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Abstract: Imaging plays a crucial role in the diagnosis, characterization, and man-
agement of mediastinal tumors. The mediastinal tumors discussed are categorized
into anterior mediastinal tumors, including thymic tumors, teratoma/Germ cell
tumors, lymphomas, and neurogenic tumors in the posterior mediastinum. Cross
sectional imaging with computed tomography (CT) and magnetic resonance
imaging (MRI) generates highly detailed images showing the precise location,
size, extent of the tumor involvement, as well as its relationship with adjacent
critical structures, especially vascular involvement and spinal canal extension,
and differentiating solid and cystic masses. Molecular imaging with whole-body
positron emission tomography (PET) when combined with CT or MRI can pro-
vide valuable information on tumor metabolism, staging, therapy planning,
response assessment, and post-treatment monitoring for disease recurrence. With
the advent of new non-FDG PET radiopharmaceuticals, the utility of molecular
imaging in mediastinal tumors has further broadened. The purpose of this chapter
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is to provide a clear review of the role, advantages, pitfalls, and advancements of
molecular imaging in each mediastinal tumor.

Keywords: germ cell tumors; mediastinal tumors; neurogenic tumors; PET/CT;
thymoma

INTRODUCTION

The mediastinum contains vital vascular and nonvascular structures and organs.
Hence division of the mediastinum into specific compartments, traditionally the
anterior, middle, and posterior compartments has been valuable in the identifi-
cation, characterization, and management of various mediastinal masses. This
chapter reviews the role of molecular imaging in the evaluation of anterior
mediastinal tumors namely thymoma, germ cell tumors, lymphoma, and poste-
rior mediastinal neurogenic tumors. Indications, advantages over conventional
imaging, possible equivocal scenarios of molecular imaging, and alternative non
FDG PET radiopharmaceuticals in the evaluation of these tumors are discussed
in this chapter.

THYMICTUMORS

Thymic tumors are usually benign and indolent; however, thymic adenocarci-
noma and thymic neuroendocrine cancer can be aggressive and have a poor
prognosis. Imaging plays an integral role in the management of patients with
thymoma and thymic carcinoma. Although there is some overlap in the imaging
findings, thymoma and thymic carcinoma can be distinguished by computed
tomography (CT), magnetic resonance imaging (MRI), and positron emission
tomography/CT (PET/CT) characteristics, with novel CT and MRI techniques
showing promise. 18 Fluorine — fluoro-2-deoxyglucose PET/CT (18F-FDG PET/
CT) is an important functional imaging modality in assessing high-risk thymoma
and thymic carcinomas. Physiologic FDG thymic uptake is common in 28% of
normal people aged less than 40 years, and the incidence is correlated with
younger age, identified in up to 73% of children under 13 years, decreasing to
8% of people in their fourth decade (1).

PET/CT AND CECT

Contrast-enhanced computed tomography (CECT) is the imaging modality of
choice for imaging thymic malignancies due to its high spatial and temporal
resolution, accessibility, and convenience. CT gives more anatomic details such as
location, morphology, shape, borders, size, density, augmentation, and invasion of
nearby structures (2). Except for cysts and cystic tumor components, CT has
been proven to be as good as or better than MRI in the evaluation of mediastinal
masses (3).
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18F-FDG PET/CT has an incompletely defined role in the evaluation of thymic
masses. False-positive 18F-FDG PET/CT uptake can be seen in infection, thymic
hyperplasia, fibrosing mediastinitis, and other non-neoplastic processes. On the
other hand, some histological forms of thymic malignancies do not exhibit
increased FDG uptake and there is a lack of standardization in techniques that can
result in quantitative variability between studies (4). As there are other FDG avid
neoplasms in the prevascular mediastinum such as lymphoma or malignant germ
cell tumors, the presence of FDG uptake in a prevascular mass cannot clearly
distinguish thymic epithelial tumor from other tumors. Some studies reported
18F-FDG PET/CT as a useful tool for differentiating low-grade from high-grade
thymic malignancies, while some studies reported that these observations are due
to overlap in imaging findings and FDG uptake between low-grade and high-
grade thymic tumors (5). 18F-FDG PET/CT has its role in aggressive tumors, such
as thymic carcinoma, due to higher overall tumor metabolism, and the maximum
standardized uptake value (SUV max > 6) serves as a cutoff to separate thymic
carcinoma from lower-grade thymic tumors (6). Finally, when a tumor is FDG
avid,18F-FDG PET/CT has a role in the detection of occult metastases.

