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Foreword


This textbook explains how imaging technology and knowledge contribute to the management of patients with cancer. It is comprehensive in that it considers the discovery of cancer’s presence, staging of the extent of disease, and evaluation of response to treatment; and it is also that it describes, separately, the use of imaging for evaluation of cancer at each site in the body.


The great majority of chapters in this book were written by faculty at The University of Texas MD Anderson Cancer Center. Care at our institution is delivered by multidisciplinary teams of specialists for each type of cancer, which include surgeons, radiation oncologists, medical oncologists, pathologists, and imaging specialists. Therefore, each author was able to provide his or her expertise both as a specialist in imaging the type of cancer under consideration, and in the context of collaboration with a team of treating physicians.


As a result, the chapters are informative not only for radiologists in general or specialized practices, but also for oncologists who are directly caring for patients with cancers. Today, at each stage in the course of managing a cancer patient, input from diagnostic imaging is becoming critical for making most clinical decisions.


Successes in developing new drugs and antibodies that target aberrant genetic functioning in each individual patient’s tumor make it imperative to characterize the genetic abnormalities in individual cancers. This is especially important in situations in which a malignancy continues to metastasize and spread in spite of standard treatment.


The importance of radiologists in oncology will continue to expand as new imaging techniques become effective at detecting genetic abnormalities and the aberrant functioning of cancer cells in patients. Imaging studies will join genetic and molecular pathology studies in identifying targets for treatment of an individual patient.


Cancer care is a collaborative enterprise, and this excellent textbook is making a major contribution to enhancing the ability of the cancer care team to provide the very best care for patients. I highly recommend it to all physicians who must deal with the challenge of providing the right treatment to the right patient at the right time.




John Mendelsohn, M.D. 


Past President, Co-Director, Khalifa Institute for Personalized Cancer Therapy, The University of Texas, MD Anderson Cancer Center, Houston, Texas











Part I


General Principles










Chapter 1 A Multidisciplinary Approach to Cancer


A Radiologist’s View




Eric M. Rohren, M.D., Ph.D.









Introduction


Multidisciplinary care teams are those that are composed of members from multiple different medical specialties working together to achieve the highest quality of care for the patient. Such teams are particularly needed in complex environments such as cancer hospitals, where the needs of the patients cross the boundaries of specialties. There are the providers of medical care, including medical oncologists, radiation oncologists, and surgeons; the ancillary care providers such as imaging, pathology, and laboratory medicine; and a host of supportive services including nutrition, rehabilitation services, and chaplaincy. In order for such a diverse group to work effectively together, communication and mutual understanding are critical.


Imaging plays a central role in the care of patients with cancer. Subsequent chapters deal with some of the specifics regarding the use of imaging in the multidisciplinary environment, such as tumor staging, lesion respectability, and treatment-related complications. Many clinical decisions are influenced by the results of imaging studies, and the radiologist must, therefore, be a central member of the multidisciplinary care team. The significant role of imaging can be seen in the continued growth in the numbers of scans performed each year, particularly in the advanced imaging studies such as x-ray computed tomography (CT), magnetic resonance imaging (MRI), and positron-emission tomography with x-ray CT (PET/CT).1


One of the major challenges for radiologists in the multidisciplinary environment is that imaging intersects with nearly all aspects of patient care. Scans ordered by a radiation oncologist for the purpose of treatment planning may be interpreted with a different emphasis and perspective than scans ordered by a surgeon prior to planned curative resection or by a medical oncologist in anticipation of systemic chemotherapy. The radiologist needs to be aware of the clinical scenario in which the scan is being ordered and should have an understanding of the implications of the scan results for the patient. This level of expertise is gained through direct and frequent interaction with the other members of the care team.


Central to the role radiologists play in the management of patients with cancer is communication. Results need to be conveyed in an understandable and clinically relevant fashion, and preferably in a timely manner. The following sections describe the radiologist’s perspective on multidisciplinary cancer care and discuss ways to effectively communicate in such an environment.









Multidisciplinary Cancer Imaging: The Role of the Radiologist


The field of radiology has grown in complexity as the technology of imaging has advanced. Plain x-ray, fluoroscopy, and radionuclide scintigraphy have been a part of medical practice for many decades, whereas CT, MRI, ultrasound, and PET/CT are more recent additions to the field. Even within imaging modalities, techniques continue to evolve. CT studies are now often performed in a multiphasic fashion, using multispectral scanners. Clinical MRI is now performed on both 1.5- and 3.0-T systems, with an ever-increasing array of sequences and coils. New developments are always on the horizon, from higher–field strength MRI systems to novel tracers for PET/CT. Advances are not confined solely to the diagnostic arena, but are also seen in the fields of intervention and therapy.


This increase in the breadth and complexity of radiology and nuclear medicine has necessitated a shift in practice patterns at many sites. In order to effectively function in the multidisciplinary environment of an academic cancer hospital, radiologists have needed to specialize. Radiology specialization has traditionally been either by modality (e.g., ultrasound, CT) or by system (e.g., body imaging, neuroradiology, thoracic radiology). The clinical specialties, conversely, have trended toward specialization according to disease. At M. D. Anderson Cancer Center, there are multidisciplinary care teams devoted to the care of patients with various malignancies. Each care team is composed of multiple members from various disciplines, including surgery, medical oncology, and radiation therapy. In order to adapt to the multidisciplinary paradigm, imaging has had to adapt from the traditional modality-based and system-based approaches to a disease-oriented framework (Figure 1-1).





[image: image]

Figure 1-1 In the multidisciplinary cancer care environment, the emphasis in imaging shifts from modality-based practice to disease-based practice. CT, computed tomography; GI, gastrointestinal; GU, genitourinary; MRI, magnetic resonance imaging.




The challenge for the radiologist is that the diagnostic imaging within each of the multidisciplinary centers crosses the boundaries between traditional imaging specialties. To take an example, a woman with newly diagnosed, locally advanced breast cancer presents for workup (Figure 1-2). Breast imaging plays a central role in her evaluation, starting with mammography and moving to breast ultrasound and/or MRI as needed. Her pathologic diagnosis and tumor genetic markers will likely be established by a guided biopsy procedure. Further imaging workup of such a patient may include a contrast-enhanced CT of the chest and abdomen or a radionuclide bone scan for detection of osseous metastatic disease. The workup may stop there, but depending on many clinical factors such as signs and symptoms and serum tumor markers, additional imaging may be requested including PET/CT with fluoro-2-deoxy-D-glucose (FDG), or brain MRI.





[image: image]

Figure 1-2 Imaging can play a role in all cycles of patient care. In this patient with a new breast lump, the diagnosis of breast cancer was first suspected on mammography (A) and MRI (B) and subsequently confirmed on ultrasound (C) with ultrasound-guided biopsy (D). E, A fluoro-2-deoxy-D-glucose (FDG)–positron-emission tomography/computed tomography (PET/CT) showed the primary tumor and axillary metastases, but also numerous osseous metastases. F, The patient subsequently received chemoradiation for stage IV disease. A follow-up FDG-PET/CT showed complete metabolic response of the primary tumor, nodal metastases, and osseous metastases, but a new hypermetabolic lesion in the liver. G, This lesion was confirmed and biopsied under ultrasound guidance, after which a limited hepatectomy was performed. H, Follow-up CT scan shows evolving postoperative changes and no evidence of recurrence.




All of these imaging studies will be taken into account in order to decide whether the patient should proceed to surgery, undergo neoadjuvant chemotherapy or chemoradiation, or undergo chemotherapy or radiotherapy either alone or in combination. Imaging may guide specific intervention not part of the overall treatment strategy, such as radiotherapy or surgical fixation of a bone metastasis with impending pathologic fracture. In this fairly straightforward example, there is potentially the need for imaging specialists in the fields of breast imaging, body imaging, nuclear medicine, and neuroradiology.


In response to this shift in clinical practice toward multidisciplinary care, radiology at M. D. Anderson Cancer Center has also moved toward a disease-based approach. This has required both a shift in traditional boundaries and a close cooperation between radiologists of different subspecialties. In many cases, one of the radiology subspecialties fits in well with one or more of the clinical care centers. For the patient described previously, undergoing workup and care by the breast cancer team, the breast imaging section plays a major role, interacting directly with the clinicians and offering guidance with regards to additional imaging. The thoracic imaging group provides the direct interface with the lung cancer, esophageal cancer, and mesothelioma teams. Within each of these sections, radiologists may develop areas of interest and become, for example, specialists in the imaging of pancreatic cancer or gynecologic malignancies.


The radiologists associated with various disease-based care centers should be familiar with the role of imaging in the workup and management of their patients, including the role of imaging studies outside their traditional boundaries. One of the best examples of this model at M. D. Anderson Cancer Center is PET. PET scans were traditionally interpreted by nuclear medicine physicians. With the advent of PET/CT and the additional anatomic information provided by the CT component of the study, radiologists began to show greater and greater interest in the modality. Currently, many sites are performing PET/CT with intravenous and oral contrast, making the CT portion of the examination nearly identical to a traditional diagnostic-quality CT scan. PET/CT has developed into one of the central imaging strategies in the evaluation of patients with a variety of malignancies. At M. D. Anderson, radiologists from multiple subspecialties have undergone training in PET/CT under the guidance of nuclear medicine and are qualified to interpret scans independently. The section of PET/CT has, therefore, become a “virtual section,” with members from nuclear medicine, body imaging, thoracic imaging, musculoskeletal imaging, and neuroradiology.


The need for a broad fund of knowledge in a well-integrated multidisciplinary environment is balanced by the need for specialization. No one radiologist in an academic cancer center can be familiar enough with each and every imaging test to provide the level of expertise and consultation required. Radiology, therefore, also needs teams. The primary radiology section interfacing with a multidisciplinary care center serves as the anchor and a point of contact. The other sections provide backup and consultation as needed for particular patients. A bone scan performed in nuclear medicine using single-photon emission computed tomography (SPECT)/CT, for example, may show an unsuspected finding in the pancreas, and the advice of a member of the body imaging section may be requested to provide a differential diagnosis.


Cancer imaging in a multidisciplinary environment provides the opportunity to become directly involved in the decision-making processes of patient care and to learn about the role and relevance of imaging within the broad clinical picture. There are challenges in adapting from the traditional modality-based or region-based practice of imaging to a disease-based approach, but these challenges can be met with adaptation and communication.









The Value of Communication


Central to the role of the radiologist in the multidisciplinary environment is the ability to communicate effectively. This must occur in direct interactions with colleagues and through the written radiology report. Although verbal communication has many advantages, it is simply not feasible to personally discuss each and every case with the clinical team, and the written report is, therefore, the venue through which the information obtained from the scan is conveyed in the majority of cases. In order for this to be done effectively, careful attention should be given to reporting skills.


First and foremost, any radiologic report should answer the clinical question. Scans are ordered with a particular question in mind, from the general (“what is the patient’s disease status following treatment?”) to the specific (“what is the cause of the abdominal fullness felt on abdominal examination?”). Effective reports directly answer these questions, in either the positive or the negative. In order for this to happen, the radiologist must understand the clinical question being asked. Sometimes, this information is contained in the scan order, but at other times, it may be necessary to probe the patient’s history in order to find the rationale for the scan in question.


In the setting of multidisciplinary cancer care, the challenge for the radiologist is to fully understand the clinical questions for different disease types. The information relevant to the care of patients with different types of malignancies can be quite diverse. As an example (Figure 1-3), patient A has newly diagnosed esophageal cancer, verified by endoscopic biopsy. Patient B has newly diagnosed large B-cell lymphoma, diagnosed by a retroperitoneal lymph node biopsy of a known retroperitoneal mass. Both patients undergo FDG-PET/CT, and each is found to have a hypermetabolic nodal mass in the left para-aortic space of the retroperitoneum below the celiac trunk. In patient B, in which this additional node is almost certainly a manifestation of retroperitoneal lymphoma, it has little additional significance because it does not change the stage of the patient’s disease. In patient A, this node is, however, a critical finding, changing management from chemoradiation and potentially curative surgery to palliative chemotherapy or chemoradiation. An identical finding in these two patients has markedly different significance in terms of the fundamental clinical question of tumor stage and appropriate therapy and the reporting should reflect this.
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Figure 1-3 Similar imaging findings may have very different significance depending on the clinical scenario. A, In a patient with newly diagnosed esophageal cancer, CT shows a suspicious lymph node in the left retroperitoneum (arrow), subsequently biopsied and shown to be due to metastatic disease. This node significantly altered patient management from neoadjuvant chemoradiation followed by surgery to palliative chemotherapy. B, In a patient with newly diagnosed non-Hodgkin’s lymphoma, a similar node is seen in the left retroperitoneum (arrowhead) on CT. In this case, the presence of this node had no impact on management because many larger nodes were seen throughout the abdomen and pelvis.




Answering the clinical question, therefore, becomes a matter of, first, understanding the disease process enough to appreciate the relative importance of various radiologic findings and, then, of reporting those findings in an effective manner. A helpful framework for high-quality radiology reporting is the eight Cs of effective reporting (Table 1-1). This framework was initially put forward by Armas2 as six Cs, and expanded to eight Cs by Reiner and colleagues.3 The eight Cs are Correctness, Completeness, Consistency, Communication, Clarity, Confidence, Concision, and Consultation. These are useful measures of effective reporting, particularly in the setting of a multidisciplinary cancer care system.


Table 1-1 The Eight Cs of Effective Radiology Reporting






	
Correctness

	
Clarity






	
Completeness

	
Confidence






	
Consistency

	
Concision






	
Communication

	
Consultation







From Reiner BI, Knight N, Siegel EL. Radiology reporting, past, present, and future: the radiologist’s perspective. J Am Coll Radiol. 2007;4:313-319.


Correctness is perhaps the most basic of these concepts, but at the same time, it is not as absolute as it seems. Everyone strives for the correct diagnosis in radiology reporting, yet given the complexities of imaging, it is not always possible to arrive at the correct diagnosis. In fact, there are situations in which the best scan interpretation may not contain the correct diagnosis. For example, a patient with prior non–small cell lung cancer presents with a new slowly enlarging speculated pulmonary nodule. The report of the chest CT appropriately suggests metastatic disease, and a percutaneous biopsy is performed. The biopsy shows inflammatory reaction and fungal elements, and a diagnosis of Nocardia infection is made. In this case, the CT report was not “correct” in the sense of making the appropriate diagnosis; however, the workup generated by the CT report was appropriate, and the diagnosis of fungal infection was made allowing for treatment with antibiotics. The emphasis might, therefore, better be placed on interpreting studies in the correct fashion (i.e., up to the standards of good medical practice) rather than focusing on the correct diagnosis.4


Completeness and consistency are related parameters. Completeness is defined as containing all the parts and elements necessary for a high-quality report, and consistency implies structure to the report, applied over time. Both of these elements can be achieved through the use of reporting templates or standardized reporting. A representative guideline for reporting of PET/CT scans is provided by the Society of Nuclear Medicine’s PET Center of Excellence, outlining the components of an effective PET/CT report in oncology.5 Other guidelines and templates exist for other imaging modalities.


Communication is the core of quality in the field of imaging. The best images obtained on the newest scanner and interpreted by the best-trained radiologist can be clinically useless if the results are not effectively communicated to the referring clinician. Often, the written report is the only interface between the radiologist and the clinician. Special care must, therefore, be given to the structuring of the report to ensure the message is delivered in an appropriate fashion. The final four Cs can be seen as tools to achieve that effective communication.


Clarity means that the opinion of the radiologist is clearly stated in the report. In the arena of oncologic imaging, this may mean definitively categorizing into one of the four criteria outlined in the World Health Organization (WHO) and RECIST (Response Evaluation Criteria In Solid Tumors) criteria6-8: complete response (CR), partial response (PR), stable disease (SD), or progressive disease (PD). Clarity does not necessarily imply a single diagnosis because many radiologic findings require an organized and logically ordered differential diagnosis. Further clarity can be achieved with the addition of next-steps, if appropriate.


Confidence is a measure of how much faith the radiologist has in his or her conclusions. Again, it is entirely appropriate to give a differential diagnosis when imaging findings are not conclusive for a single process (as is often the case). A warning sign of low confidence is the overuse of qualifiers such as “likely,” “possible,” and “cannot exclude.” When such words are used frequently in reports, it waters down the message and leaves the clinician lacking in guidance as to how to manage the patient.


Concision means brevity; it is desirable in radiology reports for several reasons. First, from a pragmatic and economical standpoint, many practices pay for dictation by the word or by the line, so there can be significant cost savings associated with shortening the length of reports. Second, concision tends to lead to clarity, in that, in order to achieve it, care must be given to the choice of wording and how the message is to be spelled out. Finally, most clinicians are busy and may skim over lengthy reports in order to pull out the “bottom line,” leaving room for misinterpretation. When possible, it is best to distill the findings from imaging studies into a series of short, declarative sentences. This may not always be possible, particularly with complex modalities such as PET/CT and complex clinical scenarios, but should be striven for.


Consultation is where all of the Cs are pulled together. Radiologists are members of the multidisciplinary team and should view themselves as imaging consultants, rendering advice and opinion as to the significance of imaging findings in the care of each patient. The role of consultant should be maintained whether presenting cases at a tumor board or when reading cases at the workstation. It is here that the knowledge of the clinical scenarios and questions becomes paramount. Effective consultation sometimes requires anticipation of what questions may arise in a patient’s care and proactively answering those questions in the report, including both pertinent positive findings and pertinent negative findings. One of the phrases that is often used in radiology reporting can undermine the role of consultant: “clinical correlation is recommended.” When used in the context of a differential diagnosis in which there are certain signs and/or symptoms that may confirm the diagnosis, the use of the phrase may be appropriate. For example, in a patient whose CT shows inflammatory changes surrounding the sigmoid colon, a report reading “These changes may represent acute diverticulitis, correlate clinically” gives guidance and direction. In other settings, however, its use can be vague and may lead to confusion. In a patient with a subcentimeter pulmonary nodule, a report reading “This nodule could be inflammatory or malignant, correlate clinically” provides no guidance or advice, because no sign, symptom, or laboratory test will significantly change the likelihood of malignancy. If follow-up scanning is indicated to determine the stability of the nodule, this should be stated. If the findings are more concerning and the nodule is amenable to biopsy, this information should be conveyed.









Participation


The eight Cs described previously are helpful tools in the construction of effective and useful radiology reports. Many of the studies that are interpreted are acted upon based on that report without further interaction by the radiologist. However, in the true multidisciplinary care environment, keeping in mind the role of the radiologist as imaging consultant, person-to-person interaction is a requirement. This can range from phone consultation to participation in tumor boards or other multidisciplinary conferences. Despite best efforts to appreciate and answer the clinical questions, it is not always possible to fully understand or anticipate the information required by the clinician in a particular patient’s care. Even at centers in which the radiologist has access to the patient’s medical record and clinic notes, the most recent notes may not be available at the time of dictation, indicating the precise reason the examination was performed.


Personal consultation with clinicians is highly beneficial to the practice of radiology, and the benefits flow in both directions. Through discussions with the surgeons, medical oncologists, and radiation oncologists, the radiologist expands her or his knowledge of the medical field, improving their quality of interpretation and reporting for future patients. The clinician, by understanding more about the strengths and weaknesses of imaging studies, will improve his or her appropriate utilization of the modalities. Finally, the personal interactions ensure that the radiologist is viewed as a colleague, a member of the multidisciplinary team.









Summary


The practice of oncologic imaging in the multidisciplinary setting presents challenges for the radiologist. By the nature of the disease, therapies, and imaging technologies, there is a high degree of complexity in the imaging of the patients. Adherence to the eight Cs of effective reporting can help ensure effective communication, and an understanding of the diseases and therapeutic options aids in the crafting of a clinically relevant report. Finally, the radiologist must be an active and participating member of the multidisciplinary team, providing insight and perspective on the value and limitations of imaging in the care of patients with malignancy.
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Introduction


Surgery enables long-term survival and remains the modality central to the opportunity for cure in patients with solid tumors. In order for surgery to be effective, patients must be selected properly so that nontherapeutic surgery is avoided. In the current era of cancer surgery and imaging, “exploratory surgery” should, with the rarest exceptions, not exist as a diagnostic modality. Resectability rates are rising based on improved imaging, but they are admittedly not perfect yet. Whereas involvement of the superior mesenteric artery is predicted with virtually 100% accuracy in pancreatic adenocarcinoma, there are some tumor-vessel relationships that cannot be defined with 100% radiologic-clinical correlative accuracy (e.g., hilar cholangiocarcinoma abutment or involvement of a sectoral hepatic artery) and small volume peritoneal disease may not be detected on even the best preoperative imaging.1,2 Furthermore, the interaction between different treatments, including chemotherapy with and without biologically active agents, radiotherapy, intra-arterial therapies, and surgery, require that treatment sequencing, timing, and duration of therapies be considered carefully and contribute to the constant movement in the line defining resectability for many tumors. Before patients embark on complex treatment plans, treatment sequence/timing issues must be considered by a team of physicians—similarly before a patient is declared unresectable (e.g., before applying frequently noncurative therapies such as ablation for hepatic tumors), the multidisciplinary team must often weigh in to assess the spectrum of treatment options. Open communication between surgeons and radiologists change the way surgeons operate and change the way radiologists report their findings to optimize patient care. Patient care is just that—patient care. If the focus of the radiologist, surgeon, radiotherapist, oncologist, and others in the care team is constantly on the patient, the best outcomes can be achieved. If the surgeon operates, the oncologist gives chemotherapy, and the radiation oncologist delivers radiotherapy based on a piece of paper (e.g., a radiology report), the best care cannot be delivered. If the radiologist is integrated into the treatment team, modern, rapidly improving patient outcomes realized in centers of excellence can be achieved more widely. Finally, goals of care differ in different patients. In some, the goal is prevention, in others, diagnosis and treatment. In yet others, the goal may be palliation. Achieving these goals requires actual integration of the members of the treatment team to work together in a patient-focused way.


Candidacy for “potentially curative” therapy is rapidly changing. As an example, many physicians and patients are not aware that multiple, bilateral liver metastases from colorectal or neuroendocrine primary cancers can be treated with curative intent, leading to survival rates exceeding 50% at 5 years post resection.3-5 In such cases, radiology reports of “multiple, bilateral liver metastases” may be accurate, but they may also be misleading to the patient or even to the oncologist/gastroenterologist reading the report (discussed later). Sadly, many clinicians cannot or do not read their films at the time they read the radiology report, and they may misinterpret findings. These factors contribute to the need for precise communication among members of the care team to optimize the value of imaging and optimize patient care. This chapter outlines the following areas:




• Diagnosis


• Staging


• Surgical planning


• Surgical treatment












Diagnosis


Accurate diagnosis may be based on patient history, clinical findings, imaging, biopsy, or a combination of these elements. In rare cases, diagnosis may be made accurately with clinical history and imaging, whereas pathology may be confusing (e.g., hepatic hemangioendothelioma, some cystic lesions in the liver and pancreas). Functional treatment modalities such as 2-[18F] fluoro-2-deoxy-D-glucose positron-emission tomography (FDG-PET) can help clinicians in the correct clinical scenario but may also confuse the picture (by missing lesions in patients undergoing effective chemotherapy and highlighting nonmalignant areas of inflammation or postoperative change in other cases), unless the multidisciplinary team members work together to interpret studies in the proper context. Correct cancer diagnosis can often be made by review of imaging, depending on the disease site and type, as described in detail elsewhere in this book.


In many cases, however, pathologic diagnosis is needed, either to confirm the clinical/radiologic suspicion, as a requirement for treatment by radiotherapy or chemotherapy, or as a requirement for protocol-based therapy. In these cases, the initial imaging will often define whether a percutaneous or an endoscopic approach to biopsy is needed. When percutaneous biopsy is planned, the presumed tumor type and location affect biopsy planning. For liver tumors, biopsy technique significantly affects needle-tract seeding, which should be an extremely rare event (<1%).6,7 Ultrasound-guided lymph node biopsy with core biopsy can provide a diagnosis of lymphoma, although excisional biopsy may be needed and is guided by both clinical examination and cross-sectional imaging. More recently, FDG-PET may demonstrate the most active nodes and guide biopsy planning as well. Seeding is virtually unheard of with the introduction of endoscopic ultrasound–guided biopsy throughout the gastrointestinal tract. Thus, even at the level of obtaining diagnosis, consideration as to the probable diagnosis and possible treatments must often be given, reemphasizing the need for a multidisciplinary approach when treating cancer patients.









Staging


Once the diagnosis is made, disease must be staged. Staging differs based not only on disease site but also on disease type because treatments differ depending on findings (e.g., pancreatic adenocarcinoma with liver metastases is not treated surgically, whereas pancreatic neuroendocrine carcinoma with multiple bilateral liver metastases may be treated surgically with the expectation of very long-term survival). Indications for chemo- and radiotherapy differ depending on the presence, absence, and often extent of distant disease. Solid tumors are typically staged using the tumor-node-metastasis (TNM) system. T classification describes the primary tumor, and sometimes includes size or depth of penetration through the layers of the organ (as with the gastrointestinal tract), invasion of adjacent organs, and occasionally perforation. N classification consistently relates to nodal involvement, although the N classifications differ from disease to disease based on the number and location of suspected or known nodal metastases. M classification relates to metastases in all cases. Treatments for different diseases with the same T, N, or M classification differ widely. Thus, coordination among the imaging radiologist, interventional radiologist/gastroenterologist, and treating physician helps to ensure that the needed staging information is conveyed (and that the proper staging studies are obtained) to facilitate optimal patient care. In addition to classic staging information, surgical planning requires assessment of tumor-vessel relationships and anatomic variations (discussed later).









Surgical Planning


Surgical planning depends on more than staging, per se. Tumors in different locations are approached differently, and information about tumor-vessel and tumor-organ associations may not simply define resectability but also enable proper surgical planning:




• Tumor location/extent


• Tumor-vessel relationships


• Tumor-organ relationships


• Anatomic variations





Two different examples are described here. First, in the case of pancreatic adenocarcinoma, whether in the head, body, or tail of the pancreas, vascular abutment, encasement, or occlusion by the tumor have been well defined and provoke significantly different treatment approaches (these are discussed in subsequent chapters, and summarized here).8 Further, the vessel involved is important—arterial versus mesenteric/portal venous involvement has significantly different surgical and oncologic implications. In the case of no vascular involvement, straightforward pancreatectomy is generally planned, with pre- or postoperative chemoradiotherapy. In the case of venous involvement, an entirely different operative plan is made to include vascular resection and reconstruction; this picture can change with neoadjuvant therapy. Venous abutment and encasement may not exclude resectability, whereas venous occlusion is considered “borderline” and may be resectable in selected cases. In the case of arterial involvement, preoperative therapy may be advised, and in the case of extensive (>180-degree encasement of the artery), surgery is simply not indicated.8 The finding of liver metastasis excludes the therapeutic value of surgery, even for the smallest resectable primary pancreatic adenocarcinoma. Regional adenopathy does not exclude resectability. Suggestion of peritoneal disease, which is not definitive, may prompt staging laparoscopy. Thus, accurate staging and reporting of findings relevant to surgery for the specific disease are critical to surgical planning and result from communication between imaging and treating physicians.


