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Simple Summary

Immunotherapy combined with chemotherapy is increasingly used before surgery in
patients with non-small cell lung cancer, as it can shrink tumors and improve pathological
response. However, these treatments may also make surgery more difficult by causing
inflammation and fibrosis around the lung vessels, bronchi, and lymph nodes. In this
single-center study, we evaluated 52 patients who underwent planned minimally invasive
lung resection after neoadjuvant chemo-immunotherapy. We found that this approach was
feasible and safe in carefully selected patients, with a conversion rate to open surgery of
13.5%, postoperative complications in 25.0% of patients, and no deaths within 30 days.
The main reason for conversion was fibrosis around vascular or bronchial structures. Our
findings suggest that minimally invasive surgery after chemo-immunotherapy can be safely
performed in experienced centers, provided that surgeons carefully plan the procedure and
convert to open surgery when needed for safety.

Abstract

Background: In patients with non-small cell lung cancer (NSCLC) treated with neoadju-
vant chemo-immunotherapy, pulmonary resection can be technically demanding because
of hilar/mediastinal inflammation and fibrosis, potentially limiting the use of minimally
invasive surgery (MIS). We report our single-center experience with MIS anatomical lung
resections after neoadjuvant chemo-immunotherapy. Methods: We retrospectively col-
lected consecutive NSCLC patients who underwent neoadjuvant chemo-immunotherapy
followed by anatomical lung resection with an intended MIS approach at our institution
between May 2018 and October 2025. Primary endpoints were feasibility and safety (conver-
sion rate, intraoperative and postoperative complications, need for reoperation, and 30-day
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mortality). Results: Fifty-two patients were included. Mean age was 65.9 ± 8.6 years;
27 (51.9%) were male. Median Charlson Comorbidity Index was 3 (IQR 2–4). Most patients
had clinical stage III disease (IIIA 40.4%, IIIB 30.8%). Conversion to open surgery occurred
in 7 cases (13.5%). One intraoperative complication was recorded (1.9%). Anatomical
resections were predominantly lobectomies (including combined/extended lobectomies)
(88.4%); sleeve resections accounted for 11.5%, and bilobectomy for 7.7%. Postoperative
complications occurred in 13 patients (25.0%); reoperation for complications was required
in 1 case (1.9%). No deaths were recorded in the dataset. Pathological response showed
pCR in 22 patients (42.3%) and MPR in 10 (19.2%). Conclusions: In our experience, min-
imally invasive anatomical lung resection after neoadjuvant chemo-immunotherapy for
NSCLC is feasible, with an acceptable conversion rate and manageable morbidity, and is
associated with a substantial rate of pathological response. Careful patient selection and
surgical expertise remain essential.

Keywords: non-small cell lung cancer (NSCLC); neoadjuvant immunotherapy; minimally
invasive thoracic surgery

1. Introduction
Lung cancer remains a leading cause of cancer-related mortality worldwide, and

non-small cell lung cancer (NSCLC) accounts for the majority of cases. Surgical resection
is the standard of care for early-stage disease. In contrast, locally advanced NSCLC
has historically required multimodal treatment because of the high risk of locoregional
persistence and distant recurrence [1–4]. In recent years, neoadjuvant and perioperative
chemo-immunotherapy have substantially changed this treatment paradigm. The addition
of immune checkpoint inhibitors (ICIs) to platinum-based chemotherapy has increased
major pathological response (MPR) and pathological complete response (pCR) rates, while
improving patients’ survival compared with standard chemotherapy alone [5,6].

From a surgical perspective, the potential oncological benefits of neoadjuvant chemo-
immunotherapy must be balanced against treatment-related operative complexity. Despite
these remarkable oncological advances, surgery after chemo-immunotherapy has intro-
duced new technical challenges. Dense hilar fibrosis, inflammatory adhesions, obliteration
of tissue planes, and vascular fragility frequently complicate minimally invasive dissection
and may require intraoperative adaptation of surgical strategy (Figure 1).

These changes may raise concerns regarding the safety, reproducibility, and feasibil-
ity of minimally invasive surgery (MIS) in this setting [6–11]. Although several studies
have demonstrated that minimally invasive surgery is feasible after neoadjuvant chemo-
immunotherapy, relatively few have specifically focused on the intraoperative technical
challenges, practical surgical strategies, and decision-making processes required to safely
complete these procedures.

