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Case 

• 45 year old healthy male 
– Smokes ‘socially’ 
– Normal physical exam 

• Pre-employment 
screening 
– remote +PPD 
– screening CXR  

“nodular opacity” 
– Chest CT “1 cm nodule” 

1. No further imaging 
2. Follow with CXR 
3. Follow with chest CT 
4. PET/CT 
5. Percuatenous biopsy 
6. Unsurerefer to 

pulmonary 



Overview 

1. Imaging basics for nodules 
2. Features of a solitary nodule 

– Type 
– Size 
– Patient at risk for cancer? 

3. Management of solitary nodules 
– Incidental 
– Screening

 
 



Pulmonary nodule 

• Imaging finding without 
physical exam correlate 
 

• Incidence 
~150,000/year 
 

• Expected to increase 
with CT screening for 
lung ca 

Ost et al NEJM 2003 
http://tobacco.stanford.edu/ 

 



Pulmonary nodule 

• DDx 
– Infectious  
– Cancer  
– Everything else 

• AVM 
• Necrobiotic 
• Amyloid 
• Infacrt 
• Etc. 

http://tobacco.stanford.edu/ 

 



Definition 

• Nodule 
– opacity <3cm 

surrounded by lung  
– NOT lymph nodes, 

atelectasis, pna 
 

• Mass  
–  “ ” >3cm 
– Usually bad 

• adenoca>squamous>met 

 

 



“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 

 



Imaging Features of Nodules 

• Usually benign 
– Coarse calcification 
– Fat containing 

 
• Everything else 

– Spiculated 
– Cavitary 
– Circumscribed 
– Upper or lower 
– Peripheral or central 

 



Nodule management - Rule #1 

• Compare with old films 
– 2+ years stability is good* 

 
• If seen on CXR and no 

old fimschest CT 
without contrast 

 



Imaging Features 

• Type 
1. Solid 
2. Ground glass 
3. Part solid 

• Size 
 
 

• Patient risk for cancer? 

 



Imaging Features 

• Solid 
– Obscures lung parenchyma 
– Ddx: infxn, cancer, 

granuloma 
– Double time: ~30-400 days 
 

• Ground glass 
• Part solid 

 

 



Imaging Features 

• Solid 
• Ground glass 

– Area of incr attenuation, but 
underlying lung still seen 

– Ddx: infxn, AAH, AIS 
– Double time: ~600-900 days 

 

• Part solid 
 

 

 



Imaging Features 

• Solid 
• Ground glass 
• Part solid 

– Combination of above 
– Ddx: infxn, MIA, AdenoCa 
– Double time: ~300-500 days 

 

 



Imaging Features 

• Size 
– Bigger is worser 
– >8mm 

 

Patel el al Chest 2013 

 



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 

 



Patient Factors 

 

• Patient risk for cancer 
– Use models or clinical 

judgment 

Patel et al Chest 2013 

 



Case 

• 45 year old healthy 
male 
– Smokes ‘socially’ 
– Normal physical exam 

• Pre-employment 
screening 
– remote +PPD 
– screening CXR lung 

nodule 
– Chest CT 1 cm nodule 

 



Nodule Management ??? 

Gould et al Chest 2013 
Naidich et al Radiology 2013 
MacMahon et al Radiology 2005 
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Case 

• Type 
– Solid 

• Size 
– 4mm 

• Risk for cancer 
– Intermediate 

Gould et al Chest 2013 
MacMahon et al Radiology 2005 

 





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 



Subsolid Nodules 

Gould et al Chest 2013 
Naidich et al Radiology 2013 



Summary 

• Old films for stability? 
 
• Type 
• Size (≤ 4 OR >8mm) 
• Risk factors for cancer 

 
• Is it Cocci? 
• Call your friendly radiologist 

 



Case 

• 55 year old male female 
comes to your office for 
annual exam 

• 30 pack year smoker 
• Still smokes ½ pack/day 

 
• Should I get screened 

for lung cancer? 

1. No 
2. Yes, chest xray 
3. Yes, chest CT 
4. Unknown refer to 

pulmonary 



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 

 



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

Chest X-Ray Screening 





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 
 

 



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 

 
 

NEJM 2011 365(5): 395-409 

 



Chest CT Screening 

• NLST 
– 20% decrease in lung 

cancer mortality 
– 6.7% reduction in 

overall mortality 
 

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

 

NEJM 2011 365(5): 395-409 

 



Chest CT Screening 

NEJM 2011 365(5): 395-409 

• NLST 
– 20% decrease in lung 

cancer mortality 
– 6.7% reduction in 

overall mortality 
 

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

 

 



Benefits of Screening “Harms” of Screening vs 



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 

 



Benefits of Screening 

“Harms” of Screening 

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

 

Very big benefits,         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 

Small harms,            
many people 

NEJM 2014; 371:1793-1802 
JAMA Int Med. 2014;174:269-74 
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 influence to quit? 
•Novel biomarkers          (e.g. 
circulating DNA) 



THANK YOU 



THANK YOU 



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 



Case 1 

• 60 year old healthy 
male for annual exam 
– 20 pack -year smoker 

• Normal physical exam 
– Lungs clear to 

ascultation 
– No weight loss or type B 

sx 

• Should I get screened 
for lung cancer? 

1. No data to support 
screening 

2. Chest X-ray 
3. Chest CT without 

contrast 
4. Chest CT with contrast  
5. Unsurerefer to 

pulmonary 



Case 

• Type 
– Solid 

• Size 
– 6mm 

• Risk for cancer 
– Intermediate 

Gould et al Chest 2013 
MacMahon et al Radiology 2005 
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Case 
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• Size 
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Nodule Management ??? 

Gould et al Chest 2013 
Naidich et al Radiology 2013 
MacMahon et al Radiology 2005 
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