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Preface

Thoracic tumors represent a heteroge-
neous group of benign and malignant
lesions. Primary tumors can originate
from each of the various components of
the thorax, including the lungs, airways,
pleura, mediastinum, and all the tissue
components of the chest wall. Further-
more, similar involvement is also seen in
thoracic dissemination of malignancies,
either from thoracic or extrathoracic pri-
mary tumors.

This book has been written to provide
radiologists, physicians, pathologists, and
thoracic surgeons with a one-volume
account of imaging findings that repre-
sent the patterns of dissemination of the
primary thoracic malignancies. In partic-
ular, integrated review of the radiological
appearances encountered in these tumors
and their most common differential by a
clinical streamline approach is granted by
comprehensive description of the clinical
scenario for each topic, along with

detailed findings by the most recent imag-
ing techniques.

An easy-to-read format including intro-
ductory sections (e.g., epidemiology,
pathology, imaging features, staging, treat-
ment) and patterns of dissemination has
been applied to each chapter dealing with
individual tumors.

This book is meant as a resource for radi-
ologists seeking comprehensive and trans-
lational understanding of both common
and uncommon patterns of thoracic
tumors dissemination. It is intended for
guidance in clinical practice with the most
accurate assessment of the disease staging
with the accompaniment of pathological
background. The most synergistic cou-
pling of radiology and pathology spectra is
provided for comprehensive description of
the clinical behavior of thoracic tumors
and systematic clinical assessment, accord-
ing to likelihood rank.

Nicola Sverzellati
Mario Silva
Parma, Italy
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1.1 Introduction

Tumors commonly show several patterns of spread
due to direct growth into adjacent structures, as
well as lymphatic and hematogenous dissemina-
tion. However, the lung represents a peculiar site
both for primary cancer and metastatic malignan-
cies. In particular, the singularity of lung dissemi-
nation is found in aerogenous spread, an old
concept recently reintroduced under the defini-
tion of “spread through airspaces (STAS)” STAS is
basically related to the unique architecture of the
lung where airspaces can be traveled across rela-
tively easily by cells. Although this is a characteris-
tic feature of adenocarcinomas (ADC) (formerly
known as bronchioloalveolar carcinoma, BAC),
even other histological types may show this dis-
semination pathway. Of note, aerogenous dissemi-
nation justifies some unusual imaging findings
mimicking benign diseases, such as miliary pat-
tern or ground-glass opacities (GGO).

Beyond STAS in lung cancer, further primary
neoplasms of the thorax show patterns of local
growth by direct invasion into adjacent structures
and organs, including pleura, mediastinum, chest
wall, and spine.

Pleural invasion is the effect of direct extension
of tumor growth into the pleura rather than seeding
from hematogenous or lymphatic pathway.
Demonstration of pleural invasion from lung cancer
is highlighted by desmoplastic fibroblastic stroma or

O Fig. 1.1 Generous
pleuroscopy biopsy of a
pseudo-mesotheliomatous
adenocarcinoma of the
lung manifesting as a
prominent pleura-based
neoplasm mimicking meso-
thelioma growth pattern

disruption of elastic tissue. Growth of tumor cells on
the pleural surface may mimic mesothelioma; this
phenomenon is also known as pseudo-mesothelio-
matous adenocarcinoma (8 Fig. 1.1). Pleural effu-
sion may be due to pleural seeding; nonetheless,
lymphatic or pulmonary venous obstruction as well
as inflammatory reaction by the tumor cells can dis-
play such evolution.

Lymphatic dissemination is very common,
particularly in lung cancer with adenocarcinoma
histology. Lymphatics represent a main structural
network within the intangible texture of the lung:
the anatomic distribution of lymphatic drainage is
diffuse from the pleura to the bronchial struc-
tures, namely, from the very periphery to the hila,
including a tight network throughout. Lymphatic
dissemination in lung cancer becomes a determi-
nant of therapeutic approach (e.g., surgery or
medical therapy), and it represents a major prog-
nostic factor, as deployed in lung cancer staging
system. Tumor spread through lymphatic chan-
nels is also characteristic of other neoplasms
beyond lung cancer, notably lymphoproliferative
diseases and metastatic tumors (8 Fig. 1.2).

Finally, vascular invasion is extremely com-
mon in carcinomas, involving large or small ves-
sels, veins, or arteries. Vascular invasion translates
into hematogenous dissemination leading to sys-
temic tumor cell dissemination to extrathoracic
sites. Massive lymphatic/hematogenous invasion
is the cause of neoplastic thrombotic microangi-
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O Fig. 1.2 Alow
magnification of lung
parenchyma with
lymphangitic carcinomato-
sis involving the interlobu-
lar septa (arrows), pleural
surface (dots), and
bronchovascular bundles
(circle)

opathy often simulating interstitial lung diseases
on pathology as well as on imaging. Notably, this
pattern is becoming more and more challenging
in the evolving scenario of medical oncology
because adverse events to new agents are increas-
ingly common (sometimes asymptomatic) and
their imaging pattern might substantially overlap
signs of tumor progression. Different mechanisms
of metastasis in primary and secondary neo-
plasms are here presented.

1.2 Shared Dissemination Pathways
of Primary and Secondary
Malignancies of the Thorax

Growth and spread of primary and secondary
thoracic neoplasms mainly depend on the pecu-
liar anatomy of the thoracic region (in particular
the pulmonary structure), the type of tumor, and
the colonized tissue.

The most common category of tumors in the
lung parenchyma is metastatic malignancies [1].
This fact can be explained by two pivotal anatomic
characteristics of the lung: the whole venous and
lymphatic drainage of the body is collected into
the right heart toward the lungs. Namely, systemic
bloodstream and lymphatics of most organs are in
parallel with one another, but lung is in series.
Therefore, any organ is drained into the lung,
which ultimately can filter out metabolic derivate

as well as becomes a first stop site of neoplastic
cells that are filtered through its exceptionally
dense capillary bed. Noteworthy, such rich capil-
lary bed provides abundant oxygen to early
metastasis, which will thereafter be supplied by
bronchial arteries [2].

Lung metastasis and primary lung tumors
share the same dissemination pathways.
Hematogenous dissemination, either arterial or
venous, is the most common pathway, followed by
lymphatics, endobronchial, pleural, and aerogenic
diffusion, and direct extension. A combination of
the above pathways is quite common in lung can-
cer at the time of diagnosis [1, 2].

Primary lung carcinomas mainly disseminate
by lymphatic channels or airway dissemination,
while pulmonary metastases from carcinoma, sar-
coma, and lymphoma metastasize to the lung via
the bloodstream [3]. As expected, adenocarcinoma
from any organ is the most common subgroup of
lung metastasis because of its epidemic incidence,
notably from the breast, digestive tract, kidney,
head/neck region, pancreato-biliary region, uter-
ine leiomyosarcoma, and lung itself [2-6].

Similar spreading routes can determine similar
histopathologic patterns of spread in both primary
lung cancer and secondary thoracic malignancy.
Patterns of spread are classified into infiltrative/
destructive, interstitial, lepidic, and alveolar filling
[1-4]. Such pathways rely on the structure of the
secondary lobule: a polygonal unit, sized 1-2 cm in
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diameter, consisting of acinar structures with
peripheral boundary by the pleura and/or connec-
tive tissue of interlobular septa, the latter including
lymphatics and venules [7, 8]. The center of the lob-
ule is represented by the bronchovascular bundle
made up of bronchioles and arterioles; it is usually
larger than the peripheral veno-lymphatic complex.
Indeed, it is also depicted on computed tomogra-
phy, whereas the lobule periphery is seen only in
case of abnormal thickening. The most volume of
the secondary lobule is represented by alveoli sur-
rounded by intralobular septa that contain the
smallest branches of arterioles and venules and the
capillary network [7-9]. Lung metastasis can simu-
late primary tumors both grossly and microscopi-
cally, and sometimes the differential diagnosis can
be challenging and critical, even at pathology.
Radiologists and clinicians must be aware that an
independent primary lung tumor should always be
considered in a patient with metastatic disease and
vice versa. The detailed description of both radio-
logic and histopathologic findings in cancer patients
allows accurate image interpretation throughout its
wide spectrum of display and robust reasoning
toward diagnosis. Immunohistochemistry and
extractive molecular biology can become relevant
for assisting the pathologist to refine the differential
and drive the final diagnosis.

1.3 Tumor Dissemination in Primary
Malignant Lung Tumors
and Metastases

Primary lung tumor typically exhibits a histologic
infiltrative/destructive pattern. It occurs more fre-
quently as solitary nodule in the upper lobes and
shows infiltrative dissemination to the surround-
ing lung parenchyma. In the destructive pattern,
general characteristics such as site, location, and
multicentricity, together with the clinical history,
can suggest the distinction between primary lung
tumor and metastasis, but unusual presentation
can occur. Expansive borders are seen as the sec-
ond most common dissemination pathway across
the intangible pulmonary texture. There are excep-
tions to the aforementioned dissemination path-
ways; notably some adenocarcinomas (e.g., lepidic
adenocarcinoma) happen to show dissemination
by cellular leaning over alveolar epithelium (pul-
monary structure is preserved).

Most primary lung tumors are represented
by non-small-cell lung cancer (NSCLC) into
either adenocarcinoma (ADC) or squamous cell
carcinoma (SCC) histology and neuroendocrine
tumors (NET) including carcinoid tumors and
high-grade neuroendocrine tumor such as large-
cell (LCNEC) and small-cell-lung carcinoma
(SCLC). Primary invasive ADC of the lung and
roughly one third of primary SCC present as a
peripheral solitary nodule or mass, more fre-
quently involving the upper lobes [2, 3]. A large
peripheral mass is more commonly an ADC,
while a hilar mass is more commonly a SCC or a
SCLC [1], and they usually associate with lymph
node involvement, either unilateral or bilateral.
SCLC is an aggressive, smoking-related, high-
grade NET that characteristically presents as a
large hilar mass with bulky mediastinal lymph
nodes. Unlike NSCLC, SCLC tends to involve
adjacent structures by direct invasion, and it
translates into frequent onset of superior vena
cava syndrome. Occasionally, SCLC can occur as
a predominant endobronchial mass and in about
5% of cases can be detected by CT screening as a
peripheral nodule, even node-negative [2, 3];
however, the outcome of SCLC remains poor
even with screening [10]. LCNEC occurs more
tfrequently peripherally, and it is seldom associ-
ated with bulky intrathoracic lymph nodes.
Signs, symptoms, and imaging findings of other
rarer histological types mostly overlap with
NSCLC.

Unlike primary lung cancer, metastases are
more frequently multiple and bilateral and show a
random nodular distribution. Metastases used to
be overall smaller than primary lung cancer;
notably, they show heterogeneous size depending
on the temporal evolution of spread or on the type
of “soil} according to Pagets theory [6].
Furthermore, hematogenous metastases to the
lung usually appear as well-delimitated findings
with smooth margins; they mostly are round,
oval, or lobulated in shape. Like most primary
lung ADC, metastases tend to be peripherally
located, but unlike ADC they prefer the lower or
middle lung fields according to perfusion gradi-
ent [1, 2]. Metastases have usually a rapid growth,
substantially faster than primary adenocarci-
noma. The most common spreading patterns in
primary lung cancer and metastatic tumors to the
lungs are reported in @ Table 1.1.
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B Table 1.1  Tumor cell dissemination in lung primary and metastasis

Spreading features

Multiple or solitary
peripheral located

Centrally located hilar/
peri-hilar and
endobronchial

Hilar and mediastinal

intrathoracic nodes

Cavitation

Calcification

Cystic spaces

Lepidic pattern

Aerogenous

Primary lung tumor

Multiple peripheral nodules are usually
mucinous invasive adenocarcinoma or
lepidic/papillary/micropapillary
adenocarcinoma; intrapulmonary
metastases by adenocarcinoma may
occur

Peripheral solitary nodules in the upper
lobes are usually adenocarcinoma, more
often TRU type

Carcinoid tumors

Squamous cell carcinoma in pulmonary
fibrosis

Squamous cell carcinoma

Small cell carcinoma
Bronchial-type adenocarcinoma
Carcinosarcoma

Salivary gland tumors
Carcinoid tumor

Small cell carcinoma
> centrally located adenocarcinoma
Squamous cell carcinoma

Squamous cell carcinoma

Mucinous adenocarcinoma (pseudo-
cavitation)

Pleomorphic, spindle cell, and giant cell
carcinoma

Sarcoma

Pulmonary hamartoma
Chondroma

Mucinous adenocarcinoma
Primary tumors with necrosis

Tumors of ectopic origin
Erdheim-Chester disease
LAM

Lepidic adenocarcinoma

Mucinous invasive adenocarcinoma
Micropapillary and papillary adenocarci-
noma

Epithelioid hemangioendothelioma

Metastasis

Usually multiple, bilateral, peripheral,
and randomly distributed nodules with
rounded, well-defined margins and
variable size
Sometimes solitary nodules:

Colorectal carcinomas

Malignant melanoma

Skeletal sarcoma

Testicular carcinoma

Other adenocarcinomas

Breast cancer

Anaplastic thyroid carcinoma
Colorectal carcinoma

Renal cell carcinoma
Lymphoma/plasmacytoma
Sarcomas

Prostatic cancer

Breast carcinoma

Renal cell carcinoma

Testicular tumor

Pancreatic carcinoma from the tail
Papillary thyroid carcinoma

Sarcoma

Colorectal adenocarcinoma
Mucinous metastatic carcinoma
Osteosarcoma

Condrosarcoma

Treated metastatic choriocarcinoma

Choriocarcinoma

Endometrial stromal sarcoma
Benign metastasizing leiomyoma
Leiomyosarcoma

Cellular fibrous histiocytoma

Pancreatic adenocarcinoma
Colorectal adenocarcinoma
Melanoma

Mesothelioma

Mucinous invasive carcinoma

(continued)
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D Table 1.1 (continued)

Spreading features Primary lung tumor

Interstitial/septal
spread
Kaposi sarcoma
Angiosarcoma
Intravascular lymphoma
Erdheim-Chester disease

Adenocarcinoma
DIPNECH
Meningotheliomatosis

Miliary/nodular pattern

Pleural spreading

Adenocarcinoma with lymphangitic

Diffuse malignant mesothelioma
Peripheral adenocarcinoma

Metastasis

Lymphangitic carcinomatous:
Gastric carcinoma
Breast cancer
Pancreatic carcinoma
Kaposi sarcoma
Angiosarcoma
Cervical carcinoma
Melanoma
Lymphomas

Thyroid papillary carcinoma
Medullary carcinoma
Melanoma

Renal cell carcinoma

Ovarian cancer

Osteosarcoma

Trophoblastic tumors, especially
choriocarcinoma

Lymphoproliferative disorders
Benign/malignant mesenchymal tumors

Abbreviations: TRU terminal respiratory unit, LAM lymphangioleiomyomatosis, DIPNECH diffuse idiopathic

pulmonary neuroendocrine cell hyperplasia

However, exceptions to this rule can occur,
such as solitary lung metastasis or multiple pri-
mary lung tumors. Solitary lung metastases are
reported in 3-9% of the cases [2]; they can present
as large cannon ball, even larger than 5 cm, for-
merly frequent event from colorectal carcinoma
[2]. Solitary metastases to the lung are also seen in
melanoma, sarcoma, testicular carcinoma, and
extrathoracic ADC [2]. Metastases to the lung are
also seen in young age, with sarcoma and germ
cell neoplasms being the most frequent cause of
hematogenous dissemination [3, 4]. Lung metas-
tases are expected to follow a clinical history of
extrapulmonary neoplasms; however, it happens
in 20-54% of cases. Otherwise, in 15-25% of
cases, the lung is the only site of the so-called
anachronous metastasis, be they solitary or mul-
tiple [2].

Nonetheless, clinicians must be aware that
solitary lung nodules in patients with extratho-
racic neoplasms can also be a primary tumor.
According to Filderman, this situation is more
likely to occur in cancers of the lung (e.g., second
primary), breast, stomach, prostate, and head and
neck. Conversely, primary lung cancer is less fre-

quent in case of melanomas and sarcoma. Lung
solitary nodules in patients with carcinomas of
kidneys, colon, or testes have the same probability
to be either primary or secondary [11].

Unfortunately, there is no perfect panel of
immunostains to distinguish a primary from a
metastatic tumor; hence, careful clinico-
radiological correlation is mandatory. This is
especially true for the differential diagnosis
between a primary SCC and a metastatic SCC of
head and neck, esophagus, or cervix origin. The
comparative use of pl6 and p53 immunostaining
status can sometimes be helpful to the purpose of
histological differential [2, 3]: the association of
SCC from head and neck with HPV/p16 is more
straightforward than its pulmonary counterpart.
Finally, SCC should be distinguished from meta-
static urothelial carcinoma, which is positive for
GATA3 [2, 3, 12-16] (B Fig. 1.3). A practical list
of the most important immunostains involved in
the diagnosis of primary versus secondary malig-
nancy is summarized in @ Table 1.2.

Multiple primary lung cancers are not uncom-
mon, especially invasive mucinous ADC and lep-
idic ADC, formerly known as bronchioloalveolar
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O Fig. 1.3 Transbronchial biopsy a showing a tiny of estrogen receptors ¢ supported the diagnosis of
aggregate of tumor cells into a lymphatic channel b. pulmonary dissemination/metastasis from breast cancer
Positive anamnesis of mammary neoplasm and expression

D Table 1.2 Practical summary of the most important immunohistochemical stains in the identification of cell
differentiation of various primary/metastatic neoplasms

Tumors

Primary adenocarcinoma (except
mucinous carcinoma)

Colorectal adenocarcinoma

Breast carcinoma
Merkel cell carcinoma
Melanoma

Thymic epithelial tumors (thymoma and
carcinoma)

Squamous cell carcinoma

Positive primary antibodies
TTF-1 (clone 8G7G3/1 more specific than SPT24 and SP141), napsin
A (monoclonal more specific than polyclonal), CK7

CK20, CDX2+ (positive in a subset of primary adenocarcinoma of
the lung with goblet/colloid/enteric morphology), SATB2 (particu-
larly helpful in mucinous type)

ER/PgR, GCDFP15, GATA3 (hormone-dependent), mammaglobin, CK7
CK20 (dot-like), NF, polyomavirus, neuroendocrine markers
S$100, HMB45, melan-A, SOX10, tyrosinase, MiTF

CD5 (carcinoma), PAX8, C117 (carcinoma), FOXN1, CD205, p63/p40

p63/p40
The presence of HPV/p16 is suggestive of a metastasis from head/
neck region or uterine cervix, except primary squamous cell
carcinoma arising in papillomatosis)
High-molecular-weight cytokeratins (34betaE12, CK903, CK5/6),
desmocollin, and desmoglein

(continued)
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B Table 1.2 (continued)

Tumors

Urothelial carcinoma
Germ cell tumors
Prostatic adenocarcinoma

Vascular neoplasms

Papillary and follicular thyroid cancer

Renal cell carcinoma
Neuroendocrine neoplasm
Mesothelioma

Sarcomas other than vascular

Gynecological tumors
Biliary/pancreas

Lymphoma and plasmacytoma

Positive primary antibodies

CK7, p40, GATA3, uroplakin 2/3
CD30, alpha-FP, CKs, SALL4, PLAP, beta-HCG, OCT3-4,CD117
PSA, PSAP, AR, NKX3.1

CD31, CD34, FLI1, ERG, factor VIII, HHV8 (Kaposi sarcoma),
CAMPTA-1 (epithelioid hemangioendothelioma)

TTF-1, thyroglobulin, HBMET, PAX8, CK7, CEA, calcitonin, and
neuroendocrine markers in medullary carcinoma

CK7,CD10, EMA, RCC, TFE3, SDH-B, HMB45 (PEComas)
Synaptophysin, chromogranin A, CD56, ASH-1
BAP1, CK7, HMBET1, calretinin, D2-40, WT1, CK5/6

Smooth-muscle actin, desmin, myogenin, STAT6 (solitary fibrous
tumor); H3K27me3 (malignant peripheral nerve sheath tumor),
S$100, MDM2 (dedifferentiated liposarcoma); WT1, ETV4, TFE3
(synovial sarcoma), ALK (inflammatory myofibroblastic tumor),
CDK4 (liposarcoma), SMARCB1 and SMARCAA4, beta-catenin
(desmoid/fibromatosis), NKX2.2, MUC4 (low-grade fibromyxoid
sarcoma), INI1

WT1, p63, p16, ER, inhibin, napsin A
CK7/CK20, CDX2, MUC1, CK17, CK19, CEA

LCA, B-cell (CD20, CD79a, PAX5, CD10, bcl6, MUM1, MNDA, cyclin
D1, SOX11), T-cell (CD2, CD3, CD4, CD5, CD7, CD8), bcl2, CD30,
CD15, c-myc, BOB-1, ALK, TdT, CD56, CD57, CD38 and CD138
(plasma cells), light chains K and lambda, EBV, HHV8, BRAF (hairy
cell leukemia), CD23 and CD35 (follicular dendritic cells), CD68
(macrophages), CD1a and Langerin (Langerhans cell histiocytosis),
CD123 (plasmacytoid dendritic cells)

Abbreviations: IHC immunohistochemistry, TTF-1 thyroid transcription factor-1, CK cytokeratin, CDX caudal-type
homeobox, ER estrogen, PGR progesterone, GCDFP gross cystic disease fluid protein, NF neurofilament,

PAX8 paired box gene 8, alpha-FP alpha fetoprotein, SALL4 Sal-like protein 4, PLAP placental alkaline phosphatase,
HCG: human chorionic gonadotropin, PSA prostate-specific antigen, PSAP prostate-specific acid phosphatase,

AR androgen receptor, FLIT Friend leukemia integration, HBME1 Hector Battifora mesothelial-1, LMW low
molecular weight, HMW high molecular weight, EMA epithelial membrane antigen, RCC renal cell carcinoma,
PEComas perivascular epithelioid cell tumors, NSE neuron-specific enolase

carcinomas (BAC). Such histology tends to be
multicentric, bilateral, and usually peripheral. The
differential between multiple synchronous pri-
mary ADC and alveolar/aerogenous spread is
quite challenging both at pathology and imaging.
Synchronous intrapulmonary metastases from
primary lung cancer can also manifest as multiple
nodules or masses and should be differentiated
from a primary tumor because of substantially dif-
ferent clinical management and prognosis. The
comprehensive histologic subtyping, characteriza-

tion of cytology (clear cells or signet ring features),
and stromal features (desmoplasia or inflamma-
tion) are most useful in case of multiple ADC.

1.3.1 Radiopathologic Correlation
of Ancillary Signs of Thoracic
Malignancy

Both primary and metastatic malignancies of the
lung can occur with ancillary radiologic findings
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B Fig. 1.4 Lung adenocarcinoma with micropapillary pattern a and dissemination of tumor cells through airspaces
(b, circle)

such as cavitation, calcification, hemorrhage, and
cyst, which, together with other clinical charac-
teristics, can suggest the proper diagnosis. The
pathological counterpart of such radiological
signs explains the heterogeneity of pulmonary
malignancies, either primary or secondary, and
the variable confidence in the differential. The
radio-pathologic parallel is thereafter given.

1.3.1.1 Alveolar Pattern

Peculiar patterns of spread in the lung are the lep-
idic growth, the alveolar filling, and a recently
recognized aerogenous (airspace) spread known
as STAS. All these kinds of spread can be radio-
logically classified in the field of alveolar pattern
[1, 2, 7]. Two signs can reflect the alveolar pattern
on computed tomography: ground glass opacities
(GGO) and parenchymal consolidation, the latter
also typical of pneumonia. In histology, they are
seen as filling of airspaces that ranges from partial
(GGO) to complete (consolidation) [1, 2, 7]
(@ Fig. 1.4).

In particular, the alveolar pattern is most com-
monly encountered in primary lung cancer with
lepidic and mucinous ADC histology, respectively,
associated with ground glass opacity and pneumo-
nia-like consolidation [1, 2]. Papillary and micro-
papillary invasive ADC can also present with this
pattern. As an aerogenous spread, this pattern of
dissemination is oftentimes associated with multi-
focal and multilobar tumors, without a dominant
nodule, and is characterized by the presence of sat-
ellite discontinuous neoplastic foci along the air-
spaces and airways around the tumor or, at distant,
even in the contralateral lung [17, 18]. A very
unusual variant of is represented by discohesive
tumor cells filling and engulfing the alveolar spaces
mimicking desquamative interstitial pneumonia
(DIP), then called “malignant DIP” [19] (8 Fig.1.5).

