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SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-CME
activiry, participants will be able to:

m Describe the most recent relevant
modifications to the Fleischner Society
guidelines for managing solid incidental
pulmonary nodules.

m Apply appropriate actions to specific
situations that may represent challenges
in the decision-making process when the
revised Fleischner Society criteria are
used.

m Use the updated Fleischner Society
criteria for managing incidental nodules
with a better understanding of the rea-
sons behind the recent modifications.

See rsna.orgllearning-center-rg.

The new guidelines for managing incidental pulmonary nodules
published by the Fleischner Society in 2017 reflect an improved
understanding of the risk factors and biologic features of lung can-
cer. Specific topics emphasized in the updated guidelines include a
new threshold size for follow-up, the importance of the morpholog-
ic features of nodules, accurate nodule measurements, recognition
of subsolid components, understanding interval growth or change
in nodule morphology, and knowledge of patient risk factors. The
updated guidelines enable greater personal flexibility in the deci-
sion-making process and encourage individualized management of
pulmonary nodules. These factors may introduce new challenges
for radiologists, who previously used solely nodule size to make
management recommendations. The authors describe eight sce-
narios that illustrate the challenges potentially encountered when
applying the new guidelines to pulmonary nodule management.

©RSNA, 2018 - radiographics.rsna.org

Introduction
In 2005, the Fleischner Society released guidelines for the manage-
ment of pulmonary nodules detected incidentally at CT examina-
tions performed for purposes other than lung cancer screening (1,2).
Since then, these guidelines have been widely adopted for the man-
agement of incidentally detected pulmonary nodules, being among
the most frequently cited recommendations in the field of radiology
(3). The main purpose of the Fleischner Society guidelines is to de-
crease the number of unnecessary follow-up examinations performed
(4). Despite widespread awareness of guidelines for pulmonary nod-
ule management, including those proposed by the Fleischner Society
(4) and the American College of Chest Physicians (5), adherence to
the recommendations has not been consistent. Guideline compliance
has been reported to be as low as 34% among radiologists (3,6),
including thoracic radiologists, who reportedly have low adherence
to the Fleischner Society guidelines (7). Pulmonologist adherence
to the nodule management guidelines proposed by the American
College of Chest Physicians also is low, with inconsistent follow-up
decisions regarding selection of the next management step reported
in more than 60% of cases in one study (8).

The factors that influence radiologists’ adherence to guidelines
for pulmonary nodule management have been studied previously
(6). The size of the nodule, type of imaging modality depicting the
nodule (ie, chest versus abdominal CT), and subspecialty of the
radiologist interpreting the imaging results are the main vari-
ables that influence guideline adherence (3,6,9). The Fleischner
Society guidelines for nodule management released in 2017 (4)
are more comprehensive and inclusive and are based on a better
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TEACHING POINTS

B The use of thin (1.0-1.5-mm) sections is essential for the char-
acterization of solid and subsolid pulmonary nodules and the
detection of calcium or fat components; these features can
lead to different management options.

B The size and morphology of a pulmonary nodule are the
two primary determinants of cancer risk. Morphology refers
specifically to the margins (smooth, lobulated, or spiculated)
and attenuation (solid, partly solid, or purely ground glass)
of the nodule.

B Older age, heavy smoking, larger nodule size, upper lobe
location, and/or nodule margin irregularity or spiculation in-
creases the risk of cancer.

B |f a nodule adjacent to the pleura or a fissure demonstrates
a round morphology or contour irregularity and/or the ad-
jacent fissure is abnormal (ie, retracted, bowed, or trans-
gressed), follow-up CT at 6-12 months is indicated.

B The suspicious features observed in cystic airspaces associated
with primary lung cancer are new microcysts in a solid or sub-
solid nodule, or an endophytic mural nodule, exophytic mural
nodule, and/or progressive or asymmetric wall thickening of a
preexisting cystic lesion.

understanding of the morphologic features of
pulmonary nodules, reliable size measurements,
the recognition of subsolid components, an
understanding of interval growth or change in
nodule morphology, and knowledge of patient
risk factors (4). Aimed at expanding the flex-
ibility of ordering clinicians and individualizing
the management of nodules, the new criteria
demand a better understanding and knowledge
of pulmonary nodules and the factors that influ-
ence their behavior over time. These mandates
may introduce new challenges for radiologists
and perpetuate the low adherence to manage-
ment guidelines.

There are three common questions pertain-
ing to nodule management in clinical practice.
These questions are specifically related to (@) the
patient population to which the guidelines apply,
(b) the technical considerations pertaining to the
follow-up CT examinations, and (¢) the integra-
tion of risk factors into the decision management
process. We address these considerations and
describe eight clinical scenarios that illustrate the
challenges potentially encountered when apply-
ing the updated Fleischner Society guidelines for
nodule management. The rationales underlying
the recommendations and the strategy for ad-
dressing each clinical scenario are discussed.

Key Changes in the
2017 Updated Guidelines
Important limitations of the original Fleischner
Society guidelines published in 2005 (1), mainly
the lack of consideration of subsolid and multiple
solid nodules in the management algorithm, were
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recognized (10). Interim and official guidelines
for the assessment of subsolid lesions were pub-
lished in 2009 and 2013, respectively (11,12).
Specific recommendations for the management
of multiple solid pulmonary nodules were not
available until recently.

