
@LindaMThoracic

Management of Early-Stage Lung Cancer: 
When Is It Safe To Perform Sublobar

Resection?

@LindaMThoracic

Linda W. Martin, MD, MPH
Professor and Chief, Thoracic Surgery

University of Virginia
June 7, 2024



@LindaMThoracic

Management of Early-Stage Lung Cancer: 
When Is It Safe To Perform Sublobar

Resection?

@LindaMThoracic

Linda W. Martin, MD, MPH
Professor and Chief, Thoracic Surgery

University of Virginia
June 7, 2024

Best Practice



Disclosures – Linda Martin

Commercial Interest Relationship(s)

Astra Zeneca Advisory Board; Principle Investigator MDT-Bridge

On Target Laboratories Steering Committee for ELUCIDATE trial

Genentech Speakers Bureau

Ethicon Speakers Bureau

BMS Speakers Bureau

@LindaMThoracic



Segmentectomy – Early Stage Disease

• When SHOULD we do segmentectomy? And WHY?

• What are the reasons to convert to lobectomy?

• Some practical considerations

• My algorithm

@LindaMThoracic



@LindaMThoracic

Peripheral = 
outer 1/3 of 
lung
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CALGB 140503 [Alliance]
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CALGB 140503: Phase III randomized trial comparing
lobectomy and sublobar resection for small-sized carcinoma 

13

Stratification factors

• Tumor size (<1,1-15,1.6-2)

• Ever/never smokers

• Squamous/adenocarcinoma

Primary endpoint: DFS

Secondary endpoints

• OS

• PFTs at 6 months

• Rates of loco-regional and 

systemic recurrence
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n nEvents HR (90%CI) 5−year OS (90%CI)

Sublobar 340 95 0.95 (0.75 − 1.21) 80.3 (76.3 − 83.7%)

Lobar 357 103 reference 78.9 (74.9 − 82.3%)

one−sided p=0.014 from non−inferiority test
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No. at risk

Lobar 357 337 322 297 270 240 192 142 14

Sublobar 340 320 298 276 258 236 185 127 19

Median follow-up: 7 years 

Five –year survival

SLR:     80.3%

Lobar:  78.9%

Overall Survival
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Note difference 
from JCOG:

94%
91%
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Disease-free Survival
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n nEvents HR (90%CI) 5−year DFS (90%CI)

Sublobar 340 137 1.01 (0.83 − 1.24) 63.6 (58.9 − 68.0%)

Lobar 357 141 reference 64.1 (59.5 − 68.3%)

one−sided p=0.0176 from non−inferiority test
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+ Lobar
+ Sublobar : 58.8% wedge resection 

Disease−free Survival

No. at risk

Lobar 357 310 276 246 209 175 132 80 5

Sublobar 340 291 254 222 201 172 123 78 6

Median follow-up: 7 years 
Five –year DFS

SLR:     63.6%

Lobar:  64.1%
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Disease Recurrence

Lobar

N=351

Sublobar

N=336

Total

N=687
P-Value1

Overall 103 (29.3%) 102 (30.4%) 205  (29.8%) 0.8364

Locoregional only 35 (10%) 45 (13.4%) 80   (11.6%) 0.2011

Regional only 9  (2.6%) 6 (1.8%) 15 (2.2%) 0.6623

Any Distant 59 (16.8%) 51 (15.2%) 110 (16.0%) 0.6323

1 Chi-Square p-value
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Pulmonary functions

Lobectomy

N=357

Sublobar

N=340
P-Value1

FEVI (%predicted)

Baseline 
Median (IQR)

N=356
83.0 (72.0-97.0)

N=340
83.5 (73.0,96.0)

6-months 
Median (IQR)

N=268
76.5 (64.0,87.0)

N=252
81.0 (69.5,93.0)

Change from baseline
Median (IQR)

N=268
-6.0 (-14.0,-1.0)

N=252
-4.0 (-10.0,2.5.0)

0.0006

FVC (%predicted)

Baseline 
Median (IQR)

N=355
92 (80.0,105.0)

N=340
94 (84.0,105.0)

6-months 
Median (IQR)

N=268
86 (76.0,100.0)

N=252
93(81.0,103.0)

Change from baseline
Median (IQR)

N=268
-5 (-13.0,3.5)

N=252
-3 (-11.0,5.0)

0.0712

1Wilcoxon rank sum p-value;



Segmentectomy new standard for 
<2 cm, node negative, 

margin negative, peripheral NSCLC 

2-3.5% absolute difference
in FEV1



American College of Surgeons
Cancer Surgery Standards Program (CSSP)

2015 2018



Operative Standards for 
Cancer Surgery
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Reasons to Abandon Segment For Lobe

• Size > 2 cm

• Central location

• Lesion crosses segmental boundaries

• “High” SUV uptake

• Positive margins

• Ratio of resected to remaining segments

• Positive nodes

• Visceral Pleural Invasion



Practical Matters – PFT Preservation



Resection extent index:
Number resected segments /
total segments in the corresponding 
lobe



Ratio Of Resected Segments To 
Total Lobe Size



4th International Sublobar Confrence - January, 12th & 13th, 2022 – Paris, France

NODE INVOLVEMENT:
Sublobar Randomized Trials

Protocols
JCOG 0802

• Solid/subsolid ratio >0.5

• Contrast-enhanced thoracic CT … no 
lymph node metastasis evident. 