Lepidic Growth

Lepidic growth is considered a grade I histological
pattern of invasive lung ADC [20], mucinous or
not. The lepidic spreading is characterized by the



10 F. Locatelli et al.

O Fig. 1.5 Anunusual
pattern of tumor cell
dissemination in lung
adenocarcinoma with
intra-alveolar growth of
discohesive tumor cells
with signet ring cell
features mimicking
macrophages in desquama-
tive interstitial pneumonia

O Fig.1.6 Lung
adenocarcinoma with
lepidic growth character-
ized by preservation of the
pulmonary alveolar
architecture

growth of the neoplastic cells along the intact
alveolar walls like Lepidoptera on a fence. It
respects the microscopic structure of alveoli,
without displacing or destroying the adjacent
lung (@ Fig. 1.6). Pure lepidic or predominantly
lepidic pattern is a mandatory criterion for the
diagnosis of in situ ADC (AIS) and minimally
invasive ADC, respectively. This definition applies
to solitary and discrete tumor up to 3 cm in diam-

eter. The radiological counterpart of AIS is non-
solid nodule (sole GGO component), while
minimally invasive ADC is associated with part-
solid nodules with solid component up to 5 mm.
Rarely, metastatic ADC to the lungs may show
a lepidic pattern, but they do not typically express
TTF-1 and type II pneumocytes and/or club
(Clara) cell morphology [21]. Examples of meta-
static melanoma were described with an alveolar/
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O Fig. 1.7 Pulmonary metastasis from pancreatic cancer a and primary mucinous invasive adenocarcinoma b
showing an identical growth pattern with mucin-rich tumor cells lining the alveoli forming papillary projection

interstitial growth, mimicking primary ADC and
thus relatively insidious at differential [I1, 2].
Metastases from pancreato-biliary or colorectal
ADC also may grow in a lepidic fashion [21]
(8 Fig. 1.7).

Mucinous invasive ADC can be radiologically
characterized by consolidation that must be dif-
ferentiated from both lipidic and obstructive
pneumonia. Furthermore, mucinous invasive
ADC is also characterized by the so-called bubble-
like lucencies or pseudo-cavitations that are fre-
quently described on computed tomography. The
pathological counterpart of bubble-like lucencies
is dilation of bronchioles from a valve mechanism
of bronchiolar obstruction or desmoplastic trac-
tion or expression of spared pulmonary lobules.
The bubble-like lucency can also present as
pseudo-cavitation, which however must be distin-
guished from real cavitation [1, 2]. Lepidic growth
of primary mucinous ADC comes into the differ-
ential with primary lung colloid ADC (character-
ized by abundant extracellular mucin that destroys

and replaces the parenchyma) and with metasta-
ses from pancreatic, biliary, colorectal, gastric, and
breast carcinoma. Immunohistochemistry can
help in such differential [3, 4, 22].

Intra-alveolar Pattern of Growth
Intra-alveolar pattern of growth is typical of epi-
thelioid hemangioendothelioma, described previ-
ously as intravascular bronchioloalveolar tumor,
usually a multifocal vascular neoplasm typical of
young female that can have a nodular pattern in
the lung; it is histologically characterized by nod-
ular aggregates of epithelioid cells with intracyto-
plasmic lumina embedded in a myxochondroid
or hyaline stroma, simulating ADC, sarcoma,
metastatic cardiac myxoma, or sclerosing pneu-
mocytoma.

Spread Through Airspaces

Recently, the term “spread through airspaces”
(STAS) has been reintroduced by Kadota et al.
[23] to define the presence of micropapillary clus-
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ters, solid nests, or single cells in alveolar spaces
beyond the edge of the main tumor and within
the surrounding lung parenchyma. STAS proba-
bly contributes to the significantly increased risk
of recurrences for patients with small stage ] ADC
who undergo limited resections and to the worse
survival observed by others. Kadota et al. [23]
found STAS to be significantly associated with
any recurrence in small (<2 cm) stage I lung ADC
treated by limited resection, compared with
lobectomy. After the validation of STAS in two
studies [24, 25], the 2015 WHO classification
introduced it as a fourth type of invasion of ADC
beyond lepidic pattern (such as acinar, papillary,
micropapillary, solid, colloid, or enteric), tumor
cells within myofibroblast stroma, and vascular or
pleural invasion. STAS is indeed considered an
exclusion criterion for the diagnosis of minimally
invasive ADC, together with tumor necrosis and
vascular or pleural invasion [3, 4]. Unfortunately,
there is no presurgical noninvasive parameter for
direct measurement of STAS, the risk which can
only be rated by solid proportion on computed
tomography. Its prognostic value is however
debated by who considers STAS not an in vivo
effect but an artifact induced by the cutting that,
in fact, was proved to increase the extension of the
tumor cells at the lung periphery. Tumor islands,
originally described by Onozato in 2013 [26] as
isolated, large collection of cells, with no clear
micropapillary configuration, distant at least a
few alveoli by the main tumor, are considered the
forerunner of the solid-type STAS and a subset of
spread proved to exist by three-dimensional
reconstruction study. They have been correlated
to smoking, solid or micropapillary high-grade
pattern, K-RAS mutations, and a higher nuclear
grade and have been associated with low
recurrence-free survival. Despite that the distance
of STAS has been defined in different ways accord-
ing to different studies, up to now, all studies have
demonstrated its prognostic value independently
from the extent and its relevance both in ADC
and SCC [27], and in the latter it is considered a
new unfavorable prognostic parameter together
with cell nest size, nuclear diameter, and tumor
budding. Importantly, STAS resulted to be a sig-
nificant prognostic factor independent from
lymph vascular invasion and predominant pat-
tern but dependent from stage. Of note, micro-
papillary STAS has been associated with lymph

vascular invasion, recurrence-free survival, and
mortality, so much that tumor cells within air-
spaces in a micropapillary feature should be
assigned to a micropapillary pattern, which is
known to be associated with poor prognosis even
in small amounts.

The exact reason for the association of STAS
with prognosis is unknown, but we can speculate
that STAS could be the epiphenomenon of the
tumor diffusion between interalveolar pores of
Kohn and bronchiole-alveolar communications
of Lambert that normally guarantee the collateral
ventilation, and this is why tumor cells could
remain undetected in alveolar spaces beyond the
surgical margin. Another possible explanation is
that tumor cells may reenter in the interstitium
around the terminal bronchioles.

For the aforementioned reasons, the inclusion
of STAS in pathology report could have potential
implication on treatment decisions, therapy, and
surveillance, including meticulous radiological
follow-up of recurrence, even if more studies on
margin distance are warranted. Of note, more
recently, the prognostic role of STAS phenome-
non has been reported even in primary NET of
the lung [28].

1.3.1.2 Halo Sign

Peripheral halo of ground-glass (aka halo sign)
can be seen by computed tomography in both pri-
mary and secondary malignancies of the lung.
Hemorrhage is the pathological counterpart of
halo sign, which can be associated both with neo-
plastic and benign conditions (e.g., angioinvasive
aspergillosis). Metastastases with halo sign are
mostly reported in choriocarcinoma and angio-
sarcoma. Nonetheless, it can also be observed in
nonhemorrhagic metastases with a peri-nodular
lepidic growth [9].

1.3.1.3 Cavitation

Cavitation is radiologically characterized by a
lucent cavity surrounded by solid wall of varying
thickness [1, 7, 9]. Cavitation occurs more fre-
quently in primary lung carcinomas and in par-
ticular in lung SCC, where it reflects tumor
necrosis in the core of the lesion where angioge-
netic stimuli and metabolic demand substantially
mismatch. However, cavitation is not exclusive to
primary lung SCC; indeed, it is also seen in metas-
tases and in nonneoplastic conditions such as
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infections, Langerhans cell histiocytosis, necrobi-
otic rheumatoid nodules, granulomatosis with
polyangiitis, and septic embolism. Therefore,
oncologic perspective should not fail to recognize
further conditions associated with nodule/mass
cavitation, especially in case of known malignancy
and potentially overlapping nonneoplastic disor-
der. The erosion of necrotic cavitation into the
pleura can be responsible for pneumothorax or
bronchopleural fistula. This scenario is reported to
be relatively common in pediatric metastases from
sarcoma of the bone, which accounts for 70% of
lung malignancies in pediatric age, the most fre-
quent being osteosarcoma [1, 2]. Further thoracic
malignancies to bear in mind for pediatric popula-
tion are pulmonary metastases from rhabdomyo-
sarcoma, Wilms' tumor, Ewing’s sarcoma, and
neuroblastoma. Primary lung sarcoma is a very
rare malignant tumor, accounting for less than
0.5% of all lung tumors, and a secondary origin
must be first considered, including leiomyosar-
coma, undifferentiated high-grade pleomorphic
sarcoma, and synovial sarcoma [1, 2]. Cavitation
must be distinguished from bubble-like lucencies
(pseudo-cavitation) that is usually associated with
mucinous ADC [9].

1.3.1.4 Cystic Pattern

Cysts on computed tomography are seen as areas
of hyperlucency with a thin regular boundary.
Cystic pattern is a known mechanism of local
neoplastic growth of metastasis. The pattern
shows different pathological explanations, includ-
ing a check-valve mechanism with obstruction of
small airways, lepidic growth of ADC in emphy-
sema/bullae, and cyst formation of tumor. The
pattern is often associated with metastases by
ADC histology from non-thoracic malignancy
[41]. Further primary neoplasms with cystic pul-
monary metastases are uterine leiomyosarcoma,
stromal endometrial sarcomas, cellular fibrous
histiocytoma, and benign metastasizing leiomy-
oma. Cysts are also a common presentation of
tumors of ectopic origin (e.g., teratoma).

1.3.1.5 Endobronchial Growth

The endobronchial growth is characterized by the
neoplastic spread along bronchial and bronchiolar
wall, with invasion of bronchial lumen [9]. Central
tumors present more often a hilar/peri-hilar
growth around the main or lobar bronchus, and

they commonly show an endobronchial compo-
nent. Primary thoracic neoplasms with such dis-
semination pathway are SCC, carcinosarcoma,
and lung carcinoid tumor, including typical and
atypical carcinoid. Endobronchial growth is also
reported in rare salivary-gland-type tumors, such
as mucoepidermoid carcinoma, adenoid cystic
carcinoma, epithelial-myoepithelial carcinoma,
and pleomorphic adenoma. Of note, primary sali-
vary gland tumors of the lung and the rare primary
melanoma of the lung are bronchus-associated,
unlike the corresponding metastases [1, 2].
Laryngotracheal papillomatosis is also a rare tra-
cheobronchial HPV-related disease of childhood
that can spread from larynx and eventually to the
alveolar parenchyma, where it can degenerate into
a SCC and can be differentiated from a well-differ-
entiated SCC by the absence of invasion [3, 4, 29].

Endobronchial metastases can have the same
clinical and radiologic appearance of primary
endobronchial tumors presenting with obstruc-
tive respiratory symptoms related to tumor mass,
including cough, hemoptysis, dyspnea, chest pain,
and wheezing. At imaging, they can present with
hilar and mediastinal mass, single peripheral
nodules, atelectasis, or pleural effusion associated
with pneumonitis. Endobronchial metastases can
be the result of lymphatic or hematogenous spread
rather than representing the extension from a
parenchymal or mediastinal/hilar metastasis.
Bronchial aspiration of tumor cells has also been
described [1, 2, 30]. Interestingly, 5% of endo-
bronchial metastases represent the first presenta-
tion of the extrathoracic neoplasm [30]. The
latency may be very long, such as in renal cell
carcinomas, which are known to have all kinds of
pulmonary spread and the ability to extend
directly into the right ventricle [1, 2]. Breast can-
cer is reported to be the most common primary
tumor presenting with endobronchial metastases,
followed by colorectal carcinoma, renal cell carci-
noma, gastric carcinoma, prostate cancer, and
melanoma [30] (B Fig. 1.8). Virtually all types of
solid tumors can spread to the bronchial tree,
including spermatic cord liposarcoma, malignant
fibrous tumor, leiomyosarcoma, meningioma,
thymic tumor, germ cell tumor, and lymphopro-
liferative neoplasm (lymphoma and plasmacy-
toma).

Multiple peripheral carcinoids may be asso-
ciated with numerous endobronchial tumorlets
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B Fig. 1.8 Endobronchial metastasis from clear cell carcinoma of the kidney manifesting as polypoid lesion of the
bronchus a at bronchoscopy and histology b

in the contest of diffuse idiopathic pulmonary
neuroendocrine cell hyperplasia (DIPNECH)
showing a miliary pattern that should not be
confused with intrapulmonary metastases
(@ Fig. 1.9).

Endobronchial dissemination can also result
from lymphatic metastases to peribronchial
lymph nodes. The dissemination from a primary
tumor to peribronchial lymph nodes can happen
in several ways including infiltration of pleural
lymphatics or directly through the lymphatic
drainage from the retroperitoneum and periaortic
nodes. For instance, testicular tumor can display
mediastinal involvement in posterior and sub-
carinal mediastinal lymph nodes all the way from
retroperitoneal lymphatic network. The same
mechanism happens to determine hilar and medi-
astinal lymph node from pancreatic carcinoma of
the tail, whereas it happens seldom in pancreatic
cancer of the head. Thyroid carcinomas, in par-
ticular the papillary type, are also a frequent
source of hilar and mediastinal nodes, usually

associated with lung metastasis in 50% of cases [1,
2]. Surprisingly, prostate cancer has a tropism for
mediastinal lymph nodes, and radiolabeled cho-
line (18F-Fcholine) may be helpful in differential
diagnosis [31].

1.3.1.6 Interstitial Pattern of Growth

Interstitial dissemination pathway is seen at imag-
ing with reticulation (potentially beaded) variably
associated with ground-glass opacitys; its differen-
tial with nonneoplastic interstitial abnormality is
oftentimes challenging especially during medical
therapy or after radiation therapy. Pathology
describes distribution of neoplastic cells inside
the pulmonary lymphatics including interlobular
and intralobular septa, visceral pleura, fibrovas-
cular bundles, and capillaries. Transbronchial
biopsy has high diagnostic yield in recognizing
lymphangitic dissemination [32].

The understanding of radiologic pattern in
lymphatic spread can be helped by the prototypi-
cal patterns described in Yang and Lin series [33]:
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O Fig. 1.9 Low magnification of a surgical lung biopsy
showing three histologic sections including a typical
carcinoid (arrow) with multiple bronchiolocentric

== Anterograde route by progressive linear and
bilateral infiltrates without hilar enlargement
or tumor masses; this is mostly reported in
gastric carcinoma that spreads through the
diaphragm and pleural surface.

Retrograde spread by radiating linear lines
from enlarged hilar masses; this is due to the
inverted lymphatic drainage caused by
lymphatic obstruction up to complete
blockade. It is more often reported in gastric,
cervical, and breast carcinomas.

Focal spread from centrally or peripherally
located primary lung carcinoma [35].

Such dissemination pathway is seen in malig-
nant vascular neoplasms, such as Kaposi sar-
coma and angiosarcoma; lymphoproliferative
disorders, such as intravascular lymphoma; and
primary lung tumors (SCC and sarcomatoid
spindle cell carcinoma) or metastasis [1, 2, 34]
(@ Fig. 1.10).

proliferations of neuroendocrine tumor cells (circles) in a
case of DIPNECH

Kaposi sarcoma rarely occurs in the lungs
either as primary or metastatic neoplasm in HIV-
positive and severely immunocompromised
patients. It spreads around vessels and into the
interstitial spaces leading to hemorrhagic areas
that appear as ground glass opacities and can
evolve into interstitial fibrotic  disease.
Intravascular lymphoma is a rare and aggressive
subtype of extranodal large B-cell lymphoma
(B Fig. 1.11) characterized by the systemic pres-
ence of tumor cells almost exclusively inside the
lumen of small vessels such as capillaries. The
diagnosis of extranodal large B-cell lymphoma is
often delayed because of imaging findings over-
lapping interstitial lung disease: nodules of vari-
able size superimposed on ground-glass opacities
from interstitial thickening. Symptoms are also
not specific, while the diagnosis might be sus-
pected by high level of serum lactate dehydroge-
nase (LDH). This condition conveys a poor
prognosis and sometimes can cause sudden death.
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O Fig. 1.10 Pulmonary
squamous cell carcinoma
showing a peculiar
interstitial growth pattern
dissecting the alveoli
showing hyperplastic type
Il pneumocytes

AT o

=

B Fig. 1.11 Intravascular
large B-cell lymphoma with
large discohesive tumor
cells growing and filling
into the interstitial alveolar
capillaries

Carcinomatous lymphangitis is a peculiar pat-
tern with interstitial dissemination pathways; this is
rendered by beaded reticulation with ground-glass
opacity at computed tomography. Innumerable and
diffuse neoplastic emboli from cell clusters are seen
on histological slides, even at gross examination. It
is estimated to be the presentation of 6-8% of lung
metastases and is often caused by either primary
pulmonary or extrathoracic ADC, as well as meso-
thelioma. Metastases from the stomach, breast, and

s TS
of '
2

pancreas are more likely to present this dissemina-
tion pathway [1, 2] (8 Fig. 1.12). Other sources of
carcinomatous lymphangitis include the thyroid,
cervix, prostate, larynx, choriocarcinoma, mela-
noma, and metastatic ADC from an unknown pri-
mary cancer. Bilateral involvement is more common
than unilateral lymphangitic spread in metastatic
disease, while unilateral involvement occurs more
frequently in breast cancer than in other malignan-
cies [1, 2]. Symptoms correlated to lymphangitic
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O Fig. 1.12

spread are similar independent from the cause, a
persistent dry cough and dyspnea being frequent,
sometimes with a severe respiratory failure.
Metastatic uterine leiomyosarcoma may also
grow in the interstitium and enclosed bronchioles
[3], as well as meningotheliomatosis and meta-
static meningioma (8 Fig. 1.13). Fifty percent of
carcinomatous lymphangitis can present with nor-
mal radiographs, while high-resolution computed
tomography is the most sensitive imaging tool and
can reveal the beaded septum sign, consisting in
the reticular or reticulonodular interstitial mark-
ings, usually with an irregular contour and thick-
ening of interlobular septa (Kerley B lines) and the
peribronchovascular sheaths, reminiscent of a row
of beads. Interestingly, the interstitial lymphatic
septal thickening of carcinomatous lymphangitis
is reported to be greater than lymphangitic lym-
phomas and sarcoidosis, where the beaded sign
can be observed in 15-20% of patients and is usu-
ally associated with a more common pattern char-
acterized by micronodules in a perilymphatic

Interstitial lymphatic dissemination of pulmonary adenocarcinoma (arrows) in a transbronchial biopsy
a and lung resection b

distribution (avid of pleura) and by bilateral, sym-
metric lymph node enlargement.

1.3.1.7 Miliary Pattern

The miliary pattern is the result of hematogenous
spread that determines multiple, sharply defined,
and tiny (3-5 mm) nodules. Such pattern is
reported in primary lung tumor, such as adeno-
carcinoma (B Fig. 1.14), as well as in metastatic
neoplasms including medullary carcinoma, mela-
noma, renal cell carcinoma, ovarian cancer, osteo-
sarcoma, and choriocarcinoma [1, 2].

1.3.1.8 Pulmonary Tumor Thrombotic
Microangiopathy
Pulmonary tumor thrombotic microangiopathy
(PTTM) leads to radiologic display of consolida-
tion, ground-glass opacity, small nodules, and
tree-in-bud appearance associated with multiple
small perfusion deficiencies. Its differential is
quite challenging before pathology, though it
should be suspected when acute respiratory
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O Fig. 1.13 Interstitial
growth of bland-looking
meningothelial cells in a
case of pulmonary

metastatic meningioma

O Fig. 1.14 Surgical lung
resection showing multiple
subcentimetric whitish
nodules involving the
pleurain a primary lung
adenocarcinoma with
miliary pattern of tumor
cell dissemination

failure is accompanied by hypercoagulative con-
dition without embolism in pulmonary arteries.
PTTM is a unique, rare, and fatal form of pulmo-
nary arterial tumor embolism by tumor cells; this
is seen in massive pulmonary dissemination by
gastric cancer and associates with elevated levels
of vascular endothelial growth factor (VEGF) [35,
36] (@ Fig. 1.15). Emboli in large pulmonary

vessels can cause infarction and, potentially, acute
pulmonary hypertension, followed by right heart
failure.

Small vessel emboli can be responsible for
unexplained dyspnea with subacute onset until
right heart failure by established chronic pulmo-
nary hypertension (8 Fig. 1.16). Isolated single
small tumor embolus at pathology should not be
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O Fig. 1.15 Gastric
adenocarcinoma
presenting as thrombotic
microangiopathy with
nests of tumor cells filling
the interstitial vessels
leading to respiratory
failure

it ',,:

F A P
b .- J g
.‘.: :‘ -’f-f‘si.‘. *'}d-‘ -

Sy 1 i

..
Teg > - B *,
L A
i TE

B a4 i ot K T ey
o 201 SRR B P O 2 ok 2oy i

O Fig. 1.16 Vascular infiltration by spindle cell sarcomatoid carcinoma. A subtle tumor cell proliferation a is better
highlighted by expression of pan-cytokeratins into small arterioles (b, immunohistochemistry)
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O Fig. 1.17 Pulmonary
artery sarcoma mural type
characterized by prolifera-
tion of spindle tumor cells
into the wall of pulmonary
artery

diagnosed as a metastasis because most small
emboli will not become a metastasis but rather
resolve leaving a thrombus, which eventually
forms a fibrotic scar or a calcification [1, 2]. Such
microscopic pattern is rendered by radiological
“vascular tree in bud” [1, 2, 7].

A peculiar and poorly recognizable pattern of
microvascular dissemination is related to the rare
occurrence of pulmonary artery and vein sarco-
mas (B Fig. 1.17). These malignancies arise from
subendothelium or vascular wall of major pulmo-
nary vessels (either artery or vein) and classically
manifest with chronic thromboembolic disease
with intraluminal growth and organized thrombi
(embolic metastasis), finally invading the lung
parenchyma and producing multiple nodular
lesions simulating pulmonary emboli. Subtle
symptoms in the early phase of such neoplasm
ought to delay diagnosis. Unexplained sudden
death is not infrequent in these cases [37]. The
characterization of these tumors is extremely dif-
ficult even at pathology by small biopsy; hence,
surgical specimens are often mandatory to reach
the final diagnosis.

1.3.1.9 Pleural Involvement

Pleura is a common target of tumor dissemina-
tion by a large variety of neoplasms including pri-
mary pleural tumor, primary lung tumor,
metastasis, and hematologic neoplasms. Pleural

effusion is the most common radiological sign of
pleural dissemination, with or without a pleural
mass (B Fig. 1.18). Pleural effusion in malignan-
cies may be due to pleural seeding of tumor cells,

lymphatic ~ obstruction, pulmonary venous
obstruction, or mesothelial cell reactive prolifera-
tion. Peripheral ADC of the lung is the most com-
mon type of primary lung tumor involving the
pleura, followed by SCC, SCLC, LCNEC, and,
rarely, carcinosarcoma. Extrathoracic malignan-
cies with pleural dissemination encompass breast,
renal, gastrointestinal, and gynecological carcino-
mas. Even lymphoproliferative diseases (lympho-
mas, plasmacytoma, and leukemia) may involve
the pleura leading to effusion.

Of note, peripheral ADC may spread along
the pleural surface either in a continuous way as a
“thick rind” or through “skip lesions” via lym-
phatic channels or implants on pleural surface
from viable neoplastic cells floating in effusion.
The rind pattern must be grossly differentiated
from mesothelioma proliferation; indeed, it is also
known as pseudo-mesotheliomatous adenocarci-
noma. Other primary and metastatic tumors that
may show this gross and radiologic pattern of
tumor dissemination include epithelioid heman-
gioendothelioma, epithelioid angiosarcoma,
intra-pleural thymoma, melanoma, lymphoma,
synovial sarcoma, multiple myeloma, and leuke-
mia [38, 39].
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O Fig. 1.18 Pleural
dissemination of a clear cell
sarcoma mimicking
nodular growth of
mesothelioma

The type of pleural dissemination in primary
lung cancer has a key role in determining the dis-
ease stage, since involvement/disruption of elastic
layer of visceral pleura (score PL1) and overrun-
ning of elastic fibers with involvement of pleural
surface (PL2) are associated with pT2 stage.
Moreover, involvement of parietal pleura and soft
tissue of chest wall (PL3) leads the tumor to stage
pT3 [40].

Generally, pleural metastasis is due to lym-
phangitic or vascular dissemination. However,
tumors may metastasize to the pleura by direct
extension through the chest wall or diaphragm. In
histology, several growth patterns may be appre-
ciated ranging from tiny miliary nests into promi-
nent fibrosis to endolymphatic growth or gross
nodules. Pleural metastasis invading and replac-
ing the surface mesothelial cells also forming pap-
illary structures may occur and closely suggests
mesothelioma [1, 2].

