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INTRODUCTION
Primary mediagtinal tumors are rare and most commonly arise from thymic, neurogenic, lymphatic,

germinal, and mesenchyma tissues. Secondary mediastind tumors, which are far more common than primary
tumors, most frequently represent mediastinal lymphatic involvement from lymphoma or metastasis of the lung
or infra-digphragmatic organs such as gastric cancer, pancrestic cancer, testicular cancer, and gastroesophagesl
adenocarcinoma. Lymphomas, the most common tumor in the middle mediastinum (341), as well as tumors of
lung, esophagus, heart, and great vessels are discussed in detail in other chapters.

Approximately two third of primary tumors are histologically benign, and surgica resection is often
curative (23). Clinically, mogt patients with asymptomatic mediastinal tumors have benign lesions whereas most
symptomatic patients have malignant disease (81). Symptomatology is related usudly to pressure or invasion of
the structures within the mediastinum causing substernal chest pain, dyspnea, cough, and dysphagia (33,81).

Anatomy

The mediastinum is located in the central portion of the thoracic cavity. It isroughly trapezoida in shape
bounded anatomically by the sternum and attached muscles anteriorly, the thoracic vertebral column and
adjacent ribs posteriorly, the lungs and parietal pleurae laterdly, the digphragm inferiorly, and the thoracic outlet
at the leve of first thoracic vertebra body and the manubrium superiorly (256). Various recommendations for
dividing the mediagtinum into different compartments have been proposed (43,112,342); a practica and
clinicdly relevant division defines three compartments in the mediastinum: anterior (anterosuperior), middie,
and podterior (Fig. 1). There are no physicd anatomica barriers or fascid planesthat separate these
compartments, and considerable overlap may exist.

The anterior mediastinum lies posterior to the sternum and anterior to the pericardium and grest vessdls,
extending from the thoracic inlet to the digphragm. The thymus accupies the superior anterior mediastinum. It
includes lymph nodes and vessals. The middle mediastinum is defined as the space occupied by the heart,
pericardium, proximal great vessels, and central airways. It includes the ascending and transverse aortic arch,
brachiocephdic vein, innominate artery, vena cavae, main and proxima right pulmonary arteries, pulmonary
veins, trachea, mainstem bronchi, and lymph nodes. The posterior mediastinum includes the paravertebra gutters
and is bounded by the heart and great vessds anteriorly, the thoracic inlet superiorly, the digphragm inferiorly,
and the chest wall posteriorly. The anatomic structures normaly found in the different mediastinal compartments
and the tumors arising from those structures are listed in Table 1 and Table 2 respectively.

The thymus gland is an irregular, lobulated lymphoepithelia organ lying in the anterior mediastinum.
Embryologicaly, the thymus derives from the endoderm of the lower portion of the third pharyngea pouch. By
week 8 of feta development, the primitive thymus descends into the mediastinum to become a bilobed glandular
sructure. The blood supply is from the internd mammary arteries and venous drainage is into the innominate

and internal thoracic veins. The thymus is composed primarily of an epithelial stromaas well as abundant



lymphocytes in various stages of maturation. It is considered a lymphatic organ having function in the cellular
immune process by providing a unique environment for maturation of T lymphocytes. Its lymphatics drain into
lower cervica nodes, internal mammary nodes, and hilar nodes. It dowly involutes during adulthood and is
largely replaced by adipose tissue (374).

Incidence of Primary Mediastind Tumors

Primary mediastina neoplasms are reatively rare. Some studies suggest that the frequency and the
prevaence of primary malignant mediagtind lesions have recently been increasing (4,16,66,81); however, the
exact incidence is unknown. Table 3 shows the relative incidence and distribution of primary mediastina tumors.
These tumors are most commonly found in the 3rd through 5th decade of life but may be found in al age groups
and in al compartments of the mediastinum (81). In the adult population, over 50% of mediastina neoplasms
occur in the anterosuperior mediastinum, gpproximately, 20% in the middle mediastinum, and 26% in the
posterior mediastinum (81,382). In the pediatric population, 26%-43% of the neoplasms occur in the
anterosuperior mediastinum, 11%-18% in the middle mediagtinum, and 40%-63% in the posterior mediastinum
(16, 134,136). The differences in distribution between adults and children are attributed to the higher incidence
of thymic tumors and lymphomas in adults and of neurogenic tumors in the pediatric population.

In adults, thymic neoplasms predominate in the anterosuperior mediastinum, followed in frequency by
lymphomas, germ cell tumors, and carcinoma (342). Bronchid, enteric, pericardia cysts, tumors of connective
tissue and vascular origin, aberrant parathyroid tumors, and thyroid neoplasms are dso found in this
compartment. Although lymphomas are the most common tumors in the mediastinum overdl, anong the
primary tumors, thymomas are more common in the anterior mediastinum (342,382). This s probably due to the
fact that lymphomeas rarely present as an isolated single anterior mediastina mass as most thymomeas usually do.
In the middle mediastinum, cystic lesions are most common, followed by lymphomas, mesenchymal tumors, and
carcinoma (341). In the posterior mediastinum, neurogenic tumors are most common, followed by cysts,
mesenchymal tumors, and endocrine neoplasms (81,341,66). Most neurogenic tumors (80%) are located in the
posterior mediastinum, and 50% of mediagtinad lymphomas are in the middle mediastinum (146).

In pediatric patients, neurogenic tumors predominate, followed by thymic tumors, lymphomeas, and germ
cdl tumors. Cydtic lesions account for 16% of the adult mediastind masses and 24% of the pediatric masses. The
differences of the relative frequency of these mediagtinal tumors are illugtrated in Table 4 (16). The relative
incidence of benign and maignant primary mediastind tumors and cysts are shown in Table 5.

THYMIC TUMORS
The vast mgority of thymic tumors are thymomeas, ninety percent of which are found in the
anterosuperior mediastinum; other variants are found in the middle and posterior mediastinum or neck. (252).

Thymomeas are epithdlid tumors associated with an exuberant lymphoid component composed of immeature
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cortical thymocytes. Although lymphomas, carcinoid tumors, and germ cell tumors may al arise within the

thymus, only thymomas, thymic carcinomas, and thymolipomas arise from true thymic elements.

Thymomas
Epidemiology

The true incidence of thymoma is unknown. The Surveillance, Epidemiology and End Results (SEER)
reported a thymoma incidence of 0.13 per 100,000 (258). Although thymomais arelatively rare neoplasm, it is
the most common tumor of the anterior mediastinum, representing approximately 30% of anterior mediastinal
lesions (16,66,71,81,252,354) and 20% of al mediastind tumorsin adults (126,207,342,382). Thymomas are
less common in children, accounting for approximately 15% of anterior mediastina masses (252). Most patients
with thymoma are adults between the ages of 40 and 60 years, with an average age of 48 years, amedian age of
52 years, and an equal overall gender ratio (22,25,82,203,227,315).

Thereis areported association between the Epstein-Barr virus and thymoma and lymphoepithelioma of
the thymus. The diseases are more frequent in far-Eastern countries (87,235,352). Childhood thymus irradiation
has been linked to the development of thymic tumors (163), and familia cases have aso been reported
suggesting a possible relationship with cytogenetic abnormalities (193,228,383).

Natura History

Thymoma s characterized by an indolent growth pattern with a tendency toward locd invasion. Itis
frequently associated with a variety of systemic diseases, most notably myasthenia gravis, which occursin
gpproximately 30-40% of thymoma patients (195). Furthermore, unlike other mediastina tumors its prognosis
gppears to be more closealy related to the invasive characteristics seen a operation rather than to the histological
gppearance. The predominant pattern of spread of thymomasiis by direct invasion into adjacent organs. Indeed,
the degree of encapsulation and the invasion of adjacent tissues define malignancy for these tumors rather than
the histologic appearance of the tumor cells (68). Overal, approximately 50% (39% to 64%) of cases reported in
surgica series are noninvasive (22,24,25,75,81,114,175,202,203,218,257,315,386).

Thymomas may metastasize as implants on pleura surfaces or pulmonary nodules, but they rarely
metastasize via a vascular route to extrathoracic areas (207). The most frequent area of disseminaion isinto the
pleural cavity with resultant pleurd plagques, diagphragmatic masses, and malignant pleurd effusions. Pericardia
effusions have a so been reported. All cases of effusion have reveded postive cytologic findings. In advanced
cases, invasion into the superior vena cava, brachiocephalic vein, lung, and pericardium may be observed (5).
Superior vena cava syndrome as a presenting symptom is not uncommon. Distant metastases, athough rare, have
been reported to liver, lung, and bone (166).



Thymomais frequently associated with a variety of paraneoplastic syndromes, the most common being
myasthenia gravis, but other diseases, including benign cytopenia, overt malignancy, hypogammaglobulinemia,
and polymyositis, have also been reported (91,336).

Myasthenia gravis is an autoimmune disease characterized by the presence of antiacetylcholine receptor
antibodies, which cause an acetylcholine receptor deficiency at the motor end plate; it is characterized by rapid
exhaugtion of voluntary muscular contractions with adow return to the norma state. The most common clinical
feature is neuromuscular fatigue; ocular muscles are involved in 90% of patients. Next in frequency of
involvement are facial and pharyngeal muscles, progressing to fatigue of proxima limb girdle muscles and
respiratory suppression (90,372). Patients with thymoma and myasthenia gravis may have an increased operative
mortality since most surgical desths can be attributed to myasthenia gravis crisis (219). However, the overdl
long-term prognosis does not appear to be adversely affected by the presence of myasthenia gravis (218,219).
Desth in patients with thymoma and myasthenia gravis is commonly due to complications of myasthenia gravis,
whereas in patients without myasthenia gravis, death often is attributed to loca progression of tumor (219).

Of patients with myasthenia gravis, approximately 25% have a normal-sized thymus and 75% have
thymic abnormadlities. Of these, 15% are associated with thymoma, and the remaining 60% have thymic
lymphoid hyperplasia (306). Recurrence of thymoma may be higher in those without myasthenia gravis than
those with myasthenia gravis (240). Interestingly, approximately 15% of patients with thymoma may develop a
second malignancy such as Kapos's sarcoma, chemodectoma, multiple myeloma, acute leukemia, or various

other carcinomas (lung, colon, etc.) (221).

Clinica Presentation

The typical symptoms and signs of thymoma resemble those of patients with mediastinal masses as
illustrated in Table 6. Approximately 30% to 40% of thymomas are asymptomatic, and in these patients, the
tumor is usually an incidental finding on chest x-ray examination (202,203,207). Clinical symptoms may vary
greatly. Patients often present with symptoms of ocular muscle weakness, ptosis, dysphagia, and fatigue, 5%
with red cdll aplasia, and 5% with hypogammaglobulinemia (53,150,172,306,385). On the other hand, only
about 10-15% of patients with myasthenia gravis have thymoma, either benign or maignant (91,219,245).
Symptoms frequently the result of impingement on surrounding mediastinad structures include cough, chest pain,
dyspnea, hoarseness, superior vena cava syndrome, and symptoms related to tumor hemorrhage (279).
Dysphagia, fever, weight loss, and anorexiamay aso be present.

Other signs and symptoms can be attributed to awide variety systemic disorders that may occur in 5
10% of patients with thymoma. Souadjian and associates reviewed over 500 cases of thymoma and noted that
71% were associated with a systemic disease (336). These include erythroid and neutrophil hypoplasia,
pancytopenia, Cushing’ s syndrome, DiGeorge syndrome, carcinoid syndrome, Lambert-Eaton syndrome,
pernicious anemia, nephrotic syndrome, SIADH, Whippl€e's disease, lupus erythematoss, pemphigus, myotonic



dystrophy scleroderma, polymyositis, polyneuritis, myocarditis polyarthropathy, myotonic dystrophy, Sogren's
syndrome, Addison’s disease, panhypopituitarism, sarcoidos's, hypogammaglobulinemia, ulcerative colitis,
rheumatoid arthritis, Hashimoto's thyroiditis, hyperthyroidism, hyperparathyroidism, and thyroid carcinoma
(53,68,200,221,252,385). Other miscellaneous diseases include hypertrophic osteoarthropathy and chronic
mucocutaneous candidiasis (221). Table 7 shows some of paraneoplastic syndromes that may be associated with
thymoma and other mediastina tumors.

Diagnogtic Workup for Mediagtind Tumors

Petients with mediastind tumors may manifest systemic symptoms secondary to hormone production
(Table 8). However, anextensive work-up concerning extrathoracic Sites should not be applied routindly in the
absence of symptoms. The diagnostic workup for mediastina tumorsis outlined in Table 9. Diagnostic work-up
of apatient with amediagtina mass begins with a thorough history and physical examination. Particular focus
should be given to detect subtle physica findings that may suggest the presence of myasthenia gravis. Routine
screening blood work and chemistries should be obtained as they may give clues to the preserce of associated
syndromes. Serum apha-feto-protein (AFP) and beta-human chorionic gonadotropin ([¥HCG) levels should be
obtained in young adult maes, as they are most certainly elevated in the presence of non-seminomatousgerm
cell tumors (329). Chest x-rays often demonstrate a massin the anterior mediastinum in 45-80% of the patients
(Fig. 2) and are useful in comparison with older filmsto detect growth and chronologica changes. Other
advanced imaging studies such as computed tomography (CT) are the most valuable radiologic techniquesin the
evauation and clinica staging of mediagtind tumors (21,205,314,315). The size, contour, tissue density, and
homogeneity of a mediastind lesion can be defined, as well asits relaion to or invasion of other mediagtind
structures (Fig. 2). CT iswell suited for staging of many of these tumors and is helpful as a baseline for
monitoring response to trestment with irradiation or chemotherapy. It is dso imperative for planning radiation
therapy portals. Magnetic resonance imaging (MRI) has not been shown to yield more information than the CT
scan (49). MRI, however, has the advantage of demonstrating musculoskeletal anatomy and differentiating the
neurovascular structures of the mediastinum, particularly useful in patients with allergiesto contrast or rena
insufficiency (49,194,355). Therole of positron emission tomography (PET) scan has not been established, but
early data suggestsits ahility to distinguish thymoma from thymic hyperplasia and the association of high uptake
of fluorodeoxyglucose with the degree of tumor invasiveness (186,210).

Although a preoperative biopsy of an anterior mediastinal mass can aid inits diagnosis, a planned
operation of a resectable anterior mediastina mass may be gppropriate without a preoperative biopsy when a
thorough clinica and radiographic evauation of peripherd lymph nodesis negative and tissue diagnosisis
obtained at thoracotomy. Most patients presenting with a mediastinal mass, however, need a histologic diagnosis
before ingtituting definitive therapy. CT- or US-guided fine-needle aspiration biopsy of the mass may be
performed to establish the diagnosis preoperatively (327). Such procedures may have a diagnostic sengtivity and



specificity of 87-90% and 88-100%, respectively in detecting thoracic neoplasms (248). Sometimes, when larger
tumor samples are required to distinguish between lymphomaand lymphoid predominant thymoma, core needle
biopsy usudly provides sufficient specimens with an overal sensitivity of 96% and specificity of 100% (248).
Bronchoscopy, video-assisted thoracic surgery, mediastinoscopy, or anterior thoracoscopy may help yield the
diagnosis prior to resection, especidly if enlarged lymph nodes are present (63,85,329). The potentia risk of
breaching the capsule leading to spillage of tumor cells during biopsy has been debated and is unsettled
(244,330).

Pethologic Classification

Controversies regarding the classification and terminology of thymic tumors still exist. A maignant
thymoma, for example, may be defined as an invasive or metastatic thymoma by some clinicians or athymic
carcinomaby others (182,183). However, tumors with true maignant cytologic characteristics are considered
thymic carcinomas rather than thymoma, whereas maignant thymomarefers to invasive thymoma as defined
either macroscopically or microscopicaly that retain typicdly “bland” cytologic characteristics of thymic
epithdid cels admixed with mature lymphocytes. The term invasive thymoma should be used instead o
malignant thymoma to denote its behavior of capsular invasion. Grosdy, they are lobulated, firm, irregularly
shaped, tan-pink to gray tumors that may contain cystic spaces, calcification, or hemorrhage. They may be nestly
encapsulated, adherent to surrounding structures, or invasive. Noda and hematogenous metastases may occur
but are rare (207).

Among the classfications of thymomas that have been proposed, the more widely accepted histologic
classfication is that proposed by Marino and Muller-Hermdink that classifies thymomainto cortical, mixed and
medullary types (223). According to their data, cortical thymomas have a more aggressive course than medullary
thymomas and are more likely to be associated with myasthenia gravis. Likewise, those tumors that are mixed
tend to show an intermediate behavior and have an intermediate prognosis (300). The 10-year surviva rates are
gpproximately 100% for medullary, 76% for mixed and 45% for cortical and well-differentiated thymomas
(149,283,300,350,370).

