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With the rapidly increasing number of chest computed tomography (CT) examinations,
the question of how to manage lung nodules found in asymptomatic patients has
become increasingly important. Several nodule management guidelines have been
developed that can be applied to incidentally found lung nodules (the Fleischner
Society guideline), nodules found during lung cancer screening (International Early
Lung Cancer Action Program protocol [I-ELCAP] and Lung CT Screening Reporting and
Data System [Lung-RADS]), or both (American College of Chest Physicians guideline
[ACCP], British Thoracic Society guideline [BTS], and National Comprehensive Cancer
Network guideline [NCCN]). As the radiologic nodule type (solid, part-solid, and pure
ground glass) and size are significant predictors of a nodule’s nature, most guidelines
categorize nodules in terms of these characteristics. Various methods exist for
measuring the size of nodules, and the method recommended in each guideline
should be followed. The diameter can be manually measured as a single maximal
diameter or as an average of two-dimensional diameters, and software can be used to
obtain volumetric measurements. It is important to properly evaluate and measure
nodules and familiarize ourselves with the relevant guidelines to appropriately utilize
medical resources and minimize unnecessary radiation exposure to patients.

Lung nodules are undoubtedly the most common presenta-
tion of lung cancer. With the substantial increase in number
of chest computed tomography (CT) scans being performed
for various clinical indications, including lung cancer screen-
ing, advances in CT technology have enabled the detection of
small nodules. As a result, physicians are encountering many
cases of incidental small lung nodules, and the management
of these nodules has become an important issue in terms of
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the efficient use of health care resources and reduction of
unnecessary radiation exposure.

Fortunately, data have emerged from various large-scale
trials, including the National Lung Screening Trial (NLST),
Dutch-Belgian Randomized Lung Cancer CT Screening Trial
(NELSON), International Early Lung Cancer Action Program
(I-ELCAP), Pan-Canadian Early Detection of Lung Cancer
Study (PanCan), and British Columbia Cancer Agency
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(BCCA) cancer screening trials,'™ making it feasible to
establish evidence-based management guidelines for lung
nodules. Various guidelines have been proposed by different
organizations, including the Fleischner Society guideline,’
the I-ELCAP protocol,6 the Lung CT Screening Reporting and
Data System (Lung-RADS),” American College of Chest Physi-
cians (ACCP) guideline,® the British Thoracic Society (BTS)
guideline,” and the National Comprehensive Cancer Network
(NCCN) guideline.w It is important for clinicians to be
familiar with these guidelines and understand their under-
lying rationale.

In this article, we introduce the current guidelines and
discuss their recommended evaluation and management
plan for lung nodules found on chest CT of asymptomatic,
adult patients. It is important to keep in mind that the
guidelines apply specifically to nodules found incidentally
or during lung cancer screening, and thus are inappropriate
for patients who have respiratory symptoms, are immuno-
compromised, are at risk for infection or metastases, or are
children.

Evaluation of Lung Nodules

On chest CT, a nodule is defined as a rounded opacity, well or
poorly defined, measuring up to 3cm in diameter.!" To
optimally evaluate lung nodules, CT scans should be recon-
structed with contiguous thin sections (<1.5mm in thick-
ness) and include off-axis reconstructions (coronal and
sagittal).>'%13 Nodules are better evaluated and measured
by using a lung window setting and a sharp filter, as nodules
could be rendered partially invisible when viewed using the
mediastinal window setting.'*'> Most guidelines recom-
mend using the averaged bidimensional diameter for man-
agement purposes. To reduce interscan variability, it is
recommended to use similar CT parameters and reconstruc-
tion techniques during follow-up examinations, including
dose reduction techniques, section thickness, and the recon-
struction filter. The descriptions of nodule evaluation and
management presented in this study are focused on indeter-
minate nodules.

Pretest Lung Cancer Risk Estimation
Estimation of the risk of lung cancer for any individual is
important to select high-risk individuals eligible for lung
cancer screening and to predict the probability of malignan-
cy of incidentally detected lung nodules.