1.3.1.10 Direct Extension

Another peculiar pattern in thoracic neoplasm is
the direct extension to the chest wall. Noteworthy,
this is a well-defined cause of Pancoast syndrome
(lower brachial plexopathy, Horner’s syndrome,
and shoulder pain). Furthermore, direct exten-
sion to major mediastinal structures is paramount
in the prognosis of the patient as vascular syn-
dromes happen to be life-threatening. Of note,
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venous vessels are more prone to complications
from neoplastic growth in the mediastinum,
which frequently results in superior vena cava
syndrome. Moreover, adherences between the
lung and the wall chest can be a bridge for the
direct invasion of the ribs and the surrounding
soft tissue, and they can also create new lymphatic
channels that, together with an inverted lym-
phatic stream, can cause nodal metastasis in the
chest wall or supraclavicular lymph nodes, even
without contiguity. A direct infiltration of ribs
and vertebrae, mediastinum, hilar structures,
heart, pericardium, or diaphragm can also occur.
Involvement of the pericardium or the heart may
lead to tamponade and sudden death.

1.3.1.11 Calcifications

Calcifications can be seen in primary lung cancer,
as well as metastases. Radiologically depicted cal-
cifications reflect pathological evidence of
necrotic evolution, deposition of mucoid mate-
rial, intralesional bony degeneration, or intrinsic
characteristics of the primary extrathoracic neo-
plasm. Extrathoracic tumors expected to render
calcification metastases are colorectal cancer,
osteosarcoma, chondrosarcoma, and papillary
thyroid carcinoma. Noteworthy, colorectal metas-
tases are the most common tumor to undergo
benign osseous and must be distinguished from
chondroma [1, 2].
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1.4 Tumor Dissemination
and Oncogenic Driver Gene
Alterations in Primary Lung
Cancer and Metastases

Oncogenic driver gene alterations can determine
different tumor  dissemination  pathways.
Mutational state seems to influence tumor spread
in resectable lung cancer [41]. ADC consists of a
heterogeneous group of tumors that mainly har-
bor K-RAS and EGFR at molecular analysis.
Other gene alterations are BRAF, HER2, and
c-MET mutations (frequency range <1-5% of all
primary lung ADC), while rearrangements of
ALK, ROS-1, RET, and NTRKs have a propensity
for solid pattern (in addition to signet ring cells)
and aggressive behavior with exceptionally poor
prognosis [41]. K-RAS- and EGFR-mutated ADC
are the most frequent and distinct tumors, also
showing contrasting histologic and clinicopatho-
logic characteristics.

K-RAS-mutated tumors derive more fre-
quently from central region, in heavy/active
smokers, and Caucasian patients; they occur pref-
erentially in mucinous TTF-1-negative ADC with
a bronchiolar differentiation [42] or poor differ-
entiation, necrosis, cytological atypia, tumor-
infiltrating leukocytes, adverse prognostic impact,
and resistance to EGFR tyrosine kinase inhibitors
and conventional cisplatin-based chemotherapy.

EGFR-mutated tumors are peripherally located
and non-mucinous with a lepidic or papillary pat-
tern and occur in non—/light smokers, preferen-
tially in Asian women. Intrapulmonary miliary
dissemination by primary ADC mimicking infec-
tion disease has been documented, particularly in
nonsmoker patients. The tumor is TTF-1 positive
and generally lacks necrosis or cytologic atypia
[42, 43]. Several of these findings associated to
K-RAS and EGFR and K-RAS mutations reflect,
respectively, the origin of type I pneumocytes (the
putative stem cells for the terminal respiratory unit
TRU) from the peripheral compartment or the
basal cells of the bronchus in the central airway
compartment (not-TRU-type origin). TRU carci-
nomas, characterized by differentiation to Clara
cells, type I pneumocytes or bronchiolar cells, and
dome-shaped protruding cytoplasm, are more
often peripherally located and do not usually
involve bronchi, while non-TRU carcinomas have,
instead, a bronchial surface epithelium, mucous

cell or goblet cell morphology, and a central loca-
tion [44, 45]. According to Wang et al. [41], central
ADC are associated with a high risk of lymph node
metastasis even at small size with respect to
peripheral ones, allegedly due to the thick and
flowing lymphatics of the central bronchus and to
the proximity to lymph nodes. This could be cor-
related even with intrinsic properties of the tumors
as we know that ADC appears more likely to
metastasize than SCC; nevertheless, the latter is
more common in the central part and therefore is
more likely to invade mediastinal structures.
Moreover, EGFR-mutated ADC has a major fre-
quency of skip N2 metastasis probably due to its
peripheral location and vascular invasion [41]. In
general, lung cancer with early lymphatic and
avascular dissemination is characterized by activa-
tion of mesenchymal-epithelial transition (EMT)
and then exhibits high expression of EpCAM,
VEGE ¢-MET, E-cadherin, vimentin, and other
pro-invasive molecules. EMT develops during
cancer progression and indeed contributes to met-
astatic colonization. EMT endows metastatic
properties upon cancer cells by enhancing mobil-
ity, invasion, and resistance to apoptotic stimuli.
Furthermore, EMT-derived tumor cells acquire
stem cell properties and exhibit therapeutic resis-
tance. The disseminated tumor cells recruited to
distant organs are suggested to subsequently
undergo an EMT reversion through mesenchymal
to epithelial transition (MET), which seems neces-
sary for eflicient colonization and growth into
macroscopic metastasis. Furthermore, tumor
microenvironment has a key role in promoting
both primary lung tumors and lung metastasis
from extrapulmonary neoplasms. Notably, micro-
environmental factors involved in tumor dissemi-
nation are inflammation, angiogenesis, immune
modulation, and response to therapies [46-49].

Among extrapulmonary carcinomas, peculiar
pulmonary tropism is seen in breast cancer and
melanoma. These neoplasms are associated with
specific molecular profiles, such as cancer-specific
lung metastasis secretome signatures revealing
candidate lung metastasis proteins as nidogen 1
(NID1). Overexpression of NID1 promotes lung
metastasis of breast cancer and melanoma,
enhancing cancer cell migration and invasion,
promoting adhesion to the endothelium, disrupt-
ing its integrity, and improving vascular tube for-
mation capacity [50, 51].
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1.5 Primary Malignant Tumors
Mimicking Metastatic Lesions
and Vice Versa

The prototypic presentation of pulmonary metas-
tases from macroscopy and imaging studies relies
on multiple, bilateral nodules of variable size and
smooth margins, mainly located at the lower
lobes. Although this presentation is useful to dis-
criminate primary versus metastatic disease, it is
not uncommon to detect primary lung tumors
simulating metastases or metastatic tumors mim-
icking lung primary.

The pattern of growth of primary lung carci-
noma suggesting metastatic dissemination at
imaging studies and histology is particularly evi-
dent in adenocarcinoma presenting with miliary
pattern or tree-in-bud-like appearance and lym-
phangitic carcinomatosis. This pattern of tumor
dissemination is closely related to upregulation of
EMT mechanisms with overexpression of mole-
cules promoting cell-to-cell discohesion, such as
e-cadherin, Ep-CAM, MUCI1, CDHI, CDH2,
VIM, TWIST1, SNAI1, SNAI2, ZEBI1, and ZEB2,
and downregulation of the systems maintaining
cell adhesion.

The presence of multiple nodules in the same or
different pulmonary lobes generally favors a meta-
static tumor, particularly when patients have a pre-
vious  history of malignancy elsewhere.
Nevertheless, with the dramatic increase of lung
adenocarcinomas, it is quite common to face with
patients showing different lesions in the lungs.

The examination of conventional morphology
demands comprehensive investigation to distin-
guish primary tumors from metastases of the
same histology (particularly adenocarcinomas);
several features should be evaluated: growth pat-
tern, cytologic features, patterns of stroma, necro-
sis, discrete nodularity versus miliary growth, and
the presence of unusual characteristics as clear
cell, signet ring, mucinous, and fetal-type changes.

Histology matches with molecular determina-
tions in about 90% of cases; however, distinction
by genomic profiling may contradict clinicopath-
ologic findings in a significant proportion of cases
(up to 20%), greatly influencing staging and ther-
apeutic management of lung cancer patients with
multiple tumors [50, 51].

Some tumors metastasizing to the lungs may
show a peculiar dissemination pattern mimick-
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ing primary lung tumor. It is the case of extrapul-
monary adenocarcinomas growing into the lung
in a lepidic way, namely, with substantial preser-
vation of the alveolar architecture. This is partic-
ularly true in a subset of mucin-rich
adenocarcinomas from pancreas that closely
mimics primary lung neoplasm, both from a
morphologic and immunohistochemical view-
point. In these cases, the differential between
extrapulmonary and pulmonary neoplasms is
driven by comparison of histology, immunos-
tains, and molecular features [22, 52].

Another unusual mechanism of extrapulmo-
nary tumor dissemination resembling primary
pulmonary neoplasm is endobronchial growth,
with/without lymph node. Endobronchial metas-
tases result in solitary nodules vegetating into the
bronchial lumen. This peculiar pattern of meta-
static tumors should be considered in patients
with a previously known history of extrapulmo-
nary malignancies from breast, stomach, kidney,
colon, melanoma, and plasmacytoma.

1.6 Tumor Dissemination
in Secondary Benign
Neoplasms

Several benign/low-grade neoplasms may dissemi-
nate to the lungs (» Box 1.1), including pleomor-
phic adenoma (8 Fig. 1.19), uterine leiomyoma
(B Fig. 1.20), fibrous histiocytoma/dermatofibroma,
and some fibro-epithelial lesions of the breast.
Pleomorphic adenoma is a benign tumor
composed of epithelial, modified myoepithelial
cells admixed in chondroid matrix. Usually, it
occurs in parotid salivary gland, and it is classified
as low-grade tumor with a low potential to metas-
tasize. It is rare in the lungs, and around 20 cases
have been reported [53]. Pleomorphic adenoma

Box 1.1 Benign Tumors Metastasizing
to the Lungs

Benign metastasizing leiomyoma
Pleomorphic adenoma (mixed tumor)
Fibrous histiocytoma/dermatofibroma
Giant cell tumor of bone

Mammary adenomyoepithelioma
Hemangiomas
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O Fig. 1.19 Pulmonary

metastasis from a benign

pleomorphic adenoma of
the parotid

O Fig. 1.20 Benign
metastasizing leiomyoma
with entrapment of
alveolar pneumocytes

appearsasasmall, solitary, and well-circumscribed
tumor; however, metastases have been reported
especially in cases with slight atypia and infiltra-
tive margins [54]. Differential diagnosis with
metastatic lesions from mixed tumors of the sali-
vary glands and other biphasic pulmonary neo-
plasms such as blastoma and carcinosarcoma is
mandatory.

Benign metastasizing leiomyoma is a rare
phenomenon with approximately 161 cases so

far described in the literature [55]. This occur-
rence is usually asymptomatic at presentation
and is incidentally found in the lungs of women
with a history of hysterectomy for leiomyomas.
Nodules variably range in size and may be
observed from 3 months to 20 years after hyster-
ectomy [56a, b]. Its mechanism of dissemination
is still unclear, allegedly referred to as multifocal
leiomyomatosis, hematogenous extension fol-
lowing uterine surgical procedures, or metastasis
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O Fig. 1.21 Desmoplas-
tic-type mesothelioma
growing along the pleural
surface and invading the
lung parenchyma

from a very-low-grade uterine leiomyosarcoma
[57]. Malignant transformation has been
reported in anecdotal cases [58]. Metastasizing
leiomyoma may occur as a solitary pulmonary
lesion rather than multiple bilateral nodules.
Solid nodules with perilesional traction emphy-
sema should suggest the hypothesis of metasta-
ses from benign metastasizing leiomyoma [57].
The differential diagnosis includes primary lung
tumor, metastatic disease, infections, and inter-
stitial lung disease with nodular appearance [57].

The mechanism of dissemination of benign
metastasizing leiomyoma is still unclear.

Myoepithelial tumors are benign/low-grade
neoplasms showing a predominately myoepithe-
lial differentiation [58] that may metastasize to
the lungs, and their recognition is based on
knowledge of clinical history and detection of
EWSR1 gene rearrangements [59].

Even adenomyoepithelioma, a biphasic benign
tumor, arising from salivary glands, soft tissue,
and breast, may metastasize to the lung, thus rep-
resenting another example of tumor that can
metastasize in the absence of histologic features
that would suggest malignant behavior [60].

Primary pulmonary meningioma is extremely
rare and entirely identical to conventional coun-
terpart of central nervous system [61, 62], while
meningioma metastasizing to the lungs is another
unusual condition leading to a challenging differ-
ential diagnosis, mainly including sclerosing
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hemangioma, intrapulmonary fibrous tumor,
lymphangioleiomyomatosis, and spindle cell car-
cinoid. The final diagnosis relies on pathological
examination coupled to immunohistochemical
coordinated expression of EMA, progesterone
receptor, and CD56 [63]. Other benign tumors
rarely metastasizing to the lungs and pleura are
cutaneous fibrous histiocytoma/dermatofibroma
[64, 65], giant cell tumor of the bone, giant cell
tumor of the tendon sheath [66], and hemangio-
mas (especially in patients with Kasabach-Merritt
syndrome) [67, 68].

1.7 Tumor Dissemination
in Mesothelioma

Mesothelioma is the most common primary neo-
plasm of the pleura. The 2015 WHO classification
recognizes four major histologic subtypes of dif-
fuse malignant mesothelioma: epithelioid, bipha-
sic, sarcomatoid, and desmoplastic [3, 4]
(B Fig. 1.21). The majority of malignant pleural
mesothelioma arises from the parietal and dia-
phragmatic pleura, and, therefore, extrapleural
N2 nodes rather than intrapleural N1 nodes
might be the first draining station.

Lymph nodes are the most common site of
distant dissemination from malignant pleural
mesothelioma, followed by intra-abdominal dis-
ease and contralateral lung [69].
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Metastatic spread often occurs late in the
course of the disease, but postmortem examina-
tions showed distant spread in over half of pleural
diffuse malignant mesothelioma patients at the
time of death. Metastatic spread of mesothelioma
is often underrecognized as demonstrated by 55%
prevalence in a large postmortem series of 350
patients.

Recently, a large study of 165 patients showed
bone metastases in 20%, peritoneal and omental
disease in 24%, and ascites in 16% [70]. An emerg-
ing pattern of dissemination pathway from
mesothelioma is the intrapulmonary growth lead-
ing to miliary pattern or interstitial pattern of dis-
semination (about 11% of cases) [71]. Visceral
metastases were found in 15% of cases, with a
prevalence in the liver (78% of their series) but
also in adrenals, spleen, and kidneys. Another
metastatic site was the brain, where only 3% were
symptomatic, within a median overall survival of
24.2 months. Case reports show brain metastases
of mesothelioma presenting with hemorrhagic
clinical presentation [69] or leptomeningeal
involvement [72]. Other uncommon sites of met-
astatic mesothelioma include the breast [73], skin
[74], kidney [75], and oral mucosa [76, 77].

1.8 Tumor Dissemination in Other
Primary Thoracic Neoplasms

1.8.1 Soft Tissue Tumors

According to the current WHO classification [3,
4, 78], primary sarcomas of the thorax are rare
and consist of a large group of tumors arising
from the lung, mediastinum, pleura, chest wall,
and heart. Primary thoracic sarcomas commonly
manifest as large, heterogeneous masses that can
appear in a variety of radiological presentation,
such as solitary pulmonary nodule, multiple pleu-
ropulmonary masses, central endobronchial
tumor, and even intraluminal masses within the
pulmonary arteries. The most common soft tissue
neoplasms of the thorax are epithelioid heman-
gioendothelioma, angiosarcoma, synovial sar-
coma, and solitary fibrous tumor (SFT).
Epithelioid hemangioendothelioma arises
more commonly from the pleura but often simul-
taneously involves the lungs in young women,
and it is prone to lymph node as well as distant

metastases in the contralateral lung, bone, and
skin [1-4, 79, 80]. According to 2015 WHO clas-
sification [1-4], negative prognostic factors are
extensive intrapulmonary and pleural spread,
weight loss, anemia, and hemorrhagic pleural
effusions. The tumor may mimic mesothelioma
when presenting with diffuse thickening of the
pleura rather than infection or metastatic disease
in case of multiple, tiny nodules filling the alveo-
lar spaces.

In contrast, angiosarcoma is a high-grade and
more aggressive vascular neoplasm harbored in
the great vessels of mediastinum [1-4, 81] or from
the chest wall as well as from the pleural surface
[82, 83]. The disease tends to rapidly diffuse
through the hematogenous route and may appear
as bilateral solid nodules and cystic or bullous
lesions sometimes associated with spontaneous
hemopneumothorax [84].

Although rare, involvement of the thoracic
region by synovial sarcoma represents the most
common visceral site of origin of this sarcoma
[85-87]. As in soft tissue, synovial sarcoma may
show the monophasic spindle cell form and the
biphasic and poorly differentiated variants.
Immunohistochemical stains overlap with carci-
nomas and mesothelioma, while molecular detec-
tion of the translocation involving SYT-SSX2
genes is quite specific leading to a confirmatory
diagnosis [88, 89]. The tumor generally appears as
solitary or multiple masses originating from the
pleura/mediastinum, solitary lung mass, or
pseudo-mesotheliomatous pleural thickening.

Solitary fibrous tumor (SFT) commonly arises
in the pleura and sometimes in the lungs (intra-
pulmonary SFT possibly originating from pulmo-
nary fissure) (@ Fig. 1.22). The majority of SFT
have a benign/low-grade behavior and manifest
as solitary large mass, but local recurrences may
occur particularly when the tumor has a sessile
growth pattern and arises from the parietal pleura
[90]. Distant metastasis has been reported anec-
dotally [91, 92].

1.8.2 Lymphomas of the Thorax

All lymphoproliferative neoplasms reported in the
most recent WHO classification [93] may involve
the lung, mediastinum, and pleura. Among oth-
ers, primary mediastinal large B-cell lymphomas
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O Fig. 1.22 Solitary fibrous tumor with gross benign
features evidenced by lardaceous whitish tissue a and
malignant aspects, as necrotic and hemorrhagic areas (b,

are exclusively present in the mediastinum and
associated with a more favorable survival than the
germinal center B-cell and activated B-cell sub-
types of diffuse large B-cell lymphoma (DLBCL)
[93-95]. This lymphoma arises from the thymus
and presents as a large mass of the anterosuperior
mediastinum, possibly extending to the pleura
and the lung. Mediastinal involvement is most fre-
quently seen in the nodular-sclerosis subtype of
classical Hodgkins lymphoma. The malignancy
presents as an irregular mass involving mediasti-
nal lymph nodes. Other common lymphomas
occurring in the mediastinum and showing a
mass-forming pattern of dissemination consist of
lymphoblastic lymphoma, anaplastic lymphoma,
and plasmacytoma.

The pleura is the primary site of some peculiar
lymphomas, namely, diffuse large B-cell lymphoma
associated with chronic inflammation (formerly
known as pyothorax-associated lymphoma)
and primary effusion lymphoma (PEL) [96]. The

white dots). At histology, the tumor alternates hypocel-
lular fibrotic areas (c, at the bottom) and hypercellular
zones (c, at the top)

former presents as tumor masses in patients with
long-standing (>20 years) pyothorax and is associ-
ated with EBV, which is likely facilitated by local
immunodeficiency conditions. Otherwise, PEL is
also a large B-cell lymphoma, but it presents as
effusion without masses; it is a human herpesvirus 8
(HHV8)-associated lymphoma developing in the
context of severe immunodeficiency showing a
dismal prognosis [97, 98].

Primary pulmonary lymphoma mainly con-
sists of marginal zone, mucosa-associated lym-
phoid tissue (MALT) lymphoma, possibly
transforming to DLBCL in <10% of cases. MALT-
type lymphoma has a protean spectrum of dis-
semination, including lymphatic, interstitial,
miliary, and direct extension patterns as well as
cystic changes with calcification. Its development
is slow and insidious having no specific clinical
symptoms and imaging findings [99, 100].

Lymphomatoid granulomatosis (LYG) is a
rare T-cell-rich large B-cell lymphoma driven by
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B Fig. 1.23 Lymphomatoid granulomatosis showing solid nodules at low magnification a and angiocentric prolifera-
tion of a mixed inflammatory infiltrate with scattered large cells b

Epstein-Barr virus infection. The disease may
mimic pulmonary vasculitis histologically show-
ing a peculiar angiocentric pattern, often revealed
by systemic symptoms. Involvement of vessel wall
is common into the hematogenous dissemination
of disease to the lung, reflected by bilateral pul-
monary nodules and ground-glass opacities
(8 Fig. 1.23). The diagnostic clue is the identifica-
tion of large CD20- and EBV-positive B-cell
showing vascular infiltration in the context of a
mixed mononuclear cell infiltrate that shows
numerous T-cells [101].

1.8.3 Thymic Neoplasms

Thymic epithelial tumors (thymomas and carcino-
mas) are generally characterized by a common
mass-forming dissemination pattern. Thymomas,
from medullary type A to cortical B2 type, consist
of an encapsulated mass with well-defined mar-
gins. The International Thymic Malignancies

Interest Group (ITMIG) recommends that ante-
rior mediastinal nodules be removed routinely
along with the thymus and encourages a system-
atic sampling of deep nodes (paratracheal, aorto-
pulmonary window, subcarinal lymph nodes)
during resection of thymomas with invasion of
pericardium or lungs. For thymic carcinoma, a
systematic removal of both N1 and N2 nodes is
recommended during curative-intent resection
[102]; however, thymic carcinomas are often unre-
sectable due to local invasion of adjacent struc-
tures (pleura, lung, vessels, pericardium). Survival
of patients with thymoma is significantly related to
tumor stage and margin-free surgery [103].
Furthermore, thymoma may show an unpre-
dictable clinical behavior characterized by local
recurrences and metastasis to neighboring organs
or distant sites (e.g., bone, liver, and brain) [104].
The most common pattern of metastatic
dissemination of thymic carcinoma is represented
by subpleural nodules (visceral or parietal), as
well as pericardial nodules. Occasionally, intrapa-
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renchymal pulmonary nodules (nodules of the
visceral pleura) are seen but also in the bone, liver,
and brain [105, 106]. Thymic carcinoma shows
higher stage, lower resectability, lower overall sur-
vival and progression-free survival, more distant
metastases, and earlier relapses compared with
thymoma [105].

Finally, the mediastinum is the site for other
unusual epithelial malignancy such as carcinoma
with NUT translocation, basaloid carcinoma,
mucoepidermoid carcinoma, sarcomatoid carci-
noma, adenocarcinoma, neuroendocrine tumors,
and undifferentiated malignancies. These uncom-
mon tumors reflect the pulmonary counterpart,
and their dissemination pattern is characterized
by solid growth of heterogeneous masses occupy-
ing the anterosuperior mediastinum with com-
pression of the adjacent structures possibly
leading to superior vena cava syndrome [1-4].

1.9 Conclusion

As in many other anatomic districts, the main
mechanisms of tumor dissemination in thoracic
malignancies include direct invasion of neighbor-
ing structures and lymphatic and hematogenous
spread. Noteworthy, lung cancer has a peculiar
growth pattern with tumor cells infiltrating and
propagating through the airways, recently defined
as “spread through airspaces (STAS)” The finding
of STAS seems to be significantly associated with
higher rate of local recurrence and prognosis, and
although originally identified in adenocarcinoma
histology, it is also recognized in squamous cell
and neuroendocrine carcinomas.

The prototypical presentation of lung metasta-
sis is characterized by bilateral nodules of variable
size with well-defined borders; nonetheless, radi-
ologists should be aware that gross appearance of
primary tumors may often simulate metastatic
growth (i.e., miliary pattern), while metastatic
diseases may closely simulate lung primary (i.e.,
endobronchial polypoid growth, solitary nodule,
pneumonia-like consolidation, or ground-glass
opacities).

Again, extrathoracic metastatic malignancies
not infrequently involve the mediastinum as
unique huge mass or the pleura with diffuse pleu-
ral thickening resembling primary neoplasms
(i.e., pseudo-mesotheliomatous adenocarcinoma
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from the lung or other extrapulmonary primary).
On the other hand, localized or intrapulmonary
mesothelioma strikingly mimics primary lung
cancer and interstitial lung diseases.

The diagnosis by pathologist relies on large
biopsies to discriminate primary from metastatic
tumors, while careful analysis of histopathologic
features together with selected panels of immuno-
histochemical stains or molecular investigations
should be often ordered to better classify malig-
nancies involving the thoracic region. Nonsurgical
biopsies, such as transbronchial and percutane-
ous biopsies, have a high diagnostic yield, partic-
ularly when tumor shows a lymphatic/
airway-filling pattern or peripheral masses,
respectively.
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2.1 Introduction

Radiology plays a central role for the assessment
of tumor dissemination in a process called “stag-
ing” Precise radiological tumor staging is funda-
mental for treatment decisions in patients with
cancer. Allocating patients to potential curative
surgery or to systemic therapy is mainly based on
a patient’s clinical features, as well as the molecular
and imaging characteristics of the tumor. Tumor
assessment includes both the local staging, which
focuses mainly on regional tumor extension and
potential technical respectability, and the distant
staging, to rule out or confirm the presence of
metastasis. Staging of thoracic tumors follows the
staging system of the International Union Against
Cancer (Union internationale contre le cancer,
UICC), which was last updated in 2017 [1].

