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ABSTRACT

Background: Extended lung resections for non-small cell lung cancer (NSCLC) requiring en bloc 
resection of adjacent structures remain technically demanding procedures and are associated with 
considerable perioperative risk. This study analyzes the outcomes of 29 consecutive patients undergoing 
extended lung resections, focusing on survival outcomes and potential prognostic factors.

Materials and Methods: We retrospectively analyzed 29 patients who underwent extended lung 
resections for non-small cell lung cancer (NSCLC) with suspected or confirmed invasion of adjacent 
structures between 2015 and 2023 at our institution. Extended resections included en bloc removal of 
structures such as the chest wall, pericardium, diaphragm, or vascular structures when necessary to achieve 
tumor clearance. Patient demographics, operative characteristics, pathological findings, postoperative 
complications, and long-term survival outcomes were evaluated using Kaplan–Meier survival analysis.

Results: The cohort included 26 males (89.7%) and 3 females (10.3%) with a mean age of 64.4 ± 
10.7 years. Squamous cell carcinoma was the predominant histology (65.5%). TNM staging revealed 
Stage IB (34.5%) and Stage IIA (20.7%) as most frequent. All patients underwent thoracotomy with 
extended resections: chest wall (58.6%), pericardium (20.7%), and combined procedures (20.7%). R0 
resection was achieved in 51.7% of patients. Mean operative time was 159 ± 62 minutes. Postoperative 
complications occurred in 27.6% of patients, with zero 30-day mortality. Mean follow-up was 29.4 ± 
24.1 months with overall mortality of 72.4% and median survival of 24.0 months. Chest wall resection 
patients had higher mortality (82.4%) compared to other extended procedures (58.3%). 

Conclusions: Extended lung resections may be performed with acceptable operative mortality in carefully 
selected patients. However, long-term survival remains limited, particularly in patients requiring chest wall 
resection. Rigorous patient selection and multidisciplinary evaluation are crucial for optimal outcomes.

Keywords: extended lung resection, non-small cell lung cancer, chest wall resection, survival analysis, 
locally advanced lung cancer
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Introduction
Non-small cell lung cancer (NSCLC) with invasion or sus-
pected invasion of adjacent structures may require extended 
pulmonary resection to achieve complete tumor removal. 
Extended lung resections, defined as pulmonary resection 
combined with en bloc resection of invaded neighboring 
structures, offer the only potentially curative treatment op-
tion for selected patients with T3-T4 disease [1].

The evolution of extended resection techniques has been 
driven by advances in surgical methodology, improved 
perioperative care, and refined patient selection criteria [2]. 
These complex procedures typically involve resection of 
structures such as the chest wall, pericardium, great ves-
sels, diaphragm, or adjacent organs, requiring specialized 
expertise and multidisciplinary coordination [3,4].

Current literature demonstrates variable outcomes 
for extended lung resections, with reported 5-year sur-
vival rates ranging from 23% to 71.7%, heavily de-
pendent on patient selection criteria, completeness of 
resection, and institutional experience [5,6]. Critical 
prognostic factors consistently identified across studies 
include nodal status, achievement of R0 resection, his-
tological subtype, and the specific anatomical structures 
involved in the extended procedure [7,8].

Patient selection remains the cornerstone of success-
ful outcomes in extended lung resections. The presence 
of mediastinal nodal involvement (N2 disease) has been 
consistently identified as a relative contraindication to 
extended resection, while patients with N0-N1 disease 
demonstrate significantly improved survival outcomes 
[9,10]. Additionally, the ability to achieve complete mi-
croscopic resection (R0) is crucial for realizing long-
term survival benefit [11,12].

Despite advances in surgical technique and periopera-
tive management, extended lung resections continue to 
be associated with substantial morbidity and mortality, 
necessitating careful evaluation of the risk-benefit ratio 
for each individual patient [13,14]. The complexity of 
these procedures requires thorough preoperative assess-
ment, including comprehensive staging, functional eval-
uation, and multidisciplinary team consultation [15].

This study presents our institutional experience with 29 
consecutive patients undergoing extended lung resections 
for locally advanced NSCLC over an 8-year period. We 

provide detailed analysis of patient demographics, opera-
tive characteristics, postoperative complications, and long-
term survival outcomes, with the aim of contributing to the 
evidence base supporting extended resections in appropri-
ately selected patients and identifying prognostic factors 
that may guide future patient selection strategies.

Materials and Methods
This retrospective cohort study analyzed 29 consecu-
tive patients who underwent extended lung resections 
for locally advanced NSCLC at our institution between 
January 2015 and December 2023. The study was con-
ducted in accordance with the Declaration of Helsin-
ki and approved by the institutional ethics committee 
(Ethics Committee Approval Number: 21/18, Date: 
11.12.2025). Patient informed consent was waived due 
to the retrospective nature of the study.