As a different example, issues in liver surgery can be even more complex. Resectable liver tumor(s) are often defined based on liver that will remain after resection, including preservation of adequate inflow and outflow to the preserved segments, with adequate liver remnant volumes.9,10 Tumor-vessel relationships within the liver affect resectability differently from that for pancreatic or other gastrointestinal, thoracic, head and neck, or extremity tumors. Tumors may involve two of three outflow vessels (hepatic veins) in the liver and abut the inferior vena cava but be resectable with standard techniques and excellent results.11 Rarely, involvement of all three hepatic veins, traditionally considered a sign of unresectablilty, is not an impediment to complete resection either because vascular resection/reconstruction can be considered or because venous anomalies may permit otherwise impossible resections such as subtotal hepatectomy based on the presence of a dominant inferior right hepatic vein.12,13 Major hepatectomy includes resection of tumors involving major hepatic and portal branches routinely, as long as vessels supplying and draining the liver remnant are free of tumor. In other cases, major resection is possible because of other anatomic variations in the liver, such as a staged portal bifurcation allowing resection of tumors involving the central liver.


Thus, surgeons and radiologists must understand liver parenchymal and vascular anatomy, such as of the hepatic veins, portal veins, hepatic arteries, and must remark variations including replaced or accessory hepatic arteries (present in up to 55% of patients) or even the existence of important venous variants.14 Even segmental liver volume is highly variable, which affects surgical planning.15 Systematic liver volumetry based on cross-sectional imaging is a critical tool for surgical planning for major liver resection, reiterating the intersection of radiologists and surgeons in surgical planning.9,10 Radiologists and surgeons who work together are aware of the importance of anatomic variations and tumor-vessel relationships, leading to different radiologic reports—reports that guide patients and clinicians who care for them with the help of high-quality imaging and imaging interpretation. An example synthesizing these issues in a patient with multiple bilateral colorectal liver metastases is illustrated in Figure 2-1.
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Figure 2-1 This patient with a synchronous presentation of obstructing colon cancer and “multiple bilateral” colorectal liver metastases presented with a total of 16 tumors involving every anatomic segment of the liver including the caudate (segment I). Resection was possible because the lateral liver was “relatively spared”; after chemotherapy with response, he underwent first-stage wedge resections of the segment II and III lesions, followed by right portal vein embolization extended to segment IV, followed by second-stage extended right hepatectomy with caudate lobectomy. He never experienced recurrence in the liver.




Finally, advances in imaging have advanced the correlation between imaging findings and patient outcomes. Two examples warrant comment, both of which relate to the treatment of solid tumors with “biologic” agents and assessment of response on computed tomography (and/or PET). First is gastrointestinal stromal tumor (GIST), treated with imatinib mesylate, an inhibitor of c-kit and platelet-derived growth factor receptor-a (PDGFRa) tyrosine kinases. Traditional methods of assessing response such as RECIST (Response Evaluation Criteria In Solid Tumors) are used to capture the effect of this class of new agents, which cause less size change and more cystic change and loss of vascularity of GIST tumors, leading to a shift in assessment of response in these tumors using different radiologic criteria.16,17 Even in colorectal liver metastases, RECIST is a poor indicator of response to newer agents such as bevacizumab, a vascular endothelial growth factor antagonist. Study has shown that morphologic criteria that focus not on tumor size changes but on changes in vascularity and margin between tumor and liver predict survival in patients with resectable and unresectable colorectal liver metastases treated with bevacizumab and that the morphologic radiologic response (but not RECIST) correlates with pathologic response to chemotherapy, a true survival predictor.18 These examples of advances in imaging, and correlation between newer imaging findings and outcomes, are important to surgeons and physicians who determine treatment plans—at the same time, shortcomings of even the most modern imaging techniques must be considered. The absence of PET activity or arterial enhancement of a GIST or colorectal liver metastasis almost never (<10%) indicates cure, so again, oncologists, surgeons, and radiologists must avoid overinterpretation of findings on imaging before treatment decisions are made.19









Surgical Treatment


Treatment objectives differ depending on tumor types, stages, and locations:




• Definitive resection of primary tumors


• Definitive resection of metastatic tumors


• Debulking surgery


• Palliative and emergency surgery


• Reconstruction









Definitive Resection of Primary Tumors


Treatment with curative or definitive intent is often the goal of surgical therapy, whether surgery is a stand-alone treatment or part of a multipronged approach to cancer with chemotherapy and/or radiotherapy. Treatments of many primary tumors affect quality of life (e.g., craniofacial tumors, extremity tumors, gastrointestinal/genitourinary tumors) because they cause permanent deformity or other alterations to the patient, such as ostomy. Oncologic surgery typically implies surgery along anatomic planes (perhaps excluding some soft tissue tumors); most solid tumors are resected with regional lymph nodes. Some lymph node basins are of significant interest because metastases in distant basins may indicate advanced disease and contraindicate surgery (e.g., interaortocaval nodal metastasis from gallbladder cancer). Many solid tumors can be resected with curative intent including adjacent structures/organs (T4 colon tumors, some pancreatic neoplasms). Some primary tumors are appropriately resected despite the presence or even unresectability of metastatic tumors (e.g., small bowel neuroendocrine tumors without peritoneal metastases but with unresectable but controllable liver metastases). The appropriate margin of resection may be a specific distance (millimeters of normal liver for a liver tumor, millimeters of esophagus or pharynx for an upper gastrointestinal tumor) or simply an anatomic plane (a fat plane along the superior mesenteric artery for a pancreatic adenocarcinoma), and millimeters may be the difference between leaving a patient with a permanent ostomy or continuity of the gastrointestinal tract (as for low rectal cancer). Knowledge of relevant disease- and tumor-specific concepts are realized when surgeons and radiologists work together.









Definitive Resection of Metastatic Tumors


As mentioned previously, many metastatic tumors require surgery. Colorectal, neuroendocrine, other endocrine and noncolorectal, nonendocrine primary cancers that metastasize to the liver and lung can be resected with expectation of long-term survival or even cure.20-22 Barriers to resectability have been shattered in the best studied subgroup, those with liver metastases from colorectal cancer with survivals following resection exceeding 50% at 5 years.9 As mentioned, criteria for resectability of this and other metastatic tumors to the liver considered appropriate for surgical therapy no longer consider number or size of tumors, rather resectability is defined by9




• Fitness for surgery.


• Potential for definitive treatment of the primary tumor.


• Potential to remove all tumor deposits with adequate margin.


• Potential to leave adequate liver remnant post resection (based on three-dimensional liver volumetry).


• Potential to preserve adequate inflow, outflow, and biliary drainage of the future liver remnant.





Gone are the days of counting tumors or measuring the size of tumors to determine resectability—rather the search is made for an anatomic region of the liver relatively spared by disease that can be preserved as the future liver remnant.23 If that future remnant will be too small to support postresection liver function, modern interventional radiologic techniques permit percutaneous embolization of the portal branches supplying the liver to be resected, leading to diversion of portal flow to the future liver remnant, and a shift in liver function from tumors in the liver to be resected toward the disease-free liver that will remain.23,24 Extended hepatic resection is safe, and even two-stage liver resection (clearance of the future remnant in a first operation involving minor resections preserving the bulk of parenchyma on one side of the liver), followed by portal vein embolization (if needed to divert portal flow to the now disease-free liver remnant inducing hypertrophy), followed by major hepatectomy (hemihepatectomy or extended hepatectomy) leaves patients with preserved liver function and normal performance status and allows long-term survival3,11 (see Figure 2-1). Safety of extended liver resection, whether for primary liver tumors, biliary tumors, or secondary (metastatic) tumors, relies uniformly on liver remnant volume, which is interpreted on the basis of liver disease. Imaging evidence of liver disease such as cirrhosis, portal hypertension, varices, fatty liver, and treatment-related changes in the liver over time is evaluated by surgeons considering major liver surgery.


Curative metastasectomy is often combined with chemotherapy before and/or after resection. Other methods of tumor destruction can be considered for primary liver tumors such as hepatocellular carcinoma in cirrhotic patients or as an adjunct to contralateral major resection, but with results significantly inferior to resection, depending on the clinical situation. Ablation technologies are extensively overused, likely because of the lack of access to hepatic surgeons with experience who might perform appropriate resections for such patients—further highlighting the need for multidisciplinary consideration before noncurative treatments are applied to patients who are otherwise candidates for cure.20 In some cases, ablative techniques are the best choice (e.g., hepatocellular carcinoma in severe cirrhosis) because other options (transplantation or resection) are contraindicated; in others, ablation may help to control disease or systemic manifestation of disease (such as carcinoid, which produces a systemic hormonal syndrome). Often, however, ablation is performed when resection using advanced techniques would have been a better choice, emphasizing the need for timely, multidisciplinary discussion before treatment plans are made that may not be in the patient’s best interest.









Debulking Surgery


Debulking is rarely indicated for solid tumors except in a few rare cases. In virtually all tumor types amenable to debulking, chemotherapy is also used. The best studied cancers in which debulking significantly benefits patients are peritoneal surface malignancies, such as mucinous appendiceal cancers and ovarian cancers.25 Selected patients undergo peritonectomy and debulking, often with resection of bowel, stomach, spleen, colorectum—followed in some cases by hyperthermic peritoneal chemotherapy.25 Rarely, metastatic liver tumors such as small bowel carcinoid or functional pancreatic neuroendocrine tumors may require debulking when they create intolerable hormonal syndrome by partial hepatectomy with or without in situ ablation, although not all centers agree with this approach and prefer to resect/ablate when all disease can be completely addressed, even if only with a close margin.5,26









Palliative and Emergency Surgery


Palliative surgery is an art and is less and less commonly performed even at major cancer centers. Bypass of gastric outlet obstruction, the biliary tract, and the rectum has largely been supplanted by percutaneous and endoscopic measures to intubate and dilate symptomatic strictures or place draining tubes such as percutaneous gastrectomy or percutaneous transhepatic catheters, avoiding the need for surgery in patients with unresectable disease. Many strictures can be palliated with metallic totally internal stents inserted by endoscopic or percutaneous routes. Further, more effective chemotherapy and radiotherapy may resolve or control some malignant problems to be avoided or ameliorated, such as malignant obstruction and bleeding. Consideration for bypass surgery or ostomy is made after careful clinical consideration and complementary radiographic assessment to ensure that surgery to bypass a stricture will achieve the goal of improving the patient’s condition—for example, a gastroenterostomy performed for “gastric outlet obstruction,” which is not physical obstruction but related to a tumor invading the celiac plexus creating a functional obstruction that will not significantly improve the patient’s ability to eat.


Emergency surgery in cancer patients is even more rarely needed. Ruptured/bleeding hepatic tumors should almost always be embolized, and surgery considered only when the patient is stable.27 Surgery for malignant obstruction in a patient with carcinomatosis may or may not be appropriate because it may potentiate the patient’s decline rather than palliate the obstructive symptoms (carcinomatosis in some cases makes it impossible to safely enter the abdomen or create an internal bypass; rather, surgery leads to fistulas, open wounds, and other problems that in no way achieve the goal of treatment). Perforation of the gastrointestinal tract may indicate urgent surgery in patients who have treatment options (e.g., obstructing rectal tumors), but even in these cases, the operation conducted (tumor resection with ostomy vs. diverting ostomy only) must be considered based on the clinical scenario and imaging.


In short, palliative and emergent surgery requires the convergence of judgment, experience, and data (clinical and imaging) so that the best interests of the specific patient can be met.









Reconstructive Surgery


Reconstructive surgery is a critical element of cancer surgery. Craniofacial, abdominal, pelvic, skin/soft tissue and extremity surgeons often create defects that require reconstruction. Tissue transfer, including rotational and free flaps, may be indicated to ensure healing or cosmetic or anatomic recovery from cancer surgery. Craniofacial and breast reconstructions, abdominal wall, vaginal, pelvic floor, and extremity reconstruction are common in major cancer centers. In these settings, surgical planning may be complex in assessing candidate flaps for the plastic and reconstructive members of the surgical team, and the postoperative rehabilitation often requires an additional team of physical therapists, occupational therapists, and psychologists.












Conclusions


Cancer care is advancing rapidly and requires actual interaction among members of the care team to optimize treatment. Treatment timing, duration, and sequencing significantly affect outcomes. For solid tumors, long-term survival and “cure” virtually always rely on surgical excision of the tumor(s). Selection of patients for surgery remains a challenge, particularly because those with more advanced cancers or larger tumors and those requiring complex reconstructions are routinely operated with excellent outcomes. Advances in selection have come largely with improved preoperative treatments, such as effective chemotherapy, but will always rely heavily on accurate preoperative imaging, not only to select patients for surgery but also to plan critical aspects of resection and reconstruction. Actual communication between imaging radiologists and surgeons will affect patients, surgeons, and radiologists and propel treatment and outcomes forward in the future.









Summary







• Surgery remains the pillar of treatment for “cure” of solid tumors but does not stand alone in this endeavor, which requires a skilled multidisciplinary team that communicates effectively to optimize patient care.


• Patient selection is critical to ensure optimal surgical outcomes, which depend in turn on high-quality preoperative imaging and accurate reading and reporting of findings.


• Diagnosis, staging, and careful reporting of relevant anatomic findings are critical elements surgeons seek in preoperative imaging studies and reports.


• “Exploratory” surgery should be a thing of the past—surgery should be conducted with specific objectives, for definitive resection of primary or metastatic tumors, debulking for certain tumor types, palliation when nonsurgical alternatives do not exist, rarely in emergency situations, and for reconstruction at the time of resection or at a separate stage to restore function or cosmesis after cancer surgery.
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Introduction


As our understanding of cancer has grown, medical oncology has evolved as a subspecialty of internal medicine since the 1960s. Initially, few treatments beyond surgery and a handful of toxic chemotherapy agents were available to cancer patients. Medical oncologists now have hundreds of chemotherapeutic agents to choose from for hundreds of separate diseases, with many new targeted agents in clinical development.


The primary tool of the medical oncologist is chemotherapy; however, the role of the medical oncologist in the treatment of cancer is best accomplished when a multidisciplinary approach is used. The medical oncologist must work closely with the surgical oncologist, radiation oncologist, radiologist, pathologist, and primary care physician.


The medical oncologist is typically involved in the final decisions concerning management and frequently coordinates implementation of these decisions. The decision whether to take a curatively aggressive or a palliative measured approach, the timing of localized therapies, such as surgery and radiotherapy, and the decision whether therapy is required or whether supportive care is most appropriate are often made by the medical oncologist. The oncologist must also strike the balance between expected treatment sequelae and desire to cure. If there is a reasonable expectation for cure, treatment-related toxicity becomes more acceptable. If there is a reasonable expectation for prolonging survival or improving quality of life, some toxicity is acceptable. If the chance of significantly altering the course of the disease is low, most oncologists and their patients will feel that only minimal toxicity is acceptable.









Epidemiology


As medicine, nutrition, and improved sanitation continue to further extend the average life expectancy, more people are surviving long enough to develop a malignancy. Thankfully, this is being tempered with an overall decrease in incidence and mortality from the most common cancers.1


Cancer screening has become a routine part of the health maintenance performed on healthy individuals. Mammograms, fecal occult blood tests, colonoscopy, Papanicolaou smear, and digital rectal examinations have the potential to detect a malignancy at an early, asymptomatic stage and perhaps change the disease outcome. With increased screening, more early-stage, potentially curable cancers are being detected. Many of these cancers are amenable to local therapy (surgery and/or radiation), but a large portion continue to require systemic therapy.









The Rationale for Chemotherapy


Most cancers have 20% to 40% of cells in active cycling at any one time, which explains why the doubling time for a tumor is significantly longer than the cell cycle. Tumor growth would be exponential if all cells were dividing or constant if the fraction of actively cycling cells remained fixed; however, this does not correspond to clinically observed tumor doubling time. In 1825, Benjamin Gompertz described the nonexponential growth pattern he observed of disease in cancer patients. He noted the doubling time increased steadily as the tumor grew larger, a phenomenon now described as Gompertzian growth. This has been postulated to occur owing to decreased cell production, possibly related to relative lack of oxygen and of growth factors in the central portion of the large mass.2 A smaller tumor, conversely, would have a larger portion of actively cycling cells and, thus, be potentially more sensitive to cytotoxic chemotherapy.


A clinically or radiographically detectible tumor that measures at least 1 cm in diameter contains already 108 to 109 cells and weighs approximately 1 g. If derived from a single progenitor cell, it would have undergone at least 30 doublings before detection. Further growth to a potentially lethal mass would only take 10 further doublings. Thus, the clinically apparent portion of the growth of the tumor represents only a fraction of the total life history of the tumor. With the long undetected portion of the growth of the tumor, occult micrometastases have often developed by the time of diagnosis.


Cytotoxic chemotherapy has the ability to kill more cancer cells than normal tissue, likely due to impaired DNA damage repair mechanisms in the former. This is relevant because most cytotoxic agents damage actively cycling cells. Typically, the more aggressive the cancer, the higher the proportion of its tumor cells that are in active phases of cell cycle.


As a result of the preferential anticancer activity in rapidly dividing malignant cells, rapidly proliferating cancers that, in the past, were associated with a shorter survival may have a better chance for cure from systemic chemotherapy than more indolent disease, as long as the tumor cells are sensitive to the chemotherapeutic agents. An example of this paradox is Burkitt’s lymphoma, which is sensitive to chemotherapeutic agents and which is curable in the majority of patients in spite of having an extremely rapid proliferation rate. Conversely, a slow-growing follicular lymphoma, even when sensitive to chemotherapy as defined by the complete disappearance of the tumor, will relapse and ultimately cause death.


Early studies of the ability of chemotherapy to kill cancer cells were conducted on leukemia cell lines in the 1960s.3 These studies noted log-kill kinetics, meaning if 99% of cells were killed, tumor mass would decrease from 1010 to 108 or from 105 to 103. The fraction of cells killed was proportional, regardless of tumor size; thus, even though a given treatment would appear to have eradicated the tumor, both clinically and radiographically, there would be a high probability of residual cells that would eventually proliferate and show up as a clinically evident tumor (relapse). One explanation for the achievement of sustainable complete remission following this argument would be that other factors such as host immune response may be important at low levels of residual tumoral cells.4


Clinical prognostic models are, in part, based on risk of disease relapse and, thus, take into account features that might suggest micrometastatic undetectable disease at the time of diagnosis. As an example, a large tumor may suggest a longer clinically silent tumor lifetime or higher doubling rate. Clinically apparent nodal involvement demonstrates the tumor has gained the capability to spread, at a minimum regionally.









Indications for Chemotherapy


If the decision is made that the patient will benefit from chemotherapy, the treatment strategy devised by the medical oncologist will be largely determined by the stage of the cancer. The initial medical treatment of cancer can be thought of as requiring (1) preoperative (neoadjuvant) chemotherapy, (2) postoperative (adjuvant) chemotherapy, or (3) chemotherapy without localized therapy, either for metastatic, inoperable disease (either due to locally advanced stage and/or comorbid medical conditions) or a hematologic malignancy. Chemotherapy without surgical therapy was historically thought of as a palliative measure; however, improved efficacy of chemotherapy and radiotherapy is changing this notion. Many hematologic and epithelial malignancies are now approached in curative fashion with chemotherapy alone or combined with radiotherapy.






Adjuvant Chemotherapy


When the first chemotherapies were developed, they were utilized only in patients with advanced disease and who were failing other therapies. This was largely due to poor efficacy of therapy, and chemotherapy in this setting was usually associated with significant treatment-related morbidity. The therapeutic index (benefit opposed to morbidity) and associated supportive care measures of chemotherapy today tip this balance in favor of treating patients earlier, even with no objective evidence of postsurgical disease.


Surgical and radiotherapeutic treatments have made miraculous progress in the treatment for localized disease; however, many cancers have metastatic spread at diagnosis. Surgically or radiotherapeutically treated tumors may fail locally, but they often recur at distant sites. When considering the previously discussed undetectable period of tumor growth, it becomes apparent how a completely resected tumor may have significant occult residual disease, either locally or distant spread. In this situation, chemotherapy is given as an adjuvant to augment the effect of surgery; hence, the name adjuvant chemotherapy. Many patients who receive adjuvant therapy are without evidence of disease after local therapy. The pathologic margins of surgical specimens may be negative, and imaging may reveal no abnormality; however, significant relapse potential from residual local disease or micrometastases may exist. Adjuvant therapy aims to eradicate this subclinical disease before it reaches a critical threshold at which cure becomes difficult. Breast, lung, and colon cancer are a few examples of the many cancers that benefit from adjuvant therapy.5-7









Neoadjuvant Chemotherapy


Treating with chemotherapy before surgery is a newer concept. With more effective chemotherapy, neoadjuvant treatment approaches are occasionally used in appropriate-stage breast, lung, and resectable metastatic colorectal cancers.8-10


Neoadjuvant chemotherapy has three main advantages. Micrometastases are exposed to chemotherapy earlier in the treatment course, which may more effectively lead to eradication prior to becoming clinically apparent (based on log-kill theory). Second, a primary lesion that fails to respond indicates micrometastatic disease that is also likely resistant, allowing a change in therapy.11 Without neoadjuvant therapy, this knowledge would become apparent only after micrometastatic disease becomes clinically apparent and, thus, the potential for cure at that time would be very unlikely. Third, a primary tumor may regress sufficiently to facilitate a less morbid surgical procedure or occasionally obviate the need for surgical resection.12,13









Chemotherapy for Metastatic Cancer


The large portion of chemotherapy is given for clinically evident metastatic cancer, often as part of a palliation strategy in order to prolong survival and improve quality of life. However, some malignancies, including lymphoma and testicular cancers, may be cured even when they present with advanced metastatic disease. Other cancers, including ovarian and breast cancer, may demonstrate great sensitivity to chemotherapy in the metastatic setting with long-term disease control or even transient disappearance of all disease. An additional number of cancers, such as lung or pancreatic, may have brief stabilization or minor response to therapy, but long-term control is uncommon.












Chemotherapy Schedules






Dose Intensity


In tumors that follow the Gompertzian growth model, the fraction of cycling cells will increase as a tumor mass shrinks from chemotherapy. Each exposure to chemotherapy creates a selection pressure; thus, the remaining cells are more likely to develop resistance. As a result, adequate dose intensity is required for tumor eradication. If chemotherapy doses are too small or too infrequent, the proportion of cell kill will gradually decrease as resistant clones emerge. If doses are too large or frequent, treatment-related morbidity will limit how much therapy a patient will tolerate, possibly leading to treatment delays and resistant clone development. Dose density strives to increase doses of chemotherapy and frequency so as to find the limits of toxicity with as much antitumor activity as possible. Still, many effective chemotherapeutic agents with myelotoxicity could be made more effective by further increasing their doses, at the risk of ablating the marrow. The use of high-dose chemotherapy with autologous stem cell rescue has been successfully attempted in selected malignancies such as lymphomas and multiple myeloma in order to benefit from this fact. In solid tumors, however, success has been minimal, suggesting there is a threshold at which tumor response becomes nonlinear.









Combination Chemotherapy


Tumors are more genetically unstable than benign cells, leading to a high rate of random mutation and possible chemotherapy resistance. Mutations occur at a high rate; thus, at the time of a tumor becoming clinically apparent, several drug-resistant clones may already exist. This would explain why a tumor with a dominant clone sensitive to chemotherapy may have initial response but subsequently relapse after therapy. Other tumors are largely chemotherapy-resistant at presentation—for example, melanoma and pancreatic cancer—even with low-volume disease. A possible explanation for de novo resistance is that a slower-growing tumor will take longer to become clinically apparent and, thus, may have undergone a longer undetectable growth phase. This longer period of time may allow more mutation opportunities, and thus once diagnosed, the dominant portion of the tumor may already be resistant to standard therapies. In other malignancies such as gastrointestinal neoplasms, tumors might shed cells into the lumen and, thus, take more time, additional doubling times, and genetic mutations before it achieves a given size.


The rationale for combination chemotherapy was adapted from observations of tuberculosis therapy in the 1950s. If a single agent was used, resistance would eventually develop. If multiple agents with different mechanisms of action were used concurrently, resistance was less common. Frei and coworkers14 published a study of combinatorial chemotherapy for leukemia in 1958, one of the first randomized clinical trials. They demonstrated transient responses in adult and pediatric leukemia patients achieved by combining methotrexate and 6-mercaptopurine, thus ushering in the modern era of combinatorial chemotherapy. Today, most patients treated with curative intent are given combination chemotherapy.









Intermittent Chemotherapy


Because tumors have impaired DNA repair mechanisms and are thus more sensitive than normal tissue, they take longer to recover from the insult of chemotherapy. As a result, cytotoxic chemotherapy given at the appropriate interval will allow normal tissue, including hematopoietic stem cells, to recover, whereas tumor will not have sufficient time to recuperate (Figure 3-1). Most cytotoxic therapies are dosed every 2 or 3 weeks based on this observation.





[image: image]

Figure 3-1 The effect of intermittent chemotherapy on tumor and normal cell populations.











Continuous Therapy


Cytostatic agents, such as many of the newer targeted agents, require continuous exposure to maintain disease control. Drugs that have a potent, although short-lived, effect on a tumor will not work well with intermittent dosing because when the drug is removed, the tumor will move from a static to an active phase. Imatinib, an oral agent taken daily, inhibits the BCR-ABL tyrosine kinase, resulting in normalization of blood counts and excellent long-term control in the vast majority of chronic-phase chronic myelogenous leukemia (CML) patients. If the medicine is withdrawn, the majority of patients will again develop the hematologic abnormalities of chronic-phase CML. These agents hold the promise of turning cancer that is currently incurable into a chronic disease, such as diabetes or hypertension.









Route of Administration


The majority of chemotherapy is administered intravenously, in an attempt to eliminate erratic gastrointestinal absorption as well as compliance issues. Chemotherapeutic agents can be given as a bolus (given over a very short interval), short infusion (given over a period of hours), or continuous infusion (usually administered as an inpatient or with a preprogrammed pump for home administration). The advantages of intravenous administration include more standardized absorption, documented compliance, and use of concurrent intravenous hydration or supportive medications.


Many of the newer chemotherapeutic agents target a specific metabolic pathway of the cell, and some of these have eliminated the problems of erratic absorption when administered orally, which has advantages for the patient, including not requiring an intravenous catheter. Other routes of administration include intrathecal (e.g., methotrexate to treat central nervous system [CNS] leukemia relapse), subcutaneous (e.g., alemtuzumab to treat chronic lymphocytic leukemia), intra-arterial (e.g., cisplatin to treat sarcoma), intravesical (e.g., bacilli Calmette-Guérin [BCG] to treat bladder dysplasia), intraocular (e.g., bevacizumab to treat macular degeneration), and intraperitoneal (e.g., to treat ovarian cancer).












Drug Development


Historically, many drugs were developed in the same serendipitous fashion as Alexander Fleming’s penicillin discovery. Currently, the vast majority of new agents are engineered to attack a specific tumor-related target, which requires understanding of disease mechanisms. New agents are created as novel chemical entities owing to knowledge of the molecular basis of their action or by modifying an existing agent. Drug companies perform in vitro screening of multiple similar compounds to evaluate for potential efficacy. Once a lead molecule is identified, nonhuman animal studies are conducted to evaluate for potential toxicity. Once an agent has fulfilled these requirements, clinical trials in humans may begin.









