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Role of computed tomography in the diagnosis of solitary
pulmonary nodule with solid component: a narrative review
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Objective: The aim of this paper is reviewing the role of computed tomography (CT) in the diagnosis and
management of solitary pulmonary nodules (SPNs) with solid component, namely solid and partially solid
nodules.

Background: The topic is of great interest because the number of pulmonary nodules identified has
dramatically raised over time, as a consequence of the increased use of CT in medical care and the diffusion
of screening programs.

Methods: MEDLINE and PubMed search was conducted from 2000 through June 2021 using as keywords:
“lung cancer”, “computed tomography”, pulmonary nodule”, “solid nodule” and “partially solid nodule”.
Conclusion: Size and growth rate assessed by baseline CT and eventual control are the main determinant
for management according to guidelines issued by all thoracic society. Most recent guidelines on this topic
are summarized. In addition, CT morphological aspects may help the characterization of a nodule, in terms
of benignity/malignancy and therefore suggesting a closer or longer follow-up (FUP) or a more invasive
diagnostic procedure. Nowadays and in the near future, artificial intelligence (AI) algorithms have the
potential to assist radiologists in the difficult task of detecting but also in diagnosing pulmonary nodules,
in terms of lesion’s volumetry and characterization. This narrative review provides an overview on the role
of CT in the evaluation of SPNs with solid component, mainly based on size and growth rate but also on
morphological benign and/or malignant features that a radiologist should recognized in order to allow an
early diagnosis and a prompt intervention in case of a malignancy and to avoid unnecessary CT FUP or

invasive procedures for benign nodules.
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Introduction minimize false positive results in order to avoid unnecessary

follow-up (FUP) or invasive procedures in subjects with

The detection and definition of malignancy of lung nodules benign nodules (3). Thus, several international societies

still represent a challenge. Considering that lung cancer is dealing with thoracic diseases constantly update guidelines

the major cause of death worldwide principally due to the for lung nodules management (4-6).

advanced stage of disease at time of diagnosis (1,2), it is
important to ensure early diagnosis and timely therapeutic

intervention (3). On the other hand, it is essential to
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The topic is of great interest because the number of
pulmonary nodules identified has dramatically raised over
time, as a consequence of the increased use of computed
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Figure 1 Three axial CT scan magnifications in lung window setting showing different types of nodules according to attenuation. The

scans show a solid nodule characterized by a focal area of homogenous soft-tissue attenuation (A), a ground-glass nodule identified by a hazy

increased lung attenuation which does not obliterate the vascular and bronchial structures (B), a partially solid nodule containing both solid

and non-solid components (C). In the context of the partially solid nodule (C), there is a small area of low density representing a bubble-like

lucency or “pseudocavitation”.

tomography (CT) in medical care and the diffusion of
screening programs that lead to a significantly reduced
mortality for lung cancer in screened population in the major
randomized controlled trials (RCTs) in US and Europe
[respectively up to 20% in the National Lung Screening Trial
(NLST) compared to conventional chest radiograph, up to
24% for man and 33% for women compared to non-screened
population in Dutche-Belgian Lung Cancer Screening
NELSON (Nederlands-Leuvens Longkanker Screenings
ONderzoek) trial] (2,7).

Various other smaller RCTs have also reported evidence for
the beneficial effects of screening, such as the German Lung
cancer Screening Intervention (LUSI) (8), the ITALUNG (9),
the DANTE and the Multicentric Italian Lung Detection
(MILD) trials (10,11) but were underpowered.

A mean prevalence of 13% (range, 2-24) has been
reported for incidentally detected nodules and even higher
of 33% (range, 17-53) in high-risk screening population,
however corresponding to a low mean prevalence of lung
cancer respectively of 1.5% (range, 0-4.0) and 1.4% (range,
0.5-2.7) (4).

A Solitary Pulmonary Nodule (SPN) is described as
rounded or irregular opacity, well or poorly defined, with
diameter <3 c¢m (12). SPN may be identified on chest
radiography or computed tomography (CT). Pulmonary
nodules can be discovered incidentally, in the course of
screening trials and programs, during staging and FUP of
oncological patients. SPNs should be classified according to
nodule attenuation in solid and subsolid.

