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ABSTRACT

Lung cancer still represents the leading cause of cancer death in
both women and men with over a million deaths annually. It is often
detected as a lung nodule, a frequent finding in both in smokers
and non smokers. The early detection, accurate characterization,
and appropriate management of pulmonary nodules require a
multidisciplinary approach, involving radiologists, medical and
radiation oncologists, pneumologists and thoracic surgeons.The
purpose of our review is to summarize the main characteristics of
lung nodules, their CT scan aspects (location, size, pattern and growth
rate assessment) and the establishment of the pre-test CT probability
of malignancy that is essential to guide management towards
molecular non invasive tests and/or biopsy clinical management.
When the malignant nature is defined, CT imaging allows lung
cancer staging and guides the clinician for patient management.
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INTRODUCTION

Focal pulmonary opacities large up to 5 mm in diameter are routine
finding in smokers. Most of them are benign, deriving from scars
secondary to infectious diseases or inflammation.

Aim of this review is to discuss the origin, the clinical approach
and the management of lung nodules in different types of subjects.

STATE OF THE ART

Definition and nature of lung nodules

According to the Nomenclature Committee of the Fleischner Society,
a “solitary pulmonary nodule” is a roundish structured lesion less
than 3 cm in diameter, completely surrounded by normal pulmonary
parenchyma, while solitary lung lesions larger than 3 cm in diameter
are defined masses and often malignant”’. Lung nodules are spherical,
not coin-shaped and not associated with atelectasis, hilar enlargement
or pleural effusion.

Nodular lesions recognise several possible etiologies, both benign
or malignant (Table 1).

Infections are one of the leading cause of lung nodules. Infectious
granulomas represent more than 80% of benign pulmonary lesions,
most of the times due to mycobacterial and fungal organisms™.

A further possible aetiology is silicosis, either associated with
tuberculosis or not™. Silicosis, made of crystalline silica derived
from occupational exposure, is a carcinogenic condition. According
to retrospective studies, pulmonary malignancies in nodules of
silicosis is established as 10% and the most frequent histological
type is squamous cell carcinoma. Small opacities (12 point scale) and
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Neoplastic, malignant

Primary lung malignancies (NSCLC, SCLC, carcinoid, lymphoma); solitary metastasis

Amyloidoma; intrapulmonary lymphnode; rheumatoid (necrobiotic) nodule; Wegener granulomatosis; focal scar; infarct; sarcoid

Benign Hamartoma; arteriovenous malformation; hematoma; pulmonary venous varix
Infectious Granuloma; round pneumonia; abscess; septic embolus

Noninfectious

Congenital Sequestration; bronchogenic cyst; bronchial atresia with mucoid impaction

large opacities of different grade are the radiological findings useful
to classify silicosis according to the ILO classification.

The scar lesions, resulting from a variety of infective, traumatic,
environmental or occupational exposures, can also promote the
development of lung cancer, possibly through mechanism of
lymphatic drainage blockage and local pooling of carcinogens™.

Tuberculosis often presents as nodules, especially in its miliary
expression”. The acute phase proteins produced during the early
phase of tuberculoid infection can result in a lung scar. Other
granulomatous infections include histoplasmosis, aspergillosis,
cryptococcosis, coccidioidomycosis. Infectious granulomas account
for more than 40% of benign nodules and they most often have
a well-defined smooth border. The coexistence of silicosis and
tuberculosis in miners accelerates the development of lesions.

Hamartomas account for 15% of benign lesions"

. They usually
show a chondroid pattern of calcification (central or diffuse) and may
present a fat component in the context of the lesion with negative
Hounsfield units values, which is a patognomonic finding.

Previous radiation therapy and cigarette smoking increase the
prevalence of scar lesions; smoke habit can lead to the development of
malignant lesions, especially if smoke intake persists. Approximately
80% of lung cancers are associated to previous or concomitant
smoking habit and several carcinogenic mechanism have been
identified. Carcinogens contained in tobacco are a complex mixture
of over 5,000 substances, including tobacco-specific N-nitrosamines,
polycyclic aromatic hydrocarbons, aromatic amines, aldehydes,
phenols, volatile hydrocarbons, nitro compounds, and other organic
and inorganic compounds that can damage cell structures (DNA,
lipids and proteins) in both direct and indirect ways'"".