All patients had histologically confirmed NSCLC 
with clinical or radiographic evidence of invasion into 
adjacent structures, necessitating extended resection for 
complete tumor removal. Cases were reviewed and ap-
proved by a multidisciplinary thoracic oncology team 
including thoracic surgeons, medical oncologists, radia-
tion oncologists, and pulmonologists. Although extend-
ed resections are commonly associated with T3-T4 dis-
ease, some patients in this cohort were pathologically 
staged as T1-T2 because invasion of adjacent structures 
was suspected preoperatively or identified intraopera-
tively. Extended resections were performed based on 
clinical, radiological, or intraoperative suspicion of ad-
jacent structure invasion. However, in a subset of pa-
tients, histopathological examination did not confirm 
true tumor invasion of the resected adjacent structures. 
In such cases, pathological T staging was assigned ac-
cording to the final histopathological findings, irrespec-
tive of the extent of surgical resection.

Patients were retrospectively identified from the in-
stitutional database. Eligible patients had a histologically 
confirmed diagnosis of primary non–small cell lung can-
cer (NSCLC) with clinical or radiographic evidence of T3-
T4 disease requiring extended pulmonary resection. Ad-
equate cardiopulmonary function was required, defined as 
a predicted FEV1 ≥ 40% and DLCO ≥ 40%. Only patients 
with an Eastern Cooperative Oncology Group (ECOG) 
performance status of 0-2 and a multidisciplinary tumor 
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board consensus for surgery were included. Patients were 
excluded if they presented with distant metastatic disease 
(M1) confirmed by imaging, unresectable N2 disease (>3 
involved mediastinal nodal stations or bulky nodes), insuf-
ficient cardiopulmonary reserve to tolerate extended re-
section, prior ipsilateral thoracic surgery, or a concurrent 
malignancy within the preceding five years.

All patients underwent a standardized preoperative 
evaluation. This included a comprehensive medical his-
tory, physical examination, ECOG performance status 
determination, and comorbidity assessment. Pulmonary 
function tests with spirometry and diffusion capacity for 
carbon monoxide (DLCO), arterial blood gas analysis, 
and cardiopulmonary exercise testing were performed 
when indicated. Patients at high cardiovascular risk un-
derwent echocardiography or cardiac catheterization. 
Staging studies consisted of contrast-enhanced com-
puted tomography (CT) of the chest, abdomen, and pel-
vis, positron emission tomography-CT (PET-CT), and 
brain magnetic resonance imaging (MRI). Invasive me-
diastinal staging with endobronchial ultrasound-guided 
transbronchial needle aspiration (EBUS-TBNA) or me-
diastinoscopy was performed when required. Each case 
was discussed at a multidisciplinary thoracic oncology 
meeting, and all patients underwent preoperative anes-
thesiology consultation. Neoadjuvant therapy was con-
sidered according to disease stage and team consensus.

Surgical procedures were performed by experienced 
thoracic surgeons via posterolateral thoracotomy with 
patients in the lateral decubitus position under general 
anesthesia with single-lung ventilation. Extended resec-
tions were classified according to the invaded structures. 
Chest wall resections consisted of en bloc removal of the 
lung with involved ribs, intercostal muscles, and parietal 
pleura, with reconstruction indicated for defects exceed-
ing 5 cm or involving three or more ribs, using prosthetic 
mesh, autologous grafts, or combined methods. Peri-
cardial resections included partial or complete removal 
of the pericardium, with or without atrial involvement, 
and reconstruction with autologous pericardium, bovine 
pericardium, or synthetic substitutes when necessary. 
Diaphragmatic resections were repaired either primarily 
or with prosthetic material. Vascular resections involved 
reconstruction of pulmonary vessels, the superior vena 
cava, or other major vascular structures as indicated. 

Combined resections involving multiple structures were 
performed using multimodal reconstructive techniques.

In all cases, systematic mediastinal lymph node dis-
section was carried out in accordance with International 
Association for the Study of Lung Cancer (IASLC) rec-
ommendations. Completeness of resection was classi-
fied as R0 (microscopically complete), R1 (microscopi-
cally incomplete), or R2 (macroscopically incomplete).

