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Abstract: Background: Lung cancer is the neoplasm with the highest prevalence and mortality rates in
the world. Most patients with lung cancer that are symptomatic have hemoptysis, coughing, shortness
of breath, chest pain and persistent infections. Less than 10% of patients are asymptomatic when the
tumor is detected as an incidental finding.

Objective: The present expert review aims to describe the use of radiological imaging modalities for

ARTICLE HISTORY the diagnosis of lung cancer.

Methods: Some papers were selected from the international literature, by using mainly Pubmed as a
source.
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Results: Chest x-ray (CXR) is the first investigation performed during the workup of suspected lung
cancer. In the absence of a rib erosion, CXR cannot distinguish between benign and malignant masses,
therefore computed tomography (CT) with contrast enhancement should be performed in order to ob-
tain a correct staging. Magnetic resonance imaging of the chest is considered a secondary approach as
the respiratory movement affects the overall results.
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Conclusion: Radiological imaging is essential for the management of patients affected by lung cancer.

1. INTRODUCTION tumor is detected as an incidental finding. The purpose of the
present review is to assess the role of radiological imaging
for the identification and management of patients with lung

cancer.

Lung cancer is the neoplasm with the highest prevalence
and mortality rates in the world (1.35 million new cases and
1.8 million deaths per year), with a higher frequency in the
US and Europe. Epidemiological data indicate that the main
risk factor for the development of lung cancer is cigarette
smoking. Other risk factors include, but are not limited to,
hydrocarbon and industrial pollution, radon, asbestos, ura-
nium chromium, chronic obstructive pulmonary disease (or
COPD), and lung fibrosis.

Although the majority of patients present at an advanced
stage, those with early-stage lung cancer may be treated with
potentially curative intent. Therefore, the importance of early
diagnosis and an appropriate radiological staging cannot be
underestimated.

2. LUNG CANCER CLASSIFICATION
Classifications of lung cancer by the anatomic site are:

- central lung cancer: mostly squamous cell carcinoma
and small cell carcinoma.

- peripheral lung cancer: mostly adenocarcinoma and
large cell carcinoma.

Classification to Histopathology:

- Small Cell Lung cancer (SCLC 15-20%, small cell car-
cinoma)

- Non-Small cell Lung Cancer (NSCLC, 80-85%,
squamous cell carcinoma 30-40%, adenocarcinoma,
large cell carcinoma 10%)

Most patients with lung cancer that are symptomatic have
hemoptysis, coughing, shortness of breath, chest pain and
persistent infections [1]. Symptoms related to skeletal pain
and neurological manifestations suggest metastatic involve-

ment. Less than 10% of patients are asymptomatic when the Other malignant pulmonary neoplasms include lym-

phoma and sarcoma (rare).
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The histopathological classification is helpful in defining
the prognosis, facilitating the treatment and the prediction of
successful results. The effectiveness of screening for lung
cancer with computed tomography (CT) in terms of reducing
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mortality is still a controversial argument. The study ob-
served a growth of the number of cases diagnosed without a
consistent reduction of the number of tumors in advanced
state and death rates. Infante es al. [2] did not report any
benefit of screening versus mortality, meanwhile American
results have demonstrated a reduction of 20% of the mortal-
ity for lung cancer in the individual under screening with CT
with respect to those with a conventional x-ray. Magnetic
resonance imaging (MRI) of the chest is considered a secon-
dary approach because of the respiratory movement affecting
the overall results.

Small cell lung cancer is strongly associated with ciga-
rette smoking and derived from neuroendocrine cells. May
be related to paraneoplastic syndromes. SCLC is among the
most aggressive primary lung cancers. More than 70% of
patients show evidence of extrathoracic metastatic disease at
the time of diagnosis [3].

Approximately 90% of SCLCs occur centrally and usu-
ally arise in a lobar bronchus like hilar or perihilar masses.
Appearance on chest x-ray is non-specific (Fig. 1). They may
be seen as a hilar/perihilar mass with mediastinal widening
due to lymph node enlargement.

On CT, mediastinal involvement may appear similar to
lymphoma (Figs. 2 and 3), with numerous enlarged nodes. In
most cases, SCLC produces necrosis or hemorrhages, supe-
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rior vena cava (SVC) infiltration or SVC obstruction, and
paraneoplastic syndromes.

