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Introduction: Segmental anatomical resections have been a subject of debate in recent years. There is increasing 
evidence that these procedures may offer some advantages in the treatment of early-stage lung cancer, with overall survival 
(OS) and disease-free survival (DFS) similar to those seen in lobar anatomical resections.

Materials and Methods: We conducted a retrospective analysis of patients who underwent segmentectomy at Santa 
Marta Hospital (HSM) between January 2018 and September 2022. Patients undergoing trauma-related segmentectomy or as 
a secondary procedure were excluded.

Results: 37 segmentectomies were performed, of which 34 were included in this analysis. 29 (85.3%) were performed 
for malignancies, 5 (14.7%) for benign conditions. Of the malignancies, 24 (82.8%) were primary lung cancer (PLC): 18 (75%) 
adenocarcinomas (ADC), 2 (8.3%) squamous cell carcinomas (SCC), 4 (16.7%) typical carcinoids (TC); 5 (17.2%) were colorectal-
origin metastases. Among the benign cases: 3 (60%) were aspergillomas.

Mean age of PLC patients was 71 years (min=56;max=88), with 9 (37.5%) females and 15 (62.5%) males. In 11 
(45.8%), FEV1 or DLCO was <60%. 18 (75%) were smokers. Lesions were mostly solid nodules (N=12;50%). Others included 
subsolid lesions (N=11;45%) and 1 (4.2%) cystic formation.

At surgery, only 3 (12.5%) patients had a pre-operative histological diagnosis (ADC=2; SCC=1). 21 (87.5%) were stage 
IA, 2 (8.33%) patients were stage IB and 1 (8.33%) patient was stage IIA.

Procedures were performed via VATS (N=17;70.8%), via thoracotomy (N=5;20.8%) and via RATS (N=2;8.3%). 23 
(95.8%) were R0 resections.

Postoperatively: 19 (79.2%) were stage IA; 3 (12.5%) IB; ,1 (4.2%) IIB, and 1 (4.2%) IIIA. 3 (12.5%) had upstaging.
2 (8.3%) patients underwent adjuvant chemotherapy, 1 (4.2%) had completion lobectomy. 2 (8.3%) experienced 

recurrence. DFS was 100% at 3, 6, and 12 months, and at 3 and 5 years, was 88.9% and 66.7% respectively. OS was 100% at 
3, 6, and 12 months and 95% at 3 and 5 years. 

Median follow up time was 29 months (IQR: 18 – 44). 
Conclusion: This study reinforces the idea that segmental resections should be considered a viable option for patients 

with early-stage lung cancer. Although this analysis has some limitations, such as a limited number of preoperative histological 
diagnoses and postoperative upstaging, our results demonstrate promising OS and DFS, in accordance with recent literature. 
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Abstract

INTRODUCTION

Thoracic surgery has developed massively in recent 
years. Not only did the incisions become smaller, but also 
the type of lung resections, aiming, at first, to spare lung 
parenchyma in patients with poor pulmonary function.1,2

Lobectomy has been considered the gold standard for 
treatment of early-stage non-small cell lung cancer (NSCLC). 
Results from 1995 defined the surgical approach in T1N0M0 

NSCLC, concluding that patients who underwent sublobar 
resections had worse prognosis when compared to those 
who were submitted to lobectomies.3

With screening programs being implemented, an 
increasing number of early-stage lung cancers are detected, 
particularly subsolid and pure ground-glass-opacities (GGO) 
lesions.4-6

Over the years, several studies from different centers 
have reported good results after sublobar resection for pure 
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GGO, tumors that usually represent non-invasive or less 
invasive lepidic dominant adenocarcinomas (ADC).(4) Other 
studies have also shown benefits even in solid ADC tumors 
inferior to 2cm.7

Unfortunately, these studies show some flaws, 
regarding their methods, such as the type of sublobar 
resection (wedge resection or segmentectomy), and also 
regarding the results, for example in nodal upstaging.8,9

Because of such controversies, there is an urgent need 
for randomized studies. New developments have been made 
on segmentectomies for lung cancer, with some evidence 
showing non-inferiority disease-free-survival and overall 
survival when compared to lobectomies, for peripheric non-
small cell lung tumors with size inferior to 2cm. 10,11

Therefore, the role of segmentectomies in thoracic 
surgery is a current topic of most importance.

Our study goal was to perform a descriptive analysis 
of the patients submitted to segmentectomy for PLC and, as 
primary outcomes, we aimed to evaluate overall (OS) survival 
and disease-free survival (DFS). 

 
MATERIALS AND METHODS 

We conducted a retrospective analysis of patients 
who underwent segmentectomy at Santa Marta Hospital 
(HSM), between January 2018 and September 2022. 

Patients undergoing trauma-related segmentectomy 
or as a secondary procedure were excluded from our sample. 