The main imaging modalities used in patients
with lung cancer are computed tomography (CT),
positron-emission tomography (PET)/CT, mag-
netic resonance imaging (MRI), and ultrasound
(US). Each of these possesses strengths and weak-
nesses, and the thoughtful combination of these
methods enables an optimal diagnostic workup

Computed tomography (CT) is the primary
tool with which to investigate patients with sus-
pected thoracic tumors, as it is sufficient in most
patients to detect distant metastases and an exten-
sive infiltration of neighboring structures.
However, in patients who are eligible for curative
surgery, current guidelines require the acquisition
of a '8F-labeled fluoro-2-deoxyglucose (FDQG)
positron-emission tomography (PET)/CT and a
brain magnetic resonance imaging (MRI) (or
contrast-enhanced brain CT) to exclude metasta-
sis [2]. PET/CT is requested because it has been
shown that PET/CT may detect distant metasta-
ses in up to 20% of patients who would otherwise
have been surgical candidates [3].

In addition, MRI is frequently performed in
lung cancer patients with suspected mediastinal
or chest wall infiltration, as its excellent soft tissue
contrast allows for a better delineation of the
extent of infiltration than CT. MRI is also the
method with which to further characterize sus-
pected bone metastases detected on other imag-
ing modalities [2].

Ultrasound has been proven to be an excellent
tool for the investigation of an infiltration of the
chest wall [4]. Furthermore, ultrasound-guided

biopsies of the supraclavicular lymph nodes are a
reliable and safe procedure to confirm an inoper-
able tumor stage. Last but not least, ultrasound
and ultrasound-guided biopsies are often used to
further investigate equivocal findings from CT or
PET/CT [5, 6].

2.2 Local Spread

Activation of the invasive capacities of tumors is
one of the ten hallmarks of cancer [7]. The under-
ling genomic, genetic, and metabolomic altera-
tions are complex, and the multistep process of
invasion and, finally, metastasis has been termed
the invasion-metastasis cascade [8]. In particular,
aregulatory program, referred to as the “epithelial-
mesenchymal transition,” has been shown to
broadly regulate invasion and metastasis [9].
While, on a genetic level, the alterations during
the progression of these cascades are manifold,
the macroscopic changes visible on diagnostic
imaging are limited and can only detect relatively
late stages of the invasion-metastatic cascade.
Advanced imaging technologies, such as hyper-
polarized carbon 13 MRI [10], which assesses
metabolomic changes, are promising tools that
might capture changes in tumor aggressiveness
earlier compared to conventional imaging modal-
ities.

2.2.1 Expansive Growth

Measurement of tumor size must be performed in
a standardized way, and the current TNM staging
system mandates the measurement of the largest
unidimensional diameter using thin sections
(<1 mm slice thickness) and multiplanar recon-
structions (transverse, coronal, and sagittal)
(8 Fig. 2.1) [11]. Thin sections provide the least
variability, as they suffer from smaller partial vol-
ume averaging compared to thicker slices. In
addition, all measurements should be performed
using a lung window setting with sharp filters,
except for partly solid nodules, in which the solid
component can also be measured using a narrow
(soft tissue or mediastinal) window [11]. For
partly solid nodules, the long axis of both the
solid and ground-glass components should be
measured (B Fig. 2.2). However, for final staging
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O Fig. 2.1

Axial a, coronal b, and sagittal c contrast-
enhanced CT of a squamous cell carcinoma in the left
upper lobe. The largest tumor diameter should be used

purposes, only the long-axis dimension of the
solid component is used, as this represents the
invasive tumor parts [11].

Expansive tumor growth can lead to oblitera-
tion of bronchi and the development of postob-
structive lung atelectasis or pneumonia. Tumor
assessment in atelectatic areas can be challenging
at times using CT, in which case FDG PET can be
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for T staging. In this case, the largest diameters were
5.7cm, 5.6 cm, and 5.2 cm in the axial, coronal, or sagittal
reconstructions, respectively

helpful to differentiate between tumor and col-
lapsed lung, although concomitant pneumonia
challenges image interpretation.

A particular type of NSCLC in terms of
appearance and treatment is the pneumonic type
of adenocarcinoma. These cancers are character-
ized by a regional distribution of tumor similar to
a pneumonia (8 Fig. 2.3) [12]. They have imaging
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O Fig. 2.2 Axial contrast-enhanced CT showing a partly
solid nodule in the right upper lobe compatible with a
biopsy-proven invasive adenocarcinoma. It is recom-
mended that both the solid (red line) and ground-glass
(orange line) tumors be measured. The solid part represents
the invasive component of the tumor and should be used
to define the T classification for staging. The solid
compartment better predicts prognosis than the overall
tumor size in lepidic-predominant adenocarcinomas

O Fig. 2.3 Axial contrast-enhanced CT scan shows
patchy bilateral ground-glass opacities and consolidations
without pleural effusions or enlarged lymph nodes,
corresponding to a histology-proven pneumonic-type
adenocarcinoma of both lungs (cM1a)

similarities to multifocal ground-glass adenocar-
cinomas, and it has been discussed whether they
represent a later stage in the evolution of this
entity [13]. In more than 50% of cases, pneumonic-
type adenocarcinomas involve both lungs [14].
Nodal or systemic metastases are typically not

present at the time of diagnosis. Correct clinical
and pathological staging is important, as double-
lung transplantation is an accepted treatment
option for selected patients [15, 16].

2.2.2 Infiltrative Growth

Direct infiltration of tumor tissue into adjacent
structures is especially important in the lung api-
ces, the mediastinum, and the diaphragm. MRI
is favored, compared to CT, to assess the infiltra-
tive growth pattern due to the higher tissue con-
trast and the ability to perform dynamic
examinations.

2.2.2.1 Chest Wall

Reliable criteria for an infiltration of the chest
wall include direct evidence of tumor masses
infiltrating the chest wall and evidence of rib ero-
sion. Additional signs are a thickening of the
pleura or impaired respiratory motion. The latter
two signs, however, are less reliable, as inflamma-
tory reactions in the vicinity of malignant tumors
may also lead to a thickening of the pleura and an
impaired respiratory motion of the tumor in rela-
tion to the chest wall. A confident diagnosis of an
infiltration of the chest wall is difficult in many
cases. Because of the relatively low soft tissue
contrast, the sensitivity and specificity of CT are
limited. With MRI, one is often able to slightly
increase both the sensitivity and specificity of
diagnosis.

A particular site of chest wall infiltration is the
superior sulcus, the most apical area of the chest
cavity. Tumors that infiltrate this area are called
Pancoast tumors and most commonly are adeno-
carcinomas. Anatomically, this area is a highly
specific region, as the brachial plexus and the
large vessels of the arm and head run through it in
close proximity to each other.

CT scans are usually the first imaging proce-
dure performed for Pancoast tumors (8 Fig. 2.4a).
Using multiplanar reformations, in addition to
conventional axial images, the relation of the
tumor to the great vessels can be depicted. Due to
its poor soft tissue contrast, CT, however, has its
limitations in depicting the relation of the tumor
to the brachial plexus and neural foramina. For a
comprehensive preoperative evaluation, addi-
tional imaging is almost always necessary. MRI
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O Fig. 2.4 Right-sided Pancoast tumor. a Coronal
contrast-enhanced CT scan shows a heterogeneous
enhancing mass in the right apex with infiltration of the
chest wall and infiltration of the second rib. b MRI of the

allows a clear visualization of the neural foramina,
the brachial plexus, the great vessels, and the ver-
tebral bodies and is thus considered to be essen-
tial for surgical treatment planning (8 Fig. 2.4b)
[17]. Changes in tumor size during neoadjuvant
treatment do not necessarily reflect histopatho-
logical treatment response [18], nor do they cor-
relate with overall survival [19]. While a reduction
in tumor size measured by CT is associated with a
higher frequency of complete histopathological
response, cases of complete histopathological
response have even been observed in patients
with an increase in tumor volume after neoadju-
vant treatment, which is believed to be due to
extensive tissue fibrosis [18]. Consequently, the
decision to operate on a patient with a Pancoast
tumor must be made on the basis of preoperative
MRI and, thus, prior to the initiation of neoadju-
vant radiochemotherapy.

2.2.2.2 Mediastinum

The sensitivity and specificity of CT for the
assessment of mediastinal infiltration are poor,
with a range from 25% to 84% and from 57% to
99% (summarized in [20]). Indicators of medi-
astinal infiltration on CT are an obtuse angle
and a length of more than 3 cm contact between
the mass and adjacent structures, obliteration of
the fat plane, and signs of direct invasion
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same patient better illustrates tumor extension into the
soft tissue, as well as infiltration of the cervical and
thoracic nerves

(8 Fig. 2.5) [21]. In contrast, MRI using thin
slices, or dynamic acquisition sequences, has a
higher sensitivity between 85% and 100% and a
specificity of 89-92% [20, 22-24]. On dynamic
respiration-affected MRI sequences, mediasti-
nal or chest wall infiltration can interrupt the
physiological sliding motion between the lung
and mediastinum, which can help to identify
mediastinal infiltration. False-positive results
can emerge in case of fibrous adhesions, which
also reduce the sliding motion without invasion
of the mediastinum. Therefore, the combination
of different features, including signs of direct
and indirect (e.g., loss of respiratory sliding
motion, angle of contact plane) invasion, should
be taken into account. Whether or not contrast-
enhanced MRI improves the accuracy in detect-
ing mediastinal tumoral infiltration is still under
debate, as the increased contrast between the
tumor and surrounding structures can obscure
tumor margins and reduce the diagnostic accu-
racy [22].

2.2.2.3 Diaphragm

Multiplanar reconstructions in the sagittal and
coronal plane are recommended to assess the dia-
phragm in CT. MRI is better suited to assess infil-
tration of the diaphragm, compared to CT, based
on the superior soft tissue contrast.
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O Fig. 2.5 Axial contrast-enhanced CT scans. a There is an
inhomogeneous enhancing mass presumably arising from
the right hilum with extensive infiltration of the mediastinal
fat, esophagus, and pulmonary arteries. Both the right and
left pulmonary arteries are highly narrowed by the tumor,

O Fig.2.6 Coronal unenhanced CT showing a centrally
located tumor in the right lung probably arising from the
middle lobe. The tumor infiltrated the horizontal and
oblique fissure, thereby extending into the right upper
and lower lobe

2.2.2.4 Transfissural Growth

Although transfissural growth itself does not alter
T staging, it commonly affects surgery, as lobec-
tomy is no longer possible. Multiplanar recon-
structions should be used to assess transfissural
growth (B Fig. 2.6). Indirect signs of an infiltra-
tion of the fissure are a shift of the fissure and
broad contact of the fissure.

and there is no fat plane left between the soft tissue mass and
the esophagus. A trace of pericardial effusion is visible, ventral
to the ascending aorta (cT4). b A different patient with an
inhomogeneous enhancing mass arising from the left lower
lobe, with signs of direct infiltration of the mediastinum (cT4)

2.3 Hematogenous Spread

Metastatic dissemination has long been believed
to occur during the most advanced stages in can-
cer progression; however, growing evidence
shows that cancer cells can disseminate early [25].
Thoracic tumors can spread hematogenously to
intrathoracic as well as extrathoracic sites. The
number of distant metastases can vary from single
metastases in an organ to innumerable micronod-
ules (military dissemination). The role of imaging
is first to detect suspicious lesions and second to
differentiate lesions which do not require further
evaluation (either because they are clearly malig-
nant or unequivocally benign) from lesions which
require histological verification.

For the detection of suspicious lesions, the
diagnostic accuracy for the detection of extratho-
racic metastasis is higher for PET/CT compared to
CT. PET/CT should, therefore, be performed in
patients for whom curative surgery is an option [2]
in order to reduce the number of unnecessary sur-
geries (B Figs. 2.7 and 2.8). MRI is recommended
for screening of brain metastases in patients con-
sidered for curative therapy [2]. MRI also allows
identification and characterization of liver lesions,
bone metastasis, and brain metastasis (B Fig. 2.9).
However, MRI is not performed routinely for the
former two indications. In the future, whole-body
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B Fig. 2.7 Axial contrast-enhanced CT and FDG PET/CT
scan in a patient with newly diagnosed adenocarcinoma.
CT scan showed no bone abnormalities, whereas there
was a focal increased FDG uptake in the left iliac bone
highly suggestive of a bone metastasis. The lesion was
proven to be malignant by the pattern of growth in the
follow-up examination. There were no further extratho-
racic metastases (cM1b). Axial contrast-enhanced CT (a)
and FDG PET/CT scan (b)

PET/CT or PET/MRI examination tracers directed
against treatment targets, such as the programmed
cell death protein 1 (PD-1) [26], might revolution-
ize imaging and will hopefully enable treatment
selection based on imaging studies.

2.4 Lymphatic Spread

Lymphatic spread plays a pivotal role in tumor
dissemination. A tumor spread to the pulmonary
lymphatic system is called lymphangiosis carcino-
matosa. As the pulmonary lymphatics run along
the pleura, the interlobular septa, and the bron-
chovascular bundle, lymphangiosis carcinoma-

O Fig. 2.8 Axial and coronal FDG PET/CT scan. a, b
Metabolically active, bilateral adrenal gland metastasis
(cM1c)

tosa shows on CT asnodular or smooth thickening
of these structures (perilymphatic distribution)
(B Fig. 2.10). Lymphangiosis carcinomatosa can
be limited to the edges of a tumor or diffusely
involves one lobe or even the lungs on both sides.
In contrast to other tumor entities, however, the
prognostic role of lymphangiosis carcinomatosa
is still unknown and thus not included in the
TNM staging system [27].

Of importance, however, is the distinction of
lymphangitis from the so-called sarcoid-like
reaction. Sarcoid-like reaction is a systemic
granulomatous reaction observed in cancer
patients undergoing immunotherapy and is
radiologically as well as pathologically indistin-
guishable from sarcoidosis [28, 29]. So far, the
immunopathological mechanism of sarcoid-like
reaction is not well understood. As sarcoid-like
reaction does also present on CT as a nodular
disease with a perilymphatic distribution, it may
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O Fig. 2.9 Contrast-enhanced CT a and MRI b on the
same day in a patient with adenocarcinoma of the lung.
At the time of the examination, the patient had no
neurological symptoms. While CT does not show any

be confused with lymphangiosis carcinomatosa
and thus lead to the misdiagnosis of a disease
progression. Consequently, cases of presumably
newly developed lymphangiosis carcinomatosa
in patients undergoing immunotherapy have to
be investigated with care. @ Table 2.1 summa-
rizes imaging features which might help to dis-
tinguish sarcoid-like reactions from
lymphangiosis carcinomatosa.

While the prognostic role of lymphangiosis
carcinomatosa in lung cancer is not well estab-
lished, lymph node involvement is the most
important prognostic factor in patients with
respectable lung cancer [30].

In CT staging, the size of the lymph nodes is
the only criterion by which to diagnose lymph
node involvement. The cutoff used to differentiate
benign from malignant lymph nodes is defined
with a maximum short-axis diameter of 1 cm.
Unfortunately, as reactive lymph nodes may also
reach a considerable size, this criterion is only of
limited use in differentiating benign lymph nodes
from metastatic nodes. The pooled sensitivity of
this criterion has been reported to be as low as
55%, with a specificity of 81% [31]. Notably, 42%
of all lymph nodes deemed to be malignant by
size criteria are benign instead, and 17% of all

malignant lesion, the MRI shows a 7 mm enhancing
metastasis in the left side of the pons. In addition, there
was a right-sided adrenal gland metastasis (not shown),
which resulted in a cM1c stage

lymph nodes smaller than 1 cm in the short-axis
diameter are malignant [32].

One possibility to increase the performance of
lymph node staging is the use of PET/CT. In lung
cancer staging, the most frequently used tracer is
FDG, a labeled glucose analogue [3].

PET scanning alone has reported sensitivities
and specificities of 80% and 88% [31, 33], respec-
tively, compared to 55% and 81% with CT alone
[31], which demonstrates that PET scanning is
more accurate than CT scanning for the staging of
lymph nodes in the mediastinum. A PET/CT is
currently recommended for all patients who are
possible suitable candidates for curative surgery
in order to reduce the number of patients who
would not benefit from surgery [3, 34]. In case of
a positive nodal finding on CT or PET/CT, subse-
quent tissue confirmation is needed using either
endobronchial ultrasound (EBUS)- or endoscopic
ultrasound (EUS)-guided tissue sampling [34]. In
case of a negative PET and normal-sized medias-
tinal lymph nodes and a peripheral tumor smaller
than 3 cm, no further diagnostic tests are needed.
In case of clinical N1 disease or a central tumor
larger than 3 cm, tissue sampling using either
EBUS, EUS, or video-assisted mediastinoscopy is
recommended [34, 35].
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O Fig.2.10 a A 53-year-old female patient with
adenocarcinoma of the lung and lymphangiosis carcino-
matosa. Axial CT image shows nodular subtle smooth
thickening of the interlobular septa and the bronchovascu-
lar bundle. b Corresponding histological analysis showed
tumor cells with lymphatic invasion (asterisk) but without

O Table 2.1 Radiological imaging findings in
lymphangitis and sarcoid-like reaction
Lymphangitis Sarcoid-like reaction

Nodular or smooth
thickening of interlobular

+ Septal thickening

septa
+ Lymphadenopathy Symmetric lymph-
(30%) adenopathy

+ Pleural effusions (50%) No pleural effusions

Lobular architecture
preserved

Upper lobe
predominance

MRI using diffusion weighted imaging has
shown to be an alternative to PET/CT for the
detection and characterization of mediastinal
lymph nodes. The reported sensitivity (77-80%),
specificity (84-97%), and accuracy (89-95%) are
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involvement of the small vessels/capillaries (arrow). #,
pulmonary artery; A, lymph node. c A different 64-year-
old patient with signet cell cancer of the stomach and
lymphangiosis carcinomatosa. Axial CT image shows
nodular or smooth thickening of the interlobular septa and
the bronchovascular bundle (perilymphatic distribution)

comparable to those of the PET/CT [36]. The
diagnostic value of MRI can be further improved
by using more modern sequences such as STIR
turbo SE imaging or FASE sequences [36].

2.5 Bronchogenic and Aerogenic
Spread

Adenocarcinomas of the lung sometimes present
as rather diffuse consolidations and/or ground
glass with positive air bronchogram, which closely
resemble the radiological appearance of pneumo-
nias and hence are called “pneumonic-type” lung
cancers [13]. On histology, pneumonic-type lung
cancers are most frequently invasive mucinous
adenocarcinomas and less commonly non-muci-
nous or mixed [13]. As pneumonic-type adeno-
carcinomas may spread via airways, they may
present with tree-in-bud patterns and centrilobu-
lar nodules (8 Fig. 2.11).
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O Fig. 2.1
adenocarcinoma of the lung. Axial CT image showed tiny
pulmonary nodules surrounding the primary tumor

a A 53-year-old female patient with

A particular type of tumor spread is observed
in adenocarcinomas of the lung. This type of
tumor spreading is characterized by a spread of
“micropapillary clusters, solid nests, or single cells
beyond the edge of the tumor” and termed spread
through air spaces (STAS) [37]. This particular
type of tumor spread has been reported to be
associated with a worse recurrence-free survival
and overall survival [38-42].

A potential association of STAS with CT fea-
tures has been only recently investigated. Three
studies showed that nodule density correlates the
most with the invasion of air by the tumor, dem-
onstrating that the solid component is a risk fac-
tor for STAS or, otherwise, that the presence of
abundant non-solid component is a good prog-
nostic factor for progression-free survival [43,
44]. Authors have also observed that STAS-
positive cancers tend to be larger [43, 44] con-
firming that the overall nodule size remains a
critical feature for tumor prognostication [45].
Nonetheless, any increase in the extent of solid
component is associated with higher likelihood
of invasiveness [46-49], regardless of the STAS
status. Toyokawa et al. reported that STAS-
positive lesions exhibit spiculation, pleural
indentation, vascular convergence, and nodular
notch sign more frequently than STAS-negative
cancers [44].

Although these studies showed that there is
the opportunity for specific risk stratification of
small adenocarcinoma, the direct visualization of
STAS is not feasible by CT because this imaging

(arrow) which where histologically confirmed as b airway
metastasis (arrow). The primary tumor is marked with an
asterisk

technique is stuck with several intrinsic limits for
this purpose. Indeed, STAS is a microscopic phe-
nomenon, whose direct signs are far beyond the
spatial resolution of state-of-the-art CT scanner.
Furthermore, there is no evidence of densitomet-
ric differentiation between confined clusters of
neoplastic cells from STAS and normal cells or
microscopic mucus plugging. Contrast enhance-
ment is not expected to make a difference because
no microscopic vascularization is described on
pathology. In view of these considerations, the
refinement of CT diagnostic criteria of STAS is
fostered, and validation of its contribution is
mandatory before any clinical applicability. Also
positron emission tomography is limited for this
purpose; to date, there is no data about magnetic
resonance approach.

The application of computer-aided diagnosis
(CAD) approach is gaining interest among radi-
ologists for standardization of lung cancer char-
acterization [50-52]. Quantitative analyses,
including radiomics, have shown a potential in
analyzing imaging data beyond the human per-
ception. This perspective is indeed quite sound
for investigation of features beyond the conven-
tional method of visual imaging reading.
Recently, radiomic approaches to presurgical
lung nodule characterization have shown
encouraging results toward stratification of
malignancy [53]. Should this approach allow
accurate rating of STAS is still to be defined and
will likely take part within the broad scientific
debate of radiomic potential, in the next future.



Radiological Signs of Tumor Dissemination

References

. Brierley J, Gospodarowicz M, Wittekind C. TNM classifi-

cation of malignant tumours. Wiley-Blackwell; 2017.

. Postmus P, Kerr K, Oudkerk M, Senan S, Waller D,

Vansteenkiste J, et al. Early and locally advanced non-
small-cell lung cancer (NSCLC): ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up.
Ann Oncol. 2017;28(suppl_4):ivi-iv21.

. Fischer B, Lassen U, Mortensen J, Larsen S, Loft A, Ber-

telsen A, et al. Preoperative staging of lung cancer
with combined PET-CT. N Engl J Med. 2009;361(1):
32-9.

. Caroli G, Dell’Amore A, Cassanelli N, Dolci G, Pipitone E,

Asadi N, et al. Accuracy of transthoracic ultrasound for
the prediction of chest wall infiltration by lung cancer
and of lung infiltration by chest wall tumours. Heart
Lung Circ. 2015;24(10):1020-6.

. Hafez MR, Sobh ES, Elsawy SB, Abo-Elkheir Ol. The use-

fulness of thoracic ultrasonography in diagnosis and
staging of bronchogenic carcinoma. Ultrasound.
2017;25(4):200-12.

. Cao B-S, Wu J-H, Li X-L, Deng J, Liao G-Q. Sonographi-

cally guided transthoracic biopsy of peripheral lung
and mediastinal lesions: role of contrast-enhanced
sonography. J Ultrasound Med. 2011;30(11):1479-90.

. Hanahan D, Weinberg RA. Hallmarks of cancer: the

next generation. Cell. 2011;144(5):646-74.

. Talmadge JE, Fidler IJ. AACR centennial series: the biol-

ogy of cancer metastasis: historical perspective. Can-
cer Res. 2010;70(14):5649-69.

. Mittal V. Epithelial mesenchymal transition in tumor

metastasis. Annu Rev Pathol. 2018;13:395-412.

. Wang ZJ, Ohliger MA, Larson PE, Gordon JW, Bok RA,

Slater J, et al. Hyperpolarized '*C MRI: State of the Art
and Future Directions. Radiology. 2019:182391.

. Travis WD, Asamura H, Bankier AA, Beasley MB, Detter-

beck F, Flieder DB, et al. The IASLC lung cancer staging
project: proposals for coding T categories for subsolid
nodules and assessment of tumor size in part-solid
tumors in the forthcoming eighth edition of the TNM
classification of lung cancer. J Thorac Oncol.
2016;11(8):1204-23.

. Detterbeck FC, Boffa DJ, Kim AW, Tanoue LT. The eighth

edition lung cancer Chest.

2017;151(1):193-203.

stage classification.

. Detterbeck FC, Marom EM, Arenberg DA, Franklin

WA, Nicholson AG, Travis WD, et al. The IASLC Lung
Cancer Staging Project: background data and pro-
posals for the application of TNM staging rules to
lung cancer presenting as multiple nodules with
ground glass or lepidic features or a pneumonic type
of involvement in the forthcoming eighth edition of
the TNM classification. J Thorac Oncol. 2016;11(5):
666-80.

