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A solitary pulmonary nodule is a common radiologic finding that is often discovered incidentally and may require 
significant workup to establish a definitive diagnosis. A solitary pulmonary nodule is a well-circumscribed round 
lesion measuring up to 3 cm in diameter and surrounded by aerated lung. Once a nodule is discovered, clinical and 
radiologic features and quantitative models can be used to determine the likelihood of malignancy. Evaluation is 
guided by nodule size and assessment of probability of malignancy. Surgical resection or nonsurgical biopsy should 
be performed in patients with solid or subsolid solitary pulmonary nodules that show clear growth on serial imaging. 
Solid solitary pulmonary nodules that have been stable for at least two years typically do not need further evaluation. 
The workup for patients with solid solitary pulmonary nodules measuring 8 mm or greater in diameter, nodules 
measuring less than 8 mm in diameter, and subsolid nodules should be guided by the probability of malignancy, 
imaging results, and the risks and benefits of different management strategies. Management should be individual-
ized according to patient values and preferences. Medicare now covers lung cancer screening with low-dose computed 
tomography for high-risk patients 55 to 77 years of age at institutions that can provide a comprehensive approach 
to the management of solitary pulmonary nodules. (Am Fam Physician. 2015;92(12):1084-1091. Copyright © 2015 
American Academy of Family Physicians.)
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T
he identification of solitary pul-
monary nodules has become more 
common in the United States 
because of the increased use of 

computed tomography (CT). The incidence 
of cancer in patients with solitary pulmo-
nary nodules ranges from 10% to 70%.1 
Recent U.S. Preventive Services Task Force 
recommendations for lung cancer screen-
ing with CT will likely further increase the 
detection of solitary pulmonary nodules.2 
Therefore, it is important that clinicians 
become familiar with evaluating and man-
aging these nodules.

Definitions
A solitary pulmonary nodule is defined as a 
single, well-circumscribed, radiologic opac-
ity that measures up to 3 cm in diameter and 
is surrounded completely by aerated lung.1,3 
Focal pulmonary lesions that are greater 
than 3 cm in diameter are called lung masses 
and should be considered malignant until 
proven otherwise. In cancer screening trials 
of smokers at increased risk of malignancy, 
the prevalence of solitary pulmonary nod-
ules ranged from 8% to 51%.4,5

The increased use of CT can also lead to 
the discovery of multiple or diffuse nodules. 

This is arbitrarily defined in the 2013 Ameri-
can College of Chest Physicians (ACCP) 
guidelines as patients with more than 10 
nodules.6 Although diffuse nodules are more 
likely to cause symptoms, they rarely repre-
sent a primary lung malignancy.

CHARACTERIZATION OF NODULES

The risk of malignancy rises with increasing 
nodule size (maximum diameter). Approxi-
mately 80% of nodules greater than 20 mm 
are malignant, whereas only 1% of nodules 
between 2 and 5 mm are malignant.7,8 Malig-
nant solid nodules typically have a doubling 
time within 400 days; therefore, experts 
agree that solid solitary pulmonary nodules 
that remain the same size over a two-year 
period are likely to be benign.6,9-11 Longer 
duration follow-up is advisable for ground- 
glass nodules, which generally have a longer 
doubling time.

The risk of malignancy is also higher in 
spiculated lesions, in lesions with asym-
metric calcification, and in lesions located 
in an upper lobe.8 In contrast, nodules with 
smooth borders and a central or concentric 
pattern of calcification are more likely to 
be benign (Figure 1). Nodules can be clas-
sified as solid or subsolid. Solid nodules are 
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more common, but subsolid nodules have a 
higher likelihood of malignancy.12 Subsolid 
nodules can be further characterized into 
pure ground-glass or part-solid in nature. 
Part-solid nodules include a combination of 
ground-glass and solid components, the lat-
ter obscuring lung architecture.13

Differential Diagnosis
Causes of solitary pulmonary nodules 
can be categorized as benign or malig-
nant (Table 11,6). The estimated prevalence 
of each etiology varies among different 
populations. Even among screening stud-
ies of smokers who are at increased risk of 
malignancy, the number of malignant nod-
ules is small. Among 12,029 nodules found 
in a large Canadian study, only 144 (1%) 
were malignant.8

Initial Evaluation
The 2013 ACCP guidelines for the evaluation 
of the solitary pulmonary nodule recom-
mend basing the assessment on nodule size 
and probability of malignancy.6 The guide-
lines also address risk stratification, choice 
of imaging modality, and frequency of imag-
ing follow-up. Guidelines from the Ameri-
can College of Radiology address imaging 
modalities but not frequency of follow-up.14 
This review focuses primarily on the ACCP 
guidelines.