Subsolid nodules include pure ground glass (GG) and
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partially solid nodules (PSNs). Solid nodule is considered
as a focal opacity of homogenous soft-tissue density
(Figure 1A), whilst GG nodule presents a hazy increased
lung attenuation which does not obliterate the vascular and
bronchial structures (12) (Figure 1B); PSN contains both
solid and non-solid components (12) (Figure 1C). A different
probability of malignancy has been found according to
attenuation. The majority of information on nodule’s
characteristics derived from lung cancer screen programs
that are largely diffuse worldwide in recent years. Lung
cancer screening experiences reported a higher malignancy
for PSNs, followed by GG nodules and solid nodules. In
detail, the Early Lung Cancer Action Project (ELCAP)
documented malignancy in 63% of PSNs, in 18% of GG
nodules and in 7% of solid nodules (13). The data set in
the Pan-Canadian Early Detection of Lung Cancer Study
(PanCan) and the data set at the British Columbia Cancer
Agency (BCCA) found malignancy respectively in 6.6% and
22.2% of PSNs, in 1.9% and 1.3% of GG nodules, and in
1.1% and 0.6% of solid nodules (14).

However, it is necessary to consider that these
percentages on PSNs are likely to be overestimated as a
disproportionate number (up to half) of the PSNs found in
these studies were larger than 10 mm compared to <10% in
“positive” solid nodules.

The aim of this paper is to examine the SPNs with solid
component, namely solid and partially solid nodules (pure
GG nodules are discussed elsewhere in this editorial),
and discuss separately their CT characteristics in order to
recognize key radiological features suggesting a benign or
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Figure 2 Measurement of a solid nodule with diameter less than
10 mm according to the Fleischner Society recommendations.
Dimension should be expressed as the average of the long- and
short-axis diameters both of which obtained in the same plane to
reduce measurement variability. The small solid nodule shown

have a mean diameter of 7 mm.

malignant cause aiming at reducing unnecessary diagnostic
and therapeutic procedure on one hand and perform a
timely definitive intervention on the other. We present the
following article in accordance with the Narrative Review
reporting checklist (available at https://asj.amegroups.com/
article/view/10.21037/asj-21-52/rc).

Methods

MEDLINE and PubMed were used to search for eligible
articles using the terms “lung cancer”, “computed
tomography”, “pulmonary nodule”, “solid nodule” and
“partially solid nodule” from 2000 through June 2021.
In order to allow more extensive research and include all
potentially useful papers, we consider variations of the key
words such as “lung nodule”, “part-solid nodule”, “subsolid
nodule”. Search terms were combined with either “OR”
or “AND”. A Google cross-search and a hand search using
reference lists of published articles were also conducted.

We selected only already published English language
medical literature. All types of study design were eligible for
inclusion. More than 900 articles were initially selected by
two independent physicians in the fields of pulmonary care,
hospital medicine and radiology.

Articles were eligible for inclusion if they investigated
lung nodule detection and characterization in CT, involved
radiologists (expert viewers) or radiology registrars.

Search results were filtered based on title and abstract,
at first. Only relevant papers identified by substantial
methodology, consistent results and completeness of
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information were used in the following manuscript.

Discussion
Solid nodules

Concerning solid nodules, a long list of differential diagnosis
may be assessed, in particular, different benign lesions, such
as infections, congenital, traumatic, inflammations, vascular
and malignant causes (primary and/or secondary neoplasms)
have to be included (15). Several predictors of malignancy
have been described and they are divided into clinical (age,
smoking history, exposure to asbestos/uranium/radium,
idiopathic pulmonary fibrosis, emphysema and history of
neoplasms) and radiological (size, attenuation, morphology,
margins, location, internal characteristics and growth rate).

Among these risk factors, nodule diameter and growth
rate are widely evaluated to assess the probability of
malignancy (4,5,16,17). As regards the size, it has been
known from literature that there is a proportional rise of
malignancy risk as the diameter of the nodule increased
(14,18).

The estimated risk of cancer >1% in a nodule represent
the lowest threshold size for recommending FUP (13). In
the Fleischner Society guidelines the minimum threshold
size for FUP is 6 mm (5). Horeweg ez al., instead, calculated
lung cancer probabilities in NELSON screening population,
stratified by nodule diameter, volume, and volume doubling
time (VDT) (19). Pulmonary tumor likelihood was low in
subjects with a nodule volume of 100 mm’ or smaller, or
maximum transverse diameter <5 mm, or VDT >600 days. It
was intermediate (requiring FUP CT) if nodules had a volume
of 100-300 mm’ or a diameter 5-10 mm or VDT >400 and
<600 days and higher for subjects with nodule volumes >300
mm’ or diameters >10 mm or VDT <400 days (19). Therefore
5 or 6 mm are the cut-off points above which consider a nodule
actionable (“one judged by the radiologist to require further
evaluation”) as stated by the British Thoracic Society (BTS)
guidelines (mainly based on NELSON lung cancer screening
trial) and Fleischner Society guidelines for incidentally found
nodules respectively (4,5). As the disposable guidelines for
nodule management are mainly based on nodule size or its
growth, it is pivotal to correctly measure nodule dimensions.
SPN size and its change can be defined by measuring
the diameter or volume, in particular Fleischner Society
guidelines are based on diameter while BTS guidelines are
mostly based on volume.

