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The management of pulmonary metastases has evolved considerably over the last several decades, yet is still a controversial issue, in part due to the lack of prospective data regarding operative and nonoperative management. In this issue of Thoracic Surgery Clinics, we offer a comprehensive, well-organized, and state-of-the-art synopsis of the essential topics regarding the management of pulmonary metastases, including options for local therapy, conventional systemic therapy, immunologic therapy, and isolated perfusion strategies.


Understanding the biology of pulmonary metastases is essential to understanding the options for treatment. The role of surgery is debated articulately, and this argument sheds light on the importance of patient selection, among other important principles. The role of open versus minimally invasive surgical approaches is also analyzed, including the trends that favor the thoracoscopic approach. Local control with surgery is currently being challenged by the various options of ablative therapies.


While the management of pulmonary metastases is founded on these fundamental concepts, individual patient management is also influenced by the primary histology, and the management of the most common histologies is also reviewed: colorectal cancer and other epithelial malignancies, sarcoma, and germ cell tumors. Finally, the innovative approaches of isolated pulmonary suffusion and perfusion are discussed.


With the development of more effective systemic therapy for metastatic disease, it is probable that more patients will be considered candidates for management of pulmonary metastases. A thorough understanding of the biology, evaluation, and options for treatment are essential in order to achieve the best outcomes.










The Biology of Pulmonary Metastasis
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The process of metastasis relies on a series of stochastic and sequential steps, with selective pressure exerted on a large number of genetically volatile cancer cells to produce a very small fraction of tumor cells with the ability to navigate the transition from primary tumor cell to end-organ metastasis. This process is intricately determined by cell-microenvironment interactions, the mechanistic understanding of which is steadily increasing. The continued elucidation of pathways that govern these interactions offers potential therapeutic options to patients with advanced disease.
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Key points



• The process of metastasis relies on a series of stochastic and sequential steps, with selective pressure exerted on a large number of genetically volatile cancer cells to produce a very small fraction of tumor cells with the ability to navigate the transition from primary tumor cell to end-organ metastasis.

• Metastasis is intricately determined by cell-microenvironment interactions, of which we are steadily gaining a mechanistic understanding.

• The continued elucidation of pathways that govern these interactions offers potential therapeutic options to patients with advanced disease.





Introduction

The study of cancer metastasis has been a process spanning nearly 2 centuries, and only over the few decades have we begun to mechanistically break down the complex interactions that influence a transformed cell to progress to metastasis. Investigations from recent literature have demonstrated that from the potentially millions of cancer cells shed into the circulation, only a minute fraction of these cells have the capability of forming metastasis in distant organs. This process is not governed simply by the volume of exposure to an organ, but is marked by stochastic intrinsic cellular events and is influenced by selective evolutionary pressure exerted on the cell by its local environment. This process was elegantly described more than 100 years ago by Stephen Paget, who published his enduring article on the “seed and soil” hypothesis to explain the nonrandom pattern of metastasis.1 He observed a discrepancy between the blood supply and frequency of metastasis to distant organs based on autopsy records from 735 women with breast cancer. He posited that “remote organs cannot be altogether passive or indifferent regarding [tumor] embolism.”


The biological cascade of events required for cancer metastasis includes increased motility, loss of cellular adhesions, intravasation to the circulation, survival while in transit, extravasation to distant organs, and colonization. Each step in the process is necessary, and failure of any these can prove to be rate limiting. Clinicians have become increasingly aware of the various genes and pathways that regulate these interactions between tumor cell and host. As research continues to elucidate the biology of cancer metastasis and identify molecular pathways and mediators we can begin to more accurately determine molecular signatures that serve as surrogate markers for a metastatic phenotype. Furthermore, as the understanding of the mechanistic processes of cell and microenvironment interactions increases, therapeutic interventions can be developed to target specific stages in the progression of a cancer cell to a metastasis.

An overview of the pathogenesis of metastasis

The cascade of cancer metastasis consists of a sequential and interrelated series of steps, each of which can be rate limiting.2 The progression to metastasis involves establishing neovasculature,3 altered cellular adhesion,4 increased cell motility,5 disruption of the basement membrane,6,7 intravasation to the circulation,2,8 escaping host immune surveillance,9 tumor embolization, and arrest in capillary beds and eventual colonization of a distant site.10,11 As outlined in the seed and soil hypothesis,1 the interaction between host and cell factors determines which organs can support the survival of metastasis.

