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Introduction

The first anatomical lung segmentectomy was performed 
over 80 years ago for bronchiectasis in the lingula (1). 
Curiously, pneumonectomy was considered the gold 
standard for the treatment of lung cancer at the time (2). 
The progressive increase in the detection of small lung 
tumours, as well as ground glass opacities (GGOs), pushed 
surgeons to carry out limited pulmonary resections, in 
order to preserve lung tissue. In 1995, the Lung Cancer 
Study Group (LCSG) demonstrated a higher rate of local 
recurrences in patients treated with limited resections (3). 
Despite the bias in this study, such as the small sample size 
and the inclusion of tumours up to 3cm in size, the western 
world grew sceptical towards sublobar resections, and 
lobectomy became the treatment of choice for lung cancer. 
Until 2000, very few articles regarding sublobar resections 
have been published in western countries, and these works 
were mostly little case series (4-6). These procedures, in 
fact, were usually offered to elderly patients (7), metastatic 
cancer patients (8) or to those with a second primary lung 

cancer (9-11). In this article we debate the current trends 
in the treatment of early stage non-small cell lung cancer 
(NSCLC) in Europe.

Patients’ selection and choice of the procedure

Historically, limited resections for stage I–II lung cancer 
were offered to patients with compromised respiratory 
function or severe cardiovascular comorbidities. In a 
retrospective study on 472 patients with stage I NSCLC, 
Pastorino et al. reported 61 sublobar resections (wedge 
and segmentectomies); in this group of patients, 50% had 
cardio-respiratory comorbidities. The Authors concluded 
that a more conservative treatment should be considered in 
patients with severe concurrent pathologies (4).

In 2004, Martin-Ucar et al. published a retrospective 
study on anatomical segmentectomies in a high risk 
population: patients undergoing this procedure had a 
mean FEV1 of 43.7% and a mean ppoFEV1 of 32.6%. 
Every patient from this group was individually matched 
to patients with the same characteristics who underwent 
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pulmonary lobectomy. The Authors asserted that 
anatomical resection in patients with early stage NSCLC 
and a poor respiratory function was feasible, with good 
outcomes in the long term (12).

A few years later, Gossot et al. presented the initial 
results of a study including patients who underwent totally 
endoscopic major pulmonary resection for first stage 
NSCLC. In this work, anatomical sublobar resections 
were reserved to patients with an impaired respiratory 
function that would have made lobectomy a high-risk 
procedure (13).

Witte et al. too reported complete video-assisted 
thoracoscopic surgery (VATS) segmentectomies in a 
single-centre prospective observational study including 20 
consecutive patients with clinical stage I lung carcinoma. 
They recommended sublobar resection in those patients 
with at least one contraindication to lobectomy, generally 
referring to severe comorbidities and poor respiratory 
function (14).

In this scenario, patients' age has always been a key 
factor: many surgeons considered sublobar resection as 
the most appropriate approach in elderly patients. An 
Italian multicentre study by Fiorelli et al. retrospectively 
considered 239 patients over 75 years undergoing surgery 
for early stage NSCLC (i.e., T1a,b-2aN0). In 149 (62.3%) 
patients, lobectomy was performed, while 90 patients 
underwent sublobar resection (39 segmentectomies, 51 
wedge resections). The latter had a significantly worse 
preoperative and predictive postoperative respiratory 
function, an impaired cardiac function and a higher 
Charlson comorbidity index. Based on the analyses of 
the oncological outcomes, the authors inferred that 
compromised elderly patients could benefit from lung-
sparing procedures (15).

In the last few years, as shown by the Literature, 
anatomical segmentectomy has been increasingly performed 
intentionally, namely in patients with a small primary 
tumour who could endure lobectomy. This trend was a 
consequence of both the increase in diagnosis of small 
lesions, also thanks to screening programs (16,17), and 
the publication of various studies showing that anatomical 
segmentectomy was an adequate approach for tumours 
smaller than 2 cm (18).

However, the adoption rate of this technique was quite 
heterogeneous among different countries around Europe: 
Petersen presented the data from the Danish Lung Cancer 
Screening, which included only one segmentectomy out of 
49 operations, 37 of those being major resections performed 

by VATS. In this study, lobectomy was considered the gold 
standard approach (19). In the Dutch-Belgian Nelson lung 
cancer screening trial, only 4 segmentectomies have been 
reported out of 198 operations (20).

