SEMPI Priority clinical area: Cancer of the Lung
INTRODUCTION
Importance of Lung Cancer
Lung cancer is the second most prevalent cancer in the world. According to National Cancer Institute 2019 estimates, cancer of the lung will
account for 12.9% of all new cancer diagnoses and 23.5% of cancer deaths in the United States alone (National Cancer Institute, 2019).
Unfortunately, the diagnosis of lung cancer is often made too late in the disease process when treatment options are limited, and the prognosis
is poor. Nevertheless, there have been several advances in medical imaging in the recent past that identify individuals with lung cancer earlier in
the disease process and improve staging of Lung Cancer. Improved imaging technology can offer earlier diagnosis, more appropriate treatment
decisions and improved patient survival or management.

Occurrence and Risk Factors
The number of new lung cancer cases in adults in 2016 occurred at a rate of 46/100,000 and caused deaths at a rate of 38/100,000 population
(National Cancer Institute, 2019).
Cigarette smoking is the number one risk factor for lung cancer. In the United States, cigarette smoking is linked to about 30% of all cancers
(Samet et al., 2004). High levels of pollution, radiation, asbestos exposure, prior family history, secondary smoke exposure and genetic
predisposition are other associated risk factors for lung cancer (Samet et al., 2006; O’Reilly et al., 2007; Howlader et al., 2016).

Classification of Lung Cancer
Lung cancer is most commonly classified as small cell lung carcinoma (SCLC) or non-small cell lung carcinoma (NSCLC) (Cai et al., 2015). NSCLC is
more common than SCLC, accounting for 80-90% of all lung cancers. The treatment and prognosis also differ for NSCLC and SCLC. Surgical
resection offers the best chance for long term survival/curative treatment in NSCLC. SCLC exhibits more rapid growth and at diagnosis often has
identifiable metastasis to regional lymph nodes and distant sites. Due to this biological behavior SCLC is usually treated by chemotherapy and
radiation therapy.
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NSCLC is further classified into three categories based on cell type: lung adenocarcinoma (LADC), squamous cell lung cancer (SQCLC) and large
cell lung cancer (Cai et al., 2015). The World Health Organization (WHO) has published new guidelines to use immunohistochemistry for
classification and staging of lung cancer so that treatment strategies can be individualized to improve diagnostic accuracy and outcomes in
advanced stages of lung cancer (Travis et al., 2015). Staging for NSCLC uses the tumor node metastasis (TNM) system in which anatomic
involvement is used to describe the primary tumor (T), regional lymph node involvement (N) and the presence of metastasis (M). The current
guidelines for TNM staging are based on the eighth edition of TNM classification (proposed by the International Association for the Study of Lung
Cancer (IASLC) and accepted by both the International Union Against Cancer (UICC) and the American Joint Committee on Cancer (AJCC)) (Lim, et
al., 2018; Detterbeck et al., 2017).

History and Presenting Symptoms
A comprehensive history is imperative to determine whether lung cancer should be included in a differential diagnosis and thus initiate a
targeted diagnostic workup including imaging. Earlier diagnosis of lung cancers may be improved by the application of systematic screening with
low dose CT in high-risk individuals (The National Lung Screening Trial Research Team, 2011). Smoking, as indicated earlier, is an established risk
factor for lung cancer (Cassidy et al., 2008; Crispo et al., 2004; Subramanian & Govidan, 2007; Lubin et al., 2007). However, not all smokers
develop lung cancer, and a significant proportion of lung cancers develop in non-smokers (Crispo et al., 2004; Subramanian & Govindan, 2007).
Other risk factors including age, previous history of other cancers, pneumonia and asbestos exposure increase the likelihood of developing lung
cancer independent of smoking exposure.
The presence of specific symptoms such as hemoptysis, loss of appetite, dyspnea and persistent cough, combined with the above-mentioned risk
factors or smoking history should suggest a diagnosis of lung cancer (Hamilton et al., 2005; Hippisley-Cox & Coupland, 2011).

Screening for Pre-Clinical/Occult Lung Cancer
Imaging, CT and CXR have been evaluated to determine if systematic use of chest imaging would improve survival from lung cancer. In 2011 a
study indicated that annual CXRs did not improve survival from lung cancer (Oken et al., 2011). Subsequently, low dose chest CT repeated
annually for three years was found to reduce mortality from lung cancer compared to annual CXR (The National Lung Screening Trial Research
Team, 2001). Additional methods for screening for early lung cancer are under consideration (Sharma et al., 2015).
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RADIOLOGICAL EVALUATION OF LUNG CANCER
The presence of symptoms, clinical history, and physical findings suggesting significant lung pathology warrant properly timed and selected
diagnostic imaging (Birt et al., 2014). The evaluation of high-risk individuals (i.e. smokers) with concerning symptoms calls for a screening
evaluation to detect lung cancer in its earliest stage (Kocher et al., 2015). Imaging studies can facilitate making an early diagnosis, determine
extent of disease, provide insight into prognosis and thus guide the treatment decisions.