The Heterogeneity of Metastasis

It has been well demonstrated that not all cells located in the primary tumor have a similar potential to metastasis. Prior experiments have demonstrated that cells with differing metastatic potential have been isolated from the same parent tumor12 and that highly metastatic clones from tumor cell populations demonstrate a higher rate of genetic mutability than nonmetastatic clones from the same tumor.13 Heterogeneity within a population is a requirement of any evolutionary process, and allows a source of advantageous traits from which to select from. When applied to the biology of metastasis, several factors contribute to the instability of the cancer genome: DNA mutations, chromosomal arrangements, and epigenetic alterations.14 Several mutations have been proposed that cause genomic instability and lead to tumor proliferation. Inactivation of cell-cycle suppressors,15 disabling DNA-damage sensors,16 and telomeric crisis17 are a few of the putative pathways. Epigenetic plasticity also plays a significant role in metastatic heterogeneity.18,19

The Clonality of Metastasis

Previous animal experiments have demonstrated that tumor progression is associated with increasing genetic instability and spontaneous mutation rates,13 supporting the hypothesis that acquired genetic variability within developing clones of tumors, coupled with selection pressures, results in the emergence of tumor cell variants with increasing malignant potential.20 To determine the clonality of cancer metastasis, Talmadge and colleagues21 conducted a series of experiments in which random chromosome breaks were used as unique indelible markers. The metastatic phenotypes of spontaneous lung metastases derived from subcutaneously implanted tumors were analyzed whereby unique karyotypic patterns of abnormal marker chromosomes were identified, indicating that the metastases had originated from a single progenitor cell. Several other reports have demonstrated the clonality of other tumors in melanoma, breast, and fibrosarcoma.22


Seed and soil, revisited

In 1889, Stephen Paget was the first to address the question, “What is it that decides what organs shall suffer in a case of disseminated cancer?”1 In doing so he established the framework for tumor-cell interactions, referred to commonly as the “seed and soil” hypothesis. He further went on to elaborate on this theory, stating “when a plant goes to seed, its seeds are carried in all directions, but they can only live and grow if they fall on congenial soil.”


Even after more than 120 years, Paget’s seed and soil hypothesis is the foundation of ongoing investigation. With continued refinement we may recognize the “seed” now as a progenitor cell, initiating cell, cancer stem cell, or metastatic cell, and the “soil” as a host factor, stroma, niche, or organ microenvironment.23 In a more recent article on the biology of cancer metastasis, Talmadge and Fidler revised the concept of this hypothesis to include 3 main principles,10 the first being that primary neoplasms (and metastases) consist of tumor and host cells. Host cells include epithelial cells, fibroblasts, endothelial cells, and infiltrating leukocytes. Furthermore, neoplasms contain biologically heterogeneous populations of tumor cells, each of which has the ability to complete some of the steps in metastatic process, but not all. The second principle is that the successful metastatic cells (“seed”) are selected for their ability to succeed in invasion, embolization, survival in the circulation, arrest in a distant capillary bed, and extravasation into and multiplication within organ parenchyma. Metastasis favors the survival and growth of a few subpopulations of cells within the parent neoplasm, and current studies support a clonal origin for metastases. The third principle is that metastases develop in specific organs, or microenvironments (“soil”), which are biologically unique. There is a differential expression of cell-surface receptors and growth factors that can be either supportive of or inhospitable to metastases.24,25

The biology of successful metastatic cells (“seed”)

Successful metastatic cells are selected for their ability to undergo the processes of invasion, intravasation, arrest, extravasation, and colonization of distant organs.10,26 Invasion initiates the metastatic process of a tumor cell, and involves changes in tumor cell adherence to other cells and to the extracellular matrix (ECM), disruption of the basement membrane and ECM, and motility to propel the tumor cell through tissue.