Data were systematically retrieved from electronic 
medical records. Collected variables included demo-
graphics such as age, sex, body mass index, smoking 
history expressed in pack-years, and comorbidities in-
cluding chronic obstructive pulmonary disease, coro-
nary artery disease, hypertension, and diabetes mellitus, 
together with pulmonary function test results and clini-
cal staging. Comorbidity burden was additionally quan-
tified using the Charlson Comorbidity Index (CCI), 
which was retrospectively calculated based on age and 
documented comorbid conditions. The primary malig-
nancy was not included in the CCI calculation to avoid 
artificial inflation of comorbidity scores. Tumor-related 
variables comprised histopathological diagnosis ac-
cording to the World Health Organization classification, 
tumor size and anatomical location, TNM stage based 
on the 8th edition of the AJCC/UICC staging system, 
and histologic differentiation grade. Operative details 
included the type of pulmonary resection, the specific 
adjacent structures resected, operative time, estimated 
blood loss, and intraoperative complications. Postop-
erative outcomes assessed were intensive care unit stay, 
total hospital stay, postoperative complications catego-
rized by the Clavien-Dindo classification, 30- and 90-
day mortality, and resection margin status. Long-term 
data included overall survival, disease-free survival, 
recurrence patterns categorized as local, regional, or 
distant, and receipt of adjuvant therapy.

Patients were followed according to institutional pro-
tocol, with clinical examination and chest imaging every 
three months during the first two years, every six months 
between the third and fifth years, and annually thereafter. 
Additional imaging studies, including computed tomogra-
phy or positron emission tomography-computed tomog-
raphy, were performed when clinically indicated, and all 
recurrences were reviewed in a multidisciplinary setting.
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Statistical Analysis
Statistical analyses were performed using SPSS soft-
ware (version 28.0, IBM Corp., Armonk, NY, USA). 
Categorical variables were compared using the chi-
square or Fisher’s exact test, and continuous variables 
were analyzed with the Student’s t test or Mann–Whit-
ney U test, as appropriate. Survival outcomes, includ-
ing overall survival and disease-free survival, were 
estimated by the Kaplan-Meier method and compared 
using the log-rank test. Due to the limited sample size, 
multivariable modeling was not performed. Survival 
comparisons were considered exploratory. 

Descriptive statistics were applied to summarize pa-
tient characteristics and outcomes. Continuous variables 
were expressed as mean ± standard deviation for normal-
ly distributed data or as median with interquartile range 
for non-normally distributed data, while categorical vari-
ables were presented as absolute numbers and percent-
ages. Overall survival was defined as the interval from 
the date of surgery to death from any cause or last follow-
up, and disease-free survival was defined as the interval 
from surgery to the first documented recurrence, death, 
or last follow-up. Survival analyses were conducted us-
ing the Kaplan–Meier method, and survival curves were 
generated for overall survival as well as for relevant sub-
groups. All statistical tests were two-sided, and a p-value 
< 0.05 was considered statistically significant.

Results
During the study period, 29 patients underwent ex-
tended lung resections for locally advanced NSCLC. 
The cohort comprised 26 males (89.7%) and 3 females 
(10.3%) with a mean age of 64.4 ± 10.7 years (range: 
41-83 years). The majority of patients (21, 72.4%) had a 
significant smoking history with a mean smoking expo-
sure of 35.2 ± 18.6 pack-years among smokers. 

Comorbidities were common, with chronic obstruc-
tive pulmonary disease present in 15 patients (51.7%), 
hypertension in 12 patients (41.4%), coronary artery 
disease in 8 patients (27.6%), and diabetes mellitus in 
6 patients (20.7%). All patients had ECOG performance 
status 0-1 at the time of surgery. The mean Charlson 
Comorbidity Index (CCI) score was 2.83 ± 1.56, indi-
cating a moderate comorbidity burden. Most patients 
were classified as having moderate comorbidity (CCI 
2–3, 51.7%), while 31.0% had high comorbidity burden 
(CCI ≥4). Patient demographics and baseline clinical 
characteristics are summarized in Table 1.

Table 1. Patient demographics and clinical characteristics.
Characteristic Value (n=29)
Age (years)
Mean ± SD 64.4 ± 10.7
Median (range) 65.0 (41-83)
Gender, n (%)
Male 26 (89.7)
Female 3 (10.3)
BMI (kg/m²), mean ± SD 26.8 ± 4.2
Smoking History, n (%)
Current/Former smokers 21 (72.4)
Never smokers 8 (27.6)
Pack-years (smokers only), mean ± SD 35.2 ± 18.6
Comorbidities, n (%)
COPD 15 (51.7)
Hypertension 12 (41.4)
Coronary artery disease 8 (27.6)
Diabetes mellitus 6 (20.7)
ECOG Performance Status, n (%)
0 18 (62.1)
1 11 (37.9)
Preoperative PFTs
FEV1 (% predicted), mean ± SD 78.5 ± 16.2
DLCO (% predicted), mean ± SD 72.3 ± 14.8

Squamous cell carcinoma was the predominant his-
tological type, diagnosed in 19 patients (65.5%), fol-
lowed by adenocarcinoma in 5 patients (17.2%). Other 
histological subtypes included large cell carcinoma (2 
patients, 6.9%), adenosquamous carcinoma (1 patient, 
3.4%), and neuroendocrine tumors (2 patients, 6.9%). 