We report our single-center experience with intended minimally invasive anatomical
lung resection after neoadjuvant chemo-immunotherapy in patients with NSCLC, focusing
on surgical feasibility, perioperative safety, technical complexity, and early oncological
outcomes.
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Figure 1. Key technical steps of vascular and bronchial management. (a) Opening of the peri-
cardium to expose the intrapericardial vascular structures; (b) isolation of the main pulmonary artery
to obtain proximal vascular control; (c) bronchial transection; (d) temporary control of the main
pulmonary artery using a tourniquet; (e) controlled transection of the pulmonary artery; (f) vascular
suturing/reconstruction.

2. Materials and Methods
2.1. Patients and Variables

We retrospectively analyzed patients with locally advanced NSCLC and selected pa-
tients with oligometastatic stage IVA NSCLC who were surgically treated with radical
intent after chemo-immunotherapy at our center between May 2018 and October 2025.
Only patients whose procedures were initially planned through a minimally invasive ap-
proach via video-assisted thoracic surgery (VATS) were included. Patients who underwent
intentional open surgery were excluded.

Collected anonymized variables included demographic and clinical characteristics,
baseline staging, treatment details, operative data, postoperative outcomes, and histopatho-
logical findings. Baseline work-up included histological diagnosis, clinical staging accord-
ing to the eighth edition of the TNM classification, PET/CT when available, and pulmonary
function testing. Mediastinal staging was performed according to European Society of
Thoracic Surgeons guidelines [12].

All the patients were discussed on a multidisciplinary tumor board (MTB) and re-
ceived the best systemic treatment based on PD-L1 levels and clinical stage. All patients
considered eligible for immunotherapy underwent comprehensive molecular profiling
by next-generation sequencing before treatment initiation. No actionable driver alter-
ations were detected, and all patients were wild type for the analyzed genes. In the
oligometastatic group, only NSCLC with a single extrathoracic metastasis in a single organ
was included [13].

The primary endpoints were feasibility and safety of the intended minimally invasive
approach. These were assessed through conversion rate to thoracotomy and reason for
conversion, duration of surgery, intraoperative and postoperative complications, need for
reoperation, length of hospital stay, chest tube duration, and 30-day mortality. Secondary
endpoints included type of pathological response, radical resection rate, relapse pattern,
and early survival status. Among intraoperative complications, minor bleeding refers to
low-pressure, controllable bleeding from small blood vessels (generally under 3–4 mm) like
segmental or sub-segmental arterial branches. Conversely, major bleeding was defined as a
rupture of a larger pulmonary vessel, such as the lobar or main pulmonary artery branch.
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Conversion to thoracotomy was not considered a technical failure. It was defined as
a safety endpoint and an accepted component of the operative strategy when exposure,
oncological radicality, or secure vascular and bronchial control could not be ensured
through MIS.

2.2. Patient Selection for Minimally Invasive Surgery

Following completion of neoadjuvant treatment, all patients underwent multidisci-
plinary re-evaluation, including contrast-enhanced CT, PET/CT scan, and bronchoscopy
when a lobar bronchial involvement was suspected. Patients were considered suitable
for an intended minimally invasive approach when imaging demonstrated technical fea-
sibility of complete resection without obvious invasion of the main pulmonary artery,
main bronchus, carina, or trachea. Radiological response was considered during surgical
planning but was not regarded as an absolute prerequisite for MIS.

2.3. Operative Technique

Operative reports were reviewed to identify treatment-related intraoperative chal-
lenges. Particular attention was paid to lymph node adherence to the pulmonary artery
or bronchus, perivascular and peribronchial fibrosis, fused fissures, and the reason for
conversion when it occurred.