New data obtained from lung cancer screen-
ing trials have led to an improved understand-
ing of the natural course, imaging appearance,
pathologic correlation, and behavior of malignant
and benign pulmonary nodules (13,14). The
updated information helps to address the known
limitations of the original recommendations;
these restrictions are now reflected in the current
guidelines (4).

The latest version of the Fleischner Society
guidelines for incidental nodule management
includes a number of important modifications.
Specifically, the minimal threshold size for
follow-up of solid nodules has been increased,
and the recommended follow-up is expressed
as a range of time rather than a specific interval
for follow-up. This latter modification is an at-
tempt to allow health care providers (ie, radiolo-
gists and ordering clinicians) more flexibility in
nodule management. In addition, patient risk
factors and preferences affect the management
of pulmonary nodules (5) and are addressed in
the new recommendations. The guidelines for
solid and subsolid nodules are summarized in
the Table (4). Recommendations for the man-
agement of multiple solid pulmonary nodules,
which was not addressed previously, also are
included in the Table.

Clarifying Doubts regarding
Solid and Subsolid Pulmonary
Nodule Measurements
Accurate measurements are crucial to the man-
agement and decision-making processes in cases
of pulmonary nodules, as they enable estimation

of baseline risk, appropriate assignment of pa-
tients in the management algorithm, and opti-
mized follow-up of lesion growth at subsequently
performed examinations (4,15). The assessment
of pulmonary nodules begins with the differ-
entiation between a solid lesion and a subsolid
lesion, which is based on use of the appropriate
technique. Given the importance of accurate
measurements for risk estimation, the Fleischner
Society released a comprehensive article outlining
its recommendations for measuring pulmonary
nodules at CT (15).

Measurements should be performed on high—
spatial-frequency (sharp) filter, reconstructed
thin-section CT images displayed in lung win-
dows, usually in the axial plane. If the maximal
nodule dimensions are visible in the coronal and/
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2017 Fleischner Society Guidelines for Management of Incidentally Detected Pulmonary Nodules

A: Solid Nodules*

Nodules <6 mm Nodules 6-8 mm  Nodules >8 mm

then at 18-24
mo

12 mo

Nodule Type (<100 mm?) (100-250 mm?) (>250 mm?) Comments
Single
Low risk No routine CT at 6-12 mo, Consider CT at 3 Nodules <6 mm do not require routine
follow-up then consider mo, PET/CT, or follow-up in low-risk patients (rec-
CT at 1824 mo  tissue sampling ommendation 1A)
High risk  Optional CT at CT at 6-12 mo, Consider CT at 3 Certain patients at high risk with suspi-
12 mo then at 18-24 mo, PET/CT,or  cious nodule morphology, upper lobe
mo tissue sampling location, or both may warrant 12-mo
follow-up (recommendation 1A)
Multiple
Low risk No routine CT at 3-6 mo, CT at 3-6 mo, Use most suspicious nodule as guide
follow-up then consider then consider to management; follow-up intervals
CT at 18-24 CT at 1824 mo  may vary according to size and risk
mo (recommendation 2A)
High risk ~ Optional CT at CT at 3-6 mo, CT at 3-6 mo, Use most suspicious nodule as guide

then at 18-24 to management; follow-up intervals
mo may vary according to size and risk
(recommendation 2A)

B: Subsolid Nodules*

Nodules <6 mm

Partly solid No routine
follow-up

Nodule Type (<100 mm?) Nodules >6 mm (=100 mm?) Comments
Single
Ground No routine CT at 6-12 mo to confirm persistence, For certain suspicious nodules <6
glass follow-up then CT every 2 yuntil 5y mm, consider follow-up at 2 y and

CT at 3-6 mo to confirm persistence; In practice, partly solid nodules cannot
if lesion is unchanged and solid
component remains <6 mm, annual
CT should be performed for 5 y

ment based on the most suspicious

Multiple CT at 3-6 mo; CT at 3-6 mo; subsequent manage-
if lesion is
stable, con- nodule(s)
sider CT at
2yand 4y

4 vy; if solid component(s) develops
or growth occurs, consider resection
(recommendations 3A and 4A)

be defined as such until they are >6
mm, and nodules <6 mm usually

do not require follow-up; persistent
partly solid nodules with a solid com-
ponent 26 mm should be considered
highly suspicious (recommendations
4A-4C)

Multiple <6-mm pure GGNSs' usually
are benign, but consider follow-up at
2 y and 4 y in select patients at high
risk (recommendation 5A)

Note.—Adapted and reprinted, with permission, from reference 4. These recommendations do not apply to lung
cancer screening, patients with immunosuppression, or patients with a known primary cancer.
*Dimensions are the average of long and short axes, rounded to the nearest millimeter.

fGGNs = ground-glass nodules.

or sagittal plane, the measurements should be
obtained on these images. Measurements should
be expressed to the nearest whole millimeter
(15).To estimate risk and use the guidelines,
obtaining an average of the maximal long-axis
and perpendicular maximal short-axis dimension
measurements in the same plane is recommended

for solid and partly solid nodules smaller than

10 mm. For larger solid and partly solid nodules,
recording both the long-axis measurement and
the short-axis measurement is recommended. For
all partly solid nodules with a solid component
larger than 3 mm, the maximal diameter of the
solid component also should be measured and
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reported (12,15). We encourage readers to refer
to the official publication (15) for additional
important considerations.