We began by conducting a descriptive analysis of all 
34 included patients. 

Patient-related variables included: age, gender, 
smoking habits, pre-operative percentage of forced vital 
capacity at 1 second (FEV1) and diffusing capacity for lung 
carbon monoxide (DLCO) and comorbidities. Diagnosis and 
staging variables included: known pre-operative diagnosis, 
method of diagnosis, radiological findings, invasive mediastinal 
staging and used method. Procedure-related variables 
included: type of segmentectomy performed, number of 
segments removed and surgical approach. Immediate post-
operative variables included: drainage time, length of stay 
(LOS) and 30 days complications. Surgical-specimen related 
variables included: tumor histology, pathological staging and 
resection margins; post-operative variables included: use of 
adjuvant therapy, need for re-intervention, date and site of 
disease relapse and last known survival. 

Segmentectomy was considered when a sublobar 
resection of 1 or more segments where anatomically removed 
(dissection and independent section of, at least, artery and 
bronchus for the respective segment).

All patients were submitted to ipsilateral mediastinal 
lymph node dissection in the same operative time of 
segmentectomy. 

All specimens removed where analyzed by our 
center’s pathologists. Resection margins and pathological 
staging were defined according to 8th TNM classification.12

OS was a primary goal and was defined as the time 

interval between date of operation and date of patient’s 
death or date of last appointment. DSF was defined as the 
period between surgery and evidence of disease relapse.

Categorical data were expressed as absolute value 
and percentage. Continuous variables were expressed as 
median and interquartile range (IQR) and, when statistically 
relevant, minimum and maximum. Survival outcomes were 
analyzed with the Kaplan Meyer method. Statistical analysis 
was performed using IBM SPSS® v28 software.

 
RESULTS 

37 segmentectomies were performed, of which 34 
were included in this analysis. 

Considering these 34 patients: 21 (61.7%) were males. 
Median age was 68 years (IQR: 62 - 77). 

29 segmentectomies (85.3%) were performed 
for malignancies and 5 (14.7%) for benign conditions. 
Of the malignancies, 24 (82.8%) were PLC: 18 (75%) 
adenocarcinomas (ADC), 2 (8.3%) squamous cell carcinomas 
(SCC), 4 (16.7%) typical carcinoids (TC); 5 (17.2%) were 
metastases from colorectal origin. Among the benign cases: 
3 (60%) were aspergillomas, 1 (20%) was an emphysema 
bullae and 1 (20%) was a non-infectious inflammatory 
process. (Table 1.)

Regarding only PLC patients: Median age was 68 (IQR: 
63-79) years. 15 (62.5%) were males. 18 (75%) patients were 
smokers, with a median pack-years of 50 (IQR: 36-83). In 11 
(45.8%), FEV1 or DLCO was <60%. All patients presented 
different comorbidities such as: chronic obstructive pulmonary 
disease (COPD), hypertension, diabetes mellitus, dyslipidemia, 
obesity, asthma, other cancers (mainly prostatic, colorectal 
and breast), but none was prevalent. 12 lesions (50%) were 
solid nodules, 6 (25%) were part-solid lesions, 5 (20.8%) were 
pure GGO and 1 (4.2%) was a cystic lesion. (Table 2). Median 
lesion size was 17mm (IQR: 12 - 23). 21 (87.5%) did not have 
a pre-operative diagnosis and 3 (12.5%) patients had a pre-
operative diagnosis, done by transthoracic needle biopsy; 
of these 3, 2 (66%) patients had histology compatible with 
adenocarcinoma and 1 (33%) with squamous cell carcinoma.

21 (87.5%) patients were clinical stage IA: 14 (58.3%) 
were cT1bN0M0 and 7 (29.2%) were cT1cN0M0. 2 (8.33%) 
patients were clinical stage IB: cT2aN0M0. 1 (4.2%) patient 
was clinical stage IIA (cT2bN0M0). (Table 2.)

17 (70.8%) procedures were performed by video-
assisted thoracoscopy (VATS), 5 (20.8%) by thoracotomy and 
2 (8.3%) by Robotic-Assisted Thoracic Surgery (RATS).

There were 9 (37.5%) segmentectomies performed on 
the right lung: 1 (11.1%) in apical segment of superior lobe, 
1 (11.1%) in posterior segment of superior lobe, 3 (33.3%) in 
anterior segment of superior lobe and 4 (44.4%) in the apical 
segment of inferior lobe. 