On the other side, Infante et al. published the surgical 
results from the DANTE Trial screening program: elective 
anatomical segmentectomy was performed in 19% of the 
cases, in patients with both a poor respiratory function and 
small peripheral solid lesions and/or GGOs. The Authors 
argued that in patients with screening-detected lesions, 
segmentectomy would often be an adequate choice, as it 
allows local control of the disease with a limited reduction 
of respiratory function. Nonetheless, segmentectomy 
remains a technically challenging procedure that necessitates 
adequate training for the surgical team. Therefore, surgeons 
need time to overcome the appropriate learning curve, 
particularly when referring to VATS technique: out of the 
11 segmentectomies performed, 3 underwent reoperation 
(one for bleeding, the other two because of venous 
infarction of the lingula after culmenectomy) (21).

Morgant reported a study regarding time trends in the 
surgical treatment of lung cancer in France: by extrapolated 
data from the Epithor clinical database, he detected an 
increase in the number of early stage NSCLC diagnosis. 
This caused a reduction in the number of pneumonectomies 
performed compared to lobectomies, but most of all 
it determined a significant increase in the number of 
anatomical segmentectomies, which went from 2.6% in 
2005–2006 to 5.4% in 2011–2012 (22).

Gossot’s research team recently published the data on 
survival in 648 patients undergone totally endoscopic 
major pulmonary resection for I stage NSCLC from 
2007 to 2016. The Authors underline that with change 
in patients’ characteristics, sublobar resection increased 
from 8% in 2007–2008 to 37.6% in 2016; in this study, 
segmentectomy was offered to patients with nodules  
<2 cm and to patients with cT1b cancer who had had 
a prior major pulmonary resection and/or had an 
impairment in respiratory function (23).

Type of surgical approach

Over the past three decades, the pursuing of progressively 
less invasive surgical approaches radically changed the 
way pulmonary resections are performed. As it was for 
lobectomies, anatomical segmentectomies were historically 
carried out via thoracotomy. In 2008, Sienel et al. published 
a study to compare wedge resections and segmentectomies: 
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all the 56 segmentectomies described where performed 
by posterolateral  or anterolateral  muscle sparing  
thoracotomy (24). In time, though, VATS approach gained 
increasing popularity around Europe and surgeons started 
to apply this technique to segmentectomies. However 
different centres around Europe still adopt various 
techniques.

VATS technique for anatomical segmentectomies has 
been shown to be safe and feasible by different studies 
(12,23,25). Even though it requires more technical 
precision and awareness of the anatomy of the lungs, 
VATS segmentectomy has also been associated with a 
reduced post-operative mortality (25), similar postoperative 
complications and reduced length of stay, when compared 
to thoracotomic segmentectomy (26).

In 2011, Gossot et al. published the initial data regarding 
a totally endoscopic approach (i.e., four trocars, no access 
incision) for anatomical segmentectomies, including 50 
patients; in 20 of those cases, the procedure was associated 
with radical lymphadenectomy (13). Witte too reported 
his experience on complete VATS segmentectomies in a 
case series including 20 consecutive anatomical sublobar 
resections: her preferred approach consisted of a three-
portal VATS (one anterior 2-4cm utility incision and two 
epiphrenic trocars), and lymph-nodes dissection was carried 
out in a systematic way (14). In another work published 
by the same Authors in 2015, reporting their experience 
from 2002 to 2012, they described 100 anatomical sublobar 
resections: 56 of them were carried out by three-portal 
VATS and 44 by thoracotomy. When comparing those 
two groups, the Authors found that VATS approach was 
associated with a reduced length of hospital stay and less 
post-operative comorbidities; moreover, VATS technique 
resulted slightly better in terms of five-years overall survival 
and recurrence-free survival (27).

In the same period, different centres were stil l 
performing mostly open surgery. In 2011, in Italy, the data 
by Infante reporting the experience of the DANTE trial 
showed lateral thoracotomy and posterolateral thoracotomy 
as the routinely used approach; among those procedures, 
only one VATS segmentectomy was performed (21).