Questions Commonly Asked
in Clinical Practice

Pulmonary nodules are common and most
frequently detected incidentally. Prevalences
of between 25% and 51% in healthy adult
volunteers and lung cancer screening popula-
tions have been demonstrated in large studies
(5,16), with almost one-fourth of these indi-
viduals found to have one to six nodules at
low—radiation-dose chest CT (5,16). The main
management-related dilemma for radiologists
and clinicians stems from the high prevalence
of nodules but low likelihood of cancer for most
of them (5).This factor creates a challenge in
terms of the decision-making process and dis-
cussions with patients (17). The assessment of
pulmonary nodules is based on meticulous and
optimal evaluation of the nodules. Adherence to
some basic but important primary requirements
is essential for appropriate risk estimation and
subsequent appropriate management.

Question 1

It is important to understand the patient
population(s) for which the Fleischner Society
guidelines are intended. Are these guidelines
intended for the management of nodules found
incidentally in any patient?

No. The guidelines are recommended for the
management of nodules found incidentally in
patients older than 35 years, with the exclusion
of specific high-risk groups. With specific condi-
tions and risk factors considered, the patient
groups described in the following sections are
excluded from these recommendations, and the
decision-making process for these cohorts should
be individualized.

Patients Aged 35 Years or Younger—The risk of
cancer varies during a person’s life span. The life-
time risk of receiving a diagnosis of cancer by age
30 years is approximately 1% and is 2% by age
40 years (18,19). Consequently, individuals aged
35 years or younger are considered to have a low
risk for malignancy, and the management of inci-
dentally found pulmonary nodules in this group
should be individualized. In these individuals,
the likelihood of infectious pulmonary nodules is
much higher than the likelihood of cancer. Thus,
routine follow-up of small (<6-mm) incidentally
found nodules typically is not indicated.

Patients with Known Malignancy.—The lungs
are the most common site of metastasis of solid

radiographics.rsna.org

tumors (20). The prevalence of pulmonary me-
tastasis in individuals with extrapulmonary malig-
nancies is reportedly as high as 54% (21,22). In
a patient with known malignancy, the likelihood
of an incidentally detected pulmonary nodule
being cancer is higher than that in the general
population. Hence, the treatment for this group
of patients should be individualized according to
the specific risk factors and biologic behavior of
the tumor. The imaging and clinical workup is
intended to rule out or confirm the possibility of
pulmonary metastasis, with shorter imaging fol-
low-up intervals and invasive procedures placed
higher in the management algorithm (23,24).

Immunocompromised Patients.—Regardless

of the underlying cause of immunosuppression,
this group is at higher risk for opportunistic
pulmonary infections, which comprise approxi-
mately 75% of all infectious complications in this
population (25). CT has an important role in the
diagnosis of opportunistic infections in immuno-
compromised patients, mainly in the detection
of subtle patterns of disease that may lead to the
manifestation of specific microorganisms known
to progress with an aggressive and sometimes
fatal course in this population (26).

Lung Cancer Screening Population.—Predomi-
nantly on the basis of the National LLung Screening
Trial findings, the U.S. Preventive Services Task
Force (27) recommends lung cancer screening
with low-dose chest CT for eligible high-risk cur-
rent and former smokers. The criteria for imag-
ing follow-up and management in this group of
patients are specifically dictated by the Lung CT
Screening Reporting and Data System (28), a
quality assurance tool designed by the American
College of Radiology to standardize the reporting
and management of nodules in this population.
Because patients in screening programs return for
annual screening in 12 months, even when their
screening results are negative, and owing to their
high risk status and relative absence of comorbid-
ity, patients in lung cancer screening programs are
managed differently from patients with incidentally
discovered nodules. Thus, patients in lung cancer
screening programs are excluded from the guide-
lines for incidental nodule management proposed
by the Fleischner Society (4).

Question 2
A pulmonary nodule is found incidentally at CT
performed with 5-mm-thick sections. Are there
any technical specifications for the follow-up
examination?

Yes. The latest version of the Fleischner Soci-
ety guidelines outlines the technical parameters
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required to accurately measure and character-
ize pulmonary nodules. Similarly, it addresses
nodules found on incomplete CT scans (ie,
obtained without a specified section thickness)
and on scans obtained with thick (>2-mm)
sections. Although the guidelines do not specifi-
cally recommend a time frame for follow-up of
incidental nodules found on thick-section scans
(either complete chest CT or incomplete lung
CT), this scenario is commonly encountered in
clinical practice.

The use of thick sections increases volume
averaging and limits the characterization of pul-
monary nodules. The use of thin (1.0-1.5-mm)
sections is essential for the characterization of
solid and subsolid pulmonary nodules and the
detection of calcium or fat components; these
features can lead to different management op-
tions. For this reason, the new guidelines specify
that all thoracic CT scans in adults should be
acquired with contiguous thin sections.

If the examination at which the nodule is
detected is performed with sections thicker than
2 mm, regardless of whether it is dedicated chest
CT or incomplete CT of the lung (such as neck
or abdominal CT), the acquisition of short-term
follow-up complete chest CT scans with thin
(£1.5-mm) sections should be considered for a
baseline comparison (4). For this specific sce-
nario, in which a nodule is found on a thick-sec-
tion scan, there are no specific recommendations
in the updated guidelines as to when to perform
the follow-up examination or further character-
ize the nodule. It could be inferred, on the basis
of the malignancy risk, that for small (<6-mm)
nodules, no follow-up is necessary. However, for
larger (>6-mm) nodules, complete thin-section
CT of the chest is indicated as early as possible to
determine subsequent management.