Clinical Development


Phase I studies are the first in human studies of a new agent and have the goal of determining the maximum tolerated dose (MTD) by using dose escalation and dose-limiting toxicities (DLTs). Response rates are typically low because adequate dosing is unknown and patients typically have refractory disease, but a significant portion of patients do receive benefit.15 Pharmacokinetic and pharmacodynamic studies are performed during early clinical development to better understand the in vivo properties of the drug. Phase II studies use doses and schedules from the phase I data to assess efficacy with response as the primary endpoint. Patients are typically less heavily pretreated and must have measurable disease for response monitoring. Phase II trials typically enroll 20 to 50 patients, are designed for early termination if a significant number of responses are not seen, and may evaluate a new agent alone or in combination with standard chemotherapy.


Phase III trials are larger, typically randomized, and evaluate the experiment treatment against a standard of care regimen. Endpoints are usually progression-free survival (PFS) and/or overall survival (OS). Evaluation of OS may be confounded by patients receiving subsequent effective therapies, and hence, PFS is usually thought to be the more reliable endpoint. Quality of life (QOL) and comparative toxicity data are usually collected. These trials usually require hundreds of patients to achieve their statistical goals and may lead to U.S. Food and Drug Administration (FDA) approval of the new agent.









Summary


Historically, chemotherapy was utilized only after other methods had failed to control cancer. Chemotherapy is now utilized to improve surgical outcomes, eradicate micrometastases, control metastatic disease, and occasionally obviate the need for local therapy. The rapidly increasing knowledge of tumorigenesis and discovery of new molecular targets has increased our comprehension of how to better treat patients with cancer. These rationally designed targeted agents give us hope to convert cancer into another chronic disease, such as diabetes or hypertension.
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Chapter 4 A Multidisciplinary Approach to Cancer


A Radiation Oncologist’s View




Patricia J. Eifel, M.D.





Radiation therapy forms an integral part of the care of 50% to 60% of cancer patients in the United States. It plays a key role in the multidisciplinary curative treatment of many patients with head and neck, thoracic, genitourinary, gynecologic, and gastrointestinal cancers, lymphoma, sarcoma, brain tumors, and other malignancies. Radiation therapy also provides highly effective palliation of cancer symptoms, including pain, bleeding, and other symptoms of progressive or metastatic cancer.


Although early cancers of the prostate, head and neck, cervix, and other sites are commonly cured with radiation alone, more advanced cancers are usually treated with radiation in combination with surgery, chemotherapy, or other systemic treatments.


In many clinical situations, postoperative radiation therapy after surgical resection improves local control. Frequently, the use of radiation before or after surgical resection also permits use of less radical, organ-preserving operations without reduction in—and sometimes even with improvement in—local tumor control and survival rates.


For many disease sites, the combination of radiation and chemotherapy has also been demonstrated to improve local disease control, enhance the effectiveness of organ-sparing approaches, and improve the curative potential of local treatments, presumably by sterilizing micrometastatic disease that would otherwise lead to the appearance of distant metastases. Randomized trials have proved that addition of concurrent chemotherapy to radiation improves local control and survival in patients with cervical, head and neck, lung, gastrointestinal, and other types of cancer. The use of chemoradiotherapy in the treatment of anal cancer has dramatically reduced the need for radical resection with colostomy for this disease.1-4


The primary aim of radiation therapy is to sterilize tumor in the targeted region. However, the goal of the radiation oncologist and his or her multidisciplinary team is to sterilize tumor while also minimizing treatment-related side effects and optimizing the patient’s quality of life.


The best results depend on a well-integrated team that includes radiation oncologists, medical oncologists, and surgeons, as well as experienced pathologists, diagnostic imagers, nutritionists, radiation physicists, nursing specialists, therapists, and others. Frequent face-to-face communication in tumor boards, multidisciplinary clinics, and sidebars over individual cases is vital to the development of a common language and an understanding of the needs and concerns of each member of the multidisciplinary team.


The relationship and the quality of communication between radiation oncologist and diagnostic imager are particularly crucial. The desire to reduce treatment-related side effects while maintaining or improving local disease control rates has led to increasingly precise, tightly conforming radiation dose delivery methods such as intensity-modulated radiation therapy and proton therapy. The theoretical advantages of these approaches can be realized only through precise understanding of the distribution of disease and regional anatomy as revealed in the patient’s imaging evaluation.






Radiation Biology


Most radiation-induced cell death is caused by damage to nuclear DNA and is referred to as mitotic cell death. The interaction of photons or charged particles with water produces highly reactive free radicals that interact with DNA, causing breaks that can interfere with cell division. Although cells are equipped with very effective mechanisms for repair of the damage caused by free radicals, accumulated injury can lead to irrecoverable DNA breaks that prevent successful mitosis. Oxygen in the environment enhances the lethal effects of radiation by fixing free radical damage. Damaged cells that have lost their ability to reproduce indefinitely may continue to be metabolically active or even undergo several divisions before losing their integrity. For this reason, radiation-induced damage to tumors may not be expressed morphologically for days or even weeks after the radiation exposure.


Another type of radiation-induced cell death is referred to as apoptosis or programmed cell death. Apoptosis can occur before or after mitosis.5 The plasma membrane and nuclear DNA may be important targets for apoptotic injury. Apoptosis appears to play an important role in the radiation response of some tumors and in certain normal tissues such as salivary glands and lymphocytes.


In vitro studies of the relationship between radiation dose and cell survival demonstrate that mammalian cells differ widely in their inherent radiosensitivity. These differences contribute to the wide range of doses required to cure tumors of different cell types. Even bulky lymphomas can typically be controlled with doses of 35 to 40 Gy, whereas 2- to 3-cm squamous carcinomas usually require doses of more than 60 Gy. Melanomas and most sarcomas require even higher doses and usually cannot be controlled with tolerable radiation doses if there is more than microscopic residual disease after surgery.


A number of factors influence cellular radiosensitivity and tumor responsiveness:




• Repair capacity: Cells differ in their ability to accumulate and repair sublethal injury. In general, normal tissues have a greater repair capacity than tumors. It is because of this difference that tumors can be controlled without unacceptable damage to irradiated normal tissues. However, some normal cells and tissues—particularly those that are rapidly proliferating, such as bone marrow and intestinal crypt cells—have relatively little repair capacity, and some tumors, such as prostate cancer, are able to accumulate and repair damage as effectively as most normal tissues. These variations influence the approaches used to treat various tumor types and sites.


• Although cells may also differ in their rate of repair, two-dose experiments and clinical experience suggest that most repair is accomplished within 4 to 6 hours. For this reason, schedules that involve more than one daily fraction of radiation are usually designed to require a minimum interfraction interval of approximately 6 hours to maximize repair of sublethal injury to normal tissues.


• Cell-cycle distribution: Cells are usually most sensitive during mitosis and in the late G2 phase of the cell cycle and most resistant in the mid- to late S and early G1 phases. The cell-cycle redistribution of cells after a dose of radiation may influence their overall sensitivity to a second dose.


• Hypoxia and reoxygenation: The dose of sparsely ionizing radiation required to effect a given level of cell killing is about three times greater under anoxic conditions than under fully oxygenated conditions. Although regions of hypoxia are present in many solid tumors and may have a role in the response to therapy, the clinical importance of hypoxia is diminished by reoxygenation that occurs as initially hypoxic cells become better oxygenated during a course of fractionated radiation therapy.6 To reduce the potential influence of hypoxia, radiation oncologists try to maintain patients’ hemoglobin levels at 10 to 12 g/dL or greater.


• Repopulation: The effect of cellular proliferation that occurs during a course of radiation therapy depends on the doubling time of the neoplastic cells and the total duration of treatment. Although the acute side effects of radiation usually limit the weekly dose of radiation to 900 to 1000 cGy/wk, many studies demonstrate that unnecessary protraction compromises local control and must be compensated for by increasing the dose of radiation.7-9 In addition, evidence suggests that radiation therapy as well as other cytotoxic treatment and even surgery can induce accelerated repopulation, increasing the detrimental effects of treatment protraction. Prolonged delays between surgical resection and initiation of radiation therapy may significantly compromise the efficacy of adjuvant radiation therapy.












Normal Tissue Effects of Radiation


The extent, nature, and likelihood of radiation-related normal tissue effects depend on the tissue, the dose, and the volume irradiated as well as patient factors. Surgery, chemotherapy, and other treatments may worsen the normal tissue effects of radiation. An understanding of the complex relationships between dose, volume, and normal tissue effects is critical in radiation therapy treatment planning.


Tissues and cells that have a rapid turnover rate (e.g., bone marrow stem cells, skin, hair follicles, gastrointestinal epithelium) tend to exhibit side effects during or soon after a course of fractionated radiation therapy and are referred to as acutely responding tissues. Examples of acute radiation reactions include diarrhea caused by pelvic irradiation, oral mucositis caused by irradiation of the head and neck, and hair loss, which can occur in any irradiated area. The renewal rate of acutely responding tissues typically limits the rate at which radiation therapy can be safely delivered to 900 to 1000 cGy/wk. Most acute side effects resolve within weeks of the completion of a course of radiation therapy.


Tissues that are more slowly proliferating are referred to as late-responding tissues and tend to manifest side effects weeks or months after radiation therapy. These effects may reflect direct damage to parenchymal cells or damage to vascular stroma, and the dose-response relationship varies according to the tissue irradiated and other factors. Table 4-1 presents some of the conclusions of a 1991 task force10 charged with summarizing relevant data concerning the effect of ionizing radiation on normal tissues. A more detailed update was subsequently published in 2010.11 The duration of a course of radiation therapy has little impact on the incidence of late complications, but the dose per fraction has a major impact. In general, radiation schedules that involve fractional doses of 2 Gy or less permit maximal recovery of sublethal damage to normal tissues. For this reason and because acute side effects usually limit the weekly dose of radiation to no more than approximately 10 Gy, radiation therapy is most commonly delivered with a schedule of 1.8 to 2 Gy per fraction, five times per week. Most tumors repair cellular damage less effectively than late-responding normal tissues; as a result, the differential effect on tumor versus normal tissues is increased when a dose of radiation is fractionated. This is referred to as the fractionation effect.




Table 4-1 Approximate Dose/Volume/Outcome Data for Several Organs after Conventionally Fractionated Radiation Therapy
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Under certain circumstances, alternate fractionation schedules may be used to reduce the overall duration of a course of radiation therapy. Hypofractionation, the use of daily fractional doses of more than 2 Gy per fraction, is routinely used for palliative radiation therapy to optimize convenience, cost, and the rapidity of symptom relief. Common schedules used for palliation include 30 Gy in 10 fractions, 20 Gy in 5 fractions, and in some cases, 8 to 10 Gy in a single dose of radiation. Recently, the development of highly conforming radiation technique has led investigators to explore the value of hypofractionated radiation therapy for curative radiation therapy in certain situations. This approach is most effective if adjacent critical structures receive a significantly lower dose and dose per fraction than the target. Accurate target delineation, precise patient positioning, and clear understanding of internal target motion are critical to successful treatment. Stereotactic body radiation therapy is a form of ultra-hypofractionated radiation therapy in which very large daily doses of radiation are delivered with great precision under image guidance. In contrast, hyperfractionation is the delivery of small doses of radiation two or more times daily (usually with a minimum interfraction interval of 5-6 hr). This approach is most useful when repopulation is considered to be an important factor in tumor curability but proximate late-reacting normal tissues prohibit the use of hypofractionation.


Normal tissues can be categorized as “serial” or “parallel” according to the influence of their structure on radiation tolerance. Serial structures, such as spinal cord, small bowel, and ureter, may fail when even a small portion of the organ is irradiated to a high dose. In contrast, parallel structures, such as liver, kidney, and lung, can sustain very high doses to partial volumes but are less tolerant of moderate whole organ doses.









Therapeutic Gain


The goal of radiation therapy is to sterilize tumor with the fewest possible side effects. The difference between the rate of tumor control and the rate of normal tissue complications is referred to as the therapeutic gain or therapeutic ratio (Figure 4-1). The probabilities of tumor control and late normal tissue effects can generally be described by two sigmoid dose-response relationships. Below a threshold dose, the probability of tumor control is very low; it then rises steeply to a dose above which little additional benefit can be achieved by further increases in dose. The shape and slope of the curve are related to the type and size of the tumor and other factors including the use of concurrent systemic treatments. The likelihood of complication-free tumor control is determined by the separation between the tumor control and the late effects dose-response curves. The most successful treatment strategies are those that maximize the separation between these curves. Strategies that combine surgery or chemotherapy with radiation in a way that shifts the tumor control dose-response curve to the left without a commensurate shift in the complication curve probability increase the likelihood of a good result. Conversely, multidisciplinary treatments that increase the risk of complications without significant improvement in the probability of tumor control should be avoided.
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Figure 4-1 The difference between the rate of tumor control and the rate of normal tissue complications is referred to as the therapeutic gain or therapeutic ratio.











Surgery and Radiation Therapy


In many cases, the close proximity of critical structures prohibits delivery of a dose of radiation sufficient to eradicate gross disease. In other cases, surgical resection leaves microscopic disease that could lead to future recurrence. In cases such as these, judicious combinations of surgical resection and radiation therapy may significantly improve local control and survival and preserve organ function. Postoperative radiation therapy is often used to prevent local recurrence after gross total resection.12,13 In some cases, preoperative radiation therapy is used to “downstage” tumor, improve local control, or enable the surgeon to use organ-sparing operations. This approach has been particularly effective in the treatment of rectal cancers.14 However, unnecessary multimodality treatment can increase complications, and poorly chosen surgical procedures can, in some cases, compromise the ability to deliver curative radiation therapy.


The information gained from surgery can also help guide planning of radiation therapy. Operative findings frequently provide critical information about local and regional disease extent that can guide the radiation oncologist in target volume definition. However, optimal combined-modality treatment requires careful communication between surgeon and radiation oncologist, preferably before any treatment has been initiated.









Chemotherapy and Radiation Therapy


During the past several decades, randomized trials have demonstrated the benefit of combining radiation therapy and chemotherapy in the curative treatment of many cancers. A number of cytotoxic agents have been demonstrated to potentiate the toxic effects of radiation when given concurrently with a course of radiation therapy. Drugs that have proved to be particularly effective radiation sensitizers include cisplatin, 5-fluorouracil, and mitomycin-C. Concurrent chemoradiation schedules are most effective if the dose-limiting toxic effects of the drugs differ from those of radiation and if the sensitizing effect on the tumor is greater than that on normal tissues.


Concurrent or sequential combinations of drugs and radiation may also improve cure through spatial cooperation. For example, chemotherapy may be used to sterilize minimal microscopic disease in distant sites while radiation is used to treat areas of gross or high-risk microscopic local and regional disease. The use of neoadjuvant chemotherapy before radiation therapy has been explored in a number of settings. Unfortunately, when neoadjuvant chemotherapy followed by radiation therapy has been tested in clinical trials, impressive chemotherapy responses have rarely translated into significant improvements in survival. Large meta-analyses of outcome in patients with head and neck or cervical cancers suggest much smaller benefits with this approach than with concurrent chemoradiation.2,15 However, neoadjuvant chemotherapy has been used effectively in patients with breast cancer and continues to be explored in other settings.16


Adjuvant chemotherapy is also used after local treatment to control metastatic disease in a number of disease sites.









Radiation Techniques






External Beam Radiation Therapy






Photons


Most modern external beam radiation treatments are delivered using linear accelerators that generate high-energy (6-20 MV) photon beams by bombarding a target (usually tungsten) with accelerated electrons. Photons in this energy range interact with tissues primarily through the mechanism referred to as Compton scatter; absorption is independent of atomic number but is related to the density of the absorbing material. The number of scattered electrons and ionizations increases as the photons penetrate the surface, resulting in a relative sparing of superficial tissues referred to as skin sparing.


The photon source is located in the head of a gantry that rotates around the treatment table (Figure 4-2). Collimators in the treatment head govern the radiation field size and rotation; a secondary, electronically controlled, multileaved collimator or blocks inserted between the internal collimator and the patient are used to shape the field to the irregular contours of a treatment target volume. The energy of the beam, the distance from the source to the patient, the depth of the target, and the density of intervening tissue also determine the doses delivered to the targets and normal tissues. The depth of penetration and the amount of skin sparing are correlated with the energy of the photons.
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Figure 4-2 The photon source is located in the head of a gantry that rotates around the treatment table.











Electrons and Protons


Several types of particle beams have also been used in radiation therapy. By far the most common are electron beams. Most modern linear accelerators are equipped to produce electron beams of several energies in addition to photon beams. The absorbed dose from an electron beam is relatively homogeneous to a certain depth and then falls rapidly to nearly zero; the depth of penetration is related to the energy of the electrons and typically ranges from approximately 2 to 6 cm for electron energies between 6 MV and 18 MV, respectively. Electrons are used primarily to treat targets on or just below the skin surface.


Protons are positively charged particles that deposit most of their energy at a tissue depth determined by the energy of the protons. The rapid deposition of energy is referred to as a Bragg peak. For most clinical applications, the proton energy is modulated to spread out the peak, creating a dose distribution characterized by a relatively low entrance dose, homogeneous dose within the target, and very little exit dose. Although proton beams have been studied in a small number of facilities for several decades, there has been a dramatic increase in interest in proton therapy and in the number of facilities providing this therapy as the cost of proton accelerators has declined somewhat during the past 5 or 6 years. The tumors that have so far been of greatest interest are prostate, skull base, ocular, and pediatric tumors.17 However, there are as yet no randomized trials comparing proton therapy with more conventional treatments. Proton therapy continues to be a very expensive, highly complex technology that requires highly skilled physics and technical support. The best applications for proton beam therapy are still to be determined.18









Other Particles


Several other types of particle beams, including neutrons, carbon ions, and pi-mesons, have been explored for their clinical potential but currently are not in common use.19









Treatment Planning


Before the early to mid 2000s, nearly all external beam radiation therapy was “forward-planned.” In other words, the radiation oncologist drew shaped fields on orthogonal plain x-rays, using bony landmarks as a guide (Figure 4-3). These x-ray films were produced using a “simulator” that mimicked the specifications of a treatment accelerator but had a diagnostic-energy beam in the rotating head. Using the radiation oncologist’s fields and a template of the patient’s external contour, the radiation dosimetrist calculated the length of time the machine needed to be on to deliver the appropriate dose. Techniques and field designs were tailored on the basis of findings on diagnostic imaging studies but were often relatively standard, based on years of feedback from studies of patterns of disease recurrence. Whenever possible, multiple-field techniques were used to minimize the volume of uninvolved tissue treated to a high dose (Figure 4-4). However, treatment fields that were designed without direct visualization of soft tissue structures were necessarily relatively simple and collateral treatment of uninvolved structures was often substantial.
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Figure 4-3 Radiation treatment fields may be drawn on x-ray films of the treatment area or on digitally reconstructed radiographs generated from a planning CT scan (A). Port films taken during treatment using the treatment beam are evaluated periodically to confirm accurate placement of the field (B).
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Figure 4-4 Top panels: Multiple-field techniques can be used to minimize the volume of uninvolved tissue treated to a high dose. Bottom panels: Intensity modulated radiation therapy can generate plans that conform even more closely to the target volume, sparing adjacent critical structures.




Since the mid 1990s, computed tomography (CT)–based treatment planning has gradually become standard. CT-based planning makes it easier for the radiation oncologist to design treatment fields that conform more closely to the soft tissue structures that form most clinical target volumes.


Initially, with CT-based treatment planning, treatments were still forward-planned, although the radiation dose distributions were increasingly calculated in three dimensions with corrections for the tissue heterogeneities revealed in planning CTs.


More recently, modern technology has made it possible to take treatment planning one step further with the increasing use of “inverse planning” to design radiation treatment plans. With this approach, the radiation oncologist does not define treatment fields per se but rather designates target volumes and structures that are carefully contoured on a planning CT scan. Complex computer algorithms then design treatment plans that deliver the desired dose to the target volumes while minimizing the collateral dose to critical structures. The resulting plans are usually far more complex than could be conceived with a forward-planned approach, typically consisting of six to nine modulated treatment fields (e.g., intensity-modulated radiation therapy) or modulated rotational treatments (e.g., tomotherapy). Fields are modulated through the dynamic use of multileaf collimators.


These modern approaches can produce highly conforming treatment plans that often permit greater dose to targets or greater protection of normal structures than is possible with simpler techniques. However, the opportunity for error is also greater with these very complex treatments. The demands upon the radiation oncologist to understand normal anatomy and to correctly transmit the findings of diagnostic studies to contoured target volumes are much greater than with forward-planned techniques. Incorrectly defined target volumes lead to underdosage of the target, risking unnecessary tumor recurrences. Patient positioning and an understanding of internal organ motion also become more important when these very highly conforming treatments are used. In addition, because treatments are entirely dependent on accurate computer control of the treatment machine, meticulous quality assurance methods are required to ensure that treatments are being delivered as prescribed.












Brachytherapy


Brachytherapy refers to treatments that involve placement of radiation sources directly in or adjacent to the area to be treated. Brachytherapy that involves placement of sources directly into the tissues, usually via needles, is termed interstitial therapy. Treatment that involves placement of sources in a body cavity (e.g., uterus, bronchus, or esophagus) is termed intracavitary therapy. The use of sources placed in a surface applicator to treat superficial targets is termed mold therapy.


Because the dose of radiation in tissue declines in proportion to the square of the distance from the source of radiation, brachytherapy doses tend to fall off very rapidly, providing excellent opportunities for sparing of adjacent tissues. Also, because brachytherapy sources usually move with the target in which they are inserted, the uncertainties caused by internal organ motion and patient motion are less of a problem than with external beam irradiation. Brachytherapy doses may be delivered at a continuous rate over several days (low dose-rate irradiation), in short fractionated doses (high dose-rate), or in periodic pulses over hours or days (pulsed dose-rate).


Typical applications for intracavitary brachytherapy are treatment of intact cervical cancer and endobronchial therapy for lung cancer. One of the most frequent applications for interstitial brachytherapy is treatment of prostate cancer. Interstitial brachytherapy is also used to treat head and neck cancers, gynecologic cancers, sarcomas, and other tumors.


A number of different isotopes have been used in brachytherapy (Table 4-2). Radium (half-life 1620 yr) was once the primary isotope used for brachytherapy but has, for the most part, been abandoned in favor of safer isotopes with shorter half-lives. Iridium-192 has a half-life of 74 days and is used for most high dose-rate and pulsed dose-rate brachytherapy. As radium was phased out, cesium-137 became the primary source used for gynecologic treatments, but it is becoming difficult to obtain; as a result, many radiation oncologists are turning to iridium-based alternatives for treatment of gynecologic cancers. Iodine-125 and palladium-103 are frequently used for brachytherapy for prostate cancer.




Table 4-2 Sources Commonly Used in Sealed-Source Brachytherapy
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Role of Imaging in Radiation Therapy


The effectiveness of radiation therapy is heavily dependent on the quality, accuracy, and interpretation of the images that form the basis of most treatment plans and that document the accuracy of radiation delivery. Nearly all radiation treatments are planned directly using CT scans that are obtained in the treatment position. To improve the accuracy of transferred information, planning CT scans may be digitally fused with magnetic resonance imaging, positron-emission tomography/CT, or other tomographic imaging studies obtained in the course of the patient’s diagnostic evaluation. Once a plan has been finalized, the actual treatment delivery is also guided by periodic imaging. At a minimum, the accuracy of treatment is documented with weekly portal images taken with the treatment beam. However, daily image guidance with kilovoltage imaging, ultrasonography, or even CT is increasingly being used to improve the accuracy of daily setup for intensity-modulated radiation therapy, proton therapy, and other tightly conforming treatments.


As a result, close, effective communication between radiation oncologist and diagnostic imager has never been more critical than it is today. Even small misunderstandings about the location or significance of radiographic abnormalities can result in serious errors in treatment design. Diagnostic imagers greatly assist their radiation oncology colleagues by providing specific information about the location, size, and relevance of abnormal findings. Communication can be improved by specifying the series and slice number corresponding to the best views of each finding. Additional anatomic information about the laterality, vertebral level, and proximity to easily identifiable structures often helps the radiation oncologist to accurately transfer diagnostic imaging information to treatment planning studies. Radiation oncologists also often depend on their imaging colleagues’ suggestions for ways of obtaining the most accurate depiction of disease. However, in very difficult cases, no amount of written communication can replace direct discussion between the imager and the radiation oncologist through tumor boards, face-to-face reviews, or telephone discussions while both the radiation oncologist and the diagnostic imager review the patient’s images. In this context, radiation oncologists have a responsibility to ask for help and to confirm that their understanding of images and reports is accurate.


Radiation oncologists can also provide their imaging colleagues with important information to assist in accurate posttreatment diagnoses. In particular, the differential diagnosis of posttreatment abnormalities in bowel, lung, bone, and other structures can often be narrowed if the imager understands whether these structures were included in previous radiation fields. Close communication can also help the imager, radiation oncologist, and other members of the multidisciplinary team determine whether recurrences are inside, outside, or marginal to radiation therapy treatment fields. This has important implications with respect to whether the patient can be treated with additional radiation therapy and also provides radiation oncologists with important information about the reasons for treatment failure, helping to improve treatment for future patients.
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Chapter 5 Assessing Response to Therapy
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Introduction


This chapter is intended to illustrate evolving strategies in the use of imaging to assess response to therapy. Both anatomic Response Evaluation Criteria In Solid Tumors (RECIST) 1.1 and functional PET Response Evaluation Criteria In Solid Tumors (PERCIST) 1.0 imaging response criteria are discussed.


Cancer continues to be a major health problem as one in four deaths in the United States is due to cancer. However, we continue to see incremental improvements over time with the relative 5-year survival rate for cancer in the United States at 68%, up from 50% in the mid 1970s. Cancer death rates fell 21.0% among men and 12.3% among women during the 1991 to 2006 period in the United States. The American Cancer Society estimates that the cancer incidence decreased 1.3%/yr among men from 2000 to 2006 and 0.5%/yr from 1998 to 2006 among women. This decline is attributed mainly to falling smoking rates, improved cancer treatments, and earlier detection of cancer.1


Oncologic imaging is recognized as an integral part of the management of cancer patients. Continued improvement in survival and the introduction of novel and multimodality therapies demand greater contributions from imaging to assess the presence of tumor, its extent, and response to therapy.


The improved understanding of the basic mechanisms of tumor biology, immunology, carcinogenesis, and genetics provides a rich foundation for translating these findings into enhancing efforts to reduce the impact of cancer. Some of these areas include the understanding of inherited or acquired genetic mutations or malfunctions; elucidating the molecular pathways of cell proliferation; acknowledging the effects of immune response and vascular proliferation; plus more effective clinical cancer detection including magnetic resonance imaging (MRI), computed tomography (CT), and molecular imaging techniques paired with gene screening arrays to identify molecular abnormalities in individual patient’s cancer cells.


The challenges to imaging are continuously evolving as novel personalized therapies and multimodality regimens are developed. However, the scientific limitations and economic realities burden us with the need to provide proof of principle, of which imaging is an integral part of the daily care and the design of various clinical trials to treat cancer patients.


The ability of imaging to provide indices to response such as tumor size, perfusion, and more recently, functional imaging makes it a standard component of clinical practice and assessment of novel therapies. This central role is best exemplified by the multidisciplinary approach to the management of cancer patients. The integration of surgery, pathology, imaging, medical oncology, radiation oncology, and medical physics to cancer patient care attests to the complex nature of the disease and the need to bring together the expertise of a group in lieu of the traditional models on which singular patient-physician relationships are developed followed by subspecialist referrals.