RISK ASSESSMENT

The probability of malignancy can be 
assessed clinically or by quantitative predic-
tive models as falling into one of three risk 
categories: very low probability (less than 
5%), low/moderate probability (5% to 65%), 
or high probability (greater than 65%). 
Many experienced physicians use clini-
cal judgment to estimate the probability of 
malignancy. Studies report modest to excel-
lent agreement between quantitative predic-
tion models and clinical judgment.15,16

Quantitative predictive models combine 
clinical and radiologic features to estimate 
malignancy potential. The most commonly 

Figure 1. Patterns of calcification that suggest benign or malignant pulmonary nodules.
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SORT: KEY RECOMMENDATIONS FOR PRACTICE

Clinical recommendation
Evidence 
rating References

Computed tomography is the imaging modality of choice for reevaluating solitary pulmonary nodules 
visible on chest radiography and for subsequently monitoring nodules for change in size.

C 6

Patients with a solid or subsolid pulmonary nodule showing clear evidence of growth on serial imaging 
should undergo biopsy, unless it is specifically contraindicated. 

C 6

Physicians should discuss the risks and benefits of annual screening for lung cancer with low-dose 
computed tomography in adults 55 to 77 years of age who have a 30-pack-year smoking history and 
who currently smoke or have quit within the previous 15 years.

B 2, 26

A = consistent, good-quality patient-oriented evidence; B = inconsistent or limited-quality patient-oriented evidence; C = consensus, disease-oriented 
evidence, usual practice, expert opinion, or case series. For information about the SORT evidence rating system, go to http://www.aafp.org/afpsort.

Table 1. Etiologies of Solitary Pulmonary Nodules

Benign

Infectious granuloma (80%)

Atypical mycobacteria 

Coccidioidomycosis 

Histoplasmosis

Tuberculosis

Hamartoma (10%)

Arteriovenous malformation (rare) 

Intrapulmonary lymph node (rare)

Sarcoidosis (rare) 

Malignant

Adenocarcinoma (60%)

Squamous cell carcinoma (20%)

Solitary metastasis (10%)

Breast 

Colon

Kidney 

Small cell carcinoma (4%)

Carcinoid tumor (rare)

Extranodal lymphoma (rare)

Information from references 1 and 6.
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used model from the Mayo Clinic (eTable A) 
estimates the probability of malignancy using 
six independent predictors: smoking history, 
older age, history of extrathoracic cancer 
more than five years before nodule detec-
tion, nodule diameter, spiculation presence, 
and upper lobe location.17 An online calcula-
tor is available at http://reference.medscape.
com/calculator/solitary-pulmonary-nodule-
risk. Newer models validated for use in high-
risk populations are based on data from 
the Pan-Canadian Early Detection of Lung 
Cancer screening study and the Veterans 
Affairs Cooperative study.8,18 Odds ratios for 
malignancy of solitary pulmonary nodules 
based on risk factors from the Mayo Clinic 
and Veterans Affairs models are provided in 
Table 2.17,18

IMAGING

Most solitary pulmonary nodules are inci-
dental findings on imaging studies of the 
chest, abdomen, and upper extremities. One 
study found that solitary pulmonary nodules 
were noted in 0.09% to 0.2% of radiographs.19 
In a study on whole-body CT screening, 
solitary pulmonary nodules were found in 
almost 15% of asymptomatic participants.20 
Occasionally, nodules as small as 5 to 6 mm 
can be visualized on chest radiography. Soli-
tary pulmonary nodules can be followed with 
chest radiography, CT, or fluorodeoxyglucose 
positron emission tomography (FDG-PET). 
When a nodule is identified on imaging, it is 
important to secure old films for compari-
son to evaluate whether a nodule is new, old, 
stable, or growing over time.

The imaging tools used to evaluate soli-
tary pulmonary nodules include chest CT 
and functional imaging (usually FDG-
PET). Chest CT, preferably with thin sec-
tions, should be obtained in all patients with 
unclearly characterized solitary pulmonary 
nodules visible on chest radiography.6 Chest 
CT has a higher specificity and sensitivity 
than chest radiography and can provide spe-
cific information about location, size, and 
attenuation characteristics of nodules.6 Con-
trast enhancement is not typically required 
when imaging a solitary nodule. Chest CT is 
the imaging modality of choice for reevalu-
ation of pulmonary nodules visible on chest 
radiography and for continued surveillance 
of nodules for change in size.6 Radiologic 
features such as size, border, density, calci-
fication, and growth can be used to predict 
malignancy (Table 3).5,6