The two most important factors associated with an in-
creased risk of developing lung cancer are age and smoking
history. Most patients diagnosed with lung cancer are
65 years old or older in the United States, with the average
age at diagnosis being 70 years. More than 80% of lung cancer
cases in Western countries are attributable to smoking.
Therefore, the U.S. Preventive Services Task Force recom-
mends CTscreening in adults aged 50 to 80 years who have a
20 pack-year smoking history and currently smoke or have
quit within the past 15 years.'®

In addition to age and smoking history, sex, race/ethnicity,
personal and family history of cancer, and history of emphy-
sema or chronic obstructive pulmonary disease are used in
numerous risk prediction models. The PLCOpp012 Tisk pre-
diction model, which was derived from the Prostate, Lung,
Colorectal, and Ovarian Cancer (PLCO) study, estimates 6-
year lung cancer risk.'” At a threshold of >1.51%, PLCOp012
showed better sensitivity, specificity, and positive predictive
value for lung cancer detection than the NLST criteria.'® The
Liverpool Lung Project model (LLPv2) was used in the United
Kingdom Lung Cancer Screening Trial, and individuals with a
5-year lung cancer risk of >5% were eligible for screening.'®

Nodule Type Based on Consistency

Lung nodules are categorized as solid or subsolid according
to the presence of ground-glass components; solid nodules
are of homogeneous soft-tissue attenuation, while subsolid
nodules contain a component of ground-glass opacity.
Ground-glass opacity refers to an area of hazy increased
attenuation in the lung that does not obliterate the underly-
ing bronchial and vascular margins.'" Subsolid nodules are
subdivided into part-solid nodules and pure ground-glass
nodules (GGNs). A part-solid nodule consists of both ground-
glass and solid attenuation, while a pure GGN only contains a
ground-glass component. Examples are presented in ~Fig. 1.

Fig. 1 Examples of lung nodules with varying morphology. (A) A pure ground-glass nodule (arrow) contains only a ground-glass component,
which refers to hazy increased attenuation in the lung that does not obliterate the bronchial or vascular margins. (B) A part-solid nodule (arrow)
consists of both ground-glass and solid (arrowhead) components. (C) A solid nodule (arrow) does not contain a ground-glass component.
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Fig.2 Examples of transient and persistent part-solid nodules. (A) Transient part solid nodules (arrow) tend to have ill-defined borders because
these nodules usually represent airspace filling diseases. As inflammation or hemorrhage (gray shades in the diagram) spreads into adjacent
airspace through a collateral pathway, resulting in ill-defined borders. Additionally, detection of the nodule at follow-up, blood eosinophilia,
lesion multiplicity, and a large solid portion have been reported to be associated with transient part-solid nodules. (B) In comparison, persistent
part-solid nodules (arrow) typically represent invasive adenocarcinoma or minimally invasive adenocarcinoma in histopathologic analysis. These
nodules are known to have relatively well-defined borders because tumor cells grow along the alveolar wall (lepidic growth pattern), resulting in

the interstitial thickening as indicated in the diagram.

The nodule type based on consistency is a major feature
indicating the nature of nodules. Most incidentally found
subsolid nodules are transient, but persistent subsolid nod-
ules have an approximately 30% probability of malignancy,
higher than that of solid nodules.2°-22 In a study by Lee et al,
approximately 70% of part-solid nodules were transient.?>
Young patient age, detection of the nodule at follow-up,
blood eosinophilia, lesion multiplicity, a large solid portion,
and an ill-defined border were reported to be independent
predictors of transient subsolid nodules (~Fig. 2).2> Howev-
er, lung cancers that present as subsolid nodules show a
better prognosis than those presenting as solid nodules.?*
The solid component of persistent subsolid nodules repre-
sents the invasive component of the tumor, and therefore
pure GGNs or part-solid nodules with a small solid compo-
nent (<6 mm) are known to have an indolent clinical course,
representing atypical adenomatous hyperplasia, adenocar-
cinoma in situ, or minimally invasive adenocarcinoma on
histopathologic analysis.?>~27

Morphologic Assessment of Nodules

The presence of internal, shape, or border characteristics
may be helpful in determining whether a nodule is benign or
malignant and can help guide management. However, most

small nodules lack these distinguishing morphologic
characteristics.