The thymus typically appears in the prevascular space as a triangular-shaped
structure; however, other typical morphological shapes can also be observed. The
size and structure of the thymus can be altered by benign and malignant patho-
logic processes, which can pose a diagnostic challenge. Generally benign pro-
cesses can be easily recognized based on imaging properties.

BENIGN THYMIC TUMORS
Benign thymic tumors include thymic cysts, thymic hyperplasia and thymolipoma.

Thymic cysts

The thymopharyngeal duct remnants that give rise to congenital thymic cysts can be
found anywhere along the length of the thymic descent, but most frequently
they appear in the prevascular mediastinal region (7). Acquired thymic cysts are
more common and they are often multi-locular, complex, associated with neo-
plasms (such as thymoma, lymphoma, or germ cell tumors), radiation therapy,
Sjogren syndrome, aplastic anemia, systemic lupus erythematosus, myasthenia gra-
vis, and pediatric AIDS, and can develop after tumor resection (7, 8). On a CT scan,
thymic cysts typically appear as well-circumscribed round or oval lesions with fluid
density Hounsfield units (HU) under 20, with no thickened, irregular, or enhancing
walls. MRI can be useful for additional assessment if HU are uncertain or if there is
a doubt about enhancement. In rare situations where cyst infection is suspected,
18F-FDG PET/CT may be helpful. 18F-FDG PET/CT can be used to detect and
confirm infected cysts by identifying the hypermetabolic cyst wall (9).

Thymic hyperplasia

True thymic hyperplasia, often referred to as ‘rebound’ hyperplasia, is present
when the thymic volume increases by more than 50%, and is commonly seen after
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infection, surgery, burns, chemotherapy, radiation therapy, or steroid therapy.
In thymic hyperplasia, there is generally symmetric thymic enlargement with
smooth contour and margins; however, a nodular or bulky appearance can be
seen, which cannot be readily distinguished from malignancy (10, 11). Diffusely
increased FDG uptake is frequently observed in thymic hyperplasia on scans per-
formed after chemotherapy, more commonly in younger patients (10).

Thymolipoma

Thymolipoma is a benign tumor that develops in the thymus gland and is fre-
quently large and slow to grow. Adipose tissue forms the main component of
thymolipomas, with sporadic soft tissue and interposed thymic tissue (12, 13).
The hallmark CT findings of the thymolipoma are a very large mass with a
predominantly fat density interspersed with fibrous septa and normal thymic
tissue. 18F-FDG PET/CT adds only little added value to the CT findings (14).

MALIGNANT THYMIC TUMORS

Malignant thymic tumors are relatively rare and include thymic epithelial tumors such
as thymoma, thymic neuroendocrine tumor/carcinoma and thymic carcinoma.

Thymic epithelial tumors

Thymic epithelial tumors (TET) are primarily prevascular mediastinal masses that
can appear homogeneous or heterogeneous, solid or solid/cystic, and have well-
circumscribed or irregular borders. Despite the fact that there is a lot of overlap in
imaging between the different thymoma grades and between thymoma and thy-
mic cancer, there are clinical and imaging patterns that help differentiate them.
The typical age of malignant thymic tumors at presentation is in the sixth decade,
whereas the median age of more benign processes is in the fourth or fifth decade
(15-17). Malignant tumors tend to be larger and are more likely to be locally
invasive, while benign tumors are more frequently midline, exhibit intralesional
fat, and retain the usual thymic triangle form (18-20).