According to Fleischner Society recommendations for
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Figure 3 Imaging of a routine clinical care software used for the calculation of volume doubling time after three months of a small solid

nodule. In particular, the software calculated both long- and short-axis diameters in axial, coronal and sagittal planes, as well as the volume

and the mass in the two CT examinations (baseline on the right and control at three months on the left) counting also the volume doubling

time. The control did not reveal significant changes in the volume of the nodule, which means a high probability of benignity.

solid nodules with diameter less than 10 mm, dimension
should be expressed as the average of the long- and short-axis
diameters, both obtained in the identical plane (Figure 2),
to reduce measurement variability because it is assumed
that the average diameter presumable correlates better
with 3D tumor volume rather than one measurement,
particularly in not perfectly round nodules (20). For larger
nodules, measurements reporting both long- and short-axis
diameter are preferred (20). Measurement should be carried
out on axial scans, however, if the maximal dimensions
lie in a coronal or sagittal plane, the measurement should
be performed in those planes and documented in the
radiological report (20).

SPN volumes may be measured by delineating nodule
boundaries (manually) or by using software that identifies
CT density thresholds (semiautomatically) (20) (Figure 3).

In NELSON trial maximum diameter was measured in
three planes in order to calculate VDT (19).

Even if diameter measurement is usually performed in
clinical practice, limitations of cross-sectional measurement
are widely recognized. Measurements with electronic
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calipers are subject to variability and variability grows
with the growing complexity of SPN morphology (21).
Moreover, diameter measurements modify by 1.73 mm
among different raters meaning that are unreliable for small
nodules (22).

Volume measurements allow evaluation of irregular
nodules and the eventual asymmetrical growth (23). Volume
evaluation has a high intra- and inter-reader agreement
with high sensitivity in detecting abnormal growth at short
interval time (24). Volumetry optimizes nodule stratification
and management (25).

A VDT <400 days is considered the cut-off for
malignancy (24). Anyhow, also volumetry has limitations, in
particular interscan variability may be due to segmentation
algorithm, acquisition/reconstruction parameters (slice
thickness, kernel), nodule size and morphology, temporal
resolution (inspiration level, motion artifacts) (26).

In a study by Tammemagi et /. based on screen-
detected lung nodules (27) both mean diameter and volume
models (using computer-aided detection and radiologist
measurements) showed excellent performance of nodule
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Figure 4 Magnification of an axial CT scan at parenchymal
window setting showing a 9 mm solid nodule in the right lower
lobe in a subpleural location with a triangular/polygonal shape,
smooth outline and characterized by extending linear density
(corresponding to an interlobular septum) representing with very

high probability an intrapulmonary lymph node.

malignancy risk prediction with similar areas under the
receiver operating characteristic curves of 0.947.

As regards changes in size, a 2-mm threshold for
growth was assumed conventionally by both BTS and
Fleischner Society guidelines in the recent management
recommendations (4,20). Smaller changes in greater
diameter can be spurious and do not reliably indicate
change.

Similarly, a volume change inferior to 25% is not
considered significant (26).

Proper CT-scan technique is thus necessary. Thin
sections (<1.5 mm), high-spatial-frequency kernel (sharp)
and window level setting (-600/1,600 HU) are required.
However, for nodules >10 mm kernel has not substantial
effect on nodule measurement (20).

As regards shape and location, a nodule with lentiform,
triangular, or polygonal shape, smooth outline, with a
maximum diameter up to 12 mm, adjacent to the pleura
on or within 10-15 mm of the visceral pleura/fissures,
with a lack of arterial attachment whilst often showing an
interlobular septal connection (where the lymphatics run),
has a high probability to represent a benign lesion and in
particular an intrapulmonary lymph node, both in lung
cancer-screening setting and in routine care (28-34). The
term “perifissural nodule” was coined to represent the
typical CT features of an intrapulmonary lymph node (24)

© AME Surgical Journal. All rights reserved.
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(Figure 4), which does not require FUP (28-34).