Nodules with benign features consisting of internal areas
of fat attenuation or complete, central, popcorn, or concen-
tric ring-like calcification do not require further follow-up
(=Fig. 3). A small nodule of less than 5 mm that uniformly
shows higher attenuation than the ribs can be considered to
be calcified.?® Air-bronchograms, cavitation, or pseudocavi-
tation (bubble-like lucency) are seen more commonly in lung
cancers than in benign nodules (~Fig. 4A).2%30

A polygonal (concave surfaces on all sides) or flat (ratio of
axial diameter/cranial-caudal diameter >1.78) shape indi-
cates benignity.3! Meanwhile, a spiculated margin usually
indicates malignancy, and an irregular or lobulated contour
also raises suspicion of malignancy (=~Fig. 4B).

Nodule Measurement: Manual Diameter
Measurement and the Volumetric Approach

Nodule size is strongly associated with the risk of malignan-
cy, and therefore is a dominant factor in determining the
management plan. There are two main methods of measur-
ing the size of nodules: manual diameter measurement and
the volumetric approach. Currently, robustly validated volu-
metric nodule measurement software has not been widely
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Fig. 3 Nodules with benign features. (A) A fat-containing nodule (mean attenuation in the fatty portion was about 90 HU). (B) A nodule with
central calcification. Complete, central, popcorn, and concentric ring calcifications are suggestive of a benign nature of the nodule.

Fig. 4 Examples of nodules with suspected findings of malignancy. (A) A nodule with a bubble-like lucency and (B) another nodule with a
spiculated margin. Both nodules were confirmed to be lung adenocarcinoma on histopathologic analysis after surgical resection.

adopted. However, volumetric measurements are expected
to play an expanding role in the future, and most recently
published guidelines provide reference values for both man-
ually measured diameters and the volumetric approach.
When manually measuring the diameter of nodules, one
should follow the method each guideline suggests. Most
guidelines, including the Fleischner Society, I-ELCAP, Lung-
RADS, NCCN, and ACCP guidelines, recommend using the
average diameter which can be calculated by the average of
the maximal long-axis diameter measurements (in trans-
verse, coronal, or sagittal reconstructed images) and its
perpendicular maximal short-axis measurement. Instead,
the BTS guideline uses the maximal diameter. For part-solid
nodules, the diameter of both the whole nodule and its solid
component should be measured and reported (~Fig. 5).

The volumetric approach, which utilizes automatic or
semiautomatic software packages, is expected to more accu-
rately represent a nodule’s size and is associated with lower
interreader variability. However, there is significant variabil-
ity among different software packages (~Fig. 6).32~3 Differ-
ent volumetry software should not be used interchangeably
to evaluate nodules on serial follow-up scans. The use of thick
sections, intravenous contrast, or a soft kernel may lead to
overestimation of nodule volume.3>3” However, several
studies have reported that differences in the reconstruction
technique, CT manufacturer, and radiation dose do not
increase volumetric measurement variability beyond the
expected level of 25%.38740 When a volumetric assessment
is used, the volume doubling time has been regarded as a
surrogate marker of the probability of malignancy. A volume

Seminars in Respiratory and Critical Care Medicine  Vol. 43 No. 6/2022 © 2022. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Evaluation and Management of Indeterminate Pulmonary Nodules Using CT Nam, Goo

Fig. 5 For part-solid nodules, the diameters of both (A) the whole nodule and (B) the solid component should be measured independently

(arrows).

Fig. 6 Measurement of the nodule size using the volumetric ap-
proach with various software. The volume of the nodule was mea-
sured variably as 8,683, 6,836, 5,829, and 6,488 mm?, when using (A)
IntelliSpace Portal (Philips Healthcare, Best, the Netherlands), (B)
Advantage workstation (GE Healthcare, Milwaukee, WI), (C) Veolity
(MeVis, Berlin, Germany), and (D) Vitrea (Canon Medical Systems,
Otawara-shi, Japan), respectively.

doubling time of less than 400 days is the most frequently
used threshold that triggers a further workup for indetermi-
nate nodules.3?

