Radiological and imaging aspect of tumors of lung

                                                                             -------- Recent advances.
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                           Lung cancer is the most common cause of cancer-related death in the Western world, with approximately 3 million new cases per year estimated worldwide. Imaging techniques play an essential role in the diagnosis, staging, and follow-up of patients with lung cancer.

Lung cancer is divided into two major histologic categories by the WHO classification: non-small-cell lung carcinoma (NSCLC) and small-cell lung carcinoma (SCLC). NSCLC is further divided into histologic variants such as squamous cell carcinoma, adenocarcinoma, and large cell carcinoma. Many tumors however, are composed of more than one histologic type and are classified as combined tumors. Additionally, NSCLC are graded as well-differentiated, moderately differentiated, or poorly differentiated according to the least differentiated feature.

Squamous cell carcinoma typically occurs in central bronchi and frequently manifest as post obstructive pneumonia or atelectasis. Mucoid impaction, bronchiectasis, and hyperinflation are uncommon radiologic manifestations. Cavitation occurs in 10-30% and is more common in large peripheral masses and poorly differentiated tumors. Cavitation is typically eccentric with thick, irregular walls (1). 

Adenocarcinoma is more common, and manifest as peripheral, solitary pulmonary nodules (SPN). Nodules can have an irregular or speculated margin and an associated fibrotic response. Lymphangitis carcinomatosis occurs more frequently with adenocarcinomas typically manifests as thickening of interlobular septa or multiple small pulmonary nodules (2) Bronchioloalveolar cell carcinoma (BAC), a subset of adenocarcinoma, can be either unifocal or multifocal with monoclonal or polyclonal origin respectively. It presents as a SPN that can remain stable in size for many years. Pseudocavitation or air bronchograms within the lesion can suggest the diagnosis. The diffuse form can present as multiple nodules, ground glass opacities, and opacities resembling pneumonia. Hilar and mediastinal adenopathy and pleural effusions are uncommon.

Large-cell carcinoma makes up 10-20% of all lung cancers. Most are peripheral, poorly marginated masses greater than 7cm in diameter (1). Although growth is rapid, cavitation is uncommon. Hilar and mediastinal adenopathy and early extra thoracic metastasis are common.

Small-cell Lung  cancers.  SCLCs compose 20-25% of all lung cancers. The primary tumor is typically small, central in location, and is associated with marked hilar and mediastinal adenopathy and distant metastasis to liver, bone marrow, adrenals and brain. Pleural effusions are seen in 5-40%.

Clinical Manifestations

Symptoms are variable and depend on the local effects of the primary mass, the presence of regional or distant metastasis, and the coexistence of paraneoplastic syndromes.

Central endobronchial tumors can manifest as cough, hemoptysis, and cough. Symptoms that occur as a result of local growth and adjacent structure invasion include chest pain (peribronchial nerve), hoarseness of voice& vocal cord palsy (recurrent laryngeal nerve), dyspnea (phrenic nerve), Horner’s syndrome (superior sulcus tumors), enlarged collateral chest wall vessels (SVC), dyspahgia (esophagus).

Symptoms related to extrathoracic metastasis are most commonly bone pain and CNS abnormalities. Clinical signs and symptoms can also be due to tumor excretion of a hormone or as a result of autoimmune phenomenon. These paraneoplastic syndromes are usually associated with SCLC. Antidiuretic and adrenocorticotropic hormones are the frequently excreted hormones and can result in hyponatremia and in Cushing’s syndrome. Neurologic paraneoplastic syndromes are also usually associated with SCLC and typically precede the diagnosis of lung cancer by up to 2 years. Hypertrophic pulmonary osteoarthropathy occurs in up to 17% of patients with adenocarcinoma (3).

Radiologic evaluation

A solitary pulmonary nodule (SPN), or “coin lesion,” is defined as a single spherical or oval lesion completely surrounded by lung without associated atelectasis or adenopathy.

Because lesions larger than 3 cm are almost always malignant, most authors currently agree that SPNs are 3 cm or less in diameter [4]. Larger lesions should be referred to

as pulmonary masses and should be managed with the understanding that they are most likely to be malignant. Prompt diagnosis and resection is the preferred strategy. Chest

x-rays and computed tomography (CT) can provide useful information regarding nodule size, characteristics of the margins (irregular being suspect for malignancy), calcification,

cavitation, and growth rate. SPNs that have been demonstrated to be stable on serial chest x-rays for 2 years or more can be considered to be benign [5]. Other findings, such as cavitation and satellite lesions, are less reliable in distinguishing benign from malignant nodules. Calcification within a nodule is usually an indicator of a benign lesion. However, not all patterns of calcification are associated with a benign diagnosis; stippled or eccentric nodules have been associated with malignancy. After completing an initial history and radiological tests, clinicians will be able to classify the SPNs into one of three categories: benign, malignant, or indeterminate. Between 70%-75% of nodules that remain indeterminate will ultimately be malignant [6].