Fig. (1). Chest X-ray shows the prominence of left hilum and LUL
nodular opacity. (4 higher resolution / colour version of this figure is
available in the electronic copy of the article).

Squamous cell carcinoma represents 30% of all lung
cancers [4]. It arises from altered bronchial epithelium and
growths in situ. It is related to cigarette smoking.

These tumors are more often centrally located within the
lung and may grow much larger than 4 cm in diameter. Cavi-
tations are seen in up to 82%. They frequently cause segmen-
tal or lobar lung collapse due to their central location and

Fig. (2). CT shows two spiculated nodules in the left upper lobe (LUL). (Left) Diffuse emphysema and patchy infiltrate in the posterior as-
pect of LUL. (Right) Bulky lymphadenopathy in the left hilum. (4 higher resolution / colour version of this figure is available in the electronic

copy of the article).

Fig. (3). (Left) Chest X-ray shows mediastinal enlargement. (Right) CT shows the right mediastinal mass and supraclavicular metastatic
lymph nodes. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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relative frequency (Figs. 4 and 5). They are the most com-
mon cause of the Pancost or superior sulcus syndrome.

Fig. (4). Chest X-ray shows consolidation in the right lung with
cavitations. (4 higher resolution / colour version of this figure is
available in the electronic copy of the article).

Adenocarcinoma including AIS (ex bronchoalveolar cell
carcinomay) arises from the submucosal glands. It is consid-
ered the commonest subtype in a young woman and non-
smokers [5]. In the majority of cases, it appears as a paren-
chymal nodule with dimensions of less than 3 centimeters,
less frequently like a mass with a diameter larger than 3 cen-
timeters.

Both types can infiltrate the lymph node. It can also show
an opacity that is able to produce a consolidation in a lobe or
whole lung. This tumor frequently gives metastasis to the
liver, bone, nervous system, within the same lung or the con-
tralateral lung and adrenal glands [6]. There are two different
radiological presentations of bronchoalveolar cell carcinomas.
The most common is a focal solitary peripheral nodule which
is often indistinguishable from other lung cancers. This ap-
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pearance is more frequently seen with non-mucinous tumours.
Thin-section CT may demonstrate a halo of ground-glass
opacification surrounding the nodule but overt consolidation is
usually absent (Fig. 6). The prognosis of this type of tumour is
significantly better than other lung cancers [7].

Sub-solid lesions can be associated with lung adenocar-
cinoma [8]. A recently revised version of the International
Association for the Study of Lung Cancer (IASLC)/
American Thoracic Society (ATS)/European Respiratory
Society (ERS) has been published in order to provide a ho-
mogeneous terminology, specific diagnostic criteria, and a
better risk stratification. The description of the classification
is out of the scope of the present review. For further details,
the readers are invited to read the report by Zheng et al. [9].
The terms adenocarcinoma in situ (AIS), minimally invasive
carcinoma (MIA), and lepidic predominant adenocarcinoma
(LPA) are usually employed for adenocarcinomas with a
lepidic or non-invasive growth. However, the term “bron-
chioloalveolar” (or bronchoalveolar) carcinoma has been
eliminated [10].

Carcinoid tumours are only 1% of all lung cancer [11]
(Fig. 7). Atypical carcinoid tumours are generally large
(typically 2.5 cm at CT) and are often carcinoid tumours
linked with endobronchial growth and obstructive pneumo-
nia [12]. Carcinoids are often central and their diagnosis is
usually made by histological analysis, after excluding an
adenocarcinomatous or squamous cell adenocarcinoma [11].
They can grow extremely rapidly and develop early metasta-
ses in the mediastinum and in the brain. Notably, two recent
trials reported the prevalence of adenocarcinoma of 78% and
58 % and squamous cell carcinomas recorded just 4% and
11% [13] as compared to the carcinoid tumour.

Fig. (5). (left) CT shows a right lower lobe cavitary lesion and a right-sided adenopathy. (Right) In the right upper lobe, there is a metastatic
spiculated nodule. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (6). (Left) Chest X-ray shows a consolidation in paramediastinal upper lobe. (right) CT shows a right upper lobe consolidation with a
surrounding infiltration. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (7). (left) Chest X-ray shows lobar atelectasis in the left para hilar region. CT shows a consolidation with endo-bronchial growth and
mediastinal lymphadenopathy. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

Large Cell carcinoma is strongly associated with smok-
ing. They can be quite large with a rate of excavation of at
least 6%. It has the tendency to produce an early large vol-
ume hilar (30%) and mediastinal (10%) lymph node en-
largement [14].