Thymoma

On CT, thymomas often appear as a smooth or lobular tumor affecting only one
thymus lobe, with bilateral involvement occurring less frequently (21). Most
thymomas have homogeneous contrast enhancement, but about one-third of
them have more heterogeneous contrast enhancement due to areas of bleeding,
necrosis, or cystic change, with possible punctate, linear capsular, or coarse
intratumoral calcifications (22). The CT characteristics of thymomas may differ
depending on the lesion grade, with higher-grade lesions are generally more
likely to have vascular invasion, pleural, and pericardial involvement. Although
there is imaging overlap, higher grade tumors are typically larger, have a lobular
or irregular contour, areas of cystic or necrotic change, areas of calcification, and
evidence of infiltration of surrounding fat (23-25).
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According to histological characteristics, thymomas are divided into five differ-
ent types: type A thymoma (containing an unusual form), type AB thymoma,
type B thymoma (divided into B1, B2, and B3 thymomas), micronodular thymoma
with lymphoid stroma, and metaplastic thymoma (22). The presence of FDG
uptake in the normal and hyperplastic thymus, especially in younger adults and
children, limits the role of 18F-FDG PET/CT in thymoma imaging. Physiological
uptake in the thymus has been reported in 28% of patients under 40 years of age
and up to 73% in children under 13 years of age (26). Although research has been
limited, higher grade tumors tend to have higher FDG activity, 18F-FDG PET/CT
has not been shown to reliably distinguish between different grades of thymic
tumors (27, 28). An example of typical thymoma is shown in Figure 1.

Thymic carcinoma and neuroendocrine tumor/carcinoid

As thymic carcinoma and thymic neuroendocrine tumors have overlapping
features with higher-grade thymomas on imaging, they are discussed together
here. Compared to thymomas, thymic carcinomas exhibit a higher degree of
necrosis, cystic change, and hemorrhage, along with greater local invasion
(29). They also present as large prevascular masses with irregular poorly mar-
gined borders. The presence of pleural or pericardial nodules, pleural effu-
sion, or distant metastasis favors thymic carcinoma or thymic neuroendocrine
tumor compared to thymoma.

Aggressive thymic epithelial tumors frequently invade or extrinsically com-
press the superior vena cava (SVC), causing SVC syndrome. Thymic carcinomas
typically exhibit more irregular contours, heterogeneity related to hemorrhage,
necrosis, and cystic change, as well as higher levels of local vascular and medias-
tinal invasion and lymphadenopathy (30-32). An example of thymic carcinoma is
shown in Figure 2.

Although18F-FDG PET/CT cannot reliably distinguish between different
thymoma grades, several studies indicate that thymoma and thymic carcinoma
can be distinguished using different SUV max cutoffs ranging from 4.6 to 6.3.
Evaluation and follow-up of thymic carcinoma can benefit from the use of 18F-
FDG PET/CT, since higher grade tumors have increased FDG uptake (33, 34).
18F-FDG PET/CT can be used for two main staging goals: invasive thymomas and
localization of distant metastases or lymph node involvement. Distant metastases
from TETs typically affected the pleural cavity, diaphragm, lung, and less fre-
quently extrathoracic regions like the intra-ocular region, spleen, liver, pancreas,
spinal cord, and bone.

Additionally, 68Ga-DOTATATE PET/CT can be used to assess thymic neuroen-
docrine tumors and could demonstrate improved sensitivity for lesion detection
compared to 18F-FDG PET/CT. It can also be used to identify tumors that may
benefit from Lutetium 177 based peptide receptor radiotherapy (PRRT).

FUTURE PERSPECTIVES

The future of PET/CT and theranostics in TETs is still evolving. Further meta-
analyses collecting available data on 18F-FDG PET/CT accuracy, as well as data
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Figure 1. Type A thymoma. Anterior mediastinal mass that was pathologically confirmed as type
A thymoma. FDG PET/CT images include axial CT (top left panel), fused axial PET/CT (top right
panel), axial PET (bottom left panel), and maximum intensity projection (MIP) PET image
(bottom right panel). In the red circle, there is a soft tissue density mass with well-defined
contour showing homogenous enhancement in CT with moderate FDG uptake on PET. No
evidence of infiltration of adjacent structures. No other metabolically active disease in the
whole-body survey.