TNM staging according to the 8th edition AJCC 
classification revealed Stage IB disease in 10 patients 
(34.5%), Stage IIA in 6 patients (20.7%), Stage IA in 6 
patients (20.7%), and Stage IIB in 7 patients (24.1%). The 
mean tumor size was 5.3 ± 2.3 cm (range: 2.0-10.0 cm). 
Although all patients underwent extended resection due 
to suspected adjacent structure invasion, histopathologi-
cal confirmation of invasion was not present in all cases. 
In these patients, no tumor infiltration was identified in 
the resected adjacent tissues, leading to classification as 
lower T stage (T1-T2) and consequently early-stage dis-
ease according to the 8th edition TNM system. 

Lymph node involvement was limited, with a mean 
of 6.5 ± 2.5 lymph nodes examined per patient and 0.3 
± 0.7 positive nodes. Lymphovascular invasion was 
present in 12 patients (41.4%), visceral pleural inva-
sion in 15 patients (51.7%), and perineural invasion in 
8 patients (27.6%). Detailed tumor characteristics and 
pathological findings are summarized in Table 2.
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Table 2. Tumor characteristics and pathological findings.
Characteristic Value (n=29)
Histological Type, n (%)
Squamous cell carcinoma 19 (65.5)
Adenocarcinoma 5 (17.2)
Large cell carcinoma 2 (6.9)
Adenosquamous carcinoma 1 (3.4)
Neuroendocrine tumors 2 (6.9)
TNM Stage (8th edition), n (%)
Stage IA 6 (20.7)
Stage IB 10 (34.5)
Stage IIA 6 (20.7)
Stage IIB 7 (24.1)
T Stage, n (%)
T1 6 (20.7)
T2 13 (44.8)
T3 8 (27.6)
T4 2 (6.9)
N Stage, n (%)
N0 23 (79.3)
N1 5 (17.2)
N2 1 (3.4)
Tumor Size (cm)
Mean ± SD 5.3 ± 2.3
Median (range) 5.0 (2.0-10.0)
Differentiation, n (%)
Well differentiated 8 (27.6)
Moderately differentiated 15 (51.7)
Poorly differentiated 6 (20.7)
Lymph Node Data
Total nodes examined, mean ± SD 6.5 ± 2.5
Positive nodes, mean ± SD 0.3 ± 0.7
Invasion Patterns, n (%)
Lymphovascular invasion 12 (41.4)
Visceral pleural invasion 15 (51.7)
Perineural invasion 8 (27.6)

All 29 patients (100%) underwent extended resec-
tions through posterolateral thoracotomy. No video-
assisted thoracoscopic surgery (VATS) procedures were 
performed due to the complexity and extent of resec-
tions required. The most commonly performed lung re-
sections were left upper lobectomy (9 patients, 31.0%) 
and left lower lobectomy (8 patients, 27.6%).
Extended resections were categorized as follows:
•	 Chest wall resection only: 17 patients (58.6%)
•	 Pericardial resection only: 6 patients (20.7%)
•	 Combined chest wall and pericardial resection: 3 

patients (10.3%)
•	 Diaphragmatic resection: 1 patient (3.4%)

•	 Other combined procedures: 2 patients (6.9%)

Among chest wall resections, the number of ribs re-
sected ranged from 1-4 (mean: 2.3 ± 1.1). Chest wall 
reconstruction was performed in 12 of 17 patients 
(70.6%) using prosthetic mesh (8 patients), muscle flaps 
(3 patients), or combined techniques (1 patient). 

All procedures were performed via posterolateral tho-
racotomy, and no video-assisted thoracoscopic surgery 
(VATS) approach was used. The most common type of 
lung resection was left upper lobectomy (31.0%), followed 
by left lower lobectomy (27.6%), right upper lobectomy 
(17.2%), and right lower lobectomy (10.3%). Bilobectomy 
and other types of resections were each performed in 6.9% 
of patients. Regarding the extent of resection, chest wall 
resection alone was the most frequent procedure (58.6%), 
while pericardial resection alone and combined resections 
were each performed in 20.7% of cases. Among patients 
undergoing chest wall resection, the mean number of ribs 
resected was 2.3 ± 1.1, and reconstruction was required in 
60.0% of these cases. The mean operative time was 159 ± 
62 minutes (median: 150 minutes, range: 90-280), and the 
mean estimated blood loss was 285 ± 195 mL (median: 
250 mL, range: 100-800). Complete (R0) resection was 
achieved in 51.7% of patients, while 41.4% had micro-
scopic residual disease (R1). No patients had macroscopic 
residual disease (R2), and resection margin status was not 
reported in 6.9% of cases. 