Loss of Adherence and Epithelial to Mesenchymal Transition

Integrins are mediators of tumor cell adherence to the ECM. Integrins exist as heterodimers that bind to specific proteins in the ECM and activate signaling pathways. In particular the α6β4 integrin, which binds laminin on the ECM, signals through the oncogenic receptor tyrosine kinases Met, epithelial growth factor receptor, and Her2.27 CD44 is also a tumor cell receptor for ECM-associated proteins. Integrins have also been implicated in later stages of metastasis: αvβ3 and α3β1 integrins are involved in adhesions of circulating tumor cells to the vasculature,28 and α2β1 integrin has been demonstrated to bind to laminin-5 during lung metastasis.29


Cell-to-cell adhesion is regulated by cadherins,4 which bind through protein-protein interactions on the extracellular domain and signal intracellularly to catenins and actin cytoskeleton.30,31 Metastatic invasions is characterized by a change in cadherin expression consisting of a reduction in E-cadherin, which promotes tumor cell–tumor cell adherence, to an increase in N-cadherin, which is normally expressed on mesenchymal cells and facilitates tumor binding to the stroma during invasion.26


The loss of E-cadherin–associated adherence has been described in the larger context to resemble that of an epithelial to mesenchymal transition (EMT). EMT is vital process for morphogenesis during embryonic development, characterized by loss of epithelial cell polarity and cell-cell contacts. Concurrently, cells undergoing EMT acquire mesenchymal components and a migratory phenotype.32 Given these phenotypic changes, EMT has gained interest among investigators in cancer metastasis as a mechanism to explain loss of epithelial adherence and gain of stromal mesenchymal invasion.


A significant feature of EMT is the loss of E-cadherin expression, which is consistently observed at sites of EMT during development and cancer. The loss of E-cadherin increases tumor invasiveness in vitro and contributes to a malignant phenotype in animal models.32 Several genes have been identified that induce EMT and also act as E-cadherin repressors; these include Snail, Slug,33 SIP1, and Twist.34,35 The downregulation alone of E-cadherin is not sufficient for EMT,32,34 and the loss of E-cadherin expression and cell adhesion do not define EMT. The acquisition of mesenchymal functions is also necessary for EMT. The prospective role of EMT in cancer metastasis and the continued elucidation of the numerous signaling pathways is a recently developing area of investigation, and may prove to offer an increased understanding of the process of metastasis and offer potential opportunities for therapeutic intervention.36

Cell Motility

A fundamental concept of metastasis is the transit of cells from one site to another. Most of this movement in tumor cells is a dynamic process involving the formation of adhesions to the ECM comprising cytoskeletal changes, proteolysis, and actin-myosin contractions.5 Components of the cell motility machinery have been implicated in animal models of metastasis. The role of RhoC, a GTPase acting as a node of motility regulation, has been implicated in lung metastasis in an in vivo melanoma model.36 Overexpression of Nedd9, a focal adhesion kinase adaptor protein, has been shown to foster cell motility and invasion in a mouse model of melanoma.37 Furthermore, Nedd9 was identified as one of a set of genes that mediate lung metastasis in breast cancer.38 Intravital imaging has demonstrated that tumor cells in vivo may move faster than once thought, based on in vitro experiments.39 The purported increase in speed seems to be related to cells tracking along the collagenous ECM, and acquisition of this motility coincides with a metastatic phenotype.

Survival and Arrest in Transit

The ability to evade apoptosis is a significant feature of tumor cells; however, metastasizing tumor cells face a myriad of additional mechanical and physiologic barriers. Cell death can be triggered simply by velocity-induced shear forces of the bloodstream or by hypoxia and nutrient deprivation. The loss of extracellular attachment can induce cell death, so-called death by detachment or anoikis. Loss of expression of caspase-8, an apoptotic initiator caspase, facilitates metastasis by increasing the resistance of a tumor cell to anoikis.40 The brain-derived neurotrophic factor receptor trkB was shown in vitro to confer resistance to anoikis in tumor cells, and contributed to a metastatic phenotype.41 Furthermore, overexpression of antiapoptotic effector genes such as BCL2, BCL-X, and XIAP in tumor cells can make them more resilient to death stimuli.42


Metastasizing cancer cells must not only survive in circulation but also eventually arrest in capillary beds. Circulating tumor cells may shield themselves with platelets, creating a tumor embolus that is purported to be more resistant to immune-mediated clearance and shear hemodynamic stress.43 Mechanical lodging of platelet-tumor emboli is likely a prevalent form of tumor arrest in capillary beds of distant organs. Other proposed mechanisms of arrest involve receptor–cognate ligand interactions. The α2β1 integrin expressed on a cancer cell has been demonstrated to bind to laminin-5 within exposed regions of the vascular basement membrane during lung metastasis.29 Tumor cells have also been demonstrated to bind other coagulation factors including tissue factor, fibrin, fibrinogen, and thrombin to create a tumor embolus that aids in capillary arrest.26

