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Innovation 

• Advances in technology 

• Expanding surgical possibilities 

Cost-effectiveness

• Sustainibility for healthcare systems 

• Balancing outcomes and costs

Equity 

• Access across centers & regions

• Training and dissemination

Shaping the Future
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Lung cancer remains the leading cause of cancer death worlwide. 

Surgery is the cornerstone of curative treatment for early-stage lung cancer, within an 

integrated multimodal approach 

Surgery in 2025: multimodal care
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Adoption Trends of Minimally Invasive Thoracic Surgery

Common Goal: minimize invasiveness while maintaining oncological radicality

VATS: standard of care in many 

centres → reduced morbidity and shorter 

hospital stay compared to open surgery.

RATS: rapidly expanding, with 

growing use in complex anatomic 

resections.
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VATS vs RATS 

Feature VATS RATS

Learning curve Steeper, requires advanced skills Smoother, more intuitive

Visualization 2D, limited depth perception 3D-HD, magnified vision

Instruments
Straight instruments, limited 

angulation

Wristed EndoWrist®, 7 degrees of 

freedom, tremor filtration

Ergonomics Less favourable Improved

Lymph node 

dissection
Adequate, sometimes challenging More precise and extensive

Clinical outcomes Established safety and efficacy
Comparable outcomes; growing 

evidence***
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VATS vs RATS 

• Systematic review + reconstruction patient data 

• HR for OS ~ 1.0 (95% Cl 0.88-1.27, p = 0.53)

• 26 studies, > 45,000 pts

• Comparable OS and recurrence for VATS & RATS

• 5-year follow-up of 246 patients

• 5-y OS: 94.1% (RATS) vs 91.4% (VATS), p = 0.48

• 3-y DFS: HR 0.87 (95% Cl 0.50-1.52), p = 0.62

* *
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Mini-invasivness in the treatment of early-stage NSCLC

ICG-guided segmentectomy
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Two recent trials
1. Japanese Clinical Oncology Group/West Japan Oncology Group (JCOG0802/WJOG4607L)

2. Cancer and Leukemia Group B (CALGB140503)

- They compare survival between sublobar resections and lobectomies.

- Effectiveness of sublobar resections for nodules smaller than 2 cm.
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Stage IA NSCLC 

(diameter <2 cm; consolidation-to-tumor ratio 

>0.5)

Randomly assigned in a 1:1 ratio to undergo

either lobectomy or segmentectomy.

JCOG0802/WJOG4607L
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JCOG0802/WJOG4607L
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Median follow-up: 7.3 years

5-year overall survival:

94.3% for segmentectomies and

91.1% for lobectomies

5-year relapse free survival 87,9% per le

lobectomie 88% per le segmentectomie

JCOG0802/WJOG4607L
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JCOG0802/WJOG4607L

First phase 3 trial showing

noninferiority of 

segmentectomies vs. 

lobectomies for small, 

peripheral NSCLC

Segmentectomy should be the 

standard approach for this

population.
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CALGB140503
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Peripheral solid nodules <2 cm

No evidence of metastatic

disease

N0 NSCLC confirmed by 

extemporaneous testing

CALGB140503

Primary endpoint: disease-free survival

Secondary endpoints:

Overall survival

Locoregional and systemic recurrences

Respiratory function
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CALGB140503
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5-year disease-free survival 63.6% after sublobar

resection and 64.1% after lobectomy

5-year disease-free survival 63.6% after sublobar

resection and 64.1% after lobectomy

CALGB140503
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Sublobar resections

(segmentectomies or atypical resections)

for peripheral nodules, smaller than 2 cm, are

an appropriate approach for this type of

patients.

CALGB140503



✓ Sublobar resections (segmentectomies or wedge resections) for peripheral nodules, smaller 

than 2 cm, are the adequate resection for this type of patients

CALGB140503

✓ First phase 3 Trial that showed the non-inferiority of segmentectomy vs 

lobectomy for the treatment of small and peripheral NSCLC

✓ Segmentectomy should be the approach of choice for this subset of 

patients

JCOG0802/WJOG4607L

In summary
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What are the main difficulties for the surgeon?

• Precise identification of the intersegmental plane (especially with two or more planes)

• Accurate localization of the pulmonary nodule

Challenges in Minimally Invasive, Parenchyma-Sparing Thoracic Surgery

Our Solutions Based on Experience

• Use of ICG (Indocyanine Green) to highlight intersegmental planes during surgery

• Employment of radiological coils (spirals) for precise nodule markin

• Advanced surgical planning using 3D imaging to visualize complex anatomy
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- Inflation–deflation line yellow dashed line

- Fluorescent area white dashed line

“The use of ICG is a feasible and safe method regardless of the 

extent of resected segments or pulmonary function and tend to 

show a more restricted intersegmental plane than jet 

ventilation.”