Several operative principles were applied to reduce intraoperative risk. Dissection
was performed in a stepwise anatomical fashion, with early identification of major vas-
cular structures whenever feasible. Sharp dissection was preferred over forceful blunt
dissection in fibrotic planes, particularly around the pulmonary artery and bronchus. In
cases of difficult dissection and/or challenging identification of distal vascular structures, a
proximal vascular control was carried out, and the main pulmonary artery was isolated
and encircled, even intrapericardially when required (Figure 2). This technique is, in our
opinion, a very safe tool, especially in cases of intraoperative rupture of arterial branches.
In this setting, temporary closure of the main PA allows controlled management of vascular
injury and facilitates vascular repair, while avoiding excessive blood loss: our first goal
remains patient safety. In selected cases in which fibrosis made the interbronchovascular or
broncho-arterial plane indistinguishable, a controlled sharp bronchial transection with a
scalpel was used to expose the adjacent pulmonary arterial branch, allowing safe control
and closure of the artery. When an adequate bronchial stump remained, bronchial closure
was then completed, either with a stapler or by direct suture, according to the residual
anatomy and the surgeon’s judgment. In patients with fused fissures or inflammatory
fissural fibrosis, a fissure-last strategy was used when appropriate. Bronchoplastic and
broncho-vascular procedures were performed when required to preserve lung parenchyma
and avoid pneumonectomy while maintaining oncological radicality.

2.4. Pathological Evaluation

Pathological response was assessed according to the International Association for
the Study of Lung Cancer (IASLC) guidelines, and the percentage of viable tumor cells,
necrosis, and stroma was determined. A Major Pathological Response (MPR) was defined
as the presence of no more than 10% of viable tumor cells in the primary tumor bed [14,15],
while a Complete Pathological Response (pCR) was defined as the absence of viable tumor
cells in the tumor bed. Non-Response (NR) occurred in all the other cases (viable tumor
cells > 10%).

2.5. Statistical Analysis

Statistical analyses were performed using jamovi software, version 2.3.28 (the jamovi
project, Sydney, Australia). Continuous variables were reported as mean ± standard
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deviation or median with interquartile range, as appropriate, while categorical variables
were reported as frequencies and percentages.

 

Figure 2. Treatment-related fibrosis and bronchovascular dissection. (a) Lymphonodal adhesions
and fibrotic tissue involving the vascular plane; (b) detailed view after dissection.

3. Results
During the study period, a total of 65 patients were surgically treated with radical

intent at our institution. Among them, 13 patients were excluded because surgery was
planned through an upfront open thoracotomy approach; therefore, 52 patients were
included in the study. The general characteristics of the patients are shown in Table 1.
Mean age at diagnosis was 65.9 ± 8.6 years; 27 patients (51.9%) were male, and 25 (48.1%)
were female. Most patients were former smokers (37, 71.2%), with a median smoking
exposure of 40 pack-years (IQR 25–54). Median Charlson Comorbidity Index was 3 (IQR
2–4). Adenocarcinoma was the most frequent histology (35 patients, 67.3%), followed by
squamous-cell carcinoma (16 patients, 30.8%).

Table 1. Baseline Patient Characteristics.

Baseline Characteristics (n = 52)

Gender
Male 27 (51.9%)

Female 25 (48.1%)
Age at diagnosis 65.9 ± 8.6
Smoking history

Never 3 (5.76%)
Smoker 12 (23.07%)

Former smoker 37 (71.2%)
Pack/year 40 (25, 54)
PS ECOG

0 42 (80.8%)
1 10 (19.2%)

Preoperative histology
Adenocarcinoma 35 (67.3%)

Squamous-cell carcinoma 16 (30.76%)
Carcinoma NOS 1 (1.9%)

Clinical TNM stage VIII ed.
IIA 2 (3.8%)
IIB 4 (7.7%)

IIIA 21 (40.4%)
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Table 1. Cont.

Baseline Characteristics (n = 52)

IIIB 16 (30.8%)
IVA 9 (17.3%)

Type of ICIs
Nivolumab 22 (42.3%)

Atezolizumab 1 (1.9%)
Pembrolizumab 16 (30.7%)

Durvalumab 13 (25%)
Post-operative Stage

ypT0N0 22 (42.3%)
ypTxN0 2 (3.8%)
ypT1aN0 4 (7.7%)
ypT2bN0 3 (5.8%)
ypT1aN1a 2 (3.8%)

ypT2N0 2 (3.8%)
ypTxN2 1 (1.9%)

ypTxN2a2 1 (1.9%)
ypT1N0 1 (1.9%)

ypT2aN1a 1 (1.9%)
ypT3N0 1 (1.9%)
ypT3N2 1 (1.9%)

ypT2N2a1 1 (1.9%)
ypT4N2b 1 (1.9%)
ypT2aN0 1 (1.9%)
ypT4N1a 1 (1.9%)
ypT2N1b 1 (1.9%)
ypT1bN0 1 (1.9%)
ypT1aN2 1 (1.9%)
ypT2bN1 1 (1.9%)

ypT1aN2a1 1 (1.9%)
ypT4N0 1 (1.9%)

ypT1bN2a2 1 (1.9%)
Type of response

pCR 22 (42.31%)
MPR 10 (19.2%)
NR 20 (38.46%)

Abbreviations: pCR: Pathological Complete Response; MPR: Major Pathological Response; NR: Non Responder.