Although degree of tumor invasivenessis strongly related to stage and prognosis of thymoma, in a
recent series by Quintanilla-Martinez and colleagues (291), the histologic classification of Marino and Muller-
Hermdlink (223) seems to support the prognostic significance of histology, independent of tumor stage. In their
study, none of the medullary and mixed thymomas recurred even though 30% had capsular invasion. Organoid
and cortica thymomas showed intermediate invasiveness and low but significant risk of late relapse, even with
minima invasion (291). Thymic carcinomas, regardless of histology, were dways invasive and carried a
significant risk of relgpse and desth, even in stage |1 patients (291).

The classification of Rosai and Levine (302) divides thymomas into three types depending on the
predominant architecture of the tumor: lymphocytic, epithelia, or mixed (lymphoepithelia). Some authors have



suggested a fourth group, spindle cdl type, but thisis often considered a variant of the epithdid type (203). In
general, most series report no consistent correlation between the histopathology of thymomas and their
malignant potentia (302,315) and no correlation between histopathologic subtype of thymomas and the
associated systemic syndromes.

A more recent conceptua approach to the classfication of thymic lesions was proposed, based on level
of differentiation, dividing thymic lesions into thymoma (well differentiated), atypical thymoma (moderately
differentiated), and thymic carcinoma (poorly different dif ferentiated) (344). However, like other thymic
classification systems, classification by degree of differentiation can be mideading (182). Further studies will be
needed. Currently, among the different classification schemes the traditiona grouping based on invasiveness,
cell type, and epithelia cell architecture appears to be accepted by most clinicians (143,182,345).

Staging

Bergh and associates introduced the first clinica staging system for thymomain 1978 (24). Their
daging system was subsequently modified and refined by Masaoka and associates in 1981 (227) and is the most
widdy used. It is based on pathologic findings at time of surgery (Table 10). Another clinically useful staging
system is the French Groupe d' Etudes des Tumeurs Thymiques (GETT) classfication, which isillustrated in
Table 11 (118). The GETT system correlates with the Masaoka system prognosticaly (72,118).

Prognostic Factors

The two mogt important prognogtic factors that affect trestment outcome for thymoma are invasiveness
(stage) and completeness of surgica resection of the tumor (22,25,24,47,82,203,227,364). Invasivenessis
commonly used as the basis for designation as benign or malignant. Five- and 10-year survival rates for awell-
encapsulated thymoma without invasion are over 90%. Tentyear surviva rates for invasive thymomeas range
from 27% to 69% (24,75,227,278,364,386). The gpproximate 5-year survivd rates according to Masaoka stage
are 93% for stage |, 86% for stage |1, 70% for stage |11 and 50% for stage IV (227,381).

Numerous authors have reported on the long-term prognostic significance of the extent of resection
(33,119,296,353,381,387), tumor size (>10 cm), and the presence of symptoms (33,207,284). Patients with
complete or radical excison have significantly improved surviva over those with subtotal resection or biopsy
only (227,288). Although amost al noninvasive thymomeas can be totally resected, the ability to achieve a
complete resection in invasive cases is relatively low (58% to 73%) (218,227,257). Some studies also suggest
that histologic type (medullary vs. cortica vs. mixed) is an important prognostic indicator (119,196,254) wherees
other studies do not (22,202,284).

Petients with autoimmune diseases such as red cell aplasia, hypogammaglobulinemia and lupus
erythematosus appear to have a poorer prognosis (33,181,219). Contrary to older series that report a poor

prognosis in the setting of myasthenia gravis (22,25,386), several modern series have failed to confirm this



observation (196,227,233,254,257,278,284,364,387). In fact, myasthenia gravis may even confer asurviva
advantage because it may lead to earlier discovery of asmall thymoma (33,181,303,371). Age aso appearsto be
aprognostic factor. Thymomeas in children appear to have a more malignant course than those in adults (379).
Fortunately, malignant thymomasin children are extremely rare (56).

Genera Management
Surgery

Depending on the stage and thus resectability, complete surgical resection aone isthe most effective
therapy of athymoma (Table 12). Complete entbloc surgical resection remains the trestment of choice for dl
thymomas regardless of invasiveness, except in rare advanced cases with extensive intrathoracic or extrathoracic
metastasis. Operation for thymoma carries alow morbidity and mortdity, especidly in patients with early stage
thymoma;, most surgica deaths can be attributed to myasthenia gravis crisis (219). If an encapsulated thymoma
without associated myasthenia gravis can be removed without disturbing the integrity of the capsule, recurrence
isvery rare (22). For encapsulated, noninvasive thymomeas, surviva is excellent (114,218).

Successful surgica trestment of locdly invasive thymoma is dependent on completeness of resection
(396). An aggressive surgical approach to invasive tumors should be taken to remove as much of the lesion as
possible at the time of surgery. However, resection of an involved phrenic nerve is controversid. However, if
both nerves were involved, most surgeons would agree that both phrenic nerves should be I eft intact. Although
somewhat debatable, in those cases, in which a complete resection is not possible, a debulking operation should
be considered since good long-term results can il be achieved when such surgery is followed by postoperative
radiation therapy (47,219). Others found no obvious survival advantage of debulking procedures over biopsy
aone (72,219,246,257). The surgeons should ddlinegte the extent of the tumor, specify the areas of invasion, and
identify the areas of positive or questionable margins and residua disease with metallic clips to assst future
radiation therapy planning.

Recurrent Thymoma

Experience in the management of recurrent thymomas is lacking because of its rarity. Although patients
with encapsul ated thymomeas are mostly cured by complete excision, delayed recurrence has been reported in up
to 12% and as late as 32 years after initid surgery (14,218,245,254,320). As aresult, patients with thymoma
need to be followed life-long. Most recurrent thymomeas often remain indolent and are confined to the thorax,
thus facilitating reoperation. Treatment for recurrent thymomeas is usually surgery and radiation therapy
(177,297,311). Patients undergoing surgery for local recurrence seem to have smilar five-year survivas when
compared with patients with no recurrence (33). Other studies of reoperation for recurrent thymoma show
acceptable short and long-term results (177,297). Of the 28 patients undergoing reoperation for recurrent
thymoma, Regnard and colleagues reported that 19 of them were able to undergo a complete resection (297).



The five and ten year actuaria survival rates after reoperation were 51% and 43% respectively, and for those
with complete resection, the rates were 64% and 53%. Hence patients who develop localy recurrent thymoma
should be considered for surgery. In unresectable cases, preoperative chemotherapy or radiation therapy may
facilitate surgical resection (177,311,365).

Results of Surgery

For noninvasive stage | disease, results of surgery aone may result an gpproximately 90% 5-year
survival and 80% 10-year survivd (219,257,385). The frequency of local recurrence is only about 0-5% for
encapsulated thymomas. However, for stage Il and 111, results of surgery alone for invasive thymomeas are
generaly poorer with recurrence rates of 10% to 47% (33,219,240,296). In one study, overal five-year prognosis
of completely resected invasive vs. non-invasive thymomawas 67% vs. 85% (218). In a series reported by
Fujimura and associates (114), 10-year surviva rates for invasive and noninvasive thymomas were 49.4% and
74.3%, respectively. Similar results were reported by Maggi and colleagues (218).

Radiation Therapy

Encapsulated, non-invasive thymomeas (stage ) do not require postoperative radiation therapy after
complete resection because recurrenceis approximately 1.5% (219). However, post-operative irredigtion is
indicated in patients with invasive thymoma even after complete resection, as the recurrence of completely
resected invasive thymoma may approach 30% with a median time for loca recurrence of 3.8 years (33).
Completely resected invasive thymomas carry a poorer prognosis than noninvasive tumors (25,47,282,354). In
generd, five-year survivd rates range from 53% to 70% (75,227,257). Survivd rates continue to fall with long-
term follow-up, and 10-year survival rates may be considerably poorer (278). The role of postoperative
irradiation for invasive thymomas has never been tested in a prospective fashion. However, numerous
retrospective studies have reported improvementsin loca tumor control and surviva (75,227,233,257,288,364).

Radiation therapy is an effective adjuvant therapy for invasive thymomas (stage I1) asthese tumors are
usualy radioresponsive. In many series, patients with gross fibrous adhesions of the tumor to the pleuraat the
time of surgery or microscopic invasion of the pleuraon histology (stage I1) are at increased risk for recurrence.
Haniuda and colleagues (142) found that patients with fibrous adhesion to the medastina pleura without
microscopic invasion benefited the most from postoperative radiation thergpy. The recurrence rates, with and
without adhesion to the mediastina pleura, were 36.4% vs. 0%, respectively.

In astudy by Monden and colleagues (240), there was a 29% recurrence rate for patients with resected
stage |1 thymoma who did not undergo adjuvant radiation therapy, as compared with an 8% recurrence rate with
postoperative irradiation. Although postoperétive radiation therapy has been shown to be effective at decreasing
local recurrence in completely resected invasive thymoma, it does not appear to decrease the incidence of

subsequent pleura dissemination that may occur in these patients whose pleurae are usudly outside of radiation
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fidds and not treated. This may be areflection of the natura pattern of spread of this disease with pleura
dissemination occurring even before, during, or after the time of surgery. Unfortunately, extended irradiation to
include the entire pleura significantly incresses the norma tissue complications and thusis not routiney
employed.

For stage 111 disease, the evidence supporting the use of postoperative radiation therapy is even more
gpparent. Urges and colleagues (364) reported no in-field recurrencesin a study of 33 patients with completely
resected stage |11 thymoma given post-operative irradiation. All three recurrences occurred out-of -field. For
localy advanced, large, invasive thymomeas that are unresectable or marginally resectable, preoperative radiaion
therapy has been advocated to render it resectable (22,271,326,378). Severa studies on limited numbers of
patients who received preoperétive radiotherapy for extensive disease note a decrease in tumor burden at the time
of surgery with response rates as high as 80% and describe a theoretica decrease in the potentia for tumor
seeding during surgery (72,75,219). These series report that preoperative irradiation facilitated total or subtotal
resection of the invasive thymoma mass by reducing the tumor volume (271).

Primary radiation therapy alone as the definitive treatment has been advocated in non-surgical
candidates or patients with unresectable advanced disease (stage I11-1V). Arakawaand associates reported on
twelve patients who presented with unresectable tumors and were treated with primary radiation therapy, and
seven patients were dive from 1 year 8 monthsto 5 years 1 month (10). Ciernik and associates (62) reported
smilar outcomes when comparing radiation alone to tumor debulking and adjuvant radiation thergpy in 31
patients with stage |11 and 1V unresectable disease. A 5-year surviva of 87% was reported in asmall group of
patientswith IVA disease treated with radiation therapy done (153). Jackson and associates (157) reported an
overal surviva of 53% at 5 years and 44% at 10 years for patients with advanced thymoma receiving radiation
following biopsy only or incomplete resection. Urges and associates (365) reported on the use of radiotherapy
aonein 21 patients with intrathoracic recurrences of thymoma. The sevenryear surviva of 70% was sSmilar for
those treated with radiation alone and for those treated with surgery and adjuvant therapy. However, the
retrospective nature of these studies, small number of patients, differing amounts of clinica disease, and
variations in radiation doses and techniques are likely confounding variables that relate to the resultsin the
literature. Therole of preoperative and primary radiation therapy has generdly falen out of favor. With the high
response rates of chemotherapy, most patients with advanced disease will be treeted with a combined modality
approach.

Chemotherapy

Although most chemotherapeutic trials involving thymoma are small and the exact role of chemotherapy
in the treatment of patientswith invasive thymomais not well defined (357), anumber of studies have reported
reasonable results with various systemic agents, either aone or in combination. Platinum-based regimens have
commonly been used over the past decade. Response rates range between 24 and 100% (145). In arecent study,
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thirteen patients with stage |11 and IV disease were treated with single agent ifosfamide (148). Five patients had a
complete response and one had a partial response with an estimated 5-year surviva of 57%. There are numerous
case reports or small series reporting antineoplastic activity for both multiple and single agents, including
seroids, and for combination chemotherapy (35,48,54,79,95,103,109,110, 122,127,150,158, 211,216,273,328).
In generd, chemotherapy is reserved for localy advanced or metadtatic disease. However, there are only afew
prospective clinica trias conducted in thymic malignancies. The most promising use of chemotherapy is
combination chemotherapy given neoadjuvantly to convert initially marginally resectable or unresectable disease
into potentialy resectable disease. There are no reported prospective randomized trias comparing different
chemotherapeutic agents (47,354). In arecent review of the literature, response rates of over 50% have been
found consistently with the gpplication of combination chemotherapy (145). Some of the commonly employed
active drugs in combination chemotherapy are cisplatinum, doxorubicin, and cyclophosphamide with reported
overdl responsesin excess of 50% (212,213). In astudy by Forniasiero and colleagues, 37 patients with stage 111
or IV thymoma were treated with cisplatinum, doxorubicin, vincristine, and cyclophosphamide (109). The
overal response rate was 91.8%, of which 43% were complete responses. L oehrer and associates studied 23
patients with localized but unresectable thymomeas (212). These patients were treated with combination
chemotherapy consisting of cisplatinum, doxorubicin, and cyclophosphamide followed by radiotherapy. The
overal objective response rate was 70% with 5 compl ete responders. The estimated 5-year disease surviva was
54% and amedian surviva of 93 months. Multivariate analysis demonstrated that chemotherapy was associated

with an improvement in overal survivd for patients with stage |11 and IV disease.

Combined moddity

Most patients with locally advanced or metastatic thymoma can be effectively trested with combined
modality consisting of radiation thergpy, chemotherapy, and surgery with acceptable results (47,53,331,354). In
astudy by Macchiarini and colleagues (216), al seven patients with stage 111 invasive thymoma treated with
neoadjuvant cisplatinum, epirubicin and etoposide were able to undergo surgica resection. Four were complete
and three were incompl ete resections. It has aso been shown that neoadjuvant chemotherapy, and then surgery,
followed by additional chemotherapy and irradiation may improve the surviva of the patients with localy
advanced thymoma (369). Shin and colleagues reported that nine out of eeven patients with unresectable stage
1l and IV thymoma were able to undergo complete resection after induction chemotherapy consisting of
cyclophosphamide, doxorubicin and cisplatinum (331). All nine patients were given additiona postoperative
radiotherapy and chemotherapy. Out of these patients, seven continued to be disease-free at a median follow-up
of 43 months.

Table 13 shows the results of combination chemotherapy with and without surgery and radiation in
patients with mostly advanced thymoma. Most received cisplatinum-based regimens. The overd| response rate

was gpproximately 60%. However, in these series only some of the patients underwent surgica resection, which
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raises the issue of sdection bias. Furthermore, postoperative radiation therapy was not routingly given in dl
series. All patients who achieved a pathologic complete response had received cisplatinum-containing regimens.

These encouraging results are being evaluated in a prospective intergroup study that treats previoudy
untrested patients with unresectable thymomas limited to the mediastinum with cisplatinum-doxorubicin-
cyclophosphamide (PAC) chemotherapy plusirradiation (212). The impact of multimodality therapy on survival
for these patients till needs to be evaluated. The role of chemotherapy as an adjuvant therapy after resection has
not been established. However, it has been reported in conjunction with radiation therapy in unresectable surgica
cases, including patients with advanced and recurrent disease (114,125,212,213,233).

Management of Myasthenia Gravis

The surgica gpproach for myasthenia gravis has been remova of the thymus, complete remission rates
vary from 7 to 63% (32). However, thymectomy is not dways successful in reversing the neurologic symptoms
seen in patients with thymoma compared to those with other thymic abnormdities (27,32,91,226). In one study,
thymectomy resulted in mgor improvement of myasthenia gravis in 40% of 75 patients with thymomas and in
62% of 161 patients without thymomas (104). Similar results have been reported by Jaretzki and colleagues
(161). Braitman and colleagues (36) anadyzed the results of surgery in 33 patients with thymic tumors, 17 of
whom had associated myasthenia gravis. Response of myasthenia gravis to remova of the thymic tumor was
good to excdlent in 44% of the patients, with an average follow-up of 5.5 years.

Petients with thymoma have a higher acetylcholine receptor activity and titers of anti-striated muscles
antibodies in approximately 80-90% of patients with thymomaand myasthenia gravis (388). Administration of
an anticholinesterase such as pyridostigmine bromide and immunosuppressive medication may dleviate the
associated symptoms. Schulz and Schwab (324) reported 17% improvement with no treatment or with
medication aone and 65% improvement with surgery. For patients who have failed anticholinesterase therapy
and other modélities, adrenal corticosteroids have been suggested (90).