with other hybrid imaging tools such as PET/MRI, could improve the treatment
of patients with TETs as hybrid imaging can potentially play a key role to
improve staging and treatment response assessment in thymic neoplasms (35).
Quinoline-based PET molecular imaging agents that function as fibroblast acti-
vation protein inhibitors (FAPI) can be used to target the stromal component of
TET and identify regions where cancer-associated fibroblasts are overexpressed.
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Figure 2. Thymic carcinoma. Anterior mediastinal mass that was pathologically confirmed as
thymic carcinoma. FDG PET/CT images include axial CT (top left panel), fused axial PET/CT
(top right panel), axial PET (bottom left panel), and maximum intensity projection (MIP) PET
image (bottom right panel). In the red circle, there is a soft tissue density mass with irregular
nodular contour showing heterogenous enhancement in CT with heterogenous FDG uptake
on PET. There is loss of intervening fat plane with the body of sternum anteriorly and the
pulmonary trunk posteriorly concerning for infiltration. There was additional mild to
moderately FDG-avid regional lymph nodes and pleural deposits (not on the included PET/
CT images and could be appreciated on the MIP image) that were suggestive of metastatic
disease.

Recent development of these tracers shows encouraging preclinical and clinical
results (36). To summarize, although there is some overlap in the imaging find-
ings, thymoma and thymic carcinoma can be distinguished by several character-
istics of CT, MRI, and PET/CT, with new CT and MRI techniques showing
promising results.
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18F-FDG PET/CT IN MEDIASTINAL GERM CELL TUMORS

Germ cell tumor (GCT) is the most common malignancy in men aged 20 to 35
years (37). Both MRI and CT are good imaging modalities to identify mediastinal
masses, and both can often identify features that can help in making an appropri-
ate diagnosis. However, CT and MRI usually cannot evaluate the aggressiveness of
masses or detect viable tumors in post-chemotherapy residual masses. Using 18F-
FDG PET/CT may be useful for further characterizing the masses and determining
the most appropriate site for biopsy.

Mediastinal germ cell tumors

Germ cell tumors are classified on cell type into: (i) benign teratomas; (ii) semino-
mas; and (iii) non-seminomatous germ cell tumors (NSGCT). They are generally
benign and do not requirel8F-FDGPET/CT. 18F-FDGPET/CT appears to
have value in seminomas though perhaps less value in NSGCT. The value of
18F-FDGPET/CT in residual masses in mediastinal germ cell tumors is slightly
more contentious.

Seminomas

Mediastinal seminomas account for ~ 70% of extragonadal germ cell tumors in
the adult population (38). On CT, mediastinal seminomas usually appear as large,
homogeneous lobular masses with mild contrast enhancement. Sometimes they
might have cystic, hemorrhagic, or necrotic components as seen in Figure 3.
Residual mediastinal mass may persist after chemotherapy, and 18F-FDG PET/CT
has been used to detect untreated viable disease. In masses greater than 3 cm,
Becherer et al. (39) noticed that PET predicted residual viable tumor with a
sensitivity of 80% and a specificity of 100%, compared to 73% for CT. Although
specificity was much lower at 47% in another multicenter trial, sensitivity was still
very high (40).

Non seminomatous germ cell tumors

Non seminomatous germ cell tumors (NSGCT) are varied and have a worse
prognosis than mediastinal seminomas with 5-year survival of 48% versus 88%,
respectively (41). Typically, CT is used to stage and diagnose them, with the
help of diagnostic tumor markers. Although these tumors exhibit high uptake
of FDG,18F-FDG PET/CT is usually not essential. After receiving first-line ther-
apy, 40% of patients still have residual masses, which are composed of necrosis
in 40% of cases, mature teratoma in 40% of cases, and viable tumors in 20% of
cases (42). Mature teratoma is resistant to chemotherapy and requires surgical
resection. In an extensive study of NSGCT with residual masses and histological
confirmation, 18F-FDG PET/CT had sensitivity and specificity for viable tumors
of 70% and 48% with a PPV of 59%, which was comparable to CT, and it
appears that 18F-FDG PET/CT did not have an advantage over conventional
imaging or markers (43).
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Figure 3. Seminoma. Anterior mediastinal mass thatwas pathologically confirmed as seminoma.
FDG PET/CT images include axial CT (top left panel), fused axial PET/CT (top right panel), axial
PET (bottom left panel), and maximum intensity projection (MIP) PET image (bottom right
panel). In the red circle, a well-defined heterogeneously FDG avid and mildly enhancing
lobulated soft tissue mass is seen in the anterior mediastinum on left side of midline. Non
FDG avid non enhancing hypodense area seen within the mass representing necrotic
component. The mass encases the arch of aorta.