The traditional subspecialty designations in diagnostic imaging have and continue to be anatomic regions—for example, neuroradiology (head and/or neck), thoracic (chest), body (abdomen/pelvis), and others. However, cancer imaging demands expertise not only of specific anatomic areas but also in other modalities such as ultrasound (US), MRI, CT, x-ray plain films, and nuclear medicine, including positron-emission tomography (PET)/CT. This multimodality ability is now supported by the ready availability of images via picture archiving and communication system (PACS) and electronic medical records and, when necessary, ready access to other imaging specialists because it may be difficult to manage expertise in so many modalities. Easier access to referring physicians for consultation is also aided by fast communications via smartphones, the web, or the traditional page and phone system. Finally, the availability and use of voice-recognition systems and web access allows rapid turnaround of report results to both referring physicians and patients themselves. The transparency of these imaging reports should remind us all to avoid causing unnecessary anxiety in the proper use of language that is accurate and concise and hopefully answers the clinical question being posed.


For both the individual patient and clinical trial patients, close communication between the interpreting doctor and the referring physician is necessary for deciding the most appropriate imaging technique to use and when to perform a follow-up study to assess response. Appropriate care in planning the imaging component of clinical trials is essential, which may include proper imaging techniques, analysis, reporting, image transfer, and designing forms that may need to be filled out for these studies. Ideally, these imaging modalities and measurements are identical in both individual and trial patients, which may make clinical imaging research easier to perform or even to incorporate an individual patient into a clinical trial. Such planning will avoid added costs of repeat imaging or the need to go back and reanalyze images. Many of these imaging strategies could be made easier by accreditation of the imaging facility by the ACR (American College of Radiology) because it will ensure that the imaging equipment and qualifications of staff and physicians are registered, which then makes it easier to participate in clinical imaging trials such as ACRIN (American College of Radiology Imaging Network). Ensuring the high quality of imaging benefits primarily our patients but also allows easy participation in clinical research, which is the foundation of continuing improvement in our various specialties.









General Imaging Strategies








Key Points







• Multidisciplinary approach to cancer care will require multimodality, subspecialty imaging.


• Novel therapies will require improved imaging indices to assess extent of disease and response.


• Multimodality imaging expertise and rapid communication between physicians and reporting are a must.


• Integration of imaging into clinical trial planning and accreditation is encouraged.















Why do We Need to Monitor Tumor Response?


The need for monitoring response became apparent in the early days of chemotherapy, particularly for conducting clinical comparative trials for various experimental chemotherapeutic agents in multiple cancer types. The typical development pathway for cancer therapeutic drugs is an evolution from phase I to phase II and to phase III clinical trials. In phase I trials, toxicity of the agent is assessed to determine what dose is appropriate for subsequent trials. In phase II trials, evidence of antitumor activity is obtained. Phase II trials can be done in several ways. One design is to examine tumor response rate versus a historical control population treated with an established drug. New drugs with a low response rate are typically not moved forward to advanced clinical testing under such a design. In such trials, tumor response has traditionally been determined with anatomic imaging techniques. An alternative approach is to use a larger sample size and have a randomized phase II trial, in which the new treatment is given in one treatment arm and compared with a standard treatment. Once drug activity is shown in phase II, phase III trials are then performed. Phase III trials are larger and usually have a control arm treated with a standard therapy. Therefore, imaging is expected to have a major role not only in the individual patient care but in designing clinical trials to select which therapies should be advanced to progressively larger trials and become standard of care.






History of an Evolving Imaging-based Response Assessment


An early study to assess response was done by Moertel and Hanley,2 in which 16 experienced oncologists were asked to measure 12 simulated tumors, placed underneath foam, using their clinical methods, which entailed physical examination with a ruler or caliper. Although seemingly crude, this was an appropriate simulation of the clinical setting in which a physician will palpate a tumor and then estimate its size before and after administering the treatment. This paper suggested that a 50% reduction in the perpendicular diameters of the tumors done at approximately 2 months is an acceptable objective response rate. This 50% reduction in bidimensional measurement of a single lesion was adopted in the World Health Organization (WHO) guidelines in 1979. Miller3 and coworkers recommended that a partial response be identified if there is a 50% reduction in the bidimensional measure of tumor area or, if multiple tumors are present, the sum of the product of the diameters. This study also described unidimensional measurements for “measurable” disease, bone metastases, and criteria for “nonmeasurable” disease. Tumor volume estimates were based on conventional radiography techniques by measuring the two longest perpendicular diameters and their product. Although widely used, obvious shortcomings of the WHO guidelines were the clinical foundation of the criteria without accounting for the improvements in imaging to determine tumor volumes. Tumors are rarely round or symmetrical, thus making these measurements difficult to implement, particularly by using a ruler or calipers. The lack of distinction between a complete versus a partial response in 50% to 90% decrease in tumor volume was an obvious flaw.


The European Organization of Research and Treatment of Cancer (EORTC) and the National Cancer Institute (NCI) of the United States and Canada set up a study group (RECIST)4 to standardize assessment criteria in cancer treatment trials. The objective was to simplify and standardize the methods to assess tumor response by more precisely defining tumor targets with proposed guidelines on imaging methods. Revisions on complete response, partial response, stable disease, and progressive disease were done. Unidimensional measurements were established for lesions of 2 cm or larger for CT, MRI, plain film, and physical examination and 1 cm or larger for spiral CT scan. The sum of the unidimensional tumor measurements was used for evaluation of response, which may decrease the sources of error.


RECIST criteria were adopted by multiple investigators, cooperative groups, and industry and government entities in assessing the treatment outcomes. However, a number of questions and issues have arisen that have led to the development of revised RECIST 1.1 guidelines.









RECIST 1.1: The Current Standard


The major changes of RECIST 1.1 include the number of lesions required to assess tumor burden for response determination has been reduced to a maximum of five total (and two per organ, maximum). Assessments of pathologic lymph nodes with a short axis of 15 mm are considered measurable and assessable as target lesions. The short-axis measurement should be included in the sum of lesions in calculation of tumor response. Nodes that shrink to less than 10 mm on the short axis are considered normal. Confirmation of response is required for trials with response primary endpoint but is no longer required in randomized studies because the control arm serves as appropriate means of interpretation of data. Disease progression is clarified in several aspects: in addition to the previous definition of progression in target disease of 20% increase in sum, a 5-mm absolute increase is now required as well to guard against overcalling progressive disease when the total sum is very small. Furthermore, guidance is offered on what constitutes “unequivocal progression” of nonmeasurable/nontarget disease, a source of confusion in the original RECIST guidelines. Finally, a section on detection of new lesions, including the interpretation of 2-[18F] fluoro-2-deoxy-D-glucose (FDG)–PET scan assessment, is included. Finally, the revised RECIST 1.1 includes a new imaging appendix with updated recommendations on the optimal anatomical assessment of lesions.5


The RECIST Working Group, in developing RECIST 1.1 concluded that, at present, there is not sufficient standardization or evidence to abandon unidimensional anatomic (vs. volumetric) assessment of tumor burden. The only exception to this is in the use of FDG-PET imaging as an adjunct to determination of progression.


Although these anatomic criteria have been evolving to affect better response criteria, the RECIST criteria and now, quite likely, the RECIST 1.1 criteria are or will be used in virtually every clinical trial of new solid tumor therapeutics, because response is essentially always measured. Regulatory agencies have accepted RECIST as the standard in response assessment for clinical trials in most countries. Familiarity with the implications of trials in which response is measured using the WHO, RECIST, and RECIST 1.1 criteria is essential because they are not identical and do not produce identical results. Table 5-1 presents RECIST 1.1 overall response criteria for both measurable and nonmeasurable lesions.


Table 5-1 RECIST 1.1 Target Lesions Response Criteria






	Objective response

	RECIST 1.1 target lesions* change in sum of LDs, maximum of two per organ up to five total.






	Complete response

	



Disappearance of all target lesions, confirmed at ≥ 4 wk.


Reduction in short axis of target lymph nodes to < 10 mm.












	Partial response

	Decrease in target LD sum ≥ 30%, confirmed at 4 wk.






	Progressive disease

	



Increase in target LD sum ≥20%.


Overall ≥ 5-mm increase in target LD sum.


New, malignant FDG uptake in the absence of other indications of progressive disease or an anatomically pre-existing lesion and confirmed on contemporaneous or follow-up CT.












	Stable disease

	Does not meet other criteria.







CT, computed tomography; FDG, fluoro-2-deoxy-D-glucose; LD, lesion diameter; RECIST, Response Evaluation Criteria in Solid Tumors.


* Measurable lesion, unidimensional (LD only: size with conventional techniques ≥ 20 mm, with spiral CT ≥ 10 mm; nodes: target short axis ± 15 mm, nontarget 10- to 15-mm nodes, normal < 10 mm). Nonmeasurable: all other lesions, including small lesions; evaluable is not recommended.


From Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evaluation criteria in solid tumours: revised RECIST guideline (version 1.1). Eur J Cancer. 2009;45:228-247.












Highlighting Sources of Errors in Response Evaluation






Possible Problems Related to Image Acquisition


Multiple imaging modalities are utilized and are continuously updated over time, presenting differences in equipment capabilities from within a manufacturer and across competing imaging equipment makers. CT has undergone significant evolution in a short period of time and it is the most commonly used modality for therapeutic clinical trials. Image acquisition protocols vary as to body region or organ being evaluated. The proper phase of contrast has to be consistently used, as is proper windowing and ensuring that the entire tumor or organ is imaged (Figure 5-1). Breathing and cardiac motion can induce variations in tumor measurement. MRI is commonly used in certain tumor types not amenable to CT evaluation. There is a wide range of MRI acquisition techniques, which can make comparisons between studies difficult. Rigorous attention to protocol has to be enforced to prevent these problems, particularly if repeated examinations are done in the same and, worse, different machines. It is imperative that those patients who are for clinical trials or individual patients referred for response evaluation are identified and the appropriate imaging acquisition is applied. Most important for clinical trials incorporating imaging for response is the proper consultation and selection of imaging experts up front to ensure that the proper endpoints for both baseline and follow-up for response are identified; the imaging protocol be consistent; time and effort to make these measurements, forms to be filled out, and images to be transferred be properly anticipated and funded.





[image: image]

Figure 5-1 A, Importance of imaging consistency and windowing. Computed tomography (CT) of the chest shows a 1.48-cm nodule, correct window lung 2.5-mm slice thickness. B, CT of chest shows incorrect soft tissue window selection. Note how the nodule measurement is now 1.34-cm, which is smaller and wrong. C, CT of chest shows wrong soft tissue window and wrong slice thickness selection at 5 mm. Note how the nodule measures at 1.20 cm, smaller than the correct measurement in A.











Errors Due to Target Selection


There are very few well demarcated, uniform, round tumors. Most tumors are difficult to measure precisely and reproducibly. Tumors could be difficult to delineate from normal structures, including blood vessels. Intravenous contrast administration, timing of acquisition, proper phase selection, and windowing are crucial in minimizing this problem. A potential problem would be using a chest CT to measure liver lesions and, conversely, using abdominal scans to measure lung base lesions. Some tumors are difficult to measure because they are heterogenous and cystic (Figure 5-2). Complex tumor spread such as in peritoneal carcinomatosis is difficult to incorporate into measurements, but this may be used to assess for progression and/or response. Tumor involvement of organs such as the ovary present complex problems because it may be difficult to distinguish tumor from normal tissue after therapy; thus, complete response is difficult or impossible to assess. Bone metastases should not be included as measurable lesions because they would calcify and enlarge. Certain tumors such as gastrointestinal stromal tumor (GIST) could respond to therapy with cystic changes and sometimes enlargement of these cystic lesions. Pleural and peritoneal lesions may have a predominantly liquid component and could be loculated, making them difficult to measure and assess for response.





[image: image]

Figure 5-2 Selecting target lesions. The abdominal CT scan shows multiple metastases. The 17.8-cm target is correct and the 21.6-cm measurement is incorrect because it incorporates two adjacent lesions as one.











Errors in Tumor Measurement


Minimum size requirements, usually 10 mm, plus measurement of the largest cross-section of the tumor should be kept in mind. Liver lesions should be measured using the proper enhancement or even nonenhancement technique consistently. Cystic and necrotic components of tumors will evolve and may have a different response from that of the solid component of the tumor. Thus, it may be difficult to assess response in these heterogenous tumors (Figure 5-3).





[image: image]

Figure 5-3 Volumetric positron-emission tomography (PET)/CT measurement. Top left, Baseline fluoro-2-deoxy-D-glucose (FDG)–PET scan. Top right, PET/CT scan shows residual mediastinal mass with FDG uptake average standardized uptake value (SUV) of 4.8 and maximum SUV of 14.2. Bottom left, FDG-PET 3 months later shows increasing FDG uptake. Bottom right, FDG-PET/CT of increasing mass on CT and FDG uptake average SUV has increased to 5.9 and maximum SUV is measured at 5.9.











Errors Related to Nontumor Conditions


Patients may develop postobstructive pneumonia or intercurrent pulmonary infarction, or lung cancer patients may present with a significant atelectatic component, making it difficult to distinguish tumor from collapsed lung.


FDG-PET imaging has become the standard functional molecular imaging technique; it is based on the measurement of the increased glycolytic activity of tumors. Integration of FDG-PET and CT has further improved the accuracy of this modality in the diagnosis of malignancy, staging, and response evaluation.






How Is Response Determined on PET?






Qualitative Technique


FDG-PET scans for diagnosis and staging of cancer in clinical practice are typically interpreted using qualitative methods in which the distribution and intensity of 18F-FDG uptake in potential tumor foci are compared with tracer uptake in normal structures such as the blood pool, muscle, brain, and liver. This “visual” interpretation requires a great deal of clinical experience, knowledge of disease spread patterns for various tumors, and knowledge of normal variants and artifacts. The FDG-positive PET scan turning completely negative is easy to interpret, as is the identification of new lesions. Difficulties arise if there is residual activity after therapy or the new lesions may be areas of active infection.


The best implementation of the qualitative technique is in the Revised Response Criteria for Malignant Lymphoma, developed through the International Harmonization Project. Juweid and colleagues6 classified FDG-PET results into visual findings as positive or negative relative to the intensity of tumor tracer uptake, as compared with the blood pool or nearby normal structures. These dichotomized findings are for interpretation of scans at the end of standard therapy, specifying minimum times after treatment to avoid inflammatory changes. Guidance to interpretation is provided for specific areas such as the lungs, liver, and bone marrow, which can provide consistency in response evaluation but is cognizant of the limitations of FDG-PET in identifying low-grade tumors as in the marrow.


However, the difficulty still lies in the intermediate pattern or minimal residual uptake described by Mikhaeel and associates,7 in which in a study of 102 patients evaluated with FDG-PET at midtreatment for aggressive lymphoma, 19 patients had scans with minimal residual uptake and had an estimated 5-year progression-free survival of 59.3%, closer to the 88.8% for the PET-negative group (n = 50) than to the 16.2% for the PET-positive group (n = 52).


Hicks and MacManus and coworkers8,9 have used the visual qualitative analysis criteria to predict outcomes at the end of therapy for non–small cell lung cancer with excellent risk stratification capability between FDG-positive and FDG-negative scans. Hicks10 has argued for qualitative assessments and has emphasized that a reduction in tissue FDG retention, however it is measured and at whatever time after treatment it is recorded, is more likely to be associated with both a pathologic response and improved survival than is a lack of change.


There are, however, surprisingly little data on the reproducibility of qualitative readings of PET for diagnosis or for treatment response. This points out the weakness of this technique that is hindering its wider application in clinical trials.









Quantitative Technique


PET is inherently a quantitative imaging technique and the measurement of treatment-induced changes is an attractive tool for assessing early response to therapy (before anatomic changes are seen).11


There are numerous quantitative techniques developed, but the nonlinear regression (NLR) of the full compartment model is theoretically the most accurate quantitative measure of glucose metabolic rate. It may be the best but is also the most technically demanding because it would require dynamic imaging for 60 minutes (imaging over the area of interest) during tracer injection, multiple blood samples to measure whole blood, plasma FDG concentration (in a well counter), as well as an arterial input function from either the images or arterial blood samples. The Amsterdam Group has done an illustrative study in 20 women with advance breast cancer and compared the NLR with 10 simplified quantitative techniques. They noted that the Patlak, Simplified Kinetic Method, and the standardized uptake value (SUV) normalized for lean body mass and blood glucose were the most promising alternatives to the NLR technique.12


The SUV is a widely used metric for assessing tissue accumulation of tracers defined as the ratio of radioactivity in tissue per milliliter (in mCi/mL) divided by the decay corrected activity injected to the patient (in mCi/body weight in g). The body weight is the parameter most commonly used, but body surface area (BSA), standardized uptake value corrected for lean body mass (SUL), and others may also be employed.13 BSA and SUL are less dependent on body habitus across populations than is SUV based on total body mass. The determination of SUV is dependent on identical patient preparation and adequate scan quality that is similar between the baseline and the follow-up studies. Absolute and rigorous standardization of the protocol for PET is required to achieve reproducible SUVs. Differences between image reconstruction parameters and imaging pediatric patients can also result in significant SUV changes. Ramos and colleagues14 demonstrated that the use of different reconstruction methods such as iterative reconstruction and segmented attenuation correction (IRSAC) seem to give more accurate SUVs than are obtained from conventional filtered backprojection images. Yeung and associates15 demonstrated that SUV calculations on the basis of BSA is a more uniform parameter than SUV based on body weight in pediatric patients and is probably most appropriate in the follow-up of these patients. It is important to remember that significant differences occur in SUV measurements between dedicated PET scans and PET/CT scans. More recently, FDG-PET/CT studies are being acquired in conjunction with intravenous contrast, which can alter SUVs. It is worth noting that studies have shown no significant difference in the diagnostic accuracy of scan interpretation when readers are blinded to the reconstruction method using CT with or without intravenous contrast.16 Recent software reconstruction enhancements have allowed the FDG-PET/CT scans to be less susceptible to the effects of orally administered contrast or the presence of prosthetic devices.17 Motion-correction techniques such as average CT have been proposed to allow correction for both pulmonary and cardiac motion.18 These SUV changes appear magnified at the lung bases, where obviously, the motion is largest. These motion-correction techniques not only allow more accurate SUV measurement but also improve PET and CT tumor matching, which may facilitate interpretation. These are applicable not only to lung lesions but also in esophageal cancers and lesions involving the upper abdominal organs such as the liver, adrenals, and spleen.19 These motion-correction techniques have had applications in radiotherapy planning particularly for tumor volume delineation in thoracic tumors.20


Standardization has been well summarized in guidelines set by the Society of Nuclear Medicine (SNM) and the European Association of Nuclear Medicine (EANM) for FDG-PET/CT imaging in oncology. This is a concerted effort to standardize imaging performance, including quality assurance/quality control procedures in an effort to allow improved consistency of imaging and interpretation, and more importantly, allow improved quantification of response using SUVs.21,22


The PERCIST 1.0 was drafted by Wahl and coworkers23 as a framework that may be useful for consideration in clinical trials or individual patients. An important premise offered by PERCIST is that cancer response assessed by PET is a continuous and time-dependent variable. An important concept is that a reduction in FDG uptake in tumor is expected to decline after effective therapy; hence, the change from baseline and the time it was obtained are important. RECIST confines us to four bins (CR [complete response], PR [partial response], SD [stable disease], and PD [progressive disease]) in a dynamic continuous process of response assessment.


PERCIST mandates standardized imaging as outlined by Shankar and colleagues24 on the recommendations of the NCI for the performance of FDG-PET scans for clinical trials. This would require standard FDG doses (±20%), uptake time (50-70 min), patient preparation (fasting 4-6 hr), fasting blood sugar (FBS) less than 200 mg/dL, uniform image acquisition, and reconstruction parameters.


Wahl and coworkers23 suggest that early after treatment (i.e., after one cycle, just before the next cycle) may be a reasonable time for monitoring response to determine whether the tumor shows no primary resistance to the treatment. This was supported by multiple studies, one on ovarian cancer, showing that 60% to 70% of the total SUV decline occurs after just one cycle of effective treatment.25 Performing the PET scan at the end of treatment can provide evidence that resistance to therapy was present during treatment. End-of-therapy PET scans are most commonly performed as restaging examinations to determine whether additional treatment should be performed.26


PERCIST requires that SUV measurements be corrected for lean body mass (SUL), and normal background activity is determined in the right lobe of the liver with a 3-cm-diameter spherical region of interest. If the liver is involved by tumor, then blood pool activity in the descending aorta is an alternate background site.


The number of lesions to assess is no more than five lesions, similar to the RECIST 1.1. For PERCIST 1.0, it is suggested that only the percentage difference in SUL between the tumor with the most intense SUL on study 1 and the tumor with the most intense SUL on study 2 should be used as a classifier for response. Given the uncertainty about the best metric, it is suggested that SUL peak data be determined and summed before and after treatment for up to the five hottest lesions and that the ratio of the sums before and after treatment be compared as a secondary analysis. Obvious progression of any tumor (e.g., >30% increase) or new lesions would negate a partial response.


For the PERCIST 1.0 version, a complete metabolic response assessment should be done visually, which would be complete resolution of FDG uptake in the target lesion, less than the mean liver activity, and indistinguishable from surrounding blood pool activity.


Partial metabolic response (PMR) would be a reduction of a minimum of 30% in target measurable tumor FDG SUL peak. Measurement is commonly in the same lesion as baseline but can be another lesion if that lesion was previously present and is the most active lesion after treatment. Reduction in extent of tumor FDG uptake is not a requirement for PMR. The percentage decline in SUL should be recorded, as well as the time in weeks after treatment was begun and no new lesions are seen.


Progressive metabolic disease (PMD) requires a 30% increase in FDG SUL peak, with greater than 0.8 SUL unit increase in tumor SUV peak from baseline scan. This may be documented with a visible increase in extent of FDG tumor uptake or new FDG-avid lesions that are typical of cancer and not related to treatment effect or infection. PMD other than new visceral lesions should be confirmed on follow-up study within 1 month unless PMD also is clearly associated with progressive disease by RECIST 1.1. Additional clarification on the nuances of assessing progression could be found in the article and a summary of the categories of response is presented in Table 5-2.


Table 5-2 PERCIST 1.0 Response Criteria






	CATEGORY OF RESPONSE

	PERCIST 1.0






	Complete metabolic response

	



Normalization of all lesions (target and nontarget) to SUL less than mean liver SUL and equal to normal surrounding tissue SUL.


Verification with follow-up study in 1 mo if anatomic criteria indicate disease progression.












	Partial metabolic response

	



>30% decrease in SUL peak; minimum 0.8-unit decrease.


Verification with follow-up study if anatomic criteria indicate disease progression.












	Progressive metabolic disease

	



>30% increase in SUL peak; minimum 0.8-unit increase in SUL peak.


>75% increase in TLG of the five most active lesions.


Visible increase in extent of FDG uptake.


New lesions.


Verification with follow-up study if anatomic criteria indicate complete or partial response.












	Stable metabolic disease

	Does not meet other criteria.







FDG, fluoro-2-deoxy-D-glucose; PERCIST, PET Response Evaluation Criteria in Solid Tumors; SUL, standardized uptake value corrected for lean body mass; TLG, tumor lesion glycolysis.


Bone metastases are a common manifestation of advanced disease and can be detected by plain films, bone scanning, CT, MRI, and FDG-PET. RECIST 1.1 currently considers bone metastases with soft tissue masses greater than 10 mm to be measurable disease. The University of Texas M. D. Anderson Cancer Center criteria (MDA criteria) were developed specifically for bone metastases and can be used to assess response (Table 5-3). The MDA criteria divide response into four standard categories (CR, PR, PD, and SD) and include quantitative and qualitative assessments of the behavior of bone metastases (Table 5-4). A recent review by Costelloe and associates27 shows that the MDA criteria in some studies better differentiate responders from nonresponders after chemotherapy. The MDA criteria can also show correlation with progression-free survival in breast cancer patients. MDA bone response criteria more closely reflect the behavior of bone metastases on radiography and CT and can be used as guidelines for the interpretation of these studies whether or not a patient is enrolled in a therapeutic trial (Figure 5-4).


Table 5-3 RECIST 1.1 Nontarget Lesion Response Criteria






	Objective response

	RECIST 1.1 nontarget lesions






	Complete response

	Disappearance of all nontarget lesions and normalization of tumor markers, confirmed at ≥ 4 wk.






	Nonprogressive disease

	Persistence of one or more nontarget lesions or tumor markers above normal limits.






	Progressive disease

	



Unequivocal progression of nontarget lesions or appearance of new lesion


New “positive PET” scan with confirmed anatomic progression.*













PD, progressive disease; PET, positron-emission tomography; RECIST, Response Evaluation Criteria in Solid Tumors.


* Stably positive PET is not PD if it corresponds to anatomic non-PD.


From Costelloe CM, Chuang HH, Madewell JE, Ueno NT. Cancer response criteria and bone metastases: RECIST 1.1, MDA and PERCIST. J Cancer. 2010;1:80-92.


Table 5-4 M. D. Anderson Response Criteria for Bone Metastases






	CATEGORY OF RESPONSE

	M. D. ANDERSON CRITERIA FOR BONE METASTASES






	Complete response

	



Complete sclerotic fill-in of lytic lesions on x-ray or CT.


Normalization of bone density on x-ray or CT.


Normalization of signal intensity on MRI.


Normalization of tracer uptake on SS.












	Partial response

	



Development of a sclerotic rim or partial sclerotic fill-in of lytic lesions on x-ray or CT.


Osteoblastic flare: Interval visualization of lesions with sclerotic rims or new sclerotic lesions in the setting of other signs of PR and absence of progressive bony disease.


≥50% decrease in measurable lesions on x-ray, CT, or MRI.


≥50% subjective decrease in the size of ill-defined lesions on x-ray, CT, or MRI.


≥50% subjective decrease in tracer uptake on SS.












	Progressive disease

	



≥25% increase in size of measurable lesions on x-ray, CT, or MRI.


≥25% subjective increase in the size of ill-defined lesions on x-ray, CT, or MRI


≥25% subjective increase in tracer uptake on SS.


New bone metastases.












	Stable disease

	



No change.


<25% increase or < 50% decrease in size of measurable lesions.


<25% subjective increase or < 50% subjective decrease in size of ill-defined lesions.


No new bone metastases.













CT, computed tomography; MRI, magnetic resonance imaging; PR, partial response; SS, skeletal scintigraphy.


From Costelloe CM, Chuang HH, Madewell JE, Ueno NT. Cancer response criteria and bone metastases: RECIST 1.1, MDA and PERCIST. J Cancer. 2010;1:80-92.
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Figure 5-4 Metabolic response according to the PET Response Evaluation Criteria in Solid Tumors (PERCIST) criteria in the absence of anatomic response. A, The CT portion of an FDG-PET/CT scan in a patient with lung cancer demonstrates a lytic metastasis in the left femoral head. B, The CT from a PET/CT scan 2 months later demonstrates no anatomic change. C and D, The standardized uptake value corrected for lean body mass (SUL) peak (average SUL in a 1-cm3 region of interest centered at the most active part of each tumor) changes from 19.8 (C) to 12.9 (D), representing a 35% decrease that satisfies the minimal requirements for partial response (>30%) according to PERCIST). Assessment of tumor metabolism allowed therapeutic response to be measured in the absence of any other indication of change.


From Costelloe CM, Chuang HH, Madewell JE, Ueno NT. Cancer response criteria and bone metastases: RECIST 1.1, MDA and PERCIST. J Cancer. 2010;1:80-92.





