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With the ever-expanding implement of screening programs, as well as a raised aware-
ness of patients about their own health, the number of cases of early-stage lung cancer
is progressively increasing, leading surgeons to adapt their practice and to develop new
surgical techniques that are less and less invasive. Thus, the scenario of thoracic surgery
has been revolutionized in the last two decades by the development and assimilation of
minimally invasive techniques such as video-assisted thoracic surgery (VATS) and robotic-
assisted thoracic surgery (RATS). Despite the minimally invasive approach to thoracic
surgery already having proven advantages in terms of reduced postoperative pain, shorter
immune response, quicker resumption of daily activities, and better aesthetic and functional
result [1–6], VATS lobectomy slowly became the standard approach to early-stage lung
cancer treatment, probably due to its technical limitations, such as two-dimensional vision,
lack of instrument flexibility with difficult hand–eye coordination, and a long-lasting learn-
ing curve, in particular for performing radical mediastinal lymphadenectomy, which is the
standard treatment for lung cancer [7–12] is and highly related to the long-term outcome.
To address these limitations, a tele-surgical system was developed offering surgeons the
benefits of three-dimensional, high-definition imaging, greater hand movements using
wristed instruments, and a computer-assisted scaling down of motion with the reduction
in hand-related tremors (da Vinci system, Intuitive Surgical, Sunnyvale, CA, USA), offering
surgeons an innovative approach to lung cancer resection and staging, with a more precise
dissection and theoretically better oncological results.

RATS was only introduced in the operating room for pulmonary resection in 2002,
with the first preliminary reports on pulmonary resection published by Melfi and Giulian-
otti in the early 2000s, showing the clinical feasibility of the technique with encouraging
results [13,14]. Since then, many other publications confirmed over the years the feasibility
and safety of the robotic technique, comparable with VATS [15–18], and different robotic
approaches have been described ranging from the use of three or four robotic arms, utility
incision or CO2 insufflation, and different port placement [19,20]. Despite RATS gaining
popularity in the thoracic surgery community as one of the possible minimally invasive
techniques used for both mediastinal tumors and pulmonary resection, the majority of
papers published were focused on technical aspects, analyzing its safety and feasibility,
while little data was available about survival and oncological outcomes. In fact, one of
the major criticisms of minimally invasive surgery is the inadequate mediastinal lymph
node dissection compared to open surgery, and concern over inferior oncologic outcomes
has contributed to the slow adoption of minimally invasive surgery techniques. In the last
decade, different studies have demonstrated that robotic pulmonary resection is oncologi-
cally safe, allowing for excellent lymph node removal [21–26] thanks to the 3D vision and
the wide range of high-precision movements, even greater than the human wrist, crucial
in performing lymphadenectomy. Toosi et al. [22] recently showed that RATS allowed
for an adequate lymphadenectomy with the detection of occult lymph node metastatic

J. Clin. Med. 2022, 11, 4201. https://doi.org/10.3390/jcm11144201 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm11144201
https://doi.org/10.3390/jcm11144201
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0001-5986-7811
https://orcid.org/0000-0002-0483-5828
https://doi.org/10.3390/jcm11144201
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm11144201?type=check_update&version=1


J. Clin. Med. 2022, 11, 4201 2 of 3

disease and a significant upstaging (14.8%) with similar oncologic outcomes compared
to open radical lymphadenectomy. In a multicenter study published by Cerfolio [23],
the median number of lymph nodes resected was 13 (5 N2 stations and 1 N1), with only
a 3% cumulative incidence of local recurrence (ipsilateral operated chest). Interesting onco-
logical and long-term results were already published by Park in 2012 [21], showing a 5-year
OS rate of 80% with a median follow-up of 27 months, increased up to 91% and 88% in stage
IA and IB, respectively. In 2019, we reported our 10 years’ experience in RATS, showing
a 5-year stage-specific survival rate of 91.5% for stage I NSLC with a median follow-up
of 29 months [24] and no differences when compare to open surgery for cN0 patients [25].
These data have allowed thoracic surgeons to go further, widening the selection mesh
of patient candidates for robotic surgery and also including more advanced tumors, in
particular after induction therapy. Cerfolio showed an excellent 62% of 5-year stage-specific
survival for stage IIIA and 51% in patients undergoing IT [23]. Even in our preliminary
results on patients with locally advanced NSCLC after induction therapy [27], lymph nodes
resection and positivity were not significantly different (p = 0.96 and p = 0.57, respectively)
between RATS and open surgery, and no difference was found for PFS (p = 0.16) or OS
(p = 0.41), demonstrating that the early outcomes and oncological results of N2-patients
after robotic lobectomy were similar to open surgery.

In conclusion, considering the advantages of minimally invasive surgery, RATS should
be a valid alternative not only for early-stage NSCLC but also for more advance tumors,
with comparable favorable prognosis to open surgery, when performed in expert hands.
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