Initial staging and follow-up

Staging and follow-up of germ cell tumors involves blood tumor markers and
conventional anatomic imaging examinations (44). When there is only a low risk
of progression, surveillance is one of the management strategies suggested for
stage I NSGCTs. Since GCT cells can be present in lymph nodes of normal size, it
has been recognized that the use of anatomic imaging alone for the detection of
GCT may be challenging (45). It is significant to note that the identification of
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metastatic disease locations influences the best course of treatment for GCT upon
presentation. Althoughl8F-FDG PET/CT was unable to detect mature teratoma,
it is a useful diagnostic tool for initial staging in patients with stage I-1I GCT
(46-48). 18F-FDG PET/CT may be particularly useful for detecting stage 1A in
clinical stage I NSGCTs.

The efficacy of 18F-FDG PET/CT in identilying suspected recurrences in
patients with GCT was mainly investigated in the setting of high circulating tumor
markers, where there are two areas of concern. The first is where, if anywhere, the
malignancy is found in patients with no residual tumors. Second, if there are
numerous residual tumors and which of them have malignant GCT (45).
According to the largest reported experience, 18F-FDG PET/CT was able to iden-
tify the locations of the disease in these patients (45). 18F-FDG PET/CT has the
ability to identify actively spreading malignant disease, which may have an impact
on patient management. However, false positive results with 18F-FDG PET/CT
should be taken into account because different conditions can mimic malignant
neoplasms (49, 50). Sarcoidosis, histoplasmosis, aspergillosis, and tuberculosis
can all mimic tumors in the chest (50, 51). In the differential diagnosis of GCT
relapse, sarcoidosis in particular should be taken into account because there is
evidence associating the two diseases (52). In addition, increased FDG uptake
may be observed in inflamed tissues. A significant number of studies also revealed
elevated FDG uptake in the healthy thymus, especially in children and young
adults (53). To avoid misinterpreting, special attention should be paid to the
examination of the anterior mediastinum.

Early prediction of treatment response

In order to improve treatment for individuals with advanced GCT, new surrogate
end goals for assessing treatment response may be established. 18F-FDG PET/CT
may supplement anatomic imaging methods and tumor marker evaluation in
patients with relapsed/refractory GCT by assessing the subclinical response,
among other features. Early-stage salvage treatment with18F-FDG PET/CT has
offered independent prognostic information (53). When there is a mismatch
between the tumor marker and changes on the CT scan, 18F-FDG PET/CT may
be particularly helpful (54, 55).

POST-CHEMOTHERAPY RESIDUAL DISEASE

Assessment of treatment response is an important aspect of any tumor manage-
ment and molecular imaging takes the upper hand over other options such as
biopsy to look for presence or absence of residual disease.

Seminoma

18F-FDG PET/CT offers an excellent prognostic potential for identifying via-
ble tumor tissue in seminoma patients’ post-chemotherapy residual masses. 18F-
FDG PET/CT accurately predicted 100% of cases with residual lesions greater
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than 3 cm and 95% with residual lesions smaller than 3 cm, demonstrating that it
is the best predictor of viable seminoma in residual lesions (56). Therefore, 18F-
FDG PET/CT should be useful in most patients in this group as a standard tool for
clinical decision making.