For nodules found at incomplete CT, the new
guidelines propose that typically no follow-up
is necessary if the lesion is smaller than 6 mm.
For lesions measuring 6—8 mm, the follow-up
with complete chest CT should be determined
according to the patient’s individual risk factors
and performed in 3—12-month intervals. For
nodules larger than 8 mm or with very suspi-
cious features, further characterization with
complete thoracic CT should be performed as
early as possible (4).

Question 3
The guidelines emphasize the use of individual
risk factors in the decision management process.
Which risk factors can be used to determine
management?

The Fleischner Society guidelines for nodule
management are based on individual risk estima-
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tion. The size and morphology of a pulmonary
nodule are the two primary determinants of
cancer risk (13). Morphology refers specifically to
the margins (smooth, lobulated, or spiculated) and
attenuation (solid, partly solid, or purely ground
glass) of the nodule. The clinical risk factors for
lung cancer are numerous and include smok-

ing, exposure to other carcinogens, emphysema,
nodule location, and family history of lung cancer.
These risk factors have variable influence on the
likelihood of cancer in individual patients. Al-
though several models for predicting lung cancer
have been developed and proven to be useful for
risk estimation in large lung cancer screening tri-
als (13,14), in the latest version of the Fleischner
Society guidelines, use of the categories proposed
by the American College of Chest Physicians is
recommended. The American College of Chest
Physicians defines three risk categories: low,
indicating a less than 5% estimated risk of cancer;
intermediate, a 5%—-65% estimated risk; and high,
a greater than 65% estimated risk (5). Older age,
heavy smoking, larger nodule size, upper lobe loca-
tion, and/or nodule margin irregularity or spicula-
tion increases the risk of cancer (4,5).

Challenging Scenarios
In the latest update of the Fleischner Society
guidelines, the recommendations for managing
single and multiple, solid and subsolid pulmonary
nodules are compiled according to size and risk
factor in a comprehensive table (Table) (4).To
promote individualized management and flexibil-
ity of the health care provider during the decision-
making process and incorporate patient prefer-
ences, specific time frames for follow-up have
been replaced with ranges of times for the next
appropriate follow-up step. The Table also includes
specific comments and explanations regarding
some of these recommendations. The addition of
terms such as oprional and consider are intended to
promote flexibility and autonomy in decision mak-
ing, but it leaves room for uncertainty regarding
the next best step in specific cases.

Scenario 1

For a solid pulmonary nodule smaller than 6

mm in a high-risk patient, “optional CT at 12

months” is recommended in the guidelines. Spe-

cifically when is this optional follow-up indicated?
The minimal threshold size for follow-up of

a pulmonary nodule is based on a cancer risk

estimate of at least 1% (4). Analysis of data from

the NELSON (Nederlands-Leuvens Longkanker

Screenings Onderzoek [Dutch-Belgian Lung

Cancer Screening Trial]) trial (14) revealed that

nodules smaller than 5 mm or with a volume

of less than 100 mm? are not predictive of lung
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cancer. On the basis of this cancer risk statistic
(13,14), less than 6 mm (ie, 5 mm or smaller) is
the defined cutoff size for follow-up, even in high-
risk patients, in the updated Fleischner Society
guidelines. Data from lung cancer screening
trials have indicated that an upper lobe location
and/or suspicious morphology (such as subsolid
density, or contour irregularity or spiculation) of
a nodule smaller than 6 mm increases the risk of
cancer to 1%—-5% (4).Thus, for a solid nodule
that is slightly smaller than 6 mm but located in
the upper lobes and/or has contour irregularity
or spiculation, follow-up chest CT at 12 months
may be required. Within certain limits, lesion
morphology can trump size as a feature suspi-
cious for cancer (Fig 1).

Scenario 2

The recommendation for management of single
solid 6—8-mm nodules in low-risk patients is to
perform follow-up CT at 6-12 months and then
consider performing CT at 18-24 months. Is
nodule stability at 6 months reassuring enough to
discontinue follow-up?

The recommendation of CT follow-up at 6-12
months for single solid 6—-8-mm nodules depends
on the nodule morphology and the patient’s
preferences (grade C recommendation: strong
recommendation, low-quality or very—low-quality
evidence) (4). Analysis of data from the NEL-
SON lung cancer screening trial (14) revealed
an intermediate probability of cancer for nodules
5-10 mm in diameter (mean probability, 1.3%:;
95% confidence interval [CI]: 1.0%, 1.8%) or
100-300 mm? in volume (mean probability,
2.4%; 95% CI: 1.7%, 3.5%). In addition, these
trial results support assessment of the volume
doubling time of nodules in this size range, which
had higher sensitivity (mean, 92.4%; 95% CI:
83.1%, 97.1%) and specificity (mean, 90.0%;
95% CI: 89.3%, 90.7%) (14).