Functional imaging with FDG-PET can 
further distinguish between benign and 
malignant nodules because of the increased 
metabolic activity typically found in cancers. 
FDG avidity is measured by the standard-
ized uptake value. The optimal cutoff for 
malignant nodules under all circumstances 
is unknown. In most studies, a standardized 
uptake value greater than 2.5 is used to iden-
tify nodules that have a high probability of 
malignancy.21

FDG-PET is most cost-effective when the 
clinical pretest probability of malignancy and 

Table 2. Odds Ratios for Malignancy of Solitary 
Pulmonary Nodules from Clinical Prediction Models

Risk factor Odds ratio 

Veterans Affairs model (for nodules > 7 mm in diameter)

Current or past smoking 7.9

Patient age (per 10-year increment) 2.2

Nodule diameter (per mm) 1.1

Time since quitting smoking (per 10-year increment) 0.6

Mayo Clinic model (for nodules > 4 mm in diameter)

History of extrathoracic cancer 3.8

Spiculated morphology 2.8

Current or past smoking 2.2

Upper lung location 2.2

Nodule diameter (per mm) 1.1

Patient age (years) 1.0

Information from references 17 and 18.

Table 3. Radiologic Features Suggestive of Benign  
or Malignant Solitary Pulmonary Nodules

Radiologic feature Suggests benign nodule
Suggests malignant 
nodule

Border Smooth Irregular or spiculated

Calcification Concentric, central,  
or popcorn pattern

Typically noncalcified or 
eccentric calcification

Density Solid Nonsolid, ground-glass

Doubling time Less than one month  
or more than one year

One month to one year

Size < 5 mm > 10 mm

Information from references 5 and 6.
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the results of the CT are discordant (e.g., low 
pretest probability with chest CT character-
istics that are clearly not benign).22 The 2013 
ACCP guidelines recommend FDG-PET in 
persons with solid indeterminate nodules 8 
mm or greater in diameter, and a low to inter-
mediate pretest probability of malignancy.6

Follow-up Evaluations
Management approaches to solitary pul-
monary nodules vary and are often incon-
sistent with guidelines.23 Options include 
surgical diagnosis, nonsurgical biopsy (e.g., 
transthoracic or endoscopic needle biopsy), 
and surveillance with serial CT. Treatment 
should be tailored to the patient and take 
into account the probability of malignancy 
and nodule characteristics. Nodules in 
patients with adequate prior imaging should 
be assessed for growth or stability. A solid or 
subsolid nodule that has shown clear growth 

on serial imaging has a high likelihood of 
malignancy and should be further evalu-
ated with resection or biopsy unless there 
are specific contraindications, such as severe 
pulmonary dysfunction or other risks for 
surgery or general anesthesia.6 

Figure 2 illustrates a suggested approach for 
patients with a solid nodule 8 mm or greater 
in diameter in whom previous imaging is 
insufficient to document growth or stability.6 
Very-low-probability nodules (less than 5%) 
can be followed by serial CT. Low/moderate-
probability nodules (5% to 65%) should be 
evaluated with FDG-PET scans. Nodules that 
demonstrate moderate or intense uptake on 
FDG-PET should be biopsied or resected. 

The optimal management of solid nodules 
measuring less than 8 mm remains uncer-
tain. Small nodules are difficult to biopsy 
and not reliably characterized on FDG-PET 
scan. Given the relatively low prevalence of 

Management of Solid Solitary Pulmonary Nodules 8 to 30 mm  
in Diameter

Figure 2. Algorithm for the management of solid solitary pulmonary nodules 8 to 30 mm 
in diameter. (CT = computed tomography; FDG-PET = fluorodeoxyglucose positron emission 
tomography.)

Adapted with permission from Gould MK, Donington J, Lynch WR, et al. Evaluation of individuals with pulmonary nodules: 
when is it lung cancer? Diagnosis and management of lung cancer, 3rd ed: American College of Chest Physicians evidence-
based clinical practice guidelines. Chest. 2013;143(5 suppl):e99S.

New, solid pulmonary nodule 8 to 30 mm in diameter

Assess clinical probability of malignancy*

Low/moderate (5% to 65%)

FDG-PET to assess nodule

CT surveillance at 3 to 6, 9 to 12, 
18 to 24 months (low-dose, thin 
sections, noncontrast CT)

Very low (< 5%)

Negative or 
mild uptake

High† (> 65%)

Standard stage evaluation 
(with or without FDG-PET) 

Video-assisted thoracoscopic 
surgery with resection

No metastases identified

Nonsurgical biopsy

Transthoracic needle biopsy

Endoscopic biopsy

or 

Video-assisted thoracoscopic surgery with resection

Moderate or intense uptake†

*—Clinical probability of malignancy: qualitatively by clinical judgment and/or quantitatively using a validated model, 
such as the one developed by Mayo Clinic (eTable A).
†—Referral to subspecialist such as pulmonologist, thoracic surgeon, interventional radiologist, or oncologist is 
recommended.
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malignancy, the risks of surgical diagnosis 
usually outweigh the benefits; therefore, solid 
nodules that are less than 8 mm are usually 
followed with serial CT at intervals deter-
mined by expert consensus24 (Figure 36).

