-
cation of NTIT, which involves the removal of the tu-
mor together with the surrounding parenchymal tissue, 
i.e., wedge resection, before anatomical resection, and 
recurrence (p = 0.746). Similarly, we observed no sig-
nificant link between pathological tumor subtype, age, 
gender, or the application of NTIT and survival (p = 
0.689). The use of NTIT is based on the fact that the ma-
nipulation of the lung lobe containing the tumor leads 
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to an elevated level of CTCs. Numerous retrospective 
and prospective studies on CTCs in the literature have 
reported increased numbers of CTCs resulting from tu-
mor manipulation, and especially in advanced lung can-
cer patients, which is, in turn, associated with higher 
recurrence and lower disease-free survival rates [10-
13]. Evidence has also shown the role of CTCs in other 
cancer types besides lung cancer [14,15].

Yasukawa et al [6,7] evaluated the NTIT approach 
and reported its efficacy, but the breadth of inclusion 
criteria in their research rendered their results contro-
versial. As is widely known, specific guidelines are 
available for chemotherapy indications in NSCLC. One 
parameter in these guidelines is pleural invasion, and 
the others are tumor size and lymph node involvement. 
Since cancer is considered systemic, the presence of 
these parameters strengthens this feature of the disease, 
making a case for the administration of adjuvant chem-
otherapy [16-19]. In one study, Yasukawa et al included 
tumors of all sizes [7]; in another study of them, they 
included tumors of <3 cm, but their findings are ques-
tionable because they did not exclude factors affect-
ing the tumor stage, such as visceral pleural invasion. 
In contrast, the present study involved T1N0M0 (stage 
1) patients without indications for chemotherapy, and 
all parameters influencing tumor stage, such as pleural 
invasion, were considered as exclusion criteria. The 
5-year overall survival rate was 78.6% and the 10-year 
survival rate was 76.1%. It is thought that the reason 
for these high survival rates is the application of the ex-
clusion criteria. However, due to the number of cases, 
further evaluations could not be made.

A previous study indicated the sensitivity of CTC de-
tection in NSCLC to be 100% for stages 2-4 and about 
50% for stage 1 patients. In addition, the specificity of CTC 
detection was almost 100%, whereas its sensitivity varied 
considerably depending on the method used [20,21]. Other 
studies on other tumor types have reported reduced circu-
lating tumor DNA (ctDNA) levels for lower disease stages 
[14,22]. Diehl et al [23] and other authors investigating 
non-pulmonary malignancies [24] also showed decreased 
CTC levels after surgical resection, associating continued 
high levels with increased recurrence rates.

On the other hand, there is an ongoing debate as to 
whether a direct correlation exists between the presence 
of CTCs and clinical outcomes [25]. Recent improve-
ments have allowed tumor diagnosis with liquid biopsy; 
still, not all tumors result in recurrence or distant metas-

tasis, thanks to the body’s various defense responses. In 
this regard, macrophage activity has been emphasized 
for CTCs. Other primary markers for tumor localization 
include tumor infiltration and compliance of host cells 
[26-30]. Therefore, prospective studies of large series 
limited to early-stage lung cancer cases without indica-
tions for chemotherapy are necessary to determine the 
clinical efficacy of NTIT decisively.

NTIT was significantly more frequently performed 
among adenocarcinoma cases than cases of squamous 
cell carcinoma in our cohort (p < 0.001). We consider 
the relatively central location of squamous cell carci-
noma and the high diagnostic accuracy of preoperative 
bronchoscopy as the principal reasons for this finding. 
Yasukawa et al. also indicated a significantly higher rate 
of peripheral tumor localization in their wedge resec-
tion group [6]. In the practice of our clinic, bronchos-
copy is routinely applied in preoperative evaluations 
before malignancy surgery. Therefore, the rate of preop-
erative diagnosis is high in cases of central tumors, and 
especially for the squamous cell carcinoma subtype. 
However, if there is a high suspicion of malignancy in 
peripherally located tumors in preoperative PET results, 
surgical resection will be planned for patients who are 
suitable for surgery whether or not the transthoracic bi-
opsy result is diagnostic, and our clinical approach is to 
perform a diagnostic procedure with an intraoperative 
frozen section. For this reason, we frequently use surgi-
cal diagnostic methods for patients who are candidates 
for surgical resection and we think that this approach 
played a role in achieving the present results.

In light of our findings, we suggest postoperatively 
assessing CTC levels in early-stage NSCLC cases with-
out chemotherapy indications. The effect of chemo-
therapy on recurrence, which is quite common even in 
early stages, should also be investigated over a possible 
threshold value.

The main limitation of our study is its retrospec-
tive design. The fact that it was a retrospective study 
brings with it the problem of obtaining follow-up data 
for the patients. Also, despite our diligent observance 
of oncological principles during wedge resection, ad-
ditional manipulations may have occurred during pro-
cesses such as pressing the parenchyma with a stapler. 
Finally, our inclusion criteria inevitably narrowed the 
study population to 98 cases.

In conclusion, although NTIT with wedge resection 
is theoretically well grounded, it is not clinically sig-
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nificant based on our findings, and its necessity should 
be tested in studies with larger case series that include 
the presence of CTCs prospectively. The technique may 
prove beneficial in re-evaluating chemotherapy indica-
tions through CTC detection, especially for patients in 
early stages who have not received chemotherapy.
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