The results of thymic irradiation for myasthenia gravis have been smilar to those o surgery (285). Ina
report from Massachusetts General Hospitd (324), 45 patients diagnosed with myasthenia gravis were treated
with thymic irradiation only. Among the 10 patients who had associated thymic tumors, the improvement rate
was 60%. In the remaining 35 patients with no thymic tumor, a 54% improvement rate was seen. A tota of 27
patients in this series were trested by thymectomy followed by thymic irradiation; the overal improvement rate
was 66%. Again, no significant difference in results wasfound between patients harboring an associated tumor
and those having no tumor. The dose of irradiation to the thymic areain these studies ranged from 15 to 30 Gy
with conventiond fractionation.

Currier and associates (76) reported on 28 patients with progressive myasthenia gravis without thymoma
who received trestment of 30 Gy to the anterior mediastinum. The follow-up was from 5to 18 years. Of 24
patients with generalized myastheniain this series, 20 patients had an improved median surviva time of 1.5
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years. In the other 4 patients, who had ocular myasthenia gravis only, the course of disease was not atered by

radiation treatment. Older patients had longer remissons than younger patients.

Radiation Therapy Techniques

Reported radiation doses have ranged from 30 to 60 Gray (Gy) givenin 1.8 or 2.0 Gy per fraction daily.
The recommended postoperative radiation dose after gross tota resection for malignant thymomais 45-50 Gy in
1.8-2.0 Gy daily fractions. For microscopically positive resection margins and grossy positive margins, higher
radiation doses of 54 Gy and 60 Gy, respectively, administered in 1.8 to 2.0 Gy of daily dose fractions are
gppropriate. Although one retrospective study did not find any relationship between radiation dose and loca
control (12), others have noted that radiation dose was a significant prognostic factor for local control (231,246).
It isdifficult to prove a consistent improvement in local tumor control with higher dosesin part due to the rarity
of thistumor and prospective clinicd trials. However, excdlent loca tumor control has been reported with doses
higher than 40 Gy and increased local recurrences have been reported with doses lower than 40 Gy. When
resection isimpossible, doses of 60 Gy or more to gross disease may be required for adequate tumor control, but
not without higher associated risks of complications such as pericarditis or radiation myelitis (222). Dose to the
spind cord should be limited to 45 Gy using oblique mediastind fields.

Treatment fields and dose fractionation should be carefully planned and arranged to minimize
complications such as pulmonary fibross, pericarditis, and myelitis. The typical volume treated should include
the entire thymus or tumor bed, mediastinum and part of the involved adjacent lung if there is parenchymal
involvement or as ddlineated by CT scan or surgical clips, plusamargin of at least 2 cm to account for daily
variability during trestment and alow coverage of areas of possble microscopic disease (Fig. 3). Ingenerd,
inclusion of the non-involved supraclavicular fossais unnecessary and has not shown consistent therapeutic
benefits (311). Treatment portals may include single anterior field, opposed anterior-posterior fields with
differentid weighting (1:1, 2:1, or 3:1), wedge pair, and multi-field arrangements. Modern CT simulation with
customi zed treatment planning can yield optimized isodose distribution and avoid geographic misses (Fig. 3).
Conformal therapy with three-dimensiona treatment (3D -CRT) planning, as described in detail in chapter 44
(lung), may further minimize dose heterogeneity and radiation toxicity to adjacent non-involved structureswhile
alowing higher doses to be delivered to the tumor.

Results of Radiation Therapy

There are no large prospective randomized phase 3 clinicd trids to evauate the primary endpoint of
efficacy of primary or adjuvant radiation thergpy in patients with thymoma. Until recently, radiation therapy was
used primarily for patients with advanced disease, especially in patients with stage |11 and VA disease. Often,
inadequate equipment or dose resulted in less than optimal results (197). Of 23 patients trested with irradiation as
the main thergpy, 8 had complete regression, 10 had partia regression, and 5 had no regression (22). Six of the
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eight patients with complete regression, 5/10 of the patients with partial regression, and only 1/5 of the patients
with no regression received tumor doses of 40 Gy or more.

With megavoltage radiation theragpy, control of maignant thymomeasis satisfactory. In areport by
Marks and colleagues (224), tumor was controlled in al nine cases treated with megavoltage irradiation with
doses of 35 to 48 Gy. The average follow-up was 5.5 years (minimum, 30 months). Ariaratnam and associates
(11) observed tumor control in 8 of 11 patients with malignant thymoma with minimum follow-up of 2 years.
Three patients died, two of whom had received only 30 Gy in 3 weeks to the mediastinum. Overdl, radiation as a
monotherapy may result in approximately 65% local control and a 5-year survival rate of 40-50% (180).

Postoperative radiation therapy has resulted in improved surviva of patients with invasive thymomeas,
after both complete and incomplete resections (47,354). In astudy of 141 patients with thymoma, Nakahara and
associates (257) reported a 5-year survivd rate of 91.5% for patients with stage |1 and 87.8% for patients with
stage 111 disease who were treated with postoperative irradiation.

Curran and co-workers (75) reported a retrospective study of patients with stage Il or 111 thymoma.
Twenty-9x percent (20/78) of the patients who had not received post-operative radiation therapy developed loca
recurrences compared with 5% (2/43) of smilar patients who had recelved postoperative radiation therapy.
There was no significant difference in relapse rate or survival between those patients undergoing biopsy and
radiation therapy versus subtota resection and radiation therapy. They reported a 5-year actuarid mediagtinal
relapse of 53% for patients with stages 11 and 111 disease treated with total resection aone. But no relapses were
noted in patients who received postoperative irradiation after total resection. Monden and associates (240)
reported that in stage |1 patients the rates of thoracic recurrence were 29% for patients treated by surgery aone
and 8% for patientstreated by surgery and postoperative irradiation. In cases with complete radical surgery and
postoperative irradiation, Urges and colleagues (364) observed that 15% of patients relapsed in the chest, but
only 6.8% of recurrences were within the irrediation field.

The benefit of postoperative radiation therapy after subtotal resection or biopsy aone of thymomais clear. In this
group of patients if no postoperative irradiation is given, thereis a 100% locd recurrencerate; in irradiated
patients, thisfalsto 20% (75). Patients undergoing radical surgery with complete resection prior to adjuvant
radiation therapy often have substantialy better loca control and five year survival compared to those
undergoing biopsy aone or limited surgery with minimal tumor resection (72,219,246,257). A summary of the
results of select radiation therapy seriesis given in Table 14, and the overal prognoses according to stage are
given in Table 15aand 15b.

Other Thymic Tumors
Both thymic carcinoma and thymolipomas are much less common than thymomas. They commonly
occur in the anterosuperior mediastinum. Similar to thymoma, thymic carcinomais thought to arise from thymic

epithelium but is far more madignant with disma prognos's than thymoma (223,384) whereas thymolipomais a
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benign thymic neoplasm containing a mixture of fat and hyperplastic thymic tissue and cured after surgica
removal.

The mgjority of thymic carcinomas are undifferentiated, lacking the histologic features of a normal
thymus; the remaining may be adenocarcinomatous, sarcomatous, squamous, basoloid, mucoepidermoid, or
lymphoepithelial-like histologically. Most variants of thymic carcinoma are highly lethd with frequent
metastases to regiond lymph nodes, bone, liver, and lung (290,346). Approximately 80% of patients with thymic
carcinoma may have radiographic evidence of invasion into adjacent structures in the mediastinum, and 40%
may have evidence of mediastina lymphadenopathy at presentation (89,190). Proper management requires an
aggressive multi-modality approach, including the use of cisplatinum-based chemotherapy often coupled with
radiotherapy or surgery. The prognosis corresponds with tumor grade and stage. Five-year surviva rates for
those patients with high stage and grade neoplasms range approximately 15 to 20% whereas patients with low
grade, localized disease may have five-year survivas of 80 to 90% (346,349).

Primary thymic carcinoid tumors are exceedingly rare. They arise from the neuroendocrine cells within
the thymus and not the thymic epitheium. Few cases (no more than 100 cases) have been reported in the
literature (96). Like other carcinoids commonly in the gastrointestinad and respiratory tracts, they are malignant
neuroendocrine neoplasms with the potentia for aggressive local, regiona, and distant spread. They affect males
more frequently than femaleswith amale to femaeratio of 9:1. Clinicd symptoms at presentation resemble
those with mediastina masses (94). In addition, Cushing syndrome, multiple endocrine neoplasial and 11, and
inappropriate secretion of antidiuretic hormone (SIADH) are sometimes seen in patients with thymic carcinoids
(96). However, carcinoid syndrome has not been reported in patients with primary thymic carcinoid tumor in the
literature (94). Approximately 20-30% of patients may have extrathoracic metastases at presentation. The
prognoss is generaly poor despite aggressive surgical resection with frequent local recurrence and metastases
(96). In one study, local or distant metastatic spread developed in dl patients (100%) even after complete
resection (28). Therole of adjuvant thergpy is unclear but may improve the outcome in select patients (83,96). A
5-year surviva of 31% has been reported (83).

MALIGNANT MEDIASTINAL GERM CELL TUMORS
Epidemiology

Approximately, 50 to 70% of primary extragonada germ cell tumors occur in the mediastinum
(188,262). However, primary maignant mediastina germ cell tumors are exceedngly rare and account for 1-2%
of al germ cell tumors (73,215), 5% to 13% of malignant mediastind tumors (73,81) and about 1-3.5% of dl
mediagtinal neoplasms (81). The disease is more common in Caucasian maes. Of 150 patients with mediagting
germ cell tumors reported in seven series, 127 (84%) were males and 24 (16%) were females
(73,169,171,225,312,380). Pure seminomas are most common in the third decade of life, followed by the fourth

and second decades. Nonseminomatous germ cell tumors (pure or mixed histology) occur in young adults, the

16



mgjority being in the 15 to 35-year age group. In the adult population, men and women have an equa incidence
of benign germ cell tumors; approximately 90% of malignant extragonadal germ cell tumors are found in men
(261). In the pediatric population, the incidence of benign and malignant mediastina germ cell tumorsis smilar
in both males and females.

Approximately 20% of patients with nonseminomatous germ cell tumors have Klinefelter's syndrome
(86). Mediastina germ cell tumors have aso been associated with other systemic diseases, including systemic
mast cdll disease, acute mydoid leukemia, and malignant histiocytoss (55,265).

Natura History

Extragonada germ cell tumors occur along the body's midline from the pineal gland in the cranium,
through the mediastinum, to the retroperitoneum and presacra areas. This corresponds to the embryologic
urogenita ridge, which extends from C-6 to L-4. The origin of these extragonada germ cell tumors remains
controversid. Severd theories have been proposed as to their development (52,113,138,318). It is presumed that
extragonadd germ cell tumors arise from germ cdlls that have abnormally migrated aong the urogenital ridge
during embryonic development (215,261). These tumors are the result of maignant transformation of these
germina elements, displaced to extragonadal sites without there ever having been agonada primary tumor
(262). These tumors are generally not metastasis from occult gonadal primaries; primary testicular tumors that
metastasize to the anterior mediastinum are uncommon (261,262). Retroperitoneal germ cell tumors, however,
have been more frequently associated with agonada primary than their mediagtina or pinea counterparts.

The mediastinum is the most common site for the development of extragonada germ cell tumors. The
majority of mediastind germ cell tumors are located in the anterosuperior mediastinum accounting for
approximately 10 to 23% of al primary anterior mediastina tumors (81,241,382). In areview by Martini and
colleagues (225), the tumor was located in the anterior mediastinum in al 30 of the reported patients.

Despite the fact that mediastina germ cell tumors have the same morphologic and histologic appearance
as germina tumors of the testes, germ cell tumors of extragonada origin have a poorer prognosis with much
more aggressive biologica behavior than their gonadal counterparts (8,93,168). Primary germ cell tumors of the
mediastinum are commonly divided histologicaly into seminomas and nonseminomas. Unlike the
nonseminomatous germ cell tumors, pure seminomas are very responsive to both radiation therapy and
chemotherapy with cure rates of over 60-80% for localized disease despite their mediastinal location (108).
Among the nonseminomatous germ cell tumors, benign teratomas are the most common mediastind germ cell
tumor, accounting for 70% of the mediastina germ cell tumors in children and 60% of those in adults (261).
They can be seen in any age group but most commonly occur in adults from 20 to 40 years of age. Thereisno
gender predilection. Surgical resection is often curative.

On the other hand, malignant nonseminomatous germ cell tumors are generally more aggressive with a

tendency to metastasize. Long-term disease-free surviva varies from 13% to 58% (266,395). Approximeately
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85% of these tumors occur in men with amean age of 29 years (261). Nonseminomatous germ cedll tumors are
most commonly found in the anterior mediastinum and appear grosdy as lobulated masses with a thin capsule.
They are frequently invasive at the time of diagnosis, and almost 90% of patients are symptomatic. They appear
on CT scan as large inhomogeneous masses containing areas of hemorrhage and necrosis. Elevated levels of
beta-HCG are seen in 30% to 50% of patients, and AFP is detected in 60% to 80%. One study reported the ratio
of metastatic germ cell tumorsin the chest to primary mediastina germ cell tumors as 47:1.4 (225). However,
the metastases occurred through out the chest. If anterior mediastinad metastases are present, middle and
posterior mediastina lymph nodes, as well as retroperitonea nodes, are frequently involved (215). Rather and
associates (292) described fibrotic scars in the testes after detailed histologic examination of patientswith
disseminated germ cell tumors. However, Lunaand Tamariz (215) found evidence of ascar or occult tumor in
the testesin only 2 of 20 cases of mediastind germ cell tumors.

A number of unusua maignant processes are associated with nonseminomatous germ cell tumors,
associated hematologic malignancies include acute myeloid leukemia, acute nonlymphocytic leukemia, acute
megakaryocytic leukemia, erythroleukemia, myeodysplagtic syndrome, and maignant histiocytosis
(140,261,264,265). In one study, 9% of the 34 patients with mediastina nonseminomatous germ cdll tumors
devel oped hematol ogic neoplasia while none of the 654 patients with testicular counterparts developed such
malignancies (264). Less frequently, solid tumors such as embryonal rhabdomyosarcoma, small cell
undifferentiated carcinoma, neuroblastoma, and adenocarcinoma have aso been described (262). Similarly,
Klinefdter's syndrome has been recognized in patients with mediastind germ cell tumors, but not in patients
with tegticular germ cdll tumors (77,263,362). In one study, up to 20% of the patients with mediastind germ cdll
tumors were found to have the karyotypic pattern of Klinefelter's syndrome, 47,XXY (261), whichis
characterized clinically by hypogonadism, azospermia, and elevated gonadotropin levels.

Clinical Presentation

Aswith mogt patients having mediagtina tumors, loca symptoms are usudly caused by tumor
compression or invasion of adjacent structures (Table 16). Of patients with maignant germ cell tumors, 90% to
100% have clinica symptoms (179); chest pain, dyspnea, cough, and fever are the most common symptoms
(204). Patients with mediastina germ cell tumors may be entirely asymptomatic, particularly when the tumor isa
teratoma or seminoma (225,274). In approximately 25% to 30% of patients, the first Sgn of disease was an
abnormadity on routine chest x-ray examination (274). Anterior mediastinal tumors, because of their location,
produce substernal pressure and pain radiating to the neck and the arms in 30% to 60% of patients (81,312). The
tumors impinge on the venous system, producing superior vena cava syndrome in 10% of patients (73).
Seminomatends to grow dowly to areatively large sze tumor (>30 cm) before causing symptoms.
Approximately 60% of patients with mediastina seminomamay have metastases to intrathoracic structures (e.g.

lungs) and extrathoracic sites (e.g. bones) (159,179), whereas 85-95% of patients with nonseminomatous germ
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cdl tumors have metastases a the time of diagnosis (139,156,214,332). Embryonal cell carcinoma,
teratocarcinoma, and choriocarcinoma are more aggressively infiltrating neoplasms. They produce congtitutional
symptoms including weskness, weight loss, and fever, and substernd pleuritic pain. They are occasiondly

associ ated with dyspnea, cough, and hemoptysis more commonly than seminoma. Petients with choriocarcinoma

have a high risk of hemorrhage and gpproximately 40% may have gynecomeastia (67,106,225,274,332).