Variability in Nodule Evaluation

Inconsistencies in nodule classification and measurement
are a major hurdle in lung nodule evaluation. The morphol-
ogy and size of nodules may be evaluated differently among
readers or inconsistently even by the same reader, and this
could affect the management plan for patients. Van Riel et al
reported that when eight radiologists evaluated nodules

included in the NELSON cohort, the morphologic categoriza-
tion of lung nodules showed moderate inter- and intraob-
server agreement (mean k: 0.51 and 0.57, each)*!
Discordant nodule classifications were found in 36.4%
(1,630 of 4,480) of reading pairs, and two-thirds of these
discordant pairs (1,061 of 1,630) would potentially lead to
different management plans.*’ The size of nodules also
varies between measurements. Revel et al reported that
when nodules were manually measured by three radiologists
using the single maximal diameter, intrareader agreement
(size variability) ranged from 1.32 to 1.70 mm, and the 95%
limits of agreement for the interreader difference was
1.73 mm for lung nodules 3 to 18 mm in size.*? These results
can be explained by the fact that the typical pixel size of chest
CT is approximately 0.6 to 0.8 mm, and, generally, at least
two pixels are required to recognize a change. In this context,
most guidelines consider a minor measured size difference
between two examinations to be clinically insignificant. The
Lung-RADS guideline defines growth based on an increase in
size of greater than 1.5mm, while the Fleischner Society
guideline requires a measured change of 2 mm. The I-ELCAP
and NCCN guidelines also disregard minor size differences
depending on the nodule size. When the volumetric ap-
proach was used, the volume of the nodule measured on two
CTscans taken on the same day by the same software showed
approximately 25% interscan variability.*>%* The BTS guide-
line neglects interscan volume changes of less than 25%.

Guidelines for Nodule Management

There are several guidelines for lung nodule management
published by various societies, including the Fleischner
Society, I-ELCAP, Lung-RADS, ACCP, BTS, and NCCN guide-
lines.>™ 1% These guidelines can be applied to individuals in
several different settings: (1) those who were eligible for and
received chest CT for lung cancer screening (I-ELCAP, Lung-
RADS), (2) those whose nodules were incidentally found
(Fleischner Society guideline), or (3) both (1) and (2) (ACCP,
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BTS, or NCCN guidelines). The basic difference between the
protocols of incidental nodule and screening is that no
further workup or follow-up is required for incidental nod-
ules smaller than a minimum threshold, while CT scans at
repeated intervals are recommended in the screening set-
ting. In this review, we briefly introduce the Fleischner
Society guidelines for incidental lung nodules and Lung-
RADS for lung cancer screening.

Fleischner Society Guideline for Incidental Lung
Nodules

The latest guideline from the Fleischner Society was released
in 2017 (~Table 1).° The guideline suggests different follow-
up plans for incidentally found lung nodules in accordance
with the radiologic nodule type (solid, part-solid, or pure
GGN), the number of nodules, and the patient’s pretest risk.
For solid nodules, no additional follow-up is recommended
for low-risk patients for nodules smaller than 6 mm, while 1-
year follow-up is optional for high-risk patients. Solid nod-
ules of 6 to 8 mm in size need 6- to 12-month (if single) or 3-
to 6-month (if multiple) follow-up. For patients with solid
nodules larger than 8 mm, 3- to 6-month follow-up or an
additional workup including positron emission tomography
(PET)/CT or tissue sampling is recommended. For part-solid

nodules smaller than 6 mm, no routine CT follow-up is
recommended unless there are multiple nodules which
necessitate 3- to 6-month follow-up. For part-solid nodules
larger than or equal to 6 mm, CT at 3 to 6 months is required.
For single pure GGNs, those smaller than 6 mm require no
routine follow-up, while those larger or equal to 6 mm may
need CT follow-up at 6 to 12 months. The guideline recom-
mends follow-up for nodules larger than or equal to 6 mm
until 2 years for solid nodules and 5 years for subsolid
nodules to confirm their stability.

