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Case
67 year old female for 
annual exam
35 pack year smoker
– Stopped 14 years ago

Chronic productive 
cough

Sent for screening chest 
CT
– How will you discuss the 

results with her?



Overview

Basics of Lung Nodules
High Risk Nodules
– Size
– Characteristics

Solid
Part-solid
Ground glass

Management

Lung Cancer Screening
High risk patients
– Smokers
– Age
– Other comorbidities



Nodule size and Lung Cancer Risk

McWilliams et al NEJM 2013;369:910-19



Nodule size and Lung Cancer Risk

2x volume = 26% 
incr diameter
Sphere volume 
4πr3/3



Nodule Management ???

Gould et al Chest 2013
Naidich et al Radiology 2013
MacMahon et al Radiology 2005
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Incidental Nodule Management

MacMahon et al Radiology 2017



Nodule Characteristics

Solid
– Obscures lung parenchyma
– Ddx: granuloma, infxn, cancer
– Double time: ~30-400 days

Ground Glass
– Nodular area of incr

attenuation, but lung still seen
– Ddx: infxn, AAH, AIS
– Double time: ~600-900 days



Part Solid Nodules



Nodule Characteristics

Usually benign
– Coarse calcification

granuloma

– Fat containing
hamartoma

Other factors:
– Spiculated
– Upper lobe
– Perifissural





Coccidiomycosis
Common cause of pulmonary nodules in 
endemic regions
– Solid or cavitary
– Usually >8mm

Specificity of PET is significantly lower in 
endemic regions

Deppen et al JAMA 2014



FAKE NEWS!!

How to reduce lung cancer mortality?

1. Environmental 
– Smoking!!
– Radon

2. Better treatment
3. Screening?

Died lung 
cancer

Died resp
failure
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How to reduce lung cancer mortality?

1. Environmental 
– Smoking!!
– Radon

2. Better treatment
3. Screening?

– earlier stage = better 
survival

– CXR screening 
doesn’t work

Marcus et al JNCI. 2000 92(16):1308-16



How to reduce lung cancer mortality?

1. Environmental 
– Smoking!!
– Radon

2. Better treatment
3. Screening?

– earlier stage = better 
survival

– CT detects cancer at 
earlier stage

Henschke et al NEJM 2006;355:1763-71



Chest CT Screening

NLST
 53,454 participants

• 55-74 year old
AND

• 30 pack year smoker
• Non-smoker if quit <15 

yrs

 CT or CXR x 3yrs
 + CT if >4mm nodule

Aberle et al. NEJM 2011 365: 395-409



Chest CT Screening

NLST
– 20% decrease in 

lung cancer mortality
– 6.7% reduction in 

overall mortality
– If 1000 pts screened

• Mortality decrease  
17  14

NELSON
– 15,822 participants
– Final results 1-2 yrs

Screen Observation

Aberle et al. NEJM 2011 365: 395-409
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Who Should be Screened 2017

NLST
• 55-77* year old

AND
• 30 pack year smoker
• Non-smoker if quit 

<15 yrs

Tammermagi et al. NEJM 2013;368:728-36
Aberle et al. NEJM 2011 365: 395-409



Screen Detected Management 2017

Pinsky et al. Ann Int Med 2015;162:485-91
https://www.acr.org/Quality-Safety/Resources/LungRADS



Who Should be Screened 2017

NLST
• 55-77* year old

AND
• 30 pack year smoker
• Non-smoker if quit 

<15 yrs

Approx. 8 million 
Americans qualify!!

Tammermagi et al. NEJM 2013;368:728-36
Aberle et al. NEJM 2011 365: 395-409



Who Should be Screened    
Risk Based Assessment

Kovalchik et al. NEJM 2013 369: 245-54



Who Should be Screened    
Risk Based Assessment

Tanner et al. AJRCCM 2017 196: 602-08



Screen Detected Management 
Risk Based Assessment

McWilliams et al NEJM 2013;369:910-19



Smoking Cessation Counseling

Pedersen et al. Ann Transl Med 2016;4:157-61



Wiener et al. Chest 2013

“What Do You Mean, a Spot?” 



Summary
Size 
– <6mm: Leave alone 
– Growing?