Diagnostic Workup

Mediagtina germ cell tumors are most often detected on chest x-rays with dmost al masses noted in the
anterosuperior mediastinum. Three percent to 8% of tumors arise within the posterior mediastinum (261). As
with evauation of other mediastind tumors, CT is the radiologic method of choice (31,205). The chest CT scan
frequently shows alarge anterior mediastina mass, often with a homogeneous appearance in case of seminoma,
and with multiple areas of hemorrhage and necrosis in nonseminomatous germ cell tumors (205); cystic areas
and cdcification within the tumor may be seen. Abdomina imaging should aso be performed to assess other
common sites of metastasisincluding liver and retroperitoned lymph nodes. Careful examination of the testes
should be performed. If testes abnormalities are present, appropriate radiologic examinations should be obtained
for atesticular or retroperitoneal neoplasm (ultrasonography, CT, and possibly lymphangiography). Smilarly,
retroperitoneal adenopathy suggests atesticular primary and also warrants testicular ultrasound. There is no need
to perform blind orchiectomy or testicular biopsy in patients with norma physical examinations and
unremarkable ultrasound findings (261,262).

Germ cell tumors may elaborate two proteins that are useful in the diagnosis and follow-up of
mediastina germ cdll tumors. The 3-subunit of human chorionic gonadotropin ((HCG) isfound in elevated
levelsin the serum of 60% of patients with nonseminomatous germ cell tumors and 7%-10% of patients with
pure seminomeas (81,159,169,339). When eevated in patients with pure seminoma, 3-HCG levels are usualy
less than 100ng/ml. All patients with choriocarcinoma have elevated urinary and serum 3-HCG levels. The a-
fetoprotein (AFP), an al-globulin, is produced in the liver, yolk sac, and gastrointestingl tract of the fetus.
Approximately 70% of the patients with nonseminomatous germ cell tumors have elevated levels of AFP, which
often correlates with the presence of embryona or yolk sac components (44,81). More than 90% of patients with
germ cell tumors have elevated levels of one or both of these markers (162). Patients with benign teratomas are
serum tumor marker-negative, and elevations of HCG and AFP suggest a maignant component to the tumor.
Similarly, very high level of (ZHCG or any elevation of AFP in patients with seminoma indicates the presence of
nonseminomatous e ements. Nonseminomatous tumors are often positive for AFP and HCG, with AFP being
detected in 60% to 80% of these tumors and HCG in 30% to 50% (204,261).

Although less specific, serum lactate dehydrogenase (LDH) is eevated in the mgjority of patients with
mediastind seminomatous and nonseminomatous germ cell tumors (20,156,159). Serum measurements of these

biomarkers are helpful in monitoring the response of the tumor to thergpy and aso can be used to detect
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recurrences (97,162); therefore, the determination of pretreatment and posttreatment basdline levelsis essentid.
These biomarkers have been studied extensively with testicular tumors; several reports indicate that they are of
similar value in extragonada germ cell tumors (44,81,97).

The diagnosis of nonseminomatous germ cell tumors may be made without tissue biopsy (123). In many
centers, the presence of an anterior mediastind massin ayoung mae with elevated serum tumor markersis
adequate to initiate treatment (Table 17). However, patients with false positivity of -HCG levels have been
reported and the diagnosis and treatment of choriocarcinoma should include asimple urine test for HCG
(69,309). If atissue diagnosisis deemed necessary, fine-needle-guided aspiration with cytologic staining for
tumor markersis the least invasive and may be used for confirmation. Some of these tumors (e.g., Seminomas)
are very difficult to differentiate from other anterior mediastinal tumors such as lymphomas, smdl cell tumors,
and thymomas, definitive diagnos's often requires open biopsy (123).

Pathologic Classification

Conventiondly, mediastind germ cell tumors can be broadly classified as benign or malignant. The
benign tumors include mature teratomas, which are the most common mediastinal germ cell tumor, accounting
for 70% of the mediagtina germ cell tumorsin children and 60% of those in adults (261).

The maignant germ cell tumors are divided into seminoma (or dysgerminoma) and non-seminomatous
tumors (225). The latter include embryona carcinomas, teratocarcinomas, choriocarcinomas, yolk sac tumors,
and immature teratomas. In a 30-year review of 98 consecutive patients with germ cell tumors, 46% were found
to have mature teratomas, 8% immeature teratomas, 16% pure seminomas, and 24% malignant nonseminomatous
germ cdll tumors (93). A more recent review of 229 cases of maignant mediastina germ cdll tumors by the
Armed Forces Indtitute of Pathology (AFIP) shows that 52% were pure seminoma, 20% teratocarcinoma, 17%
yolk sac tumor, 5% mixed germ cell tumor, 3% embryonal carcinoma, and 3% choriocarcinoma (242).

Staging

Although there is no single widely accepted staging system for mediastind germ cell tumors, Moran and
associaes have recently proposed a smple clinica staging scheme that may be helpful in categorizing patients
and defining their treatment and prognosis (Table 18) (241,242).

Prognostic Factors

The most important prognostic factor in anterior mediastinal extragonada germina tumors is histologic
type. Mature teratomas and seminomas are highly curable and carry a substantially better prognosis than
immeature teratomas and nonseminomatous germ cell tumors.

Severd series report almost 100% cure rates with pure seminomeas localized to the mediastinum and
treated with either surgery plus postoperative radiation therapy or radiation therapy aone (73,171,317).
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However, other seriesreport 5-year survivd rates of only 50% to 81% (93,179). Poorer prognosis is associated
with extrathoracic involvement, age greater than 35 years, superior vena cava syndrome, lymphadenopathy,
fever, hilar disease on chest x-ray, and incomplete resection (45,93,179).

Petients with malignant nonseminomatous tumors have a much poorer prognoss than either pure
extragonadal seminoma or their gonadal nonseminomatous counterparts, with survival rates ranging from 0% in
the prechemotherapy erato gpproximately 43% with cisplatinum-based chemotherapy (73,93,140). Eighty-five
percent to 95% of these patients have obvious distant metastases a the time of diagnosis. Common metastatic
stesinclude lung, pleura, lymph nodes, liver, and, less commonly, bone (140,394). Normalizing serum tumor
markers in response to chemotherapy are a sgnificant favorable prognostic factor. Long-term disease-free
surviva varies from 13% to 58% in the literature (266,395).

Genera Management
Seminomas

Although seminomas grow dowly to alarge size and metastasize later than their nonseminomatous
counterparts, synchronous metastases to the lungs and other intrathoracic structures may be seen up to 60% to
70% of patients (141,159,179). Seminomas are very sendtive to both radiation therapy and chemotherapy and dl
patients with mediastina seminoma should be trested with curative intent.

Radicd resection has alimited role in the definitive treatment of seminoma (123,261). In generd,
complete radica resection may be considered in selected patients if technicaly feasible. Postoperative radiation
therapy is often required by most patients even after complete surgical resection. Some advocate surgical
resection followed by radiation thergpy in patients with smal, asymptomatic seminomas; however, surgica
debulking of large tumors has not been shown to be of consistert benefit in improving loca tumor control
(140,141).

Petients with locaized mediastina seminoma without evidence of metastatic disease can be managed
with radiation therapy aone, with long-term survivals of 60% to 80% even though less favorable, bulkier tumors
arereferred for radiation (123,261). In comparison to chemotherapy, radiation therapy is generdly more
tolerable, far lesstoxic, and has a high salvage rate with systemic chemotherapy following afailure (141). A
review of recommendations for radiation therapy trestment in extragonada seminoma was recently reported by
Hainsworth and Greco (140,141). Doses of 40-50 Gy are commonly used. Although doses aslow as 20 Gy have
been curative, some investigators report higher rates of loca recurrence with doses less than 45 Gy (141).
Radiation treatment portals should include a shaped mediastinal field and both supraclavicular areas and not
necessarily the retroperitoneum (45,141,152). In cases of bulky, extengve, locadly invasive disease, larger
irradiation portals may be required. Such large fields may result in excessive irradiation of surrounding normal
lung and mediastina organs unless careful treatment planning and modern radiotherapy equipments are used.
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Additiondly, for 20% to 40% of patientsin whom loca tumor control is achieved, treatment can be expected to
fail at distant Sites (261).

Although systemic multiagent chemotherapy is highly effective, in most reported series, chemotherapy
was reserved for locally advanced seminomas, failures d surgery and irradiation, or metastatic disease at
presentation. Most series have been using cisplatinum-based combination chemotherapy with good results. Over
twenty years ago, the Indiana group first reported a 63% compl ete response rate with median duration of 18
monthsin 19 patients with disseminated seminoma treated with cisplatinum-based chemotherapy (98). Minimum
follow-up was 1 year, and four patients were in complete remission for longer than 2 years. Roth and coworkers
(308) treated 26 patientswith disseminated seminoma; 14 survived for amedian of 26.6 months. Lemarie and
coworkers (204) reported that 12 of 13 patients treated experienced complete remission, with two recurrences
after treatment. Cisplatinum-based combination therapy achieved a complete reponse in 3 of 5 patients trested
by Giaccione (121). A recent collective review of 73 patients was undertaken by Hainsworth and Greco (140).
All underwent chemotherapy with cisplatinum and various combinations of cyclophosphamide, vinblastine,
bleomycin, or etoposide. Some patients aso received radiation therapy. Complete responses to treatment were
noted in 90% of the patients, and 88% were long-term disease-free survivors. With encouraging results,
chemotherapy has been used asiinitid therapy in many series. In anon-randomized study from Memoria
comparing initia therapies, 5 of 9 patients trested with initia radiation therapy remained disease free compared
with 10 of 11 patients receiving initid chemotherapy (159).

Residual radiographic abnormalities after completing chemotherapy are not uncommon for patients with
bulky mediastind seminoma. The management of patients with resdua radiographic abnormditiesis sill
controversid. Studies have shown that these residual masses represent dense scirrhous reaction or necrotic
tumors, rather than residua viable seminoma, in approximately 80% to 90% of patients (249,261,289,323).
Residud teratomas are aso rare. Others have shown a 25% incidence of residua viable ssminomain these
patients treated with chemotherapy followed by resection of residua masses (323). Based on experience with
bulky retroperitoned involvement with seminoma from testicular primaries, most residua masses > 3cmin
diameter harbored residud viable ssminomaand al resdua seminomawas found in masses > 3 cm. The authors
recommended biopsy or resection of the resdual massesif they were 3 cm or greater (147,49,323). Others
recommend close follow up of these patients with early intervention if the mass enlarges on chest x-ray or CT
scan, reserving radiotherapy or further chemotherapy for those patients who subsequently develop progressive
disease (140,141,261,323).

Nonseminomatous Germ Cell Neoplasms
Loca trestment with surgery or radiation therapy aone is inadeguate for germ cdll tumorswith
nonseminomatous histologies, which include choriocarcinoma, embryona carcinoma, teratocarcinoma,

endoderma sinus (yolk sac) tumors, and maignant teratoma. These tumors usudly occur in pure form, but in
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approximately one third of cases, multiple cell types are present. Other malignant components including
adenocarcinomas, squamous cell carcinomas, and sarcomas may be present. Because of their great propensty for
distant metastasis, the primary trestment for nonseminomatous maignant tumors is intensive cisplatinum-based
combination chemotherapy, which often includes etoposide, bleomycin and/or ifosfamide, and radical resection
if resdua mass present (140,375,3%4). Patients with mediastina nonseminomatous germ cell tumors (NSGCT)
do not respond as well to chemotherapy as those with other extragonada or testicular presentations to
chemotherapy. They usualy have bulky disease at presentation, relapse more frequently, and have aworse
survival rate; complete remission ratesof 50% to 70% are achieved in most series using modern chemotherapy
regimens, however (93,121,141,204,261). The potentia long-term disease free survivd is approximately 40%
(140). After 4 courses of chemotherapy, patients should then be restaged with serum tumor markersand CT scan
of the chest and abdomen. Petients with negative tumor markers and negative CT scans following initial
chemotherapy require no further trestment. Persistent elevation of serum tumor markers requires salvage
chemotherapy (140). Patients who are serum tumor marker-negative but have radiographic evidence of residua
disease are commonly seen. These patients should undergo surgical resection of residua disease 4 to 6 weeks
after completion of chemotherapy (123,140,375). Complete resection should be attempted, asit can be
associated with prolonged surviva (375). Patients found to have residua viable germ cell tumor undergo two
additional cycles of chemotherapy. Nichols reports complete remissionsin 18 of 31 patients using this regimen,
and other series report complete remission rates of 50% to 70%, with long-term survival approximating 50%
(261). Equivaent results are obtained in al histologic subtypes.

Reynolds and colleagues (298) reported an objective response of 53% (10 of 19 patients) in mediagtinal
germ cell tumors treated with combination chemotherapy; 2 patients had complete remission of disease. Ina
series of 32 patients with primary NSGCT treated with surgery and combination chemotherapy, 4 survived with
relapse, athough follow-up was short (179). Dulmet and co-workers (93) reported median surviva times of 4.5
and 38.5 months in patients with mediastinad NSGCT treated without and with cisplatinum-based chemotherapy,
respectively. However, Toner and associates (358) compared 50 patients with poor prognosis extragonada
nonseminomatous germ cell tumors with 99 patients with poor risk testicular primary site. They noted aworse
outcome for patients with mediastina NSGCT treated with aggressive cisplatinum- or carboplatinum-based
chemotherapy, with an overal complete response rate of 38% and a very poor event-free median surviva time of
only 10 months. In arelatively large collective review of 175 patients undergoing a variety of combination
chemotherapeutic regimensfor the initia treatment of nonseminomatous germ cell tumors, compl ete responses
were noted in 54% of patients, and 39% were long-term disease-free survivors (140).

Patients with resdua radiographic masses following treatment with normalization of tumor markersare
frequently found to have either benign teratomas or necrotic non-viable tumors. Surgical resection of residua
masses may prevent subsequent loca regrowth or maignant degeneration of these tumors. If viable malignant
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tumor cells are completely resected, two additiona courses of cisplatinum-based chemotherapy may reduce the
risk of relapse (111).

Approximately, 20% of the patients after completion of chemotherapy will relgpse, usudly within the
first 24 months after the last course of chemotherapy. These patients have a very poor prognoss. The treatment
of recurrent disease is difficult; standard salvage chemotherapy has not proven consistently beneficid, and few
patients achieve remission. Motzer and associates report a 23% complete response rate using high-dose
carboplatinum, etoposide, and cyclophosphamide, combined with autologous bone marrow transplantation, in
cisplainum-refractory germ cell tumors (250). Saxman and colleagues (316) reported only 7% long-term
disease-free survivd after salvage chemotherapy, including autologous bone marrow transplantation, for
relgpsed extragonadal NSGCT; 58% of patients had mediastinal primary tumors, confirming the need for new
approachesin this disease.

Nonseminomatous germ cell tumors are sensitive to radiation. But the role of radiation therapy in
NSGCT has not been defined and the optima dose and fidlds of radiation therapy have not been established. In
addition to palliation, because of the poor resectability rate and high incidence of residual masses after
chemotherapy, radiation therapy has been used for this group of patients to improve loca tumor control.
However, depending on the amount of bone marrow treated, irradiation given before chemotherapy may
adversdy affects the patient's ability to tolerate full cytotoxic doses. Newlands and co-workers (260) noted a
decreased surviva rate among patients receiving radiation therapy compared with those not receiving irradiation
for this reason (56% versus 82%, respectively). Kersh and associates (171) reported on 14 patients with NSGCT
and noted that none achieved locd control with radiation doses of 47.5 Gy or less. They bdieved that objections
to the use of radiation thergpy are no longer warranted because of the more limited fields and smaler amounts of
marrow irradiation with modern techniques, and they suggested use of doses closer to those required for
epithdid tumors. If radiation therapy is contemplated, however, its administration should probably be after
maximal response to chemotherapy. If there is no evidence of metastatic disease, high doses of 60 Gy or more
appear to be necessary to achieve better locd control.

The treatment of benign mediagtind teratomais complete surgica resection, which results in excellent
long-term cure rates (93). In generd, irradiation and chemotherapy play no role in the management of this tumor
and limited published data shows no tumor response to ether radiation therapy or chemotherapy (394).
However, some investigators have suggested that the preservation of vital structures may be more important than
the completeness of resection because incomplete resection of benign teratomas has not resulted in subsequent
evidence of tumor recurrence (206). In generd, resection of mature teratomas results in prolonged surviva with
no significant chance of recurrence (93,206). However, malignant transformation of the teratoma can occur and
is often refractory to cisplatinum-based chemotherapy with avery poor prognos's (8,179). Immeature teratomas
are potentidly maignant tumors. Their prognosisis influenced by the anatomic site of the tumor, patient age,

and the immature fraction of the tumor (93). In patients younger than 15 years, immature teratomas behave
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similarly to their mature counterparts. In patients 15 years of age and older, they may behave as highly malignant
tumors. One recent study suggests that a combination cisplatinum, vinblastine sulfate, and bleomycin sulfate

regimen may result in improved long-term surviva in these patients (93).

