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Objectives

• Discussion about clinical risk assessment of lung nodule and 
indications for sampling
• Probability of malignancy assessment

• Decision making: surveillance →more testing → treatment

Goal: Expedite the diagnosis and treatment of 
malignant nodules while minimizing the testing 

of benign nodules, all while inflicting no 
physical or emotional harm to patients
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Housekeeping

• Solitary pulmonary nodule 
• Single well circumscribed radiographic opacity, up to 30mm in diameter, surrounded by 

aerated lung with no associated atelectasis, hilar enlargement or pleural effusion 

• Nodules <8mm rarely need anything other than radiologic follow up 

• Look at old images! 
• SOLID nodule stable 2 years leave it 

• Sub-solid (aka pure groundglass) stable for 3 years leave it 
• 5y according to Fleischner 2017

• Comorbidities matter, life expectancy matters, patient preferences 
matter
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Housekeeping

Risk factors for malignancy

• Smoking

• Age

• Exposures (Asbestos, Radon, etc)

• Family history of malignancy

• Personal history of malignancy

A. Rolando Peralta
Gould M. CHEST 2013; 143(5)(Suppl):e93S–e120S 
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6712257/


Housekeeping

• Size 

• Location
• Upper lobe 

• Lower lobe

• Growth rate 
(Volumetric Doubling 
Time) 

• Borders 
• Smooth 

• Irregular 

• Spiculation

• Attenuation 
• Solid 

• Sub-solid → Pure GG and 
semi-solid

• Cavitation

• Calcification pattern
• Popcorn, diffuse, central

• Laminated, off-centered

A. Rolando Peralta
Gould M. CHEST 2013; 143(5)(Suppl):e93S–e120S 
Khan T. Ann Transl Med. 2019 Aug; 7(15): 348

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6712257/


Volumetric Doubling Time 

VDT Risk of malignancy 

>600 days 0.8%

400-600 days 4%

<400 days 9.9%

<20 days Infectious 

Pure GG VDT 813 +/- 375 d

Semisolid VDT 457 +/-260 d
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What diameter increase % 
is equivalent to VDT?

26%



Pretest 
probability of 

cancer 

Benefit vs. 
Potential 

harm

Management 
Threshold

Low Intermediate High

What is low, intermediate, and high 
probability?

Low <5%
Intermediate 5-65%

High >65%
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How likely is it to be cancer?

• Subjectively (intuition 
and experience)

•Validated Probability 
Models

Depend on clinical profile 
and the prevalence of 

malignancy in the 
population

Depend on clinician’s 
knowledge, experience, and 

biases
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How likely is it to be cancer? ROC/AUC

50 = chance

100 = perfect
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Screening identified nodule: Brock 
Available in UpToDate

Incidental nodules: Mayo and Herder 
model calculator
https://www.mdcalc.com/solitary-
pulmonary-nodule-spn-malignancy-risk-
score-mayo-clinic-model

https://www.mdcalc.com/solitary-pulmonary-nodule-spn-malignancy-risk-score-mayo-clinic-model


How likely is it to be cancer?
• Models Vs. Experts

• MAYO vs. Expert → AUC 82 vs. 79

• MAYO vs. VA vs. Expert → AUC 70 vs. 71 vs. 72

• MAYO vs. VA vs. Expert → AUC 77 vs. 74 vs. 84

Swensen SJ, et al. Mayo Clin Proc 1999;74:319–329.
Balekian AA, et al. Ann Am Thorac Soc 2013;10:629–635.
Fox A. J Thorac Dis 2020;12(6):3296-3302 | http://dx.doi.org/10.21037/jtd.2020.03.68
Tanner M. CHEST 2017; 152(2):263-270

“Expert” clinical assessment ≥ 
Probability models 
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How likely is it to be cancer?

• Predictive models are comparable to expert physician 
assessment when evaluating the probability of cancer in 
pulmonary nodules

• Predictive models are tools and as such, they should be used 
in the right situations by an experienced operator

Is Rolando (PGY11) an “expert” in the 
management of lung nodules?

8h a day x 5 days x 48 weeks = 1920h per year 
10000 / 1920 = 5.2 years
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Pretest 
probability of 

cancer 

Benefit vs. 
Potential 

harm

Management 
Threshold

Serial imaging More testing SurgeryLow Intermediate High

Low <5%
Intermediate 5-65%

High >65%

Patient preferences
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So what now…?

Ost D, Am J Respir Crit Care Med Vol 185, Iss. 4, pp 363–372, Feb 15, 2012

Risk of malignancy 
assessment:

Low <5%
Intermediate 12-65%

High >65%

Patient preference and 
Harm/Benefit assessment

CT-TTNA, PET-CT, 
Bronchoscopy, Radiomics, 

Biomarkers

SBRT, Surgery

Watch Get more info Treat
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So what now…?

• Screening nodule → Follow Lung RADS version 1.1 

• Incidental nodules <8mm → Follow Fleischner 2017

• For anything else → enjoy the ride… 
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Screening nodules – Lung-RADS
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Incidental nodules <8mm (solid)
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Incidental nodules <8mm (subsolid)
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A PET-ite problem

Sensitivity 72-94%

Using 2.5 SUVmax:
• Sen 87

• Spec 50

• PPV 91

• NPV 40

Performance is affected by:
• Pretest probability of malignancy 

• Size of the nodule 
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Sens 82% Spec 81%%



A PET-ite problem

How does pre-test probability affect the performance of 
PET-CT?
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Evangelista L. Eur J Nucl Med Mol Imaging (2018) 45:1898–1907

Mild FDG uptake

Sen 85%

Spec 85

PPV 86%

NPV 85%



Transthoracic or Bronchoscopic sampling?