Non seminoma

In NSGCT patients with residual masses, several investigations found that 18F-
FDG PET/CT can be helpful in detecting residual viable malignant disease after
treatment (57). To distinguish tumor from non-tumor lesions, PET analysis
showed positive and negative predictive values of 91% and 62%, respectively
(58). Negative 18F-FDG PET/CT did not rule out the presence of disease, primar-
ily due to the presence of teratoma, despite the substantial correlation between the
results of 18F-FDG PET/CT and the presence of a viable tumor. As a result, surgi-
cal excision is still necessary for remaining masses with negative 18F-FDG PET/
CT results.

To summarize, the initial staging and early detection of recurrences are cru-
cial factors in the management and prognosis of GCT. Since criteria for node
involvement is only based on size enlargement, subcentimeter metastatic node
can be missed by conventional anatomic imaging modalities and are nonspe-
cific. In the case of high circulating tumor markers, 18F-FDG PET/CT may be
helpful in locating the suspected recurrence sites during follow-up. 18F-FDG
PET/CT seems to be helpful if salvage surgery is considered, particularly when
a discrepancy is observed between the tumor marker and the imaging changes.
In post-chemotherapy seminoma assessment, 18F-FDG PET/CT is the best pre-
dictor of a viable residual tumor and should be used as a standard tool for clini-
cal decision-making. Furthermore, because surgical resection is still required in
PET negative patients due to the possibility of a residual mature teratoma with
low FDG uptake, the clinical impact of 18F-FDG PET/CT in the evaluation of
residual masses is minimal. Additionally, it is important to take into account the
possibility of false positivel 8F-FDG PET/CT results brought on by inflamma-
tory processes. Although preliminary research has suggested that 18F-FDG
PET/CT may be useful in these patients for the detection and staging of GCT,
monitoring of therapy outcomes, and identification of viable malignant cells in
residual masses, it is crucial to evaluate the effects of this technique on patient
outcomes.

MOLECULAR IMAGING OF MEDIASTINAL LYMPHOMA

Mediastinal lymphoma is uncommon. It might be primary or secondary.
Mediastinal lymph nodes usually represent sites of involvement (59). Only 10%
of mediastinum involving lymphomas is primary (60). The most prevalent pri-
mary mediastinal lymphomas are Hodgkin lymphoma (HL), primary mediastinal
B-cell lymphoma (PMBCL) and T-lymphoblastic lymphoma (TLL) (61).

For most lymphoma subtypes, PET/CT with 18F-FDG is the typical staging
tool, especially for identifying extranodal sites. Results from 18F-FDG PET/CT
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can both upstage and downstage a disease (62). When used before therapy,
18F-FDG PET/CT has a significant impact on the treatment approach due to
significant differences in the treatments for early and advanced stages of
lymphoma.

18F-FDG PET/CT in patients with HL and high-grade or aggressive non-
Hodgkin lymphoma (NHL) consistently has very high sensitivity (63). 18F-
FDG PET/CT improved the characterization of lesions that were uncertain on
other types of imaging and often detected nodal and extranodal disease sites that
were missed by conventional staging techniques. An example of 18F-FDG PET/
CT showing synchronous sites of supra and infradiaphragmatic involvement is
seen in Figure 4.

The results of 18F-FDG PET/CT, which are used during and after treatment for
HL and aggressive NHL, have a high prognostic value and correlate with survival.
Updated response criteria for aggressive lymphomas now include 18F-FDG PET/
CT. Figure 5 shows the impact of the interim response assessment with 18F-FDG
PET/CT by demonstrating the minimal persistent residual metabolically active
disease (with Deauville score 4) which would have been interpreted by conven-
tional anatomic imaging modalities as post-treatment fibrotic residue.

There have been greater variations in the reported specificity and sensitivity
as well as the reported impact on the staging and treatment strategy for the het-
erogeneous group of low-grade or indolent lymphomas. 18F-FDG PET/CT is
now the cornerstone of staging methods in the most advanced management of
HL and aggressive NHL, despite the fact that there is limited evidence that its
integration has an effect on treatment outcomes. 18F-FDG PET/CT is still used
less frequently or in combination with investigative methods for the staging of
indolent lymphomas (64).