There was no 30-day mortality, while 90-day mortality 
occurred in 1 patient (3.4%). The mean intensive care unit 
(ICU) stay was 0.5 ± 1.0 days, and the mean length of hos-
pital stay was 6.1 ± 2.7 days. Overall postoperative com-
plications were observed in 27.6% of patients. According 
to the Clavien–Dindo classification, minor complications 
(Grade I-II) occurred in 20.7% of patients, whereas major 
complications (Grade III-IV) were observed in 6.9%. No 
Grade V complications were recorded. The most common 
complications included atelectasis (13.8%) and prolonged 
air leak lasting more than 7 days (6.9%). Other compli-
cations included pneumonia (3.4%), cardiac arrhythmia 
(3.4%), and wound infection (3.4%). Readmission within 
30 days occurred in 6.9% of patients.

Complete follow-up data was available for all 29 pa-
tients with a mean follow-up duration of 29.4 ± 24.1 
months (range: 2-96 months). During the follow-up pe-
riod, 21 patients (72.4%) died, while 8 patients (27.6%) 
remained alive at last follow-up.

Overall survival analysis revealed a median survival 
of 24.0 months (95% CI: 18.2-29.8). The 1-year, 2-year, 
and 3-year overall survival rates were 82.8%, 51.7%, 
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and 27.6%, respectively. Disease-free survival analysis 
showed a median disease-free survival of 18.0 months 
(95% CI: 12.4-23.6). Overall survival outcomes are il-
lustrated using Kaplan-Meier analysis in Figure 1.

Figure 1. Kaplan-Meier Overall Survival Curve. Patients undergo-
ing chest wall resection demonstrated significantly poorer survival 
compared with those undergoing other extended procedures (log-
rank p = 0.040). The number of patients at risk at each time point is 
provided below the x-axis.

Recurrence occurred in 16 patients (55.2%) during 
follow-up, with patterns including local recurrence in 10 
patients (34.5%), distant metastases in 6 patients (20.7%), 
and no evidence of recurrence in 13 patients (44.8%). 
The most common sites of distant recurrence were brain 
(3 patients), liver (2 patients), and bone (1 patient). 

Subgroup analyses demonstrated variability in sur-
vival outcomes according to clinicopathological fac-
tors. Patients with adenocarcinoma exhibited longer 
mean survival compared with those with squamous cell 
carcinoma (47.6 vs. 26.5 months), although this differ-
ence did not reach statistical significance (p = 0.180), 

likely reflecting the limited sample size. Survival by 
TNM stage showed a trend toward improved outcomes 
in patients with stage I disease compared with stage 
II disease, with mean survival times of 30.3 and 26.8 
months, respectively (p = 0.310). Type of extended 
resection was associated with significant differences 
in prognosis: patients undergoing chest wall resection 
experienced markedly poorer survival compared with 
those undergoing other types of extended procedures, 
with a mortality rate of 82.4% and mean survival of 
26.7 months versus a mortality rate of 58.3% and mean 
survival of 33.2 months (p = 0.040). Resection margin 
status did not significantly influence survival, as no dif-
ference was observed between patients with R0 and R1 
resections (p = 0.670), a finding that may be attributed 
to the aggressive biology of tumors necessitating ex-
tended resections or the limited cohort size. Subgroup 
survival analyses are detailed in Table 3.

Adjuvant therapy was administered to the major-
ity of patients based on pathological findings and mul-
tidisciplinary team recommendations. Eighteen patients 
(62.1%) received adjuvant chemotherapy, typically 
consisting of platinum-based doublet regimens. Eight 
patients (27.6%) received adjuvant radiotherapy, and 5 
patients (17.2%) received combined chemoradiotherapy.

The decision for adjuvant therapy was individual-
ized based on factors including pathological stage, re-
section margin status, nodal involvement, and patient 
performance status. Patients with R1 resections were 
more likely to receive adjuvant radiotherapy (58.3% vs. 
13.3% for R0 resections, p=0.020).