• Size of the nodule 

• Location of the lesion (central vs. peripheral)

• Bronchus sign (airway going into the lesion)

• Risk/benefit assessment of each strategy

• Expertise of the operator

• Need for additional procedures
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Image Guided Bronchoscopy 

Wang, J. et al. CHEST 2012; 142(2):385–393
Rivera, M. et al. Chest, Volume 143, Issue 5, Supplement, 2013, e142S–e165S

Conclusion:  Guided bronchoscopy for evaluation of peripheral lung nodules 
offers a reasonably high diagnostic yield with a low side-effect profile.

Caveat:  Yields Best with lesions >2cm in diameter and with positive bronchus sign

3.3.2.1. In patients suspected of having lung cancer, who have a peripheral lung nodule, 
and a tissue diagnosis is required due to uncertainty of diagnosis or poor surgical 
candidacy, radial EBUS is recommended as an adjunct imaging modality (Grade 1C).
3.4.2.1. In patients with peripheral lung lesions difficult to reach with conventional 
bronchoscopy, electromagnetic navigation guidance is recommended if the equipment 
and the expertise are available (Grade 1C).
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Robotic Bronchoscopy for PPL

Prospective multicenter safety and 
feasibility study (n = 55)

• Primary end-points 
• Successful localization by R-EBUS

• Procedure-related adverse events
• PTX in 3.7% of patients 

• Exploratory end-point
• Yield 74% (95% CI 61-84%)

• Concentric 80%

• Eccentric 70%
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Surgical resection 

• Lobectomy (with lymph node dissection/sampling) Gold Standard 

• Sublobar resection

• Wedge resection 

• Segmentectomy w/o node exploration

• Anatomical segmentectomy with node exploration

• Extended segmentectomy (affected segment + adjacent subsegment + node exploration) 

• Extended segmentectomy vs. Lobectomy for pT1N0M0 ≤2cm

• 5-year survival 87% vs 87% 
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Ginsberg R. Ann Thorac Surg 1995;60:615-23
Okada M. Ann Thorac Surg. 2001;71:956–61
Divisi D. Thorac Dis 2020;12(6):3357-3362 

Opertive Mortality Complication Local Recurrence Overall Survival

Lobectomy 1-4% 0-48% 6-32% 50-94%

Sublobar resection 0.5% 0-46% 3-53% 38-100



Stereotactic Body Radiation Therapy (SBRT)

• Targeted radiation to tumor bed while minimizing radiation to adjacent normal 
tissue
• Large doses (>6 Gy/fraction) in less fractions (≤5) 

• Toxicity 
• Apical lesions → brachial plexus injury 

• Peripheral lesions → rib pain and fractures 
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How well do we use guidelines?
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Emotional harm to patients 

Only one study in the literature investigating the emotional 
harm in patients undergoing LCS.

Schapira M. Med Decic Making. 2021 Feb 6;272989X20987221
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So what now…?

Ost D, Am J Respir Crit Care Med Vol 185, Iss. 4, pp 363–372, Feb 15, 2012

Risk of malignancy 
assessment:

Low <5%
Intermediate 12-65%

High >65%

Patient preference and 
Harm/Benefit assessment

CT-TTNA, PET-CT, 
Bronchoscopy, Radiomics, 

Biomarkers

SBRT, Surgery

Watch Get more info Treat
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Question #1

You are asked to review the screening LDCT of a 58yo 
woman. She has a 45PYH of smoking (active 1/2PPD) 
and was recently started on inhaler therapy for 
dyspnea due to COPD. Which of the following models 
would be most appropriate to assess the risk of 
malignancy in this patient?

a) Brock model 

b) HERDER model

c) Mayo model 

d) PKUPH model  

e) VA model 

f) Who cares… I do not need one
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Brock Model → 18% risk of malignancy 
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Question #2

You are asked to review the screening LDCT of a 58yo 
woman. She has a 45PYH of smoking (active 1/2PPD) 
and was recently started on inhaler therapy for 
dyspnea due to COPD. What is the next best step?

a) Clinic visit to discuss patient preference and 
assess surgical risk

b) Diagnostic contrast enhanced chest CT 

c) PET-CT

d) Referral to thoracic surgery 

e) Repeat LDCT in 3 months 

f) Review old images 
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Question #2 → Lung RADS 1.1
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Question #2

You are asked to review the screening LDCT of a 58yo 
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Question #3

You are asked to review the screening LDCT of a 58yo 
woman. She has a 45PYH of smoking (active 1/2PPD) 
and was recently started on inhaler therapy for 
dyspnea due to COPD. The nodule is 12mm with 
minimal cavitary component and was non-solid 6mm 
two years ago. What is the next best step?

a) Clinic visit to discuss patient preference and 
assess procedural/surgical risk

b) Diagnostic contrast enhanced chest CT 

c) PET-CT

d) Referral to thoracic surgery 

e) Repeat LDCT in 3 months 
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