3. BASELINE RADIOLOGICAL EXAMINATION:
CHEST X-RAY

Chest x-ray (CXR) is the first investigation performed
during the workup of suspected lung cancer. It has found
extensive use in the past for widespread availability, techni-
cal feasibility, low risk and low cost. Once a suspicious le-
sion is detected, more detailed morphological information is
required. Lung tumors may present as central or peripheral
masses, even those of the in situ adenocarcinoma [15] that
may present as an area of chronic air space disease [16]. The
central neoplasm may have hilar lymph node enlargement,
mediastinal invasion or bronchial obstruction, with partial or
total lung collapse; a parenchymal consolidation or super-
infection may exist, which may mask or be the first sign of a
possible underlying neoplasm.

The persistence over time of such findings should alert
the radiologists.

The mediastinal involvement of central neoplasia pre-
sents itself as an enlargement of the mediastinal profile on
CXR. More invasive features such as the invasion of the
phrenic nerve or the superior vena cava cannot be evaluated
by CXR. Most asymptomatic pulmonary neoplasms present
themselves as single or peripheral nodules; they can have
well defined or spiculated margins. Occasionally internal
nodularity and air crescents may also be seen.

In absence of rib erosions, CXR cannot distinguish be-
tween benign or malignant masses. It can detect the presence
of pleural effusions, but even this does not allow determining
the benign or malignant nature of the lesion.

4. COMPUTED TOMOGRAPHY

When the CXR raises the suspicion for malignancy, CT
with contrast should be performed for complete staging. CT
assists in finding abnormalities, highlights signs of disease
within the lungs from symptoms like cough, chest pain and

fever. It is often used to monitor the response to treatment
and as a support to plan the radiation therapy program. CT
has recently been indicated as a screening tool in carefully
selected populations of patients. CT plays a role of primary
importance in the definition of local invasiveness (sensitiv-
ity: 62-93% vs. CXR: 1-2,7%; [5-8]), while it has limits in
the evaluation of mediastinal and thoracic pleural invasion
[14,15,17,18].

Minimum diameter increase over time has been shown to
positively correlate with a significant volume increase, an
index of malignancy. An increase of about 26% in the di-
ameter of the lesion corresponds to a doubling of the volume
and the doubling of the diameter corresponds to an increase
in the volume of a factor of 8. If the volume of nodules dou-
bles in less than 7 days, the lesion is going to be benign
(usually indicative of inflammation/infection).

Nodal involvement evaluation on CT is based on dimen-
sional criteria. Traditionally lymph node involvement is di-
agnosed when the short axis is greater than 10 mm [17-19].

The presence of adenopathy less than 10 mm limits the
sensitivity of CT (about 57%;18) [20]. From a recent meta-
analysis, it emerged that sensitivity, specificity, accuracy,
and positive and negative predictive values detective for the
staging of mediastinal lymph node involvement in lung can-
cer were 33-75%; 66-90%; 65-79%,; 46-55%; 68-85%, re-
spectively [21].

The evaluation of distant metastasis (in particular of the
liver and the adrenal glands) is the rationale behind including
the upper abdomen in the staging CT.

Staging with CT allows for the determination of resecta-
bility of the lesion (neoplasms with a stage equal or higher
than I1IB are not resectable).

Radiology plays an extremely important role in the man-
agement of lung cancer patients, can accurately detail the
extent of cancer, and has a great impact on deciding treat-
ment plans.

CONCLUSION

Radiological imaging is essential for the management of
patients affected by lung cancer. It has an important role in
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the initial staging of disease, able to characterize the spread
of the disease, thus guiding the correct therapeutic approach.

LIST OF ABBREVIATIONS

ATS = American Thoracic Society

COPD = Chronic Obstructive Pulmonary Disease

CT = Computed Tomography

CXR = Chest X-Ray

ERS = European Respiratory Society

IASLC = International Association for the Study of Lung
Cancer

MRI = Magnetic Resonance Imaging

NSCLC = Non-Small Cell Lung Cancer

SCLC = Small Cell Lung Cancer

SvC = Superior Vena Cava
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