At baseline, most patients were clinically staged IIIA and IIIB in 21 (40.4%) and
16 patients (30.8%). Pre-treatment pathological hilar lymph node involvement (N1) was
detected in 28 patients (53%); among them, 21 also had concurrent N2 metastases, while
isolated N2 involvement was observed in 14 cases. Nine patients were at stage IVA
disease (17.3%), with a single extrathoracic metastasis. The metastatic sites were the central
nervous system (CNS) in 4 patients, the bone in 3 patients, and the adrenal gland in
2 patients. All metastatic sites received locoregional definitive treatment: radiotherapy
in 3 patients, surgery in 5 patients, and surgery combined with radiotherapy in 1 patient.
These treatments allowed a local control of the metastatic site with no residual disease.

All patients received preoperative chemo-immunotherapy. Patients with oligometastatic
stage IV disease were treated according to the established standard therapy protocols and
with a locoregional curative-intent treatment as previously described. All the metastatic
sites achieved complete local eradication before lung tumor surgery. The median interval
between the end of neoadjuvant treatment and surgery was 37 days (IQR 31–51).

The median number of chemo-immunotherapy cycles administered was 4 (IQR, 4–4),
with a median treatment duration of 9.5 weeks (IQR, 9.0–10.7). All procedures were planned
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with MIS intent (Table 2). Conversion to thoracotomy was required in 7 patients (13.5%).
The most common reason for conversion was the presence of perivascular or peribronchial
fibrosis (5 patients, 71.4%), due to treatment-related inflammatory effects, which made safe
surgical dissection impossible. One conversion was related to documented first arterial
PA branch infiltration, and one to minor bleeding. One intraoperative complication was
recorded (1.9%), consisting of minor bleeding from a small PA branch during lymphadenec-
tomy that was managed minimally invasively; no intraoperative death occurred. The
main pulmonary artery was encircled in 12 cases, and in 7, a temporary clamping was
required. The most frequent type of lung resection performed was lobectomy in 41 cases
(78%). Among the lobectomy group, 6 cases included a bronchial and vascular double
sleeve resection, and 2 cases an only-bronchial sleeve resection. Moreover, a chest wall
resection was required in 2 patients due to chest wall infiltration. No pneumonectomies
were performed.

Table 2. Surgical characteristics.

Surgical Characteristics

Surgical approach: VATS 52 (100%)
Surgical resection

Lobectomy 31 (59.6%)
Segmentectomy 1 (1.9%)
Wedge resection 1 (1.9%)

Bilobectomy 4 (7.7%)
Sleeve 2 (3.8%)

Lobectomy and chest wall resection 2 (3.8%)
Lobectomy and segmentectomy 5 (9.6%)
Sleeve lobectomy with vascular

reconstruction 6 (11.5%)

Surgical time (min) 140 (100, 180)
Conversion to open surgery

No 45 (86.53%)
Yes 7 (13.46%)

Reason for conversion
Minor Bleeding 1 (1.9%)

Perivascular or peribronchial fibrosis 5 (9.61%)
Vascular infiltration 1 (1.9%)

Intraoperative complications
No 51 (98.07%)
Yes 1 (1.9%)

Type of intraoperative complications
Minor bleeding 1

We reported a radical resection in 51/52 patients (98%), since in one patient, fibrosis
and extensive, scattered scar tissue surrounding the hilum and fissure made surgery
impossible, even after conversion. Because of this, we carried out a wide wedge resection
and tumor debulking in this instance in order to recharacterize the disease.

Median surgical time was 140 min (IQR 100–180), and median postoperative chest
tube duration was 2.0 days (IQR 1.0–4.0) with a median length of hospital stay of 3.5 days
(IQR 3.0–5.0).