When analysing the results of the Danish Lung Cancer 
Screening Trial published by Petersen in 2012, 84% out 
of 49 operations were carried out by VATS, but only one 
of them was an anatomical segmentectomy (19). Dziedzic 
collected and published data from the Polish National Lung 
Cancer Registry: 23 segmentectomies were performed from 
2007 to 2013, 13 of them (5.6%) via VATS (28).

In 2012, Gonzalez-Rivas reported the first anatomical 
segmentectomy performed by uniportal VATS, showing the 
feasibility of this complex procedure, even with the utmost 
minimally invasive approach described (29).

In time, following the progressive worldwide diffusion 
of uniportal VATS for lobectomies, experienced surgeons 
started to apply this technique for more demanding 
procedures such as anatomical segmentectomies.

In 2017, Surendrakumar reported 86 consecutive 
patients undergone segmentectomy in a 36 months period: 
52 resections where performed via VATS (73% of them 
being uniportal). In this study, survival, complications 
and readmissions rate were similar after open and VATS 
segmentectomy; the second group showed a shorter 
length of stay and a shorter chest tube placement duration. 
Moreover, no difference between the two groups was 
observed in the number of lymph nodes resected (26).

Only few data  are  avai lable  regarding robotic 
segmentectomies: in 2012, Pardolesi reported 17 patients 
who underwent robotic segmentectomy with Da Vinci 
System in two centres. The approach consisted of 3 
or 4 ports, depending on the surgeon performing the 
segmentectomy. The Authors claim that this technique 
is feasible and safe, and that robotic surgery has several 
theoretical advantages over VATS surgery, such as a three 
dimensional field of view and the absence of the fulcrum 
effect (30). In order to further move towards minimally 
invasive techniques, some centres are starting to adopt 
non-intubated VATS segmentectomies (NITS): in 2014, 
Mineo described 36 cases undergoing NITS for stage I 
lung cancer: the rate of conversion to general anesthesia 
was 2.8%, and he observed a reduction in the length 
of stay and in the morbidity rate compared to the same 
procedure performed with general anesthesia. The author 
recommends a thorough study of the upper airways in the 
event of unexpected events during the procedure (31).

Oncological outcomes

The oncological view should be the first point of interest 
when arguing about tissue-sparing oncologic surgery. It is 
interesting to notice that among 38 final selected articles in 
this review article, only 16 adequately cover the oncological 
aspect of segmentectomy in early stage lung cancer.

In 2004, an Italian retrospective analysis did not 
show any difference in survival after lobectomy vs. 
segmentectomy for stage I NSCLC; on the contrary, a 
higher incidence of local recurrence in segmentectomy 
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was noticed (32). It is well known that when comparing 
different types of sublobar resections, segmentectomy 
is superior to wedge, as confirmed by Sienel et al. in a 
retrospective analysis of sublobar resection in compromised 
patients (24). Sienel himself previously focused the attention 
on the local recurrence rate, stating that it is, of course, 
higher in segmentectomy than lobectomy, but depends on 
the different segments resected, recommending to avoid 
segmentectomy in S1-3 region (33). Martin-Ucar et al., in a 
case-matched analysis of high-risk stage I NSCLC did not 
see any difference both in local recurrence rate and survival 
between lobectomy and segmentectomy (12). The Italian 
DANTE trial established that minimally invasive approach 
and lung-sparing procedures, such as segmentectomies, 
could lead to achieve local control and should be used in 
screened-derived patients, that more often undergo surgery 
for benign disease (21). Once more in Italy, Mattioli et al.  
in a case-match study comparing 46 lobectomy with 46 
segmentectomy for cT1aN0M0 lung cancer, reported 
no differences in the number of N1 or N2 lymph nodes 
resected; also, the two groups had a similar cancer-specific 
survival (34). In 2015 Witte et al. focused on surgical 
approach to segmentectomy, comparing thoracotomy to 
VATS, concluding that thoracoscopic access is probably 
not inferior to thoracotomy in long-term oncological  
outcome (27). An Italian retrospective, multicenter study, 
analysing a high-risk elderly population affected by stage 
I NSCLC, showed no differences between lobectomies 
and sublobar resections (comparing both segmentectomy 
and wedge resections) in terms of long-term survival (15). 
A polish group published in 2017 a national lung cancer 
registry-based analysis of lobectomy vs. segmentectomy 
for stage I NSCLC with no differences in 3-year or 5-year 
survival rates (28); similar results have been observed by 
a propensity score matched analysis published in 2019 by 
Roman et al., with no differences in 5-year survival between 
lobectomy and segmentectomy for stage I tumors (35).