Radiography
The use of chest radiography (CXR) as initial evaluation for suspected lung cancer is common. This is primarily related to the widespread
availability of CXR, including in primary care settings. As the first imaging modality used, CXR is often helpful in detecting abnormalities
consistent with lung carcinoma. CXR is sensitive in finding spiculated lung lesions, identifying hilar enlargement or increased hilar opacity, or
demonstrating perihilar and/or mediastinal masses. A combination of these findings often occurs (Reed, 2010). CXR also detects solitary
pulmonary nodules, an uncommon initial presentation for this malignancy (Quoix et al., 1990). However, CXR lacks sensitivity in detecting occult
mediastinal lymph node metastasis and tumor invasion of the chest wall.

Computed Tomography (CT)
CT, contrast enhanced, is the modality of choice for initial evaluation of the entire thorax and upper abdomen when lung cancer is present on
CXR (Cascade et al., 1998; Tsim et al., 2010). CT enables evaluation of peripheral masses, hilar enlargement, mediastinal adenopathy and liver
and adrenal gland anatomy. Recent studies have demonstrated a role for PET/CT for staging lung cancer to assist in determining appropriate
patient management (De Wever et al., 2007; Shim et al., 2005).
Evaluation of indeterminant peripheral lung nodules is dependent initially on CT scanning. CT can define specific anatomic features present in
lung nodules (e.g. AV fistulae, rounded atelectasis, fungus balls, mucous plugs and calcification) (Webb, 1990). Spiral or helical CT is more
efficient in identifying small nodules (size less than 10mm). Serial CT imaging may be appropriate to monitor nodule stability or growth. Spiral CT
with iodinated contrast provides dynamic imaging that can assist in separating malignant from benign lesions. Use of PET/CT can assist in some
situations to further define the nature of a peripheral nodule (Truong et al., 2014). Lymphangitic spread of lung cancer, an uncommon
occurrence, can be identified on CT even in situations with a normal CXR.
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Magnetic Resonance Imaging (MR)
MR has an advantage over CT when imaging soft tissue. It can detect tumor invasion into the mediastinum, superior sulcus and parietal
pleural/chest wall and is more accurate than CT in differentiating stage 3a (resectable) from 3b (unresectable) tumors in selected patients thus
determining definitive treatment (Hochhegger et al., 2011; Tsim et al., 2010; Padovani et al., 1993). MR is sensitive in detecting invasion of
myocardium, brain, liver and adrenal glands because of better soft tissue contrast and multiplanar imaging capability. MR diagnostic accuracy is
further enhanced by using intravenous gadolinium contrast medium.
MR is increasingly recognized as an effective alternative to PET/CT for staging of lung cancer. A three-way comparative study using MR, PET/MR
and PET/CT concluded “Accuracies of whole-body MR imaging and PET/MR imaging with SI assessment are superior to PET/MR without SI
assessment and PET/CT for identification of TNM factor, clinical stage, and operability evaluation of NSCLC patients” (Ohno et al., 2015). A
recent, 2019 study demonstrated the equivalent performance of Whole-Body MRI (WB-MRI) compared to PET/CT in staging NSCLC regarding
distant metastases (Taylor et al., 2019).

Positron Emission Tomography (PET)
PET is used to assess metabolic activity rather than the anatomical or morphologic features of lesions. PET performed with FDG (F-2-deoxy-Dglucose) highlights the difference in glucose metabolism in normal and cancerous cells. This allows differentiation between benign and
malignant pulmonary lesions identifying abnormal uptake in regional lymph nodes and distant lesions in both soft tissue and skeletal structures
(Gupta et al., 1996). FDG uptake is directly proportional to tumor activity and growth rate (Duhaylongsod et al., 1995). In lesions ≥ 10 mm, PET
scan can detect malignancy in pulmonary opacities with a sensitivity of 96% and specificity of 88% (Gupta et al., 1996; Hübner et al., 1996; Patz
et al., 1993).
PET/CT has generally replaced PET alone for evaluation of thoracic nodal and distant metastatic disease (De Wever et al., 2007; Shim et al.,
2005). Recent studies associated with the availability of PET/MR technology have identified a role for this technology in tumor staging (Ohno et
al., 2015).

