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The Solitary Pulmonary Nodule 

 
 

Case related questions. 
 
Scenario: 
Mr. Davis, a 65-year-old male with a history of chronic obstructive pulmonary disease 
(COPD, forced expiratory volume in 1 second [FEV1] 40% predicted), coronary artery 
disease, and diabetes, presents to your office for evaluation of a right upper lobe lung 
nodule noted incidentally on chest x-ray. A subsequent CT scan obtained during a recent 
admission for pneumonia showed a 1.5 cm ground glass right upper lobe lesion surrounded 
by lung parenchyma. There are no calcifications noted. Left lower lobe consolidation 
(attributed to bacterial pneumonia given consistent symptoms at the time of admission) and 
mild emphysema were also demonstrated on the CT. He was treated with 7 days of 
levofloxacin for community-acquired pneumonia, recovered without complication, and is 
now back to his baseline respiratory status. He was told to follow up with a pulmonologist 
for this CT abnormality to discuss the next steps in management. His last imaging CXR, 
obtained about 13 years ago during an ER visit for chest pain, was unremarkable. He is a 
former smoker with a 30-pack-year history, quit smoking 6 years ago, and has no family 
history of lung cancer.   
 
Question 1: How would you characterize this abnormality noted on CT scan?  What are the 
criteria for a “solitary pulmonary nodule” (SPN) vs. a lung mass? What are the relevant sub-
types of SPNs? 
 
Figure 1. Computerized Tomography Representation of Types of Nodules  

A. Right Upper Lobe B. Left Upper Lobe  
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C. Right Lower Lobe 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A. Right Upper Lobe Ground Glass (Subsolid) Nodule.  Magnified view provided. B. Left Upper Lobe Solid Nodule.   
Note the spiculated appearance and fissure tethering. C Right Lower Lobe Part-Solid Nodule. Combination of solid 
and ground glass components. 
 
Question 2: Mr. Davis asks you what this lung nodule might be. What is the differential 
diagnosis for an SPN? 
 
Question 3: Once you mention the possibility of cancer, Mr. Davis is very concerned. He 
asks you if you can tell his probability of cancer based on the CT pictures. What are helpful 
imaging features from CT scanning? 
 
Question 4: Because Mr. Davis’ nodule has some worrisome features you decide to review 
his scan personally with one of the radiologists. She mentions to you that there are no 
calcifications seen. What does the presence or absence of calcifications indicate? 
 
Question 5: You are now considering the next steps in the diagnostic workup for Mr. Davis. 
What are the current recommendations? 
 
Question 6: How would you proceed if Mr. Davis had a solid 1.5 cm nodule rather than a 
subsolid ground glass nodule? 
 
Question 7: Given his smoking history and imaging characteristics, you estimate his risk of 
malignancy in the moderate to high range. However, many clinicians would still obtain a PET 
CT scan before surgical intervention in this case, particularly given his comorbidities.  When 
is PET scanning potentially helpful? What are the important limitations of this testing? 
 
Question 8: If his nodule was only part-solid (>50% ground glass), what would be the 
recommended next steps in management? 
 
Question 9: What if Mr. Davis had multiple nodules? 
 
Question 10: What quantitative models be applied to determine the likelihood of 
malignancy? 
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Educational Objectives: 
1. Review the definition and subtypes of pulmonary nodules 
2. Understand useful imaging characteristics that can be applied to medical decision 

making 
3. Review the Fleischner Society Guidelines and their application to nodule follow up 

 
Scenario: 
Mr. Davis, a 65-year-old male with a history of chronic obstructive pulmonary disease 
(COPD, forced expiratory volume in 1 second [FEV1] 40% predicted), coronary artery 
disease, and diabetes, presents to your office for evaluation of a right upper lobe lung 
nodule noted incidentally on chest x-ray. A subsequent CT scan obtained during a recent 
admission for pneumonia showed a 1.5 cm ground glass right upper lobe lesion surrounded 
by lung parenchyma. There are no calcifications noted. Left lower lobe consolidation 
(attributed to bacterial pneumonia given consistent symptoms at the time of admission) and 
mild emphysema were also demonstrated on the CT. He was treated with 7 days of 
levofloxacin for community-acquired pneumonia, recovered without complication, and is 
now back to his baseline respiratory status. He was told to follow up with a pulmonologist 
for this CT abnormality to discuss the next steps in management. His last imaging CXR, 
obtained about 13 years ago during an ER visit for chest pain, was unremarkable. He is a 
former smoker with a 30-pack-year history, quit smoking 6 years ago, and has no family 
history of lung cancer.   
 