Figure 4 illustrates suggested management 
strategies for pure ground-glass, part-solid, 
and multiple nodules.6,13 In general, a purely 

subsolid nodule greater than 5 mm should 
be reevaluated with a single CT scan at three 
months, and further management should be 
determined by size or emergence of a solid 
component if the nodule persists at three 
months. Subsolid nodules have a greater like-
lihood of being malignant, and management 
should be based on size of the nodule.13

Management of Subsolid Pulmonary Nodules

Subsolid pulmonary nodule

Solitary part-solid nodule

Initial follow-up 
CT at 3 months to 
confirm persistence

If persistent and solid component  
< 5 mm, then annual surveillance for 
three years; if persistent and solid 
component ≥ 5 mm, then referral 
for biopsy/surgical resection

Solitary pure ground- 
glass nodule

Multiple nodules

Each nodule assessed 
individually for probability of 
malignancy; CT surveillance 
vs. biopsy accordingly> 5 mm

Initial follow-up at 3 
months to confirm 
persistence; annual 
surveillance with chest 
CT for at least 3 years

≤ 5 mm

No CT follow-
up required

Figure 4. Algorithm for the management of subsolid pulmonary nodules. (CT = computed 
tomography.)

Information from references 5, 6, and 13.

Management of Solid Solitary Pulmonary Nodules Less Than 8 mm 
in Diameter

Figure 3. Algorithm for the management of solid solitary pulmonary nodules less than 8 mm 
in diameter. (CT = computed tomography.)

Adapted with permission from Gould MK, Donington J, Lynch WR, et al. Evaluation of individuals with pulmonary nodules: 
when is it lung cancer? Diagnosis and management of lung cancer, 3rd ed: American College of Chest Physicians evidence-
based clinical practice guidelines. Chest. 2013;143(5 suppl):e110S.

*—Risk factors for lung cancer include smoking history, age > 65 years, and history of malignancy.

Solitary pulmonary nodule < 8 mm in diameter

No risk factors for lung cancer* Risk factors for lung cancer*

< 4 mm

Optional 
follow-up

Repeat CT at 
12 months; no 
further workup 
if no change

< 4 mm6 to < 8 mm

Repeat CT at 
12 months; no 
further workup 
if no change

Repeat CT at 6 to 
12 months; repeat 
again at 18 to 24 
months if stable 

6 to < 8 mm4 to < 6 mm

Repeat CT at 6 to 
12 months; repeat 
again at 18 to 24 
months if stable

Repeat CT at 3 to 
6 months; repeat 
again at 9 to 12 
months and at 24 
months if stable

4 to < 6 mm
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WHAT IS NEW ON THIS TOPIC: EVALUATION OF THE SOLITARY 
PULMONARY NODULE

In 2014, the American College of Radiology Lung Imaging Reporting 
and Data System (Lung-RADS) was released to standardize lung 
cancer screening computed tomography reporting and management 
recommendations.

Lung cancer screening should preferably be performed at institutions that 
can provide a comprehensive approach to the management of solitary 
pulmonary nodules.

It is important to align the intensity of 
diagnostic and therapeutic interventions for 
pulmonary nodules with the patient’s elic-
ited values and preferences. For example, 
the preferences of a 75-year-old patient with 
life-limiting chronic obstructive pulmonary 
disease would likely be different from those 
of an otherwise healthy 35-year-old patient 
with a nodule.