Postoperative complications occurred in 13 patients, accounting for 16 postoperative
events overall (Table 3). The most frequent specific events were prolonged air leaks; three
of these patients received a conservative approach with bloodpatch pleurodesis, leading to
a successful resolution of the condition. Conversely, one patient was surgically treated; this

https://doi.org/10.3390/cancers18142244

https://doi.org/10.3390/cancers18142244


Cancers 2026, 18, 2244 8 of 14

patient represented the only case requiring reoperation for postoperative complications
(1.9%). No deaths occurred within 30 days.

Table 3. Postoperative Complications.

Postoperative Complications

No 39 (75%)
Yes 13 (25%)

Type of complications
Empyema 1

Atrial fibrillation 3
Prolonged air leak 4

Other 8
Necessity for reoperation

No 51 (98.07%)
Yes 1 (1.9%)

Pathological complete response (pCR) was recorded in 22 patients (42.3%), MPR in
10 patients (19.2%), and non-response in 20 patients (38.5%). Median follow-up from
surgery was 6.4 months (IQR 2.0–17.8). Relapse was recorded in 5 patients (9.6%), including
locoregional relapse in 3 patients and distant relapse in 2 patients. At the time of the last
follow-up, no deaths had been reported.

The main characteristics of the non-responder and responder groups are summarized
in Table 4.

Table 4. Patient Characteristics.

Characteristic N NR n = 20 (38%) R n = 32 (62%) p-Value

Age at diagnosis (y) 52 66 (62, 74) 68 (60, 71) 0.85
Operative time (min) 52 165 (138, 204) 130 (88, 176) 0.009

Conversion open surgery 52 0.41
No 16 (80%) 29 (91%)
Yes 4 (20%) 3 (9.4)

Intraoperative complications 52 0.99
No 20 (100%) 31 (97%)
Yes 0 (0%) 1 (3.1%)

Postoperative complications 52 0.99
No 15 (75%) 24 (75%)
Yes 5 (25%) 8 (25%)

4. Discussion
This single-center experience suggests that intended minimally invasive lung resection

after chemo-immunotherapy for NSCLC is feasible in carefully selected patients. In our
practice, selection for MIS was based on a systematic and careful review of both pre-
treatment and post-treatment CT scans. Patients were considered suitable for an intended
MIS approach when imaging did not show clear invasion of the main hilar structures,
such as the main pulmonary artery or main bronchus, or tumor extension too proximal to
major vessels, the carina, or the trachea. Conversely, patients with radiological evidence of
unresectable or highly complex central involvement requiring upfront open surgery were
not selected for MIS. Hilar lymph node involvement (N1 disease) was not considered a
contraindication to MIS, as reflected by the high proportion of patients with N1 disease
in our cohort (53%). This subpopulation required sleeve resections for bronchial and/or
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arterial involvement by lymphadenopathies in 8 cases. Within this selected population,
which nevertheless included a high proportion of patients with clinical stage III disease,
conversion occurred in 7 patients (13.5%). However, none of the conversions occurred in an
emergency instance. In fact, they were mainly due to intraoperative finding of scar tissue
and fibrosis with no possibility of discriminating between treatment effects and presence
of viable tumor (Figure 2). Therefore, conversion was necessary to guarantee oncological
radicality. Moreover, we reported only one intraoperative complication: minor bleeding
from a small segmental arterial branch, which was managed minimally invasively.

Thus, our findings support the safety of an intended minimally invasive strategy when
performed by an experienced thoracic surgical team. The postoperative complication rate
was 25%, the reoperation rate was 1.9%, and no 30-day mortality was recorded.

The main surgical message of this series is that feasibility should not be interpreted
only as avoidance of thoracotomy. After chemo-immunotherapy, operative difficulty is
frequently related to tissue quality and treatment-related effects rather than tumor size
alone. Hilar and mediastinal inflammation, perivascular and peribronchial fibrosis, fused
fissures, and lymphonodal tissue adherent to the pulmonary artery or bronchus may
compromise safe dissection [7,8,11]. In our cohort, as previously described, perivascular
and peribronchial fibrosis was the most common recorded reason for conversion. This
finding supports the concept that conversion should be viewed as part of a safe, minimally
invasive strategy rather than as a failure of the approach.