Radiation Therapy Techniques

There are variations in the radiation doses and treatment techniques to treat mediastind seminomas
(19,45,64,108,152,363). A review of the literature indicates that doses ranging from 20 to 60 Gy have been used.
Based on experience with testicular seminoma, some have suggested similar lower radiation doses may be
adequate. However, Bush and colleagues (45) recommended higher doses because of the frequently bulky nature
and, despite smilar histology, also the difference in radiosenstivity of mediastina seminomas. They noted no
local failures with doses grester than 47 Gy. Others reported a 91% local tumor control rate with doses of 30 to
50 Gy (171). The one patient in their series with alocd failure received 45 Gy and was declared notto bea
geographic miss. Cox (73) anayzed the dose-time rdationship in irradiation of germ cdll tumors. Based on his
data from Water Reed and Massachusetts General Hospitals, he suggested that 30 Gy given in 15 fractions over
3 weeksis adequate. However, Kersh and colleagues (171) suggested doses of 30 to 45 Gy for control of loca
and regiona disease and Bagshaw and colleagues (19) recommended 40 to 50 Gy in 4 to 4.5 weeks to the
mediastinum and the supraclavicular lymph nodes. With regard to volume, the entire mediastinum should be
treated. Uematsu and colleagues (363) found four of six patients treated with involved-field irradiation had
margina relgpses, while none of the three patients treated with whole mediastind irradiation relapsed,
suggesting the efficacy of the whole mediastina irradiation. Others recommended inclusion of lower cervicd,
infraclavicular, high abdominal, and para-aortic lymph nodes to cover stes of metastatic spread with minimal
additiona morbidity (45,97,152,317). In summary, 30 Gy in 15 fractions over 3 weeks may be adequate for
small volume disease. For gross tumors, 40 Gy (1.8 to 2 Gy daily, 5 days aweek) to the large field encompassing
the mediastinum and both supraclavicular areas, followed by an additiona 10 Gy with reduced portasto the
gross tumor volume (visible on CT scan) is appropriate. 3D conformal irradiation should be utilized to deliver
the high dose portion. As functional imaging becomes better to delineate the true biologica target volume
(BTV), the treatment portal may exclude more uninvolved normal tissue in selected cases.

Results of Radiation Therapy

Data on mediagtina seminoma treated with primary radiation thergpy are generdly good. Loca tumor
control of 89% to 100% and long-term survivals of 50% to 80% have been reported in patients with localized
mediastina seminoma without evidence of metastatic disesse trested with irradiation alone
(15,45,73,144,261,363). A report on 13 patients who were trested with definitive megavoltage radiation therapy
and had 5-year follow-up noted the actuarid 10-year surviva rate to be 69%, and the relgpse free survival rate

was 54% (45). Schantz and colleagues (317) found no recurrencesin a subgroup of 11 patients who received
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primary radiotherapy. Treatment results of mediastind seminoma are shown in Table 19. Long-term surviva
rates ranged from 50% to 100%. Some of these results were in the prechemotherapy era when salvage therapy
was | ess effective, although even metastatic disease has been reported to be cured with multiple courses of
radiation therapy (317). Loca control also is excelent and usualy exceeds 90% (73,171,173,174).

For mediagtina NSGCT, results of combinations of chemotherapy, surgery, and radiation therapy are
relatively poor in comparison to their testicular counterparts, with complete response rates of 38% to 81% and
long-term survivd rates of only 10% to 50% (140,169,171,204,358,395). In a multi-ingtitutiond retrospective
review by Kersh and associates (171), no patient with mediastinal NSGCT had local control despite radiation
doses of 30 to 47.5 Gy. A recent prospective SWOG study of 41 eligible patients with extragonada germ cell
tumors, who were treated with combination chemotherapy followed by surgical resection when appropriate,
showed that the overall complete response rate for those with nonseminomatous extragonada germ cell tumors
was 77% (42).

In the 30 to 50 Gy range used for seminoma, late effects such as secondary maignancies, may be
expected to be smilar to those of patients with Hodgkin's disease treated with mediastinal irradiation (230,373).
Side effects of chemotherapy for mediastind NSGCT and relgpsed seminoma may be significant (267,338).
Significant neutropenia and thrombocytopenia occur with both standard and high-dose regimens (77% and 76%,
respectively) (267). Nonhematol ogic toxicities include gastrointestina sequel ae (nausea, vomiting and
esophagitis), severe hearing loss, disabling tinnitus, periphera neuropathy, sdt-losing nephropathy, deep venous
thrombosis, and pulmonary embolus. Sepsis and death from treatment have been reported in up to 4% of patients
(267).

TRACHEAL TUMORS

The tracheaiis along fibrocartilaginous tube whose connections are the larynx superiorly and the
mainstem bronchi inferiorly. The esophagus, thyroid, parathyroids, and trachea are derived from the same
outpouching of the embryonic foregut; the lungs arise from termina trached buds. This embryology dictates the
blood supply of the trachea: inferior thyroidd arteries supply the superior trachea while branches of the bronchid
arteries (with contributions from the supreme intercostd, interna thoracic, innominate, and subclavian arteries)
supply the inferior portion. These arteries course into the trachea from sde-to-sde. The average adult tracheaiis
11-12 cminlength and 2.0 cm (femaes) to 2.3 cm (maes) in diameter. In cross-section, the organ is usudly “C”
or “U” shaped (239). The upper border lies around the 6th or 7th cervicd vertebra; the lower border around the
4th (full expiration) or 6th (full inspiration) thoracic vertebra. There are approximately 2 cartilaginous rings per
cm (155).
Epidemiology

Primary trachedl tumors are rare; the incidence of primary laryngea and lung cancer islikely 75 and 180
times grester, respectively (276). The estimated U.S. incidenceis 0.1 to 0.2 per 100 000, and over 90% are

26



malignant (280). Adenoid cystic carcinoma (formerly known as cylindroma) is often mentioned as the most
common tracheal neoplasm, yet it gppears the most common histology worldwide is actualy squamous cell
carcinoma (60-90%) (208,398). Maes are more commonly affected than femaes if the histology is squamous
(2-3:1). Maeto female ratio seems equd regarding adenoid cystic carcinoma (232). With squamous cell
variants, the usua presenting age is the sixth decade of life; adenoid cystic carcinomas gppear to present at a
younger age. Other various histologies found in primary tracheal neoplasms include carcinoid, carcinosarcoma,
granular cell tumor, hemangioma, chondroma, and chondrosarcoma (281). Neurogenic tumors of the trachea
have been described (356). Data as to the contributing factors for the development of these neoplasmsis non-
exisent. Many assume, however, that tobacco use leads to squamous cell carcinoma of the trachea just asit does
to other squamous cell carcinomas of the upper aerodigestive tract. It is unclear though why lung and
laryngedl/pharyngeal neoplasms are so remarkably more common given that the trachea obvioudy fecilitates
passage of inhaled carcinogens between these two Sites.

Other primary sites can metastasi ze to the trachea or invade it directly (lung and esophaged cancers
being the mogt likely culprits here), but the mgjority of tracheal neoplasms are primary in nature (280). This

section will focus on the presentation and management of primary tracheal neoplasms aone.

Natura History and Presenting Symptoms

The clinicd presentation of these tumorsis varied. For adenoid cystic carcinoma especidly, asthmais
thefirst diagnosis and these patients are treated as such for months until the “refractory” COPD is evauated
further with bronchoscopy (after numerous normal chest X-rays) (398). Hempotysisis far more common in
sguamous cell carcinoma, thus bringing these patients to dagnosis sooner. Dysphagia is sometimes seen and has
been noted to be ominous; interestingly, however, tracheoesophageal fistulais s8ldom mentioned as a presenting
comorbidity for primary trachea neoplasms.

Adenoid cystic carcinomas are diagnosed often with synchronous metastases (20-40%) (208,281). The
surviva courseis relatively prolonged, however, even in the face of distant metastases; in one series median
surviva for these patients was 37 months (232). The median survival for al from time of diagnodsis probably 5
years (398). These lesions have an indolent course yet are not easily locally controlled. When tumor spread
occurs, it is amost aways distant rather than to locoregiona lymph nodes. Failure after trestment is usudly
local, and recurrences 10 or more years after treatment are not uncommon.

In contrast to adenoid cystic carcinoma, squamous cell carcinoma (the most common tumor of the trachea) has a
more aggressive course. Median surviva times range from 6-12 months and are quite dependent on whether or
not the primary lesion is resected (208,295,398). These tumors spread to loca lymph nodes (approximately 30%
at presentation) and 10-20% will have distant metastases a presentation.

For other pathologic variants, the clinical course and natura history are variable. Adenocarcinoma and sarcomas

behave poorly. Histologies such as granular cell tumor, carcinoid, lymphoma, lelomyoma, and smal cell
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carcinoma have a variable prognosis yet seem to behave better than the squamous carcinomas, adenocarcinomas,
or sarcomas.

Staging and Prognostic Factors

No universally accepted system for staging tracheal neoplasms has been adopted. A staging system
proposed by Licht et a (208) seemed not to have any predictable prognostic vaue (patients with positive nodes
fared better than those without). Studies examining the lymph node question have found no statisticaly
sgnificant adverse prognogtic association (131,208,295,398). Size and location of tumor seem to be important
prognogticdly: this featur e probably represents the extent of surgica resection necessary to remove the tumor
and those carina resection patients have heightened postoperative mortaity (131). Acute respiratory
compromise or distant metastases at presentation—regardless of histology—are predictors of poor outcome
(398). As mentioned earlier, adenoid cystic carcinoma (and probably lymphoma) has a better prognosis than any
other hitologic variants.

Management and Work-up

Eventualy al of these patients need a bronchoscopy. In some cases of acute respiratory compromise,
rigid bronchoscopy isindicated so that a*“coring out” of the tracheal neoplasm can be accomplished adong with
the biopsy (133). In a series from Boston, of 56 patients rigidly bronchoscoped airway improvement was senin
90% and easily controlled bleeding present in 5% (229). An esophagoscopy should be donein all patientsto rule
out esophagedl invasion. CT scan of the chest isindicated to help evauate the full extent of tumor and aid in
determining the presence of pathologically involved lymph nodes. Given the significant rate of synchronous
metastases with primary trached neoplasms (and that most of these are to the lungs), a chest CT scanis
important for staging purposes as well.

Treatment and Results

Itis clear that patients who can be resected have better prognosis than those who can not, prompting the
recommendation of surgical resection for most tracheal primary tumors. Resection rates vary widdly, from
around 75% at Massachusetts General Hospita under Grillo’s supervision to 7% for al patients treated in
Denmark from 1978-95 (131,208). Perhaps too many patients are deemed “ unresectable” at the time of diagnosis
due smply to tumor location (trachea) and/or ingtitutiona surgica inexperience with handling such lesons. For
example, some recommend tracheal resection for select patients with adenoid cystic carcinomawith low-burden
pulmonary metastases (the pulmonary metastases can behave indolently) yet many would consider a patient such
as this unresedable (232). Surdly asdlection biasis present at centers with low (and high) resectability rates, but
unduly low resection rates can not be explained by selection biases done: surgica therapy nihilism might be
thwarting more appropriate trestment for some petients (208).
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From the radiation oncologist’s perspective, what is important to keep in mind is that the thoracic
surgeon pays utmost attention to maintaining the integrity of the trachea repair—rightfully sometimes at the
expense of obtaining adequate surgical margins (yet atrachea prosthesisis an option in certain circumstances).
Advances in thoracic surgical procedures—full mobilization of the right hilar ligament, detachment/implantation
of the left hilum, mobilization of the cervicd trachea, carind resection techniques, intrapericardia dissection
techniques—do not dways mean a negative or solely microscopicaly postive margin can always be obtained
(129,130,397). Furthermore (especially with adenoid cystic carcinoma), submucosa or perineura spread of
tumor make negative resection margins less likely.

Resection techniques have been described in the literature. Most of these patients will receive amedian
sternotomy and cervica collar excison. Primary anastomosis is the reconstruction of choice, yet aminority will
require some form of artificia trachea prosthesis (232). Those with extensive subglottic or high trachea disease
may require cervica exenteration and a mediastina tracheostomy (132).

If resection is attempted, absolute indications for adjuvant radiation therapy (RT) are unclear. A
reasonable argument can be made that al resected patients (regardless of tumor burden, margin status, histology,
or nodd status) need irradiation. It isthe policy at the Massachusetts General Hospital that almost al patients
with tracheal primary tumors receive postoperative irradiation (due to the low number of resected patients who
did not receive post-op RT no retrospective comparison has been done). Regnand et d (295) found that 31
patients who had a complete resection with adjuvant radiation therapy had a better 5-year surviva than 27
patients without postoperative RT did (74% vs. 53%, p=NS). The M.D. Anderson group noted that resection plus
RT patients had a median survival of 61 months versus 16 months for those who received surgery alone
(resection status unknown) (59). The Regnand study showed that post-op RT was even more effective for
incompletely resected patients (5-year survival, 45% vs. 0%, p<0.05) (295). Representative data for patients
undergoing resection are presented in Table 20. Preoperative RT has been attempted for some patients, yet the
most compelling evidence for adjuvant RT comes from postoperative cases. For patients who have atrachesal
prosthesis reconstruction (which is rare), postoperative RT seems risky; there are no clear indications in the
literature as to the outcome of these patients post-irradiation or if doses have been tempered in this setting.

Retrospective data exists supporting the use of externad beam radiation therapy (EBRT) aone. The best
results with the most patient numbers have come from studies where doses greater than 60 Gy have been given.
There seems to be a dose-response relationship for tracheal neoplasms. Chow et d (59) caution against doses
higher than 60 Gy, as 3/6 patients with doses >60 Gy in this study had severe complications requiring surgica
intervention (tracheoesophageal fistula, esophaged gtricture, and severe tracheal crusting); none of the patients
treated with doses <60 Gy (0/6) had |ate side effects. Increased dose aso led to more complications in the
another study (128). Fuwa et a (115) (whose group developed an endoluminak-centering catheter) report one
treatment related death for a patient one year after thergpy (113 Gy totd dose); median cumulative dose for the
group (EBRT + LDR Ir-192) was 91 Gy. Schraube and colleagues report an excellent median surviva time (31

29



months) for the squamous cell carcinoma patients they treated using EBRT and an intralumina HDR boost
(322). Data summarizing select radiotherapy-alone experiences in primary tracheal neoplasms are given in Table
21

Combined chemoradiotherapy (without resection) has been tried at some institutions (mostly for
lymphomas, small cell carcinomas, or squamous cell carcinomas), but the utility of combined modality trestment
isuncertain at best. The few patients presented in the literature with squamous cdll carcinoma have fared poorly;
those with smdl cdll carcinoma or lymphoma have had relatively prolonged survival (13-67 months) (208,398).

Radiotherapy Techniques

For resected patients, 4-6 weeks of hedling time should be allowed before beginning postoperative
radiation therapy. Modern CT-based, 3-D conformd radiotherapy or intensity-modul ated radiotherapy should
theoreticaly alow higher, safer doses to be given to the trachea. All patients with this tumor—in either the
postoperative or definitive setting—should be treated with 3-D conforma techniques. Because locd tumor
control has such a profound effect on quaity of life and probably prolongation of surviva in this patient
population, we aso recommend 3-D conforma techniques (along with doses in the 60 Gy range if possible) be
used on intermediate to good performance status patients referred for palliation. Doses to less than 40 Gy have
yielded abysmal partid tumor control rates; higher doses necessitate precise planning. For postoperative cases,
experiences seem to indicate that doses of 50-60 Gy should be employed. Doses of >60 Gy have yielded the best
results but with some indication of increased complications in definitive cases. An intrauminal boost technique
after EBRT may decrease late sde effects (115,220,322). In patients with extensive mediastina and/or tracheal
replacement by tumor, esophaged involvement (even in light of anormal EGD) may be a possibility;
tracheoesophageal fistula after radical doses of radiation would be of concern here. For the emergent airway
case, thoracic surgery intervention (with rigid bronchoscopy) should be sought instead of urgent radiotherapy.

Respect for nearby dose limiting structures (spind cord, lung, heart, and esophagus) will dictate the
radiation thergpy plan. The preoperative tumor volume should be covered with adequate margin (1-2 cm), and a
greater superior/inferior extent of volume may heed to be in the field with adenoid cystic carcinomagiven its
submucosal-spreading/perineural-invading behavior. (Even so, adenoid cystic carcinomas notoriously recur at
the anastomosis.)