67

Table 3. Survival analysis by subgroups.
Subgroup N Deaths (%) Mean Survival (months) Median Survival (months) p
Overall 29 21 (72.4) 29.4 24.0 -
Histology 0.180
SCC 19 15 (78.9) 26.5 24.0
Adenocarcinoma 5 5 (100.0) 47.6 36.0
Other 5 1 (20.0) 22.2 24.0
TNM Stage 0.310
Stage I (IA+IB) 16 12 (75.0) 30.3 24.0
Stage II (IIA+IIB) 13 9 (69.2) 26.8 24.0
Extended  Resection 0.040*
Chest wall 17 14 (82.4) 26.7 24.0
Other procedures 12 7 (58.3) 33.2 33.0
Resection Margins 0.670
R0 15 11 (73.3) 30.1 24.0
R1 12 9 (75.0) 28.3 24.0
*Statistically significant (p<0.05)
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Discussion
This study presents our institutional experience with 
extended lung resections for locally advanced NSCLC, 
demonstrating low perioperative mortality but limited 
long-term survival outcomes. Our findings add to the 
growing body of literature supporting the technical 
feasibility of extended resections in carefully selected 
patients, while underscoring the critical importance of 
rigorous patient selection and realistic discussions re-
garding expected outcomes.

The absence of 30-day mortality in our cohort com-
pares favorably with previously reported operative mor-
tality rates for extended lung resections, which range 
from 0% to 12.3% [16,17]. This favorable outcome 
likely reflects careful patient selection, advances in peri-
operative management, and accumulated institutional 
expertise in complex thoracic procedures. The overall 
complication rate of 27.6% is in line with contempo-
rary series reporting major complication rates between 
11.4% and 35% [18]. Respiratory complications such as 
atelectasis, pneumonia, and prolonged air leak predomi-
nated, as expected in procedures requiring single-lung 
ventilation and extensive resections. The low incidence 
of major complications (6.9%) suggests that extended 
resections can be performed safely in high-volume cen-
ters. Operative time and blood loss were within accept-
able ranges for complex thoracic procedures, though 
these values likely underestimate the true technical 
demands of extended resections. The exclusive use of 
open thoracotomy in this series reflects the need for 
wide exposure and reliable reconstruction when mul-
tiple adjacent structures are involved.

Achieving complete resection with negative margins 
(R0) remains a cornerstone of oncologic surgery and 
is generally associated with improved long-term sur-
vival. In this study, the R0 resection rate was 51.7%, 
while 41.4% of patients had microscopic positive mar-
gins (R1). These findings highlight the inherent chal-
lenge of achieving adequate margins in tumors involv-
ing adjacent critical structures. The relatively low R0 
rate observed in this cohort may reflect the complexity 
of tumors requiring extended procedures, borderline 
resectability in some patients, and the limitations of a 
small retrospective series. Reported R0 rates in the liter-
ature vary, suggesting that outcomes may be influenced 
by surgical technique, patient selection, and the use of 
neoadjuvant strategies. 

Interestingly, survival did not differ significantly be-
tween patients with R0 and R1 resections. While this 
observation contrasts with most reports showing superi-
or survival following complete resection, it may reflect 
small sample size, the aggressive biology of tumors 
necessitating extended procedures, or the mitigating ef-
fect of adjuvant therapy in cases with positive margins. 

The relatively low R0 resection rate observed in this 
study may be attributed to several factors. Many tumors 
were located in close proximity to critical anatomical 
structures such as major vascular structures, pericar-
dium, and vertebral bodies, making complete resection 
technically challenging. In addition, some cases repre-
sented borderline resectable disease, in which extended 
resection was undertaken despite uncertain margins to 
achieve maximal tumor clearance. Another important 
consideration is the absence of neoadjuvant therapy in 
this cohort. Contemporary evidence supports the use 
of neoadjuvant chemotherapy and, more recently, che-
moimmunotherapy in patients with locally advanced 
(T3-T4) NSCLC. These approaches have been shown to 
improve tumor downstaging, increase the likelihood of 
complete (R0) resection, and enhance long-term surviv-
al outcomes. Landmark trials have demonstrated signif-
icantly higher pathological response rates and improved 
resectability with neoadjuvant immunotherapy-based 
regimens. The lack of neoadjuvant treatment in our 
series may therefore have contributed to both the rela-
tively low R0 resection rate and suboptimal long-term 
survival outcomes. This reflects historical treatment 
patterns and institutional practice variability during the 
study period. Future strategies incorporating neoadju-
vant approaches may improve surgical and oncological 
outcomes in similar patient populations.