Inflammation seems to play a key role in the occurrence of lung
cancers in smokers, being one of the first step leading to the release
of cancer promoting factors such as the nuclear factor kB (NF-«B).

METHODS

Eligible articles included English language papers published in peer-
reviewed journals reporting data on subjects with lung nodules. The
choice included studies in vivo and in vitro, screening programs,
guidelines. The inclusion criteria were the statement of smoking
status, the age, risk of cancer. Papers referring to a possible therapy
for nodule reduction were also considered. The MEDLINE,
EMBASE, SCOPUS databases were systematically searched from
inception to June 2013.

Clinico-radiological pre-test probability of malignancy

The early detection, accurate characterization, and appropriate
management of pulmonary nodules require a multidisciplinary
approach, involving radiologists, medical and radiation oncologists,
pneumologists and thoracic surgeons.

From a clinical point of view, older age, smoking status, smoking
cessation status and positive history for cancer have been recognized
as independent predictors of malignancy in lung nodules.

Growth rate assessment is an important and cost-effective step in
the evaluation of nodules, but it needs follow-up over time, multiple
radiological examinations and it is not well accepted from the
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patients' side. Thus, methods to establish the pre-test probability of
malignancy have been developed, based either on Bayesian or on
multivariate logistic regression analyses'”. However, none of these
methods have been shown to be superior to the clinical judgment of
an expert physician in predicting the probability of malignancy'”.
With the application of these models that include clinical variables
and gross nodule characteristics such as size and location, patients
may be classified according to low, intermediate, high risk of lung
cancer or to a probability estimated by means of equations developed
considering the power of each variable in multiple regression models
(Table 2).

Risk of cancer

Variable .
Low Intermediate High
Diameter of <15 15209 =03
nodule (cm)
Age (years) <45 45-60 >60
§ Current smoker Current smoker
Smoking status N ked
& CVErSMORES <20 cigarettes/d)  >20 cigarettes/d)
Smoking-cessation  Quit=7 years ago q ;
status or never smoked Quit <7 years ago  Never quit

Characteristics of

Corona radiate
. Smooth
nodule margins

Scalloped or spiculated

From the radiological point of view, conventional chest
radiographs are the diagnostic tool more often used. Unfortunately,
despite the low radiation doses, chest X-ray (CXR) has low
sensitivity for detection of nodules and a high false-positive rate due
to the summation artifacts, both on standard postero-anterior and
lateral projections’®’. Muhm and colleagues reported that almost 90%
of peripheral nodules and 75% of peri-hilar nodules identified during
a lung cancer screening program conducetd through chest computed
tomography (CT) were detected after negative CXR performed
within the previous three months'.

The failure to identify lung nodules can be due to either an

10
1% or a nodule’s low

incomplete visual survey by the evaluator
conspicuity when located in the upper lung, centrally!"’ or over other
body structures such as the clavicle or hilar vessels.

Since its introduction in 1990s, the spiral (CT) became the standard
for the detection of focal pulmonary opacities"”.

The use of CT in chest imaging initially encountered some
reluctance both because CXR was considered the best radiological
technique for its high quality in imaging pulmonary nodules and
also for the air contrast. However, in the late 1970s, CT scan of lung
nodules was proven to be superior to chest radiography and linear

tomography!”.

CT nodule location, size and growth rate assessment
In the clinical nomograms, location and size of nodules contribute to
the pre-test probability of malignancy.

Upper and middle lobe solitary pulmonary nodules have a
likelihood ratio for malignancy of 1.2 to 1.6. The upper lobe location
has been shown to be an independent predictor of malignancy'".