15 (62.5%) segmentectomies were performed on 
the left lung: 1 (6.7%) in apical segment of superior lobe, 4 
(26.7%) in apical segment of inferior lobe, 2 (13.3%) in apico-
posterior segment, 7 (46.7%) in the culmen, and 1 (6.7%) in 
the lingula. (Table 4.)
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 Histological Subtypes n (%)

Malignant disease 29 (85.3)

Primary lung cancer 24 (82.8)

Adenocarcinoma 18 (75)

Squamous cell cancer 2 (8.3)

Typical carcinoid tumor 4 (16.7)

Colorectal cancer metastasis 5 (17.2)

Benign disease 5 (14.7)

Aspergilloma 3 (60)

Emphysema bullae 1 (20)

Non infectious inflamatory process 1 (20)

Table 1 Histological subtypes of lesions 
n=34

Clinical staging  n (%)

Stage IA 21 (87.5)

Stage IA2 cT1bN0M0  14 (58.3)

Stage IA3 cT1cN0M0 7 (29.2)

Stage IB cT2aN0M0 2 (8.3)

Stage IIA cT2bN0M0 1 (4.2)

Table 3 Clinical staging of PLC patients  
n=24

Imagiological presentation n (%)

Solid lesions 12 (50)

Part-solid lesions 6 (25)

Pure ground grass opacity 5 (20.8)

Cystic lesions 1 (4.2)

Table 2
Types of imagiological presentation  
on CT scan of PLC patients lesions n=24

Median drainage time was 3.5 days (IQR: 2 - 5), 
median LOS time was 4.5 days (IQR: 3 – 8). Postoperative 
complications were present in 7 (29%) patients, which 
included: 3 (42.9%) prolonged air leak; 1 (14.3%) pneumonia; 
2 (28.6%) atrial fibrillation and 1 (14.3%) pneumothorax after 
drainage removal. (Table 5.)

Definitive post-operative staging showed that 19 
(79.2%) of the removed specimens were stage IA: 2 (4.2%) 
pT1aN0M0, 12 (50%) pT1bN0M0, and 5 (20.8%) pT1cN0M0. 
3 (12.5%) were stage IB: pT2aN0M0; 1 (4.2%) was stage IIB: 
pT1bN1M0; and 1 (4.2%) was stage IIIA: pT1aN2M0. (Table 6.)

Pathologic examination also revealed that a complete 
surgical resection (R0) was achieved in 23 (95.8%) cases 
and 1 (4.2%) surgical specimen had microscopic invasion of 
surgical margins (R1).

Adjuvant chemotherapy was done in 2 (8.3%) patients 
and 1 (4.2%) patient had completion lobectomy.

2 patients (8.3%) experienced histologically confirmed 
recurrence: 1 (4.2%) in mediastinal lymph nodes and 1 (4.2%) 
in the remaining lobe confirmed by biopsy.

Considering all 24 patients, DFS was 100% at 3, 6, and 
12 months, 88,9% at 3 years and 66.7% at 5 years. (Figure 
1.) OS was 100% at 3, 6, and 12 months and 95% at 3 and 5 
years. (Figure 2.)

Follow up-time was 1-5years. Median follow up time 29 
months (IQR: 18 – 44). Follow up was complete for all patients.

When selecting patients with tumors <2cm (n=14), 
OS and DSF are 100% at 3, 6 and 12 months, and 100% in 
3 and 5 years. 

DISCUSSION

The debate over segmentectomies has been going on 
for decades. As explained earlier, in 1995, the Lung Cancer 
Study Group defined lobectomy as the best treatment 
for NSCLC T1N0M0. By then, tumors were detected by 
radiography and staging of these tumors was precarious. 
Advances in medicine have been made, not only in the ability 
to detect smaller tumors with chest-CT, but also in methods 
of staging, providing more accurate information about the 
tumor and its stage.7

With the detection of smaller tumors, questions 
emerged about making smaller resections, in order to 
preserve lung parenchyma and lung function.1,2 Moreover, 
with the implementation of screening programs, there is 
an earlier detection of these cancers, having more young 
patients diagnosed. Therefore, preserving lung parenchyma 
might be crucial for the event of new primary lung cancers 
that could appear.7 

Segmentectomies are now becoming a usual practice 
for NSCLC amongst most centers. New studies about this 
topic are emerging. These studies evaluated patients with 
tumors under 2cm submitted do segmentectomy, with intra-
operative histologic examination of surgical margins and N1 
lymph nodes. If surgical margins are clear and lymph nodes 
are negative for cancer, segmentectomy shows non-inferior 
results when comparing to lobectomy.10,11

This retrospective study only included 24 patients 
with PLC because, in our center, segmentectomies were 
performed according to state knowledge during the study 
period, based on international guidelines: patients with 
poor pulmonary function precluding lobectomy; when, 
without a pre-operative diagnosis, a wedge resection was 
technically non-feasible (deep nodules); and lesions hard to 
identify at palpation (e.g. GGO) to guarantee excision with 
adequate margins. Most of our patients were necessity 
segmentectomies, according to these criteria, and only 
few were segmentectomies with curative intent, regarding 
specific cases of <2cm pure GGO lesions without pre-
operative diagnosis and in whom frozen section was difficult 
due to small size of the lesions.