Beyond these upcoming indices discussed which are essentially CT and FDG-PET parameters, multiple new techniques including a range of functional magnetic resonance imaging (fMRI) techniques, CT perfusion, novel PET/SPECT (single-photon emission computed tomography) tracers, and microbubble ultrasonography are being developed. These multiple parameters may be selectively incorporated in the future as standards in evaluating response to therapy.28





Key Points







• RECIST 1.1 criteria will be adopted by multiple investigators, cooperative groups, and industry and government entities in assessing treatment outcomes.


• PERCIST 1.0 is a proposed plan to use FDG-PET in assessing treatment response and may be adopted and incorporated into clinical trials.


• Familiarity and use of RECIST and PERCIST criteria will allow participation in clinical trials and application of similar guidelines may improve individual patient care.
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Introduction


Lung cancer is a common malignancy, and imaging is used in these patients to determine anatomic extent of disease and the appropriate therapeutic management. Specifically, imaging has an integral part in the detection, diagnosis, and staging of the disease as well as in assessing response to therapy and monitoring for tumor recurrence after treatment. Typically, imaging with computed tomography (CT) is an important component in the clinical management of patients with lung malignancy. Positron-emission tomography (PET) using 18F-2-deoxy-D-glucose (FDG), a D-glucose analogue labeled with fluorine-18, complements conventional radiologic assessment in the evaluation of patients’ lung cancer and is routinely used to improve the detection of nodal and extrathoracic metastases. This chapter reviews the two major histologic categories of lung cancer—non–small cell lung carcinoma (NSCLC) and small cell lung carcinoma (SCLC)—and emphasizes the appropriate use of CT, magnetic resonance imaging (MRI), and PET imaging in patient management.









Epidemiology and Risk Factors


The American Cancer Society (ACS) estimates that 221,130 new cases of lung cancer will be diagnosed in the United States in the year 2011 (ACS www.cancer.org). Although the number of new cases in men has decreased from a high of 102 per 100,000 in 1984 to 71.8 in 2007, the incidence in women has continued to increase since the 1960s. However, the rate of increase in women is now approaching a plateau with 50.2 per 100,000 new cases in 2004. The annual mortality rate in men has decreased since the mid 1990s by approximately 2% annually, whereas the rate in women, after continuously increasing for several decades, has been stable since 2003. Nevertheless, lung cancer remains the leading cause of cancer-related deaths in both men and women in the United States, and the ACS estimates that it will account for 27% of all cancer deaths in the year 2011.


The strongest risk factor for the development of lung cancer is cigarette smoking; it is estimated that 85% to 90% of lung cancers in men and 80% in women are attributable to smoking.1 Involuntary smoke exposure is also associated with an increased risk of lung cancer, and a meta-analysis comprising 22 studies showed a 24% increase in lung cancer risk among workers exposed to environmental tobacco smoke.2 Environmental and occupational exposure to particulate and chemical substances are additional risk factors, and exposure to the naturally occurring radioactive gas radon is the most important lung cancer risk factor after cigarette smoking.1,3 Asbestos exposure is a risk factor for lung cancer; up to 33% of lung cancers that occur in smokers exposed to asbestos may be the result of the synergistic effect of the two carcinogens.4,5 Although the risk of lung cancer due to occupational exposure to asbestos depends on the duration, concentration, and fiber type, the increased risk may be largely limited to those with radiologic evidence of asbestosis or to cigarette smokers.


Additional risk factors for development of lung cancer include exposure to ionizing radiation, arsenic, chloromethyl ethers, chromium, isopropyl oil, mustard gas, nickel, beryllium, lead, copper, chloroprene, and vinyl chloride.6,7 Finally, genetic susceptibility to lung cancer may be an important risk factor. A number of different gene mutations are common in lung cancer and there is a strong association between KRAS mutations in adenocarcinoma and smoking.8 In addition, mutations of the epidermal growth factor receptor (EGFR) gene appears to have a strong association with adenocarcinoma, particularly bronchioloalveolar cell carcinoma subtype.9,10 Furthermore, although multigenic factors influence carcinogen metabolism, a region on chromosome 6q increases the risk for lung cancer, particularly in never and light smokers and there is compelling evidence that a locus at 15q25 predisposes to lung cancer.11









Pathology


Lung cancer is divided by the World Health Organization (WHO) Classification into two major histologic categories: non–small cell lung carcinoma (NSCLC) and small cell lung carcinoma (SCLC) (Table 6-1).12 NSCLC is subdivided into histologic types (squamous cell carcinoma [SCC], adenocarcinoma, and large cell carcinoma) according to the most differentiated portion of the tumor. In addition, some NSCLCs have immunohistochemical and/or ultrastructural features of neuroendocrine differentiation and are collectively referred to as NSCLC with neuroendocrine differentiation.12 These malignancies are distinguished from the neuroendocrine tumors of lung (typical carcinoid, atypical carcinoid, large cell neuroendocrine carcinoma, and SCLC) by the absence on microscopy of organoid nesting, rosette formation, peripheral palisading of tumor nests, and trabeculae and on immunohistochemistry by nonreactivity with neuroendocrine markers.13


Table 6-1 Histologic Classification of Lung Cancer






	Squamous Cell Carcinoma






	Variants: papillary, clear cell, small cell, basaloid






	Adenocarcinoma






	Adenocarcinoma, mixed subtype
Acinar adenocarcinoma






	Papillary adenocarcinoma






	Bronchioloalveolar carcinoma






	



Nonmucinous


Mucinous


Mixed nonmucinous and mucinous or indeterminate












	Solid Adenocarcinoma with Mucin Production






	Variants: fetal, clear cell, signet-ring, colloid






	Large Cell Carcinoma






	Variants: large cell neuroendocrine, basaloid, lymphoepithelioma-like, clear cell, large cell with rhabdoid phenotype






	Adenosquamous Carcinoma






	Small Cell Carcinoma






	Variant: combined small cell carcinoma







Modified from Travis WD, Brambilla E, Muller-Hermelink HK, Harris CC. Pathology and Genetics: Tumours of the Lung, Pleura, Thymus and Heart. Lyon, France: IARC; 2004.






Squamous Cell Carcinoma


SCCs constitute approximately 30% of all lung cancers.14 They typically occur as a central endobronchial mass and frequently manifest as postobstructive pneumonia or atelectasis (Figure 6-1).15 Approximately one third of SCCs occur beyond the segmental bronchi and usually range in size from 1 to 10 cm.16 SCCs are more likely to cavitate than the other histologic cell types of lung cancer (Figure 6-2).16 Histologically, SCC grows in nests within a desmoplastic stroma and the tumor cells demonstrate keratinization, intercellular bridge formation, and squamous pearls.
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Figure 6-1 A 62-year-old man with squamous cell lung cancer manifesting as a central endobronchial mass. A, Posteroanterior chest radiograph shows complete atelectasis of the middle and right lower lobes. Convexity in the atelectatic lung (arrow) is the result of a central mass. B, Computed tomography (CT) scan confirms an endobronchial mass (asterisk) that occludes the bronchus intermedius and causes complete atelectasis of the middle and lower lobes distal to the mass (arrowheads).







[image: image]

Figure 6-2 A 52-year-old man with squamous cell carcinoma (SCC) manifesting as a large cavitary mass. CT scan shows a large irregular cavitary mass in the right upper lobe. Note cavitation is more common with SCCs than the other histologic subtypes of lung cancer.











Adenocarcinoma


Adenocarcinomas are the most frequent histologic type and constitute approximately 50% of all lung cancers.14 Adenocarcinoma commonly manifests as a peripheral, solitary pulmonary nodule with irregular or spiculated margins as a result of parenchymal invasion and associated fibrotic response. The nodules are usually of soft tissue attenuation and cavitation is rare (Figure 6-3).16 However, adenocarcinomas manifesting as purely ground-glass or solid or mixed (ground-glass and solid) attenuation are being detected with increasing frequency (Figures 6-4 and 6-5). Histologically, lung adenocarcinoma is classified according to the 2011 International Association for the Study of Lung Cancer (IASLC)/American Thoracic Society (ATS)/European Respiratory Society (ERS) classification.17 This new classification strategy is based on a multidisciplinary approach to the diagnosis of lung adenocarcinoma that incorporates clinical, molecular, radiologic, and surgical issues, but it is primarily based on histology. This new classification provides a uniform terminology and diagnostic criteria, especially for tumors formerly known as bronchioloalveolar carcinoma (BAC), as well as an approach to small biopsy specimens. For resection specimens, the new classification comprises preinvasive lesions (adenocarcinoma in situ [AIS] < 3 cm, solitary, pure lepidic growth, formerly bronchioloalveolar cell carcinoma), minimally invasive adenocarcinoma (MIA) < 3 cm with predominant lepidic growth and ≤ 5 mm invasion, invasive adenocarcinomas and variants of invasive adenocarcinoma. AIS and MIA are usually nonmucinous but rarely may be mucinous. Invasive adenocarcinomas are classified by predominant pattern: lepidic, acinar, papillary, micropapillary, and solid patterns. Variants include invasive mucinous adenocarcinoma (formerly mucinous BAC), colloid, fetal, and enteric adenocarcinoma. This classification provides guidance for small biopsies and cytology specimens, as approximately 70% of lung cancers are diagnosed in such samples.
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Figure 6-3 A 59-year-old woman with adenocarcinoma manifesting as small peripheral pulmonary nodule. CT scan shows a spiculated nodule in the right upper lobe. The spiculated margin is typical of lung cancer.
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Figure 6-4 A 78-year-old man with adenocarcinoma manifesting as a pulmonary nodule with ground-glass attenuation. CT scan shows a poorly marginated ground-glass opacity in the left upper lobe (arrow). Note that these malignancies are typically indolent.
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Figure 6-5 A 76-year-old woman with adenocarcinoma manifesting as a pulmonary nodule with mixed ground-glass and solid attenuation. CT scan shows a poorly marginated ground-glass opacity containing a focal solid component in the left upper lobe. The likelihood of invasive adenocarcinoma is high with mixed and solid opacities.




A histologic classification has also been proposed by Noguchi and coworkers,18 whereby small (≤2 cm) peripheral adenocarcinomas are classified into six types based on tumor growth patterns: type A, localized BACs that grow by replacement of alveolar lining cells, with minimal or mild thickening of the alveolar septa and fibrotic foci are absent; type B, localized BAC similar to type A except fibrotic foci due to alveolar collapse are present in the tumor; type C, localized BAC with replacement growth pattern and foci of active proliferating fibroblasts; type D, poorly differentiated adenocarcinomas that have a solid growth pattern with only minor components of papillary and tubular patterns of growth; type E, tubular adenocarcinoma is a specific type of adenocarcinoma that is derived from bronchial gland cells and consists of acinar, tubular, and cribriform structures; type F, papillary adenocarcinomas show papillary growth that is expansive and destructive (i.e., do not grow by replacing the alveolar lining cells).18 The soft tissue attenuation component tends to be absent or less than a third of the opacity with type A and greater in extent (more than two thirds) in types D to F.19 Thin-section CT has been reported to be useful in differentiating type C from types A and B.20 The likelihood of invasive adenocarcinoma and more advanced stage of lung cancer has been reported to be higher with mixed and solid opacities.21









Large Cell Carcinoma


Large cell carcinomas constitute 10% to 20% of all lung cancers.1,14 Most are peripheral, poorly marginated masses greater than 7 cm in diameter.15,16 Histologically, they are defined as undifferentiated tumors that lack the cytologic features of SCCs and have no glandular differentiation. The cells are usually relatively large and contain abundant cytoplasm and vesicular chromatin and occasional nucleoli.









Small Cell Lung Cancer


SCLCs constitute 15% to 20% of all lung cancers.1,15 The primary tumor is typically small and often central in location, and extensive hilar and mediastinal adenopathy is common (Figure 6-6).15 Rarely, SCLC manifests as a small, peripheral, solitary pulmonary nodule. SCLC is a neuroendocrine tumor with 10 mitoses/2 mm2 that manifests histologically as sheets of small, oval to slightly spindle-shaped cells with scant cytoplasm and hyperchromatic nuclei with small to absent nucleoli.
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Figure 6-6 A 52-year-old man with small cell lung cancer (SCLC) manifesting as a small lung nodule and extensive mediastinal adenopathy. CT scan shows a small lung nodule (arrow) and mediastinal adenopathy that compresses and narrows the left brachiocephalic vein and superior vena cava (arrowheads).







Key Points Pathology







• Two major histologic categories are NSCLC and SCLC.


• NSCLC is subdivided into SCC, adenocarcinoma, and large cell carcinoma.


• Adenocarcinoma is the most common histologic subtype and is classified as AIS, MIA, invasive adenocarcinoma and variants of invasive adenocarcinoma.


• Noguchi and coworkers’ classification applies to small peripheral adenocarcinomas and is based on tumor growth patterns.


















Clinical Manifestations


At presentation, most patients are in their fifth and sixth decades and are symptomatic. Symptoms are variable and depend on the local effects of the primary mass, the presence of regional or distant metastases, and the coexistence of paraneoplastic syndromes. Central endobronchial carcinomas can manifest as cough, hemoptysis, and dyspnea. Symptoms that can occur as a result of local growth and invasion of adjacent nerves, vessels, and mediastinal structures include superior vena cava syndrome (Figure 6-7), chest pain due to peribronchial nerve or chest wall involvement, vocal cord paralysis and hoarseness, dyspnea due to diaphragmatic paralysis (Figure 6-8), and Horner’s syndrome (ptosis, miosis, anhidrosis due to sympathetic chain, and stellate ganglion involvement by superior sulcus tumors).
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Figure 6-7 A 57-year-old man with non–small-cell lung cancer (NSCLC) presenting with superior vena cava syndrome (dyspnea, upper extremity and facial swelling). CT scan shows extensive, multicompartmental adenopathy and obstruction of the superior vena cava (arrowheads).
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Figure 6-8 A 61-year-old woman with NSCLC presenting with hoarseness and dyspnea. A, Posteroanterior chest radiograph shows a left perihilar mass and opacities more peripherally in the left upper lobe due to obstructive atelectasis/consolidation. Note elevation of the left hemidiaphragm due to paralysis as a result of phrenic nerve invasion. B, CT scan reveals mediastinal invasion with extension of the mass into the aortopulmonary window (the anatomic location of the recurrent laryngeal nerve).




Many patients present with symptoms related to extrathoracic metastases, most commonly bone pain or central nervous system abnormalities. Clinical signs and symptoms can also be caused by tumor excretion of a bioactive substance or hormone or as a result of immune-mediated neural tissue destruction caused by antibody- or cell-mediated immune responses. These paraneoplastic syndromes occur in 10% to 20% of lung cancer patients and are usually associated with SCLC.22,23 Antidiuretic and adrenocorticotropin hormones are the more frequently excreted hormones and can result in hyponatremia and serum hypo-osmolarity and in Cushing’s syndrome (central obesity, hypertension, glucose intolerance, plethora, and hirsutism), respectively.22 Other hormones that can be elevated are calcitonin; growth hormone; and human chorionic gonadotropin, prolactin, and serotonin.


Neurologic paraneoplastic syndromes (Lambert-Eaton myasthenic syndrome, paraneoplastic cerebellar degeneration, paraneoplastic encephalomyelitis, and paraneoplastic sensory neuropathy) are rare and are usually associated with SCLC. The neurologic symptoms typically precede the diagnosis of lung cancer by up to 2 years, are incapacitating, and progress rapidly, although improvement can occur after treatment.24,25 Miscellaneous paraneoplastic syndromes associated with lung cancer include acanthosis nigricans, dermatomyositis, disseminated intravascular coagulation, and hypertrophic pulmonary osteoarthropathy.









Patterns of Tumor Spread


Lung cancers usually invade the pulmonary arterial and venous systems and, less commonly, the bronchial arteries. Hematogenously disseminated metastases to the lung, pleura, adrenals, liver, brain, and bones are common (Figure 6-9). There is evidence that dissemination of cells or fragments of tumor from the primary malignancy occurs at an early stage of the malignancy. Tumor emboli or micrometastasis in bone marrow and circulating cancer cells in blood have been detected in localized NSCLC.26 However, the clinical relevance of this minimal hematogenous tumor cell dissemination is controversial. Nonetheless, these shed cells may represent true micrometastasis because they are an independent prognostic factor for overall survival.27 The pathogenesis of metastatic disease once tumor emboli have disseminated is complex and multifactorial. Although there is considerable variation among tumors, there is a relationship of the incidence of hematogenously disseminated metastases and the cell type of the lung cancer. In this regard, SCCs tend to grow slowly and remain localized to the lung; hematogenous dissemination of extrathoracic metastases usually occurs late.16 Because adenocarcinomas are histologically a very diverse group of malignancies, there is variability in their propensity for hematogenous dissemination. Generally, the likelihood of early hematogenous dissemination of metastases is high with poorly differentiated, invasive adenocarcinomas (Noguchi types D, E, and F) and low with localized and indolent adenocarcinomas (Noguchi types A, B, and C).21,28 Large cell carcinoma and small cell carcinoma have a high propensity for early vascular invasion, and hematogenous dissemination of distant metastases to liver, bone marrow, adrenals, and brain is common.
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Figure 6-9 A 55-year-old man with NSCLC and hematogenously disseminated lung metastases. Chest CT scan shows the primary malignancy in the right upper lobe (M) and numerous small discrete nodules in both lungs (arrowheads). Note that sharp margination and variability in size are typical of hematogenous dissemination.




Similar to hematogenous dissemination, lymphatic dissemination is broadly related to tumor location and tumor cell type. There is a greater frequency of nodal metastasis in patients with central cancers than in those with peripheral tumors, and lymphatic dissemination of metastasis tends to occur late in patients with SCCs and early and frequently in patients with invasive adenocarcinomas, large cell carcinomas, and SCLCs.29 In addition, besides a higher prevalence of mediastinal nodal metastases in these malignancies compared with SCC, there is a much higher frequency of mediastinal metastases without lobar or hilar involvement reported in adenocarcinomas.29,30 In this regard, the mediastinal nodes are typically not involved with metastasis in patients with SCCs unless the lobar and/or hilar nodes are involved.29 It has been reported that anatomic lymphatic pathways can explain the likely pattern of spread of mediastinal nodal metastases based on the lobar location of the primary tumor.29,30 For instance, there is a high likelihood of involvement of the right paratracheal and aorticopulmonary nodes in right and left upper lobe malignancies, respectively. However, the unreliability of predicting the location of these lymphatically disseminated metastases requires extensive invasive sampling in most patients with potentially resectable NSCLCs.


Lymphatic dissemination of tumor emboli in the lungs, more frequently seen with adenocarcinomas, is termed lymphangitic carcinomatosis (Figure 6-10). Lymphangitic carcinomatosis is preceded by hematogenous dissemination of metastases. After hematogenous dissemination of metastasis in the lung parenchyma, tumor growth remains localized to the perivascular interstitium with subsequent growth toward the hilum or periphery of the lung along pulmonary lymphatics in the perivenous and bronchoarterial interstitium and interlobular septa. Typically, this mechanism of dissemination affects the lymphatics and surrounding interstitium of the bronchovascular bundles, interlobular septa, and pleura and is not accompanied by hilar or mediastinal nodal metastases. A less common mechanism for the development of lymphangitic carcinomatosis is retrograde spread of tumor within the lymphatics of the lung secondary to involvement of mediastinal and hilar nodes.
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Figure 6-10 A 66-year-old man with a right upper NSCLC (not shown) and lymphangitic carcinomatosis. Chest CT scan shows thickening of the interlobular septa and peribronchovascular interstitium and visualization of the polygonal shape of the secondary pulmonary lobules.




Lastly, to account for the multifocality of BAC, dissemination by aerolization has been proposed. In this regard, the origin of BAC may be either monoclonal (with multifocality due to dissemination by aerosolization, intrapulmonary lymphatics, and intra-alveolar growth) or polyclonal (with multifocality due to de novo tumor growth at multiple sites) (Figure 6-11).





[image: image]

Figure 6-11 A 39-year-old woman with bronchioloalveolar cell carcinoma of the lung. A, Chest CT scan shows a poorly marginated cavitary mass with mixed solid and ground-glass attenuation. Note adjacent diffuse and nodular ground-glass opacities, consistent with multifocal malignancy. The patient underwent lower lobe resection confirming multifocal bronchioloalveolar cell malignancy. B, Chest CT scan 6 years after A shows interval development of multifocal discrete and ground-glass nodular opacities in the left upper lobe and a focal ground-glass nodular opacity in the right upper lobe (arrow), consistent with bronchioloalveolar malignancy. Note that dissemination of malignancy may be by aerosolization, intrapulmonary lymphatics, and intra-alveolar growth or due to de novo tumor growth at multiple sites.







Key Points Patterns of tumor spread







• Dissemination of cancer cells from the primary malignancy occurs early and tumor emboli are common and are a prognostic factor for overall survival.


• Incidence of hematogenously disseminated metastases is related to cell type.


• Hematogenous dissemination occurs late with SCC.


• Hematogenous dissemination is high with invasive adenocarcinoma, large cell carcinoma, and small cell carcinoma and low with localized/indolent adenocarcinoma.


• Lymphatic dissemination of metastasis occurs late with SCC and early and frequently in patients with invasive adenocarcinoma, large cell carcinoma, and SCLC.


• Lymphatic pathways explaining the likely pattern of spread of mediastinal nodal metastases based on the lobar location of the primary tumor are unreliable.


















Imaging Evaluation






Non–Small Cell Lung Cancer Staging


The treatment and prognosis of patients with NSCLC depends on staging: the determination of the anatomic extent of disease at initial presentation. The tumor-node-metastasis (TNM) descriptors and stage-grouping revisions proposed by the International Association for the Study of Lung Cancer (IASLC) Lung Cancer Staging Project have been accepted and forthwith patients will be staged according to the seventh edition of the American Joint Committee on Cancer (AJCC) TNM staging system.31-33






Primary Tumor (T Status)


The T status defines the size, location, and extent of the primary tumor (Table 6-2 and Figure 6-12). There are numerous changes to the T descriptor in the seventh edition of the TNM classification of lung cancer that are based on differences in survival: (1) T1 is now subclassified as T1a (≤2 cm) or T1b (>2 to ≤3-cm); (2) T2 is now subclassified as T2a (>3 to ≤5 cm or T2 by other factors and ≤5 cm) or T2b (>5 to ≤7 cm); (3) T2 tumors greater than 7 cm are reclassified as T3; (4) T4 tumors by additional nodule(s) in the lung (primary lobe) are reclassified as T3; (5) M1 by additional nodule(s) in the ipsilateral lung (different lobe) is reclassified as T4; and (6) T4 pleural dissemination (malignant pleural effusions and pleural nodules) is reclassified as M1.31


Table 6-2 Definitions for Tumor-Node-Metastasis Descriptors






	STAGE

	DEFINITION






	T

	Primary Tumor






	TX

	Primary tumor cannot be assessed, or tumor proven by the presence of malignant cells in sputum or bronchial washings but not visualized by imaging or bronchoscopy






	T0

	No evidence of primary tumor






	Tis

	Carcinoma in situ






	T1

	Tumor 3 cm or less in greatest dimension, surrounded by lung or visceral pleura, without bronchoscopic evidence of invasion more proximal than the lobar bronchus (i.e., not in the main bronchus)






	T1a

	Tumor 2 cm or less in greatest dimension*







	T1b

	Tumor more than 2 cm but not more than 3 cm in greatest dimension






	T2

	Tumor more than 3 cm but not more than 7 cm, or tumor with any of the following features†:



• Involves main bronchus, 2 cm or more distal to the carina


• Invades visceral pleura


• Associated with atelectasis or obstructive pneumonitis that extends to the hilar region but does not involve the entire lung












	T2a

	Tumor more than 3 cm but not more than 5 cm in greatest dimension






	T2b

	Tumor more than 5 cm but not more than 7 cm in greatest dimension






	T3

	Tumor more than 7 cm or one that directly invades any of the following: chest wall (including superior sulcus tumors), diaphragm, phrenic nerve, mediastinal pleura, parietal pericardium; or tumor in the main bronchus less than 2 cm distal to the carina* but without involvement of the carina; or associated atelectasis or obstructive pneumonitis of the entire lung or separate tumor nodule(s) in the same lobe as the primary






	T4

	Tumor of any size that invades any of the following: mediastinum, heart, great vessels, trachea, recurrent laryngeal nerve, esophagus, vertebral body, carina; separate tumor nodule(s) in a different ipsilateral lobe to that of the primary






	 

	 






	N

	Regional Lymph Nodes






	NX
N0
N1



N2
N3

	Regional lymph nodes cannot be assessed
No regional lymph node metastasis
Metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes and intrapulmonary nodes, including involvement by direct extension
Metastasis in ipsilateral mediastinal and/or subcarinal lymph node(s)
Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicular lymph node(s)






	M

	Distant Metastasis






	M0
M1
M1a
M1b

	No distant metastasis
Distant metastasis
Separate tumor nodule(s) in a contralateral lobe; tumor with pleural nodules or malignant pleural or pericardial effusion‡
Distant metastasis







* The uncommon superficial spreading tumor of any size with its invasive component limited to the bronchial wall, which may extend proximal to the main bronchus, is also classified as T1a.


† T2 tumors with these features are classified T2a if 5 cm or less or if size cannot be determined, and T2b if greater than 5 cm but not larger than 7 cm.


‡ Most pleural (pericardial) effusions with lung cancer are due to tumor. In a few patients, however, multiple microscopic examinations of pleural (pericardial) fluid are negative for tumor, and the fluid is nonbloody and is not an exudate. Where these elements and clinical judgment dictate that the effusion is not related to the tumor, the effusion should be excluded as a staging element and the patient should be classified as M0.


Reprinted with permission courtesy of the International Association for the Study of Lung Cancer. Copyright 2009 IASLC.
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Figure 6-12 A and B, T1: Tumor ≤3 cm surrounded by lung or visceral pleura without evidence of invasion proximal to a lobar bronchus. T2: Tumor >3 to ≤7 cm or tumor with any of the following: invades visceral pleura (T2a), involves main bronchus >2 cm distal to the carina (T2b), or atelectasis/obstructive pneumonia but not involving the entire lung (T2). T3: Tumor >7 cm or tumor of any size invading the chest wall, including superior sulcus tumors, diaphragm and mediastinal pleura, parietal pericardium or tumor <2 cm from the carina or atelectasis/obstructive pneumonia involving the entire lung (not shown) or separate tumor nodule(s) in same lobe as the primary. T4: Tumor of any size with invasion of the mediastinum, trachea, heart, great vessels, esophagus, carina, vertebra, or separate tumor nodule(s) in a different ipsilateral lobe than the primary.




The International Staging System for Lung Cancer combines the T descriptors with the N and M descriptors into subsets or stages that have similar treatment options and prognosis (Table 6-3). However, it is important to realize that, although a T4 descriptor generally precludes resection, patients with cardiac, tracheal, and vertebral body invasion are designated in the seventh edition staging system as being potentially resectable (stage IIIa) in the absence of N2 and/or N3 disease.