As for size, the majority of smokers undergoing thin section CT
are found to have small lung nodules and the detection of nodules



Pezzuto A et a/. Early detection and management of lung nodule

up to 4 mm in diameter is a routine finding in this population. The
majority of lung nodules smaller than 5 mm are benign, deriving
from scars caused by inflammatory processes, and the prevalence rate
of malignancy in this group is 0-1%, with the exception of one small

[15]

retrospective study ' that reported 2 nodules smaller than 5 mm in

diameter as malignant"®. However, small size alone it is not enough
to exclude lung cancer: in a study by Ginsberg and colleagues'”,
whose purpose was to determine the etiology of pulmonary nodules
resected at video-assisted thoracoscopic surgery (VATS), 15% of
malignant nodules were less than 1 cm in diameter and approximately
42% were less than 2 ¢cm in diameter. Clinical context is also very
important: a review by Mc Williams and colleagues'™ on the risk of
malignancy in small non-calcified nodules detected by CT reported
a frequency of small pulmonary nodules of 5 to 60% and both a
diameter greater than 10 mm or persisting growth in two surveys CT
scan were identified as predictors of malignancy. In the same review,
a smoking history of more than 30 pack-years was associated with an
incidence of nodules of about 36-50 % on CT base, whereas a history
of 10 pack-years was associated with nodule frequency of 23%.

According to Fleishner Society, the risk of malignancy is 0-1% for
nodules <5 mm, 6-28% for nodules 5-10 mm, 33-60% for those >11-
20 mm, 64-82% for those >20 mm. Therefore, in an approach solely
based on size and clinical risk of cancer, follow-up CT scans to assess
growth rate in incidentally detected nodules can be required (Table
2)!". Since 15% of solid nodules smaller than 1 cm of diameter
contain malignant areas, and this percentage becomes higher with
the increase in diameter, a CT scan repeated after six weeks in order
to evaluate the growth of nodules or its resolution after antibiotic
therapy can be a valuable tool**”.

The statement by Fleischner Society derives from different
studies: in the Mayo Clinic lung cancer screening trial non-calcified
pulmonary nodules were found in 69% of patients aged 50 years with
a smoking history of 20 pack-years or more (high risk patients)*'; in
this trial 1.4% of nodules were lung cancers. A second retrospective
review, referred as Benjamin trial, reported that 11% of examined
nodules were malignant.

The measurement of the doubling time, defined as the time needed
for a diameter increase of about 26%, is probably the most important
method for the characterization of small lung nodules. Generally, a
stability of nodule’s size for two years is considered as a criterion

[22]

of benignity, thus it doesn’t require further evaluation””. Doubling

time of malignant nodules is usually between 20 and 300 days (most

23,24] :
, while

of them have a doubling time of less than 100 days)"
benign nodules can have a doubling time significantly longer or very
short (less than 30 days). A volume doubling time greater than 400
days is usually associated with benign lesions such as hamartomas
and granulomas™'. These rules, although consistent, have been
questioned in the case of malignant ground glass opacities that show
longer volume doubling times than solid nodules. Nowadays a new
method has been introduced for the lung nodule assessment and the
early detection of lung cancer in individuals with solitary pulmonary
nodules, this is the plasma microRNA biomarkers detection™. A
high sensitivity and specificity have been shown from this method.

CT nodule pattern

Lung masses associated with lymphadenopathy, synchronous
parenchymal lesions or signs of mediastinal or chest wall infiltration
are malignant until otherwise proven. When the lung nodule does not
show definite benign characteristics such as pop-corn calcification,
intranodular fat, a feeding artery or central vein (typical for
arteriovenous malformations), CT morphologic aspects including
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CT density, shape and margins, presence of calcifications or cavities
must be taken into account to establish its probable nature and
actiology. The NELSON (Dutch Belgian Randomised Lung Cancer
Screening) study retrospectively evaluated the doubling time in solid
indeterminate non-calcified nodules, proving that the size growth
was related to morphology, margins, location and size. The study
population included subjects with nodules between 5 and 10 mm
in diameter evaluated at 3 months and 1 year. The results revealed
that smooth nodules with round shape and low CT attenuation did
not become malignant, while a volume increase larger than 130
mm’ of the non-smooth unattached nodules was the predictor for
malignancy™”*".

As for the density, dense lesions with a solid appearance are less
frequently malignant than ground-glass opacities!*". About 34% of
non-solid nodules represent carcinomas and the risk of malignancy
increases together with the increase in size.