The definition of significant growth of a lesion
between examinations is essential, especially for
small lesions, for which the interobserver variabil-
ity of measurements is higher (29). The associa-
tion between probability of cancer and volume
doubling time has been well established, with the
volume doubling times for most cancers ranging
from 100 to 400 days (14). An increase in the
volume of a lesion translates into an increase in
lesion diameter. A 26% increase in lesion diam-
eter corresponds to a doubling in the volume
of the lesion (assuming a spherical geometry
and consistent growth rate), and the accuracy
of growth assessments is higher with increasing
intervals between examinations (15,30).

After the 2017 updated guidelines were re-
leased, a 2-mm threshold for growth was pro-
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posed in a statement from the Fleischner Society,
clarifying the recommendations for measuring
pulmonary nodules at CT (15).This threshold
has been adopted by other international orga-
nizations (30).To determine the appropriate
interval for follow-up and have reassurance of the
information obtained, a combination of multiple
factors should be considered. For 6—-8-mm le-
sions, the morphology, size, and interval growth
of the nodule should be considered at the time of
the management decision, even in the absence of
cancer risk factors. The guidelines indicate that
one follow-up examination should suffice in most
cases and recommend optionally discontinuing
the follow-up of well-defined solid nodules with

a benign appearance at 12—18 months, as long as
the nodule is measured accurately and its stability
is unequivocal (4).

Scenario 3

For multiple solid pulmonary nodules that are 6
mm or larger, initial follow-up at 3—6 months is
required, regardless of the risk factors. For low-
risk patients, the guidelines suggest an optional
additional follow-up at 18—24 months. Could
3-month stability of solid pulmonary nodules in
a low-risk patient give false reassurance?

Pulmonary nodules incidentally discovered
in low-risk patients are becoming increasingly
common with the generalized use of CT. Data in
another lung cancer screening study (31) indicate
that up to 7% of individuals develop a new pul-
monary nodule over time, and the likelihood of
malignancy is higher in this specific population.

Although the recently updated guidelines for
management of incidental nodules do not ad-
dress those cases in which new pulmonary nod-
ules smaller than 6 mm are found in low-risk
patients with normal comparison thin-section
CT findings, this scenario is common in clini-
cal practice. The diagnostic considerations for
patients with multiple solid pulmonary nodules
are different from those for patients with solitary
nodules. In the case of multiple solid nod-
ules, metastases are the leading consideration,
especially when the nodules are peripheral and
basal in distribution. The volume doubling times
of pulmonary metastases vary according to the
biologic behavior of the original tumor and the
size of the metastatic nodule, and have ranged
from 20 to 160 days in some series (24,32).
Metastatic lesions demonstrate growth within 3
months in the majority of cases (4).

The estimated risk of cancer in a low-risk
patient with normal prior high-quality chest CT
findings who is incidentally found after presen-
tation to have new nodules smaller than 6 mm
should be based on the results of individualized
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Figure 1. Solid pulmonary nodule smaller than 6 mm in a high-risk patient. (a) Axial nonenhanced chest CT
image (lung window) of the left lung shows a 5-mm solid pulmonary nodule (arrow) with lobulated margins in
the left upper lobe. (b) Axial nonenhanced chest CT image (lung window) at 12-month follow-up shows interval
growth of the solid left upper lobe nodule (arrow), which now measures 13 mm and has persistent contour
lobulation. Histopathologic analysis of the resected nodule revealed invasive adenocarcinoma.

patient examination and reassessment of risk
factors and demographic information. This risk
should be determined before the recommended
guideline of no routine follow-up of nodules
of this size (grade 2B recommendation: weak
recommendation, moderate-quality evidence) is
followed (4). In the absence of new risk factors,
the likelihood that new small (<6-mm) nodules
in a low-risk patient are benign is high, and
these lesions most often represent postinfection
granulomas or intrapulmonary lymph nodes (4).
In the case of low-risk patients with nodules 6
mm or larger, the guidelines recommend imag-
ing follow-up. As described in clinical scenario
3, in a patient with stable solid nodules that
are 6 mm or larger at initial 3-month follow-
up, individual risk assessment findings and the
patient’s preferences should be considered to
determine the next management step. According
to the guidelines, optional follow-up is depen-
dent on the estimated cancer risk for each pa-
tient (grade 1B recommendation: strong recom-
mendation, moderate-quality evidence) (4), and
the decision should be individualized. With the
patient’s environmental risk factors taken into
account, the prevalence of granulomatous infec-
tions in the geographic area, number of nodules,
and morphology of the dominant nodule will
help define the most appropriate action. Note
that the most suspicious (ie, dominant) nodule
is not necessarily the largest lesion. The nodules’
morphologic features (eg, margins and density),
location, and growth rate, if available, should
be taken into account to identify the dominant
nodule that should be used to guide manage-
ment (4,33).

Scenario 4
In the Fleischner Society guidelines, no routine
follow-up is recommended for single GGNs
smaller than 6 mm, regardless of the risk factors,
with the added caveat that follow-up at 2 and 4
years should be considered for certain suspicious
nodules. Which features make a GGN smaller
than 6 mm suspicious for cancer?

In general, persistent pure GGNs that are
5 mm or smaller are believed to represent foci
of atypical adenomatous hyperplasia, which is
recognized as a preinvasive lung adenocarcinoma
lesion (34). According to previous guidelines for
the management of subsolid nodules, routine
follow-up is not required for these lesions (5,12).