On the other hand, spiculation, irregular shape,
unsharp borders, distortion of the pleura/fissure, fissural
transgression represent morphological characteristics
suggesting a different nature of a nodule, other than an
intrapulmonary lymph node and need FUP (28-30).

Margins are not a good predictive factor because smooth
margins are associated to a prevalence of malignancy
of 20% to 30% and lobulated, irregular or spiculated
margins (Figure 5) have a wide prevalence of malignancy
ranging between 33% to 100% (30). There is agreement
in considering spiculated margins as mostly associated to
malignancy with a predictive positive value of 90% and to
scarce prognosis, owing to the high probability of having
lymph node metastasis and vascular invasion; spiculation
(often described as “corona radiata”) is likely due to the
proliferation of cancerous cells along the lung interstitium,
while lobulation is likely due to different growth rates
within nodules. Furthermore, attenuation and internal
characteristics are useful but not completely reliable criteria
for differential diagnosis. Nodules with macroscopic
diffuse, central, laminated or popcorn calcifications and
with fat tissue component are considered as predictors of
a benign etiology (hamartomas, granulomas) (35). Diffuse,
amorphous or punctate dystrophic calcifications, few in
number and more eccentric in location, are more likely
present in malignant SPNs (35). SPNs containing adipose
tissue may include the differential diagnosis of metastasis
from liposarcoma or renal cell cancer and lipoid pneumonia.
Besides, cystic airspaces must be considered as suspicious,
above all, in whom with increased wall thickness or nodule
emerging in the wall (36).

Partially solid nodules

PSNs may be solitary or multiple and may have benign
causes, like focal inflammation, focal fibrosis or organizing
pneumonia, as well as malignant causes, mostly represented
by peripheral adenocarcinoma and rarely by metastases
(melanoma, renal cell carcinoma, and adenocarcinoma
of the pancreas, breast, and gastrointestinal tract;
lymphoproliferative disorders) (37). PSNs are distinguished
into transient, which spontaneously resolve, and persistent.
Transient PSNs are more frequent in male young people,
smokers, patients with eosinophilia and often they are ill-
defined with a large solid component (15). When a previous
CT is available, they are usually absent (38).

Persisting PSNs may be related to focal fibrosis or
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Figure 5 Magnifications of axial CT scans at parenchymal window setting showing (A) a solid nodule with spiculated margins and pleural

tag and (B) a solid nodule characterized by lobulated margins. The two nodules were resected, and the histological analysis revealed lung

cancer in both.

mucose-associated lymphoid tissue (MALT) lymphoma in a
small percentage of cases but in most cases, they represent
lung adenocarcinoma (15).

Among the adenocarcinomatous lesions, PSNs are
nowadays pathologically classified into adenocarcinoma
in situ (AIS), minimally invasive adenocarcinoma (MIA)
and invasive adenocarcinoma (39). Adenocarcinoma may
show both the GG component which typically represents
a lepidic pattern, associated to a good prognosis, and the
solid component, which is associated to a poor prognosis,
with an invasive growth pattern. In a study by Cohen ez 4,
which included only PSNs pathologically confirmed to
be adenocarcinomas, therefore compatibly with the bias
of considering only a small subgroup of PSNs, risk of
invasiveness depends on solid portion: if it exceeds 5 mm, it
has 100% sensitivity for invasiveness, whilst a solid portion
<3 mm has 100% specificity for pre-invasive lesion (40).

Clinical predictors of malignancy are superimposable
to those of solid nodule, but they are not determinant for
differential diagnosis.

Among the radiological features of likelihood of
malignancy, size and growth rate play an essential role, as
well as to solid nodule.

A routine FUP is not recommended for solitary PSNs
<6 mm (5). As a matter of fact, a distinct solid component
may not be identified with security in such tiny nodules, and
it is better to treat these lesions like pure GG nodules of
analogous diameter (5).

© AME Surgical Journal. All rights reserved.

For solitary PSNs >6 mm with a solid component
<6 mm, FUP is advised at 3—6 months and subsequently
every year for a minimum of 5 years. Albeit persistent PSNs
likely represent malignancy, PSNs with a solid component
<6 mm constitute usually either AIS or MIA rather than
invasive adenocarcinoma (40,41). These statements only
apply to a minority of nodules which had been resected
based on subjective factors in the medical decision-making
process, however, in these cases a FUP documenting
stability is preferred respect to intervention.