Extravasation

The metastasizing tumor cell that survives the circulation and arrests in a distant organ capillary bed must now transit from the vascular endothelium into a target organ in a process referred to as extravasation. Methods of extravasation differ in various tumor types. The process can occur by sheer mechanical stress as the tumor grows to substantial size and erupts into the adjacent tissue vasculature.44 In osteosarcoma, ezrin, a cytoskeletal protein, has been demonstrated to contribute to metastatic extravasation into lung tissue.45 More recently, the vascular endothelial growth factor receptor (VEGFR) has been identified as a potential mediator of extravasation by disrupting endothelial cell junctions in target tissue vasculature through activation of Src family kinases.46 Animal models have shown that VEGF-secreting tumor cells were unable to metastasize to lungs of Src knockout mice.47


The biology of the organ microenvironment (“soil”)

Successful colonization of the distant organ by the metastatic cancer cell (“seed”) depends on the interaction with the microenvironment of the tissue (“soil”). Clinical observations have revealed distinct that tumor phenotypes metastasize to specific organs, independent of the volume of exposure or blood supply. The use of peritoneovenous shunts to palliate ascites for women with advanced ovarian cancer has demonstrated that the high volume exposure of cancer cells to an organ via the circulatory system is inadequate alone to form metastatic disease. Tarin and colleagues48 described that despite dissemination of millions of cancer cells into the circulation, metastatic disease in the lungs, the first organ capillary bed, was rare.


The definition of a microenvironment continues to evolve concurrent with our increasing understanding of the processes that govern it. At present, the microenvironment appears to include a cellular architecture and a “premetastatic niche” created by the influx of supporting cells to support the process of metastasis.49 Kaplan and colleagues49 have demonstrated that VEGFR1-positive hematopoietic bone marrow progenitor cells target tumor-specific premetastatic sites and form cellular clusters that are conducive to the formation of metastatic disease. These cells further create a permissive niche for metastasis by expressing integrin α4β1 and upregulating fibronectin in resident fibroblasts.


Pulmonary metastasis is a relatively common pattern of metastatic disease that can be seen among an array of primary tumors, including breast cancer, gastrointestinal tumors, melanoma, sarcoma, and renal cancer. The ability of organ-specific colonization depends on a favorable microenvironment and characteristics of the tumor cells that interact favorably in this niche. A contributing factor may be the exposure of the capillary bed of the lungs to the entire circulatory volume. Furthermore, specific genes have been implicated in pulmonary metastasis. The cytoskeletal anchoring protein, ezrin, seems to contribute to tumor cell extravasation into lung parenchyma, and its expression correlates negatively in osteosarcoma patients.45 In breast cancer, the pathways of nuclear factor κB and transforming growth factor β have been associated with lung metastasis.50,51

Summary


The process of metastasis relies on a series of stochastic and sequential steps, with selective pressure exerted on a large number of genetically volatile cancer cells to produce a very small fraction of tumor cells with the ability to navigate the transition from primary tumor cell to end-organ metastasis. This process is intricately determined by cell-microenvironment interactions, the mechanistic understanding of which is steadily increasing. The continued elucidation of pathways that govern these interactions offers potential therapeutic options to patients with advanced disease.
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Most patients with pulmonary metastases will not be candidates for pulmonary metastasectomy. Preoperative evaluation determines whether a patient is both fit enough for surgery and has disease that is actually resectable. Both components are necessary for patients who undergo resection with curative intent. In general, to be considered for pulmonary metastasectomy, patients must fit the following criteria: the primary disease site and any extrathoracic disease are both controlled; complete resection of pulmonary involvement is achievable with adequate pulmonary reserve; and there are no effective medical therapies.
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• Only 15% to 25% of patients with pulmonary metastases will be appropriate candidates for surgery.

• Preoperative evaluation of pulmonary metastasectomy patients has 2 goals: first, to determine a patient’s fitness for surgery; and second, to determine whether the pulmonary metastases are resectable.

• Individuals should undergo pulmonary metastasectomy under the following conditions: 1. the primary tumor site is controlled; 2. there is no evidence of extrathoracic metastases or these metastases are controlled; 3. the pulmonary metastases are completely resectable and resection will leave adequate pulmonary function; 4. there is no medical management with lower morbidity that can be offered in lieu of surgery.