It is known that the growth rate of GGNs and
subsolid nodules is slower than that of solid le-
sions, with a mean volume doubling time longer
than 1100 days and a mean period of 3.6 years
for the appearance of a solid component in one
study (35) involving the assessment of GGNs
smaller than 5 mm. The conservative manage-
ment of GGNs smaller than 6 mm is justified
owing to their high prevalence and known slow
growth rate. However, it is known that almost
10% of these lesions demonstrate growth over
time and 1% progress to malignancy (35).

Although in clinical practice the morphologic
features of GGNs smaller than 6 mm are gener-
ally difficult to visualize owing to their small size
and low density, the decision to perform further
follow-up of these nodules should be based on
the identification of suspicious features such as
spiculation and fissure distortion (Fig 2). Owing
to the slow growth rate, imaging follow-up on
an annual basis is no longer indicated for GGNs
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a.

smaller than 6 mm (12). For GGNs that are
smaller than 6 mm and have suspicious features,
an initial follow-up examination at 2 years and
another follow-up at 4 years are indicated (4).

Scenario 5

The overall size of an 8-mm partly solid pulmo-
nary nodule either is stable or has decreased, but
the solid component has become enlarged and
now measures 7 mm. What is the appropriate
management protocol?

Small partly solid nodules are frequently due
to transient infections and resolve spontaneously
(36). The initial short-term follow-up indicated
for partly solid nodules that are 6 mm or larger
enables the clinician to accomplish various
objectives: In the case of resolution, it provides
reassurance to the patient and ordering provider;
it facilitates the identification of occasionally
rapidly enlarging lesions that require treatment;
and if the nodule is stable, it enables confirma-
tion of the persistence of a partly solid nodule to
determine further management (12). Persistent
partly solid nodules are more likely to be malig-
nant (11,14).

Persistent partly solid nodules with a solid
component smaller than 6 mm typically are
adenocarcinomas in situ or minimally invasive
adenocarcinomas. Both of these lesions have a
100% disease-specific survival rate when they
are completely resected; thus, a conservative ap-
proach and management are justified (4,12,34).

Some cancerous nodules demonstrate an
initial decrease in size, which is a feature more
frequently seen at assessment of subsolid lesion

b.

Figure 2. GGN smaller than 6 mm. (a) Axial contrast material-enhanced chest CT image (lung win-
dow) of the left lung shows a pure GGN in the lingula. There is retraction of the fissure (arrow), although
it is subtle. Fissure retraction is a suspicious feature that warrants follow-up. (b) Axial nonenhanced chest
CT image (lung window) obtained at 2-year follow-up shows an interval increase in the density of the
nodule, with a new small solid perifissural component and progressive retraction of the fissure (arrow).
These features are suspicious for malignancy.

growth patterns (37). Adenocarcinoma in situ
has demonstrated nonlinear growth after an
initial decrease in size or initial stability (38),
which may be erroneously interpreted as benign
behavior. The initial decrease in size is believed
to be related to the development of fibrosis and
microatelectasis (4,37) and is usually associated
with an increase in attenuation. Awareness of
this behavior during the assessment of subsolid
nodules is essential to avoid misinterpretation. A
decrease in size accompanied by an increase in
density does not always indicate a benign lesion,
and, thus, imaging surveillance is appropriate.

The solid component of a partly solid lesion
is indicative of an invasive component. Progres-
sive growth of the solid component beyond 5 mm
increases the risk of invasiveness and metastasis
(4,13,34). Thus, the more aggressive approach
for partly solid lesions with a 6-mm or larger
solid component is justified.

A partly solid lesion with a growing solid
component that now measures 7 mm, as in
the described scenario, represents a special
challenge in terms of management (Fig 3).
The interval growth of the solid component
is highly suspicious for malignancy, although
at this point, the size of the solid component
limits management options. Although there
is evidence that in experienced hands, a high
degree of accuracy in the diagnosis of subsolid
lesions can be achieved with fluoroscopically
guided tissue-core lung biopsy (39), the results
are less reliable for determining the specific cell
type. The diagnostic accuracy of PET/CT in
the differentiation of benign versus malignant
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Figure 3. Partly solid nodule with increasing density of the solid component. (a) Axial nonenhanced
chest CT image (lung window) of the right lung shows a partly solid nodule in the right middle lobe.
The solid component (arrow) is very small, measuring less than 2 mm. (b) Axial nonenhanced chest CT
image (lung window) obtained at 1-year follow-up shows stability in the overall size of the lesion but an
increase in the size of the solid component (arrow), which now measures 3 mm. A few cystic spaces are
more conspicuous than they were at initial manifestation. (c) Axial nonenhanced chest CT image (lung
window) obtained 2 years after the image in a shows that the overall size of the right middle lobe nodule
has decreased, but its solid component (arrow) has continued to increase and now measures 7 mm.
Persistent partly solid nodules are highly suspicious for malignancy; the solid component specifically is

suspicious for invasiveness.

solid nodules smaller than 10 mm is generally
low (40). Although percutaneous biopsy of solid
nodules smaller than 1.5 cm can be safely per-
formed, it also has had lower accuracy (41). An
individualized approach in which the patient’s
comorbidities and preferences are taken into ac-
count should be used to select the management
option of local treatment, resection, or contin-
ued annual follow-up (grade 1B recommenda-
tion: strong recommendation, moderate-quality
evidence) (4). Clinicians at some centers use
definitive management (ie, resection or local ra-
diation) for highly suspicious lesions in high-risk
patients as part of their routine practice, even
without a tissue sample—based diagnosis.