. Wislez M, Massiani M-A, Milleron B, Souidi A, Carette

M-F, Antoine M, et al. Clinical characteristics of
pneumonic-type adenocarcinoma of the lung. Chest.
2003;123(6):1868-77.

. Ahmad U, Wang Z, Bryant AS, Kim AW, Kukreja J, Mason

DP, et al. Outcomes for lung transplantation for lung

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

45

cancer in the United Network for Organ Sharing Regis-
try. Ann Thorac Surg. 2012;94(3):935-41.

Kachala SS, Murthy SC. Lung transplantation for multi-
focal lung adenocarcinoma (multifocal lung carci-
noma). Thorac Surg Clin. 2014;24(4):485-91.

Foroulis CN, Zarogoulidis P, Darwiche K, Katsikogi-
annis N, Machairiotis N, Karapantzos |, et al. Superior
sulcus (Pancoast) tumors: current evidence on diagno-
sis and radical treatment. J Thorac Dis. 2013;5(Suppl
4):5342-58.

Antonoff MB, Hofstetter WL, Correa AM, Bell JM, Sepesi
B, Rice DC, et al. Clinical prediction of pathologic com-
plete response in superior sulcus non-small cell lung
cancer. Ann Thorac Surg. 2016;101(1):211-7.

Vos CG, Dahele M, van Sornsen de Koste JR, Senan S,
Bahce I, Paul MA, et al. Semiautomated volumetric
response evaluation as an imaging biomarker in supe-
rior sulcus tumors. Strahlentherapie und Onkologie:
Organ der Deutschen Rontgengesellschaft [et al].
2014;190(2):204-9.

Seo JS, Kim YJ, Choi BW, Choe KO. Usefulness of mag-
netic resonance imaging for evaluation of cardiovas-
cular invasion: evaluation of sliding motion between
thoracic mass and adjacent structures on cine
MR images. J Magn Reson Imaging. 2005;22(2):
234-41.

Quint LE. Lung cancer: assessing resectability. Cancer
Imaging. 2004;4(1):15.

Chang S, Hong SR, Kim YJ, Hong YJ, Hur J, Choi BW,
et al. Usefulness of thin-section single-shot turbo spin
echo with half-fourier acquisition in evaluation of local
invasion of lung cancer. J Magn Reson Imaging.
2015;41(3):747-54.

Lee CH, Goo JM, Kim YT, Lee HJ, Park CM, Park E-A, et al.
The clinical feasibility of using non-breath-hold real-
time MR-echo imaging for the evaluation of mediasti-
nal and chest wall tumor invasion. Korean J Radiol.
2010;11(1):37-45.

Kajiwara N, Akata S, Uchida O, Usuda J, Ohira T, Kawate
N, et al. Cine MRI enables better therapeutic planning
than CT in cases of possible lung cancer chest wall
invasion. Lung Cancer. 2010;69(2):203-8.

Klein CA. Parallel progression of primary tumours and
metastases. Nat Rev Cancer. 2009;9(4):302-12.
Niemeijer A, Leung D, Huisman M, Bahce |, Hoekstra O,
van Dongen G, et al. Whole body PD-1 and PD-L1
positron emission tomography in patients with non-
small-cell lung cancer. Nat Commun. 2018;9(1):
4664.

Rami-Porta R, Bolejack V. Reply to “inclusion of lym-
phangitis as a descriptor in the new TNM staging of
lung cancer: filling up the blank spaces” J Thorac
Oncol. 2015;10(12):e119-20.

Gkiozos |, Kopitopoulou A, Kalkanis A, Vamvakaris IN,
Judson MA, Syrigos KN. Sarcoidosis-like reactions
induced by checkpoint inhibitors. J Thorac Oncol.
2018;13(8):1076-82.

Beer L, Hochmair M, Prosch H. Pitfalls in the radiologi-
cal response assessment of immunotherapy. Memo.
2018;11(2):138-43.

Truong MT, Viswanathan C, Erasmus JJ. Positron emis-
sion tomography/computed tomography in lung



46

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

L.Beeretal.

cancer staging, prognosis, and assessment of thera-
peutic response. J Thorac Imaging. 2011;26(2):132-46.
Silvestri GA, Gonzalez AV, Jantz MA, Margolis ML,
Gould MK, Tanoue LT, et al. Methods for staging non-
small cell lung cancer: diagnosis and management of
lung cancer: American College of Chest Physicians
evidence-based clinical practice guidelines. Chest.
2013;143(5):e2115-e50S.

Alongi F, Ragusa P, Montemaggi P, Bona CM. Combining
independent studies of diagnostic fluorodeoxyglucose
positron-emission tomography and computed tomog-
raphy in mediastinal lymph node staging for non-small
cell lung cancer. Tumori. 2006;92(4):327-33.
Schmidt-Hansen M, Baldwin DR, Hasler E, Zamora J,
Abraira V, Roque IFM. PET-CT for assessing mediastinal
lymph node involvement in patients with suspected
resectable non-small cell lung cancer. Cochrane Data-
base Syst Rev. 2014;(11):Cd009519.

Novello S, Barlesi F, Califano R, Cufer T, Ekman S, Levra
MG, et al. Metastatic non-small-cell lung cancer: ESMO
Clinical Practice Guidelines for diagnosis, treatment
and follow-up. Ann Oncol. 2016;27(suppl_5):v1-v27.
Reck M, Rabe KF. Precision diagnosis and treatment for
advanced non-small-cell lung cancer. N Engl J Med.
2017;377(9):849-61.

Ohno Y, Koyama H, Lee HY, Yoshikawa T, Sugimura
K. Magnetic Resonance Imaging (MRI) and Positron
Emission Tomography (PET)/MRI for lung cancer stag-
ing. J Thorac Imaging. 2016;31(4):215-27.

Travis WD, Brambilla E, Nicholson AG, Yatabe Y, Austin
JH, Beasley MB, et al. The 2015 World Health Organiza-
tion classification of lung tumors: impact of genetic,
clinical and radiologic advances since the 2004 classi-
fication. J Thorac Oncol. 2015;10(9):1243-60.

Chen D, Mao Y, Wen J, She Y, Zhu E, Zhu F, et al. Tumor
spread through air spaces in non-small cell lung can-
cer: a systematic review and meta-analysis. Ann Tho-
rac Surg. 2019;108:945.

Kadota K, Nitadori J-i, Sima CS, Ujiie H, Rizk NP, Jones
DR, et al. Tumor spread through air spaces is an impor-
tant pattern of invasion and impacts the frequency
and location of recurrences after limited resection for
small stage | lung adenocarcinomas. J Thorac Oncol.
2015;10(5):806-14.

Shiono S, Yanagawa N. Spread through air spaces is a
predictive factor of recurrence and a prognostic factor
in stage | lung adenocarcinoma. Interact Cardiovasc
Thorac Surg. 2016;23(4):567-72.

Uruga H, Fujii T, Fujimori S, Kohno T, Kishi K. Semiquan-
titative assessment of tumor spread through air spaces
(STAS) in early-stage lung adenocarcinomas. J Thorac
Oncol. 2017;12(7):1046-51.

Dai C, Xie H, Su H, She Y, Zhu E, Fan Z, et al. Tumor
spread through air spaces affects the recurrence and

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

overall survival in patients with lung adenocarci-
noma> 2 to 3 cm. J Thorac Oncol. 2017;12(7):1052-60.
de Margerie-Mellon C, Onken A, Heidinger BH, Vander-
Laan PA, Bankier AA. CT manifestations of tumor
spread through airspaces in pulmonary adenocarcino-
mas presenting as subsolid nodules. J Thorac Imaging.
2018;33(6):402-8.

Toyokawa G, Yamada Y, Tagawa T, Kamitani T, Yamasaki
Y, Shimokawa M, et al. Computed tomography fea-
tures of resected lung adenocarcinomas with spread
through air spaces. J Thorac Cardiovasc Surg.
2018;156(4):1670-6. e4.

Larici AR, Farchione A, Franchi P, Ciliberto M, Cicchetti
G, Calandriello L, et al. Lung nodules: size still matters.
Eur Respir Rev. 2017;26(146):170025.

Naidich DP, Bankier AA, MacMahon H, Schaefer-Prokop
CM, Pistolesi M, Goo JM, et al. Recommendations for
the management of subsolid pulmonary nodules
detected at CT: a statement from the Fleischner Soci-
ety. Radiology. 2013;266(1):304-17.

Kamiya S, lwano S, Umakoshi H, Ito R, Shimamoto H,
Nakamura S, et al. Computer-aided volumetry of part-
solid lung cancers by using CT: solid component size
predicts prognosis. Radiology. 2018;287(3):1030-40.
Aokage K, Miyoshi T, Ishii G, Kusumoto M, Nomura S,
Katsumata S, et al. Clinical and pathological staging
validation in the eighth edition of the TNM classifica-
tion for lung cancer: correlation between solid size on
thin-section computed tomography and invasive size
in pathological findings in the new T classification. J
Thorac Oncol. 2017;12(9):1403-12.

Yanagawa M, Kusumoto M, Johkoh T, Noguchi M, Min-
ami Y, Sakai F, et al. Radiologic—-pathologic correlation
of solid portions on thin-section CT images in lung
adenocarcinoma: a Multicenter Study. Clin Lung Can-
cer.2018;19(3):e303-e12.

Silva M, Milanese G, Seletti V, Ariani A, Sverzellati
N. Pulmonary quantitative CT imaging in focal and dif-
fuse disease: current research and clinical applica-
tions. Br J Radiol. 2018;91(xxxx):20170644.

Silva M, Schaefer-Prokop CM, Jacobs C, Capretti G,
Ciompi F, van Ginneken B, et al. Detection of subsolid
nodules in lung cancer screening: complementary
sensitivity of visual reading and computer-aided diag-
nosis. Investig Radiol. 2018;53(8):441-9.

Huang W, Xue Y, Wu Y. A CAD system for pulmonary
nodule prediction based on deep three-dimensional
convolutional neural networks and ensemble learn-
ing. PLoS One. 2019;14(7):e0219369.

Huang P, Park S, Yan R, Lee J, Chu LC, Lin CT, et al.
Added value of computer-aided CT image features for
early lung cancer diagnosis with small pulmonary
nodules: a matched case-control study. Radiology.
2017;286(1):286-95.



q 47

Check for
updates

Non-Small Cell Lung
Cancer: Common Types

Cristiano Rampinelli, Antonio Passaro, Monica Casiraghi,
and Cristiana Fanciullo

3.1 Overview - 48
3.1.1 Epidemiology - 48
3.1.2 Risk Factors — 48
3.1.3 Pathology — 48
3.1.4 Staging - 48

3.1.5 Treatment - 48
3.1.6 Prognosis — 50

3.2 Patterns of Local Spread - 50
3.2.1 Heart and Vessel Infiltration — 50
3.2.2 Involvement of Adjacent Structures — 52

33 Lymph Node Involvement - 54

3.3.1 Lymphatic Drainage and Lymph Node
Involvement — 54

3.3.2 Assessment of Lymph Node Status - 56

34 Metastatic Spread - 56

References — 58

© Springer Nature Switzerland AG 2020
N. Sverzellati, M. Silva (eds.), The Thorax, Cancer Dissemination Pathways,
https://doi.org/10.1007/978-3-030-27233-3_3


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-27233-3_3&domain=pdf

48 C.Rampinelli et al.

3.1 Overview

Squamous cell carcinoma (SCC) and adenocarci-
noma (ADC) are the most common types of lung
cancer. Even though these common types are dif-
ferent from a histological point of view, they have
many aspects in common, with particular regard
to risk factors, patterns of local and distant spread,
staging, and treatment.

3.1.1 Epidemiology

Lung cancer is the most common cause of tumor-
related death in the USA and Europe [1, 2]. In
2019, a total of 228,150 new cases (116,440 in men
and 111,710 in women) of lung cancer are esti-
mated to be diagnosed in the USA [1].

The most common histological types of
NSCLC are squamous cell carcinoma (25-30%)
and non-squamous or adenocarcinoma (70-
75%).

3.1.2 Risk Factors

The major risk factor for lung cancer is still smok-
ing cigarettes [3], related inter alia with the devel-
opment of squamous cell carcinoma more than
lung adenocarcinoma. The exposure to certain
substances such as radon gas and asbestos has
been also associated with a higher risk of develop-
ing SCC and ADC [4].

3.1.3 Pathology

Squamous cell carcinoma is defined as a malig-
nant epithelial tumor or an undifferentiated
NSCLC with positivity for squamous cell carci-
noma markers by immunohistochemistry (IHC).

Adenocarcinoma is characterized by either
TTEF-1 expression (90-95%) or several DNA/
RNA alterations that are of prognostic value, such
as epidermal growth factor receptor (EGFR)
mutations (10-15%), anaplastic lymphoma kinase
(ALK) gene rearrangements (6-8%), ROS1 rear-
rangements (2%), BRAF mutations (2%), and
programmed death (PD-1) receptor expression
levels by IHC. Other genetic alterations, such as
NTRK gene fusions, RET rearrangements, MET

genetic alterations, and ERBB2 (HER2) muta-
tions, have been reported in 1-2% of cases and
may identify oncogenic driver alterations for
which effective therapy may be available [5].

3.1.4 Staging

The eighth TNM classification scheme applies for
both squamous cell carcinoma and adenocarci-
noma, as summarized in @ Table 3.1 [6].

Computed tomography (CT) is the principal
examination in patients with suspected lung can-
cer, as it is sufficient in most patients to detect
distant metastases and an extensive infiltration of
neighboring structures. However, in patients who
are eligible for curative surgery, current guidelines
require the acquisition of a '¥F-labeled fluoro-2-
deoxyglucose (FDG) positron-emission tomogra-
phy (PET)/CT and a brain magnetic resonance
imaging (MRI) (or contrast-enhanced brain CT)
to exclude metastasis [7, 8]. PET/CT is requested
because it has been shown that PET/CT may
detect distant metastases in up to 20% of patients
who would otherwise have been surgical candi-
dates.

In addition, MRI is frequently performed in
patients with suspected mediastinal or chest
wall infiltration, as its excellent soft tissue con-
trast allows for a better delineation of the extent
of infiltration than CT. MRI is also the method
with which to further characterize suspected
bone metastases detected on other imaging
modalities [9].

Ultrasound has been proven to be an excellent
tool for the investigation of chest wall infiltration
[10]. Furthermore, ultrasound-guided biopsies of
the supraclavicular lymph nodes are a reliable and
safe procedure to confirm an inoperable tumor
stage. Last but not least, ultrasound and
ultrasound-guided biopsies are often used to fur-
ther investigate equivocal findings from CT or
PET/CT [11].

3.1.5 Treatment

3.1.5.1 Surgery

Surgery is the primary therapeutic option for lim-
ited disease in both SSC and ADC [12]. The choice
of the surgical procedure mostly depends on the
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O Table 3.1 Eighth edition of the TNM classifica-
tion for lung cancer

T (primary tumor)
TO No primary tumor
Tis Carcinoma in situ (squamous or

adenocarcinoma)
T1 Tumor <3 cm
Timi  Minimally invasive adenocarcinoma
Tla Tumor <1cm

T1b Tumor >1 but <2 cm

T1c Tumor >2 but <3 cm

T2 Tumor >3 but <5 cm or tumor involving
T2a the main bronchus without involving
T2b carina; invading visceral pleura;

associated with atelectasis or obstruc-
tive pneumonitis

Tumor >3 but <4 cm

Tumor >4 but <5 cm

T3 Tumor >5 but <7 cm or invading chest
wall, pericardium, and phrenic nerve, or
separate tumor nodule(s) in the same
lobe

T4 Tumor >7 cm or tumor invading
mediastinum, diaphragm, heart, great
vessels, recurrent laryngeal nerve,
carina, trachea, esophagus, and spine, or
tumor nodule(s) in a different ipsilateral

lobe

N (regional lymph nodes)

NO No regional node metastasis

N1 Metastasis in ipsilateral pulmonary or
hilar nodes

N2 Metastasis in ipsilateral mediastinal or

subcarinal nodes

N3 Metastasis in contralateral mediastinal,
hilar, or supraclavicular nodes

M (distant metastasis)
MO No distant metastasis

M1la Malignant pleural or pericardial effusion
or pleural or pericardial nodules or
separate tumor nodule(s) in a contralat-

eral lobe

M1b Single extrathoracic metastasis

Mic Multiple extrathoracic metastases (1 or
>1 organ)
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tumor characteristics (e.g., location, staging) and
patient’s clinical conditions. There are several sur-
gical procedures, such as wedge resection, seg-
mental resection, lobectomy, or pneumonectomy
[12]. Advanced surgical techniques such as mini-
mally invasive surgery and video-assisted thora-
coscopic surgery (VATS) may reduce the length of
hospitalization and surgical complications.

3.1.5.2 Radiation Therapy

Radiation therapy (RT) may be either radical or
palliative and combined with chemotherapy.
Definitive RT is considered for early-stage lung
cancer with contraindications to surgery or for
locally advanced lung cancer. It may be used in
both preoperative and postoperative stages or in
patients undergoing surgery. Furthermore, it can
be used in the treatment of recurrence disease and
metastases [12]. There are different RT techniques
including intensity-modulated radiation therapy,
volumetric modulated arc therapy, image-guided
radiation therapy, and proton therapy [13-15].

3.1.5.3 Chemotherapy

Platinum-based chemotherapy is still the stan-
dard treatment for both adjuvant and neoadju-
vant treatments, regardless of the tumor histology
(e.g., for both SSC and ADC) [16]. In advanced or
metastatic disease, chemotherapy is the standard
of care in patients non-suitable for treatment with
targeted therapy or immunotherapy. Cisplatin/
carboplatin, docetaxel/paclitaxel, etoposide, gem-
citabine, vinorelbine, and pemetrexed (only for
non-squamous) still represent the most used che-
motherapy drugs [16].

3.1.5.4 Targeted Therapy
The identification of specific molecular biomark-
ers [17] may allow the use of several anticancer
target drugs. These were shown to improve sur-
vival in patients with either advanced or recurrent
disease [7]. The following agents are approved for
the treatment of advanced SSC and ADC [18-23]:
Bevacizumab and ramucirumab, which are
recombinant monoclonal antibodies that
target vascular endothelial growth factor
(VEGF) or VEGF receptor, respectively.
Afatinib, dacomitinib, erlotinib, gefitinib, and
osimertinib, which are EGFR tyrosine kinase
inhibitors approved for patients with EGFR
mutations.
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Alectinib, brigatinib, ceritinib, crizotinib, and
lorlatinib approved for the treatment of
patients with ALK translocations.

Crizotinib and lorlatinib are approved also
for the treatment of ROS1 rearrangement-
positive patients.

Dabrafenib and trametinib are approved for
patients with BRAF V600E mutation-positive
tumors.

3.1.5.5 Immunotherapy

Immunotherapy has revolutionized the treatment
of both SCC and ADC, prolonging the survival in
patients with locally advanced or metastatic dis-
ease. Surface antigens expressed on tumor cells
can be therapeutic targets. Immunotherapy
enhances antitumor immune responses by target-
ing immune cells [24]. In recent years, antibodies
against immune checkpoint inhibitors (e.g.,
nivolumab, pembrolizumab, atezolizumab) have
demonstrated their efficacy, in both first line and
later lines of therapy [25, 26].

3.1.6 Prognosis

Several factors, notably tumor- and patient-
related factors, affect the prognosis of subjects
with either SCC or ADC. Only 18% of the sub-
jects with non-small cell lung cancer live 5 years
or more after the diagnosis, and the overall
5-year survival rate is 2% for stage IV NSCLC,
regardless of histology [27]. The median survival
is 8 months [26].

Early-stage disease at diagnosis, good perfor-
mance status (PS) (ECOG 0, 1), no significant
weight loss (<5%), and female gender are consid-
ered favorable prognostic factors [28, 29].
Specific mutations, such as KRAS, are also con-
sidered reliable biomarkers to predict patient’s
prognosis [30].

Indeed, the identification of predictive bio-
markers of response, particularly detected in
adenocarcinoma histology (e.g., EGFR, ALK,
ROSI, and BRAF), led to a significant improve-
ment of overall survival, with a median of
30-40 months for patients harboring alterations
suitable for target agents. A similar survival
achievement can be attained for those patients
with high PDLI receiving immunotherapy [26].

3.2 Patterns of Local Spread

Both SCC and ADC may be highly lethal neo-
plasms, particularly when diagnosed in advanced
stage. Indeed, more than 50% of NSCLC patients
present with metastatic disease or unresectable
tumors [31]. The neoplasms of the lung usually
grow infiltrating tissues or contiguous organs and
structures. Locally advanced lung cancer infiltrat-
ing adjacent structures such as great vessels, the
heart, trachea, esophagus, diaphragm, or verte-
bral body is classified as T4 according to the
eighth TNM edition, whereas the invasion of the
chest wall or pericardium is classified as T3 [32].
Even though T4 lung tumors were historically
considered unresectable and usually candidates
for definitive chemotherapy and/or radiotherapy
[33, 34], the advances in surgical techniques and
the improvement of anesthesiological skills have
challenged this dogma and allowed surgeons to
perform extended resection going far beyond the
standard surgery for lung cancer. With regard to
the oncologic aspects, induction chemotherapy is
indicated in the case of T4 NSCLC with the aim to
downstage the tumor, increase resectability, and
reduce the extension of the resection aside from
only improving long-term survival by controlling
potential systemic micrometastasis. Although
long-term survival could be up to 44% in the case
of selected T4 NSCLC with N0-N1 disease, post-
operative morbidity (31-53%) and mortality
(0.1-19%) are still high, even in highly selected
patients [32].

3.2.1 Heart and Vessel Infiltration

3.2.1.1 Left Atrium Invasion

The left atrium may be infiltrated directly by the
primary tumor or by tumor emboli protruding
from the pulmonary veins. Infiltration of the left
atrium can be demonstrated with CT or MRI
(B Fig. 3.1). Patients presenting with SCC and
ADC infiltrating the left atrium are normally con-
sidered for medical treatments, even if a selected
patient’s left atrium resection can be achieved by
clamping the left atrium and removing the tumor
along with the pulmonary veins. In the case of
major infiltration of the left atrium, resection on a
cardiopulmonary bypass (CPB) after aortic cross-
clamping and cardioplegia is mandatory to reduce
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O Fig. 3.1
(squamous cell carcinoma) with extensive infiltration of
the left atrium (black arrow)

CT scan shows a mass of the right lung

the risk of clamp dislocation and to allow more
extended resections with atrium reconstruction
by patch; conversely, it increases the risk of bleed-
ing, acute lung injury, and infections [35-38].

Several reports regarding the postoperative
outcome of patients with primary lung cancer
involving the left atrium concluded that left atrial
resection was beneficial for selected patients [36-
43]. An overall 5-year survival rate for NSCLC
cases invading the atrium usually ranged between
10% and 46% [36-43], but it increased up to 67%
in subjects with pathological NO-N1 [44].

3.2.1.2 Thoracic Aorta Invasion

Both SCC and ADC infiltrating the thoracic aorta
are considered T4 tumors. Treatment may include
some combination of radiation therapy, chemo-
therapy, and/or surgery. CT and MRI findings
suggesting aortic infiltration are as follows: con-
tact between the tumor and aorta extending for
more than 3 cm, obliteration of the fat plane
between the tumor and aortic wall (B Fig. 3.2), or
contact by the tumor of more than 90° of the aor-
tic circumference [39]. Aortic invasion was seen
more frequently reported on the descending tract,
and only a small number of subjects needed an
aortic arch resection. When indicated, pneumo-
nectomy was often performed in those patients
[45-48]. Aortic invasion by NSCLC is usually
limited to the adventitia, while the media of the
aorta is seldom involved.

The 5-year survival rate after resection ranged
from 30% to 60%, but incomplete resection,
mediastinal lymph node metastasis, and no
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B Fig.3.2 Axial aand coronal b CT scans show a NSCLC
(adenocarcinoma) of left lower lobe with a remarkable
contact between the tumor and aortic wall. Invasion of
the aorta was confirmed by surgery

perioperative chemotherapy or radiotherapy
seem poor prognostic factors [45-48].

3.2.1.3 Superior Vena Cava Invasion

Invasion of the superior vena cava usually arises
from SCC and ADC of the right upper lobe
(B Fig. 3.3). According to the eighth TNM edition
of lung cancer staging, superior vena cava inva-
sion is classified as T4 and generally is referred for
medical treatments.