• Intraoperative requirements for the 
second registration … no nodal 
involvement

• The surgical procedure was converted 
from segmentectomy to lobectomy if 
lymph node metastasis was confirmed 

CALGB 140503

Intra-operative Randomization 
Eligibility Criteria

• Histologic confirmation of NSCLC (if 
not already obtained).

• Confirmation of N0 status by frozen 
section examination of nodal levels 
4, 7, and 10 on the right side and 5, 
6, 7 and 10 on the left side.
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Node Involvement: 
Trial Exclusion Criteria
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JCOG 0802 CALGB 140503
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CALGB 140503

Node Involvement: 
Trial Exclusion Criteria



Nodal Involvement:
JCOG 0201 - Subsolid
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Despite the finding that a 
noninvasive pathology is better 
predicted with a C/T ratio 0.25 or 
less on TSCT in cT1a (≤2.0 cm) than 
with 0.50 or less in cT1a-b (≤3.0 
cm), both of these radiologic 
criteria could identify a group of 
patients with an excellent 
prognosis, with a 5-year overall 
survival of approximately 97%. 

77-87% are 
invasive even 
with these 
criteria47/545 (8.6%) had 

nodal involvement



Node Involvement 
with SOLID NODULES – single institution

46 out of 199 cN0 staged patients (23%) 
would have been undertreated due to 
presence of Occult Node Metastases. 
These patients would have risked being 
understaged and undertreated with 
sublobar resection (segmentectomy or 
wedge resection) or nonsurgical
treatment modalities such as SABR
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390 patients undergoing lung 
resection, lobe or more (ALL STAGES)
Invasive staging when clinically 
indicated
2/3 adenocarcinoma, 1/3 SCCA

16.6% rate of pN1 in cN0
6.5% rate of pN2 in cN0

pN1 location: 52% in stations 12-14
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• cT1a-bN0 Lung Cancers (<=2cm)
• All were eligible for CALGB 140503
• 58 patients from 2104-2017
• C/T ratio 1.0 (SOLID)
• 51 lobectomy, 7 segmentectomy

• Overall 15.5% rate of 
nodal upstaging

Node Involvement 
with SOLID NODULES – single institution



5 of 8 N1 upstage nodes found by the 
pathologist, NOT sent separately by 
surgeon

Node Involvement 
with SOLID NODULES – single institution
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National Cancer Database study 2004-2014: 40K patients SUBLOBAR 
resection

42% had zero nodes evaluated!

11% of sublobar resection patients pN+

Improving over time
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Implications of 
pN+

Propensity matched

Lobe

Sublobar



Nodal Involvement:
SOLID and SUBSOLID NODULES – large database

• NCDB 2004-2014

• <=1cm tumors (T1a)

• 2157 patients

• Incidence of pN1: 5.1%

pN2: 1.6%

• Overall 6.7% rate of occult nodes in T1a tumors!

• Only predictor of pN+ on multivariable analysis: tumor grade
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Best Practices



IASLC Guidelines
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IASLC Standard

3 N1 + 3 N2
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American  College of Surgeons Commission on Cancer:

Standard 5.8: Pulmonary Nodal Staging

1 hilar  
lymph node

3 mediastinal  
lymph nodes

(3 distinct stations)

This is the BARE MINIMUM required
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What About Visceral 
Pleural Invasion?
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Pleural lymphatics travel 
along pleura, segmental 
planes. 

So in theory, SUBLOBAR 
RESECTION could easily leave 
behind in-transit mets
anywhere along visceral 
pleura….



Visceral Pleural Invasion (VPI)

• Can’t predict it preoperatively

• Can’t predict it based on puckered appearance intraop

• Can’t detect it on frozen section

• So… you will only know about it AFTER final path returns

• Should you GO BACK and do a lobectomy?
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• NCDB review 2010-2020

• 2390 lobes, 178 segments 
with VPI, T1a-bN0

• Overall Survival not 
different

Annals of Thoracic Surgery May 2024
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Reasons To Abandon Segment For Lobe

• Size >= 2 cm: yes
• Central location: yes
• “High” SUV uptake: probably?
• Lesion crosses segmental boundaries: yes
• Positive margins: yes
• Ratio of resected to remaining segments: If >0.5, yes, do the lobe
• Positive nodes: yes – occult positive in 6-23%!!!!
• Visceral Pleural Invasion: no - can’t tell until postop, would not do 

completion lobe

• Remember to weight the small lung function benefit with good cancer 
surgery….
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My algorithm
Early Stage NSCLC
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Clinical 
staging: 
cT1N0

peripheral

Minimally Invasive
Mediastinal Node 

Dissection/Sampling, 
SEND

N2 
negative

N2 
positive Give 

neoadjuvant

Hilar 
dissection, 

send N1 
nodes

N1 
negative

N1 
positive



Thank you
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Team subcarinal nodes

Ris Mayor and Erik Scott - fellows

Clinic Team – Sam, Selena, Julie, Aimee