Small (<10 mm) ground glass nodules usually represent
adenocarcinoma in situ or atypical adenomatous hyperplasia while
adenocarcinoma is rare. The frequency of invasive adenocarcinoma
is greater for pure ground glass nodules measuring >10 mm, reported
varying from 10% to 50%. A ground glass appearance has also been
described for bronchoalveolar cell carcinoma. Nevertheless one
small study reported the resolution of subsolid nodules at follow-up
CT scans when they show larger sizes, a lobular border, a polygonal
shape and partly solid attenuation™".

Nodule’s margins can be smooth, lobulated, irregular or spiculated.
Defined margins are often sign of benignity; however, Siegelman and
colleagues™ reported that up to 21% of malignant nodular lesions
are characterised by smooth and regular margins. Malignant nodules
generally have irregular and spiculated margins or lobular border. In
the Dutch-Belgian randomized lung cancer screening trial (Nederlands
Leuvens Longkanker Screeningsonderzoek), it has been proved that
nodules with lobular border have a higher likelihood for malignancy
compared with smooth nodules, and that malignant lesions are
usually intra-parenchymal, without attachment to vessels®”*>.
Nodules surrounded by a ground-glass halo are nonspecific. The halo
is often suggestive of infection (often fungal) or hemorrhage caused
by vasculitis or metastatic disease.

/* demonstrated that calcifications

As for calcifications, Ko et a
in malignant lesions are usually stippled and eccentric. Metastatic
nodules often show multiple calcifications.

Both benign and malignant lung nodules can have cavitation
and air bronchograms. Cavitation can be suggestive of infection,
vasculitis, primary lung cancer, and metastatic disease. The cavity
wall thickness can be regarded as a differential feature between
benign and malignant nodules. A cavitation inside a nodule is
found in lesions more than 3 c¢cm in diameter or in lesions with a
diameter<<1 cm. A cavity wall thinner than 4 mm is suggestive of
a benign lesions in 95% of cases, while a wall cavity<<16 mm is
usually associated to malignant lesions in a percentage between 84%
and 95%". On CT, Honda ez al”” reported that an irregular inner
cavity wall was significantly more frequent in malignant compared
with benign cavities (49% and 26%, respectively). A linear outer
cavity wall was significantly more common in benign compared with
malignant cavities (32% and 13%, respectively). A notch outer wall
was identified more often in malignant than in benign cavities (54%
and 29%, respectively).

A dilated bronchus leading into the nodule, the presence of a
intranodular bronchiologram, and vascular convergence suggesting
vascular and lymphatic invasion have been also associated to
malignancy.

© 2014 ACT. All rights reserved.
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Clinical Management

Management strategies for a pulmonary nodule may be complex
and final decision often takes into account multiple variables such as
the availability of functional PET Imaging, local expertise in biopsy
techniques, comorbidities, and patient preference.

Functional Imaging

The enhancement method in MDCT technique may be a valuable
tool since the enhancement up to 15 Humsfeld units suggests a
benign aetiology, with a sensitivity and specificity of 98% and
58% respectively™”
malignant from infective/inflammatory lesions.

The positron emission tomography (PET) with

. However, this technique does not differentiate

18F-fluorodeoxyglucose (FDG) has been proven to be accurate in
differentiate benign from malignant lesions when used to evaluate a
solitary nodule™”
been reported in the range of 80%-100%, with a specificity between
40%-100%. A retrospective analysis including 17 studies from
Wahidi er al"” reported a sensitivity of 87% and a specificity of 83%.
Abnormal 18F-FDG accumulation can be seen in case of infectious
nodules due to fungi and mycobacteria, sarcoidosis, rheumatoid
nodules, and other causes of inflammatory lung disease, causing false

. According to different studies, PET sensitivity has

positive results.

Generally, lesions with low FDG uptake are considered benign,
although these lesions should be followed radiologically because of
the elevated number of false negative results™". The diagnostic value
of PET decreases considerably for lesions measuring less than 6 mm,
while it is usually reserved for lesion measuring 10 mm or more.
The assessment of nodules large 8 to 10 mm in diameter is often
associated a large number of false negatives.

False negative results can also be due to the low metabolic activity
of some tumors such as the lepidic-predominant adenocarcinomas
when minimally invasive or in situ, mucinous adenocarcinomas and
carcinoid tumors.

