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What is a pulmonary nodule?

• Small (<3 cm), focal, distinct radiographic density

• Commonly encountered in clinical practice

• Incidence increasing with more use of CT

• Major routes of detection

- Lung cancer screening

- Incidental

- During oncological follow up



Classification of pulmonary nodules

Baldwin et al. Thorax. 2015



Solid pulmonary nodules

Mazzone et al. JAMA. 2022

MacMahon et al. Radiology. 2017

Calcified granuloma Perifissural nodule

Hamartoma Arteriovenous malformation



Solid pulmonary nodules with malignancy risk

MacMahon et al. Radiology. 2017

Bae et al. Chest. 2016



Subsolid pulmonary nodules

10 years of follow-up
Azour et al. Chest. 2021

Lee et al. J Thorac Oncol. 2019



Differential considerations for subsolid nodules

Azour et al. Chest. 2021



Nodules are commonly detected by screening

Mazzone et al. Chest. 2018

• Results from LDCT screening trials



Screen-detected nodules

• Lung-RADS 2022

Size: mean diameter

Growth: increase of >1.5 mm (2 mm3)



NCCN guidelines for screen-detected nodules



Management of screen-detected nodules

Lim et al. Ann Am Throac Soc. 2020

• ILST protocol

-Early recall for CAT3

-Diagnostic referral for CAT4/5



Incidence of incidentally detected nodules

Gould et al. Am J Respir Crit Care Med. 2015

• Frequency of chest CT imaging and positive scans



Management of incidentally detected nodules

• ACCP guidelines (2013)

Gould et al. Chest. 2013



Incidentally detected nodules

• BTS guidelines (2015)

Baldwin et al. Thorax. 2015



Risk prediction for malignancy

Mazzone et al. JAMA. 2022



Brock model calculator



Mayo clinic model



Fleischner society guidelines (2017)

MacMahon et al. Radiology. 2017



Optimal management: solid nodules

Guerrini et al. Int J Envrion Res Public Health. 2022



Guidelines for subsolid nodule management 

Azour et al. Chest. 2021



Optimal management: subsolid nodules

Bae et al. Chest. 2016

• Consensus guideline for Asia



Considerations in Asia

Bae et al. Chest. 2016

• Risk caused by high levels of air pollution

• High incidence of adenocarcinomas in female nonsmokers

• High prevalence of infectious pulmonary nodules

-> Less reliance on non-Asian based risk calculators

-> Less reliance on PET

-> Greater use of nonsurgical biopsy



Baseline and new nodules – solid 

Walter et al. Lancet Oncol. 2016

• New solid nodules detected at interval screening have a high probability of 
malignancy even at a small size



Baseline and new nodules – subsolid

Yankelevitz et al. Radiology. 2015

Newly seen nonsolid 

decrease more frequently    

(322/485, 66%)

than those seen at baseline 

screening 

(628/2392, 26%)



Multiple nodules

Data from the NELSON trial

- Among screenees with a positive nodule, 48.5% had multiple nodules  

- Multiplicity did not affect lung cancer probability

- Each nodule should be assessed separately

Heavelmans et al. Lung Cancer. 2017



Multiple subsolid lung cancers

Chung et al. J Thorac Oncol. 2009

In cases of malignancy

- Most multifocal nodules are synchronous primary adenocarcinomas

- Each nodule should be evaluated individually



Follow up duration for subsolid nodules

Lee et al. J Thorac Oncol. 2019

Lee et al. Radiology. 2020

• Growth detected in 13% of 

subsolid nodules stable 

for the initial 5 years

• 2% of subsolid pulmonary 

nodules ≥6mm grew after  

5 years of stability 



Nodules detected on oncologic follow up

Araujo-Filho et al. AJR. 2021



Diagnostic tissue sampling

Rivera et al. Chest. 2013

• Nonsurgical biopsy

- Transthoracic needle biopsy

- Conventional bronchoscopy and EBUS -> Not optimal for peripheral nodules

- Advanced image-guided bronchoscopy

• Surgical biopsy

- Sublobar resection with VATS or RATS preferred

Sensitivity of flexible bronchoscopy for peripheral lung lesions



Transthoracic needle biopsy

• Conducted under local anesthesia

• High diagnostic yield > 90%

• Notable rate of complications (pneumothorax rate =~ 20%)

• Lower diagnostic yield for smaller nodules

National Cancer Institute

Lee et al. Radiology. 2019



Advanced guided bronchoscopy

• Moderate sedation or general anesthesia

• Diagnostic yield of 70-80%

• Lower risk of complications (pneumothorax rate <5%)

• Lower diagnostic yield for smaller nodules without bronchus sign

Electromagnetic Navigation Bronchoscopy Radial EBUS Robot-assisted (shape sensing)

Kemp. Respiration. 2020

Simoff et al. BMC Pulm Med 2021



Surgical biopsy 

• Provided definitive diagnosis and management

• Risks of physical complications and deterioration of lung function

• Possibility of unnecessary surgery for benign nodules

Montagne et al. Cancers (Basel). 2021



Take home

• Lung nodules are increasingly detected and the burden is projected to rise 

with more use of CT imaging and implementation of lung cancer screening

• Different types of nodules can be detected in different situations, 

requiring individualized management and use of various guidelines

• Invasive diagnosis of a nodule should be guided by the probability of 

malignancy, expected yield and safety of testing, and patient preference



Thank you for your attention

Contact Email for Inquiries: kimyw@snu.ac.kr 
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