The broader oncological context is important [16–18]. Consolidation durvalumab after
definitive chemoradiotherapy established immune checkpoint inhibition as a standard com-
ponent of treatment for unresectable stage III NSCLC and provided part of the rationale for
evaluating immunotherapy-based strategies in earlier and resectable disease settings [19].

Early neoadjuvant immunotherapy-alone studies, including the pilot experience with
nivolumab and the LCMC3 trial with atezolizumab, demonstrated the biological activity
of immune checkpoint blockade before surgery in resectable NSCLC [6,20]. However,
these studies did not include concomitant platinum-based chemotherapy and therefore
should not be directly compared with chemo-immunotherapy or perioperative chemo-
immunotherapy cohorts in terms of pathological response, immune microenvironment
remodeling, inflammatory changes, or surgical fibrosis.

Neoadjuvant chemo-immunotherapy trials, such as CheckMate 816 and NADIM, are
more directly related to the surgical setting because they evaluated the impact of combined
systemic treatment administered before resection [21,22]. CheckMate 816 demonstrated
that neoadjuvant nivolumab plus platinum-based chemotherapy improved pathological
complete response and event-free survival compared with chemotherapy alone, while
subsequent survival data further supported the durability of this approach [21,23]. Simi-
larly, NADIM showed encouraging pathological and clinical outcomes with neoadjuvant
chemotherapy plus nivolumab in locally advanced resectable NSCLC [22]. Nevertheless,
even in this setting, the exact contribution of immune activation, chemotherapy-induced
necrosis, tumor regression, nodal sterilization, and residual viable disease to intraoperative
fibrosis remains difficult to determine.

Perioperative trials, including AEGEAN, CheckMate 77T, and KEYNOTE-671, should
be considered separately because they evaluate broader strategies combining neoadjuvant
chemo-immunotherapy with postoperative adjuvant immunotherapy [24–27]. This distinc-
tion is particularly relevant to our cohort, in which most patients were treated according to
perioperative treatment concepts. However, the operative findings reported in the present
study specifically reflect the surgical impact of the preoperative component of these regi-
mens, since resection was performed after neoadjuvant chemo-immunotherapy and before
completion of the adjuvant phase.
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Our relatively low conversion rate reflects the appropriate selection of the cases ap-
proached minimally invasively. In a recent meta-analysis, Bardoni et al. reported a pooled
conversion-to-thoracotomy rate of 16.49% after neoadjuvant chemo-immunotherapy for
NSCLC, with substantial heterogeneity across studies, likely reflecting differences in patient
selection, disease stage, surgical approach, and surgeon expertise. Similarly, systematic
reviews focused on MIS after neoadjuvant systemic therapy emphasize that minimally
invasive resection can be safely performed in selected patients, provided that surgeons
remain prepared to convert when vascular control, exposure, or oncological radicality
cannot be safely guaranteed [28–30]. In this context, the 13.5% conversion rate observed in
our VATS-dominant cohort enriched for clinical stage III disease appears acceptable and
supports the feasibility of an intended MIS strategy when careful preoperative selection,
early vascular control, and a low threshold for conversion are adopted. Recent evidence has
suggested that robotic-assisted thoracic surgery (RATS) may be associated with lower con-
version rates than conventional VATS following neoadjuvant chemo-immunotherapy, likely
owing to enhanced three-dimensional visualization, improved instrument articulation, and
greater dexterity during complex hilar dissection [31]. Nevertheless, direct comparisons
remain limited and are mainly based on retrospective series with potential selection bias.
In our institution, VATS remains the standard minimally invasive approach because of
the surgical team’s extensive experience with this technique, from standard anatomical
resections to more complicated surgeries with vascular and/or bronchial reconstructions.
We believe that, particularly in the setting of post-induction surgery, surgeon expertise,
meticulous patient selection, and readiness to convert when necessary are likely to have a
greater impact on perioperative outcomes than the minimally invasive platform itself.

Several technical principles emerge from our experience. First, dissection should re-
main anatomical and stepwise, with early recognition of vascular structures and avoidance
of uncontrolled traction on fibrotic nodal tissue. Second, in our experience, meticulous
sharp dissection has often proved useful when dense fibrosis obscures normal tissue planes,
particularly around the pulmonary artery and bronchus, as it may facilitate precise iden-
tification of anatomical structures while avoiding excessive traction on inflamed tissues.
However, we acknowledge that no high-level evidence currently supports the superiority
of sharp over blunt dissection in this setting, and the optimal technique should ultimately
be tailored to the intraoperative anatomy and the surgeon’s experience. In cases of difficulty
identifying the correct dissection plane on the pulmonary artery, our advice is to proximally
control the main PA before persisting with difficult hilar dissection. This method may
allow a rescue maneuver of PA closure in case of distal arterial branch injury. Temporary
PA closure may be performed with a vascular clamp or tourniquet, depending on the
surgeon’s preference.