Preoperative evaluation

The purpose of preoperative evaluation of patients referred for pulmonary metastasectomy is twofold.1–3 The first component focuses on defining the morbidity, risks of surgery, and specific factors in patients that can be addressed to decrease the patient’s operative risk. Secondly, the evaluation determines whether the lesions are actually resectable. In assessing the patient’s fitness for surgery, it is important to remember that the most common complications after major thoracic surgery include pneumonia, atelectasis, atrial fibrillation, and heart failure.4 Most patients who undergo pulmonary metastasectomy undergo thoracoscopic wedge resection, but larger resections and the need for thoracotomy are possible. Therefore, it is key to assess the cardiac and pulmonary reserve of a patient being evaluated for pulmonary metastasectomy, especially if a larger or more complex resection is potentially required.

History and Physical Examination

Every preoperative evaluation should begin with a history and physical examination. Although up to 90% of patients with pulmonary metastases will be asymptomatic secondary to the nonobstructing peripheral nature of their disease, the history should start with an assessment of respiratory symptoms. If the patient has respiratory symptoms, then the individual may have endobronchial or pleural involvement, large bulky disease, or a central tumor.5 Next, the history should determine a patient’s functional status. Asking the patient and family about his or her actual daily activities can be enlightening. If it is apparent that the patient’s activity level is quite low, then further evaluation of his or her fitness for surgery should occur; objective assessments such as a 6-minute walk test or cardiopulmonary exercise testing are often revealing.


During the history, the patient must also be evaluated for symptoms of metastases to other locations (eg, recent fractures, bone pain, new headaches, or other neurologic events or symptoms). A history of pulmonary and cardiac diseases and other comorbidites such as diabetes or renal or liver disease must also be elicted. Medications should be discussed and a perioperative plan made for anticoagulants, immunosuppression, and cardiac medications. Also, social history should be evaluated and screening for substance abuse completed. Current smokers should be required, or at least strongly encouraged, to stop smoking prior to surgery, and they should be provided with smoking cessation resources and education. Alcohol users should also be asked about use, in order to prevent and treat potential withdrawal symptoms. Although it may not be particularly revealing, a physical examination should be performed. A patient with wheezing on examination may have endobronchial disease, or an individual with a pericardial rub have pericardial involvement, for example.

Imaging

Evaluation of the pulmonary lesions typically begins with a chest computed tomography (CT) scan, which has a high detection rate of metastatic pulmonary nodules.6 McCormack and colleagues7 have found that despite the use of these high-resolution, thin-section chest CTs that 20% to 25 % of nodules are still not imaged, suggesting that operative manual palpation must be performed. As CT scanning technology evolves, the detection of nodules as small as 1 mm is being achieved, further narrowing the disparity between CT scanning and manual palpation.6


Positron emission tomography (PET) scans are frequently performed on patients with epithelial-based primary tumors and melanoma after an abnormality on a CT scan is discovered. The use of these scans in the preoperative evaluation of lung lesions continues to rise. Mayerhoefer and colleagues8 analyzed the utility of PET in a study of 181 patients with pulmonary metastases. The PET sensitivity was 7.9% for lesions of 4 to 5 mm, 33.3% for lesions 6 to 7 mm, 56.8% for lesions 8 to 9 mm, 63.6% for lesions 10 to 11 mm, and lesions 100% for 12 mm or higher (P<.0010); thus the larger the lesion, the more sensitive the PET results.


Bamba and colleagues9 found that pulmonary metastasis of colorectal cancer can be accurately diagnosed by PET/CT, especially when nodules are larger than 9 mm in greatest dimension. Xi and colleagues10 performed a meta-analysis and found that fluorodeoxyglucos (FDG) PET/CT was a valuable diagnostic tool for diagnosing lung malignancies in patients with head and neck squamous cell cancer, with a sensitivity of 85% and specificity of 98%. In a series by Fortes and colleagues,11,12 the sensitivity of PET was evaluated in a series of 83 patients who underwent a pulmonary metastasectomy. In this series, the PET scan was positive in only 67.5% of the malignant nodules (colon, 68.6%; renal cell carcinoma, 71.4%; sarcoma, 44.4%), revealing that PET has its shortcomings. Franzius and colleagues13 suggest that there is a superiority of spiral CT in the detection of pulmonary metastases from malignant primary bone tumors as compared with FDG-PET. They found spiral CT to have higher sensitivity, specificity, and accuracy than FDG-PET in detecting pulmonary metastases from malignant primary bone tumors.14,15 Thus chest, abdomen, and pelvic CT scans are frequently the only imaging used in evaluating patients with a history of sarcoma; however, it is not unreasonable to use PET also.