ICG in the Study of the Intersegmental Plane
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Advanced surgical planning using 3D imaging 
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Surgical Procedures

 U-VATS

Esophagectomy  (U-VATS) 75

Lung resection (U-VATS) 3700

- Lobectomy

- Segmentectomy

- Other procedures

1500

307

1893

Gemelli’s experience [May 2016 – 2025]

❖ More than 3800 Uniportal VATS procedures 

❖ 40 Bi-RATS procedures

Surgical Procedures

 Bi-RATS
40

Lobectomy (Bi-RATS) 18

Segmentectomy (Bi-RATS) 7

Wedge resection 15
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Variables

Reoperation for bleeding 4 (1,3%)​

Pleural dranaige(days) 3,23 ± 1,50​

Hospitalization (days) 3,86 ± 1,56​

Minor complication
(pneumonia 16, air leak 7)​

23 (7,3%)​

30-day mortality 0 (0%)​

Segmentectomy 314 (100%)
(7 Bi-RATS – 307 U-VATS)

S1

S6
151 (48%)​

Culmen

Lingulectomy

157 (50%)​

Other (S8-S2)
6 (2%)​

Postoperative outcomes

314 Segmentectomies Bi-RATS or U-VATS [2016 - 2025]

55% of segmentectomies performed with ICG (Bi-RATS or U-VATS)

Gemelli’s experience
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Our experience: From M-RATS to bi-RATS

Port placement according to three different techniques for robotic lung

lobectomy. (A) Park/Veronesi in New York-Milan (6); (B) Robert Cerfolio in

Alabama (7); (C) Mark Dylewski in Miami (8). Ports placement and instrument positioning for a biportal robotic-

assisted thoracic procedure. ICS, intercostal space

Since 2023…

https://www.sciencedirect.com/topics/medicine-and-dentistry/lung-lobectomy
https://www.sciencedirect.com/topics/medicine-and-dentistry/lung-lobectomy
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Innovation 
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• Expanding surgical possibilities 

Cost-effectiveness

• Sustainibility for healthcare systems 

• Balancing outcomes and costs

Equity 

• Access across centers & regions

• Training and dissemination

Shaping the Future
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Access to minimally invasive surgery

2024-2025: +9.5%
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Training and Dissemination
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“The health structures who have to 

chase an economic balance must 

clearly understand the differential

costs between alternative methods

of intervention in order to consciously

and more appropriately and ethically

choose where to allocate the 

increasingly limited economic/ 

financial resources"

Cost continues to be the principal limiting factor in the adoption of 

minimally-invasive approaches, such as RATS, by the healthcare systems

Di Filippo A, Galetta D, Spaggiari L. Economic assessment in minimally invasive oncological surgery: a high European volume center experience. Shanghai Chest 2019;3:14
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The average overall cost of a VATS lobectomy was

€ 11 368 (range €6992–€62 535)

Average intraoperative (including surgical and

anaesthetic time, overhead, disposable materials) and 

postoperative costs (including ward stay, high dependency unit

(HDU) or intensive

care unit (ICU) and variable costs associated with management of 

complications) were € 8226 (range €5656–€13 296) and € 
3029 (range €529 – €51 970), respectively

A hypothetical patient with COPD and DLCO less than 60% would cost €4270 
more than a patient without COPD and with higher DLCO values (€14 793 vs 

€10 523).

VATS costs
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Data quality and comparability were variable

✓ RATS lobectomy was consistently more expensive while

exhibiting no significant improvement in outcomes

compared to VATS.

✓ Pooled estimates indicated a reduced complication rate

with VATS compared to RATS (odds ratio 0.83, 95%

confidence interval: 0.77–0.90, P<0.0001)

✓ Mean total cost of RATS was 25.7% greater ($16,645 vs.

$13,310).

✓ For the subset of studies which further delineated costs,

the mean operative costs of RATS were 54.4% higher,

while mean non-operative costs were 6.5% lower.

Average cost of RATS supplies was 130.3% higher than

VATS.

2020
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Difference RATS vs VATS: €1,700–2,700 higher per case

RATS vs VATS vs open: in summary

Take-home message (Italy / Europe):

VATS is the most cost-effective minimally invasive

method.

VATS shows modest higher effectiveness (QALYs)

than open surgery with acceptable incremental

cost, making it cost-effective under standard

thresholds.

RATS is ~15% more expensive per case, primarily

due to consumables and equipment

depreciation, but remains viable if high volume

and regional reimbursements are favorable.
Reimbursement & Break-Even Models (Italy)

• Lombardy-region reimbursement (~€11,500 lobectomy DRG) 

covers robotic costs with ~18% hospital profit margin for robotic

surgeries, vs ~31–32% margin for VATS/open
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✓VATS and RATS surgery can provide the best minimally-invasive treatments for NSCLC

Conclusions

✓ From a cost-effectiveness standpoint, VATS usually outperforms RATS—especially

in contexts with strict willingness-to-pay thresholds.
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Conclusions

✓ RATS remains more expensive and its financial viability can be influenced by 

institutional reimbursement structures, high volumes, program maturity and 

potential advantages in clinical/oncological outcomes
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