Lung Computed Tomography Screening Reporting and
Data System

Lung-RADS was proposed by the American College of Radiolo-
gy to manage nodules detected during lung cancer screening
(~Table 2).° This guideline assumes that eligible patients who
are entered into a lung cancer screening program will continue
to receive annual low-dose CT scans. Lung-RADS classifies
nodules into four categories according to the risk of malignan-
cy: benign (category 2), probably benign (category 3), suspi-
cious (category 4A), and very suspicious (category 4B or 4X).
Similar to the Fleischner Society guideline, the main factors are
the size and radiologic type of the nodules. Solid or part-solid
nodules smaller than 6 mm and pure GGNs smaller than

Table 1 Summary of the Fleischner Society Guideline for the management of incidentally found lung nodules

Solid nodules

Diameter (volume)

<6mm (<10 mm?3)

6-8 mm (100-250 mm?)

>8mm (>250 mm?)

Single nodule

Low risk No follow-up CT at 6-12 months Consider CT at 3 months, PET/CT, or
then consider CT at 18-24 months | tissue sampling
High risk Optional CT at 12 months | CT at 6-12 months then Consider CT at 3 months, PET/CT, or

CT at 18-24 months

tissue sampling

Multiple nodules®

Low risk No follow-up CT at 3-6 months CT at 3-6 months, then consider CT
then consider at 18-24 months
CT at 18-24 months

High risk Optional CT at 12 months | CT at 3-6 months CT at 3-6 months, then at 18-24

then at 18-24 months

months

Subsolid nodules

Diameter (volume)

<6mm (<10 mm3)

>6-8mm (>100 mm?)

Single nodule

Pure ground-glass | No follow-up CT at 6-12 months to confirm persistence
nodule then CT every 2 years until 5 years
Part solid nodule | No follow-up CT at 3-6 months to confirm persistence

If unchanged and solid component remains <6 mm, annual CT should be
performed for 5 years

CT at 3-6 months
If stable, consider
CT at 2 and 4 years.

Multiple nodules®

CT at 3-6 months
Subsequent management based on the most suspicious nodule

Abbreviations: CT, computed tomography; PET, positron emission tomography.

Note: Adapted from MacMahon et al.’

For the individuals with multiple lung nodules, use the most suspicious nodule as a guide to management.
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Lung-RADS
category

Nodule morphology and diameter (volume)

Management

Risk of
malignancy

Category 0

Part or all of lungs cannot be evaluated

Additional lung cancer
screening CT

N/A

Category 1

No lung nodules
Nodules with specific calcifications and fat
containing nodules

Continue annual screening
CT at 12 months

<1%

Category 2

Perifissural nodules <10 mm

Solid nodules <6 mm (<113 mm?)
Part-solid nodules <6 mm (<113 mm?)
Pure GGNs < 30 mm (14137 mm?)

Continue annual screening
CT at 12 months

<1%

Category 3

Solid nodules >6 to 8 mm (113 to 268 mm?)
Part-solid nodules

>6mm (113 mm?>) with solid component
<6mm (113 mm?)

Pure GGNs >30 mm (14137 mm?)

CT at 6 months

1-2%

Category 4A

Solid nodules >8 to <15 mm (268 to 1767
mm°)

Part-solid nodules

>6 mm (113 mm?) with solid component >6
to <8 mm (113 to 268 mm°)

Endobronchial nodules

CT at 3 months
PET/CT may be used

5-15%

Category 4B

Solid nodules >15 mm (1767 mm?)
Part-solid nodules with solid component >8
(268 mm?)

CT with contrast, PET/CT
and/or tissue sampling

>15%

Category 4X

Category 3 or 4 nodules with suspected
findings of malignancy, such as spiculation,
GGN that doubles in 1 year, enlarged lymph

>15%

nodes etc.

Abbreviations: CT, computed tomography; GGN, ground-glass nodule; Lung-RADS, Lung CT Screening Reporting and Data System; PET, positron

emission tomography; .