Third, fissure-last dissection can be useful when the fissure is fused or inflamed.
Finally, early conversion should be performed when safe exposure, vascular control, airway
control, or oncological radicality cannot be guaranteed minimally invasively.

We acknowledge that these technical recommendations largely derive from institu-
tional experience rather than high-level comparative evidence; nevertheless, they may
provide practical guidance for thoracic surgeons increasingly confronted with post-
immunotherapy surgical anatomy [32].

The pathological response rate in this cohort was substantial, with pCR observed in
42.3% of patients and MPR in 19.2%. These findings are consistent with the biological
rationale for neoadjuvant chemo-immunotherapy. However, cross-study comparisons
should be made cautiously because of differences in stage distribution and treatment
regimens, and longer follow-up is required to determine whether these early pathological
findings translate into durable oncological benefit.
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The operative spectrum also deserves attention. This cohort included broncho-vascular
sleeve and extended lobectomy resections. Moreover, sleeve lobectomy is now widely
accepted as a safe procedure to achieve both radical resection of tumors invading the central
structures with parenchymal sparing purpose.

These procedures indicate that MIS after neoadjuvant chemo-immunotherapy should
not be restricted to simple lobectomies only. However, given their technical complexity
and the potential need for advanced intraoperative decision-making and perioperative
management, VATS sleeve lobectomies and other complex pulmonary resections should
be performed in high-volume centers, where greater surgical expertise, multidisciplinary
support, and higher procedural volumes are associated with improved patient outcomes
and reduced perioperative morbidity. These findings also reinforce the need for careful
patient selection, structured preoperative planning, advanced thoracic surgical expertise,
and readiness to convert. In this setting, the goal is not MIS at all costs, but the safest
oncologically sound resection.

This study has several limitations. It is retrospective, single-center, and includes a
relatively small cohort with heterogeneous clinical stages. Because this was a descriptive
single-arm cohort without an appropriate comparator group, propensity score matching or
inverse probability weighting could not be applied.

Another limitation is the relatively long study period (2018–2025), during which
the therapeutic landscape of resectable NSCLC evolved substantially with the progres-
sive implementation of neoadjuvant and perioperative chemo-immunotherapy regimens.
Consequently, some degree of treatment heterogeneity is unavoidable. Nevertheless, the
inclusion of consecutive patients over this period reflects real-world clinical practice and
allowed us to evaluate the evolution of minimally invasive surgical management following
the introduction of these novel systemic therapies.

Follow-up remains short, limiting conclusions regarding disease-free and overall
survival. Operative complexity was derived from operative reports rather than from a
prospectively predefined surgical complexity score and therefore may be subject to report-
ing bias. Nevertheless, the study provides clinically useful real-world data on intended
MIS after neoadjuvant chemo-immunotherapy and highlights practical determinants of
intraoperative decision-making.

5. Conclusions
Neoadjuvant chemo-immunotherapy has reshaped the treatment paradigm of locally

advanced and resectable NSCLC by increasing rates of major and complete pathological
response and by expanding surgical candidacy within a multimodal strategy.

In this single-center experience, intended minimally invasive anatomical lung resec-
tion after chemo-immunotherapy was feasible and safe, with acceptable conversion rates,
manageable morbidity, low reoperation rate, and no 30-day mortality. The most relevant
determinant of conversion was perivascular or peribronchial fibrosis, underscoring that
conversion should be interpreted as a safety measure rather than as failure of MIS.

Pulmonary resection after chemo-immunotherapy should be performed in experi-
enced centers with careful preoperative planning, readiness for advanced reconstructive
procedures, and a low threshold for conversion when vascular control, airway control,
exposure, or oncological radicality are uncertain. Longer follow-up and prospective multi-
center studies are warranted to validate these findings and clarify the relationship between
pathological response, operative complexity, and long-term oncological outcomes.
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