Question 1: How would you characterize this abnormality noted on CT scan? What 
are the criteria for a “solitary pulmonary nodule” (SPN) vs. a lung mass? What are 
the relevant sub-types of SPNs? 
 
A SPN must be 3 cm or less and surrounded by lung parenchyma. In addition, there is 
typically no associated adenopathy, pleural effusions, etc. Any lesion >3 cm is considered a 
“mass” rather than nodule. Nodules are typically described as appearing solid or subsolid 

Literature review current through June 2025 
Last updated June 2025 

https://apccmpdscholars.org/tool/ambulatory-care-curriculum/
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(non-solid or ground glass, allowing for visualization of pulmonary parenchyma through it or 
partially invisible when viewed on thin sections with mediastinal/soft tissue window). A part-
solid nodule is a type of subsolid nodule with both solid and subsolid components. From the 
description provided, this patient would have a solitary subsolid pulmonary nodule. 
 
Figure 1. Computerized Tomography Representation of Types of Nodules  

A. Right Upper Lobe B. Left Upper Lobe  

 
 
 
 
 
 
 
 
 
 
 
 

 
C. Right Lower Lobe 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A. Right Upper Lobe Ground Glass (Subsolid) Nodule. Magnified view provided. B. Left Upper Lobe Solid Nodule.   
Note the spiculated appearance and fissure tethering. C. Right Lower Lobe Part-Solid Nodule. Combination of solid 
and ground glass components. 
 
Question 2: Mr. Davis asks you what this lung nodule might be.  What is the 
differential diagnosis for an SPN? 
 
The table below discusses the differential diagnosis for an SPN. 
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Table. Differential Diagnosis for a Solitary Pulmonary Nodule (SPN) 
Broad Category Examples 

Malignant: primary or metastatic ● Primary lung: adenocarcinoma (most 
common type of primary lung cancer 
presenting as SPN), squamous cell, large 
cell, small cell carcinoma 

● Metastatic: breast, head and neck, 
melanoma, colon, kidney, sarcoma, germ 
cell tumor 

● Carcinoid tumor can present as SPN 

Granulomatous infection ● Tuberculosis 

● Non-tuberculous mycobacteria 

● Fungal: histoplasmosis, blastomycosis, 
coccidioidomycosis 

Other infections ● Bacterial abscess 

● Parasites (Dirofilaria, Echinococcus, 
Ascaris) 

● Pneumocystis 

● Aspergillus 

Benign Neoplasm ● Hamartoma 

● Others: fibromas, leiomyomas 

Vascular ● Arteriovenous malformation (AVM) 

Developmental ● Bronchogenic cyst 

Miscellaneous ● Rheumatoid nodule 

● Granulomatosis with polyangiitis (GPA) 

● Sarcoidosis 

● Amyloidoma 

Pulmonary nodule mimics ● Rounded atelectasis 

● Pseudotumor (loculated pleural effusion) 

● Mucoid impaction 
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Question 3: Once you mention the possibility of cancer, Mr. Davis is very 
concerned. He asks you if you can tell his probability of cancer based on the CT 
pictures. What are helpful imaging features from CT scanning? 
 
Clinical and imaging features are combined to predict the probability of malignancy 
regarding an SPN. This is done either by clinician judgment or by quantitative predictive 
models that have already been validated. In clinical studies, predictive models tend to 
overestimate the actual probability of cancer. See question 10 below. 
 
Imaging features that can help with malignancy prediction are:  
   

- Size:  Malignancy probability increases with size (<1% for SPNs <5 mm; >50% 
for SPNs >2 cm).   

- Type of nodule: Partially solid nodules (a combination of subsolid/ground glass 
and a solid component) are more likely to be malignant than pure solid or pure 
ground-glass nodules. 

- Location: Upper lobes and right lung locations are associated with increased 
malignancy compared to the lower lobes and left lung, respectively. 

- Growth: A typical volume-doubling time of malignancy is between 20 and 400 
days. One volume doubling corresponds to a 26% increase in diameter. 

i. Solid lesion stable for 2 years: likely to be benign 
ii. Purely subsolid lesion stable for 3 years: likely to be benign, but current 

recommendation (see below) suggests following for 5 years 
- Shape: Irregular borders/spiculation and lobulated contour more associated with 

malignancy compared to smooth-border. 
- Calcification (See question 4 below.) 

 
Clinical features that can help with malignancy prediction are: 
 

- Age: The risk of cancer increases significantly with age. 
- Smoking history: The probability of lung cancer is higher in smokers. 
- Other factors: Family history, female sex, emphysema, prior malignancy, 

asbestos exposure, radon exposure. 
 