PET has lower specificity in distinguishing different forms of
benign nodules. The differential diagnosis must be made among
several possibilities including infections, congenital and neoplastic
diseases. Integration with multidetector-tomography evaluating the
shape and the wall thickness of the lesion is mandatory. Furthermore,
this technique must be reserved for those lesions measuring 10 mm
or more.

For ground glass opacities or partly solid nodules, PET Imaging
is believed not to be reliable. A sensitivity between 80-100% and a
specificity of 40-100% have been reported for a threshold uptake
value of >1.28.

The 99Technetium methoxyisobutylisonitrile (99TC-MIBI)
scintigraphy was also used in one series to indentify benign chest
nodules and differentiate those from malign lesions. Lung cancer was
diagnosed in 50% of patients with malignant lung nodule major than
2.6 cm. Among benign lesions, 76% were negative on 99TC-MIBI

4
scan[ 0].

Biopsy Techniques
Sampling is performed on nodules with high probability of
malignancy, such as those with larger size or aggressive features.
Sampling methods include transthoracic needle aspiration and biopsy
(TTNAB), transbronchial needle aspiration and biopsy (TBNA), and
minimally invasive video-assisted surgical methods.

The ideal nodules for a percutaneous sampling approach are those
accessible without crossing major vascular structures”"*. Sensitivity
varies from 72% to 99%, but 90% is accepted as the average
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yield. Unfortunately, the determination of benign disease is often
challenging due to the small amount of tissue collected through this
method. The most common complication associated with TTNAB
is pneumothorax, which occurs in 20% to 30% of cases, followed
by haemorrhage (about 1%). The risk factors for pneumothorax
include age (between 60 and 69 years), smoking, chronic obstructive
pulmonary disease, small size, deeper location, the need to traverse
fissures'”, the number of needle punctures”’’. False negative results
are in a range of 10-30%.

TBNA enables biopsy of lesions centrally located and involving
the airways. The sensitivity of this technique is widely variable, but
has been reported to be 40% to 70% for nodules in the range of 2-3
cm. Recent advances in ultrathin bronchoscopy, electromagnetic
navigation, and endobronchial ultrasound are promising technologies
but are not yet widely available. The risk of pneumothorax has been
reported in the range of 2-4%. False negative results are in a range of
30-70%.

Among surgical approaches, open surgery or video-assisted
thoracoscopic surgery (VATS) are available. Tamura et al* explore
the role of thoracoscopy performed in FDG-PET negative nodules
greater than 15 mm and with distance to pleura<10 mm. The
surgical resection was undertaken after the lack of success of less
invasive procedures such as transbronchial biopsy and CT-guided
transthoracic needle aspiration biopsy.

In the trial of Rocco er al™", a single-access video-assisted
thoracoscopic approach was used for peripheral pulmonary nodules
in an ambulatory setting.

VATS is a safe alternative to thoracotomy. It is associated with
fewer complications but is limited by the visual determination of the
location of the nodule. If the nodule is not close to the pleural space,
the nodule may not be accessible.

Drugs that affect lung nodule evolution

In a randomized double-blind trial, inhaled budesonide was used
to evaluate whether the drug was able to reduce in number and
size persistent CT-detected lung nodules in high risk asymptomatic
subjects. Selected asymptomatic former smokers with lung nodules
underwent treatment with budesonide 800 mg twice daily for 12
months™. Budesonide was found to reduce the size of lung nodules
in the longest diameter of 6% of cases while stable disease was
observed in 84% of cases.

According to these results, we can assume that those nodules were
probably of inflammatory origin caused by oxidants and reactive
aldehydes. Moreover, recent evidence in literature suggest a possible
anti-carcinogenic properties for molecules such as budesonide,
isothiocyanate and N-acetylcysteine administered orally in an
animal model™®”. Animals previously exposed to cigarette smoke
have been shown to present a higher incidence of both benign and
malignant lung tumors. The administration of the above-mentioned
agents, above all budesonide, was effective in protecting mice from
carcinogenicity and preventing tumour progression.

In this line of evidence, some other drugs, such as fluticasone have
been proved to be effective in nodule lung regression™. In fact in a
randomized trial from subjects recruited having bronchial dysplasia
and heavy smoking habit, those with evidence of lung nodules
undertook placebo or fluticasone. The fluticasone arm showed a
decrease in lung nodules number.