Mediastinal Staging

Mediastinal and hilar lymph nodes should also be evaluated on the preoperative imaging. Lymph node involvement is an important negative prognostic factor in patients undergoing metastasectomy regardless of histology.16–18 For that reason, those with mediastinal adenopathy may benefit from surgical staging by mediastinoscopy or endobronchial ultrasound (EBUS) fine needle aspiration (FNA) before pulmonary metastasectomy is performed. Although patients with hilar or mediastinal lymph node involvement have poorer survival than those without, the presence of documented nodal metastasis is not an absolute contraindication for metastasectomy as there are some patients with lymph node involvement who are long-term survivors after metastasectomy.17

Pulmonary Function Testing

Pulmonary function testing is an important component to the preoperative evaluation of those who are undergoing an anatomic resection of metastatic lesions. The postoperative diffusion capacity (DLCO) and forced expiratory volume at 1 second (FEV1) must be determined, as they are important predictors of operative risk, postoperative complications, and even mortality. Although sublobar resection (either wedge resection or segmentectomy) is most often used for patients undergoing metastasectomy, one must consider the potential cumulative parenchymal loss in the setting of multiple lesions. In one study, patients who had at least 3 nonanatomic resections had pulmonary functional losses similar to those undergoing lobectomy.19 Given this, it is not unreasonable to apply similar standards for baseline pulmonary function for patients in need of metastasectomy as for lung cancer resection. Current guidelines suggest that patients with a predicted postoperative FEV1 or DLCO between 30% and 60% predicted should have additional risk stratification with an exercise test, such as a shuttle walk test or stair climb, prior to proceeding with surgery. Patients with postoperative predicted FEV1 or DLCO less than 30% should undergo formal cardiopulmonary exercise testing with measurement of maximal oxygen consumption.20

Evaluation of Extrathoracic Metastasis

It is estimated that 75% or more of patients with pulmonary nodules will also have metastases to extrathoracic sites. Only 15% to 25% of patients have lesions confined to the lung and are appropriate candidates for curative resection.5 For this reason, staging for metastatic disease outside of the lung is performed prior to pulmonary resection, based on the primary tumor. In most patients, CT of the chest and abdomen is performed to exclude liver metastases. For patients with sarcoma, PET scan or bone scan may be performed to assess for the presence of bone metastases.21 PET scan is also commonly used to assess metastatic disease in patients with epithelial tumors and melanoma. Any patient with pulmonary metastases who presents with neurologic symptoms should undergo brain imaging with either MRI or CT scan with and without contrast to exclude involvement of the central nervous system. Some clinicians routinely obtain brain imaging in patients with metastatic melanoma, breast cancer, or colon cancer, as each frequently metastasizes to the brain.22

Summary

Preoperative evaluation for patients undergoing pulmonary metastasectomy determines whether the patient is fit for surgery. A focused history and physical examination are the cornerstones of this component of the evaluation, and the use of cardiopulmonary testing can be vital for those with low activity or poor pulmonary function. The preoperative evaluation also determines whether the lesions are completely resectable. One should seriously consider the risks and benefits to debulking if the lesions are not completely resectable. CT and PET assess the parenchymal, lymph node, and extrathoracic involvement. Surgical staging may also be required before metastasectomy if there is suspicion of mediastinal adenopathy on imaging. If anatomic resections are planned, then evaluation must include pulmonary function testing also.


Indications for metastasectomy

The purpose of pulmonary metastasectomy is predominantly for curative intent, but a diagnostic wedge may be performed simply for tissue diagnosis or for evaluation of residual disease after other therapy as well.5 Here the focus is on describing the indications of pulmonary metastasectomy performed for curative intent.