Moreover, PSNs can represent transitory infections and
may disappear after short-term FUP (42). In fact, in order
to define resolution or persistence, 3—6 months FUP scan
is advised in the first instance in this kind of lesions. For
persistent PSNs, yearly FUP for 5 years is recommended to
evaluate unequivocal stability of the solid component (5).

On the other hand, a strict 3—6 months FUP CT scan
should be considered to evaluate for persistence of the
nodule in case of PSN with a solid component >6 mm,
because of the likelihood of invasive tumor. In addition,
even a more invasive diagnostic procedures should be
taken into consideration in case of PSNs with particularly
suspicious morphology, a growing solid component, or a
solid component larger than 8 mm (5).

Dimensions of both solid and non-solid component should
be recorded in the radiological report, in order to document
changes in the future (20). As with solid nodules, the average
of the long- and short-axis diameters -including GG and cystic
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Figure 6 Measurement of a partially solid nodule >10 mm according to the Fleischner Society recommendations. Both long- and short-axis

diameters of the whole lesion should be recorded (A). On the basis of the clinical implications, the use of the larger long-axis diameter of the

solid component is recommended (B).

component- should be measured and recorded for nodules
<10 mm (20). For nodules >10 mm, both long- and short-axis
diameters of the whole lesion have to be recorded. Because
of the solid component is likely to represent the invasive
constituent of the lesion pathologically, the use of its larger
long-axis diameter on CT is recommended (20) (Figure 6).

As for solid nodules, the increasing in diameter by 2 mm
is considered the minimum threshold for defining growth.
However, in PSNs this concept should be applied to overall
nodule size as well as to the solid component (20). A new
or growing solid component compared with baseline CT, is
always highly suspected.

Automated and semi-automated volume measurement
for PSNs is less reliable then for solid nodules because of
the more difficult segmentation.

In a study by Hasegawa et al., based exclusively on
confirmed cancers, VDT is longer for PSNs (457260 days)
with respect to solid nodules (43). Moreover, VDT is
longer for PSNs with solid component <5 mm (mean VDT
=1,711.2 days) vs. PSNs with solid component >5 mm (mean
VDT =717 days) (44).

For PSNs too there are morphological criteria increasing
the suspicious of malignancy (35). As for solid nodules, they
include irregular/spiculated margins and pleural retraction
(40,45).

Bubble-like lucencies or “pseudocavitation” are small
areas of low density maybe due to tiny patent bronchi into
the nodule (Figure 1C); it seems that the presence of bubble-

© AME Surgical Journal. All rights reserved.

like lucencies in PSNs is faintly more common in invasive
adenocarcinomas than in preinvasive lesions (45) and it is

uncommon in non-cancerous lesions.

Present and future perspectives

The technological improvements of CT scanners and
widespread of lung cancer screening programs have risen
the number of incidentally detected lung nodules over the
past years, leading to an increase of radiologist’s workload.
Anyhow, the majority of them remains indeterminate at
imaging.

Due to the development of computer engineering in recent
years, Artificial Intelligence (AI) has become part of our daily
lives. Al based informatics tools are used for imaging analysis,
with the aim of aiding radiologist in his work.

In particular, in this context, Al algorithms have been
proposed not only to assist radiologists in the difficult task
of detecting but also in diagnosing pulmonary nodules, in
terms of lesion’s volumetry (which includes nodule growth
and response to treatment assessment) and characterization,
demonstrating a potential supportive role for radiologists
when interpreting nodules in chest CT scans (46-50).

However, future studies are necessary and should focus
on large-scale validation of novel Al-based algorithms and
need to address novel reading paradigms (51).

In conclusion, CT plays a pivotal role in the management
of SPNs, that is mainly based on size and growth rate
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according to the most recent guidelines on the topic.
BTS guidelines for the investigation and management
of pulmonary nodules (mainly based on volume
measurements) have been published in 2015 (4), while
in 2017 the Fleischner Society guidelines on the current
recommendations to proper nodule management have been
updated (5).

However, apart from size, it is fundamental to know
and recognize malignant features of solid and partially
solid nodules, in order to allow an early diagnosis and a
prompt intervention in case of a malignancy and to avoid
unnecessary CT FUP or invasive procedures for benign
nodules.

In this context, physicians should be aware of the
increasing power of Al in diagnostic imaging and its
potential to enhance and transform the practice of radiology
worldwide.
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