The median survival of 24 months and 3-year sur-
vival rate of 27.6% observed in this cohort are con-
cerning but consistent with the poor prognosis of lo-
cally advanced NSCLC requiring extended resections. 
Published outcomes vary widely, with 5-year survival 
ranging from 23% to 71.7% placing our results at the 
lower end of this spectrum [19,20]. Several factors 
likely contributed to these outcomes. A high proportion 
of patients underwent chest wall resection, a subgroup 
that demonstrated significantly worse survival, with a 
mortality rate of 82.4% compared to 58.3% in patients 
undergoing other extended procedures (p = 0.040). This 
may reflect both the aggressive tumor biology associat-
ed with chest wall invasion and the technical challenges 
of achieving complete resection in this setting. The pre-
dominance of squamous cell carcinoma (65.5%) may 
also have contributed, as squamous histology is often 
associated with poorer prognosis compared to adeno-
carcinoma [21]. Furthermore, although most patients 
were staged as early disease (I-II), the requirement for 
extended resection indicates locally advanced behav-
ior, diminishing the prognostic value of clinical stage. 
The apparent discrepancy between extended resections 
and early pathological stage observed in this study is 
explained by the lack of histopathological confirmation 
of invasion in some patients. Although these cases were 
managed surgically as locally advanced disease based 
on clinical, radiological, or intraoperative suspicion, fi-

68

Current Thoracic Surgery-Volume 11 Number 1  p: 62-71



nal pathology demonstrated no tumor infiltration of ad-
jacent structures. This phenomenon represents a known 
limitation in preoperative and intraoperative assess-
ment, where inflammatory adhesions or desmoplastic 
reactions may mimic true tumor invasion. Therefore, 
pathological staging in this study reflects definitive his-
tological findings rather than the surgical indication for 
extended resection. Although extended resections are 
traditionally associated with locally advanced (T-T4) 
tumors, several patients in this cohort were pathologi-
cally staged as T1-T2. This discrepancy may reflect dif-
ferences between clinical suspicion of adjacent struc-
ture invasion and final pathological staging, as well as 
intraoperative findings that necessitated extended resec-
tion to achieve adequate margins.

Among the types of extended resections, patients 
undergoing chest wall resections had the poorest out-
comes, while those undergoing pericardial or vascular 
resections fared comparatively better, consistent with 
prior reports suggesting that cardiac resections, particu-
larly limited atrial resections without cardiopulmonary 
bypass, can be performed with acceptable morbidity 
and survival [22,23]. The high recurrence rate of 55.2%, 
dominated by local recurrence (34.5%), further illus-
trates the challenge of achieving durable local control in 
this population. This finding may reflect the influence of 
tumor biology, patient selection, and treatment-related 
factors on survival outcomes [24]. Distant recurrences 
most frequently involved the brain, in keeping with the 
natural history of NSCLC and reinforcing the role of 
systemic therapy in disease management. The cohort 
included heterogeneous extended resections involving 
different anatomical structures such as the chest wall, 
pericardium, diaphragm, and combined resections. 
These procedures represent biologically and surgically 
distinct entities with potentially different prognostic 
profiles. However, due to the limited sample size, strati-
fied analyses for each procedure type were not feasible, 
and the cohort was analyzed as a single group to present 
a descriptive institutional experience.

Adjuvant therapy was administered in the majority of 
cases, with 62.1% receiving chemotherapy. Patients with 
R1 resections were more likely to receive adjuvant radio-
therapy, reflecting guideline-concordant efforts to improve 
local control in cases with positive margins. However, the 
lack of survival difference between R0 and R1 groups sug-
gests either effective mitigation of margin positivity by ad-
juvant therapy or that systemic factors ultimately dominate 
survival irrespective of local control [25].

When compared with published literature, our find-
ings are broadly consistent with previous reports dem-
onstrating acceptable perioperative outcomes but lim-
ited long-term survival in patients undergoing extended 
resections for locally advanced NSCLC. Variability in 