The choice of sampling procedure varies 
according to the size and location of the nod-
ule, the availability of the procedure, and local 
expertise. Endoscopic techniques are generally 
preferred for large, centrally located lesions, 
and transthoracic biopsy techniques are pre-
ferred for more peripheral lesions. Surgical 
resection is the diagnostic standard for malig-
nant solitary pulmonary nodules and the pre-
ferred procedure for nodules at high risk of 
malignancy (greater than 65% probability).6

Solitary Pulmonary Nodules Discovered 
During Lung Cancer Screening
Based on the results of the National Lung 
Screening Trial,25 the U.S. Preventive Services 
Task Force currently recommends—and 
Medicare reimburses for—a shared decision-
making visit and annual screening for lung 

cancer with low-dose CT in adults 55 to  
77 years of age who have at least a 30-pack-
year smoking history and currently smoke 
or have quit within the past 15 years.2,26 It is 
recommended that lung cancer screening be 
performed at institutions that can provide a 
comprehensive approach to the management 
of solitary pulmonary nodules.26

In 2014, the American College of Radiol-
ogy Lung Imaging Reporting and Data Sys-
tem was released to standardize lung cancer 
screening CT reporting and management 
recommendations (Figure 5).27 Although the 
requirements for lung cancer screening differ 
slightly from previous recommendations on 
management of solitary pulmonary nodules, 

Recommendations for Reporting and Managing Lung Cancer Screening CT

Figure 5. Recommendations for reporting and managing lung cancer screening CT. (CT = computed tomography; 
FDG-PET = fluorodeoxyglucose positron emission tomography.) 

Information from reference 27.

Screening low-dose chest CT

Annual screening with 
low-dose CT in 12 months

Probably benign

Low likelihood of 
malignant growth

Solid: ≥ 6 to < 8 mm at 
baseline or new 4 to 
< 6 mm

Part-solid: ≥ 6 mm 
total diameter/solid 
component < 6 mm or 
< 6 mm total diameter

Ground-glass: ≥ 20 mm 
on baseline CT or new

6-month low-dose CT

Benign appearance

Very low likelihood 
of malignant growth

Solid: < 6 mm or new  
< 4 mm

Part-solid: < 6 mm total 
diameter at baseline

Ground-glass: < 20 mm or 
≥ 20 mm and unchanged/
slowly growing

Negative

No nodules 
and definitely 
benign nodules

No lung nodules 
or nodules 
with specific 
calcifications: 
complete, central, 
or popcorn

Suspicious

Findings prompt additional testing/tissue sampling

Solid: ≥ 8 to < 15 mm at baseline 
or growing < 8 mm or new  
6 to < 8 mm

Part-solid: ≥ 6 mm with solid 
component ≥ 6 mm to < 8 mm 
or with a new or growing  
< 4 mm solid component

Endobronchial nodule

3-month low-dose CT; FDG-PET 
when ≥ 8 mm solid component

Chest CT with or 
without contrast

FDG-PET with or 
without biopsy*

Solid: ≥ 15 mm or new or 
growing, and ≥ 8 mm

Part-solid: < 6 mm total 
diameter at baseline

*—Depending on probability of malignancy and patient comorbidities.
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it is likely that the evaluation and follow-up 
recommendations will become the same.

Indications for Referral
Patients may be referred to a pulmonologist 
if they have lesions that may be biopsied by 
bronchoscopy or if the best management 
approach is unclear. Interventional radi-
ologists and surgeons can biopsy lesions by 
fine-needle aspiration or video-assisted tho-
racoscopic surgery, among other techniques, 
depending on nodule characteristics, patient 
preferences, and patient comorbidities. 

Data Sources: A PubMed search was completed in 
Clinical Queries using the key terms solitary pulmonary 
nodule, diagnosis, and management. The search included 
randomized controlled trials, clinical trials, reviews, and 
clinical guidelines. Other sources included Essential Evi-
dence Plus, U.S. Preventive Services Task Force,  
UpToDate, Centers for Medicare and Medicaid Services, 
and the American College of Radiology. Search dates: 
November 16, 2014, and May 2015.
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eTable A. Calculating the Malignancy Probability of a Pulmonary 
Nodule 

Predictor Value

Age Patient’s age in years

Cancer history 1 if patient has a history of extrathoracic cancer diagnosed 
more than five years before nodule detection (otherwise = 0)

Diameter Diameter of the solitary pulmonary nodule in mm

Location 1 if nodule is located in the upper lobe (otherwise = 0)

Smoking history 1 if patient is a current or former smoker (otherwise = 0)

Spiculation 1 if spiculation is present (otherwise = 0)

NOTE: Probability of malignancy* = ex/(1 + ex), where x = –6.8272 + (0.0391 × age) + (0.7917 
× smoking history) + (1.3388 × cancer history) + (0.1274 × diameter) + (1.0407 × spicula-
tion) + (0.7838 × location). An online calculator is available at http://reference.medscape.com/
calculator/solitary-pulmonary-nodule-risk.

*—e is the base of natural logarithms.

Information from Swensen SJ, Silverstein MD, Ilstrup DM, Schleck CD, Edell ES. The probability 
of malignancy in solitary pulmonary nodules. Application to small radiologically indeterminate 
nodules. Arch Intern Med. 1997;157(8):849-855. 
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