Table 6-3 Stage Grouping: Tumor-Node-Metastasis Subsets
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Regional Lymph Nodes (N Status)


The presence and location of nodal metastasis are of major importance in determining management and prognosis in patients with NSCLC. To enable a consistent and standardized description of N status, nodal stations are defined by the American Thoracic Society in relation to anatomic structures or boundaries that can be identified before and during thoracotomy (Table 6-4; see also Table 6-2). The N descriptors in the seventh edition of the TNM classification of lung cancer have been maintained because there were no significant survival differences in analysis by station.32 However, lymph node stations will be grouped together in six zones within the current N1 and N2 patient subsets for further evaluation. Zones are defined as peripheral (stations 12, 13, and 14) or hila (stations 10 and 11) for N1 and upper mediastinal (stations 1, 2, 3, and 4), lower mediastinal (stations 8 and 9), aortopulmonary (stations 5 and 6), and subcarinal (station 7) for N2 nodes.32


Table 6-4 Regional Lymph Node Stations for Lung Cancer Staging
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	Low Cervical, Supraclavicular, and Sternal Notch Nodes (Left/Right)






	



Upper border: lower margin of cricoid cartilage


Lower border: clavicles bilaterally and, in the midline, the upper border of the manubrium, 1R designates right-sided nodes and 1L designates left-sided nodes in this region.


#L1 and #R1 limited by the midline of the trachea.












	Upper Paratracheal Nodes (Left/Right)






	



2R: Upper border: apex of the right lung and pleural space and, in the midline, the upper border of the manubrium


Lower border: intersection of caudal margin of innominate vein with the trachea


2L: Upper border: apex of the left lung and pleural space and, in the midline, the upper border of the manubrium


Lower border: superior border of the aortic arch


As for #4, in #2, the oncologic midline is along the left lateral border of the trachea.












	Prevascular and Retrotracheal Nodes






	



Prevascular (Right)


Upper border: apex of chest


Lower border: level of carina


Anterior border: posterior aspect of sternum


Posterior border: anterior border of superior vena cava


Prevascular (Left)


Upper border: apex of chest


Lower border: level of carina


Anterior border: posterior aspect of sternum


Posterior border: left carotid artery












	



Retrotracheal


Upper border: apex of chest


Lower border: carina












	Lower Paratracheal Nodes (Left/Right)






	



Right: includes right paratracheal nodes, and pretracheal nodes extending to the left lateral border of trachea


Upper border: intersection of caudal margin of innominate vein with the trachea


Lower border: lower border of azygos vein


Left: includes nodes to the left of the left lateral border of the trachea, medial to the ligamentum arteriosum


Upper border: upper margin of the aortic arch


Lower border: upper rim of the left main pulmonary artery












	Subaortic (Aortopulmonary Window)






	



Subaortic lymph nodes lateral to the ligamentum arteriosum


Upper border: the lower border of the aortic arch


Lower border: upper rim of the left main pulmonary artery












	Para-aortic Nodes Ascending Aorta or Phrenic






	



Lymph nodes anterior and lateral to the ascending aorta and aortic arch


Upper border: a line tangential to the upper border of the aortic arch


Lower border: the lower border of the aortic arch












	Subcarinal Nodes






	



Upper border: the carina of the trachea


Lower border: the upper border of the lower lobe bronchus on the left; the lower border of the bronchus intermedius on the right












	Paraesophageal Nodes (Below Carina) (Left/Right)






	



Nodes lying adjacent to the wall of the esophagus and to the right or left of the midline, excluding subcarinal nodes


Upper border: the upper border of the lower lobe bronchus on the left; the lower border of the bronchus intermedius on the right


Lower border: the diaphragm












	Pulmonary Ligament Nodes (Left/Right)






	



Nodes lying within the pulmonary ligament


Upper border: the inferior pulmonary vein


Lower border: the diaphragm












	Hilar Nodes (Left/Right)






	



Includes nodes immediately adjacent to the mainstem bronchus and hilar vessels including the proximal portions of the pulmonary veins and main pulmonary artery


Upper border: the lower rim of the azygos vein on the right; upper rim of the pulmonary artery on the left


Lower border: interlobar region bilaterally












	Interlobar Nodes






	



Between the origin of the lobar bronchi


*#11s: between the upper lobe bronchus and the bronchus intermedius on the right


*#11i: between the middle and the lower lobe bronchi on the right












	Lobar Nodes






	



Adjacent to the lobar bronchi












	Segmental Nodes






	



Adjacent to the segmental bronchi












	Subsegmental Nodes






	



Adjacent to the subsegmental bronchi













Reprinted and figure redrawn with permission courtesy of the International Association for the Study of Lung Cancer. Copyright 2009 IASLC.









Metastatic Disease (M status)


Patients with NSCLC commonly have metastases to the lung, adrenals, liver, brain, bones, and extrathoracic lymph nodes at presentation. There are numerous changes to the M descriptor in the seventh edition of the TNM classification of lung cancer that are based on differences in survival (see Table 6-2). The M1 descriptor is now subclassified into M1a (additional nodules in the contralateral lung) and M1b (distant metastases outside the lung and pleura).33 In addition, based on survival analysis, the current M descriptor is modified to reclassify pleural metastases (malignant pleural effusions and pleural nodules) from T4 to M1a.33












Small Cell Lung Cancer Staging


SCLC is generally staged according to the Veteran’s Administration Lung Cancer Study Group (VALG) recommendations as limited disease (LD) or extensive disease (ED).34 LD defines tumor confined to a hemithorax and the regional lymph nodes. Unlike the TNM classification for NSCLC,





Key Points Staging of non–small cell lung cancer







• Changes in TNM staging proposed by IASLC Lung Cancer Staging Project have been accepted.


• T descriptor includes changes: tumors greater than 7 cm are now reclassified as T3 (previously T2), additional nodule(s) in the lung (primary lobe) are reclassified as T3 (previously T4), additional nodule(s) in the ipsilateral lung (different lobe) are reclassified as T4 (previously M1), and malignant pleural effusions and pleural nodules are reclassified as M1 (previously T4).


• N descriptors are unchanged.


• M1 descriptor is subclassified into M1a (additional nodules in the contralateral lung) and M1b (distant metastases).








 metastases to the ipsilateral supraclavicular, contralateral supraclavicular, and mediastinal lymph nodes are considered local disease. ED includes tumor with noncontiguous metastases to the contralateral lung and distant metastases.34


The TNM staging system of the AJCC is also applicable to SCLC, but is used less frequently in clinical practice because only a small percentage of patients with SCLC present at a stage for which surgery is appropriate. Nevertheless, small published series of resected SCLC have suggested that the TNM pathologic staging correlates with the survival of resected patients. A recent analysis of the 8088 cases of SCLC in the IASLC database demonstrated the usefulness of clinical TNM staging in this malignancy.35 Accordingly, the IASLC Lung Cancer Staging Project proposes that TNM staging should be the standard for all cases of SCLC.





Key Points Staging of small cell lung cancer







• SCLC is staged as LD (confined to one hemithorax) or ED (noncontiguous metastases).


• IASLC Lung Cancer Staging Project proposes that TNM staging becomes the standard for SCLC.





















Imaging






Non–Small Cell Lung Cancer


Imaging is a major component of clinical TNM staging. However, there is currently little consensus on the imaging that should be performed for appropriate staging evaluation in patients presenting with NSCLC. Recently, the American Society of Clinical Oncology (ASCO) published evidence-based guidelines for the diagnostic evaluation of patients with NSCLC.36 In the staging of locoregional disease, these guidelines recommend that a chest radiograph and contrast-enhanced chest CT that includes the liver and adrenals should be performed. In addition, the ASCO recommendations are that whole body FDG-PET should be performed when there is no evidence of distant metastatic disease on CT.36 This recommendation is based on the fact that FDG-PET imaging improves the detection of nodal and distant metastases and frequently alters patient management.37,38


CT and MRI are often performed to more optimally assess the primary tumor because the extent of the primary tumor can determine therapeutic management (surgical resection, palliative radiotherapy, or chemotherapy). Evaluation of the primary tumor (size, location, and proximity to critical structures) is important and provides information to surgeons and radiation oncologists that can affect therapeutic management. For instance, centrally located tumors close to the spinal cord impose radiation dose-volume constraints and determination of tumor margins is important and can affect the delivery of radiotherapy. This is especially important with the increasing use of conformal radiation therapy, a technique that uses multiple radiation beams to generate dose distributions that conform tightly to target volumes. The determination of the degree of pleural, chest wall, and mediastinal invasion, as well as involvement of the central airways and pulmonary arteries, is also important not only to radiation oncologists but also to surgeons evaluating the patients for resectability. For instance, involvement of the pulmonary artery may require a pneumonectomy rather than a lobectomy in order to obtain clear surgical margins. In addition, involvement of the origin of the lobar bronchus or main bronchus may require a sleeve resection or pneumonectomy. Because patients treated by medical oncologists generally have metastatic disease and treatment is directed both at local and for systemic disease, accurate determination of tumor location and extent is only important if there is a potential risk for a significant complication such as invasion of a vascular structure that could result in significant bleeding. However, CT is important to the medical oncologists in the determination of the effectiveness of treatment to determine whether the treatment regimen should be continued or changed (see “Monitoring Tumor Response”).


CT is useful in defining the T parameters of the primary tumor, but in many patients, this assessment has limitations. For instance, CT is useful in confirming gross chest wall invasion but is inaccurate in differentiating between anatomic contiguity and subtle invasion. Determining the presence and extent of chest wall invasion is important from a surgical perspective because the surgical approach may be altered to include an en bloc resection of the primary malignancy and chest wall. Although MRI offers superior soft tissue contrast resolution to that of CT, the sensitivity and specificity in identifying chest wall invasion is not optimal. Imaging with CT or MRI is also useful in confirming gross invasion of the mediastinum, but these modalities, similar to chest wall assessment, are inaccurate in determining subtle invasion. However, MRI is particularly useful in the evaluation of cardiac invasion and assessment of superior sulcus tumors. MRI is particularly useful in the assessment of the degree of involvement of the brachial plexus, subclavian vessels, and vertebral bodies in patients with superior sulcus tumors (Figure 6-13).39,40 Importantly, absolute contraindications to surgery (invasion of the brachial plexus roots or trunks above the level of T1, invasion > 50% of a vertebral body, and invasion of the esophagus or trachea) are often accurately assessed by MRI.41,42
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Figure 6-13 A 49-year-old woman with a superior sulcus NSCLC presenting with shoulder pain and Horner’s syndrome (ptosis, miosis, and anhidrosis). A, Posteroanterior chest radiograph shows a soft tissue mass in the right lung apex. There are no findings of rib or vertebral body invasion. B, Sagittal T1-weighted magnetic resonance imaging (MRI) study shows the superior sulcus tumor (SST) extending posteriorly into the T1-2 neurovertebral foramen (arrowhead) and causing obliteration of the exiting T1 nerve root. The C7 and C8 nerve roots are preserved (arrows). Note that limited involvement of the brachial plexus does not preclude surgical resection. C, clavicle, R, first rib; *, subclavian artery.




Because surgical resection and potential use of adjuvant therapy are dependent on the patient’s N descriptor, attempts have been made to improve the accuracy of detection of nodal metastases. Importantly, ipsilateral peribronchial or hilum (N1) nodes are usually resectable, and it is the presence of mediastinal adenopathy that has a major impact on resectability. Specifically, ipsilateral mediastinal or subcarinal adenopathy (N2) may be resectable (usually after induction chemotherapy), whereas contralateral mediastinal adenopathy and scalene or supraclavicular adenopathy (N3) are unresectable. The detection of nodal metastases is also important to the radiation oncologist because incorporation of these nodes into the radiation treatment plan is important in appropriate treatment. In the imaging evaluation of nodal metastasis, size is the only criterion used to diagnose metastases, with nodes greater than 1 cm in short-axis diameter considered abnormal. However, lymph node size is not a reliable parameter for the evaluation of nodal metastatic disease in patients with NSCLC. In a meta-analysis of 3438 patients evaluating CT accuracy for staging the mediastinum, there was a pooled sensitivity of 57%, specificity of 82%, positive predictive value of 56%, and negative predictive value of 83%.43 Furthermore, Prenzel and colleagues44 reported that, in 2891 resected hilar and mediastinal nodes obtained from 256 patients with NSCLC, 77% of the 139 patients with no nodal metastases had at least one node greater than 1 cm in diameter and 12% of the 127 patients with nodal metastases had no nodes greater than 1 cm.


FDG-PET improves the accuracy of nodal staging (Figure 6-14).45,46 In a recent meta-analysis (17 studies, 833 patients) comparing PET and CT in nodal staging in patients with NSCLC, the sensitivity and specificity of FDG-PET for detecting mediastinal lymph node metastases ranged from 66% to 100% (overall 83%) and 81% to 100% (overall 92%), respectively, compared with sensitivity and specificity of CT of 20% to 81% (overall 59%) and 44% to 100% (overall 78%), respectively.45 Because of the improvements of nodal staging when PET/CT is incorporated into the imaging algorithm of those patients with potentially resectable NSCLC, the performance of PET/CT should be considered in all patients without CT findings of distant metastasis, regardless of the size of mediastinal nodes, to direct nodal sampling as well as to detect distant occult metastasis. Importantly, although FDG-PET is cost-effective for nodal staging and can reduce the likelihood that a patient with mediastinal nodal metastases (N3) that would preclude surgery will undergo attempted resection, the number of false-positive results due to infectious or inflammatory etiologies is too high to preclude invasive sampling.
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Figure 6-14 A 51-year-old man with a left lower lobe NSCLC being evaluated for surgical resection. A and B, CT scans show a left lower lobe mass and small node in the contralateral superior mediastinum (arrow in B). C, Whole body coronal positron-emission tomography (PET) scan shows focal increased 18F-2-deoxy-D-glucose (FDG) uptake in the left lower lobe mass (M) and in subcarinal and contralateral mediastinal nodes (arrows). *, normal uptake of FDG in vocal cords. D, PET/CT scan shows increased uptake of FDG in a right superior mediastinal node. Biopsy confirmed metastatic disease (N3) and the patient was treated palliatively.




The detection of metastases is important in determining whether the patient will be a candidate for surgical resection or receive palliative radiation and chemotherapy. For instance, the diagnosis of a malignant pleural effusion or pleural metastases is important in patient management because these metastases preclude surgical resection (Figure 6-15). However, the role of imaging in detecting M1 disease is not clearly defined. For instance, patients with early stage (T1, N0) NSCLC have a very low incidence of occult metastasis and extensive evaluation for metastasis in these patients is not warranted.47 However, in patients with more advanced disease, whole body FDG-PET can improve the accuracy of staging. FDG-PET has a higher sensitivity and specificity than CT in detecting metastases to the adrenals, bones, and extrathoracic lymph nodes (Figures 6-16 and 6-17). In this regard, the American College of Surgeons Oncology Trial38 reports a sensitivity, specificity, positive predictive value, and negative predictive value of 83%, 90%, 36% and 99%, respectively, for M1 disease. Whole body PET imaging stages intra- and extrathoracic disease in a single study and detects occult extrathoracic metastases in up to 24% of patients selected for curative resection.37,38,48 The incidence of detection of occult metastases has been reported to increase as the staging T and N descriptors increase, that is, 7.5% in early-stage disease to 24% in advanced disease.48 In two studies with a relatively high proportion of more advanced lung cancers considered resectable by standard clinical staging, PET imaging prevented nontherapeutic surgery in one in five patients.37,38 It is important to emphasize that, although whole body FDG-PET imaging improves the accuracy of staging, false-positive uptake of FDG can mimic distant metastases and, therefore, all focal lesions with increased FDG-uptake should be biopsied if they potentially would alter patient management.
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Figure 6-15 A 64-year-old man with primary NSCLC and a malignant pleural effusion at presentation manifesting as shortness of breath. A and B, Contrast-enhanced CT scans show a large right upper lobe mass (M) with invasion into the mediastinum, large right pleural effusion, and nodular pleural lesions consistent with metastases (arrowheads in B).
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Figure 6-16 An 83-year-old man with NSCLC of the left upper lobe. A and B, Contrast-enhanced CT scans show a left upper lobe nodule (asterisk) and a small region of focal nodularity of the right adrenal gland (arrow in B). Note emphysema and fibrosis. C, PET/CT scan shows increased uptake of FDG in the right adrenal gland (arrow), suspicious for a metastasis. Repeat CT (not shown) revealed increase in size, consistent with progression of metastatic disease.
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Figure 6-17 A 52-year-old man with NSCLC presenting with a solitary bone metastasis. A, Coronal whole body PET scan shows increased FDG uptake within the primary malignancy (M). There is focal abnormal FDG uptake (arrow) in the region of the pelvis, suspicious for a metastasis. B, accumulation of FDG in the bladder. *, renal excretion of FDG. CT (B) and PET/CT (C) scans show lytic lesion in the right iliac bone (arrow in B) with focal increased uptake of FDG. Biopsy confirmed metastatic disease and the patient was treated palliatively.








Summary of American Society of Clinical Oncology Guidelines for Evaluation of Patients with Non–Small Cell Lung Cancer36








1. A chest x-ray and contrast-enhanced CT are recommended to stage locoregional disease. The CT should include the liver and adrenals. In the absence of distant metastases on CT, FDG-PET is recommended.


2. For patients with clinically resectable disease, biopsy is recommended of mediastinal lymph nodes found on CT to be 1 cm or greater in short-axis diameter or positive on FDG-PET. A negative FDG-PET scan does not preclude biopsy of enlarged mediastinal lymph nodes.


3. A bone scan is optional in patients with evidence of bone metastases on FDG-PET, unless there are suspicious symptoms in regions not imaged by PET. In patients with resectable disease, bone lesions detected on bone scan or PET require histologic confirmation or corroboration by additional imaging studies (radiographs, CT, and/or MRI).


4. Brain CT or MRI with and without contrast material is recommended in patients with signs or symptoms of central nervous system disease, as well as asymptomatic patients with stage III disease being considered for aggressive local therapy (surgery or radiation therapy).


5. Isolated adrenal or liver mass on ultrasound, CT, or FDG-PET requires biopsy to rule out metastatic disease if the patient is otherwise considered to be potentially resectable.










Key Points Imaging of non–small cell lung cancer






What the Surgeon Needs to Know







• Size, location, and presence of locoregional invasion (T descriptor) is necessary to determine surgical resection plan.


• Degree of pleural, chest wall, and mediastinal invasion and involvement of central airways and pulmonary arteries is important in determining not only potential resectability but also surgical approach.


• Involvement of the pulmonary artery may require pneumonectomy rather than a lobectomy.


• Involvement of lobar or main bronchi may require a sleeve resection or pneumonectomy.


• Ipsilateral peribronchial/hila (N1) nodes are usually resectable.


• Ipsilateral (N2) nodes may be resectable after induction chemotherapy; contralateral or supraclavicular nodes (N3) preclude resection.


• Distant metastasis usually precludes surgical resection.












What the Medical Oncologist Needs to Know







• Treatment directed both at local and systemic disease.


• Accurate determination of tumor location and extent usually are not important.


• Imaging is important in the determination of the effectiveness of treatment.












What the Radiation Oncologist Needs to Know







• Size and location of the primary tumor and the proximity of tumor to critical structures is important where radiation tolerance imposes dose-volume constraints.


• Determination of tumor margins is important because of increasing use of techniques in which dose distributions conform tightly to target volumes.


• Detection and incorporation of nodal metastasis into the radiation treatment are required for appropriate treatment.





















Small Cell Lung Cancer


Most patients with SCLC have widely disseminated disease at presentation. Common sites of metastatic disease include the liver, bone, bone marrow, brain, and retroperitoneal lymph nodes (Figure 6-18). Although there is no consensus regarding the imaging and invasive procedures that should be performed in the staging evaluation of patients with SCLC, MRI has been advocated to assess the liver, adrenals, brain, and axial skeleton in a single study.49 Whole body PET imaging has also been reported to improve the accuracy of staging of patients with SCLC (Figure 6-19).50,51 Imaging evaluation of extrathoracic metastatic disease usually includes 99mTc-MDP (methylene diphosphate) bone scintigraphy, and MRI to detect bone metastases because these patients are often asymptomatic.34 However, because isolated bone and bone marrow metastases are uncommon, routine radiologic imaging for occult metastases is usually performed only if there are other findings of extensive disease. CT or MRI is also performed routinely to evaluate the central nervous system and abdomen because metastases are common at presentation and patients are often asymptomatic.34
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Figure 6-18 A 61-year-old man with extensive disease SCLC presenting with seizures. A, Posteroanterior chest radiograph shows a poorly marginated right lung mass (arrow). B, Chest CT scan confirms a poorly marginated right upper lobe mass and reveals confluent mediastinal adenopathy. C, Contrast-enhanced abdominal CT scan shows bilateral adrenal masses metastases (arrows) and perirenal soft tissue metastases (asterisks). D, T1-weighted contrast-enhanced axial MRI study of the brain reveals numerous small metastases (arrowheads).
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Figure 6-19 A 63-year-old man with SCLC who presented with a history of hemoptysis. A, Contrast-enhanced CT scan shows a large left lower lobe mass (arrow) surrounding the left lower lobe bronchus as well as subcarinal adenopathy (asterisk). Extensive multicompartmental mediastinal adenopathy was also present (not shown). B, Whole body coronal PET/CT scan shows increased uptake of FDG within confluent multicompartmental mediastinal nodes (asterisk) and superior paratracheal and periesophageal nodes (arrows). There are no FDG-avid extrathoracic metastases. Because the patient had limited disease (disease confined to the thorax), treatment was concurrent chemoradiation. B, accumulation of FDG in the bladder.














Treatment*







Non–Small Cell Lung Cancer


Surgical resection is the treatment of choice in patients with localized NSCLC. In those patients who are potential candidates for surgical resection, clinical and physiologic assessment should be performed to determine the patient’s ability to tolerate resection. Spirometry is a good initial test to quantify a patient’s pulmonary reserve and assess the ability to tolerate surgical resection. A postoperative forced expiratory volume in 1 second (FEV1) of less than 0.8 L or less than 35% of predicted is associated with an increased risk of perioperative complications, respiratory insufficiency, and death. Additional risk factors for lung resection include a predicted postoperative carbon monoxide diffusing capacity (DLCO) or maximum ventilatory ventilation (MVV) of less than 40%, hypercarbia (>45 mm CO2) or hypoxemia (<60 mm O2) on preoperative arterial blood gases.


Surgical resection can be curative in patients with early stage (stages I and II) NSCLC and in those who are physiologically fit, surgery alone is usually the treatment of choice (Figures 6-20 and 6-21). Unfortunately, most patients present with locally advanced (stage IIIa or IIIb) or metastatic (stage IV) disease for which surgery alone is not a therapeutic option. Locally advanced NSCLC (stages IIIa and IIIb) is composed of a heterogenous population of patients (see Table 6-3). Overall survival for this group of patients is poor because of the high risk of both locoregional and metastatic recurrence. Stage IIIa has been separated from stage IIIb because it has been believed to encompass a group of patients whose disease is resectable with a multidisciplinary approach (surgery, chemotherapy, and radiation therapy). For instance, patients with stage IIIa-N2 or T4 tumors with N0 or N1 nodes can benefit from resection.52,53 Postoperative adjuvant chemotherapy is the standard treatment for most patients with advanced NSCLC who undergo surgical resection.54 In these patients, administration of adjuvant chemotherapy improves long-term survival rates by a few percentage points.55,56 Efficacy of this adjuvant chemotherapy appears to be comparable whether it is administered before surgery (neoadjuvant chemotherapy) or postoperatively.56,57
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Figure 6-20 A 79-year-old man with NSCLC. Contrast-enhanced CT scan shows a cavitary nodule in the right upper lobe and a smaller satellite nodule (arrow). Note that, when there is an additional nodule in the same lobe as the primary tumor, the new tumor-node-metastasis (TNM) staging system designates a T3 descriptor (potentially resectable). The patient was T3 N0 on staging (stage IIb) and underwent curative surgical resection.
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Figure 6-21 A 49-year-old man with primary NSCLC presenting with chest pain. A, CT shows a large left upper lobe lung mass containing amorphous calcification. There is locoregional chest wall invasion and focal destruction of the adjacent rib (T3). B, Whole body coronal PET/CT scan shows increased FDG uptake within the primary malignancy (arrow). FDG uptake in the mediastinum is normal and there is no focal abnormal extrathoracic FDG uptake. The findings are indicative of T3 N0 M0 disease (stage IIb). Mediastinoscopy confirmed absence of nodal metastasis and the patient underwent surgical resection. *, accumulation of FDG in the bladder. C, Posteroanterior chest radiograph shows postsurgical changes after left upper lobe lobectomy and en bloc chest wall resection of the second through fourth ribs. Note small air and fluid collection in the pleural space (arrow).




Patients with tumors involving the contralateral mediastinal nodes (N3) and T4 tumors that invade the mediastinum, heart, great vessels, trachea, esophagus, or vertebral body and who have ipsilateral mediastinal (N2) nodes are better treated with chemoradiation rather than surgery. Patients with metastatic disease typically are treated with chemotherapy and are treated only surgically in the unusual circumstance of an isolated brain metastasis with a node-negative lung primary. In metastatic NSCLC, chemotherapy can improve symptoms as well as the quality of life in up to 75% of patients.58,59 In addition, chemotherapy induces an objective response in approximately 35% of patients and modestly prolongs median survival.58,60 In front-line therapy of advanced NSCLC, a second agent (e.g., paclitaxel, docetaxel, pemetrexed, gemcitabine, or vinorelbine) is generally added to a platinum (cisplatin or carboplatin).55,61 Overall, combination chemotherapy is superior to single-agent chemotherapy, and cisplatin-based regimens are somewhat superior to regimens that do not include cisplatin.62,63


Recent evidence suggests that giving maintenance therapy with single-agent pemetrexed or other agents after completion of the initial standard four to six cycles of combination chemotherapy may improve time to tumor progression and overall survival time.64,65 In terms of second-line chemotherapy, docetaxel has been shown to be superior to best supportive care, and pemetrexed is at least as effective as docetaxel in adenocarcinomas, but somewhat less toxic.64,66 The antiangiogenic agent bevacizumab also modestly prolongs survival when added to front-line chemotherapy in adenocarcinomas, but it is generally not used in SCCs because it appears to increase the risk of fatal hemorrhage in that group.67 The EGFR tyrosine kinase inhibitor (TKI) erlotinib has also been shown to be superior to placebo when used in previously pretreated NSCLC patients.68 EGFR TKIs including erlotinib and gefitinib are most effective in patients with an activating EGFR mutation (an exon 19 deletion or an exon 21 L8585R point mutation) and are less effective in patients without activating EGFR mutations.69,70 Patients who have never smoked and East Asians are more likely to have an activating mutation than are other patients, and patients with an activating mutation can have very rapid dramatic responses that in some cases can be prolonged.71 Recent studies also indicate that single-agent EGFR inhibitors are more effective than combination chemotherapy as front-line therapy for metastatic NSCLC if an EGFR-activating mutation is present.72


Radiation therapy (RT) is an important modality in the management of patients with NSCLC, and it has been estimated that approximately 45% of patients with receive RT as initial treatment.73 Stereotactic body radiotherapy (SBRT) alone is being used for curative intent in medically inoperable patients with early stage NSCLC (stage I/II). It has also been suggested that SBRT may have a role in the treatment of medically operable patients with early-stage disease. In this regard, an ongoing randomized trial of surgery versus SBRT has shown equivalent results regarding 5-year overall survival.74 Patients with stage II NSCLC are typically treated with surgery followed by adjuvant chemotherapy. However, after resection, if the patients have positive mediastinal nodes (N2) or multiple or large hilar nodes (N1) with extracapsular involvement, postoperative RT is a therapeutic option (50 Gy in 5 wk) and adjuvant cisplatin-based chemotherapy is given before or after RT. Patients with stage II that are medically inoperable receive IMRT or proton RT with or without chemotherapy. Patients with stage IIIa (microscopic N2 or < 1.5-cm nodes) are usually treated by induction chemotherapy followed by surgery and postoperative RT. In patients with multiple-level positive mediastinal nodes or nodes larger than 1.5 cm or patients with T3-4 lesions requiring pneumonectomy or surgically unresectable stage IIIb, the treatment is concurrent chemoradiotherapy. Importantly, in the inoperable patients undergoing RT with curative intent, chemotherapy given concurrently with the RT increases cure rates by a few percentage points by reducing metastatic disease and increasing the efficiency of tumor cell killing by RT.75





Key Points Therapy of non–small cell lung cancer







• Surgical resection is the treatment of choice in patients with localized NSCLC.