A precise assessment of the superior vena cava
invasion is recommended as it may have impor-
tant implications on the surgical approach for
selected cases. When superior vena cava involve-
ment was less than 50% of the venous circumfer-
ence, the resection of the tumor and direct repair
of the defect using mechanical or hand suture was
the preferred technique. In case of larger vascular
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O Fig. 3.3 Axial aand coronal b CT images show a
tumor with mediastinal involvement and infiltration of the
superior vena cava (black arrow)

resection, an autologous or heterologous pericar-
dial patch is used [49]. When venous infiltration
was more than 50% of the circumference, pros-
thetic vascular replacement by the cross-clamping
technique was preferred [49]. Although the oper-
ative mortality was about 0-20%, the overall sur-
vival was relatively good, especially in patients
with NO-N1 and complete resection (R0) [49-53].

3.2.2 Involvement of Adjacent
Structures

3.2.2.1 Carina Invasion

When the tumor invades the origin of the main
bronchus, the carina, or the distal trachea, a cari-
nal pneumonectomy is required.

CT and MRI are useful in detecting tumors
that invade the carina. Multiplanar reconstruc-

O Fig.3.4 Lung adenocarcinoma of the upper right
lobe with chest wall invasion (white arrow)

tion imaging and thin slice thickness are essential
for the assessment of carina involvement.
Suspicious findings are lesions abutting the carina
or thickening of the carina wall.

Bronchoscopy is the most important
preoperative tool to identify the lesion and to
plan the surgical resection. In cases of histo-
logically proven N2 disease, the patients should
be candidates for induction chemotherapy and
then restaged with total body CT and PET
scans to schedule the responders or the patients
with stable disease for surgery. However, oper-
ative mortality has been reportedly increased
from 6.7% to 13% after induction therapy in
patients undergoing right carinal pneumonec-
tomy [32, 54-56].

Carinal resection is defined as the resection of
the trachea-bronchial bifurcation with lung resec-
tion. The 5-year overall survival after carinal
resection ranges from 26% to 44% in different
series with an improved survival rate of up to 50%
in pNO patients [57, 58], showing the importance
of accurate selection of the patient. Another
important positive prognostic factor is the
completeness of the resection [59].

3.2.2.2 Chest Wall Invasion

The prevalence of chest wall invasion by ADC and
SCCis less than 10% [60]. These tumors are given
a T3 or T4 designation in the eighth edition TNM
staging depending on chest wall or vertebral body
invasion.

The most reliable predictor of chest wall inva-
sion is the chest pain, as well as clear evidence of
chest wall soft tissue or bone invasion by CT or
MRI scans (8 Fig. 3.4).
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B Fig. 3.5 Pancoast tumor of the left upper lobe (squamous cell carcinoma). CT scan a shows extensive chest wall and
vertebral invasion (white arrows), confirmed by contrast-enhanced MRI b

Radiological signs of chest wall invasion are
the presence of extrapleural tumor tissue, rib
involvement, or vertebral body infiltration.

MRI is at least equal if not superior in the
evaluation of chest wall infiltration, with a sensi-
tivity up to 90% and an accuracy of 88% [61]. In
particular, MRI is the modality of choice for the
evaluation of Pancoast tumors (superior sulcus
tumors), with a better assessment of extrapleural
fat infiltration, involvement of blood vessels, and
brachial plexus.

Chest wall invasion is potentially amenable to
radical resection in cases of the absence of distant
metastases or contralateral nodal involvement
[32]. In these cases, the goal of surgery is the radi-
cal resection and reconstruction of the chest wall
when necessary. After complete resection, the
ideal management of complex chest wall defects is
rib cage reconstruction and soft tissue coverage.
Long-term survival of those patients has been
associated with complete (RO) resection and node-
negative disease. Facciolo et al. reported a 5-year
overall survival of 18% for T3N2 disease com-
pared with 67% for T3NO in patients treated with
en bloc resection of lung tumors with chest wall
invasion [62]. In a series of 201 patients published
by Magdeleinat, the 5-year survival of T3N2
patients treated with chest wall en bloc resection
was 21%, and there was no survival difference
between patients with N1 or N2 disease [63].

3.2.2.3 Vertebral Invasion

Vertebral invasion (T4) can be detected by CT
scan and PET/CT scan, though a better assess-
ment of bone involvement can be demonstrated
by MRI (B Fig. 3.5).

SCC and ADC infiltrating the vertebral
bodies have usually been considered a contrain-

dication for surgery because of the low likeli-
hood of complete resection (negative margin)
and the association with high postoperative
morbidity and mortality. However, thanks to
innovative approaches and technical develop-
ments in performing en bloc partial or total
vertebrectomy and spinal reconstruction,
5-year survival rates have been reported in sev-
eral series ranging between 31% and 61% [64-
66], showing encouraging results. Even so,
surgical excision alone could be never consid-
ered an adequate approach for lung cancer with
vertebral involvement and must always be com-
bined with chemoradiotherapy in a multimo-
dality scenario.

3.2.2.4 Diaphragm Invasion

Primary lung cancers infiltrating the diaphragm
are less than 0.5% of the patients with locally
advanced lung cancer [67]. Invasion of the dia-
phragm gives a T4 designation in the eighth edi-
tion of TNM staging, whereas it was T3 in the
seventh TNM edition.

Contrast-enhanced MDCT, with thin slice
thickness and fast scan time, is usually able to
assess diaphragm invasion even if MRI can better
depict its involvement due to the combination of
excellent soft tissue contrast with multiplanar
information.

In a recent study published in 2014, patients
who underwent en bloc lung and diaphragm
resection for NSCLC had a mortality rate of 5%
and an overall morbidity of 63%; patients with
only superficial infiltration of the diaphragm had
the best long-term prognoses (p = 0.04) [67].
Diaphragm resection is technically feasible and
could be a valid therapeutic option with accept-
able morbidity and mortality and long-term
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survival rate in highly selected patients suffering
from NSCLC, when a complete resection is
obtained [64, 67].

3.3 Lymph Node Involvement

3.3.1 Lymphatic Drainage
and Lymph Node Involvement

Lymphatic spread is one of the main pathways of
dissemination from SCC and ADC. Tumor cells
spread to locoregional lymph nodes through lym-
phatics of the lung which may be regarded as lym-
phatic collectors mainly coursing over the surface
of the lung (visceral pleural network) and in the
connective tissue surrounding the airways and
their bronchial artery vascular supply (peribron-
chovascular collectors) [68]. These two main
paths run toward the lung hilum where they gen-
erally anastomose with one another, causing ipsi-
lateral hilar lymph nodes as the usual initial
station involved in tumor spread from these
tumors. The lymphatic collectors then ascend
along the bronchial tree and the mediastinum to
finally drain the lung lymph into the venous blood
circulation either directly by extending upward
along the bronchi and trachea and anastomosing
into the internal jugulosubclavian venous conflu-
ence (cervical lymphovenous portals) [69] or
indirectly via the thoracic duct after connecting
with it [70]. However, some of the lymphatic col-
lectors of the lower lobes travel downward within
the pulmonary ligament, traverse the diaphragm

[71] or the hiatal orifice, and terminate in the
juxta-aortic lymph nodes of the celiac region and/
or continuing into the thoracic duct at its origin
[72]. This might provide the anatomic explana-
tion for celiac region lymph node metastasis from
lung cancer derived from the lower lobes.

Along their spread through lymphatic collec-
tors, cancer cells will run up against lymph nodes
variably located within the lung and within the
mediastinum. The exact identification of the
detailed sequence of lymph node invasion and its
correlation with patient survival would be of great
value in clinical practice. However, the exact pat-
tern of lymph nodal spread is difficult to outline
due to the complexity of the anatomical connec-
tions between the different lymphatic routes.
Within the mediastinal area, cancer cells may run
through lymphatic collectors crossing from one
side of the trachea to the other, thus reaching con-
tralateral collectors either directly or mostly
through lymph nodes located at the level of the
carina and bronchi. Moreover, cancer cells may
not encounter any lymph nodes along their course
through the lymphatic collectors of the lung and
may flow directly into mediastinal lymph nodes,
perhaps providing the anatomic explanation for
“skipped” metastases [73]. Typically, SCC and
ADC spread to ipsilateral hilar nodes (8 Fig. 3.6)
and then ipsilateral mediastinal, contralateral
(8 Fig. 3.7), and supraclavicular nodes, where the
latter is the only palpable locoregional lymph
node station upon physical examination. Though
nodal spread is most often sequential, skip metas-
tases to mediastinal nodes in the absence of

B Fig. 3.6 aRight lower lobe lung adenocarcinoma. b CT scan shows involvement of ipsilateral hilar lymph node (N1)
(white arrow)
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O Fig. 3.7 Axial CT scan a and PET/CT scan b show a right lung adenocarcinoma with contralateral lymph node
involvement (white arrows), resulting in an N3 staging

peribronchial or ipsilateral involvement is seen in  lymph node anatomy. According to this descrip-

20-40% of cases [73-75]. tion, the intrapulmonary and mediastinal lymph
The International Association for the Study of nodes are classified in 14 stations [76].

Lung Cancer (IASLC) lymph node map is the Tumors that spread through the lymph ves-

most widely used system to define the thoracic sels, with diffuse interstitial infiltration, can
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A

O Fig. 3.8 Lymphangitic carcinomatosis. CT scan shows
diffuse thickening of interlobular septa and bronchovas-
cular bundles of the right lung in a patient with adenocar-
cinoma of the right lower lobe

cause a clinical-radiological entity called lym-
phangitic carcinomatosis. In this case, tumor
cells are present within the lymphatic vessels and
interstitium, where they cause edema and fibro-
blast reaction [77-78]. It involves the peripheral
lymphatics coursing over the surface of the lung
and the interlobular septa, as well as the lym-
phatics of the bronchovascular interstitium. The
typical CT feature is nodular thickening of inter-
lobular septa and bronchovascular bundles, with
an overall preserved pulmonary architecture
(8 Fig. 3.8).

3.3.2 Assessment of Lymph Node
Status

The diagnosis of mediastinal lymph node metas-
tases from SCC and ADC is a critical point in
staging and treatment recommendations. There
are no specific measurements or imaging
techniques that allow an accurate distinction
between benign and malignant lymph nodes.

In patients with suspected NSCLC, the size of
the lymph nodes is still the main diagnostic crite-
rion for the assessment of nodal metastases on
CT. In particular, a short-axis diameter >10 mm
on axial CT images is regarded suspicious for
nodal involvement [79]. However, malignant
involvement of lymph nodes may also occur in
the absence of enlarged mediastinal lymph
nodes, thus producing false-negative findings
and reducing sensitivity. On the other hand,

enlarged lymph nodes in patients with lung can-
cer may be due to reactive hyperplasia rather
than tumor metastases, thus producing false-
positive findings and reducing specificity.
Furthermore, lymph nodes may be enlarged
from some inflammatory processes (e.g., sarcoid-
osis), infections (e.g., tuberculosis, histoplasmo-
sis, previous pneumonia, or bronchitis), or other
diseases (e.g., lymphoma).

Chest CT is relatively inaccurate for the nodal
staging. The pooled sensitivity, specificity, and
negative predictive value of chest CT in lymph
node assessment were 55% (20-91%), 81% (50—
97%), and 83% (54-97%), respectively [79].

Several studies have found that FDG-PET
has a higher sensitivity and specificity than CT
in mediastinal lymph node assessment. In
recent meta-analyses, sensitivities and specifici-
ties for evaluating lymph node status were
79-85% and 89-92%, respectively [80, 81].
Moreover, FDG-PET has a high negative pre-
dictive value in N staging, which has been esti-
mated at >90% [82].

Although CT alone is not accurate enough to
determine the nodal status of a patient with
NSCLG, it can be combined with FDG-PET/CT
scans or invasive procedures. In patients who have
FDG-PET positive and/or enlarged mediastinal
nodes (and no distant metastasis), invasive stag-
ing of the mediastinum is required [83]: proce-
dures such as endobronchial ultrasound (EBUS),
cervical mediastinoscopy (CME), esophageal
ultrasound (EUS), and video-assisted thoracic
surgery are indicated for nodal sampling.

3.4 Metastatic Spread

Metastatic spread of SCC and ADC to distant
organs is the most common cause of cancer mor-
tality. Lung cancers can spread when cells break
off from the tumor to distant regions of the body.
This process can occur through hematogenous,
lymphatic, and airborne dissemination.

Sometimes lung cancer can spread with few
metastases, and in this case it is defined as oligo-
metastatic disease. Limited site recurrence is also
known as oligo-recurrence and may be treated
with locoregional therapeutic strategies.

The most common sites for SCC and ADC
spread are the lymph nodes, liver, bones, brain,
and adrenal glands [84].
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Lymph nodes: As described in the previous
paragraph [»> Sect. 3.3], most lung cancers
first spread to the regional or extra-regional
lymph nodes.

Bone: 30-40% of patients with advanced lung
cancer have metastatic spread to the bone.
Bone metastases from SCC and ADC can be
both blastic and lytic, but osteolytic lesions are
prevalent (B Fig. 3.9). The preferential sites of
bone metastases are spine and pelvis, and the
most common symptom of bone metastases is
pain. Some patients can develop pathological
fractures that occur with minimal trauma or
even during normal daily activities, particu-
larly in case of lytic lesions. The primary goal
in the treatment of bone metastases is to
reduce pain and to repair or prevent fractures
that occur. Options include pain medications,
RT, medications, and sometimes surgery.
Brain: Approximately 10% of newly diag-
nosed lung cancer and 20-30% of previously
diagnosed cancer develop brain metastases.
Brain metastases can cause neurological
symptoms such as headache, seizure, loss of
balance and coordination, vision changes,
loss of memory, and personality changes.
Brain metastases are usually diagnosed with
CT scan or MRI of the brain (B Fig. 3.10).
Treatment is primarily palliative, meaning
that the goal is to control symptoms. Steroids
may be used to decrease swelling, and RT
may be very effective in reducing symptoms.
If few brain metastases are present, treatment
with either surgery or stereotactic body
radiotherapy (SBRT), also known as cyber-
knife or gamma-knife, has resulted in
long-term control of the disease [85].

Liver: Liver metastases showed an incidence of

6-8% of new diagnosed patients with NSCLC,
regardless of histology. Those on CT scans can
be either hyperdense or hypodense to liver
parenchyma (8 Fig. 3.11). When symptoms

are present, they may include pain on the right

side, loss of appetite, and nausea. Abdominal
ultrasound, a CT scan, MRI, or a PET scan
can reveal the presence of liver metastasis.
Treatment is usually a systemic therapy, but in
rare cases with few lesions, surgery or emboli-
zation may be recommended. Particularly,
splitting histology into adenocarcinoma and
squamous cell carcinoma, we can find that
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O Fig. 3.9 a Coronal reformatted CT image shows
multiple blastic bone metastases. b Large osteolytic
metastasis involving the sacrum on axial CT scan

adenocarcinoma tends to disseminate to liver
and adrenal glands (>35% of patient popula-
tion), differing from squamous cell carcinoma
that disseminates to the same metastatic sites
in about 20-25% [86].
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B Fig.3.12 Axial CT image shows a right adrenal gland
metastasis
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4.1 Introduction Epithelial

Mesenchymal

The 2015 World Health Organization (WHO) Lymphoid

classification of malignant lung tumors includes

broad categories of common and uncommon

lesions with different histological features. While 4.2 Rare Epithelial Malignant Lung

the common types of non-small-cell lung cancer Tumors

(NSCLC) are well-known and well-studied enti-

ties, there are other types of NSCLC that are sel- Rare carcinomas of the lung include sarcomatoid

dom encountered in the clinical routine. carcinoma, salivary gland-type carcinoma (PSGC),
Based on their histological origin, these and other/unclassified carcinoma (@ Table 4.1).

uncommon malignant lung tumors can be divided ~ This latter group consists of lymphoepithelioma-

into three main groups [1] (8 Table 4.1): like carcinoma and nuclear protein in testis (NUT)

B Table 4.1 Rare malignant lung tumors: 2015 WHO classification of lung tumor [1]

Histology group Histologic type and subtypes ICDO code
Epithelial Sarcomatoid carcinomas
Pleomorphic carcinoma 8022/3
Spindle cell carcinoma 8032/3
Giant cell carcinoma 8031/3
Carcinosarcoma 8980/3
Pulmonary blastoma 8972/3

Salivary gland-type carcinomas

Mucoepidermoid carcinoma 8430/3
Adenoid cystic carcinoma 8200/3
Epithelial-myoepithelial carcinoma 8562/3

Other and unclassified carcinomas

Lymphoepithelioma-like carcinoma 8082/3
NUT carcinoma 8023/3
Mesenchymal Epithelioid hemangioendothelioma 9133/3
Pulmonary synovial sarcoma 9040/3
Pulmonary artery intimal sarcoma 9137/3
Pulmonary myxoid sarcoma with EWSR1-CREB1 8842/3
translocation
Myoepithelial carcinoma 8982/3
Malignant PEComa 8714/3
Lymphoid MALT lymphoma 9699/3
Diffuse large cell ymphoma 9680/3
Intravascular large B-cell lymphoma 9712/3

WHO World Health Organization, ICDO International Classification of Disease for Oncology, NUT nuclear protein
in testis, MALT mucosa-associated lymphoid tissue
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carcinoma. NUT carcinoma is extremely rare in
the lungs and usually occurs in midline structures
[2]. Similarly, pulmonary lymphoepithelioma-like
carcinoma is very rare in Western populations,
and no more than 20 cases have been published in
the literature [3]. Based on their extremely low
incidence in the lungs, NUT and lymphoepitheli-
oma-like carcinomas will not be discussed in this
chapter.

4.2.1 Pulmonary Sarcomatoid
Carcinoma

4.2.1.1 Overview

Pulmonary sarcomatoid carcinoma (PSC) is a
rare and aggressive histological subtype of NSCLC
[4], accounting for less than 3% of all NSCLCs
[5-7]. According to the WHO classification, PSCs
are defined as a group of poorly differentiated
NSCLCs containing a sarcomatoid or sarcoma-
like (spindle and/or giant cell) component [1, 8].
This uncommon group of NSCLCs includes the
following five histological subtypes, thereafter
reported according to occurrence rate [1, 5]:

Pleomorphic carcinoma

Carcinosarcoma

Spindle cell carcinoma

Giant cell carcinoma

Pulmonary blastoma

Pleomorphic carcinoma, carcinosarcoma, spindle
cell carcinoma, and giant cell carcinoma are pre-
dominantly observed in men, with a male-to-female
ratio of approximately 4:1 [4, 5]. The diagnosis of
this group of PSCs usually occurs between the sixth
and seventh decades of life [4, 5, 8, 9].

In contrast to these subtypes of carcinoma,
pulmonary blastoma does not exhibit a gender
propensity, and it occurs mostly in the fourth
decade of life [5, 8, 9].

PSCs are frequently associated with a history of
moderate to heavy cigarette smoking [4, 5, 8-10].
Some cases of PSC seem to be related to asbestos
exposure; however, this association remains inde-
terminate [5].

The clinical signs and symptoms of PSCs are
not specific and are usually related to the involve-
ment of adjacent anatomical structures, such as
the bronchial system, pleura, mediastinum, and
chest wall [5]. Presenting signs and symptoms
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may include cough, hemoptysis, chest pain, dys-
pnea, fever, and weight loss [5].

PSC is an aggressive type of cancer with high
metastatic potential and a very poor prognosis [6,
8, 10]. The 5-year survival rate is approximately
20-25% [6, 8, 10]. The prognosis is significantly
related to the size of the tumor and its stage [10].
Therefore, early diagnosis and short-term treat-
ment are two critical aspects for improving the
prognosis of patients with PSCs.

From a prognostic point of view, the best
treatment for PSC is surgical resection [4, 5, 8].
Therefore, PSCs at an early stage have a better
likelihood of complete resection and thereby a
better prognosis. However, PSCs are often diag-
nosed belatedly and in advanced tumor-node-
metastasis (TNM) stages. The role of neoadjuvant
or adjuvant chemotherapy and new targeted
therapies is still unclear [4-10]. However, some
authors report that neoadjuvant or adjuvant che-
motherapy may significantly improve the progno-
sis of PSCs [4, 8, 10].

4.2.1.2 Pathology

The diagnosis of PSC can be confirmed only by
pathological examination [4, 8]. Noteworthy, the
diagnosis of PSC and its subtypes cannot be made
on cytology or small biopsies [1, 8, 11]; therefore,
a surgical specimen is required for the final diag-
nosis.

Certain subtypes of PSC may be recognized
on hematoxylin and eosin staining; however,
additional immunohistochemical and molecular
characterization methods may be useful for a
more accurate distinction from other malignant
tumors [4].

Pleomorphic carcinoma is the most frequent
subtype of PSC, and, as the name implies, it is
represented by a mixture of epithelial component
(similar to conventional NSCLC, usually adeno-
carcinoma or squamous cell carcinoma) and sar-
comatoid component with spindle and/or giant
cells (corresponding to 10% or more of the
tumor) [1, 5, 12]. Alternatively, the term pleo-
morphic carcinoma is also assigned to tumors
consisting exclusively of spindle and giant cells,
without epithelial components [1, 5, 12]. In con-
trast, carcinomas consisting of only a pure spin-
dle or giant cell component are defined as spindle
cell carcinoma or giant cell carcinoma, respec-
tively [1, 5, 12].
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O Table 4.2 Rare epithelial malignant lung tumors: key imaging features and main differential diagnoses

Tumor type

Sarcomatoid carcinoma

Key features on CT and PET/CT

Solitary large mass in the upper lobes
Heterogeneous contrast enhancement
High '8FDG uptake

Main differential diagnoses

Other high-grade NSCLCs

Hilar/mediastinal lymph node

metastasis

Mucoepidermoid carcinoma
bronchi

Solitary nodule in the lobar/segmental

Endobronchial carcinoid
Other bronchogenic NSCLCs

Round or oval shape
Well-defined margins
Heterogeneous '8FDG uptake

Adenoid cystic carcinoma
lobar bronchi

Solitary nodule in the trachea/main/

Other bronchogenic NSCLCs
Endobronchial carcinoid

Polypoid shape or circumferential

thickening

Poorly defined margins
Extraluminal extension
Heterogeneous '8FDG uptake

FDG 18-fluorodeoxyglucose, NSCLC non-small-cell lung cancer

Carcinosarcoma is defined by a mixture of
conventional NSCLCs (typically adenocarcinoma
or squamous cell carcinoma) and sarcoma com-
ponents containing heterologous elements of
rhabdomyosarcoma, osteosarcoma, or chondro-
sarcoma [1, 5, 12].

Pulmonary blastoma, the less common sub-
type of PSC, is a biphasic malignant tumor con-
taining a combination of fetal adenocarcinoma
and primitive mesenchymal stroma with occa-
sional foci of rhabdomyosarcoma, osteosarcoma,
or chondrosarcoma [1, 5, 12].

4.2.1.3 Imaging

Although computed tomography (CT) and posi-
tron emission tomography (PET)/CT imaging
can provide information useful to formulate a
provisional diagnosis of PSC, the preoperative
diagnosis of this rare entity is challenging.
Nonetheless, these tumors exhibit some distinc-
tive features on CT and PET/CT imaging that
should be known to improve the differential diag-
nosis with other NSCLCs (B Table 4.2).

At the time of diagnosis, most PSCs present
with a solitary pulmonary mass located at the
periphery of the upper lobes (i.e., more than 2 cm
from the main bronchi) (8 Fig. 4.1) [4, 11-14].

The mass is usually large with a diameter greater
than 4-5 cm (@ Fig. 4.2) [4, 11, 13]. The margins
of the lesions can be smooth (B Fig. 4.1), lobu-
lated, or spiculated (8 Fig. 4.2) [4, 11-14].

On contrast-enhanced CT, PSCs exhibit
heterogeneous enhancement with central low
density. Cavitation may occur reflecting intral-
esional hemorrhage and necrosis (8 Fig. 4.2) [4,
11-14]. Pleural indentation and pleural thick-
ening may be observed, mainly with large
masses (B Fig. 4.2). The literature also reports
that the standardize uptake value (SUV) of
18-fluorodeoxyglucose (¥FDG) on PET/CT
imaging is significantly higher in PSCs than in
other NSCLCs (SUVmax 15.2 vs 8.3) (8 Figs. 4.1
and 4.2) [8, 11, 15, 16].

Therefore, in cases of a large mass located in
the upper lobes with or without cavitation and
with high FDG uptake on PET/CT imaging, a
provisional diagnosis of PSC should be formu-
lated.

4.2.1.4 Local Spread and Metastatic
Dissemination

The local spread of PSCs depends on their loca-

tion within the lung. As generally peripheral

lesions, PSCs tend to spread into adjacent struc-
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B Fig. 4.1 Sarcomatoid carcinoma (pleomorphic
subtype) in a 70-year-old man who is heavy smoker. a
Axial CT image with lung window setting reveals a mass
with smooth margins in the right upper lobe (wavy arrow).
b Axial PET image displays the intense '8FDG uptake of
the pulmonary mass (black arrow). c Gross image of the

tures, such as the pleura, chest wall, and dia-
phragm [17]. Chest wall invasion is more often
observed in pleomorphic carcinoma than in other
subtypes [12]. Central PSCs, with or without
endobronchial involvement, tend to infiltrate the
mediastinum and hilum; this pattern of local dif-
fusion may be observed in all PSCs, and it is more
frequent in carcinosarcoma [12].