Type 
– solid>ground glass

Lung cancer screening
– Age 55-74
– 30 pack yr smoker

Quit within 15 yrs

Is it Cocci?
Call your friendly radiologist

….next slide



Research Projects

Oncology
– Mammography and breast MRI

Pulmonary
– Lung nodules
– ILD

Cardiology
– TAVR
– Cardiomyopathy



THANK YOU



Nodule management - Rule #1

Compare with old films
– 2+ years stability is 

good*

If seen on CXR and no 
old filmschest CT 
without contrast



Nodule Management

Risk for cancer
– Use models or clinical 

judgment

Balekian et al. AATS 2013



Case

57 year old female for 
annual exam
30 pack year smoker
– Stopped 14 years ago

PE
– Clear lung sounds
– No clubbing

Should she get 
screened for lung 
cancer?

1. No
2. Yes, chest xray
3. Yes, chest CT
4. Refer to pulmonary



Benefits of Screening “Harms” of Screeningvs



Benefits of Screening

“Harms” of Screening

20% mortality reduction*
• If 1000 patients screened
• Absolute decrease 17  14

Very big benefits,         
few people

NEJM 2014; 371:1793-1802
JAMA Int Med. 2014;174:269-74
Ann Intern Med. 2015;162:485-91
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• Absolute decrease 17  14
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few people

False Positives
• ~26% recalled 

• 3.8% lung cancer
• (46mm = ~13% recall)

Radiation exposure
• Max 30 CXR equivalent

Cost
• $81,000/QALY

Small harms,            
many people
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Ann Intern Med. 2015;162:485-91



Benefits of Screening

“Harms” of Screening

20% mortality reduction* Very big benefits,         
few people

False Positives
Radiation exposure
Cost

Overdiagnosis
• ~10-20% with cancer rx

unnecessarily

Small harms,            
many people

Big harms,                  
very few people

NEJM 2014; 371:1793-1802
JAMA Int Med. 2014;174:269-74
Ann Intern Med. 2015;162:485-91



Very big benefits,         
few people

Small harms,            
many people
Big harms,                  
very few people

When to start screening?
•55-74 year old
•30 pack year smoker
•Non-smoker if quit <15 yrs

Screening frequency?
•Yearly

What’s next?
•Await NELSON trial results
•Encourage smoking 
cessation

•CT pts more likely to quit?
•Novel biomarkers          
(e.g. circulating DNA)



Measurement error
2x volume = 26% incr
diameter
– Sphere volume 4πr3/3

Volumetric assessment 
better smaller diameters

Best betsame person 
for serial measurements

Patel el al Chest 2013



Subsolid Nodules

Gould et al Chest 2013
Naidich et al Radiology 2013



Summary
Old films for stability?

Type
Size (>8mm)
Risk factors for cancer

Is it Cocci?
Call your friendly 
radiologist



Lung Cancer Screening

Screening CXR 
– no benefit (Mayo Lung Project)

Screening chest CT
– 20% reduction in lung cancer deaths (NLST)

(20/100017/1000)
Age 55-74
30 pack-year smoker
Quit <15 yrs ago

– “NELSON” trial ongoing

NEJM 2011



http://seer.cancer.gov



How to reduce lung cancer 
mortality?

1. Environmental 
– Stop smoking!

2. Better treatment
3. Screening?

– earlier stage = better 
survival

http://seer.cancer.gov
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Folllow-up 



Chest CT Screening

DANTE trial
– 2472 participants
– CXR vs CT

DLST
– 4104 participants
– CT vs no screen

Saghir et al Thorax 2012 67(4):296-30
Infante et al  AJRCCM 2009 180(5):445-45



“Danger” Zones on CXR

1. Apex
2. Hila
3. Lung periphery
4. Behind ribs



“Danger” Zones on CXR

1. Apex
2. Hila
3. Lung periphery
4. Behind ribs



Pulmonary nodule management
1. How many nodules?

– Single
– Multiple

2. Nodule characteristics?
– Calcified
– Solid; Part solid; Ground glass

3. Nodule size?
4. Why was it detected?

– Incidental imaging finding
• risk factors for lung ca?

– Screening



Overview
1.

2. Pulmonary nodule management
a) Nodule size?
b) How many nodules?

Single
Multiple

c) Nodule characteristics?
Calcified
Solid; Part solid; Ground glass

d) Why was it detected?
Incidental imaging finding

– risk factors for lung ca?
Screening



Overview
1.

2. Pulmonary nodule management
a) Nodule size?
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