30mm are categorized as benign (category 2). Even though
pure GGNs smaller than 30 mm can be malignant, malignant
GGNs typically show indolent behavior, and therefore they are
considered as category 2. Solid nodules larger than or equal to
15mm and part-solid nodules with solid components larger
than or equal to 8 mm are categorized as very suspicious
(category 4B). Nodules could be up- or downcategorized
during follow-up scans according to their interval change.
The management plan is decided according to the nodule
category. Continuation of annual screening is recommended
for category-2 nodules, CT at 6 months and 3 months is
recommended for category 3 and 4A nodules, respectively,
and workup for malignancy, including PET/CT or tissue sam-
pling, is recommended for category 4B or 4X nodules. The
specific location of nodules also matters, such as perifissural
(category 2 when smaller than 10mm) and endobronchial
nodule (category 4A). In addition, physicians may up-catego-
rize category-3 or-4 nodules as very suspicious (category 4X) if
there are additional imaging features increasing suspicion of
malignancy such as a spiculated margin or lymph node
enlargement.

Nodules that Do Not Require Follow-up
It could be helpful to know which nodules need to be
followed-up and which nodules we may regard as clinically

insignificant. After the Fleischner Society recommended not
to follow-up small nodules in low-risk patients in 2005,
most guidelines developed since then have suggested a
minimum threshold size for nodules, such that nodules
smaller than that size could be interpreted as not requiring
follow-up (=Fig. 7). For solid nodules, most guidelines
usually set a threshold of 6 mm. Likewise, most guidelines
adopt 6 mm as a threshold for part-solid nodules, while
ACCP guideline recommend CT follow-up for all part-solid
nodules. Various threshold sizes have been proposed for
pure GGNs (=Fig. 7).

Malignancy Risk Estimation of Lung Nodules

In addition to the conventional nodule guidelines, which
employ a categorical approach, some risk stratification
methods assess the malignancy risk for individual cases.

Statistical Models

These models estimate the malignancy risk by combining
clinical and imaging features known to be significant pre-
dictors of lung cancer. Well-known models include the Mayo
Clinic model*® and the Brock University model.? Both models
use logistic regression-based methods and have been vali-
dated in multiple external cohorts. When applying these
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Fleischner Society
Solid ACCP I-ELCAP
BTS Lung-RADS
NCCN (screening)
NCCN (incidental)

Fleischner Society
Part- I-ELCAP
Solid BTS Lung-RADS

NCCN (screening)
NCCN (incidental)

p Fleischner Society
ure BTS ACCP
GGN NCCN (incidental)

<20 mm <30 mm Any

I CT follow up at 3 month
for all part-solid nodules
ACCP

Lung-RADS

NCCN (screening) I-ELCAP

Fig. 7 Most recent nodule management guidelines suggest a minimum threshold size for nodules, such that nodules smaller than that could be
interpreted as negative findings. The minimum thresholds of various guidelines are visualized according to the radiologic nodule type. ACCP,
American College of Chest Physicians guideline; BTS, British Thoracic Society guideline; CT, computed tomography; I-ELCAP, International Early
Lung Cancer Action Program protocol; lung-RADS, Lung CT Screening Reporting and Data System; NCCN, National Comprehensive Cancer

Network guideline.

models, it is necessary to understand the population from
which the models were derived.

Machine Learning Approaches
Nodule morphology is traditionally assessed and categorized
visually but machine learning, including radiomics, is
expected to extract extensive morphologic information.
Several studies have explored the role of radiomics in the
classification of indeterminate nodules.*®*’ However,
changes in CT parameters, especially reconstruction algo-
rithms, may yield significant variability in radiomic features.
Deep learning has been applied to various chest imaging
applications, and several studies have shown its potential for
malignancy risk estimation. Using only image voxels, deep
learning algorithms were reported to show better perfor-
mance than logistic regression-based methods.*%-4°

Additional Considerations

Although extensive studies have been performed and several
guidelines have been published for lung nodule manage-
ment, there are some remaining uncertainties. Among these,
we will briefly discuss recent publications about juxtapleural
nodules and stable subsolid nodules.