To summarize, the vital role and impact of 18F-FDG PET/CT in staging,
interim response evaluation and early PET response adapted change in therapy,
end of treatment disease assessment and follow-up surveillance of lymphoma
have been well established in the literature and/or clinical practice.

THORACIC NEUROGENIC (POSTERIOR MEDIASTINAL) TUMORS

Thoracic neurogenic tumors arise from tissues derived from the neural crest in
the chest. Given the complex anatomy of the chest and its nervous structures,
these tumors can be found in any mediastinal compartment, including the chest
wall, when they originate from the intercostal nerves. However, they are more
common in the posterior mediastinum. In fact, Schwannoma, a type of neuro-
genic tumor, is the most common posterior mediastinal tumor. These tumors can
arise from cells of the nerve root/sheath (Schwannoma, neurofibroma, and neu-
rilemmoma), autonomic/sympathetic ganglia (ganglioneuroma, neuroblastoma,
and ganglioneuroblastoma), or paraganglia (paraganglioma, chemodectoma, and
pheochromotcytoma) (65-67). Peripheral nerve root/sheath-derived tumors
tend to be more common and paraganglia-derived neurogenic tumors tend to be
less common. Paragangliomas are only rarely present as posterior mediastinal
masses. Although a significant proportion of these tumors are benign in adults
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Figure 4. Diffuse large B cell lymphoma. Anterior mediastinal mass that was pathologically
confirmed as NHL (Diffuse large B cell lymphoma). FDG PET/CT images include axial CT
(top left panel), fused axial PET/CT (top right panel), axial PET (bottom left panel), and maximum
intensity projection (MIP) PET image (bottom right panel). In the red circle, an enhancing
lobulated intensely FDG avid soft tissue mass is seen in the anterior mediastinum on right side
of midline, extending into the middle mediastinum. The lesion shows broad based abutment
with the mediastinal pleura and compresses the SVC with resultant luminal narrowing. There
was additional FDG avid heterogeneously enhancing lesion in the junction of head and neck
of pancreas (not on the included PET/CT images and could be appreciated on the MIP image)
that were suggestive of synchronous lymphomatous disease involvement.

(about 95%), they are more commonly malignant in the pediatric population.
Approximately 30% of mediastinal tumors in the pediatric population are neuro-
genic tumors, but they decrease to only 10-15% in adults (68). They can some-
times present as large masses detected incidentally in asymptomatic patients, and
at other times, they can be aggressive, causing early symptoms.
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Figure 5. Staging and interim response assessment 18F-FDG PET/CT scans. 18F-FDG PET/CT
images include fused axial PET/CT of the patient taken during staging on the left column
and interim response assessment after 3 cycles of chemotherapy on the right column
(comparative lesions marked with small white arrows). First row showing complete resolution
of the bulky component of the disease. Second row showing persistent minimal metabolically
active residual disease (Deauville’s score 4) abutting the pericardium and third row showing
complete resolution of the pancreatic lesion and adjoining peripancreatic lymph node.
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Cross sectional imaging of the thoracic neurogenic tumors

Cross-sectional imaging with CT and MRI is generally the preferred imaging
modalities for the evaluation of these tumors. However, not infrequently, these
tumors present a diagnostic challenge, as clinically they may behave indolently
and radiologically, they do not have distinctive morphologic features that can reli-
ably differentiate between benign and malignant lesions (65).

Molecular imaging of the thoracic neurogenic tumors

There are various radiopharmaceuticals that can assist in imaging of neurogenic
tumors. However, as a group, they show heterogeneous characteristics with no
single radiopharmaceutical that is useful in all of them. Previously, meta-
iodobenzyl guanidine (MIBG) labeled with 1-131 or 1-123 has been the
predominant radiopharmaceutical for evaluation of neuroblastomas and
pheochromocytomas. However, imaging requires rigorous patient preparation
and availability, as well as cost, which have hampered utilization in the United
States. With the availability of dotatate-based PET agents as well as Lutetium-
177-based dotatate therapy, the utilization of MIBG has decreased further in the
United States.

