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Abstract

Non-small cell lung cancer is one of the leading causes of cancer-related mortality worldwide.
Despite recent advances in adjuvant treatments, surgical resection is basis of treatment. With
the development of minimally invasive surgery in thoracic surgery, surgeons work on minimally
invasive surgery for advanced stages of lung cancer, previously considered non-operable at all or
previously considered non-operable with minimally invasive surgery approach.

Minimally invasive surgical techniques which are routinely used in the surgical treatment of
early-stage lung cancer have started to be treated in more complicated and advanced stages of
lung cancer. Bilateral anatomic resections, operations after neoadjuvant chemotherapy, bronchial
sleeve lobectomies, double sleeve lobectomies, complementary pneumonectomies, and carinal
sleeve resections can be performed by minimally invasive methods. The option of video-assisted
surgery should be considered with oncological principles at foreground if patients have acceptable
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lung and cardiac performance conditions with minimal comorbidities.

This study reviews VATS experience in patients with advanced-stage lung cancer worldwide
and discusses potential benefits and limitations of using VATS technology to perform thoracic

surgery procedures.

Introduction

Video-assisted thoracic surgery (VATS) in anatomical
lobectomy for lung cancer was described in 1993 first-time.
Since then, many thoracic surgery centers have adopted
this technique. Main reason of many centers successfully
implement this technique in a short time is short learning
curve. [1,2] In prospective, case-control and retrospective
studies, it was observed that in non-small cell lung cancer
patients, VATS provide same and sometimes better results
than open surgery in terms of complete resection, lymph
node dissection, locoregional recurrence and early and
long term survival [3]. VATS have more advantage than
open surgery in early surgical results such as pulmonary
and cardiac morbidity, mortality, respiratory function,
hospital stay and quality of life [4,5]. Also, minimally invasive
surgical techniques, which are routinely used in the surgical
treatment of early-stage lung cancer have started to treat
in complicated and advanced stages of lung cancer [6,7].
Bilateral anatomic resections, operations after neoadjuvant
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chemotherapy, bronchial sleeve lobectomies, double sleeve
lobectomies, complementary pneumonectomies, and carinal
sleeve resections may be performed with minimally invasive
methods [8,9].

In this study, advanced stage non-small cell lung cancer
(NSCLC) patients, which operated with VATS technique were
investigated using the PubMed database. In literature, it was
evaluated by considering criteria such as tumor size and
location, local advanced stage, and invasion into surrounding
tissues. In the light of the analysis, this study was planned
to guide for thoracic surgeons using the VATS technique in
advanced-stage lung cancer.

Vats lung resections

The first known thoracoscopic procedure was performed
by Hans Christian Jacobaeus. In the 1990s, it was mostly
used for treatment of pleural biopsy, lung biopsy, empyema,
and pneumothorax. However, use of VATS lobectomy in the
surgical treatment of lung cancer has appeared in time. The
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first VATS lobectomy was performed by Dr. Ralph Lewis
using stapler in 1992. VATS lobectomy was performed by
Dr. G. Roviaro with dissection pulmonary artery, pulmonary
vein and bronchus separately (hiler dissection) in 1993.
Nowadays, number of patients who were operated with
VATS method has increased significantly. With increasing
use of VATS method over time, it has been seen to have many
advantages with proper patient selection [10].

The most important advantages of minimally invasive
surgery are better cosmetic results, less pain, earlier
mobilization, less drainage time, less postoperative hospital
stay and less moribidity than thoracotomy [11,12]. It is
considered that the most important reason of less acute and
chronic pain is the absence of costal exclusion. In the study
of Chen, et al,, it was stated that 120 patients with clinical
stage Il and III-A non-small cell lung cancer underwent
lobectomy. Conversion to thoracotomy was 11.7%. Hospital
length of stay was shorter in thoracoscopic lobectomy than
thoracotom, postoperative complications were similar,
5-year disease-free and overall survival were similar
[13]. In the study of Augustin, et al., it was stated that 390
patients were performed with anatomical VATS resections.
Extended VATS resections were performed in 29 patients
(7.8%): bilobectomy in 8, bronchoplastic resection in 15
and pneumonectomy in 6. Hospital mortality was not seen
and major complications occurred in 3 patients. The median
operative time was 217 minutes, the median chest tube
duration was 4 days, the median length of hospital stay was
9 days [14]. In the light of these studies, it was seen that
VATS method has advantages than thoracotomy in terms
of parameters such as pain, length of hospital stay, and
complications.