survival outcomes across studies may be attributed to 
differences in patient selection, tumor biology, and ex-
tent of resection. These findings carry important clinical 
implications. Refinement of patient selection criteria is 
essential, particularly for patients requiring chest wall 
resections, in whom outcomes were significantly worse. 
Consideration of neoadjuvant or intensified adjuvant 
strategies, or enrollment in clinical trials, may be appro-
priate in this subgroup. The complexity of extended re-
sections reinforces the importance of multidisciplinary 
evaluation and coordinated treatment planning involv-
ing thoracic surgeons, oncologists, radiation oncolo-
gists, and supportive care teams. The relatively poor 
long-term outcomes highlight the need for transparent 
discussions with patients regarding prognosis and qual-
ity-of-life expectations. Future research should focus on 
the development of molecular or imaging biomarkers 
to refine patient selection, optimization of neoadjuvant 
approaches, assessment of minimally invasive strate-
gies where feasible, incorporation of quality-of-life 
outcomes, and cost-effectiveness analyses of extended 
resections in locally advanced NSCLC.
Limitations of the Study
This study has several limitations that should be acknowl-
edged. The relatively small cohort of 29 patients limits 
the statistical power of subgroup analyses and multivari-
able modeling, raising the possibility of type II error in 
detecting clinically meaningful differences. Although 
comorbidity burden was assessed using the Charlson Co-
morbidity Index (CCI), its impact on survival could not be 
robustly evaluated due to the limited sample size. Its ret-
rospective design introduces inherent biases, including se-
lection bias, information bias, and potential confounding 
that may not be fully controlled. Being a single-institution 
experience, the results may not be generalizable to centers 
with different patient populations, surgical expertise, or 
perioperative protocols. Variability in follow-up duration 
and the potential for loss to follow-up could also influence 
the accuracy of survival analyses. Missing data, particular-
ly with respect to detailed adjuvant therapy regimens and 
quality-of-life assessments, represent another constraint. 
Furthermore, the heterogeneity of extended resection 
types analyzed together may obscure procedure-specific 
outcomes and prognostic factors. Finally, the eight-year 
study period encompasses temporal changes in staging 
systems, adjuvant therapy recommendations, and surgical 
techniques, all of which may have influenced observed 
outcomes. In addition, the mean number of lymph nodes 
examined in this cohort was relatively low compared with 
values reported in studies adhering to strict mediastinal 
lymphadenectomy protocols. This may reflect variability 
in surgical sampling, pathological examination, or limita-
tions inherent to retrospective data collection. As a result, 
the possibility of pathological understaging cannot be ex-
cluded and represents a limitation of this study.
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Future research should focus on refining patient se-
lection and treatment strategies. The development and 
validation of predictive models integrating clinical, 
pathological, and molecular variables may help identify 
patients most likely to benefit from extended resections. 
Prospective studies are needed to evaluate the role of 
neoadjuvant approaches, including chemotherapy, im-
munotherapy, or chemoradiotherapy, in improving re-
sectability and long-term outcomes. The feasibility and 
safety of minimally invasive strategies, such as robotic 
or video-assisted approaches for selected cases, warrant 
investigation to potentially reduce morbidity without 
compromising oncological efficacy. Comprehensive 
assessment of quality of life, functional outcomes, and 
patient-reported measures in long-term survivors is also 
critical. Multi-institutional collaborations will be essen-
tial to increase sample size and enhance the generaliz-
ability of findings. Finally, the incorporation of molecu-
lar profiling into clinical decision-making may provide 
more individualized treatment pathways and help de-
termine which patients are most likely to benefit from 
extended resections versus alternative modalities.

In conclusion, extended lung resections for locally 
advanced NSCLC can be performed with acceptable 
operative mortality and morbidity in carefully selected 
patients at experienced centers, yet long-term survival 
outcomes remain limited, particularly in those requir-
ing chest wall resection. Our findings highlight that 
extended resections can be achieved with zero 30-day 
mortality and complication rates within the expected 
range, underscoring the importance of meticulous pa-
tient selection and standardized perioperative protocols. 
Nevertheless, overall survival remains poor, with a me-
dian survival of 24 months and a 3-year survival rate 
of only 27.6%. The type of extended resection emerged 
as a key prognostic factor, with chest wall resection as-
sociated with significantly worse survival compared 
with other procedures. Although R0 resection remains 
the oncologic ideal, the absence of survival difference 
between R0 and R1 resections in this cohort may reflect 
the aggressive biology of tumors necessitating extended 
procedures or the mitigating effects of adjuvant therapy.

These observations emphasize the critical role of rig-
orous selection criteria, incorporating functional reserve, 
nodal status, and multidisciplinary evaluation, in opti-
mizing outcomes. The decision to proceed with extend-
ed resection should carefully balance potential survival 
benefit against the inherent risks and should be reserved 
for centers with substantial expertise and comprehensive 
multidisciplinary support. Realistic expectations regard-
ing prognosis must be communicated to patients and 
families, and for high-risk subgroups, alternative strate-
gies or enrollment in clinical trials may be appropriate.

Looking forward, research should prioritize refine-
ment of patient selection, optimization of multimodal 
treatment strategies, and exploration of less invasive 
techniques while preserving oncologic integrity. The 
integration of molecular profiling and predictive model-
ing holds promise for identifying patients most likely to 
benefit from these complex operations. Extended lung 
resection remains an important therapeutic option for 
selected patients with locally advanced NSCLC, but 
continued innovation and collaborative research are es-
sential to improve long-term outcomes.
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