There are a few PET-based radiopharmaceuticals that are useful in workup of
neurogenic tumors in the chest, in select situations. FDG, the most common
radiopharmaceutical, has varying degrees of uptake in some of these neurogenic
tumors. Although many of these tumors are benign, they are still metabolically
active and can show increased FDG uptake. For example, schwannomas can
show increased FDG uptake and are generally benign (69). In the absence of
tissue diagnosis, they can be interpreted as false positives as malignant lesions
based on their FDG avidity. Neuroblastomas also show increased FDG uptake,
in primary and metastatic lesions, especially before treatment (70). However,
post-treatment, uptake tends to be more variable. Generally, the uptake of FDG
and MIBG tends to be concordant, however, MIBG may be superior in assessing
treatment response, especially to assess residual disease. 18F-FDG PET/CT may
be of value to assess non-MIBG avid neuroblastomas; however, more recently,
Gallium 68 (68Ga) dotatate PET/CT is preferred for this (Figure 6). 18F-FDG
PET/CT has also been shown to be useful in differentiating benign and malig-
nant neurogenic tumors; however, SUV cut-off values have been variable, and
other parameters like lesion to liver ratio have also been proposed as useful
(70-74). In our experience, the results are equivocal and differentiation between
benign and malignant neurofibromas is not always feasible based only on 18F-
FDG PET/CT imaging. Furthermore, benign and malignant neurofibroma
lesions can coexist in the same patient and there may be a subsequent malignant
transformation in some cases. FDG PET/MRI may also be beneficial for the eval-
uation of these lesions.

68Ga dotatate PET/CT can be useful in certain neurogenic tumors.
Paragangliomas show intense uptake on 68Ga dotatate PET/CT (75).
Neuroblastomas also show intense 68Ga dotatate uptake and 68Ga dotatate PET/
CT can be useful for evaluation of neuroblastomas (76). Dotatate avid lesions can
also potentially be treated with Lutetium—177 dotatate-based treatments when
needed. Schwannomas do not tend to show intense FDG uptake. Schwannomas,
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Figure 6. Posterior mediastinal mass that was pathologically confirmed as neuroblastoma. 68Ga -
dotatate PET/CT images include axial CT (top left panel), fused axial PET/CT (top right panel),
axial PET (bottom left panel), and maximum intensity projection (MIP) PET image (bottom right
panel). In the red circle, a large lobulated heterogeneously 68Ga - dotatate avid and enhancing
mass is seen involving the left chest cavity and posterior mediastinum with contiguous
extension across the midline, and into the superior midline retroperitoneal / posterior
abdominal cavity regions. There was additional 68 Ga - dotatate avid mass involving the
paranasal sinuses, orbits, nasal cavity, facial bones and multiple other sites of skeletal
involvement (not on the included PET/CT images and could be appreciated on the MIP image)
that were suggestive of metastatic disease.

however, can also show increased uptake of prostate specific membrane antigen
(PSMA) (77), another PET-based radiopharmaceutical.

To summarize, neurogenic tumors are a heterogenous group of tumors and
based on pathology, appropriate radiopharmaceutical may be useful in the workup
in select cases and situations.
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CONCLUSION

Imaging is crucial to the treatment of patients with mediastinal tumors right from
initial diagnosis, staging, prognostication, and stratification to the identification of
locally invasive disease and distant metastases. Molecular imaging with 18F-FDG
PET/CT has been shown to have much better sensitivity and specificity in various
mediastinal tumors to evaluate treatment efficacy and detect recurring disease.
Interim response assessment and early PET response adapted change in therapy
has revolutionized the treatment algorithm for various tumors, especially in the
context of lymphoma.18F-FDG PET/CT seems to be helpful in clinical decision
making, particularly when a discrepancy is observed between tumor marker and
anatomic imaging. Imaging with other non-FDG PET radiopharmaceutical like
68Ga dotatate, has enabled the option of personalized medicine using theranostic
pair Lutetium-177 dotatate in patients with metastatic progressive disease.
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