DISCUSSION

The management of a patient with a single lung nodule starts from an
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accurate evaluation of both clinical and radiological features. Border,
shape, location and the pattern of calcification are essential features
but patient age, smoking history and history of malignancies must
be also taken into account. A close liaison between the radiologists,
interventional radiologists, and clinicians is mandatory.

A “watch and wait” approach seems appropriate for those nodules
stable over time. It has been suggested that a nodule stable for at
least 2 years is a reliable indicator of benignity, as well as a 20 days
volume doubling time. Nodules larger than 7 mm can be managed
through non-invasive and invasive characterization. An early
detection of lung nodules together with smoking cessation give the
patient more probability to prevent lung cancer. A half of long-term
smokers are estimated to die due to tobacco dependence, which is a
disease specified in the 10" revision of International Classification of
Diseases.

Lung cancer screening has largely improved after the introduction
worldwide of CT scanners capable of imaging the entire chest within
a single breath hold. Nodules greater than 7 mm and less than 3 cm
are amenable to nodule enhancement study.

Lung nodules have to be monitored by CT scan and in some cases
by PET, with a frequency depending on shape, density, size, presence
or not of calcifications.

MRI has a limited role because of limited spatial resolution. PET
has been proven to have a sensitivity of 96% and specificity of 88%
for the diagnosis of nodule. However, the negative predictive value
and sensitivity are lowered by its decreased spatial resolution.

Linear or sheet-like lung opacities are unlikely to represent lung
neoplasms. However non-calcified solid pulmonary nodules have to
be closely monitored until proved to be stable over a period of two
years. Patients with at least 30 pack-year smoking histories have
to be screened and followed up. The frequency of nodule detection
increases proportionally with the narrowing of the slices.

Almost all nodules 4 mm or smaller are benign. Any calcification
usually favours a benign cause. The upper lobe location increases the
likelihood of malignancy. Comorbidities and smoking habit affect the
malignant behaviour of small nodules.

One of these comorbidities is silicosis which is associated with
lung cancer. Profusion of pneumoconiotic nodules is a risk factor
for lung cancer development and likely to evolve in lung cancer
varies in different series””. The invasive approach is indicated for
nodule larger than 8 mm in risk patients with higher probability of
malignancy. The trans-thoracic needle aspiration is indicated for
percutaneous sampling without crossing major vascular structures.
TBNA enables biopsy of lesions centrally located with yields of
19% and 62% reported”**"). The accuracy of CT guided biopsy is
lower in nodules smaller than 10 mm in diameter. Some prevention
therapies are considered potentially capable of reducing lung nodule
in size. The glucocorticoids are effective in reducing lung nodule size
and number, and in preventing lung tumor development; in fact the
effectiveness of budesonide and fluticasone to reduce the size of the
nodules suggests an inflammatory origin of these lesions.

Nevertheless, smoking cessation program is the most effective
therapy in reducing cancer incidence and malignant transformation of
nodules. In a review by Hecht and co-workers we can see that since
we know that gas phase and particulate phase of cigarette smoke are
co-carcinogens and inflammation is closely associated with tumor
promotion, many antioxidants and anti-inflammatory agents have
shown efficacy against lung carcinogenesis in animal models. For
example anti COX2 agents may work in this direction, since this
molecule is constitutively expressed as tumors progress. Therefore
sulindac and aspirin are effective chemopreventive agents in tobacco
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. . . 52
nitrosamines-treated mice™.

CONCLUSIONS

In the clinical approach to a lung nodule, the pretest probability of
malignancy, which is related to patient risk and nodule characteristics
can be used to guide management.

The possible nature of nodule should be investigated for a
therapeutic approach .The patient’s occupational history should
be assessed. Alternatives to CT follow-up include CT nodule
enhancement, FDG-PET, transthoracic or bronchoscopic needle
biopsy, and surgical resection.

Management requires collaboration of a range of specialists
including the clinician, diagnostic and interventional radiologists, the
bronchoscopist, surgeon, and pathologist.

The use of inhaled steroid drugs, along with the smoking cessation,
could be useful to decrease the size of nodules of inflammatory origin.
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