Imaging-Guided Biopsy
Imaging-guided biopsy has become an accepted technique for pathologic diagnosis especially when distinguishing benign lesions from malignant
ones. Ultrasonography, computed tomography, and magnetic resonance imaging can all be used to guide biopsy procedures in potential or
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known lung cancer settings. Several endoscopic based techniques, including Radial Endobronchial Ultrasound, Electromagnetic Navigation
Bronchoscopy, Virtual Bronchoscopy and Ultrathin Bronchoscopy, have demonstrated sensitivity, specificity and safety in the evaluation of
pulmonary nodules (Wang Memoli et al., 2012; Zuñiga et al., 2019; Zhang et al., 2015). The exact role of these techniques in this clinical situation
is evolving. The literature also supports the use of endoscopic US-guided biopsy (EBUS) of lesions and nodules in the mediastinal area and has
demonstrated superior results compared to PET or CT for staging (Herth et al., 2006; Yasufuku et al., 2006).
Image-guided biopsy of nodules, pulmonary lesions and mediastinal lymph nodes is safe, reliable and accurate. As such, it may alter clinical
management by avoiding more invasive surgical procedures (Kim et al., 2008; Charig & Phillips, 2000; Wang Memoli et al., 2012).

Identifying Distant Metastatic Disease
CT of the adrenal, abdomen, head, and pelvis can be used to evaluate for distant metastasis which is more common in SCLC (Cascade et al.,
1998). PET scans also may be useful in detecting distant metastases when whole-body imaging is performed. Due to a false-positive rate in
patients with tuberculosis, histoplasmosis and rheumatoid lung disease, invasive staging procedures or tissue biopsy samples may still be
required for diagnostic confirmation (Steinert et al., 1997; Yasufuku et al., 2006). A recent 2019 study demonstrated the equivalent performance
of Whole-Body MRI (WB-MRI) compared to PET/CT in staging NSCLC regarding distant metastases (Taylor et al., 2019). A meta-analysis
concluded, “PET and MRI were found to be comparable and both significantly more accurate than CT and BS (Bone scan) for the diagnosis of
bone metastases,” (Yang et al., 2011).

Post Treatment Surveillance
For lung cancer patients who have undergone initial curative treatment with radiotherapy, chemotherapy, or resection, there is a high
recurrence rate, especially within the first 2 years (Crabtree et al., 2015; Sugimura & Yang, 2006). Two recent clinical practice guidelines and a
single study suggested a role for CT for surveillance of both NSCLC and SCLC within the first 2 years (Früh et al., 2013; Colt et al., 2013; Nakamura
et al., 2010). A single study has indicated PET/CT was superior to CT alone for surveillance after curative surgery for NSCLC (Dane et al., 2013).

Digital Tomosynthesis of the Chest
Digital tomosynthesis (DTS) of the chest is a technique whose basic components are like digital radiography, but DTS also provides benefits of
computed tomography (CT). The major advantages of DTS over CXR are improved visibility of the pulmonary parenchyma and depiction of
abnormalities such as pulmonary nodules. Calcifications, vessels, airways, and chest wall abnormalities are readily visualized by DTS. DTS
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generates coronal “slices” through the chest whose resolution is superior to that of coronal reconstructed CT images. DTS is limited by
suboptimal depth resolution and susceptibility to motion. However, the radiation dose and projected cost of chest DTS are lower than those of
the standard chest CT. Besides pulmonary nodule detection, applications of DTS being studied include evaluation of pulmonary mycobacterial
disease, cystic fibrosis, interstitial lung disease, and asbestos-related thoracic diseases (Chou et al., 2014).

Radiomics
Radiomics is defined as the conversion of images to higher-dimensional data and the subsequent mining of these data for improved decision
support. Two recent articles summarized the role of Radiomics in lung cancer (Lee et al., 2017; Thawani et al., 2018). Another study
demonstrated Radiomics ability to predict distant metastasis in lung cancer (Coroller et al., 2015). The tools available to apply radiomics are
specialized and limited in scope, thereby restricting widespread use and clinical integration.

SUMMARY
Lung cancer is an insidious disease with an overall poor prognosis. Survival is dependent on early detection and diagnosis when the tumor is
resectable. Cross-sectional (CT and MR) imaging is the focus of diagnostics. CXR is still used as an initial imaging modality that may or may not
result in a preliminary diagnosis. However, due to the poor sensitivity of CXR, low dose CT is now preferred for screening purposes. There is little
or no difference between MR and CT as the imaging modality for staging in lung cancer. CT is more widely available and less costly compared to
MR. PET imaging analyzes the lesion at a metabolic level and has high sensitivity for detection of both primary lesions and metastatic spread of
lung cancer.
Increased availability of PET/MRI, PET/CT and WB-MRI increases the efficacy of evaluating patients for both regional and distant metastases.
Changes in imaging technology, most recently Radiomics and Tomosynthesis, continue to the expand the role of imaging in managing patients
with Lung Cancer.
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