 Bronchoscopy with brush cytology or transbronchial biopsy may be useful if the lesion is 2 cm or larger in size. Transthoracic needle aspiration (TTNA) biopsy can also be considered for pulmonary lesions. This technique is most useful in lesions of at least 2 cm. Contraindications to this procedure are pulmonary hypertension, coagulopathy or bleeding diathesis, severe chronic obstructive pulmonary disease, or vascular

malformations. Complications include hemoptysis and pneumothorax.

Consequently, a noninvasive imaging test, reliable in the differentiation between benign and malignant nodules, would be very useful in this setting to reduce the number of futile invasive procedures. PET has been studied extensively in the evaluation of indeterminate lung lesions as a promising noninvasive imaging test to differentiate between benign and malignant nodules. Based on well-designed prospective studies, it can be concluded that FDG-PET has proven to be accurate in differentiating benign from malignant lesions as small as 1 cm [7]. An overall sensitivity of 96% (range 83–100), specificity of 79% (52–100) and accuracy of 91% (86–100) can be expected [8].

False-negative results occur mainly in nodules <1 cm in diameter and in bronchoalveolar carcinoma and carcinoid where there is low metabolic activity. False-positive results occur mainly in inflammatory lesions such as bacterial pneumonias, pyogenic abscesses, histoplasmosis, sarcoidosis and tuberculosis. The FDG uptake in these conditions has been attributed to an increase in granulocyte and/or macrophage activity. 

In the standard situation, semiquantitative image interpretation by measuring

the standardized uptake value (SUV) does not improve accuracy compared with simple visual interpretation. In difficult cases, prolonged observation of the metabolic activity of the nodules, measured by SUV, has proven to assist in the differential diagnosis [9]. Early and delayed reading of FDG-PET (dual time-point FDG-PET imaging) shows higher SUV at 3 hours than at 1 hour post-injection for malignant lesions, and the opposite result for benign lesions [10]. 

PET is not only useful in visualizing the SPN, but can also change patient management by detecting unsuspected nodal and metastatic disease. Because of its high negative predictive value, PET excludes malignancy correctly in the vast majority of cases. In these patients, thoracotomy can be avoided and follow-up with x-ray or CT scan at 3, 6, 12, and 24 months is advised [11]. 

Tumor and Lymph node staging

The extension of the primary tumor is usually assessed by thoracic CT, occasionally supplemented by MRI, e.g., in situations where superior sulcus extension or relationship with the heart or large vessels is of importance. Because of their anatomic detail, CT and MRI are excellent in evaluating the proximity of the tumor to local structures.
PET offers little extra benefit in this respect because it has a limited ability for precise

anatomic localization. PET may be more beneficial in evaluating pleural effusions.

Pleural involvement is relatively common in patients with lung cancer. Differentiation between benign and malignant effusion is important in determining the resectability and use of radiotherapy. Pleural thickening or nodularity on CT may be suggestive for metastatic pleural disease. CT is not conclusive of the benign or malignant nature of the pleural disease. Similarly, MRI imaging has failed to show high accuracy in differentiating benign from malignant pleural effusions. The high negative predictive

value of PET in pleural effusions may be of help in reducing the number of repeat thoracocenteses or thoracoscopic biopsies in patients with negative PET findings and benign effusions.

CT has been the standard noninvasive staging method for the mediastinum. Enlarged lymph nodes (i.e., more than 1 cm in the short axis or 1.5 cm in the long axis) were considered to be metastatic. Size is, however, a relative criterion, since lymph nodes can be enlarged due to infectious or inflammatory causes, and small-sized nodes can contain metastatic deposits.

The superiority of FDG-PET can be explained by the fact that the size of LNs on CT is a relative criterion; FDG-PET correctly identifies small malignant nodes and large benign nodes [8]. The reading of PET is improved when correlation with the CT images is available. This gain is reached because the precise anatomic details on CT are complementary to the metabolic information on PET. The positive predictive value is reasonable, but false positive results can be obtained in case of anthracosilicosis,

infection, or granulomatous disorders [12].