Scenario 6

The Fleischner Society guidelines recommend
follow-up at 3—6 months for multiple subsolid
nodules 6 mm or larger, although subsequent
management should be based on the findings

of the most suspicious nodule(s). What is the
appropriate management for stable subsolid
nodules that are 6 mm or larger in cases in which
a dominant lesion cannot be identified?

The main and most common diagnostic con-
sideration for patients with multiple subsolid (ie,
pure ground-glass and/or partly solid) nodules
is multifocal infection. On the basis of the high
likelihood of a transitory nature of multiple sub-
solid nodules, recommendations for management
have included an initial short-term follow-up
examination to confirm persistency. According to
the initial Fleischner Society recommendations
for management of subsolid nodules published
in 2009 and 2013 (11,12), the management of
these lesions should be based on the number
of nodules (solitary vs multiple) rather than the
risk factors. This is mainly owing to the increas-
ing incidence of adenocarcinoma among young
persons and nonsmokers (12) and the lack of
sufficient data to base management recom-
mendations on smoking history. In the updated
guidelines for managing incidental nodules, this
classification is preserved, with recommenda-
tions based on size and density for single lesions
(ie, single GGNs and single partly solid nodules)
but similar follow-up recommendations based
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Figure 4. Multiple subsolid pulmonary nodules.
Axial contrast-enhanced chest CT image (lung
window) of the right lung shows multiple subsolid
nodules (arrows) in the right middle and right lower
lobes. All of these nodules are 6 mm or larger, but
their solid component is small (<6 mm). In addition,
all of these nodules were resolved at 6-month fol-
low-up imaging (not shown), reflecting the transient
nature of commonly encountered inflammatory or
infectious subsolid nodules.

on nodule size (<6 mm vs >6 mm) for multiple
subsolid nodules.
Patients with multiple subsolid nodules are
commonly encountered in clinical practice, and
a conservative approach to management has
been deemed appropriate (11). This conserva-
tive approach is based on the low likelihood of
malignancy of small (<6-mm) lesions and proven
slower growth rates compared with those of solid
lesions (5,11,42). Owing to these considerations,
the time frame for the initial imaging follow-up
recommended in the updated guidelines has been
increased to 3—6 months (from original initial
3-month follow-up) (4,12) to confirm persis-
tence (Fig 4). The dominant, or most suspicious,
nodule in the case of persistent lesions is used
to determine further management, although the
identification of this nodule is not always straight-
forward. The most suspicious nodule is not nec-
essarily the largest lesion, so close attention to the
morphologic features of the nodule is paramount.
The management of multiple subsolid 6-mm
or larger pulmonary nodules that persist after
the initial follow-up imaging examination at 3—-6
months is based on the assumption that these le-
sions represent multiple primary adenocarcinomas
(grade 1C recommendation: strong recommenda-
tion, low-quality or very—low-quality evidence)
(4). Most patients with lung cancer who are found
to have multiple subsolid nodules at the time of
diagnosis have synchronous primary carcinomas

Figure 5.

radiographics.rsna.org

Perifissural nodule with the classic features of an intrapulmo-
nary lymph node. (a) Illustrations depict the typical morphologic features
of intrapulmonary lymph nodes. Association with the fissure and a trian-
gular or lentiform morphology are characteristic features. (b) Axial non-
enhanced chest CT image (lung window) of the right lung shows the
typical appearance of an intrapulmonary lymph node (arrow), which is
along the minor fissure in this case.

(43). As previously emphasized, interval growth of
a solid component that is 6 mm or larger, spicu-
lated margins, interval increase in density, and a
new microcystic component are some of the most
important features used to define the most suspi-
cious lesion. However, the features that denote a
dominant lesion are not clearly defined in the cur-
rent guidelines (11,12,44).

Specific treatment strategies should be in-
dividualized, and further management options
should be based on the features of the most
suspicious subsolid nodule and other consider-
ations such as patient and clinician preferences,
similar to the approach for a subsolid lesion
with a solid component larger than 6 mm in
scenario 5. Conservative management of mul-
tiple stable 6-mm or larger subsolid nodules
for which a dominant nodule is not identified
should be based on careful assessment of the
patient’s relevant risk factors and demonstration
of unequivocal lesion stability. If these lesions
are stable at 3—6 months, it seems appropriate to
follow the recommendation for single subsolid
nodules with a solid component smaller than 6
mm: annual follow-up CT for a minimum of 5
years (4).

Scenario 7

A perifissural nodule has the typical morphologic

characteristics of an intrapulmonary lymph node;

however, it has increased in size from 5 to 8 mm

within 6 months. Is further follow-up indicated?
Solid perifissural nodules are very common

and are defined according to their juxtapleural
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Figures 6, 7. (6) Perifissural nodule with suspicious features that warrant follow-up. (a) Axial nonenhanced chest CT image (lung

window) of the right lung shows a 5-mm solid nodule (arrow) in the right middle lobe. The nodule has irregular contours and a
juxtafissural location. (b) Axial nonenhanced chest CT image (lung window) obtained at 12-month follow-up shows interval growth
of the nodule (arrow), with persistent contour irregularity. The lesion was found to represent a small invasive adenocarcinoma at re-
section. (7) lllustrations depict perifissural nodules with suspicious features: contour spiculation (a), fissural transgression (b), fissural

distortion (arrow) (c), and a juxtafissural nodule not entirely associated with the fissure (d).