Therole of eective nodd irradiation for tracheal carcinomais uncertain. As mentioned earlier, nodal
status has not been found to be of clear prognostic significance; even cervica adenopathy was not associated
with poorer outcome in a Japanese series (131,208,398). No series clearly outline what nodal regions were or
were not treated. Given the low proclivity for adenoid cystic carcinomas to spread to lymph nodes, dimination
of eective nodd irradiation is certainly reasonable for this variant. In addition, long-term, ten-plus-years
survivors of adenoid cystic carcinoma are not unusud: the late effects of 45-50 Gy to the entire mediastinum and

supraclavicular region (to cover the trachea and nodes) for these patients have to be factored into their

30



management. With most studies showing deeth occurring in the setting of alocd recurrence (regardless of the
histology), it would seem engaging in elective nodd irradiation would do little to change survivd rates. Yet if
mediastina or cervica nodes are discovered at surgery or by CT, radiation therapy to these regionsis likely

warranted and must be considered.

MEDIASTINAL MESENCHYMAL TUMORS
Epidemiology

True mediastind mesenchymal lesions (MMLS) are rare. Retrospective analyses show mesenchymal
tumors comprise 2-8% of dl mediastinal lesions; this places the estimated U.S. incidence at gpproximately 0.1 to
0.2 per million (81,82,376). Almost three-fourths will be of lipomatous, lymphangitic, or vascular origin. The
remainder is somewhat equally divided among the other histologic variants. (For acomplete list of tumor
pathologies making up the mediastind mesenchymal spectrum, refer to Table 22.) There has not been shown to
be any clear gender predilection for MMLs. Age at presentation is dependent upon the pathologic variant
(217,275).

Clinicd Presentation and Work-up

MMLs can occur in any of the three main compartments of the mediastinum, but the anterosuperior
mediastinum seems least commonly involved (351). The outcome for these tumorsis variable: patients with
malignant-behaving lesions have been shown to have shorter surviva times than those with benign-behaving
lesions (approximately haf of al MMLs are malignant at presentation) (217,275). For mediagtindly - located
tumors in generd, malignancy is more frequently encountered in the pediatric population (252).

MMLs are often silent until reaching quite alarge size. Presenting symptoms can vary widely, yet chest
pain and dyspnea are the most commonly mentioned complaints in symptomatic patients. Proportionally more
paients are symptomatic with maignant MMLs than those with benign tumors (80% malignant patients
symptomatic vs. 44% benign patients symptomeatic in the Duke series) (81).

The sze and location of the tumor must be adequately illustrated firgt viaeither CT scan or MRI of the
chest. Other radiographic studies (such as PET or SPECT scan) will not yield as much useful information. The
histopathology of the lesion must be identified. This can be accomplished via mediastinoscopic biopsy, FNA
(usudly CT-guided), or bronchoscopic or esophagoscopic sampling (154). The resectability of the lesion can
then be properly ascertained. After the diagnostic workup is complete, staging via AJCC recommendations for
soft tissue tumors can be applied, but in actua practice thisis seldom done owing to the rarity of these lesions.
Tumors of Adipose Tissue

Mediastind lipomas are the most common mediastina mesenchymal lesion; they comprise only 1-5%
of al lipomas (an extremity being the most common anatomic locale) (7,29,78,146,252). They can occur Singly
or multiply in the mediastinum and can smulate cardiomegaly or pleurd effusion on chest X-ray. They are
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usualy well circumscribed and encapsulated but can grow to be quite large: lesions greater than 20 cm and 4 kg
in size have been described (170). Surgery isamost aways curative for these patients, and they are rarely seen
intrathoracically (367,377).

In contrast, liposarcoma conssts of immeature fat cells aswell yet is malignant. Prognosis may be related
to the presence or absence of psuedoencapsulation: the few patients with well-circumscribed lesionsin areview
by Standerfer et d (337) had survivas of 3 to 17 years, whereas patients with non-encapsulated tumors al died
within 2 years. Liposarcoma outcome also hinges greatly on the grade of the lesion (400). Optima treatment
probably consists of surgery and postoperative radiation therapy even completely resected, negative-margin
cases. In Standerfer’ s review, 2 patients received postoperative RT: one remained disease-free, while rapid tumor
growth and ensuing death 2 months later occurred in the other (337). Well-differentiated tumors have little
propensty for distant metastases yet still have a tendency towards locd recurrence (20-30%) (178,400).

Tumors of Lymph Tissue

Tumors arising from the vascular or lymphatic components of the mediastinum make up the bulk of the
remaining MMLs (275). Pathologicdly, lymphangiomas and hemangiomas will look identical under the
microscope (hence there being some debate about the true cell of origin) and can only be differentiated by the
presence of red blood cells or chyle within tumor lumen (377). The pure mediastinal lymphangiomaiis rare,
however: over 90% will have some degree of cervica extension (343). Lymphangiomatosisis usudly seenin
children and is characterized by widespread lymphangiomas; mediagtinal or pulmonary involvement carriesa
poor prognoss (377). Lymphangiomyomatosis (formerly known as lymphangiopericytoma) isavery rare
condition seen only in females of reproductive age characterized by the proliferation of smooth muscle and
lymphatic tissue in mediastina lymph nodes, lung, or retroperitoneum; the disease may in fact be aform of
tuberous sclerosis (74,160,366). Lymphangiosarcomais amalignant variant of lymphangioma. Whether or not
there occurs malignant transformation of lymphangioma into lymphangiosarcoma for MMLs is unknown (60).
Treatment for dl MMLs of lymph tissue involves surgery when possible. The role for postoperative irradiation is
unclear given previous unimpressive results (in fact, malignant transformation of benign lymphangiomainto
malignant lymphangiosarcoma after RT has been described.) (82,176) However, when these tumors are
unresectable and/or causing significant symptoms, palliative treatment can be considered. Chemotherapy may
play arolein unresectable lymphangiosarcoma (37). Johnson et a (165) describe ayoung patient with surgicaly
refractory chylothorax and lymphangiomawho had prompt resolution after 20 Gy in 10 fractions of mediastina
irradiation. Based upon their experience, Kandil et a (167) recommend radiation therapy for large, unresectable
lymphangiomas and cite aloca control of 100% (n=3). The addition of radiation therapy for symptomatic
lymphangiomyomatoss has been effective, aswell, yet progesterone therapy should be attempted first (234,392).

Tumors of Vascular Tissue
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The vascular or endothdlidly-derived MMLs consist of the hemangiomas, hemangioendotheliomas, and
hemangiopericytomas. These tumors can behave indolently, but hemangiopericytomas have a high rate of
metastass (approximately 50% at presentation) (236). Hemangiomas may be capillary or cavernous. The
cavernous hemangiomeas (also known as angiomyomas or hamartomatous hemangiomas) are distinguished fram
capillary hemangiomeas by the presence of smooth muscle. The biologica behavior issmilar for the two,
however (275). Hemangiomas and hemangioendotheliomas are well circumscribed, but the
hemangioendothdliomas contain cytoplasmic Weibe-Palade bodies (characteritic of endothelia cells) and are
not encapsulated (377).

Hemangiopericytomas arise from the capillary contractile pericytes of Zimmerman (325). They can
behave non-aggressively, but distant metastases years after local resection can occur. Retraspectivereviews
indicate that lesons with high mitotic rates or increased proliferative indices are at increased risk for both distant
metastases and local recurrences (107,236). However, isolated reports exist of long-term survivors after
radiotherapeutic palliation (and subsequent disappearance) of metastatic lesions (92).

Surgery isthe mainday of thergpy and is generally curative. When subtota excision occurs, thereis no
evidence for postoperative radiation therapy for hemangiomas or hemangioendotheliomas (65) and it should be
considered, however, for incompletely resected hemangiopericytomas or for completely resected high-grade

lesions.

MiscellaneousMMLs

Various other MMLs have been encountered, albeit very rarely. Extramedullary hematopoesis (usudly
in the setting of thalassemia) occurring within the mediastinum has been described. These patients seem to have
been well-served by combinations of irradiation (usually 20 Gy in 10-20 fractions) and erythropoetin (necessary
to stimulate marrow erythropoesis once the chest source for precursor red blood cells has been ablated) (61,124).
The remainder of the miscellaneous MML s fdls into the skel eta/muscle/connective tissue categories, and most
seem to arise in the posterior mediastinum. It would appear from the very few patients presented in the literature
that the routine treatment has been surgica excision and postoperative radiation therapy (272,275,347,348); no
meaningful discussons of doses used or volumes treated have been given. Approximately half of the patients
survive long-term after surgery and postoperative radiation therapy; al others usually succumb to distant

Mmetastases.

MEDIASTINAL NEUROGENIC TUMORS
Epidemiology

The posterior mediastinum is the Site of most neurogenic tumors of the thorax, which arisefrom
peripherd nerves, sympathetic ganglia, or the mediastina chemoreceptors. They comprise 20-40% of dl

mediastina neoplasms, are the most common cause of a posterior mediastina mass, and account for 75-90% of
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al posterior mediastind neoplasms (16,57,81,359). Their estimated incidence is 0.5 per million in adults (81).
Neuroblastoma is the most aggressive of the mediastind neurogenic tumors (MNTS) and occurs far more
commonly in children than in adults. It is the most common extracrania malignant solid tumor of childhood
involving one per 10 000 live births with an approximately 1 per 100 000 U.S. incidence (101,102). Children
less than 5 years old account for 90% of al neuroblastomas; haf occur in children less than 2 years old (377).
Approximately 20% of the neuroblastomas will occur in the posterior mediastinal region; as such, neuroblastoma
of the mediastinum is the most common tumor of this anatomic locae, and children suffer mdignant MNTs e a
higher incidence than adults (26,80,84,191). However, thoracic neuroblastoma portends a more favorable
outcome than abdominal neuroblastoma. Neuroblastomais somewhat more common in maes and Caucasians
(approximately 1.2-1.3:1 retio). For MNTs in genera, however, there is no clear gender predilection (209,293).
Benign schwannomas and neurofibromas comprise the mgority of MNTs in adults, while neuroblastoma and
neurofibromatosis (in the setting of von Recklinghausen’s disease) make up the mgjority of the pediatric lesons.
Table 23 lists dl commonly encountered MNTS.

Natura History and Genera Management

The natural history and management of these tumors are varied. Due to the relatively higher incidence of
malignancy in the pediatric population, prognosis for this age group is somewheat poorer than that for adults. The
most common presentation is not that of a symptomatic patient but rather of a suspicious mass on routine chest
X-ray (117,293). When patients are symptomatic, lesions are usually sizable or metabolically active.
Compression causing pain and nerve dysfunction or systemic complaints are then not uncommon. A
roéntgenographic clue as to the malignancy of these tumors s that benign lesions usually appear circumscribed
and spherical on imaging exams while more aggressive pathol ogies appear € ongated with tapering edges (304).
The clinical outcome of MNTs is dependent upon the age of the patient, which is closely related to the histology
of the lesion (135). The very young (neuroblastoma peatients less than 1 year of age) with mediagtina lesons do
amost uniformly well with long-term survivors the rule (313). Long-term survivors occur 60-80% of thetimein
pediatric (older than 1 year) MNT patient, with histology greatly affecting outcome here (34,313). Patients with
von Recklinghausen’ s disease (neurofibromatosis type |, NF1) account for 5-10% of dl MNTs. They have
increased incidences of malignant nerve sheath tumors and hence poorer prognoses overall (277). Adults have a
good outlook: with most MNTSs being benign for this cohort, loca control and long-term survivors number in the
90-plus percent range (9). This can decrease to 30-50% when malignant lesions are encountered, however (393).

Management for patients with MNTSs entails multimodality, multidisciplinary approach. After routine
chemidtries (including assessment of urine or serum catecholaminesin the patient with idiopathic hypertension)
and chest X-rays have been obtained, CT scan of the lesion should then be performed. If by CT thereisany
equivocdity about intraspina extension of tumor, an MRI of the area should be performed (294). The
intraspinal, so-called “dumbbel” tumor is encountered in gpproximately 10% of al these patients (6). The
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presence or absence of this lesion, occurring when tumor contents invade through the intervertebral foramina
into the spina cand (with the “blobs” of tissue intrathoracically and intraspinally congtituting the two ends of the
dumbbell), must be determined preoperatively so that the proper surgica procedure can be planned. Any of the
histologic variants can present in this manner. Akwari et a (6) were early champions of the combined (rather
than two-stage) neurosurgical/thoracic surgery approach to these patients. They summarized their experience on
706 patients and found dumbbell tumorsin 69. Finding significant rates of paraplegia (usualy permanent) in the
patients who had thoracic tumor removed in one sitting and spinal tumor at another, they strongly advised
againg this. Other thoracic surgeons have found smilar results and made the smilar suggestion (399). Dumbbell
tumors, once resected, do not appear to behave any more poorly than non-dumbbell tumors.

In the past most patients with MNTS received thoracotomies, yet thoracoscopic resections can be
achieved easily and quickly for most patients with MNTs with shorter hospital stays (209). Resection rates vary.
The benign lesions seem to have a very high resectability rate at presentation, approximately 90-95%
(209,299,401). For malignant lesions, gross total resection is achievable for 55-80% of al cases (185,299,393).
Once surgery is complete, adjuvant treatment with radiation and/or polychemotherapy can be delivered but is not
necessary for benign lesionstotally resected. Radiochemotherapy alone can be attempted with some success for
unresectable maignant lesions.

Schwannomas

Schwannomas (neurilemomas) are the most common MNTSs in adults. They are usualy well
encapsulated; intimate nerve association is usudly seen at the time of surgery. Compared with non-mediagtind
schwannomeas, they can reach avery large size (377). Histologically, pathologists have classically described
Antoni A (hypercellular, compact areas with VVerocay bodies) or Antoni B aress (hypocelular aress);
immunohistochemical analysis reveds S 100 positivity and helps to differentiate these tumors from other
malignancies that look similar under the microscope (305). Meanocytic schwannomas are uncommonly
encountered and behave no more aggressively than their non-pigmented counterparts. The degree of Antoni A or
B patterns within the tumor will determine CT appearance and enhancement but, when large, schwannomas will
usualy demongtrate central hemorrhage (201). Resection can be completed for aimost al patients and long-term
local control ranges from 90-100% (9,209,277,360). When resection isincomplete, there exists no evidence for
adjuvant radiothergpy. However, if tumor regrowth occurs (rare) after excision and reoperation is necessary,
postoperative radiation therapy may be considered.
Neurofibromas

Neurofibroma occurs as a soft, non-encapsulated tumor. Isolated neurofibroma can be easily resected
and dmost never recurs. Malignant transformation of an isolated neurofibromais rare. Multiple neurofibromas
occur in NF-1. Patientswith 6 or more café-au-lait spots 1.5 cm or more in diameter are diagnosed as having N

1; aplexiform (long, thick, “bag of worms’ mass) neurofibroma is pathognomonic for NF1. Long-standing
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neurofibromatosis dmost dways induces amalignant periphera nerve sheath tumor, and maignant periphera

nerve sheath tumors are more aggressive in N1 (221). Surgicd intervention in NF1 is often necessary in the
pediatric population, especidly when maignant transformation occurs; dl rapidly-growing lesions in patients

with NF-1 should be biopsied and aggressive trestment ingtituted if amaignant lesion is found (259).

Malignant Periphera Nerve Sheath Tumors

Malignant schwannomas (neurofibrosarcomas), or more properly malignant periphera nerve sheath
tumors (MPNSTS), can occur in the mediastinum and are the most common malignant tumors of this locationin
adults. Their morphologic manifestation is usudly that of afusiform mass5 cm or grester in diameter.
Histologicaly they may appear low grade or anaplastically maignant, yet the usua clinical courseis that of
aggression (221). Most patients present symptomeaticaly, with systemic manifestations such as the Leser-Trelat
sign (the sudden or eruptive appearance or increase in size of multiple seborrhea keratoses) occurring
occasionaly (335). Preexisting N1 may account for 10-25% of al patients, and a history of prior irradiation
plays adefinite role, as wdll (30,88,393,340). Radiographically, bony destruction is a not uncommon finding
(201). Digtant metastases can be seen in up to 30% at the time of presentation (340).