The criteria for pulmonary metastasectomy were orignially described 6 decades ago: 




1. Candidates should be of appropriate risk for surgical intervention.


2. The primary malignancy must to be controllable


3. There should not be evidence of metastatic disease in any other part of the body.


4. Imaging should show only metastases to one lung.23–27





The criteria adopted today are still similar to those of Ehrenhaft and Thomford; although with anesthetic, surgical, radiologic and critical care advances, some of the criteria have been expanded. Today the criteria include




1. The primary malignancy must be controlled or controllable.


2. There is no extrathoracic metastasis that is not controlled or controllable.


3. All of the tumor must be resectable, with adequate remaining pulmonary reserve.


4. There are no alternative medical treatment options with lower morbidity.





Each of these criteria must be met before offering surgery and will be discussed separately.

Primary Malignancy Must be Controlled or Controllable

When a patient is found to have pulmonary metastases, it is imperative that his or her site of primary malignancy is thoroughly evaluated. Patients will not obtain a survival benefit from metastesectomy if their primary tumor is not controlled. Whether the metastasis is discovered metachronously or synchronously, the primary site must be investigated to determine whether the tumor or local recurrence is controllable. If the primary site is still present when metastases are discovered, resection of the primary should be achieved prior to metastasectomy. However, in this situation, a trial of systemic therapy followed by reassessment of the disease burden, rather than serial resection of the primary site and metastatic disease, should be strongly considered. Patients with colon cancer will need to undergo colonoscopy and abdominal/pelvic CT once a metastasis is noted. Patients with current or a history of breast cancer should undergo mammography. Head and neck cancer patients benefit from examination under anesthesia with endoscopy and contrasted neck CT, while those with a history of renal cancer frequently undergo a contrasted abdominal CT scan or MRI for better evaluation of the primary tumor. Melanoma patients should have a full skin evaluation by a dermatologist, and sarcoma patients should have CT, MRI, and/or bone scan performed to evaluate their site of primary malignancy. Patients with germ cell tumors should undergo blood work analysis of β-HCG, α-fetoprotein, and lactate dehydrogenase (LDH) as well as evaluation of the testes with ultrasound as necessary. If evaluation determines that a primary tumor is unresectable, then pulmonary metastesectomy should generally not be pursued.

Extrathoracic Metastasis Must be Controlled or Controllable

In almost all cases, extrathoracic metastases are a contraindication for pulmonary metastasectomy performed for curative intent; therefore the presence of metastatic disease outside the lungs excludes the patient from surgery. The exception to this rule is for patients with limited, resectable hepatic metastases from colon cancer in the setting of pulmonary metastases. There has been no reported difference in outcome in patients with and without history of previously resected hepatic metastases at the time of pulmonary resection, and thus many perform pulmonary metastasectomy even in patients who have undergone hepatic resection for colorectal metastases at an earlier stage.18,28 Patients who undergo combination hepatic and pulmonary metastasectomy have a 30% 5-year survival rate.28 Pfannschmidt and colleagues18 found similar results with no significant difference in outcome observed between patients with and without history of previously resected hepatic metastases at the time of pulmonary resection, with 5-year survival rates between 30% and 42%.


As a rule, patients with extrathoracic metastases other than limited hepatic tumors should not undergo pulmonary metastasectomy for curative intent. Those who are being considered for such should be evaluated in a multidisciplinary tumor board.

All of the Tumor Must be Completely Resectable with Adequate Remaining Pulmonary Reserve

An appraisal of the ability to achieve complete resection with adequate pulmonary reserve is vital and includes evaluation of the number of nodules, consideration of the location of nodules, and estimation of the postoperative pulmonary function. Data from the International Registry of Lung Metastases indicate better 5-year survival rates for patients with a single metastatic focus (43% 5 year survival) when compared with those with 2 to 3 metastases (34%) or those with 3 or more metastases (27%).24 For patients with multiple metastases, there is no consensus as to how many lesions is too many. At this time, if lesions can be completely cleared while allowing for adequate remaining function, then resection can be pursued even if the lesions are numerous, bilateral or if anatomic resection such as segmentectomy or lobectomy is required. In the case of potential pneumonectomy, a thorough discussion of alternative therapies, in a multidisciplinary setting, should be conducted prior to embarking upon surgery.

No Superior Alternative Nonoperative Management

For most tumor histologies, there is no medical option that has a proven survival advantage over pulmonary metastasectomy. The exceptions are patients with nonseminomatous germ cell tumors and potentially those with breast cancer. When patients present with lung metastases from these etiologies, discussion with the medical oncologist should occur, as there are chemotherapeutic and hormonal therapies that can be offered for curative intent, without the risks of surgery.
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