In non-small cell lung cancers, there are various
parameters such as tumor size, invasion of adjacent
anatomical structures or lymph node involvement are
effective in the patient’s advanced tumor. Considering the
studiesin the literature in terms of these features; in the study
of Nakano, et al,, it was stated that 68 patients had primary
lung cancer (> 5-cm diameter), the patients underwent
anatomical pulmonary resection (VATS n: 35, thoracotomy
n: 33). VATS group had less intraoperative bleeding and
a shorter length of postoperative hospital stay, there was
no significant difference for 1- and 5-year overall survival
in both groups. [15] In the study of Hennon, et al,, it was
reported that 125 patients were evaluated, thoracoscopic
lobectomy was completed in 73 patients. Overall survival
were 43.7 vs. 22.9 months and disease-free survival were
34.7 vs. 16.7 months in thoracoscopic and open groups. Also,
operation time, hospital length of stay, operative blood loss
and major complications were similar in both groups [16].
In the study of Gonzalez-Rivas, et al.,, it was reported that
130 patients were analyzed, 87 patients was early stage
and 43 advanced stage. Upper lobectomies (52 vs. 21) and
anatomic segmentectomies (4 vs. 0) were performed in the
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patient group, conversion to thoracotomy was 1.1 vs. 6.5%,
respectively. Surgical time was longer, and median number
of lymph nodes (14 vs. 16, p = 0.004) were statistically
higher in advanced cases. Median number of nodal stations,
hospitalization and rate of complications were similar in
both groups. It was stated that uniportal VATS lobectomy for
advanced cases of NSCLC was a safe and reliable procedure
that provides perioperative outcomes similar to those
obtained in early stage tumours operated through this same
technique [17].

Depending on the size of tumor, extensive invasion of
close anatomical structures, and involvement of lymph node,
patient’s advanced stage are features that cause operation
difficult. However, these features may cause operation
almost impossible or hazardous. Therefore, patients may
receive induction or adjuvant therapy. In the study of Huang,
et al,, it was stated that 43 NSCLC patients underwent VATS
after neoadjuvant therapy. The patients with stage I1A-IIIB
NSCLC were included in this study, 28 patients underwent
pulmonary lobectomies, 5 double lobectomies, 5 wedge
resections, and 5 total pneumonectomies, 7 patients Hybrid
VATS. The 1-, 2, and 3-year overall survival rates were 94%,
79%, and 65%, respectively. Postoperative complications
was 9.5% and perioperative mortality was 2.4%. [18] In the
study of Matsuoka, et al., it was reported that 110 patients
were examined, thoracoscopic surgery was performed in 79
patients and thoracotomy in 31. Incidence of postoperative
complications were similar in two groups, conversion to
thoracotomy was required in 4 patients. Overall 3- and 5-year
survival were 58.6% and 50.3%, respectively, and there was
no significant difference in overall survival for both groups
[19].

Minimally invasive surgical techniques which are
routinely used in surgical treatment of early-stage lung
cancer are used in more complicated and advanced stages
cases. Bilateral anatomical resections, bronchial sleeve
lobectomies, double sleeve lobectomies, complementary
pneumonectomies, and even carinal sleeve resections
may be performed with minimally invasive methods. In
the study of Lyscov, et al, it was stated that six patients
underwent uniportal VATS double sleeve and carinal
resections. Conversion to thoracotomy was not required.
The mean postoperative hospital stay was 10.8 + 0.8

days and postoperative mortality was not seen. It was
emphasized that uniportal VATS technique may be a feasible
and safe option for complex sleeve resections in advanced
stages of lung cancer. [20] In the study of Gao, et al,, it was
reported that 54 VATS sleeve lobectomy and 94 thoracotomy
sleeve lobectomy operations were examined. There was
significantly less blood loss (228 vs. 246 mL), shorter thoracic
drainage time (4.6 vs. 6.8 days), postoperative hospital stay
(9.2 vs. 11.3 days) in VATS group. However, the recurrence-
free survival (50.9% vs. 48.7%) and overall survival (79.5%
vs. 66.7%) were not significantly different in two groups.
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And it was emphasized that VATS sleeve lobectomy was a
safe and effective procedure associated with better
postoperative results and similar oncological results, even
for locally advanced non-small cell lung cancer patients with
an invasive tumor size larger than 3 cm or accompanying
lymphatic invasion [21].