Juxtapleural Nodules

Perfissural nodules refer to fissure-attached solid nodules
with a typical appearance, (i.e., a lentiform, triangular, or
polygonal shape). These nodules account for approximately
20% of screening-detected pulmonary nodules and are gen-
erally regarded as benign lesions, such as intrapulmonary
lymph nodes. Several publications have shown the benign
nature of perifissural nodules.>*>3 De Hoop et al reviewed
794 juxtapleural nodules out of 4,026 nodules detected in

the NELSON trial, and found out that none of them developed
into lung cancer, including those who increased in size on
follow-up imaging.so In this context, the revised Lung-RADS
applies more generous criteria for perifissural nodules, with
those smaller than 10 mm considered to be benign (category
2).” However, in a study by Schreuder et al that evaluated the
NLST data, 19% (13/70) of cancers were misclassified as a
perifissural nodule at least by one of six readers, and 84%
(11/13) of misclassified nodules were located in the upper
lobes.>*

Although a similar nature could be expected for nodules
attached to the costal, mediastinal, and diaphragmatic pleu-
ra, limited evidence has been reported in the literature. Zhu
et al recently identified 943 noncalcified nodules attached to
the costal pleura from 569 out of 8,730 screening partici-
pants, and found that 934 (99%) were benign, while only nine
nodules (1%) were confirmed to be malignant.® Specifically,
all juxtapleural nodules less than 10 mm in diameter with
lentiform, oval, semicircular, or triangular shapes and
smooth margins were benign.

Based on previous studies, juxtapleural nodules with
benign features can be defined similarly to perifissural
nodules, as smooth solid nodules of <10 mm in diameter
with a lentiform, triangular, or polygonal shape, located on or
within 10 mm of the fissure or the pleural surface, and
frequently with a fine linear extension (~Fig. 8).°® However,
juxtapleurally located nodules with a spiculated border,
distortion of the adjacent fissure or pleura, a location in
the upper lobes, or a size of > 6 mm in patients with a history
of cancer need to be followed-up.

Stable Subsolid Nodules
As described earlier, persistent subsolid nodules have a
considerable probability of malignancy,?%?! but pure GGNs
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Fig. 8 Examples of juxtapleural nodules with benign features and an atypical perifissural nodule. (A) Juxtapleural nodules (arrow) with a
lentiform, triangular, or polygonal shape. These nodules remained unchanged during more than 8 years of follow-up. (B) A fissure-attached
nodule (arrow) that newly developed during postoperative surveillance for cervical cancer. This nodule was round shaped and had a bulging
border. The nodule was confirmed to be metastasis after wedge resection.

or part-solid nodules with a solid component smaller than
6mm are known to have an indolent clinical course.?>?°
Therefore, most guidelines recommend no follow-up for
small incidental subsolid nodules smaller than 6 mm. In
addition, the Fleischner Society and BTS guidelines recom-
mend follow-up for up to 5 years for low-risk subsolid
nodules, based on publications reporting that growth of
pure GGNs could be identified within 2 to 4 years in most
cases.’’° However, there is a lack of evidence proving
whether 5-year stability is sufficient to determine conclu-
sively that a nodule is benign and to discontinue subsequent
follow-up.

Two studies investigating subsolid nodules were stable for
the first 5 years but reported inconsistent results.?%-®1 Lee
et al collected 208 subsolid nodules that remained stable for
5 years and reported that growth was identified in 13%
(27/208) of those nodules.?® Meanwhile, Lee et al reported
that only 2% of 235 subsolid stable nodules showed growth at
a median follow-up of 9 years.’ However, both studies
showed no death, recurrence, or metastasis in subsolid
nodules with interval growth.

Conclusion

Owing to large-scale clinical trials and various publications,
many well-developed guidelines for lung nodule management
have been proposed by different organizations. It is important to
familiarize ourselves with these guidelines and properly man-
age patients to avoid wasting medical resources and subjecting
patients to unnecessary radiation exposure. However, we need
to properly measure nodules using the method stipulated by
each guideline and apply the corresponding management algo-
rithm appropriate for the given clinical context.
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