• Resection may be an option in patients with locally advanced (T4) disease.


• Postoperative, adjuvant chemotherapy is the standard treatment for most patients with advanced NSCLC who undergo surgical resection.


• Surgery alone is not a therapeutic option for advanced (stage IIIa or IIIb) or metastatic (stage IV) disease.


• Chemotherapy is used to treat patients with distant metastasis.


• Cisplatin-based (cisplatin or carboplatin) regimens are standard therapy.


• Combination chemotherapy is superior to single-agent chemotherapy.


• EGFR TKI has a role in previously treated NSCLC patients.


• SBRT alone is being used for curative intent in medically inoperable patients with early-stage NSCLC (stage I/II).


• Stage II patients that are medically inoperable receive intensity-modulated radiation therapy (IMRT) or proton RT with or without chemotherapy.


• Concurrent chemoradiotherapy can be used to treat patients with advanced-stage disease.















Small Cell Lung Cancer


SCLC tends to be disseminated at the time of presentation and is, therefore, not typically amenable to cure with surgical resection. However, there is a small role for surgical resection of SCLCs. Solitary peripheral pulmonary nodules without distant metastatic disease can be treated with surgical resection. In these select patients, 5-year survivals of 50% have been achieved for T1 N0, T2 N0, and completely resected N1 disease (Figure 6-22). Generally, limited-stage SCLC is usually treated by concurrent chemoradiotherapy whereas patients with extensive SCLC are treated with systemic chemotherapy. Chemotherapy is very effective at inducing tumor regression in SCLC and can cure approximately 10% of patients with limited disease (confined to one hemithorax) and RT increases the probability of cure by approximately 5% when added to chemotherapy.76 In extensive SCLC (distant metastases), median survival is only approximately 6 weeks without chemotherapy, and increases to 7 to 11 months with chemotherapy, but long-term survival is uncommon.77,78 A large majority of SCLC patients will respond to chemotherapy, with symptomatic and radiologic improvement often seen within a few days of therapy initiation.79 The standard chemotherapy choice for SCLC is the combination of cisplatin or carboplatin with the topoisomerase II inhibitor etoposide.78 Addition of the topoisomerase I inhibitor irinotecan to a platinum gives outcomes comparable with those seen with the combination of etoposide with a platinum. New targeted therapies have to date not proved useful in SCLC.80
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Figure 6-22 A 72-year-old man with SCLC. Contrast-enhanced CT scan shows a left lower nodule (asterisk) and 1- to 1.5-cm left infrahilar node (arrow). Using TNM descriptors, the patient was considered to have stage I disease and underwent surgical resection. The resected primary tumor showed visceral pleural invasion and the infrahilar nodes were negative for metastatic disease. Note bilateral posttraumatic rib fractures.







Key Points Therapy of small cell lung cancer







• Limited-stage SCLC is usually treated by concurrent chemoradiotherapy.


• Extensive-stage SCLC is usually treated with systemic chemotherapy.


• Standard chemotherapy is the combination of cisplatin or carboplatin with etoposide.


















Surveillance






Monitoring Tumor Response


The monitoring of tumor response is important in patients with NSCLC who receive chemotherapy and/or RT for the treatment of advanced disease or who receive induction chemotherapy before surgery. Evaluation of the effectiveness of this treatment is important to determine whether the treatment regimen should be continued or changed. There are uniform criteria for reporting response, recurrence, disease-free interval, and toxicity. These criteria are the WHO criteria (largely based on the longest perpendicular diameters of the tumor) and Response Evaluation Criteria In Solid Tumors (RECIST; single measurement of the largest tumor diameter).81,82 Image-based serial measurements of tumor size before and after treatment based on the recommendations of the WHO or RECIST of tumor size are commonly used in determining response.81 RECIST is now the preferred method of assessing response and requires the identification of target lesions to be followed for a response to treatment. Using RECIST, treatment response is defined as complete response (no evidence of tumor), partial response (decrease in tumor size by 30%), stable disease (no change in tumor size), and progressive disease (increase in tumor size by 20%). However, measurements of lung tumor size on CT scans are often inconsistent and can lead to an incorrect interpretation of tumor response. Interobserver variability of measurements is greater than intraobserver variability and measurement differences are greatest when the edge of the lesion is irregular or spiculated and smallest when the edge is well-defined.83 In addition, morphologic alterations detected by CT may not correlate with pathologic response and tumor viability. In this regard, FDG-PET may allow an early and sensitive assessment of the effectiveness of anticancer chemotherapy because FDG uptake is a function of proliferative activity and viable tumor. However, unlike the WHO recommendations and RECIST applied to morphologic imaging, there is no clear consensus on when PET should be performed or the most appropriate criteria for assessment of tumor response by FDG-PET. There have been comparatively few studies assessing the value of early FDG-PET in assessing tumor response while patients are still receiving therapy. However, a decrease in FDG uptake before and after one cycle of chemotherapy may predict outcome with improved survival directly related to the magnitude of decreased uptake.84,85 FDG-PET has also been shown to be of value in patients with locally advanced but potentially resectable NSCLC who have completed neoadjuvant therapy by identifying those who have had a pathologic response to treatment and may benefit from further locoregional control.86-88





Key Points Monitoring tumor response







• Monitoring response is important in patients who receive chemotherapy and/or RT.


• WHO criteria and RECIST provide uniform criteria for reporting response, recurrence, disease-free interval, and toxicity


• RECIST (single measurement of the largest tumor diameter) is the preferred method of assessing response.


• RECIST defines complete response (no evidence tumor), partial response (decrease in size by 30%), stable disease (no change), and progressive disease (increase in size by 20%).


• Morphologic alterations detected by CT may not correlate with pathologic response and tumor viability.


• FDG-PET may allow an early and sensitive assessment of the effectiveness of anticancer chemotherapy.


• A decrease in FDG uptake before and after one cycle of chemotherapy may predict outcome.


• FDG-PET may be useful in determining response patients with locally advanced but potentially resectable NSCLC who have completed neoadjuvant therapy.















Detection of Recurrence


In an attempt to prolong survival of patients with recurrent malignancy after attempted curative treatment of NSCLC, patients can be treated with repeat surgery, salvage chemotherapy, or RT.89-91 However, relying on patient symptomatology to determine persistent or local recurrence of NSCLC can delay diagnosis and compromise retreatment. Furthermore, CT or MRI is unreliable in distinguishing persistent or recurrent tumor from necrosis, posttreatment scarring, or fibrosis. FDG-PET can be useful in detecting local recurrence of tumor after definitive treatment with surgery, chemotherapy, or RT before conventional imaging (Figure 6-23).92,93 However, diagnostic difficulties over the presence or absence of persistent or recurrent cancer are frequent after RT. In this regard, three-dimensional conformal RT is particularly likely to manifest as opacities on CT that can be difficult to differentiate from tumor recurrence and the associated radiation-induced inflammatory changes can result in false-positive uptake of FDG.
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Figure 6-23 A 74-year-old woman with history of left upper lobe NSCLC 1 year after resection and chemoradiation therapy. A, Axial contrast-enhanced CT scan shows atelectatic and consolidative opacities in the left perihilar region due to radiation-induced lung injury (RILD). Note air bronchograms and no CT findings of recurrence of malignancy. B, Axial integrated PET/CT scan shows focal increased FDG uptake in radiation fibrosis. Recurrence of malignancy was confirmed by transthoracic needle aspiration biopsy.




At present, there is no standardized clinical algorithm established to monitor patients with NSCLC for recurrence of disease. Although imaging is an integral component of this evaluation, there is considerable variability in the imaging performed to evaluate for disease owing to a lack of evidence in the published literature regarding optimal follow-up after treatment. Nevertheless, specific follow-up strategies have been advocated and several guidelines including those from the ASCO, American College of Radiology, and National Comprehensive Cancer Network have been published that include recommendations for a posttreatment surveillance program. The guidelines and institutional practices are similar. Each recommends more frequent visits during the first 2 years after curative-intent therapy and a decrease to a minimal level after year 5. Colice and associates94 have suggested that a clinically reasonable and cost-effective surveillance approach would include a medical history, a physical examination, and an imaging study (either a chest radiograph or a chest CT scan) every 6 months for 2 years and then annually. However, little is known about the effectiveness of follow-up regimens. Walsh and coworkers,95 in a retrospective study following curative-intent surgical resection for NSCLC, concluded that intensive surveillance was not cost-effective and suggested a reduced surveillance approach consisting of a chest radiograph every 6 months for the first year after curative-intent surgery and annually thereafter. However, there are concerns regarding the validity of the conclusions of the studies advocating limited surveillance that include the limitations of retrospective analyses, the small size and heterogenous nature of the study groups, as well as the different treatments and the imaging evaluations that the patients received. Westeel and colleagues96 performed a prospective study to determine the feasibility of an intensive surveillance program and the influence on patient survival and concluded that intensive follow-up is feasible and may improve survival by detecting asymptomatic recurrences after surgery.





Key Points Detection of recurrence







• Recurrent malignancy can occasionally be treated with repeat surgery, salvage chemotherapy, or RT.


• CT and MRI can be unreliable in distinguishing persistent or recurrent tumor from necrosis and posttreatment fibrosis.


• FDG-PET can detect local recurrence of tumor before conventional imaging.


• No standardized clinical algorithm has been developed to monitor patients with NSCLC for recurrence of disease after treatment.


• Reasonable and cost-effective surveillance approach includes a medical history, a physical examination, and chest radiograph or chest CT every 6 months for 2 years and then annually.















Complications of Therapy


Complications after chemotherapy and/or RT are common. Radiation-induced lung disease (RILD) rarely occurs with fractionated total doses below 20 Gy. A pooled analysis of 24 studies of 1911 patients with both NSCLC and SCLC who received chemoradiation showed that the incidence of clinically significant radiation-induced pneumonitis (grade 2-3 according to the Radiation Therapy Oncology Group/European Organization for Research and Treatment of Cancer criteria) was 6% for total doses less than 45 Gy and 12% for doses greater than 55 Gy.97,98 Although the total dosage of radiation delivered is important in the development of RILD, other radiation technique factors that affect lung injury are the fractions into which the total dose is divided, the dose rate, and the volume of lung irradiated (Figure 6-24).97,99 In addition, improved RT techniques such as IMRT, three-dimensional conformal radiotherapy, and dose escalation (often employing a hyperfractionated schedule and resultant increased total doses up 70-80 Gy) can modify the development and extent of lung injury.100-104 Various factors can increase the degree of injury sustained by the lung after radiation including age, low performance status, cigarette smoking, preexisting lung disease, and prior RT. The effect of neoadjuvant or concurrent chemotherapy on RILD is not clear, with some studies reporting an increase whereas others have reported no significant association with pneumonitis.99,101,103,105 Furthermore, cytoprotectants such as amifostine, an organic thiophosphate, can reduce the incidence and severity of injury associated with RT.106
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Figure 6-24 A 64-year-old man with NSCLC and RILD after palliative treatment of extensive malignancy in the right lung involving the central airways and mediastinum with intensity-modulated radiation therapy (IMRT) (45 Gy over 15 fractions). A, Computed dosimetric reconstruction coronal image used for planning IMRT shows most of the lung within blue color line (45 Gy) surrounding location of treated malignancy. B, Posteroanterior chest radiograph obtained 2 months after completion of radiation therapy shows extensive consolidation due to RILD. C, Posteroanterior chest radiograph obtained 2 months after B shows near-complete atelectasis and consolidation of the right lung due to RILD.




The most common complications after chemotherapy are infection and drug toxicity. Therapeutic agents used in the treatment of lung cancer such as gemcitabine, etoposide, paclitaxel, and gefitinib have been reported to cause lung injury.107-109 The diagnosis of drug toxicity requires a high index of suspicion because it can mimic infection, radiation pneumonitis, or recurrent tumor. The most common histopathologic patterns include noncardiogenic pulmonary edema, diffuse alveolar damage, nonspecific interstitial pneumonia, cryptogenic organizing pneumonia, and pulmonary hemorrhage. Radiologically, drug toxicity manifests as interstitial, ground-glass, and consolidative opacities or fibrosis.110





Key Points Complications of therapy







• Complications after chemotherapy and/or RT are common.


• Total dosage of radiation delivered is important in the development of RILD; it rarely occurs with fractionated total doses below 20 Gy.


• Improved radiation techniques can modify the development and extent of lung injury.


• Various factors can increase the degree of lung injury including age, low performance status, cigarette smoking, and preexisting lung disease.


• Most common complications after chemotherapy are infection and drug toxicity.


• Therapeutic agents used in the treatment of lung cancer such as gemcitabine, etoposide, paclitaxel, and gefitinib can cause lung injury.


















Conclusion


TNM staging of lung cancer is important in determining therapeutic management and prognosis. CT, PET, and MRI are an integral component of this evaluation. However, there is considerable variability in the imaging performed to evaluate for nodal and extrathoracic disease. Chest CT is almost universally used to stage patients with lung cancer and is typically performed to assess the primary tumor, direct mediastinoscopy, and detect intra- and extrathoracic metastases. MRI is particularly useful in the evaluation of superior sulcus tumors. Otherwise, MRI is generally used as an adjunct to CT in evaluating patients whose CT findings are equivocal. PET complements conventional radiologic assessment of lung cancer and is routinely used to improve the detection of nodal and extrathoracic metastases.
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* Please refer to the abridged M.D. Anderson practice consensus algorithms at the end of this chapter and to the unabridged algorithms on expertconsult.com.
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Introduction


Neoplasms of the mediastinum are a diverse group of benign and malignant pathologic entities that include both primary and secondary malignancies. Most neoplasms of the mediastinum are metastases, typically from lung cancer, although extrathoracic neoplasms such as breast cancer and melanoma have a predilection for spread to the mediastinum. Primary neoplasms of the mediastinum are uncommon, and whereas the majority in adults are benign, those in children are malignant.1 In terms of primary neoplasms, the most common anterior mediastinal neoplasms include thymomas, teratomas, and lymphomas. Neoplasms of the middle mediastinum are typically congenital cysts, including foregut and pericardial cysts, whereas those that arise in the posterior mediastinum are often neurogenic neoplasms.


This chapter discusses mediastinal neoplasms according to their anatomic location with an emphasis on those primary neoplasms that are more likely to be encountered clinically in an oncologic medical practice. Specifically, thymic, germ cell, and neurogenic neoplasms are reviewed. Imaging findings that are important in establishing the diagnosis are discussed, and computed tomography (CT), magnetic resonance imaging (MRI), and positron-emission tomography (PET)/CT findings that need to be emphasized or clarified so that oncologists and surgeons can deliver appropriate care are addressed.









Epidemiology and Risk Factors


Thymic, germ cell, and neurogenic neoplasms are a heterogeneous group of primary mediastinal neoplasms. Thymic neoplasms account for 17%, lymphomas 16%, and neurogenic neoplasms 14% of all cases of primary mediastinal neoplasms.2 Germ cell tumors (teratomas, seminomas, embryonal carcinomas, endodermal sinus tumors, and choriocarcinomas) account for approximately 15% of all mediastinal tumors in adults and 24% in children.3 The remainder of the neoplasms in the mediastinum represents a large group of miscellaneous entities that includes mediastinal cysts (bronchogenic, esophageal, pericardial, thymic, and neurenteric) that account for 15% to 20% of all mediastinal masses.


Thymomas are the most common of the thymic neoplasms and characteristically are located in the anterior mediastinum. Thymomas typically occur in patients older than 40 years, are rare in children, and affect men and women equally.4-6 Thymic neuroendocrine tumors (carcinoid, small cell carcinoma, and large cell carcinoma) are uncommon. Thymic carcinoid tumor is the most common of this group of tumors. Affected patients are typically in the fourth and fifth decades of life and there is a male predominance.


Germ cell tumors usually occur in young adults (mean age 27 yr).7 Most malignant germ cell neoplasms (>90%) occur in men, whereas benign neoplasms (mature teratomas) occur with equal incidence in men and women.7 Teratomas are the most common germ cell neoplasm, representing 70% of all germ cell neoplasms in childhood and 60% in adults.7 Men and woman are equally affected. Malignant germ cell neoplasms are divided into seminomas and nonseminomatous neoplasms. Seminomas are the most common pure histologic type, accounting for 40% of such neoplasms, and usually occur in men between the third and fourth decades of life.7 The nonseminomatous germ cell tumors of the mediastinum include embryonal cell carcinoma, endodermal sinus tumor, choriocarcinoma, and mixed germ cell tumors. Teratoma with embryonal cell carcinoma (teratocarcinoma) is the most common subtype, whereas pure endodermal sinus tumors, choriocarcinomas, and embryonal carcinomas are much less common.


Neurogenic neoplasms represent 75% of all primary posterior mediastinal masses.8 These neoplasms are classified as tumors of peripheral nerves (neurofibromas, schwannomas, and malignant tumors of nerve sheath origin), sympathetic ganglia (ganglioneuromas, ganglioneuroblastomas, and neuroblastomas), or parasympathetic ganglia (paraganglioma and pheochromocytoma). Peripheral nerves are more commonly involved in adults and schwannomas constitute 75% of this group, whereas sympathetic ganglia neoplasms are more common in children. Schwannomas and neurofibromas typically occur with equal frequency in men and women, most commonly in the third and fourth decades of life. Thirty percent to 45% of neurofibromas9 occur in patients with neurofibromatosis (NF), and multiple neurogenic tumors or a single plexiform neurofibroma is considered pathognomonic of the disease.10 Malignant tumors of nerve sheath origin (also termed malignant neurofibromas, malignant schwannomas, or neurofibrosarcomas) are rare and typically develop from solitary or plexiform neurofibromas in the third to fifth decades of life. Up to 50% occur in patients with NF-1, and in these patients, tumors occur at an earlier age (typically adolescents) and with a higher incidence than in the general population.4,11 Neuroblastomas are the most common extracranial solid neoplasms in children, accounting for 10% of all childhood neoplasms. Neuroblastomas are typically diagnosed at a median age of younger than 2 years, ganglioneuroblastomas at 5.5 years of age, and ganglioneuromas at 10 years.12









Anatomy and Pathology


The mediastinum is located in the central portion of the thorax between the two pleural cavities, extending from the diaphragm to the thoracic inlet. Historically, the mediastinum has been divided into anatomic regions or compartments. Although there are no fascial planes that separate these compartments, this division facilitates tumor localization and is useful in limiting the differential diagnosis. However, this traditional division into anterior, middle, and posterior compartments is less important today because CT and MRI are able to accurately localize and, in many instances, characterize masses.


The anterior mediastinum is bounded anteriorly by the sternum; posteriorly by the pericardium, aorta, and brachiocephalic vessels; superiorly by the thoracic inlet; and inferiorly by the diaphragm. Its contents include the thymus, lymph nodes, and fat. The middle mediastinum is bounded by the pericardium, and its contents include the heart and pericardium, aorta, vena cava, brachiocephalic vessels, pulmonary vessels, trachea and main bronchi, lymph nodes, and phrenic, vagus, and left recurrent laryngeal nerves. The posterior mediastinum is bounded anteriorly by the trachea and pericardium, anteroinferiorly by the diaphragm, posteriorly by the vertebral column, and superiorly by the thoracic inlet. Although the true anatomic posterior boundary is the vertebral column, with respect to mediastinal disease, masses in the paravertebral regions are usually included in the posterior mediastinum. The contents of the posterior mediastinum include the esophagus, descending aorta, azygos and hemiazygos veins, thoracic duct, vagus and splanchnic nerves, lymph nodes, and fat.13


In the anterior mediastinum, significant proportions of the neoplasms arise from the thymus. Accordingly, an understanding of the normal appearance and location of the thymus is important in the detection and diagnosis of these neoplasms. The thymus consists of two lobes placed in close contact along the midline extending from the fourth costal cartilage upward, as high as the lower border of the thyroid gland. However, ectopic thymic tissue can occur at any level in the pathway of normal thymic descent, from the angle of the mandible to the upper anterior mediastinum. The two lobes generally differ in size; the left lobe is larger than the right and extends more inferiorly. Thymic hyperplasia, an increase in weight and size, has two distinct histologic forms: true and lymphoid hyperplasia. True hyperplasia occurs in children and young adults recovering from severe illness or trauma or after chemotherapy (Figure 7-1). Lymphoid hyperplasia occurs most commonly in patients with myasthenia gravis but also in association with other diseases such as hyperthyroidism, Graves’ disease, rheumatoid arthritis, and scleroderma.14
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Figure 7-1 Thymic hyperplasia in a 15-year-old girl with a right femoral osteosarcoma. A, Axial computed tomography (CT) image shows decrease in thymic volume during chemotherapy. B, Axial CT image shows increase in thymic size 6 months after completion of chemotherapy. Note diffuse, symmetrical enlargement with preservation of the normal shape of the thymus.




Thymic neoplasms are usually epithelial in origin and include thymomas and carcinomas. Most thymomas are solid neoplasms that are encapsulated and localized to the thymus. However, one third have necrosis, hemorrhage, or cystic components; invasion of the capsule and involvement of the surrounding structures occurs in approximately one third of cases.15 Thymomas have a wide variety of histologic features, and there is a strong association between the histologic findings and invasiveness as well as prognosis.16 Thymic carcinomas usually manifest histologically as large, solid, and infiltrating masses with cystic and necrotic areas. They are histologically classified as low or high grade, with squamous cell–like or lymphoepithelioma-like variants being the most common cell types.4 Thymic neuroendocrine neoplasms are uncommon. These tumors typically manifest as a large, lobulated, and usually invasive anterior mediastinal mass that can exhibit areas of hemorrhage and necrosis.4,17 Malignant potential ranges from relatively benign (thymic carcinoid) to highly malignant (small cell/large cell carcinoma of the thymus). Typical carcinoid has low mitotic activity (<2 mitoses/2 mm2) without necrosis, whereas atypical carcinoid has a higher degree of mitotic rate (2-10 mitoses/2 mm2) and/or necrosis. Small cell and large cell neuroendocrine carcinomas have a higher rate of mitotic activity (>10 mitosis/2 mm2) and associated necrosis.


Germ cell tumors are thought to arise from mediastinal remnants of embryonal cell migration. The mediastinum is the most common extragonadal primary site of these neoplasms and accounts for 60% of all germ cell tumors in adults. Teratomas, the most common mediastinal germ cell tumors, are composed of elements that arise from one or more of the three primitive germ cell layers (ectoderm, mesoderm, and endoderm). Mediastinal teratomas are classified as mature, immature, or malignant; most teratomas are composed of well-differentiated or mature tissue and are benign. Mature or benign teratomas are composed of ectoderm, endoderm, or mesoderm, with ectodermal derivatives predominating. Teratomas are spherical, lobulated, and encapsulated neoplasms that are frequently cystic and multiloculated. These neoplasms can contain sebaceous material as well as hair and teeth. Respiratory and intestinal epithelium may also be present. Nonteratomatous tumors include seminomas and nonseminomatous types. Seminomas, also known as germinomas or dysgerminomas, are the second most common mediastinal germ cell tumor. They typically manifest as solid masses with lobulated contours. Nonseminomatous neoplasms are divided into embryonal carcinoma, endodermal sinus tumor, choriocarcinoma, and mixed types, which include any combination of these histologic types.


In the posterior mediastinum, most of the neoplasms are neurogenic in origin. Nerve sheath tumors are either schwannomas, neurofibromas, or malignant tumors of nerve sheath origin (malignant neurofibroma, malignant schwannoma, and neurogenic fibrosarcoma). Histologically, schwannomas are encapsulated tumors which arise from Schwann cells located in the nerve sheath and grow along the nerve, causing extrinsic compression.11 They are heterogeneous in composition and can have low cellularity, areas of cystic degeneration, hemorrhage, and small calcifications. Neurofibromas differ from schwannomas in that they are unencapsulated and result from proliferation of all nerve elements, including Schwann cells, nerve fibers, and fibroblasts. They grow by diffusely expanding the nerve. Plexiform neurofibromas are variants of neurofibromas that infiltrate along nerve trunks or plexuses.18 Ganglion cell tumors arise from the autonomic nervous system rather than nerve sheaths and range from benign encapsulated neoplasms (ganglioneuromas) to moderately aggressive neoplasms (ganglioneuroblastomas) to malignant unencapsulated masses (neuroblastomas). They are derived from cells of embryologic origin or sympathetic ganglia. After the abdomen, the thorax is the second most common location of neuroblastomas,19 whereas ganglioneuromas and ganglioneuroblastomas are more common in the sympathetic chain of the posterior mediastinum. Ganglioneuromas are benign tumors composed of one or more mature ganglionic cells. Ganglioneuroblastomas have histologic features of both ganglioneuromas and neuroblastomas. They are the least common type of neurogenic tumors. Neuroblastomas are the most aggressive type and are composed of small round cells arranged in sheets or pseudorosettes.20,21





Key Points Anatomy: Anterior mediastinal masses







• Thymic origin: Thymic hyperplasia, thymic epithelial tumor (thymoma, thymic carcinoma, thymic carcinoid, thymolipoma), and cyst.


• Germ cell tumors: Teratoma (mature, immature, malignant), seminoma, nonseminomatous.


• Lymphoma: Hodgkin’s and non-Hodgkin’s.


• Thyroid mass: Goiter, thyroid cancer.


• Miscellaneous: Adenopathy, parathyroid adenoma, mesenchymal tumors (lymphangioma, hemangioma).











Key Points Pathology







• Thymic neoplasms: Epithelial (thymomas and carcinoma); neuroendocrine tumors (carcinoid-typical and atypical, small and large cell neuroendocrine carcinoma).


• Germ cell tumors: Teratoma (mature, immature, and malignant); nonteratomatous tumors (seminomas and nonseminomas). Seminomas (germinomas); nonseminomatous germ cell tumors (embryonal carcinoma, endodermal sinus tumor, choriocarcinoma, and mixed type).


• Neurogenic sheath tumors: Schwannomas or neurofibromas.


• Ganglion cell tumors: Ganglioneuromas, ganglioneuroblastomas, and neuroblastomas arise from the autonomic nervous system rather than the nerve sheath.















Clinical Presentation


Most patients with mediastinal neoplasms are asymptomatic at the time of the diagnosis. Symptoms are usually related to local effects of the neoplasm, including compression and invasion, and can manifest as respiratory distress, dysphagia, diaphragm paralysis, or superior vena cava (SVC) syndrome. Systemic symptoms and paraneoplastic syndromes occur occasionally and are typically due to secretion of hormones, antibodies, or cytokines by the tumor.