Pre-operative histological diagnosis was lacking in 
most patients due to nodule characteristics (subsolid lesions, 
small lesions) or location in lung parenchyma, making biopsies 
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Lung segments ressected n (%)

Right lung 9 (37.5)

Right upper lobe

Apical 1 (11.1)

Posterior 1 (11.1)

Anterior 3 (33.3)

Right lower lobe

Superior 4 (44.4)

Left lung 15 (62.5)

Left upper lobe 

Apical 1 (6.7)

Apico-posterior 2 (13.3)

Culmen 7 (46.7)

Lingula 1 (6.7)

Left lower lobe

Superior 4 (26.7)

Table 4
Types of segmentectomies  
n=24

Post operative complications n (%)

Clavien-Dindo grade I complications 3 (42.9)

Prolonged air leak 3 (42.9)

Clavien-Dindo grade II complications 3 (42.9)

Atrial fibrillation 2 (28.6)

Pneumonia 1 (28.6)

Clavien-Dindo grade IIIa complications 1 (14.3)

Post chest tube removal pneumothorax 1 (14.3)

Table 5
Post operative complications  
stratified according to Clavien-Dindo 
classification (1) n=7

Pathological staging  n (%)

Stage IA 19 (79.2)

Stage IA1 pT1aN0M0 2 (4.2)

Stage IA2 pT1bN0M0  12 (50)

Stage IA3 cT1cN0M0 5 (20.8)

Stage IB pT2aN0M0 3 (12.5)

Stage IIB pT1bN1M0 1 (4.2)

Stage IIIA pT1aN2M0 1 (4.2)

Table 6
Pathological staging of PLC patients 
n=24

unfeasible by available techniques. However, histological 
specimens were acquired in 3 patients. 2 patients had ADC 
histology and 1 had SCC histology, with 32, 42 and 11mm in 
size, and poor pulmonary function. In the first and second 
cases, a segmentectomy was preferred over local therapy for 
the advantage of having a complete lymph node dissection 
that would allow more appropriate staging to define adjuvant 
treatment. In the third case, segmentectomy was preferred 
over stereotactic body radio therapy (SBRT), not only because 
of what was described for the first and second cases, but also 
because SBRT is not always timely assured in our center. 

Considering nodal status, 2 patients had nodal 
upstaging. These patients did not have indication for invasive 
mediastinal staging and had unforeseen N1 and N2 disease. 
Post-operatively, they underwent chemotherapy. In cases 
where there was no indication for invasive mediastinal 
staging, some studies showed low rates of unforeseen N1 
and N2 disease, ranging from 3.7% to 10%.13–15 This means 
that a small percentage of patients with these characteristics 
will have unforeseen N1 and N2 disease, as in these two cases. 
This data reinforces the key point of importance of lymph node 
dissection when selecting patients for treatment, favoring 
surgery when compared with non-surgical alternatives.

To overcome this problem, most of the studies 
regarding sublobar resections refer intra-operative pathologic 
examination of N1 disease.4,10,11,16 Also, some studies refer 
that SUVmax value of primary tumor, and the combination 
of TC and PET-CT can give more information about the 
tumor invasiveness and aid in the selection of patients for 
segmentectomy.4,8,14

Regarding surgical margins, 1 patient had microscopic 
invasion (R1). Unfortunately, frozen section of the margins 
and lesion was not available. He had an ADC diagnosed post-
operatively and due to his good pulmonary function, he was 
referred to completion lobectomy. This raises the question of 
the necessity of a better planning of the surgical resection 
margins. The nodule location should be correctly identified 
in a segmental area and that can be achieved not only with a 
better collaboration with the radiology department, but also 
with the use of different techniques or software, such as, the 
use of indocyanine green or inflation-deflation method of 
lung parenchyma after segmental bronchus clamping.17

As far as recurrences are concerned, our study 
showed that 1 patient had recurrence in the staple line and 
1 in mediastinal lymph nodes (N2). The first patient had a 
42mm solid ADC with a R0 resection. He had recurrence in 
staple line 36 months after surgery and was treated with 
SBRT. The second patient had a post-operative diagnosis 
of ADC, with positive N1 disease. 54 months later, he had 
recurrence in N2 lymph node (ADC in station 4R confirmed by 
mediastinoscopy). He is now under chemoradiotherapy with 
sequential immunotherapy. 

Finally, our survival curves show that only one patient 
died 15months after surgery, by other cause of death rather 
than disease progression. When considering only patients 
with tumors <2cm, our survival results (100% OS) are 
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Disease-Free Survival (n=23)Figure 1

Overall Survival (n=23)Figure 2
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