Discussion

Historically, pulmonary lobectomy has always been 
considered the procedure of choice for the treatment of 
lung cancer, even for early stages. Surgeons tended to 
think of limited pulmonary resection as an option only for 
patients with a poor cardiorespiratory function (4,12-14), 
elderly patients (15) or patients with a second primary lung 
cancer (9-11).

The only randomized clinical trial, published by 

Ginsberg in 1995, enrolled patients with cT1N0M0 
NSCLC: in this study, 122 patients undergone sublobar 
resections were compared to 125 lobectomies. The results 
showed an increased mortality rate in the limited resection 
group, and the locoregional disease recurrence was about 
three times higher than that for the lobectomy group. 
However, it should be underlined that, in this study, the 
nodules’ maximum diameter included was 3 cm (3).

Other data regarding oncological outcomes after 
anatomical segmentectomies come exclusively from 
retrospective works; the lack of randomized trials showing 
similar results in overall survival between sublobar 
resections and lobectomy produced growing scepticism 
among surgeons.

Nonetheless, from the beginning of 2000, the number of 
small lung tumours detected started to significantly increase, 
also due to low-dose CT screening programs carried out in 
different European countries (Netherlands-Belgium, UK, 
Denmark, Italy, Germany, Poland, Spain, Switzerland). 
The percentage of lung cancer lesions diagnosed at an 
early stage (i.e., stage I and II) with those programs were  
80% (36), while only 16% were at an early stage among the 
non-screened population.

Furthermore, the development of high-resolution 
CTs increased the diagnosis of GGOs, lesions with a 
heterogeneous biologic behaviour that are potentially 
indolent or low malignant (37).

In the same period, various studies carried out mostly 
in Asian countries reported similar oncological outcomes 
in patients with lesions up to 2cm who underwent 
segmentectomies or lobectomies.

In a multicentre trial including 3 Japanese Hospitals and 
567 low-risk patients with clinical T1N0M0 peripheral 
tumours up to 2 cm, 305 (53.8%) underwent sublobar 
resection while the other 262 underwent lobectomy: the 
results showed no differences between the two groups in 
terms of disease-free survival and overall survival. This 
study emphasized the importance of the intraoperative 
confirmation of the stage by frozen-section analyses of 
sampled lymph nodes (segmental, hilar, mediastinal) (18).

Martin-Ucar too, in a retrospective study on 55 NSCLC 
stage I high-risk patients with respiratory comorbidities, 
declared that the oncological efficacy of limited resections 
was similar to that of lobectomies (12).

In the face of this favourable data on survival and 
considering the increased detection of lung nodules 
with no diagnosis, the interest of surgeons towards more 
conservative procedures began to grow. The combination of 
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a minimally-invasive surgical approach (i.e., VATS, RATS) 
and a lung-tissue sparing procedure is by now considered 
the best therapeutic choice in selected patients with stage Ia 
lung cancer located in the outer third of the lung (Figure 1).

To this day, the recommendations from the European 
Society of Thoracic Surgeons (ESTS) on CT screening 
are in favour of this approach, claiming that in case of 
suspicious lung lesions up to 2 cm and with no diagnosis 
that are entirely resectable by anatomical segmentectomy, 
performing a minimally invasive segmentectomy with a 
diagnostic and therapeutic aim can be acceptable (38).

Since segmentectomy is a technically demanding 
procedure, the need for an adequate learning curve is 
most certainly an obstacle to its worldwide diffusion: 
the main challenges are represented by the correct 
identification of the intersegmental plane and the segmental 
lymphadenectomy, the latter being mandatory in this 
particular operation.

Because of these reasons, some anatomical sublobar 
resections are carried out more frequently than others 
(i.e., apical segment of the lower lobes, lingulectomy, left 
apical trisegmentectomy), and they are performed only by 
surgeons with a lot of experience, especially by VATS (39). 
Scientific Literature, however, shows an increasing spread 
of anatomical segmentectomies around Europe, which leads 
us to think that, as it happened before for other types of 
cancer, this most conservative approach is bound to become 
the procedure of choice in selected patients.
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