Best andysisthus far of prognostic factors and trestment outcomes incorporating radiation therapy for
MPNSTs comes from Wong et d (393). Their seriesincluded 134 patients treeted at the Mayo Clinic between
1975 and 1993. Of these, 25 patients had mediastind MPNSTs. Mae to femae ratio was 1.6:1. Eight percent
had distant metastases at the time of initiad presentation. A gross total resection was achieved in 83% of the
patients, chest tumors had the second-highest likelihood of positive margins. (In contrast, Kruger et d (185)
noted a 55% gross total resection rate for mediastinaly located MPNSTS). A variety of radiation therapy
techniques were used; 54% received adjuvant RT, most getting a mean dose of 51 Gy postoperetively
(intraoperative radiotherapy and brachytherapy were employed for 12% and 10% respectively). Overal survival
and local tumor tumor control (LC) was 42% and 50% at 10 years, which appears somewhat better than the
isolated other, small-patient-number retrospective reviews. Having alesion in a non-extremity site vs. extremity
Ste tended toward poorer 5-yr surviva in univariate andysis (43% vs 70%, p=0.006). Patients with negative
margins had a 67% 5-yr LC rate vs. 23% for those with positive resection margins (p=0.003). In multivariate
andyses of loca tumor control, only surgica margin, radiation dose (60 Gy or more), or use of
IORT/brachytherapy were found to be of atistical significance. With doses greater than 60 Gy, 73% 5yr LC
was achieved (vs. 50% without); for patients receiving |ORT/brachytherapy, an 88% 5-yr LC was seen (vs. 51%
without). For risk of distant relgpse, only histology (perineurad) and grade were found to be of significancein
multivariate analyses. Theradiation technique usualy entailed the primary site with 3-5 cm of margin (smaller
margins in the non-extremity sites); no attempt was made to cover nodal drainage sites. Analysis of margin size

on local tumor control or surviva was not attempted.
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When MPNSTs are unresectable, chemoradiation may be attempted. The most active chemotherapeutic
agent seems to be doxorubicin (40). However, given the quite poor outcomes of positive-margin surgery (and
adjuvant RT) versus that of negative-margin surgery when tumor can be resected, every effort should be made to
afford the patient an operation when possible.

Other tumors of probable nerve sheath origin, including the melanocytic malignant schwannoma and
Askin's tumor, behave quite aggressively with similar tendencies towards local recurrence and distant
metastases. The Askin’stumor is arelatively recently described disease entity and shares some ultrastructura
and chromosomal similarities with Ewing' s sarcoma and neuroblastoma; mogt cliniciansfed it to bea Ewing's
sarcoma variant, however (13,116). A report from Miser et d (238) indicated success with very aggressive
therapy (induction chemotherapy with loca control via surgery/XRT followed by bone marrow transplantation)
above what had been previoudy reported. Historicaly, median surviva for Askin's tumor isin the range of 6-8
months, yet the few patients presented as having undergone intensive treatment seem to fare better than this
(approximately 50% 4-year overal surviva and >70% loca control) (18).

The granular cell tumor arises from acell of unknown true origin (yet probably arises from the Schwann
cdl). The lesion usually behaves indolently and rarely metastasizes. Surgical resection is curative (377).

Tumors of Autonomic Gangliaand Paraganglia

Ganglioneuromas occur most commonly in children with few cases beyond the third or fourth decade of
life. Of dl the MNTS, these are the least likely to present in adumbbell configuration (221). Aggressive
neuroblastomas can occasionaly mature into benign ganglioneuromas (237). As compared to neuroblastoma,
ganglioneuromas present at an older age (79 mos vs. 16 mos in one study), have much lower rates of N-myc
amplification, and may occur more commonly in thoracic or non-adrend Stes (120). Ganglioneuromas may
demongtrate lymph node “ metastases’; these may not be metastases a dl but rather nearby nests of matured
neuroblastoma (305). The presence of lymph nodes does not affect outcome, making it difficult to stage these
tumors with ganglioneuroblastoma or neuroblastoma. Trestment is surgical excision, which seemsto be curative
even in cases of macroscopic residud disease (120). Most will survive long-term.

The ganglioneuroblastomas represent the “next step up” in malignancy within this subgroup of MNTS,
yet its prognosisis gill more favorable overall than that of neuroblastoma (187). These lesions can occur
intraspinally and are more common in children less than three years of age. They may occasiondly secrete
vasoactive substances (10-15% of the time), and urinary anadysis for catecholamines should be done for any of
the autonomic ganglia-derived tumors. (When eevation isnoted a CT scan of the abdomen should be doneto
rule out metastatic neuroblastoma from the adrenals.) (2) There does not ssem to be any tendency for
ganglioneuroblastoma to occur at aless advanced stage, with a differing age presentation, or with amore
favorable histology than neuroblastoma, but surviva is significantly better (60-70% vs 30-40% 5-year) (2,187).
Thoracic ganglioneuroblastomas may behave even better yet. Neuroblastomais discussed more in-depth in
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chapter 80. Treatment based on stage for ganglioneuroblastoma and neuroblastomais smilar. A new system for
staging neuroblastomas and ganglioneuroblastomas was proposed in 1996 by Kushner et d (191) to help guide
therapy, and this has been expounded upon by International Neuroblastoma Staging System working committee.
A staging schema that can be gpplied to mediastinad ganglioneuroblastoma and neuroblastomaisincluded in the
chapter (50,191).

Mediagtind neuroblastoma seemsto have abiology different from that of abdominal neuroblastoma (a
significantly much less incidence of N-myc amplification occurs in these tumors than abdominal
neuroblastoma), and 5-year survivals are higher even after corrections for age and stage are made
(3,247,319,333,368). Treatment for neuroblastoma varies by stage, and the use of radiation therapy in the
trestment of neuroblastoma has undergone change as knowledge of the disease process has grown. Little
evidence exigtsfor irradiation in limited disease (stage | or 11A), which has been adequately surgicaly removed.
With better and more effective chemotherapeutic agents, what once used to be the standard of care
(chemoradiotherapy) in regiondly advanced disease (stages 11B-111) is now perhaps chemothergpy done with
radiation therapy held in reserve for salect cases. Y et recent articles seems to suggest a benefit to trimodality
therapy for select subsets (stage 1V or high-risk stage 111 patients) (391). One report, containing one patient with
amediastina neuroblastoma, showed benefit to IORT for high-risk patients (137). Hyperfractionation may prove
useful, aswell (192). For advanced mediastinal disease that is either recurrent or gosdy residua after
chemotherapy, doses in the range of 30 Gy have been employed in relaively smdl fraction sizes, usudly 1.5 Gy
(51). Radiation therapy can be effective in paliation, and low-dose XRT (4.5 Gy in 3 fractions) may be
necessary in the accasiond infant with stage 1V -S disease and respiratory compromise due to extensive
mediastina or abdomind involvement (268). Consideration of total dose for any radiothergpeutic regimen must
be carefully thought out, however, in case total body irradiation for bone marrow transplant occurs later on in the
patient’s course and because of the late effects of irradiation in children.

In the setting of amediastina dumbbell tumor compressing the spina cord, patients can be adequately
served without RT. Thisis especialy desirable for very young patients. In a series by De Benardi et d (41)
involving 26 patients with intraspina neuroblastomas (18 of which had mediastina tumors), 3 received EBRT as
a component of their trestment with the rest being managed by chemotherapy and/or laminectomy aone.
Functiona outcome was lower in patients who had laminectomies yet there was a Significant reversa of
neurological deficits for patients; 12 tota had resolution (9 with laminectomies and 3 with chemotherapy). Two
case reports from Sweden indicate spontaneous regression of mediastingl, intraspina neuroblastoma 2 weeks
after the thoracic portion was debulked (189). With laminectomy and/or chemotherapy, a smilar-type experience
(without radiotherapy) was seen in an Ingtitute Gustave-Roussy review (287). A primary medica (rather than
surgical) approach is now being investigated for intraspina neuroblastoma patients to evauate the utility of
chemotherapy aone for these patients. As such, radiotherapy for the infant or young child with a dumbbell

ganglioneuroblastoma or neuroblastoma causing spinal cord compression is not routinely advised.

38



Paraganglioma (chemodectoma, “mediagtinal pheochromocytoma’) MNTSs have been described.
Surgery is the usua management. These lesions can behave somewhat unpredictably, and lesons with no
propengty for local aggressiveness or distant metastases seem to look exactly the same microscopicaly as
malignant tumors (243). Management always begins with surgery if possble, with pre- and intraoperative
cardiovascular maintenance being of the utmost import for functioning, endocrinologicaly active
paragangliomeas (290). There may exist certain ingtances of tumor location making resection unpaatable. In these
cases, radical radiotherapy has been attempted. Experience with mediagtinal paragangliomas is limited, but head
and neck experience indicates that 70-80% long-term local control may be obtained with doses in the 45-50 Gy
range (289). Surgicd experiences with mediastinal paragangliomas indicate an approximate 70% long-term
survivorship. For advanced or metastatic cases, the disease may show platinum-based chemotherapy sengtivity
(270).

SEQUELAE OF TREATMENT OF MEDIASTINAL TUMORS

The spind cord, lung, esophagus, and heart are the dose-limiting normal structures in the thorax. Early
(acute) sequelae of thoracic irradiation include fatigue, dysphagia, cough, chest tightness, and mild skin reaction.
However, late sequelae of irradiation for thymoma are unusual. Reported sequelae include radiation
pneumonitis, pericarditis, and, rarely, myelitis (285). Exposure of norma lung to ionizing radiation has had two
well-recognized adverse sequelae: pneumonitis and pulmonary fibrosis (251). Clinical pneumonitis occursin
about 10% of casestreated for lung cancer and is less frequent for patients with mediastind tumors. The
influence of treatment factors related to pneumonitis remains unclear, but dose, volume, and fractionation have
all been implicated (46,251,301,310).

Radiation mydlitis is a dreaded complication of exceeding the dose threshold for the spind cord. In
generd, adose of 45 Gy at standard fractionation (1.8-2 Gy) to no more than 10 cm of the spind cord is sife,
athough some suggest that the cervical cord can receive doses of 54-55 Gy, without serious neurologic sequelae
(1,199,222,286). A report from Kyoto noted no instances of thoracic radiation mye opathy following a dose of
50.4 Gy given viaa hyperfractionated (1.2 Gy B.1.D.) gpproach (164). In the Sudy reported by Marks and
colleagues (224), one patient died of myditis, tumor dose was stated to be 40 Gy, but the spinal cord dose to a
20-cm segment was 43.4 Gy because of the technique used. One porta was treated each day.
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TABLES

Table 1. Structures within the mediastinum

Anterior Middle Posterior
Mediastinum Mediastinum Mediastinum
Thymus gland Pericardium Sympathetic chain ganglia
Internd mammary vein Heart and proximal great vessds ~ Vagus nerve
Superior venacava Innominate artery and vein Thoracic duct
Aortic arch, great vessels Pulmonary vessels Descending thoracic aorta
Lymph nodes, lymphatics Phrenic nerves Esophagus
Adipose tissue Trachea, mainstem bronchi Azygous’hemiazygous veins
Thyroid, Parathyroid (if displaced) Lung hila Lymph nodes

Lymph nodes Adipose tissue

Adipose tissue
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Table 2. Digtribution and classification of primary masses of the mediastinum

Anterior (anterosuperior) Middle Pogterior
Thymic tumors Lymphomas Lymphomas
Thymomas Cysts Neurogenic tumors
Thymic carcinomas Bronchogenic Peripheral nerves
Thymic cysts Foregut, Malignant periphera nerve sheath
Carcinoids Pericardid, tumors
Thymolipomas Thoracic duct Schwannomas
Lymphomas Meningoceles Neurosarcomas
Hodgkin's disease Mesenchymal tumors Sympethetic ganglia
Non-Hodgkin’s lymphomas Trached tumors Ganglioneuroblastomas
Undifferentiated Carcinomas Ganglioneuromas
Germ cell tumors Cardiac and pericardial tumors Neuroblastomas
Seminomas Hernias Paraganglia
Non-seminomas Hiatal Paragangliomas
Embryonal carcinomas Morgagni Mesenchymal tumors
Choriocarcinomas Vascular tumors Endocrine tumors
Mixed germ cell tumors Ascending aortic Esophagea tumors and cysts
Teratomas (Dermoid cysts) Transversearch Hiatd hernias
Endocrine tumors Descending aortic Lateral thoracic meningoceles
Parathyroid adenomas Great vessels
Thyroid tumors Lymphadenopathy
Mesenchymal tumors Inflammatory
Amyloid tumors Granulomatous
Castleman’s disease Sarcoidosis
Chordomas

Extramedullary hematopoesis

Fibromas, fibrosarcomas, malignant fibrous
histiocytoma

Hemangiomas, hemangioendotheliomas,
hemangiopericytomas

Intrathoracic meningioma

Lipomeas, liposarcomas

Lelomyomas, leilomyaosarcomas,
leilomyablastomas

Lymphangiomas, lymphangiosarcoma,
lymphangiomyomatosis

Mesotheliomas

Mesenchymomas

Myxomas

Rhabdomyosarcomas, rhabdomyomas

Xanthogranulomas

Morgagni Hernias
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Table 3. Relative incidence of primary mediagtinal tumors

Daviset d. (81) Total
1986 Incident 1952-1986 Total
Tumor Type (n=400) (%) (n=2,399) Incidence (%)
Thymic 67 17 458 19.7
Thymoma 57
Other 10
Neurogenic 57 14 496 20.7
Ganglioneuroma 16
Neurofibroma 15
Neurilemoma 12
Paraganglioma 1
Ganglioneuroblastoma 5
Neuroblastoma 4
Neurosarcoma 4
Lymphoma 62 16 301 125
Non-Hodgkin's 39
Hodgkin's 23
Germ cdl tumor 42 11 239 10
Teratoma 31
Seminoma 7
Embryond carcinoma 4
Carcinoma A 9 111 4.6
(primary)
Mesenchymal 24 6 143 6
Benign 17
Madlignant 7
Endocrine 12 3 154 6.4
Thyroid 9
Parathyroid 3
Cyst 9 25
Bronchogenic 39 151 6.3
Pericardia 36 144 6
Enteric 11 55 2.3
Other 13 89 3.7
Other 3 1 53 24

Modified from Davis RD, et d. Primary cysts and neoplasms of the mediastinum: recent changesin
clinical presentation, methods of diagnosis, management, and results. Ann Thorac Surg 1987;44:229-37

(81)
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Table 4. Rdative frequency of primary mediastina tumors in adults and children

Incidence (%)
Adults Children
Tumor (n=163) (n=47)
Thymic 31 28
Neurogenic 15 47
Lymphoma 26 9
Germ cdll 15 9
Vascular 1 6
Miscellaneous 13 2

Modified from Azarow et a. Primary mediastinal masses. A comparison of adult and pediatric
populations. J Thorac Cardiovasc Surg 1993;106(1):67-72 (16).

Table 5. Relative incidence of benign and malignant mediastinal tumors and cysts

Type of tumor Benign (%) Malignant (%)
Thymoma 31 (9 26 (46)
Thymic cysts/hyperplasia 10 (100) —
Neurogenic tumors 44 (77) 13(23)
Lymphomas — 62 (100)
Germ cell neoplasms 21 (50) 21 (50)
Carcinomas — 34 (100)
Mesenchymal tumors 17 (71) 7(29
Endocrine tumors 8 (67) 4(33)
Cysts 99 (100) —
Total 230 (58) 167 (42)

Modified from Davis RD et a. Primary cysts and neoplasms of the mediastinum: recent changesin
clinical presentation, methods of diagnosis, management, and results. Ann Thorac Surg 1987;44:229-37
(82).
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Table 6. Symptoms and signs of mediastina tumors

Daviset d. (81) Whooley et al. Conkle et d. (70) Bachaetd. (17)
Symptom (n=400) (382) (n=124) (n=43) (n=89)
Chest pain 30% 30% 33% 19%
Dyspnea 16% 19% 42% 15%
Cough 16% 23% 65%
Fatigue 6% 7%
Dysphagia 4% 16%
Hemoptyss 4%
Hoarseness 2% 16%
No symptoms 38% 31% 9% 17%
Sgn
Normal exam 63% 33%
Weight loss 8% 6% 40% 5%
Fever 20% 10% 23% 5%
Wheezing, stridor (cyanosis) 10% D%
Superior vena cava syndrome 6% 10% 23% 16%
Vocd cord pardysis 3%
Horner's 2% %
Pericardid effusion 2%
Myasthenia gravis 7% 3% 12%
Others Y% 9%

Table 7. Paraneoplastic syndromes associated with mediastina neoplasms

Tumor Syndrome

Thymoma Acute Pericarditis, Addison’'s Disease, Agranulocytoss, Alopecia Acresta,
Cushing's Syndrome, Hemolytic Anemia, Hypogammaglobulinemia, Limbic
Encephaopathy, Myasthenia Gravis, Myocarditis, Nephrotic Syndrome,
Panhypopituitarism, Pernicious Anemia, Polymyositis, Pure Red Cell Aplasia
(Diamond-Blackfan Anemia), Rheumatoid Arthritis, Sarcoidos's, Scleroderma,
Sensorimotor Radiculopathy, Stiff-Person’s Syndrome, Thyroiditis, Ulcerative
Colitis

Hodgkin'sdisease  Alcohol-Induced Pain, Pel-Ebstein Fever

Neurofibroma von Recklinghausen's Disease, Osteoarthritis

Thymic carcinoid ~ Multiple Endocrine Neoplasia

Neuroblastoma Opsomyoclonus, Erythrocyte Abnormalities

Schwannoma Peptic Ulcer

Malignant Leser-Trelat Sgn

periphera nerve

sheath tumor

Modified from Cameron et . Neoplasms of the Mediastinum. In: DeVitaVT, Helman S, Rosenberg SA,
eds. Cancer: Principles& Practice of Oncology, 6th ed. Philadelphia: Lippincott-Raven Publishers,

2000;1019-36 (47).
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Table 8 Systemic Manifestations of Hormone Production by Mediastina Neoplasms

Symptoms Hormone Tumor

Hypertension Catecholamines Paraganglioma
Neuroblastoma
Ganglioneuroma

Hypercacemia Parathyroid Parathyroid Adenoma

Hormone
Thyrotoxicoss Thyroxine Thyroid
Cushing's Syndrome  ACTH Carcinoid Tumor

Gynecomadtia HCG
Hypoglycemia ?Insulin
Diarrhea VIP

Germ Cdl Tumor
Mesenchymal Tumors
Ganglioneuroma,
Neuroblastoma,
Neurofibroma

Modified from Cameron et al. Neoplasms of the Mediastinum. In; DeVitaVT, Hellman S, Rosenberg SA,
eds. Cancer: Principles & Practice of Oncology, 6th el. Philadephia Lippincott-Raven Publishers,

2000;1019-36 (47).
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Table 9. Diagnostic workup for mediastina tumors.