Extrathoracic staging

Adrenal masses, which are found in 20% of non small cell lung cancer patients at initial presentation, are often a diagnostic challenge where FDG-PET can be an useful adjunct to other imaging modalities. An equivocal lesion on CT without FDG uptake on PET will usually not be metastatic, but care should be taken in the interpretation of small lesions. 

In the evaluation of liver metastasis, the main advantage of FDG-PET is its ability to differentiate between hepatic lesions that were not determined by conventional studies. Because whole-body FDG-PET is able to stage both intra- and extrathoracic sites in one examination, FDG-PET can also reveal metastases that otherwise escape clinical detection, e.g. small nodules in the other lung, soft tissue lesions, retroperitoneal LNs, hardly palpable supraclavicular LNs, etc. 

Bone involvement is usually assessed by 99m Technetium methylene diphosphate (99m Tc MDP) bone scintigraphy, which has a good sensitivity (90%) but a low specificity (60%), due to false-positive findings explained by the nonselective uptake of the radionuclide tracer in any area of increased bone turnover (i.e., degenerative or posttraumatic changes, inflammatory processes, etc.) [13]. Consequently, additional imaging by bone x-rays, bone CT, or MRI is often required. PET is reported to have a similar sensitivity (≥90%), but a higher specificity (≥98%) and accuracy (≥96%), and is therefore considered superior to bone scintigraphy in the detection of bone involvement [13,14]. Whereas bone scintigraphy images the entire skeleton, a standard PET images from the head to just below the pelvis, and thus could miss metastases in the lower extremities. A whole-body PET is possible, however, time consuming.
The standard method for the detection of liver metastases is ultrasound (US) or CT. There are no specific series on the use of PET in patients with liver metastases from lung cancer. Additional diagnostic information is provided by PET combined with CT, namely in the differentiation of hepatic lesions that are indeterminate on conventional imaging [15]. FDG-PET is not suited for the detection of brain metastases. The sensitivity is low (60%) due to the high glucose uptake of normal surrounding brain tissue. CT and/or MRI remain the method of choice to stage intracranial metastasis. 

In the follow-up of patients after initial treatment and the detection of relapse, it can be difficult to differentiate therapy-induced fibrosis from tumor on conventional imaging.

In these situations, PET was able to correctly confirm or exclude disease relapse in an indeterminate lesion on CT scan with a sensitivity of 97%-100%, a specificity of 62%-100%, and an accuracy of 78%-98% [16]. False-positive studies may occur if PET is performed shortly after radiotherapy or surgery. To reduce the post-radiotherapy changes interfering with correct staging to a minimum, an interval of 3-6 months is recommended between initial treatment and restaging by PET [13].

 In conclusion, PET is useful in the assessment of SPNs and in the staging of  non small cell carcinoma patients who are considered to be candidates for radical treatment, as a complimentary tool to CT. The main additional interest of PET is its ability to assess locoregional lymph node spread more precisely than CT, to detect metastatic lesions that would have been missed on conventional imaging or are located in clinically hidden or difficult areas, and to help in the differentiation of lesions that are equivocal after conventional imaging.

CARCINOID TUMOR

Carcinoid lung tumors represent the most indolent form of a spectrum of bronchopulmonary neuroendocrine tumors that includes small cell carcinoma of the lung as its most malignant member and several other forms of intermediately aggressive tumors, such as atypical carcinoid [17] . They are of endodermal origin, arising from stem cells of the bronchial epithelium known as Kulchitsky cells. 

Because of their location and size, central carcinoids can cause bronchial obstruction. All of the sequelae resulting from bronchial obstruction can follow, including persistent atelectasis, recurrent pneumonia, pulmonary abscess, and bronchiectasis. Carcinoids characteristically are vascular tumors and can bleed secondary to bronchial irritation. 

Peripheral pulmonary carcinoid tumors most often are asymptomatic and usually are discovered incidentally. They are one of the differential diagnoses considered in evaluation of a solitary pulmonary nodule. 

Atypical carcinoid tumors can present in the same locations as typical carcinoids, but they occur more commonly as peripheral lesions. At least 50% of pulmonary atypical carcinoid tumors present in the periphery of the lung. They have a more aggressive nature and a greater tendency to metastasize. 