Lymphatic and vascular invasion are common
in PSC and reflect its high metastatic potential
(B Fig. 4.2) [12, 15]. The invasion of lymphatic
system and blood vessels brings PSC to metasta-
size toward the same anatomical organs/struc-
tures as conventional NSCLCs do (i.e., bone,
brain, lung, liver, and adrenal glands); however,
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resected pulmonary tissue containing the mass (curved
arrow). d, e Histological hematoxylin and eosin (H-E)
images showing a mixture of an epithelial component
with squamous cell differentiation and an undifferenti-
ated component with spindle cell features (H-E 20x)

metastatic diffusion seems to be faster with PSCs
than with other NSCLCs [4].

Hilar and/or mediastinal lymph node
metastases and distant metastases are observed
frequently; in particular, more than 50% of
PSCs with parenchymal invasion also exhibit
lymph node metastases (8 Fig. 4.2) [4, 11, 15,
16]. In contrast with other NSCLCs, PSCs show
an increased incidence of gastrointestinal
tract involvement, notably of the small bowel
[5, 12, 18].

Moreover, metastatic lymph nodes and distant
metastases exhibit high uptake on ¥FDG PET/CT
imaging, substantially overlapping the pattern of
the primary lesion (8 Fig. 4.2) [11, 15].
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O Fig. 4.2 Sarcomatoid carcinoma (spindle cell subtype)
in a 54-year-old man who is heavy smoker. a Axial CT
image with lung window setting shows an irregular mass
with cavitation, pleural indentation, and pleural
thickening (curved arrow) in the right upper lobe. b Axial
CT image with mediastinal window setting reveals a hilar

4.2.2 Salivary Gland-Type
Carcinomas of the Lung

4.2.2.1 Overview

Carcinoma of the salivary gland is an uncommon
entity outside of the head and neck region [19].
The literature reports that this type of carcinoma
may occur in other anatomic areas, such as the
lung, breast, skin, and cervix [19]. Primary pul-
monary salivary gland-type carcinomas (PSGCs)
represent a small but distinct group of cancers
that are thought to arise from the bronchial
glands of the central airways [19, 20]. PSGCs are
extremely rare, slow-growing, and low-grade
malignant tumors, accounting for less than 0.5%
of all lung cancers [19-22]. Based on the WHO
classification of lung tumors [1], PSGCs include
the following three histological subtypes, thereaf-
ter reported according to occurrence rate
(B Table 4.1) [19, 20]:

== Mucoepidermoid carcinoma

== Adenoid cystic carcinoma

== Epithelial-myoepithelial carcinoma

lymphadenopathy (arrow). ¢, d Axial PET images
demonstrate similar intense '®FDG uptake within the
pulmonary mass (curved arrow) and hilar adenopathy
(arrow). e Typical vascular invasion of the wall of an artery
by spindle cell carcinoma (arrowheads) (H-E 10x)

Adenoid cystic carcinoma is also the second most
common primary malignancy of the trachea after
squamous cell carcinoma [20].

The most uncommon subtype is epithelial-
myoepithelial carcinoma, which is an extremely
rare entity with less than hundred cases described
in the English literature [19, 23-25].

Mucoepidermoid carcinoma does not exhibit
a gender predilection and may occur at any age
(range, 6-78 years) with a median age at diagno-
sis of approximately 40 years [20, 22, 24].
Adenoid cystic carcinoma seems to have a slight
predilection for women and is more likely to
occur in older patients than mucoepidermoid
carcinoma [19, 20, 24]. In patients with adenoid
cystic carcinoma, the median age at diagnosis is
54 years (range, 21-76 years) [24, 25]. Epithelial-
myoepithelial carcinoma affects men and women
equally with a median age at diagnosis of
approximately 60 years (range, 36-75 years) [19,
20, 23, 25].

Unlike other NSCLCs, smoking is not a risk
factor for PSGCs [20, 24]. The clinical signs and
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symptoms of PSGCs are not specific and are
usually related to the involvement of the tracheo-
bronchial tree. The most common presenting
signs and symptoms include cough, hemoptysis,
dyspnea, fever, and chest pain [19, 20, 24, 25].
However, PSGCs may remain asymptomatic in
approximately 20% of cases (especially peripheral
tumors) [20, 25].

PSGCs are usually considered slow-growing,
low-grade malignancies with a significantly bet-
ter prognosis than that of other NSCLCs [19, 24].
The literature reports that more than 50% of
patients with PSGC survive for a long time [19].
Among the PSGCs, adenoid cystic carcinoma
appears to have a worse prognosis than that of
mucoepidermoid carcinoma and epithelial-myo-
epithelial carcinoma [24]. However, some authors
have shown that older age (>58 years), larger
lesions, poor differentiation, intrathoracic inva-
sion, and metastases are associated with progno-
sis, hampering any association with the
histological subtypes [19, 25]. Therefore, early
diagnosis and treatment are crucial for improv-
ing the prognosis in PSGCs, regardless of their
histological subtypes.

From a prognostic point of view, the preferred
method for curative treatment is surgical resec-
tion [19, 25]. In particular, a complete surgical
resection with negative margins is associated with
better long-term outcomes [25]. Radiation ther-
apy and chemotherapy should be addressed in
case of positive resection margins or inoperable
tumors [19, 25].

4.2.2.2 Pathology

The definitive diagnosis and the differentiation
grade of PSGCs are made by pathological analysis
of the surgical specimens [19, 22].

The histology of mucoepidermoid carci-
noma of the lung typically exhibits a mixture of
mucus-secreting cells, squamous cells, and
intermediate cells [22, 25]. Low-grade mucoepi-
dermoid carcinoma is characterized by cystic
areas lined with mucinous cells mixed with
intermediate cells and few mitoses (@ Fig. 4.3)
[22, 25]. High-grade mucoepidermoid carci-
noma has few cysts, more intermediate, cellular
pleomorphism, atypical squamous cells, and
frequent mitosis [25].
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Adenoid cystic carcinomas typically exhibit a
cribriform pattern with nests of basaloid cells
with low mitotic activity (B Fig. 4.4) [26].

Epithelial-myoepithelial carcinoma exhibits
biphasic differentiation of epithelial cells and
myoepithelial cells. Some authors report that the
myoepithelial component may play a prognostic
role [23, 25].

4.2.2.3 Imaging

Early detection of PSGCs is uncommon because
the early stage of disease is mostly asymptomatic
or paucisymptomatic. Therefore, the diagnosis is
often delayed due to the nonspecific signs and
symptoms and the slow growth of these malig-
nant tumors.

In clinical practice, chest radiography plays a
limited role in the assessment of the tracheo-
bronchial tree [20, 22]. This radiological tech-
nique may be helpful for detecting indirect signs
of bronchial obstruction, such as distal atelecta-
sis or pneumonia; however, it is not accurate for
direct detection of the neoplasm [20, 22].
Therefore, CT is currently regarded as the pre-
ferred noninvasive imaging modality used for
the detection and characterization of such air-
way lesions [20].

Most PSGCs present as a solitary nodule or
mass with smooth or lobulated margins
located in the central airways (B Figs. 4.3 and 4.5)
(14, 20, 22].

Although mucoepidermoid carcinoma and
adenoid cystic carcinoma of the lung are both
PSGCs, they have some distinctive features on
CT imaging (@ Table 4.2). Mucoepidermoid
carcinomas are more frequently found in the
lobar or segmental bronchi and usually exhibit
well-defined margins with a round or oval
shape (@ Fig. 4.3) [20]. Less commonly, muco-
epidermoid carcinoma is found in the trachea
and main bronchi, displaying a polypoid shape
(8 Fig. 4.5) [20, 27]. Conversely, adenoid cystic
carcinomas have a predilection for the trachea
and main or lobar bronchi and more commonly
exhibit poorly defined margins with polypoid
shape or circumferential thickening (8 Fig. 4.4)
[20, 27].

PSGCs may demonstrate punctate calcifications
and enhancement after injection of contrast agent;



70 A.Borghesi et al.

B Fig. 4.3 Mucoepidermoid carcinoma in a 29-year-old
man. a, b Axial CT images with lung and mediastinal
window settings show a round lesion with smooth margins
and contrast enhancement within the left inferior lobar
bronchus (curved arrows). ¢, d Histological hematoxylin and

these imaging features are more frequently observed
in mucoepidermoid than adenoid cystic carcino-
mas [20, 27]. The literature also reports that PSGCs
usually exhibit heterogeneous '®FDG uptake on
PET/CT imaging (median SUVmax ranging from
2.8 to 5.8) with greater uptake in high-grade tumors
and adenoid cystic carcinomas [20, 25, 28].

eosin images of the lesion at actual size c and at middle
power 10x d. The red square in c indicates the area of
magnification displayed in d. The magnification in d shows
a double neoplastic component that includes the cystic
glandular component and nests of intermediate cells

4.2.2.4 Local Spread and Metastatic
Dissemination

The local spread of PSGCs depends on their histo-

logical subtype and location within the tracheo-

bronchial tree. Mucoepidermoid carcinoma

typically grows as intraluminal nodule within the
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O Fig. 4.4 Adenoid cystic carcinoma in a 59-year-old
woman. a, b Axial CT images with mediastinal and lung
window settings show an exophytic lesion with circumfer-
ential wall thickening of the left upper bronchus (arrows)

lobar and segmental bronchi. Therefore, muco-
epidermoid carcinoma is oftentimes associated
with atelectasis and postobstructive pneumonia.
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with associated bronchial stenosis and volume reduction
of the left upper lobe. ¢ Bronchial mucosa lined by
respiratory epithelium (RE) and infiltrated by neoplastic
nests (NN) with a typical cribriform appearance

Interestingly, oligemia with air trapping is also
seen as a consequence of tumor-induced valve
mechanism.
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B Fig. 4.5 Mucoepidermoid carcinoma in a 63-year-old
woman. a, b Axial CT images with mediastinal and lung
window settings demonstrate an exophytic lesion at the

In contrast, adenoid cystic carcinoma may
occur within the more proximal airways (from
the trachea to lobar bronchi) and have a predi-
lection for submucosal spread with infiltrative
growth. This peculiar pattern of growth is
responsible for circumferential thickening and
extraluminal extension, which are observed in
approximately 20% of cases [20]. Therefore, in
cases of adenoid cystic carcinoma, the descrip-
tion of intra- and extraluminal extension of the

level of the tracheal carina (asterisk). ¢ Coronal CT image
displays the polypoid shape of the lesion (asterisks)

tumor is paramount for optimal treatment plan-
ning [27]. From this point of view, magnetic
resonance imaging (MRI) is regarded as the
imaging reference standard for preoperative
assessment of intraluminal and extraluminal
components of adenoid cystic carcinomas. MRI
is also considered useful in the follow-up
because it is superior to CT in distinguishing
between sign of recurrence and posttreatment
fibrosis [20].
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Generally, lymph node and distant metastases
are uncommon in PSGCs, as expected by their
nonaggressive behavior [20]. However, the
literature reports that distant metastases (e.g.,
lung, brain, bones, chest wall, diaphragm, and
liver) may be observed in up to one-third of
patients and are more frequently found in adenoid
cystic carcinomas [24].

4.3 Mesenchymal Malignant Lung
Tumors

In addition to uncommon epithelial lung cancer,
pulmonary lesions of mesenchymal origin may
display a range of malignancy with clinical and
radiological interest. Thereafter, the most interest-
ing histotypes in this group are as follows:
Epithelioid hemangioendothelioma (EHE)
Pulmonary synovial sarcoma (SS)
Pulmonary artery intimal sarcoma (PAIS)

4.3.1 Epithelioid

Hemangioendothelioma

4.3.1.1 Overview

Epithelioid hemangioendothelioma (EHE) is a
rare malignant vascular tumor of endothelial ori-
gin, accounting for less than 1% of all vascular
tumors [1, 29-32]. EHE is a low- to intermediate-
grade malignancy with clinical behavior and
morphological features intermediate between
hemangioma and angiosarcoma [1, 29-32]. EHE
may develop in different tissues, and the most fre-
quent sites are soft tissue, bone, liver, and lung
[29]. The literature reports that only 12% of EHEs
show a pulmonary origin [30]. The first case of
pulmonary EHE was described in 1975 by Dail
and Liebow [33].

This type of vascular tumor is more frequent
in women, with a female-to-male ratio of 4:1 [30,
32, 34]. Pulmonary EHE may occur at any age
(range, 7-83 years) with a peak of incidence
around the fourth and fifth decades of life [30, 35].

Smoking and exposure to other carcinogenic
agents are not considered risk factors for pulmo-
nary EHE. However, certain authors suggest a
possible association between Bartonella infection
and the development of this malignancy. This
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hypothesis is based on the peculiar activity of
Bartonella species in determining epithelial
proliferation, allegedly inducing an aberrant
angiogenetic signal similar to the angiogenetic
mechanism involved in the development of
cancer [30, 36, 37].

The signs and symptoms of pulmonary EHEs
are not specific, usually related to the involvement
of adjacent structures such as the bronchial sys-
tem, pleura, mediastinum, and chest wall [30].
Presenting signs and symptoms may include chest
pain, cough, dyspnea, and hemoptysis [30, 32,
35]. However, approximately 50% of patients with
pulmonary EHE have no signs or symptoms
related to the disease [30, 35].

Pulmonary EHE is a cancer with borderline
biological behavior and metastatic potential [1].
The 5-year survival rate ranges from 47% to 71%
(median, 60%) [30, 38]. The prognosis is related
to the differentiation grade of the tumor (low vs
intermediate) and the presence of signs and
symptoms [1, 30, 35]. Other negative prognostic
factors include extensive intrapulmonary involve-
ment, pleural effusion, and alveolar/pleural hem-
orrhage [1, 30, 35, 38].

No treatment guidelines have yet been estab-
lished for pulmonary EHE [30, 32]. The currently
available treatment options include surgical resec-
tion, radiation therapy, and systemic therapies,
such as chemotherapy, immunotherapy, and tar-
geted therapy.

Surgical resection is recommended in cases of
limited and unilateral disease. In these cases,
lymph node sampling or dissection should be
performed even if their prognostic role is unclear
due to the limited incidence of lymph node
metastasis. The nonaggressive behavior and the
radiobiological characteristics of pulmonary
EHE are not suitable for radiation therapy [30].
Therefore, this treatment option may be consid-
ered only to control the residual disease after sur-
gical resection.

Systemic therapies may be considered in case
of widespread disease; however, their effective-
ness is still debated [30, 39].

Finally, in case of multiple and bilateral nod-
ules with little or no growth on serial imaging, the
“wait-and-see” approach may be proposed as a
valid alternative to conventional treatments, espe-
cially if we consider the potential spontaneous
regression reported in EHE [30, 39].
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O Fig. 4.6 Epithelioid hemangioendothelioma in a
70-year-old woman. a Axial CT image with lung window
setting shows an irregular solitary mass with pleural
indentation and pleural thickening (curved arrow) in the
left upper lobe. b Axial CT image with mediastinal
window setting demonstrates the heterogeneous
enhancement of the mass and a punctate calcification

4.3.1.2 Pathology

The diagnosis of pulmonary EHE is usually con-
firmed by pathological examination of open-
lung or thoracoscopic biopsy [39]. Histologically,
pulmonary EHE is composed of nests and short

(arrowhead) at the periphery of the lesion. c Axial PET
image displays the heterogeneous '®FDG uptake within
the lesion (arrows). d Histological hematoxylin and eosin
image of the lesion at 20x showing an intra-alveolar nest
of epithelioid cells. e, f Anti-CD31 e and anti-CD34 f
immunostaining showing strong reactivity of the
epithelioid cells

cords of epithelioid endothelial cells (B Figs. 4.6
and 4.7), frequently incorporated in a myxohya-
line stroma. The histological diagnosis requires
confirmation by immunohistochemical analy-
sis, where EHE reveals strong reactivity to
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O Fig. 4.7 Epithelioid hemangioendotheliomain a
66-year-old woman. a, b Axial CT images with lung window
setting demonstrate multiple pulmonary nodules (thin
arrows). ¢ Histological hematoxylin and eosin (H-E) image

vascular-specific markers (CD31 and CD34)
(8 Fig. 4.6) [1].

In addition, cytogenetic studies have demon-
strated that t(1;3)(p36.3;q25) chromosomal trans-
location is characteristic of EHE [1, 32].

4.3.1.3 Imaging

The radiological diagnosis of pulmonary EHEs
is quite challenging, mainly because of their
low incidence and their extremely slow growth
rate. However, these tumors have some specific
imaging features that might prompt the early
brilliant diagnosis of pulmonary EHE by CT
(8 Table 4.3).

On CT imaging, pulmonary EHE shows three
main patterns of parenchymal involvement:
== Multinodular
== Solitary mass
== Reticulonodular

(actual size) of the wedge resection containing three
nodules of epithelioid hemangioendothelioma. d Note
that some epithelioid cells have cytoplasmic vacuoles
containing red blood cells (large arrows) (H-E 40x)

The most common pattern of pulmonary involve-
ment is multinodular, followed by solitary mass
and the reticulonodular pattern [35].

The multinodular pattern appears as multiple
well-defined nodules less than 1 cm and poten-
tially up to 2 cm in diameter (B Fig. 4.7) [14, 27,
30, 32, 35]. The nodules are perivascular with
smooth or lobulated margins and are more fre-
quently located at the peripheral region of the
lungs [14, 27, 30, 32, 35]. Sometimes, pulmonary
EHE occurs as a large solitary pulmonary mass
with lobulated or spiculated margins, resembling
a common NSCLC (B Fig. 4.6) [30, 35]. The retic-
ulonodular pattern is rarely observed. This pattern
exhibits multiple poorly defined nodules associ-
ated with irregular thickening of the peribroncho-
vascular interstitium [35].

Pleural indentation may occur in subpleural
nodules in the multinodular pattern, whereas it is
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B Table 4.3 Mesenchymal malignant lung tumors: key imaging features and main differential diagnoses

Tumor type

Epithelioid
hemangioendothelioma

Key features on CT and PET/CT

Multinodular pattern
Multiple perivascular nodules (<2 cm)
Peripheral region of the lung

Main differential diagnoses

Pulmonary metastases
Granulomatous diseases
Benign metastasizing leiomyoma

Smooth or lobulated margins

Solitary mass pattern

Other NSCLCs

Large mass with pleural indentation or

pleural thickening

Heterogeneous contrast enhancement
Heterogeneous '8FDG uptake

Synovial sarcoma

Intratumoral vessels

Solitary pleural-based mass
Large (>5 cm) with well-defined margins

Pulmonary metastases from
extrathoracic sarcoma
Other high-grade NSCLCs

Heterogeneous contrast enhancement

Pleural effusion

Pulmonary artery intimal
sarcoma

Intraluminal filling defects occupying the
entire lumen of pulmonary artery

Pulmonary thromboembolism

Surface nodularity of filling defects

Wall eclipse sign

Extravascular spreading

Heterogeneous and delayed contrast

enhancement
18FDG uptake

FDG 18-fluorodeoxyglucose, NSCLC non-small-cell lung cancer

frequently observed in solitary masses along with
pleural thickening (8 Fig. 4.6). Punctate calcifica-
tion may occur within nodules or masses
(8 Fig. 4.6) [27, 30], while necrosis and cavitation
are unusual in pulmonary EHE [32].

On contrast-enhanced CT, pulmonary EHE
exhibits mild heterogeneous enhancement [32].

The literature also reports that pulmonary
EHEs measuring more than 2 cm in diameter may
exhibit heterogeneous *FDG uptake on PET/CT
imaging (@ Fig. 4.6) [40]. In these cases, the
increase in FDG uptake is probably related to
the more aggressive behavior of the lesion.
Therefore, PET/CT could be useful in the man-
agement of patients with multiple nodules, as it
may help in selecting the surgical target [40].

4.3.1.4 Local Spread and Metastatic
Dissemination

Pulmonary EHE is considered a locally aggressive
neoplasm, yet with intermediate potential to sys-
temic metastases. Local spread and metastatic
dissemination of such rare vascular neoplasm
depend on its pattern of distribution within the

lung (multinodular, solitary mass, or reticulo-
nodular).

In the multinodular pattern, nodules exhibit
predominant subpleural locations with pleural
indentations [32]. From the subpleural regions,
the nodule could extend deeper into the pleura
and cause pleural thickening and subsequently
pleural effusion. However, pleural effusion is an
uncommon finding in the multinodular pattern
[35]. A similar local spread can be observed when
pulmonary EHE occurs as a large solitary pulmo-
nary mass. In this pattern, pleural involvement
with or without effusion is frequently observed
(@ Fig. 4.6).

In the reticulonodular pattern, the local spread
of EHE occurs predominantly into the peribron-
chovascular interstitium with infiltrative tumoral
proliferation within the lumen of adjacent vessels
[35, 41]. This pattern of growth suggests a more
aggressive clinical course with early metastasis
and, consequently, worse prognosis [35].

Metastatic dissemination of pulmonary EHE
may occur through the blood and lymphatic ves-
sels, as well as the pleural cavity. While distant
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organ metastases are observed in 20-30% of cases,
less than 10% shows hilar and/or mediastinal
lymph nodes [42]. Distant hematogenous metas-
tases occur mainly to the liver and bone; however,
metastases in other sites (such as the skin, serosa,
spleen, tonsils, retroperitoneum, kidneys, and
colon) have been described [30].

4.3.2 Synovial Sarcoma

4.3.2.1 Overview

Synovial sarcoma (SS) is a malignant tumor that
mainly occurs within the soft tissue of the
extremities [43]. Primary involvement of the
thorax is rare and includes different sites of ori-
gin, such as lung, mediastinum, pleura, and
chest wall [43, 44]. Although the name of this
lung cancer suggests a synovial origin, pulmo-
nary SS develops from immature mesenchymal
elements [45]. Pulmonary SS is extremely rare,
accounting for less than 0.5% of all lung cancer
cases [45, 46], the first of such case was described
in 1995 by Zeren et al. [47]. As per its singular-
ity, the diagnosis of pulmonary SS can only be
confirmed after excluding metastatic extratho-
racic sarcoma and other sarcoma-like lung
malignancies.

Pulmonary SS shows neither gender nor age
predilection (range, 9-77 years), with some peak
of incidence around the second and the third
decades of life [43, 45, 48]. Cigarette smoking is
not a risk factor for pulmonary SS; in fact, most
patients with pulmonary SS are never smokers.

The signs and symptoms of pulmonary SS are
not specific. The most common signs and symp-
toms include chest pain, dyspnea, cough, and
hemoptysis [45, 48, 49]. However, the literature
reports that approximately 40% of patients with
pulmonary SS are asymptomatic [48].

Pulmonary SS is a cancer with aggressive
behavior, a high local recurrence rate, and a high
metastatic potential [49, 50]. The 2-year disease-
free survival rate is approximately 36% [43, 45].
The prognosis is generally poor and mainly
related to the primary tumor size, treatment
method, and the presence of local recurrence and/
or distant metastases [45, 48]. Noteworthy, the
incomplete resection is a major negative prognos-
tic factor [43, 45, 48, 49]. Therefore, from a
prognostic point of view, the best treatment
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modality of pulmonary SS is complete surgical
resection with free surgical margins [43, 44, 48,
49]. Adjuvant chemotherapy and/or radiation
therapy may prolong disease-free survival [43, 44,
48, 49]. Chemotherapy with or without radiation
therapy may be used in the treatment of non-
resectable advanced disease.

4.3.2.2 Pathology

SS is a mesenchymal tumor characterized by
variable  epithelial  differentiation [48].
Histologically, SS may be monophasic (only
spindle cell or only epithelial cell) or biphasic
(variable amount of both components) [43, 45,
48, 49]. The monophasic spindle cell subtype is
the most common in the respiratory system
(B Fig. 4.8) [44, 45]. On immunohistochemistry,
most pulmonary SSs reveal reactivity for cyto-
keratin, epithelial membrane antigen (EMA),
Bcl-2, and vimentin [45].

The t(X;18)(p11;q11) chromosomal transloca-
tion, which can be demonstrated by fluorescence
in situ hybridization (FISH) analysis, is the cyto-
genetic hallmark of SS (8 Fig. 4.8) [43, 45, 49].

4.3.2.3 Imaging

The imaging features of pulmonary SS may be
similar to those of other lung cancers; however,
some distinctive features may be observed
(B Table 4.3).