location. The prevalence of perifissural nodules
can be as high as 20%, as has been observed

in lung cancer screening populations (13,45).
When perifissural nodules demonstrate a trian-
gular or lentiform morphology, smooth contours,
and sharp margins, they are known to represent
intrapulmonary lymph nodes and are considered
to be benign (13,46) (Fig 5). In large lung cancer
screening populations (13,45), more than 15%
of these nodules demonstrated interval growth,
with growth rates in the range of those for ma-
lignant nodules. However, none of these nodules
was cancer. In the general population, when the
typical features of intrapulmonary lymph nodes
are preserved in perifissural nodules, usually no
follow-up CT examination is indicated. This
guideline is applicable even if the average lesion
dimension exceeds 6 mm and the nodules dem-
onstrate interval growth (4).

Detailed assessment of the morphology of
perifissural nodules is necessary to reliably de-
termine management. A juxtapleural location is
not always indicative of benignancy. Coronal and
sagittal reconstructions are helpful for charac-
terizing perifissural nodules and depicting the
classic morphologic features and characteristic
thin septal extension to the pleura (4). If a nodule

adjacent to the pleura or a fissure demonstrates
a round morphology or contour irregularity and/
or the adjacent fissure is abnormal (ie, retracted,
bowed, or transgressed), follow-up CT at 6-12
months is indicated (4). These features are not
reassuring in the case of an intrapulmonary
lymph node, and stability should be demon-
strated at interval imaging follow-up (Figs 6, 7).

Scenario 8

The incidence of lung cancer associated with
cystic spaces is not insignificant, although there
are no defined recommendations for cystic
lesions in the current Fleischner Society guide-
lines. What suspicious features of a cystic lesion
should prompt imaging follow-up?

The incidence of lung cancer associated with
cystic spaces is variable and ranges from 1% to
almost 4% (16,44). Pulmonary cysts are well-
defined lesions surrounded by an epithelial wall
of variable thickness (47). Benign cysts are char-
acterized by thin (usually <2-mm) regular walls
and can result from infection or trauma. In a
retrospective study (44) involving 2954 patients
with non—small cell lung carcinoma, cystic air-
spaces were seen in or adjacent to the primary
lung cancer in approximately 1% of cases.



RadioGraphics

1348 September-October 2018

radiographics.rsna.org

a.

b.

Figure 8. Solid pulmonary nodule with microcysts. (a) Axial contrast-enhanced CT image (lung win-
dow) of the left lung shows a solid nodule (arrow) that is larger than 8 mm and has irregular margins
and central small spaces, representing microcysts, that are likely secondary to a check-valve mecha-
nism. Despite its size, the lesion lacked a sufficient amount of solid component to warrant percutane-
ous biopsy. (b) Axial contrast-enhanced CT image (lung window) obtained at 6-month follow-up
shows interval growth of the nodule (arrow), which is now entirely solid and has asymmetric contour
lobulation. After resection, this lesion was found to represent a small invasive adenocarcinoma.

Cystic airspaces may appear in a preexist-
ing solid or subsolid nodule and have been seen
more frequently in association with histologically
proven adenocarcinoma. Cystification (ie, ap-
pearance of new microcysts) of a nodule has been
postulated to represent a check-valve mechanism
that manifests as the tumor grows and obstructs
small airways or to be due to tumor degenera-
tion (44,48). The development of cystic areas
in a nodule merits close attention at subsequent
imaging examinations (Fig 8).

Tumor arising from the wall of a preexisting
cyst is another common imaging appearance
of cystic airspaces associated with lung cancer.
Study investigators (48,49) have described a
longitudinal process whereby a cystic lesion
develops asymmetric wall thickening, which then
transforms into an endophytic or exophytic mural
nodule, with the cystic airspace subsequently
replaced by soft tissue. These findings are indica-
tive of lung cancer. Farooqi et al (48) reported a
median period of 35 months for a cystic airspace
to develop wall thickening or a mural nodule.

The suspicious features observed in cystic
airspaces associated with primary lung cancer are
new microcysts in a solid or subsolid nodule, or an
endophytic mural nodule, exophytic mural nodule,
and/or progressive or asymmetric wall thickening of
a preexisting cystic lesion (Figs 9, 10). The recogni-
tion of these imaging findings in lesions associated
with a cystic component should prompt imaging
follow-up and/or a tissue sample-based diagnosis.
The management decision should be made accord-

ing to the individual characteristics of the lesion
and the patient’s comorbidities and preferences.

Conclusion
The 2017 updated Fleischner Society guidelines
are intended to standardize the management
of incidentally discovered pulmonary nodules
and thereby reduce the number of unnecessary
follow-up examinations. Current thinking regard-
ing nodule management has been modified on the
basis of data obtained from lung cancer screening
programs, and the most recent guideline updates
represent an attempt to address relevant clinical
factors in the management process. While allow-
ing radiologists, treating physicians, and patients
greater discretion in management decisions, the
recent modifications demand a better understand-
ing of the factors that influence lung cancer risk
and rely on greater capability to recognize the
morphology of suspicious nodules. To facilitate ap-
propriate use of the updated Fleischner guidelines,
we offer clarifications for specific scenarios that are
commonly encountered in clinical practice.
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