As neuroendocrine tumors, carcinoids are capable of producing a variety of biologically active peptides and hormones, including serotonin, adrenocorticotropin hormone (ACTH), antidiuretic hormone (ADH), melanocyte-stimulating hormone (MSH), and others. Ectopic production of ACTH and Cushing syndrome have been reported in association with typical and atypical carcinoid tumors.The syndrome of inappropriate AVP (arginine vasopressin) secretion or syndrome of inappropriate secretion of ADH (SIADH) can be produced by pulmonary carcinoid tumors, although it more commonly is associated with small cell lung carcinoma. 

Plain Radiograph: Presence of the tumor mass itself or indirect evidence of its presence observed  as parenchymal changes associated with bronchial obstruction from the mass.

CT  demonstrates more detail about nodules, masses, or suspicious parenchymal changes, such as persistent atelectasis or obstructive pneumonia found on plain chest radiograph The presence and distribution of calcium within a nodule also can be readily observed on CT scan, the identification of which can strongly suggest that the nodule is benign or malignant. Carcinoid tumors of the lung often possess some calcifications, although no characteristic pattern is known. The presence of an air bronchogram within a pulmonary nodule, is a finding that indicates the intimate relation of the tumor and the tracheobronchial tree and hence more likely to be malignant. Because the majority of carcinoid tumors are intrabronchial, this could be a common feature of carcinoid tumors on CT scan. Intravenous contrast can also be useful in differentiating malignant from benign lesions. Malignant lesions generally have increased vascularity and show greater enhancement than benign lesions on contrast CT scan. Because carcinoid tumors are highly vascular, they also possess this feature.

MRI generally provides information similar to that of CT.

PET studies utilize the fact that malignant cells possess a higher metabolic activity rate than do healthy cells. PET appears to have a considerable sensitivity and specificity for the identification of malignant lesions. Although highly vascular, carcinoid tumors of the lung do not show increased metabolic activity on PET  and would be designated incorrectly as benign lesions.

 Radionuclide studies- Somatostatin receptors are present in many tumors of neuroendocrine origin, including carcinoid tumors. Nuclear imaging with somatostatin analogues reveals increased tracer activity in these tumors and their metastases.

Mesenchymal tumors

Primary pulmonary sarcomas are rare and those with a vascular origin are angiosarcomas and epithelioid hemangioendotheliomas. Most angiosarcomas are lung metastases, and the most frequent radiological finding is multiple, bilateral nodules. Pulmonary epithelioid  hemangioendotheliomas usually manifest as multiple 1 to 2 cm pulmonary nodules.

Primary lung sarcomas with a spindle cell origin are malignant fibrous histiocytoma, hemangiopericytoma, fibrosarcoma, synovial sarcoma, leiomyosarcoma, and fibrosacoma. They are a heterogenous group of tumors with morphologic similarities to their extrathoracic counterparts. They are commonly located peripherally, sharply marginated and occasionally calcified. The pathognomoinc hypervascularity of soft tissue hemangiopericytomas are seldom seen with primary pulmonary hemangiopericytomas.

LYMPHOPROLIFERATIVE  DISORDERS

Primary pulmonary lymphomas include Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, and lymphomas associated with immunoproliferative states. Most primary extranodal lymphomas arise from mucosa-associated lymphoid tissue (MALT) and are reffered to as maltomas. In the lung, primary lymphomas are thought to arise from bronchus-associated lymphoid tissue (BALT) that occurs in the airway as a response to chronic stimulation. These are typically non-Hodgkin’s lymphomas of B-cell origin. The most common radiologic manifestation is a solitary nodule or mass and focal consolidation.

BENIGN NEOPLASMS OF THE LUNG

Hamartomas are the most common benign tumors of the lung. Pulmonary hamartomas are typically solitary, well-marginated lobular nodules or masses that are less the 4cm in size, mostly located in the lung periphery. Endobronchial hamartomas are less common. The presence of “popcorn” calcification is pathognomonic of hamartomas. The presence of fat is a diagnostic feature.

Granular cell tumor, clear cell tumor and pulmonary hemangiomas are the other rare benign neoplasms of the lung.

Conclusion

At present CT, with its ability to localize and characterize a primary tumor and its intrathoracic extent in shorter imaging time with better spatial resolution, is the imaging modality of choice after chest radiography to evaluate lung tumor. However, MR imaging can be useful in selected cases, such as in patients with apical lung cancer with suspected chest wall invasion, in patients suspected of recurrent cancer following radiation therapy, or in those patient whose CT findings are equivocal and need clarification   
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