Thymomas usually are an incidental finding, but they can manifest as chest pain, cough, or dyspnea in up to one third of patients.22 Myasthenia gravis, characteristically associated with thymomas, occurs most frequently in women. Thirty percent to 50% of patients with thymomas have myasthenia gravis, whereas 10% to 15% of patients with myasthenia gravis have a thymoma.23 Patients with myasthenia gravis usually have diplopia, ptosis, dysphagia, and fatigue. Ten percent of patients with a thymoma have hypogammaglobulinemia and 5% of patients have pure red cell aplasia. Thymomas are also associated with various autoimmune disorders such as systemic lupus erythematosus, polymyositis, or myocarditis.2 Thymic carcinomas are frequently symptomatic at presentation owing to marked local invasion and involvement of mediastinal structures. Symptoms include chest pain, dyspnea, cough, SVC syndrome, usually due to compression or invasion of the SVC; unlike thymomas, paraneoplastic syndromes are rare. Thymic neuroendocrine tumors are also associated with ectopic secretion of hormones. Up to 50% of affected patients with thymic carcinoid tumors have hormonal abnormalities and up to 35% have Cushing’s syndrome due to tumoral production of adrenocorticotropic hormone (ACTH). Nonfunctioning thymic carcinoids may be seen in association with the multiple endocrine neoplasia syndrome type 1.


Patients with germ cell tumors are often asymptomatic. Large tumors can manifest clinically as cough, dyspnea, chest pain, or pulmonary infection. Rarely, teratomas may erode and rupture into adjacent airway, resulting in expectoration of oily material or hair (tricophtysis). Seminomas can manifest as SVC syndrome in 10% of cases. Beta-human chorionic gonadotropin (β-hCG) and alpha-fetoprotein (AFP) levels are usually normal. However, 7% to 8% of patients with pure seminomas are reported to have elevated serum levels of β-hCG and elevation of serum lactate dehydrogenase (LDH) levels occurs in 80% of patients with advanced seminomas. Importantly, elevation of AFP indicates a nonseminomatous component of the tumor. Most (90%) of patients with nonseminomatous germ cell tumors of the mediastinum are symptomatic at presentation with chest pain, cough, dyspnea, weight loss, and fever. Serologic tumor markers are important in the diagnostic evaluation and 71% of affected patients have elevated levels of AFP and 54% have elevated levels of β-hCG.24 There is an association between malignant nonseminomatous germ cell tumors of the mediastinum and hematologic malignancies. In addition, approximately 20% of cases are associated with Klinefelter’s syndrome (gynecomastia, testicular atrophy, and 47 XXY karyotype).


Nerve sheath tumors are usually asymptomatic. Because most patients with a benign neurogenic tumor are asymptomatic, the development of pain often indicates malignant transformation (malignant neurofibromas, malignant schwannomas, or neurofibrosarcomas). Mediastinal neuroblastomas can manifest clinically due to local mass effect leading to respiratory distress or spinal cord compression. Neuroblastomas and, less frequently, ganglioneuroblastoma and ganglioneuroma can produce metabolically active catecholamines responsible for hypertension, flushing, and watery diarrhea syndrome.25,26 Catecholamine derivatives, such as vanilmandelic acid and homovanilic acid, can be secreted and associated with elevated catecholamine plasma levels and are helpful in establishing the diagnosis.





Key Points Middle and posterior mediastinal masses







• Vascular: Aorta (aneurysm, dissection, and congenital abnormalities), pulmonary artery (aneurysm and pulmonary hypertension), and venous abnormalities (left SVC and azygos/hemiazygos system abnormalities).


• Adenopathy. Infectious (tuberculosis, histoplasmosis, and coccidioidomycosis), sarcoidosis, lymphoma, metastatic disease (head and neck, melanoma, breast, and genitourinary), Castleman’s disease.


• Cysts: Pericardial, esophageal, bronchogenic, meningocele, pancreatic pseudocyst, neurenteric, cystic tumors.


• Esophageal: Megaesophagus, esophageal varices, neoplasms.


• Neurogenic tumors: Nerve sheath (neurofibroma, schwannoma, and malignant tumors of nerve sheath origin), ganglion cell (neuroblastoma, ganglioneuroma, and ganglioneuroblastoma), paraganglia cell (paraganglioma).


• Miscellaneous: Hematoma, abscess, hiatal hernia, congenital hernia.















Staging


Several classification schemes and staging systems for thymic epithelial tumors have been proposed over the last few decades that reflect to various degrees the clinical and functional behavior of thymic epithelial tumors and their histology. However, because thymomas are composed of a mixture of neoplastic epithelial cells and non-neoplastic lymphocytes, there is a marked variability in the histology of these tumors, both in the same tumor and between different thymomas. Accordingly, the histologic classification of thymomas is difficult.


In 1999, the World Health Organization (WHO) Consensus Committee published a histologic classification of tumors of the thymus. In this scheme, thymomas are classified on the combined basis of the morphology of the neoplastic epithelial cells and the lymphocyte–to–epithelial cell ratio. This classification has resulted in six separate histologic subtypes of thymomas (types A, AB, B1, B2, B3, and C) (Table 7-1). An update on the WHO classification was published in 2004.27 It retained its classifications of A through B3 thymomas but relegated type C to a separate category of thymic carcinoma and acknowledged that certain types of thymoma do not fall into these categories. The applicability and clinical significance of the WHO histologic classification of thymomas is still being evaluated. It appears that most thymomas can be classified using the WHO criteria, although the clinical and prognostic relevance of this classification has not been conclusively determined. Most thymomas of types A and AB tend to have no local invasion, are completely resectable, and have no recurrence or tumor-related deaths. There is an increasing tendency to local invasion, incomplete resection, and recurrence after resection in the order of types of B1 and B2, type B3, and type C thymomas. In this regard, most type C thymomas are locally invasive, many are incompletely resected and there is a high early relapse rate and poor prognosis. The WHO histologic subtype classification of thymomas has been reported to correlate with the staging classification devised by Masaoka and coworkers. The Masaoka staging system is a pathologic staging system that is based on the presence of capsular invasion and is currently the most widely used to determine therapy.28 In this staging system, the stages are defined as stage I, macroscopically encapsulated and microscopically no capsular invasion; stage II, macroscopic invasion into surrounding fatty tissue of mediastinal pleura or microscopic invasion into capsule; stage III, macroscopic invasion into a neighboring organ; stage IVa, pleural or pericardial dissemination; and stage IVb, lymphogenous or hematogenous metastasis.


Table 7-1 World Health Organization Classification Scheme for Thymic Epithelial Tumors






	TUMOR TYPE

	DESCRIPTION






	A

	Medullary






	AB

	Mixed






	B1

	Lymphocyte rich, predominantly cortical






	B2

	Cortical






	B3

	Epithelial (well-differentiated thymic carcinoma)






	C

	Thymic carcinoma







Neuroblastomas are currently staged according to the International Neuroblastoma Staging System (INSS), which is based on surgical findings as well as lymph node and metastatic involvement. However, new guidelines for a pretreatment staging system have been developed by the International Neuroblastoma Risk Group (INRG); this staging system is being implemented clinically.29 This staging model is based on clinical and imaging features rather than surgical findings. Currently, both of these staging systems have an important role in the determination of appropriate treatment and prediction of outcome in patients with neuroblastoma (Table 7-2).


Table 7-2 Comparison between International Neuroblastoma Staging System and International Neuroblastoma Risk Group Staging System






	INSS

	INRGSS






	Stage 1: Localized tumor with complete gross excision; ± microscopic residual disease; representative ipsilateral lymph node negative for tumor microscopically.

	Stage L1: Localized tumor not involving vital structures as defined by IDRFs and confined to one body compartment.






	Stage 2A: Localized tumor with incomplete gross excision; representative ipsilateral lymph node negative for tumor microscopically.

	Stage L2: Locoregional tumor with presence of one or more IDRFs.






	Stage 2B: Localized tumor with or without complete gross excision; ipsilateral lymph node positive for tumor microscopically; enlarged contralateral lymph nodes should be negative microscopically.

	Equals stage L2.






	Stage 3: Unresectable unilateral tumor infiltrating across the midline; ± regional lymph node involvement; or localized unilateral tumor with contralateral regional lymph node involvement or midline tumor with bilateral extension by infiltration (unresectable) or by lymph node involvement.

	Equals stage L2.






	Stage 4: Any primary tumor with dissemination to distant lymph nodes, bone, bone marrow, liver, skin, or other organs.

	Stage M: Distant metastatic disease (except stage MS). Distant lymph node involvement is metastatic disease. Ascites and pleural effusion, even if malignant cells are present, do not constitute metastatic disease unless they are remote from the primary tumor.






	Stage 4S: Localized primary tumor in infants < 1 yr (localized as in stage 1, 2A, or 2B) with dissemination limited to skin, liver, or bone marrow (<10% malignant cells).

	Stage MS: Metastatic disease in children < 547 days (18 mo) of age with metastases confined to skin, liver, and/or bone marrow (<10% malignant cells); MIBG scan must be negative in bone and bone marrow. Primary tumor can be L1 or L2 with no limitations in terms of crossing or infiltration of the midline.







IDRFs, image-defined risk factors; INRGSS, International Neuroblastoma Risk Group Staging System; INSS, International Neuroblastoma Staging System; MIBG, iodine-123-metaiodobenzylguanidine.


Adapted from Monclair T, Brodeur GM, Ambros PF, et al. The International Neuroblastoma Risk Group (INRG) staging system: an INRG Task Force report. J Clin Oncol. 2009;27:298-303.





Key Points Staging thymic neoplasms







• The Masaoka classification is based on surgical and pathologic findings.


• The WHO classification is based on histologic findings.


• The Masaoka staging system is currently the most widely used to determine therapy.


• Neuroblastoma is staged according to the INSS or INRG systems.


• The INSS is based on surgical findings and tumor spread, and the INRG is based on imaging and clinical features.















Patterns of Spread


Thymomas can remain localized or spread through the mediastinum in a contiguous fashion. Characteristically, if invasion of the adjacent pleura occurs, dissemination in the pleural space can result in solitary, multiple, or diffuse metastases distant to the primary mass. Historically, this dissemination of metastases in the pleural space has been referred to as drop metastases (Figure 7-2). Pleural effusion is uncommon, despite often extensive pleural metastatic disease. Transdiaphragmatic spread has been reported in up to one third of patients.30 Pericardial involvement due to contiguous spread is common and can manifest as nodular or diffuse thickening and a pericardial effusion. Systemic dissemination is rare, although lung metastases can occur. Thymic carcinomas are aggressive malignancies that often exhibit marked local invasion and early dissemination. In 40% of cases, there is invasion of adjacent organs, 40% present with nodal metastatic disease, and 10% have pleural or pericardial involvement. Distant metastases to lung, liver, adrenal glands, brain, and bone occur in 40% of patients.
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Figure 7-2 Thymoma in a 52-year-old man with chest pain. Axial CT image shows an anterior mediastinal mass (arrow) and focal pleural thickening (arrowheads). Biopsy revealed metastatic pleural disease. Note that dissemination of metastases in the pleural space has been referred to as drop metastases.




Although mature teratomas are benign, rare cases of tumor rupture into the lung, pleural space, and pericardium have been reported. Seminomas usually have lymphatic or systemic dissemination, and local invasion of adjacent structures is rare. Metastases to regional nodes as well as metastatic involvement of cervical (25%) and abdominal lymph nodes (8%) are reported.31 In cases of nonseminomatous tumors, invasion of the adjacent structures such as lung and mediastinal pleural is frequent.32 Pleural and pericardial effusion are common owing to local and direct invasion. Chest wall invasion is more frequently associated with larger masses. Hematogenous disseminated metastases to lungs, liver, brain, and bones are common and occur in up to 50% of patients. Metastatic spread to lymph nodes is less frequent.


Because neurogenic tumors usually arise in a paravertebral location, intraspinal extension is common. Ten percent of paravertebral neurofibromas and schwannomas extend into the neural foramina and spinal canal.11 Compression and destruction of adjacent structures can occur as a result of aggressive local tumor invasion. Ganglioneuromas are encapsulated benign tumors without evidence of local or distant dissemination. Ganglioneuroblastomas and neuroblastomas are more aggressive, with evidence of local and intraspinal invasion. Neuroblastomas have a tendency to grow across the midline and lymph node involvement can occur. Lymphatic and hematogenous dissemination are common and sites of metastatic involvement include bone (60%), regional lymph nodes (45%), orbit (20%), liver (15%), brain (14%), and lung (10%).





Key Points Patterns of spread







• Thymoma. Most slow growth and remained localized. In one third of cases contiguous invasion of adjacent structures occurs. Noncontiguous pleural involvement (“drop metastasis”) is reported.


• Thymic carcinoma: Local invasion and hematogenous dissemination to brain, lung, liver, adrenal glands, and bones are common.


• Germ cell tumor. Teratomas are typically benign although rarely malignant transformation and local invasion occurs. With seminomas, local invasion does not occur and hematogenous dissemination has been reported. Nonseminomatous tumors commonly invade adjacent structures and distant metastases are common.


• Neurogenic tumor. Neurofibroma and schwannoma are benign and rarely undergo malignant degeneration. Malignant tumors can cause local invasion. Ganglioneuroma is benign, but neuroblastoma can cause distant metastases.















Imaging


Imaging has an important role in the evaluation of a mediastinal neoplasm and establishes a diagnosis or relevant differential in most patients. Specifically, the location of a neoplasm in the mediastinum together with its morphologic features is often helpful in differentiating a benign from a malignant neoplasm. One of the most common clinical indications for radiologic evaluation is a known or suspected mediastinal mass. Although conventional radiography may allow detection or suggest the presence of a mediastinal mass, in most cases, CT, MRI, and/or integrated PET/CT are required for further evaluation. CT is frequently performed to evaluate the mediastinum if, on chest radiography, there is an abnormality suspicious for a mediastinal mass. MRI is usually reserved for clarifying problems encountered on CT or to examine patients who cannot tolerate intravenous administration of iodinated contrast material. PET/CT not only can be used to detect disease but also can be useful in differentiating benign from malignant masses and diagnosing disease recurrence.


Importantly, in the assessment of thymic neoplasms, the normal thymus in young children and thymic hyperplasia can mimic a mediastinal mass on chest radiographic assessment. CT and MRI are useful in differentiating normal thymic tissue and the hyperplastic thymus from tumors. Thymic hyperplasia manifesting as a mass on CT or MRI is differentiated from a primary mediastinal neoplasm based on diffuse, symmetrical enlargement with preservation of normal shape of the thymus (see Figure 7-1). Similar findings distinguish rebound hyperplasia, which occurs 3 to 8 months after cessation of chemotherapy in approximately 25% of patients, from recurrence of the initial neoplasm.33 When CT and conventional MRI sequences are not able to differentiate between a normal thymus or thymic hyperplasia and a thymoma, chemical shift MRI sequences (in-phase and out-of-phase gradient echo sequences) can be helpful in the diagnosis—that is, homogeneous signal decrease occurs in normal and hyperplastic tissue compared with absence of signal decrease in tumors. PET/CT imaging is being increasing performed in oncologic patients. The normal thymus can have mildly increased fluoro-2-deoxy-d-glucose (FDG), especially in children. In addition, increased FDG uptake in the thymus, mainly related to hyperplasia after chemotherapy, has been reported to occur in 28% of patients and is higher in younger patients (in 80% of patients < 10 yr of age, compared with 8% of patients in the 31- to 40-yr age group).34






Thymic Neoplasms


Thymomas are usually located anterior to the aortic arch but can occur in the cardiophrenic recesses.4,35 They typically manifest as a 1- to 10-cm (mean 5 cm) smooth or lobulated well-marginated mass that characteristically arises from one lobe of the thymus. Although thymomas typically manifest as a unilateral mass, bilateral mediastinal involvement can occur.36 On CT, thymomas are usually of homogeneous soft tissue attenuation (see Figure 7-2). Calcification, seen in up to 7% of cases, is usually thin, linear, and located in the capsule. Enhancement after intravenous administration of contrast is usually homogeneous except in the one third of thymomas that are necrotic or cystic or contain hemorrhage. Tomiyama and colleagues37 suggested that a combination of lobulated or irregular contour, cystic or necrotic portion within the tumor and multifocal calcification is more suggestive of invasive thymoma (Figure 7-3). On MRI, thymomas manifest with low to intermediate signal intensity (similar to skeletal muscle) on T1-weighted images and high signal intensity on T2-weighted images. Heterogeneous signal intensity is present in those tumors that have focal areas of necrosis, hemorrhage, and cystic change. MRI can occasionally reveal fibrous septa within the masses. Pleural metastases manifest on CT and MRI as an isolated pleural nodule, multifocal masses, or contiguous pleural involvement, which can be smooth, nodular, or diffuse, mimicking malignant pleural mesothelioma. Pleural effusion is uncommon, despite often extensive pleural metastatic disease.4,38 Pericardial thickening and/or effusion typically are associated with invasive thymomas. The differentiation of benign from invasive thymomas is usually not possible on CT and MRI.
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Figure 7-3 Invasive thymoma in a 66-year-old man with an incidentally detected mediastinal mass at the time of coronary artery bypass graft surgery. A, Axial CT image shows an anterior mediastinal mass (large arrow) with irregular contours and punctate calcification. There is focal pleural thickening (small arrows). B, Axial positron-emission tomography (PET)/CT image shows increased fluoro-2-deoxy-d-glucose (FDG) uptake in the mass and pleura suspicious for pleural metastasis. Biopsy confirmed pleural metastasis.




The precise role of PET/CT in the evaluation of thymomas is unclear. One difficulty is that FDG uptake in the normal thymus is variable and increased FDG uptake by the thymus is common, especially in young patients.34 Although it has been reported that PET/CT can be useful in distinguishing thymic epithelial tumors according to the WHO classification as well as for staging the extent of the disease,39-41 in our experience, PET/CT is unreliable in distinguishing noninvasive from invasive thymomas or thymic carcinomas. Thymic carcinomas commonly manifest as large, poorly marginated anterior mediastinal masses that are calcified in 10% to 40% of cases.37,42,43 Intrathoracic lymphadenopathy is common. On CT, thymic carcinomas are usually of heterogeneous attenuation and have poorly defined margins. On MRI, they typically have intermediate signal intensity (slightly higher than skeletal muscle) on T1-weighted images and high signal intensity on T2-weighted images. Signal intensity can be heterogeneous because of hemorrhage and necrosis within the mass. MRI can be helpful for revealing local soft tissue and vascular invasion. Similar to the evaluation of thymomas, the role of PET/CT in the diagnosis and staging of thymic carcinomas has not been clearly established. It has been reported that thymic carcinomas typically exhibit increased FDG uptake on PET/CT that is usually higher and more homogeneous than in thymomas and thymic hyperplasia.39,41,44 However, clinically, the role of FDG-PET imaging in differentiating thymomas from thymic carcinomas is limited, although the detection of unexpected nodal and distant metastases is useful in patient management.


Thymic neuroendocrine tumors usually manifest as a large anterior mediastinal mass, with a propensity for local invasion and metastasis (Figures 7-4 and 7-5). Focal areas of necrosis or punctuate and dystrophic calcification may be present.17 On CT or MRI, the masses are usually of heterogeneous attenuation or signal intensity, respectively. Differentiation between thymic neuroendocrine tumors and invasive thymic epithelial tumors may be difficult on the basis of imaging findings alone. Thymic neuroendocrine tumors have a poor prognosis owing to a high prevalence of recurrence and metastasis.
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Figure 7-4 Neuroendocrine thymic tumor in a 60-year-old asymptomatic man with a mediastinal mass detected during routine chest radiograph evaluation. A, Chest CT image shows an anterior mediastinal mass (M) with lobulated contours and obliteration of the fat plane with the ascending aorta (Ao), suspicious for locoregional invasion. B, Axial PET/CT image shows increased FDG uptake in the mass.
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Figure 7-5 Small cell neuroendocrine thymic tumor in a 31-year-old man presenting with hip pain due to metastatic disease. A, Posteroanterior chest radiograph shows a large anterior mediastinal mass extending into both hemithoraces (arrows). B, Axial CT image confirms a large anterior mediastinal mass and shows necrosis and prominent vasculature (arrow). C, Coronal PET/CT image shows FDG uptake in the periphery of the mass (white arrows) and low FDG activity centrally due to necrosis. Note focal increased FDG uptake in a humeral metastasis (black arrow) due to metastatic bone disease.











Germ Cell Tumors


These neoplasms have a range of manifestations in the mediastinum. Mature teratomas manifest on CT or MRI as smooth or lobulated mediastinal masses that typically have cystic and solid components, whereas malignant teratomas are usually poorly marginated masses containing areas of necrosis. The combination of fluid, soft tissue, calcium, and/or fat is diagnostic of teratomas (Figure 7-6). The finding of a fat-fluid level within a mass on CT or MRI is also diagnostic of a teratoma. Fat occurs in up to 75% of mature teratomas and up to 40% of malignant teratomas. However, only 17% to 39% of mature teratomas will have all tissue components and approximately 15% of mature teratomas manifest only a unilocular or multilocular cystic component. In this regard, these masses can mimic mediastinal cysts. In terms of differentiation, benign mediastinal cysts manifest as well-defined thin-walled masses with low attenuation (0-20 HU) on CT and no enhancement after contrast administration45 whereas teratomas show rim enhancement and enhancement of tissue septa. Because simple cysts can contain proteinaceous fluid and have high attenuation on CT, MRI can be useful in differentiating these lesions. Simple cysts characteristically have low signal intensity on T1-weighted image sequences and high signal intensity on T2-weighted sequences (high signal intensity occurs on T1-weighted image sequences when proteinaceous material or hemorrhage is present). Teratomas containing fat typically manifest as high signal intensity on T1-weighted images. A fat-saturation MRI technique can be used to detect and distinguish fat from hemorrhage. Importantly, if a cystic neoplasm is suspected because the CT or MRI findings are atypical or because the mass has increased in size, aspiration may be required for diagnosis. Mature teratomas can rupture into lung, pleural space, and pericardium, and CT or MRI can be useful in detecting fat within these regions. In addition, ancillary changes such as adjacent parenchymal consolidation or atelectasis, pleural effusion, and pericardial effusion are associated with rupture into the pleural or pericardial space. PET/CT is not useful in the evaluation of mature teratomas owing to the lack of FDG avidity. Seminomas manifest as large/bulky, well-marginated masses with lobulated contours and typically have homogeneous attenuation or signal intensity on CT and MRI, respectively. However, cysts or areas of necrosis can occur and calcification is rare. Seminomas enhance only slightly after administration of intravenous contrast material. Compression of adjacent mediastinal structures is common but invasion is uncommon (Figure 7-7). Extension into the middle and posterior compartments and obliteration of fat planes can occur. In contradistinction, nonseminomatous tumors are usually large, unencapsulated, heterogeneous soft tissue masses that tend to invade and infiltrate adjacent structures, including the lung and chest wall. Fat planes are typically obliterated, and the interface between the tumor and the adjacent lung may be irregular and spiculated owing to lung invasion. These tumors can contain large areas of hemorrhage, necrosis, and cyst formation (Figure 7-8). Associated pleural and pericardial effusions can occur. Metastases to the regional lymph nodes and distant sites are common. Multiple pulmonary nodules representing metastases can be present. The role of PET/CT has not been clearly elucidated in patients with primary mediastinal seminomas and nonseminomatous tumors.
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Figure 7-6 Teratoma in a 29-year-old man presenting with chest discomfort. Axial CT image shows a mediastinal mass that contains adipose tissue (*) and focal calcification. Note that fat occurs in up to 75% of teratomas.


Case courtesy of S. Rossi, Centro de Diagnostico Dr. Enrique Rossi, Buenos Aires, Argentina.
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Figure 7-7 Seminomatous germ cell tumor in a 37-year-old man presenting with superior vena cava (SVC) syndrome (facial swelling, enlargement of the neck veins). Axial CT image shows homogeneous anterior mediastinal mass and SVC compression (arrow). Note that compression of adjacent mediastinal structures is common.
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Figure 7-8 Nonseminomatous germ cell tumor in a 21-year-old man presenting with shortness of breath and chest pain. Axial CT image shows large heterogeneous anterior mediastinal mass with SVC (*) compression and paravertebral collateral circulation (arrow). Mild right pleural effusion is also noted. Note that nonseminomatous tumors tend to present necrosis and most patients are symptomatic at presentation.











Neurogenic Tumors


The benign peripheral nerve tumors (schwannomas and neurofibromas) are slowly growing neoplasms that often are radiologically indistinguishable. Schwannomas and neurofibromas are usually sharply marginated, spherical, and lobulated paravertebral masses. On CT imaging, punctate calcification and low-attenuation areas caused by the presence of fat, cystic change, or hemorrhage can be seen. Enhancement after intravenous contrast administration is variable and can be homogeneous, heterogeneous,46 or peripheral.18 Enlargement of neural foramina with or without extension into the spinal canal and osseous abnormalities, such as rib erosion and splaying of the ribs, can occur. MRI is the preferred modality for demonstrating the intraspinal extension of the tumor or the presence of an associated spinal cord abnormality (Figure 7-9). On MRI, neurofibromas and schwannomas have variable signal intensity on T1-weighted images but typically have similar signal intensity to the spinal cord. On T2-weighted images, these neoplasms characteristically have high signal intensity peripherally and low signal intensity centrally (target sign) due to collagen deposition (Figure 7-10). This feature, when present, helps distinguish neurofibromas from other mediastinal tumors. Also, areas of cystic degeneration within the mass can result in foci of increased signal intensity on T2-weighted images. Although the high signal intensity of schwannomas and neurofibromas on T2-weighted images can facilitate differentiation of tumors from spinal cord, the tumors can be obscured by the high signal intensity of cerebrospinal fluid. Schwannomas and neurofibromas, however, enhance with gadolinium; this feature can be useful in detecting and determining intradural extension of these tumors. Paravertebral neurofibromas and schwannomas that extend into the spinal canal manifest as dumbbell-shaped masses with widening of the affected neural foramen. In several small series, neurofibromas and schwannomas have been reported to be FDG-avid on PET/CT. On CT, plexiform neurofibromas manifest as low-attenuation, poorly marginated masses located along the mediastinal nerves and sympathetic chains. MRI of plexiform neurofibromas shows the infiltrative nature of the tumors, and the masses have low signal on both T1-weighted and T2-weighted images owing to the fibrous nature of the tumors.
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Figure 7-9 Neurofibroma in a 44-year-old asymptomatic woman with a mediastinal mass detected on chest radiography. Gadolinium-enhanced T1-weighted axial magnetic resonance imaging (MRI) demonstrates large right paraspinal mass (M) that extends to the neural foramina (arrows). Note that MRI is the preferred modality for demonstrating intraspinal extension of the tumor.


Case courtesy of L. Ginsberg, The University of Texas M. D. Anderson Cancer Center, Houston, Texas.
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Figure 7-10 Neurofibroma in a 35-year-old woman with a history of neurofibromatosis type 1. A, Posteroanterior chest radiograph shows a lobulated well-defined posterior mediastinal mass (arrows). B, Coronal T2-weighted image shows a heterogeneous posterior mediastinal mass (*) with peripheral high signal intensity. Note that neurofibromas characteristically have high signal intensity peripherally and low signal intensity centrally (target sign) on T2-weighted images.
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