General
History and Physical examination, to include a thorough examination of the testes especialy
for male patients with mediastinal germ cell tumors
Radiographic Studies
Standard
Chest Radiographs
Computed Tomography Scan
Complementary
Magnetic Resonance Imaging
Barium Swallow
Fluoroscopy
Arteriography
lodine-131 Scan
Gallium Scan
Ultrasonography of Testes (In Mediastinal Germ Cell Tumors)
Lymphangiography (In Mediastina Germ Cell Tumors)
Positron Emission Tomography Scan
Laboratory Studies
Complete Blood Cell Count, Blood Chemistries, Urinaysis
Germ Cdl Tumors: Alpha-Fetoprotein, Beta-Human Chorionic Gonadotropin,
Carcinoembryonic Antigen
Thymoma: Radioimmunoassay for Acetylcholine Receptors
Special Tests and Procedures
CT-guided or ultrasound-guided biopsy
Mediastinoscopy
Anterior mediastinotomy with biopsy
Bronchoscopy
Esophagoscopy
Biopsy of palpable supraclavicular lymph nodes
Thoracotomy
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Table 10. Masaoka Staging System for thymoma

Stage Description

I Macroscopically completely encapsulated with no microscopic detectable capsular invasion

I Macroscopic invasion into surrounding mediastina fatty tissue or mediastinal pleura or
microscopic invasion in the capsule

[l Macroscopic invasion into surrounding organs or intrathoracic metastases or both
(pericardium, great vessels, lung)

IVA Pleurd or pericardial implants/dissemination

IVB Lymphagenous or hematogenous metastases

Adapted from Masaoka A, Monden Y, Nakahara K, Tanioka T. Follow-up study of thymomas with specia
reference to their clinical stages. Cancer 1981;48:2485 (227).

Table 11. Thymoma staging system of GETT

Stage Description
Stage |
la Encapsulated tumor, totally resected
b Macroscopicaly encapsulated tumor, totaly resected, but the surgeon suspects
mediastina adhesions and potentia capsular invasion
Stagelll Invasive tumor, totally resected
Stage 111
Illa Invasive tumor, subtotally resected
b Invasive tumor, biopsy
Sege IV
IVa Supraclavicular metastasis or distant pleurd implants
Vb Distant metastases

Adapted from Gamondes JP, Bdawi A, Greenland T, et a. Seventeen years of surgica trestment of
thymoma: factors influencing survival. Europ J cardiothorac Surg 1991;5:124-131 (118).

Table 12. Generd treatment of thymoma by stage of disease

Stage  Surgery Radiation Therapy Chemotherapy

I Complete resection None None

[ Complete resection 45-60 Gy Postop None

[l Complete or incomplete resection 50-60 Gy Cisplatinum-based

v Incompl ete resection 50-60+ Gy combination
Cisplatinum-based
combination

Modified from Cameron et a. Neoplasms of the Mediastinum. In: DeVitaVT, Hellman S, Rosenberg SA, eds.
Cancer: Principles& Practice of Oncology, 6th ed. Philadelphia: Lippincott-Raven Publishers, 2000;1019-36 (47).

72



Table 13. Results of combination chemotherapy with and without radiation therapy or surgery for invasive

thymoma
No. of  Chemotherapy

Study Patients Regimen Surgery Radiation PR/CR Path CR Survival
Dy et al. (95) 4 Cisplatinum 1 3 2CR 71 3/4
1988 Vinblastine 2PR

Bleomycin

Prednisone
Estradaet a. (100) 5 Doxorubicin 0 1CR 0
1901 Ifosfamide 2PR

Cisplatinum
Evanset d. (103) 4 Cyclophosphamide 1 4 4 PR 0 4/5
1980 Vincristine

Prednisone

Procarbazine
Fornasiero et al. (109) 37 Doxorubicin 10/16 16 CR 7/10 15 months
1991 Cigplatinum 18 PR median

Vincristine

Cyclophosphamide
Giaccone et d. (122) 16 Cisplatinum 5CR 4.3 years
1996 Etoposide 4 PR median
Loehrer et d. (211) 28* Cisplatinum 9PR 32 months
2001 Etoposide median;

Ifosfamide 70%2YS
Loehrer et d. (213) 30 Cisplatinum Some 3CR 38 months
1994 Cyclophosphamide prechemo 12 PR median;

Doxorubicin 32%5YS
Macchiarini et a. (216) 7 Cisplatinum 4 Postop 7PR 27 80%2YS
19901 Epirubicin Complete

Etoposide resections

3
Incomplete
resections

Oshitaet d. (273) 14* Cisplatinum 2 7 6PR 14.7 months
1995 Cyclophosphamide median

Doxorubicin

Etoposide
Simpson WJ (334) 8 Cyclophosphamide 2 4 PR
1989 Vincristine

Procarbazine

Prednisone

PR, partid response; CR, complete response; Path CR, pathologic complete response.
* Included thymic carcinoma
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Table 14. Results of radiation therapy in invasive thymomas

No. of Regimen Radiation Locd 5Y surviva
Authors patients dose (Gy) control (%) rate (%)
Akaogi et d. (5) 12 Preop/Postop 18.3/42.3 5% 66(111)
1996 complete (overall
resection survival)
Curran et al. (75) 25 Postop 32-60 34 86 (I1)
1988 69 (I11)
Haniuda et al. (142) 70 Postop 40-50 100 (1 pl)* 74 (1)
70 (1) 69 (1)
Hug et d. (151) 27 Preop/Postop 40 (median) 89 92 (1)
1990 62 (I11)
Jackson et d. (157) 28 Postop 32-60 61 57(111)
1991 (Bx Or
Subtotal)
Kersheta. (172) 10 Postop 46-52 60 57
1985
Krueger et a. (184) 12 postop 30-56 67 57(111)
1988
Latz et d. (198) 43 Postop; some 50 (median) 81% a0(1)
1997 Chemotherapy 67(111)
30(1V)
Mornex et d. (246) 58 Preop and 30-70 14(111a) 64(I11a)
1995 Postop; 50 (median) 41(111b) 39(111b)
Chemotherapy
Myaqjin et d. (255) 32 Pre/Postop 40/45-60 63 71(111)
2000
Nakaharaet al. 141 Postop 30-50 — 91.5 (1)
(257) 1988 87.8 (1)
Nordstrom D. (269) 20 Postop 40-50 55 50
1979
Pollack et a. (288) 36 Postop; 50 Gy 59 74(1)
1992 Primary RT (median) (overal) 71(11)
(22 pts) 50(111)
29(1V)
Urges et al. (364) 59 Preand postop  39.6-60 85-90 78 (111)

1990

"Fibrous adhesion to the mediastina pleura without microscopic invasion
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Table 15A. Five-year surviva (%) according to Masaoka staging system

Stage Masaokaet . (227) Elert (99) Quintanilla- Schneider (321)
(n=96) (n=102) Martinez (291) (n=82)
(n=116)
I 93 83 100 100
I 86 0 100 95
[l 70 46 70 56
v 50 - 75 11

Table 15B. Tenryear survival (%) according to Masaoka staging system

Quintanilla-
Wilkins et a Regnard et Martinez (291) Schneider (321)
Stage (385) (n=85) (296) (n=307) (n=116) (n=82)
I 78 80 100 91
1 74 78 100 88
Il 20 47 60 47
v - 30 0 11

Table 16. Presenting symptoms in patients with mediastinal germ cell tumors

Washed. (375) Kifferetd. (173)

Symptoms % (n=20) % (n=18)
Chest Pain 50 55*
Cough 45 22
Dyspnea 45 61
Constitutiona 45 22
Fever 35 5
Shoulder Pain 30 55*
Hemoptysis 20 -
Night Sweat 15 5
SVC Syndrome 10 17
Neck Mass (nodes) 10 17

*Chest pain is combined with shoulder pain.
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Table 17. Generd pattern of tumor markersin germ cell tumors

Germ Cell Tumor AFP [3-HCG (occasiond)
Seminoma - - ()
Choriocarcinoma - +

Yolk sac tumor + -
Embryonal + -+
Teratoma - -

Mixed germ tumor +- +-

Datafrom Davis et d. (81), Moran et d. (241), Wood DE (394), and Toner et d. (358).

Table 18. Clinical staging of mediastinal germ cell tumors

Stage Description
I Well-circumscribed without invasion of adjacent structures

[ Micro or macroscopic invasion of adjacent structures
[l Presence of metastases

A Intrathoracic metastases

B Extrathoracic metastases

Adapted from Moran CA, Suster S. Primary germ cell tumors of the mediastinum: |. Analysis of 322
cases with specia emphasis on teratomatous lesions and a proposal for histopathologic classification
and clinical staging. Cancer 1977;80:861-90 (242).

Table 19. Treatment results of mediastina seminoma

Primary

treatment Loca control Surviva (>24
Study No. of patients (no. of pts) (%) months) (%)
Bush et d. (45) 13 RT - 54 RFS (10 yrs)
Cox JD (73) 6 RT 100 66
Dulmet et d. (93) 16 S (4);RT (12) - 81
Kershetal. (171) 13 S(1);RT (12) R 100
Kiffer et d. (173) 6 RT 100 67 RFS
Kiffer et d. (174) 4 C();RT (3 100 50 RFS
Knapp et a. (179) 2 S(;RT (22) - 50 RFS
Martini et al. (225) 10 S (2);RT+-C(8) - 40
Schantz et dl. (317) 16 S (5);RT (12) - 81

C, chemotherapy alone; S surgery alone; RT, radiation therapy (+/- SUrgerY): RFS, relapse free survival.
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Table 20. Resection with adjuvant treatment for primary tracheal carcinoma

Series Treatment Locd Survivd
control
Grilloand SCC (n=70) Surgery ? XRT* 34 mos median
Mathisen (131) ACC (n=80) XRT done 10 mos median
Surgery ? XRT* 118 mos median
XRT done 28 mos median
Licht et d. (208) Surgery aone (n=6) 48% 5y
XRT done (n=35) 7% Sy overdl
>60 Gy (n=11) 60% 1y
<60 Gy (n=24) 24% 2y
Laser/cautery ? XRT <11% ly
(n=24) 28% 5y
XRT + chemo (n=2) 0% Sy
Chow et d. (59) Surgery done (n=5) 15 16 mos median
XRT done (n=12) 3/4 26 mos median
>60 Gy 18
<60 Gy
Surgery + XRT (n=5) 01 61 mos median
475 Gy 4/4
>50 Gy
Regnand et . CR + XRT (n=31) 74% Sy
(295) CR (n=27) 53% 5y (p=N9)
IR + XRT (n=15) 47% Sy
IR (n=6) 0% 5y (p<0.05)
Maziak et a. ACC (n=35) CR? XRT (n=14)* 9.8y mean
(232) IR + XRT (n=15) 7.5y mean
XRT done (n=6) 6.2y mean

*The minority received surgery adone; SCC, squamous cell carcinoma; ACC, adenoid cystic carcinoma;

XRT, radiotherapy; CR, complete resection; IR, incomplete resection; NS, not significant.
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Table 21. Retrospective series examining radiotherapy alone for primary tracheal carcinoma.

Series Histology Treatment Locd Survivd
control
Schraube et a. SCC (n=11) 46-60 Gy EBRT + 6/11 31 mos median
(322 15-20 Gy HDR
Cheung (58) SCC (n=20) 40-60 Gy 5 mos median
ACC (n=4) 40-60 Gy 1y median
Fiddsetd. (105) SCC(n=17) >60 Gy 5/6 25% By (n=18)
ACC (n=1) 40-60 Gy u7
<40 Gy 0/4
>60Gy 1
Rostom and SCC (n=28) 60-70 Gy 16/24 11% 4y
Morgan (307) ACC (n=3) <60 Gy 0/4 67% 4y
50-70Gy
Makarewicz and 60 Gy EBRT + 6/8 95 mos median
Mross (220) 6-12 Gy HDR (n=8) 13 (n=23)
40-60 Gy EBRT (n=3) 0/12
<40 Gy (n=12)
Fuwaet d. (115) EBRT + LDR (n=4) 34 75% 3y
(80-128 Gy)*

*One treatment related death at 9 mos. post-XRT in a patient recelving 60 Gy EBRT + 53 Gy LDR
Ir-192; SCC, squamous cell carcinoma; ACC, adenoid cystic carcinoma; HDR, high dose rate
brachytherapy; LDR, low dose rate brachytherapy; EBRT, external beam radiotherapy.
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Table 22. Mesenchymal mediastina tumors (tumors with malignant tendencies underlined).

Tumors of lymph vessals: Tumors of fibroconnective tissue:
? lymphangioma (lymphangiomatosis) ? fibroma (fibromatosis)
? lymphangiomyomatosis ?fibrosarcoma
? lymphangiosarcoma ? malignant fibrous
histiocytoma
Tumors of blood vessel origin:
? hemangioma Other miscellaneous tumors:
? hemangioendothelioma ? benign mesenchymoma
? hemangiopericytoma ? malignant mesenchymoma
? myxoma
Tumors of fat tissue: ? fibrous mesothelioma
?lipoma ? chordoma
? lipoblastoma (lipoblastomatosis) ? histiocytosis X
? liposarcoma ? amyloid tumor
? extramedullary
Tumors of muscle/skeletal tissue: hematopoesis
? chondrosarcoma ?intrathoracic
?lelomyoma meningioma
? leiomyosarcoma ? giant lymph node
? osteogenic sarcoma hyperplasia
? rhabdomyoma (Castleman’ s disease)
? rhabdomyosarcoma ? xanthogranuloma
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Table 23. Neurogenic tumors of the mediastinum.

TUMORS OF PERIPHERAL NERVES:

BENIGN MALIGNANT

schwannoma (neurilemoma)* malignant periphera nerve sheath tumor
melanotic schwannoma® (MPNST) aka malignant schwannoma’
neurofibroma’ neurogenic sarcoma

neurofibromatosis® neurofibrosarcoma

pigmented neuroectodermal tumor malignant melanocytic schwannoma
granular cell tumor’ malignant periphera neuroectodermal tumor

(Askin's tumor)

TUMORS OF AUTONOMIC GANGLIA:
BENIGN MALIGNANT
ganglioneuroma neuroblastoma
ganglioneuroblastoma

TUMORS OF PARAGANGLIA:
BENIGN or MALIGNANT
paraganglioma (aka mediastinal
pheochromocytoma, chemodectoma)

* Any of these tumors may dedifferentiate into aMPNST; ? falling out of favor, mostly because
ultrastructural studies fail to indicate the presence of Schwann cells in some instances (361); " a tumor of
probable but not proven Schwann cell origin (377).
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FIGURE LEGENDS
Figure 1. Anatomy of the mediastinum.

Figure 2. A and B. Anterior-posterior and lateral chest radiographs of a patient with thymoma in the
anterior mediastinum. C. Chest CT of the same patient. (Courtesy of Dr. Michagl G. Best)

Figure 3. Multi-field arrangement used in a patient with thymoma in the anterior mediastinum. A.

Anterior-posterior field. B. Left latera field. C. Right anterior oblique field. D and E. Isodose
distributions. (Courtesy of Dr. Keith E. Eyre)
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