The advantages of minimally invasive surgery in terms of
lung cancer treatment have significance with applying proper
oncological principles. In the study of Fan, et al,, it was stated
that 132 patients with locally advanced NSCLC underwent
uniportal VATS (n: 64) or open thoracotomy (n: 68). Hospital
of stay and chest tube duration were shorter in uniportal
VATS group and rate of complications were higher in open
thoracotomy group. Also, the median operative time (157.0 vs.
160.6) and number of lymph nodes (35.5 vs. 32.5) were similar
in both groups. In addition, a higher percentage of patients
who underwent uniportal VATS resections were proper to
receive adjuvant therapy compared to the open group [22].
Oncological effectiveness for lung cancer means compatibility

5,

of anatomical resection and lymph node dissection. Improper
anatomical dissection causes local and systemic recurrences,
incomplete lung cancer staging, omitting occult lymph node
metastasis, and depriving adjuvant therapy that should
normally be applied (Tables 1,2).

Conclusion

Nowadays, the tendency towards minimally invasive
surgical methods in all surgical branches is quite high. These
methods are especially important in terms of patient comfort
and quality of life after surgery. Minimally invasive surgical
methods may be used safely and with high efficacy in lung
cancer surgery where oncological surgical principles are at
foreground. Especially in early-stage lung cancer, minimally
invasive surgical approach is an almost standard treatment.
Through experience gained in the VATS method over time
and studies in literatiire, we consider that minimally invasive
surgical techniques may be standart surgical treatment of
advanced stage lung cancer.

Conversions Mean Times of | Postoperative | Postoperative

References Year Number of Stage Pesected Mean Lymph Nodes and to Times of Stay in 30 Days 30 Days

Patients Lymph Nodes Stations Thoracotomy | Operation | Hospital Morbidity Mortality

(%) (minutes) (days) e} (%a)

ChenK.etal. * 2017 120 MAS2 TIB24 TITA44 15.6and 3,5 117 183 91 23 0
Augustin F_ et al. * 2014 29(370) IA121B1 ITA4 TIBG TIIAG n'a 51 217 g 171 [}
Nakano T. et al. * 2015 33 =>3cm, T3 veya T4 n'a 57 169 114 314 0
Hennon M. etal. * 2011 93 [38I 33 I 16 IV 4 (6th edition} n'a 23 231 ] 389 1.05
Gonzalez-Rivas D. 2014 43(130) >3 em, T3 veya T4 Lymph Nodes: 16 6.5 1332 3 14 0
etal © Lymph Nodes Stations: 3
Huang J. etal. * 2013 42043) 113 IB2 IMA2T IMIB11 1688 7 160.48 343 93 23
Matzuoka K. etal ® | 2018 79 na na 3 n'z 93 136 18
GaoHI. etal ™ 2019 34 IA-B23 TTA-B1S TIAL2 213and 5.3 5.6 300 91 203 18
FanJ etal ' 2016 64 IB10 ITA14 IIBI1 IITAIR IV 333 31 157 6.1 314 0

Eeferences Year MNumber Stage Median Follow- Survival Orverall Survival
of Patients up Tmme Times (%o or months)
(months)
ChenK etal - 2017 120 [MASITIB24 TITA44 43 3-vear 35%
MNakano T. et al. * 2013 33 =5cm, T3 veya T4 44 1-vear 91.3%
S-year 39.3%
Hennon WL et al. ° 011 95 I38T 33 M 16 IV 4 (6th edition) 36 S-year 43.7 months
Gonzalez-Rivas D et al ® 014 43(130) =5cm, T3 veya T4 30 2 5-year T4%
Huang J etal ~ 2013 42043) 113 IIB2 IIIA2T TMIB11 63 1-year 04%
2-vear 8%
3-year 63%
Matzuokz K. etal ® 2018 79 na 342 1-year 58.6%
3-year 50.3%
GacHI. etal ¥ 2019 4 IA-B23TA-B19 MIIALD 413 2-year 79.5%

Table 2: Long Term Results of Studies with VATS Technique in Advanced Lung Cancer.
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