Question 4: Because Mr. Davis’ nodule has some worrisome features you decide to 
review his scan personally with one of the radiologists. She mentions to you that 
there are no calcifications seen. What does the presence or absence of 
calcifications indicate? 
 
Calcifications could often, but not always, indicate the presence of a benign lesion. For 
example, calcifications described as homogenous, central, laminated or “popcorn” typically 
indicate a benign nodule whereas eccentric calcifications may indicate malignancy. 
 
Figure 2. Calcification Patterns  
 

 
From Kikano, et al. 
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Question 5: You are now considering the next steps in the diagnostic workup for 
Mr. Davis. What are the current recommendations? 
 
Based on the Fleischner Society guidelines in Figure 3, he would warrant a repeat CT scan in 
6-12 months (although, given his risk factors, you may opt for the 6-month range). It is 
important to mention that these guidelines are only to be used in incidentally found lung 
nodules. 
 
Figure 3. Fleischner Society 2017 Guidelines  
 

 
MacMahon H, et al.  
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Question 6: How would you proceed if Mr. Davis had a solid 1.5 cm nodule rather 
than a subsolid ground glass nodule? 
 
The next steps in management are determined by surgical risk, risk of malignancy, size of 
the lesion, location of the nodule (peripheral or central) and risk for nonsurgical biopsy. 
Discuss these factors for Mr. Davis using Figure 4. 
 
Figure 4. Approach to Management of SPN 
 

 
SBRT=Stereotactic Body Radiation Therapy; RFA=Radiofrequency Ablation. Gould MK, et al 
 
Evaluation by a Multi-Disciplinary Conference is recommended for: 

1) Appropriate diagnostic workup of indeterminate nodules 
2) Guiding treatment of malignant nodules post-biopsy  

 
Question 7: Given his smoking history and imaging characteristics, you estimate 
his risk of malignancy in the moderate to high range. However, many clinicians 
would still obtain a PET CT scan before surgical intervention in this case, 
particularly given his comorbidities. When is PET scanning potentially helpful?  
What are the important limitations of this testing? 
 

- Typically useful with solid or part-solid lesions >8-10 mm diameter 
- False positive with infectious and inflammatory lesions 
- False negatives with slowly growing tumors (adenocarcinoma in situ, minimally 

invasive adenocarcinoma, carcinoid tumors) 
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Question 8: If his nodule was only part-solid (>50% ground glass), what would be 
the recommended next steps in management? 
 

- <6 mm diameter: no CT surveillance is required 
- >6 mm diameter:  repeat chest CT at 3-6 months. If the nodule persists, then: 

i. Solid component >8mm: PET 
ii. Solid component ≤8mm: repeat CT annually for 5 years 

 
Question 9: What if Mr. Davis had multiple nodules? 
 

- For multiple solid non-calcified nodules < 6 mm in diameter in a low-risk patient, 
no routine follow-up is indicated unless the patient is a high risk, then may 
repeat CT chest in 12 months. 

- For multiple solid non-calcified nodules, with one ≥6 mm in diameter in a low-risk 
patient, follow-up is recommended in 3-6 months, followed by an optional second 
scan in 18 – 24 months. 

- If a larger or more suspicious nodule appears (often called a “dominant nodule”), 
let it guide your management plan. 

 
Question 10: What quantitative models be applied to determine the likelihood of 
malignancy? 
 

- There are a variety of models available that have been validated; some of them 
have web calculators. 

- Models use information like age, gender, smoking history, family history of lung 
cancer, presence of emphysema, as well as imaging characteristics (nodule size, 
type, location, number, and presence/absence of spiculation and even avidity on 
PET scan) to calculate the cancer probability. They are most useful in nodules 
between 8mm and 30mm.   

- Examples of models include the Mayo Clinic model, the Veterans Association (VA) 
model, the Brock University model, the Herder model, and the PanCan model. 
 

There are not enough data to prove that one model is better. Data suggest that the 
prediction of malignancy by experienced physicians could be as good as these models. 
Considering the patient population before these predictive models are applied is important.  

In the future, application of artificial intelligence (AI) in identification and risk-stratification 
of pulmonary nodules could augment clinician medical decision making.  In addition, use of 
biomarkers (e.g., serum, airway epithelium) may also have utility in guiding care of patients 
with a solitary pulmonary nodule.  These areas require additional research before routine 
application.  
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The Solitary Pulmonary Nodule 

 
 
Post-Test Case Related Questions   

 
1. You see a 65-year-old male who has never smoked with a history of benign prostatic 

hyperplasia, hypertension, and shoulder pain. As part of his evaluation for shoulder 
pain, he had a CT chest which showed multiple 3-4 mm nodules (total of 4 nodules) 
scattered bilaterally without any specific area of predominance. He is a never smoker 
and has no other known risk factors for malignancy. What do you recommend to him 
in terms of nodule follow-up? 

a. Repeat CT at 3 months 
b. Repeat CT at 6 months 
c. PET CT scan 
d. Surgical resection 
e. No further follow-up is necessary 

 
2. Which of the following is FALSE regarding the characteristics of lung nodules? 

a. Part-solid lesions (a combination of subsolid or ground glass with a solid 
component) are unlikely to be malignant. 

b. The likelihood of malignancy rises significantly once a nodule is >8mm in size. 
c. Popcorn calcifications are often but not always indicative of a benign nodule. 
d. Irregular nodule borders increase the likelihood of malignancy.  

 
3. An 85-year-old woman with end-stage renal failure (on dialysis), ischemic 

cardiomyopathy (EF 25%), severe COPD (FEV1 28%, on 4L NC home oxygen) and 
diabetes presents to your clinic for evaluation of a 2.5 cm smooth-bordered lung 
nodule. Her functional status is poor, and she can only walk across the room before 
becoming short of breath. She comes to see you regarding the next steps in 
evaluating her nodule.  Which of the following would you recommend as a next step? 

a. Limited surgical (wedge resection) 
b. Lobectomy 
c. Non-surgical tissue sampling via flexible bronchoscopy with EBUS 
d. CT-guided percutaneous needle biopsy 
e. PET scan 

 
4. Which of these patients should you follow the Fleischner Guidelines for incidental 

pulmonary nodules? 
a. A 36-year-old male with a 10mm right lower lobe lung nodule was found on a 

CT scan of the abdomen to evaluate abdominal pain. 
b. A 65-year-old female with a history of lung cancer treated with LUL lobectomy 

2 years ago was found to have an 8mm right upper lobe nodule on CT as part 
of surveillance. 

c. A 50-year-old male with HIV-AIDS was found to have a 12mm left upper lobe 
lung nodule on a CT done as part of an evaluation of cough. 

d. A 66-year-old female was found to have an 8mm right upper lobe spiculated 
nodule on CT as part of lung cancer screening. 
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The Solitary Pulmonary Nodule 

 
 

Post-Test Case Related Questions & Answer Key 

1. You see a 65-year-old male who has never smoked with a history of benign prostatic 
hyperplasia, hypertension, and shoulder pain. As part of his evaluation for shoulder 
pain, he had a CT chest which showed multiple 3-4 mm nodules (total of 4 nodules) 
scattered bilaterally without any specific area of predominance. He is a never smoker 
and has no other known risk factors for malignancy. What do you recommend to him 
in terms of nodule follow-up? 

a. Repeat CT at 3 months 
b. Repeat CT at 6 months 
c. PET CT scan 
d. Surgical resection 
e. No further follow-up is necessary 

 
2. Which of the following is FALSE regarding the characteristics of lung nodules? 

a. Part-solid lesions (a combination of subsolid or ground glass with a solid 
component) are unlikely to be malignant. 

b. The likelihood of malignancy rises significantly once a nodule is >8mm in size. 
c. Popcorn calcifications are often but not always indicative of a benign nodule. 
d. Irregular nodule borders increase the likelihood of malignancy.  

 
3. An 85-year-old woman with end-stage renal failure (on dialysis), ischemic 

cardiomyopathy (EF 25%), severe COPD (FEV1 28%, on 4L NC home oxygen) and 
diabetes presents to your clinic for evaluation of a 2.5 cm smooth-bordered lung 
nodule. Her functional status is poor, and she can only walk across the room before 
becoming short of breath. She comes to see you regarding the next steps in 
evaluating her nodule.  Which of the following would you recommend as a next step? 

a. Limited surgical (wedge resection) 
b. Lobectomy 
c. Non-surgical tissue sampling via flexible bronchoscopy with EBUS 
d. CT-guided percutaneous needle biopsy 
e. PET scan 

 
4. Which of these patients should you follow the Fleischner Guidelines for incidental 

pulmonary nodules? 
a. A 36-year-old male with a 10mm right lower lobe lung nodule was found on a 

CT scan of the abdomen to evaluate abdominal pain. 
b. A 65-year-old female with a history of lung cancer treated with LUL lobectomy 

2 years ago was found to have an 8mm right upper lobe nodule on CT as part 
of surveillance. 

c. A 50-year-old male with HIV-AIDS was found to have a 12mm left upper lobe 
lung nodule on a CT done as part of an evaluation of cough. 

d. A 66-year-old female was found to have an 8mm right upper lobe spiculated 
nodule on CT as part of lung cancer screening.  