On CT images, most cases of pulmonary SS
present as a solitary pleural-based mass
(B Fig. 4.8). The mass is usually well defined and
large, with a diameter greater than 5 cm [43, 45,
48]. Punctate or amorphous calcifications are
found in approximately 50% of cases [45].
Pulmonary SS shows heterogeneous enhance-
ment after injection of iodinated contrast agent,
typically with central low density that reflects
intralesional necrosis, hemorrhage, or cystic
changes (B Fig. 4.8) [43, 45, 48]. Intratumoral ves-
sels are frequently observed in pulmonary SS.

Although the data on metabolic activity are
rather limited, some authors report that most pul-
monary SS display FDG uptake on PET/CT
imaging [45].

4.3.2.4 Local Spread and Metastatic
Dissemination

Pulmonary SS is considered an aggressive mesen-
chymal tumor with high metastatic potential.
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B Fig.4.8 Synovial sarcoma in a 74-year-old woman.

a, b Axial CT images with mediastinal window setting
show a pleural-based mass with heterogeneous
enhancement in the right upper lobe (star). The mass
infiltrates the mediastinum (wavy arrow). CT images with
mediastinal window also demonstrate pleural localization
(curved arrow) with associated pleural effusion (asterisk).

The local spread of this uncommon cancer
depends on its position within the lung. In its
typical pleural-based location, pulmonary SS dis-
plays the peculiar characteristic of rupturing in
the pleural space with hemothorax or pleural
effusion (B Fig. 4.8). This pattern of growth and
evolution is observed in approximately 50% of
cases [45], and it is frequently associated with
metastatic dissemination throughout the pleural
cavity (B Fig. 4.8).

While the tumors in contact with the medias-
tinal pleura spread into the mediastinum or peri-
cardium (@ Fig. 4.8), the tumors in contact with
the costal pleura frequently spread into the extra-

c Histological hematoxylin and eosin (H-E) image showing
the monophasic spindle cell subtype of synovial sarcoma
(H-E 20x). d FISH analysis with a break-apart probe
demonstrates rearrangement of the SS18 (18q11) locus,
shown as the splitting of red and green signals (arrows).
(Courtesy of Dr. Piera Balzarini, Department of Molecular
and Translational Medicine, University of Brescia, Italy)

pleural fat and/or chest wall, more often without
bony involvement [45].

Metastatic dissemination of pulmonary SS may
occur via the blood and lymphatic vessels. However,
in contrast with other primary lung cancers, hilar
and/or mediastinal adenopathy is very rare in pul-
monary SS [45, 48]. Therefore, a well-defined large
and pleura-based pulmonary mass without large
adenopathy accompaniment may suggest a diag-
nosis of pulmonary SS rather than another lung
cancer, notably in young adult patient [45, 48].

Distant hematogenous metastases occur
mainly to the bone, liver, brain, and contralateral
lung [50].
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The literature also reports the exceptional pos-
sibility of spontaneous regression of pulmonary
SS [46].

4.3.3 Pulmonary Artery Intimal
Sarcoma

4.3.3.1 Overview

Pulmonary artery intimal sarcoma (PAIS) is an
uncommon malignant tumor with a very low
incidence. The reported incidence rate of this
extremely rare malignancy is 0.001-0.030%, and
only approximately 300 cases have been described
in the literature [51, 52]. However, the incidence
of PAIS might be underestimated because of
potential misinterpretation as pulmonary throm-
boembolism [53].

The first case of PAIS was reported in 1923 by
Mandelstamm [54]. This type of malignant tumor
seems to have a predilection for women, with a
female-to-male ratio of 2:1 [52, 53]. PAIS may
occur at any age (range, 13-80 years), with a mean
age at diagnosis of approximately 55 years [51, 53].

The signs and symptoms of PAIS are insidious
and nonspecific and can simulate acute or chronic
pulmonary thromboembolic disease [51-55].
Presenting signs and symptoms may include dys-
pnea (the most common), chest pain, cough,
hemoptysis, and fatigue [51-53, 55].

PAIS is an aggressive malignant tumor with an
extremely poor prognosis [52]. Therefore, early
diagnosis and proper treatment are crucial for
improving patient survival. From a prognostic
point of view, many authors claim that complete
surgical resection is the only effective therapy in
patients with PAIS [51-53, 55, 56]. However, the
5-year survival rate is approximately 20% despite
radical resection [51]. The role of adjuvant ther-
apy has yet to be defined, although some studies
have demonstrated its effectiveness [51, 55-57].
Likewise, the advantage of combination therapy
by chemotherapy and radiation therapy is still
unclear.

4.3.3.2 Pathology

PAIS is a poorly differentiated malignant mesen-
chymal tumor that originates from the intimal
layer of the elastic pulmonary artery [52, 53, 55,
58]. PAIS may have features of low-grade spindle
cell sarcoma or undifferentiated pleomorphic sar-
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coma. It may also contain heterologous elements,
mostly osteosarcoma and chondrosarcoma
(8 Fig. 4.9) [52, 53, 58]. Immunohistochemical
staining of PAIS reflects the specific differentia-
tion of the tumor [58]. Undifferentiated sarcoma
usually exhibits diffuse reactivity for vimentin
[52, 58].

4.3.3.3 Imaging

PAIS is a proximal and diffuse tumor that occurs
within the pulmonary artery, mainly with a
tumoral impaction appearance [53]. This type of
tumor represents a complex diagnostic challenge,
as it may be mistaken for acute or chronic pulmo-
nary thromboembolism [51, 53, 55].

Imaging by CT grants the injection of con-
trast agent for comprehensive characterization of
the mass within the inner vascular aspect and the
bloodstream. The main CT features suggestive of
PAIS include intraluminal filling defects occupy-
ing the entire lumen of the pulmonary artery
(tumoral impaction pattern), wall eclipse signs,
bulging/lobulating contours, surface nodularity,
intratumoral vessels, and heterogeneous and
delayed contrast enhancement (@ Fig. 4.9)
(8 Table 4.3) [53, 55, 59].

Despite their limitations, "'FDG PET/CT and
MRI may be used as second-level imaging modal-
ities in doubtful cases or to confirm the diagnostic
hypothesis of PAIS [53, 55].

On PET/CT imaging, PAIS shows hypermeta-
bolic "*FDG uptake [53, 55]. On MRI, PAIS typi-
cally displays intermediate to high signal intensity
on T1-weighted sequences, diffusion restriction
on diffusion-weighted images, and heterogeneous
contrast enhancement [53].

4.3.3.4 Local Spread and Metastatic
Dissemination

PAIS typically shows intraluminal growth pattern
with a progressive reduction of the lumen of the
pulmonary artery, as depicted by contrast-
enhanced CT. From its site of origin, the tumor
may spread along the intima, usually in the direc-
tion of blood flow [51, 52]. Sometimes, PAIS may
also show a retrograde extension into the
pulmonary valve or the right ventricle [51, 60].
At the time of diagnosis, the most commonly
involved site is the main pulmonary artery (85%),
followed by the right pulmonary artery (71%), the
left pulmonary artery (65%), the pulmonary valve
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O Fig.4.9 Pulmonary artery intimal sarcoma in a
63-year-old woman. a, b Axial CT images obtained in
arterial a and venous b phases demonstrate significant
tumoral impaction within the branches of the right
pulmonary artery. The lesion shows a peripheral
enhancement on the venous phase and a prominent
extravascular/intrapulmonary extension (curved arrows).

¢, d Histological hematoxylin and eosin (H-E) images of
the lesion at actual size c and at middle power 10x d. The
red square in c indicates the area of magnification
displayed in d. At actual size, the endovascular (stars) and
intrapulmonary nodules (asterisks) of intimal sarcoma are
depicted. The magnification in d shows spindle cell
neoplasia with cartilaginous differentiation
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(32%), and the outflow tract of the right ventricle
(10%) [52]. However, in most cases, two or more
sites are involved [52]. Sometimes, extravascular
spreading may be observed [51, 55]; this pattern
of local dissemination is particularly useful in the
differential diagnosis between PAIS and pulmo-
nary embolism.

Lymph node and distant metastases are
uncommon in PAIS, most likely due to the pecu-
liar characteristics of the pulmonary artery and
the pulmonary circulation (i.e., a low-pressure,
low-resistance system carrying mixed venous
blood to the lungs) [51].

Distant metastases occur mainly in the lung
[51, 53, 55]; however, metastases in other sites
(such as the brain, pleura, chest wall, bone, thyroid,
and adrenal gland) have been reported [51, 53].

4.4 Lymphoid Malignant Lung
Tumors

The pulmonary lymphoid system is complex and
composed of lymphatics and bronchus-associated
lymphoid tissue (BALT) [61]. According to the
WHO classification of lung tumors [1], malignant
pulmonary lymphoid lesions include the
following:

Extranodal marginal zone lymphoma of

mucosa-associated lymphoid tissue (MALT

lymphoma)

Diftuse large cell lymphoma

Intravascular large B-cell lymphoma

Among these malignant lesions, MALT lym-
phoma is the most common subtype.

4.41 MALT Lymphoma

4.4.1.1 Overview

Pulmonary MALT lymphoma is an extranodal
low-grade lymphoma arising in the marginal zone
from a B-cell progenitor within the BALT [61, 62].
The lymphoid aggregates of bronchial MALT are
predominantly located in the peribronchial inter-
stitium (divisions of the respiratory bronchioles)
and to a lesser extent in the bronchial walls, inter-
lobular septa, and subpleural interstitium. MALT
lymphoma is the most common subtype of
primary pulmonary lymphoma; it represents up
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to 90% of pulmonary lymphoma [61, 62]. Still,
MALT lymphoma remains a rare tumor account-
ing for less than 1% of all lung cancers [61, 63].

MALT lymphoma may develop in different
tissues; the most frequent site is the stomach,
while the lung is the most common non-
gastrointestinal site [62, 63].

The first cases of pulmonary MALT lym-
phoma were described in 1984 by Herbert et al.
[64]. This subtype of lymphoma does not follow a
clear gender predilection and occurs mostly in the
fifth and sixth decades of life. MALT lymphoma
would seem to be related to chronic exposure to
different antigen stimuli, such as smoking, auto-
immune diseases, or infections [61, 62, 65].

The clinical signs and symptoms of MALT
lymphoma are not specific and may include
cough, dyspnea, chest pain, fever, weight loss,
fatigue, and occasionally hemoptysis [66].
However, MALT lymphoma may remain asymp-
tomatic in approximately 40-50% of cases and is
often discovered as an incidental finding on imag-
ing [61, 63, 65-67].

Pulmonary MALT lymphoma typically has
indolent behavior and a good prognosis [61, 63,
65-67]. However, this tumor shows as high as
50% recurrence rate within 2 years after the initial
diagnosis [61, 65]. Recurrent disease has a ten-
dency to occur in areas containing MALT, such as
the lung and gastrointestinal mucosa [61, 65]. The
5-year survival rate ranges from 84% to 94% [61,
63, 65, 67].

The main treatment modalities for MALT
lymphoma include surgery, chemotherapy, and
radiation therapy. Surgery and/or radiation ther-
apy is preferred for localized tumors, whereas
chemotherapy is favored in case of disseminated
disease [61, 63, 65]. Nevertheless, the “wait-and-
see” approach might represent an option accord-
ing to the indolent course of the disease [66].

4.4.1.2 Pathology

The diagnosis of pulmonary MALT lymphoma
requires adequate tissue sampling with immuno-
histochemical analysis [61].

Histologically, MALT lymphoma is character-
ized by small lymphocytes interspersed with a
variable number of plasma cells [61, 65, 67],
forming nodules and mass-like lesions. The dis-
ease spreads along the alveolar septa, the adjacent
bronchovascular bundles, the interlobular septa,
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O Fig.4.10 Pulmonary MALT lymphoma in a 46-year-
old woman. In both lungs, axial CT images show multiple
consolidations, most with air bronchogram and some

O Table 4.4 Pulmonary MALT lymphoma: key
imaging features and main differential diagnoses

Tumor Key features Main differential
type on CT and diagnoses

PET/CT
MALT Consolidation Invasive mucinous
lym- (often with air adenocarcinoma
phoma bronchogram) Other lymphoprolif-

Solid nodules erative disorders

or masses Organizing

High '®FDG pneumonia

uptake

MALT mucosa-associated lymphoid tissue, FDG
18-fluorodeoxyglucose, NSCLC non-small-cell lung
cancer

and the visceral pleura (i.e., lymphangitic spread)
[61, 65, 67].

Immunohistochemical analysis is pivotal for
confirming the B-cell populations (such as posi-
tivity for CD19 and CD20) with the possible
monoclonal expression of light chains by accom-
panying plasma cells.

4.4.1.3 Imaging

The CT findings of MALT lymphoma are hetero-
geneous and include single or multiple lesions,
round or segmental consolidations, and nodules
or masses with a predominant bronchovascular
distribution [61, 62, 65]. Peribronchial consolida-
tion, frequently associated with air bronchogram,
is the most common CT feature (8 Fig. 4.10), fol-
lowed by solid nodules and masses (8 Table 4.4)

degree of bronchial distortion. Multiple pulmonary cysts
are also shown

[61, 62, 65-67]. Indeed, such consolidations
might be limited in size or reach lobar extent. The
bronchi within the lymphomatous consolidation
are distorted (dilated, stretched, or narrowed),
similar to the alterations seen in invasive muci-
nous adenocarcinoma (pneumonic-type) [68].
More rarely, MALT lymphoma manifests as inter-
stitial disease or persistent subsolid nodules
(8 Fig.4.11) [62].

Parenchymal cysts are sometimes seen in
association with MALT lymphoma, while intrale-
sional cavitation and calcifications are uncom-
mon (B Fig. 4.10) [62]. The CT angiogram sign
may be observed on contrast-enhanced CT
images, yet this feature is quite nonspecific [61].

On "FDG PET/CT imaging, pulmonary
MALT lymphomas exhibit an intense uptake in
most cases (B Fig. 4.11), and the FDG avidity is
significantly related to lesion size [62].

4.4.1.4 Local Spread and Metastatic
Dissemination

MALT lymphoma usually remains confined to the
lung, although multiorgan involvement may
occur in the late course of disease.

Locally, pulmonary MALT lymphoma shows a
lymphangitic spread along the interstitium result-
ing in areas of ground-glass opacity and also
interlobular reticulation [61, 65]. In addition, the
tumor may spread along airways, occasionally
determining a mosaic attenuation pattern that
reflects small airway disease [61, 62].

While pleural effusion is uncommon, thoracic
lymphadenopathies may occur in up to one-third
of cases [61, 62, 67]. Likewise, the primary
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O Fig.4.11  Pulmonary MALT lymphoma in a 76-year-old
man. a A series of axial CT images showing a single
peribronchial subsolid nodule in the left upper lobe. b
Axial fused PET/CT image demonstrates the intense '8FDG
uptake of the nodule. ¢ Histological hematoxylin and eosin

pulmonary lesion of MALT lymphoma, also its
lymph node localization, exhibits high FDG
uptake on PET/CT imaging [62].

Sometimes, extrapulmonary localizations of
MALT lymphoma may be observed, especially in
the stomach [62]. In these cases, SFDG PET/CT
imaging is particularly useful for adequate staging
of the disease because it is more sensitive than CT
for detecting extrapulmonary localizations.
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5.1 Overview and Classification

Neuroendocrine neoplasms (NEN) are a hetero-
geneous group of malignancies, with different
morphological, immunohistochemical, and
molecular characteristics rendered into a notice-
ably different clinical and biological behavior
[1]. The NENSs are represented by cells with neu-
roendocrine phenotype similar to the normal
cells of the diffuse neuroendocrine system [2].
Since this system is ubiquitous throughout the
body, any organ can be involved by such category
of malignancies. The respiratory system is the
second most common site of NEN, after the gas-
trointestinal tract [3]. The global incidence of
pulmonary NENs is about 0.2-2/1,000,000/year
[4]. Despite rare, NENs showed an average fre-
quency increase of 6% per year in the last
30 vyears [5, 6], namely, from 0.31 to
1.61/100.000 in the USA from 1973 to 2012 [5].
Particularly, the well-differentiated types of
NENSs seem to be on the rise, as opposed to the
decrease in most aggressive type [6, 7]. This fig-
ure is probably due to the improvement in diag-
nostic tools and diffusion of lung cancer
screening programs with computed tomography
(CT) [4, 8]. Furthermore, the decrease in smok-
ing rate, extended use of filtered cigarettes, and
changes in the pathological diagnostic criteria
could have played a role in the relative reduction
of poorly differentiated types [9].

Pulmonary NENSs arise in the bronchial and
bronchiolar epithelium, likely from the pluripo-
tent bronchial epithelial stem cells. They are com-
posed of tumor cells similar in phenotype to the

B Table 5.1

Neuroendocrine tumor

(NET)

TC
Mean patient age 40-49
M:F ratio >2.5:1
Association with smoking No
Paraneoplastic syndromes l

endodermal pulmonary neuroendocrine cells,
also known as Kulchitsky cells [10-12].
According to the 2015 World Health
Organization (WHO) classification, there are
four main types of pulmonary NEN: typical car-
cinoid (TC), atypical carcinoid (AC), large cell
neuroendocrine carcinoma (LCNEC), and small
cell lung carcinoma (SCLC) [13]. A correlation
between smoking history and the onset of all
these neoplasms has been clearly shown, with
the exception of TC [1]. The major epidemio-
logical aspects of lung NENs are summarized in
@ Table 5.1. Pulmonary NENs account for
approximately 25% of all invasive primary lung
cancers [14], mostly consisting in SCLC (75%),
followed by LCNEC (15%), TC (9%), and AT
(1%) [4]. This classification was updated in 2015,
and each of the aforesaid four histologic variants
reflects a unique type of neuroendocrine cell
proliferation, with different histological grades.
The histological grade of NENs ranges from low-
grade (TC), to intermediate-grade (AC) [15], to
high-grade and poorly differentiated malignan-
cies (LCNEC and SCLC) [16]. The prognosis and
management are widely variable among NENs
according to such heterogeneous histological
teatures [13, 17]. Noteworthy, the 2018 consen-
sus proposal of the International Agency for
Research on Cancer (IARC) and WHO forwarded
a uniform classification framework for NENs
from any organ, with the aim of providing con-
sistent taxonomy. Hierarchical classification of
NEN is established into two families: neuroendo-
crine tumor (NET) and neuroendocrine carci-
noma (NEC). The term NET is intended to

Comparison between major epidemiological factors of lung NENs

Neuroendocrine carcinoma (NEC)

AC LCNEC SCLC
50-59 70-79 60-69
2:1 2.5:1 >2.5:1
Yes Yes Yes

L T

NENs neuroendocrine neoplasms, TC typical carcinoid, AC atypical carcinoid, LCNEC large cell neuroendocrine
carcinoma, SCLC small cell lung carcinoma, M male, F female, | uncommon, || very uncommon, 1 frequent
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B Table 5.2 Lung NEN 2018 /ARC-WHO proposed classification

Category Family Type Grade Current terminology
Neuroendocrine Neuroendocrine Pulmonary neuroendocrine G1 Typical carcinoid (TC)
neoplasm (NEN) tumor (NET) tumor (NET)

G2 Atypical carcinoid (AC)

Neuroendocrine
carcinoma (NEC)

Small cell lung carcinoma
(pulmonary NEC, small cell

type)

Pulmonary NEC, large cell type

Large cell neuroendo-
crine carcinoma
(LCNECQ)

Small cell lung
carcinoma (SCLC)

IARC International Agency for Research on Cancer, WHO World Health Organization

B Table 5.3 Lung NEN classification (WHO 2015)[13]

Grade  Mitosis Necrosis
Low grade?® Typical carcinoid (TC) 1 <2 mitosis/2 mm? Absent
Intermediate Atypical carcinoid (AC) 2 2-10 mitosis/2 mm?  Present
grade?
High grade® Large cell neuroendocrine carcinoma 3 >10 mitosis/2 mm? Exten-
(LCNEQ) sive
Small cell carcinoma (SCLC) High

NENs neuroendocrine neoplasms, WHO World Health Organization, TC typical carcinoid, AC atypical carcinoid,
LCNEC large cell neuroendocrine carcinoma, SCLC small cell lung carcinoma

aWell differentiated
bPoorly differentiated

designate a family of well-differentiated neo-
plasms whose potential for dissemination
depends on tumor site, type, and grade.
Conversely, NEC is clearly indicative of high-
grade malignant histology and biological behav-
ior. In pulmonary NENs, the NET family
encompasses the well-differentiated TC and
AC. Otherwise, the poorly differentiated and
high-grade LCNEC and SCLC are assigned in
the NEC family (8 Table 5.2) [18].

According to the WHO classification [13], the
diagnosis of NEN is based on two parameters: the
mitotic index per 2 mm? of viable area and the
presence/absence of necrosis (B Table 5.3). The
highest mitotic index and the most extensive
areas of necrosis are typical of the high-grade
poorly differentiated carcinomas, such as LCNEC
and SCLC [13].

Furthermore, the last WHO classification
mentions Ki-67 index for stratification of NENs
[13, 19]. Interestingly, a new classification of lung
NENs has been published [20], which combines
mitosis count (<2, 3-47, >47), necrosis propor-
tion (absent, <10%, or >10%), and Ki-67 cellular
proliferation index (<4%, 4-24%, 25%). Such
composite score correlated with prognosis and
allowed stratification of AC and LCNEC.

Cytological (cell size and nuclear morphol-
ogy) and architectural features are additional
characteristics which can be particularly useful
to distinguish between LCNEC and SCLC [16].
The typical immunohistochemical markers for
identifying NENs are chromogranin A, CD56,
and synaptophysin. Such immunohistochemical
pattern is usually required for diagnosis of lung
NEN [7], especially in case of LCNEC that
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should be distinguished from undifferentiated
large cell carcinoma, which is not classified as a
NEN [16].

The staging system of NEN was quite hetero-
geneous in the past, while it is currently deemed
within the standard of AJCC/UICC (American
Joint Committee on  Cancer/Union for
International Cancer Control) eighth edition of
TNM system for lung cancer [21].

5.2 Carcinoid

5.2.1 Epidemiology and Clinical
Presentation

Lung carcinoid shows an annual incidence of
2.3-2.8 cases per million [22]; it accounts for
almost 25% of all carcinoids throughout the body
[6, 8] and 2.2% of all lung neoplasms [23].

From among all lung carcinoids, 80-90% are
classified as TC and the remaining 10-20% as AC
(23, 24].

The majority of carcinoids occurs as sporadic
disease, while 5-10% of carcinoids are found in
association with multiple endocrine neoplasia 1
(MEN 1) [25, 26]. Historically, TC occurs more
frequently in women while AC in men. However,
it seems that gender distribution is quite dynamic
as it was recently observed that TC might be
increasing in men [1]. The mean age at diagnosis
is 45 years for TC and 55 years for AC
(8 Table 5.1) [1, 27]. Carcinoid represents the
most common primary pulmonary neoplasm in
children and young adults [28]. Carcinoid was
reported to occur more frequently in African-
American subjects [5].

At the time of diagnosis, lung carcinoid might
be asymptomatic or result in nonspecific respira-
tory symptoms; usually the clinical pattern fol-
lows the tumor location [15]. Central carcinoid
presents with cough, hemoptysis, dyspnea,
wheezing, recurrent infections, or obstructive
pneumonia. Conversely, peripheral carcinoid
usually appears as asymptomatic incidental imag-
ing finding [29]. Most carcinoids are located cen-
trally, in the main (10%) or lobar bronchi (75%).
A centrally located tumor is more frequently a TC
than an AC; therefore, TC tends to manifest about
10 years earlier because of signs and symptoms
due to central airway obstruction.

B Table 5.4 Carcinoids' differences in prognosis

TC AC
Metastases at  Regional lymph  Regional
presentation node metasta- lymph node
ses: 5-15% metastases:
Distant 50%
metastases: Distant
3-5% metastases:
25%
Survival 5-year survival: 5-year
87-100% survival:
10-year 44-88%
survival: 10-year
88-94% survival:
18-64%
Recurrence 3.6% 33%
(median

time: 4 years)

TC typical carcinoid, AC atypical carcinoid

Lung carcinoids are mostly nonfunctional
(90%) [29]; hence, paraneoplastic syndrome is
seldom reported [30].

TC has better prognosis than AC both because
of their earlier symptoms and more indolent
behavior. Indeed, both nodal involvement and
distant metastatic spread are substantially lower
in TC than AC at the time of diagnosis [31]. The
5-year survival of patients with TC ranges from
87% to 100%, while AT yields worse outcome
ranging from 44% to 88% [28]. AC also shows a
higher recurrence rate when compared to TC
(33% vs. 3.6%) [32]. The major differences in the
prognosis of carcinoids are reported in @ Table 5.4.

In a cohort of patients with metastatic disease
(both TC and AC), the median survival is about
24 months, with a 5-year overall survival rate of
32% [33]. Negative prognostic factors for carcinoid
are high grading and TNM stage, high tumor bur-
den, peripheral location, higher age at diagnosis,
poor performance status, and absence of uptake on
somatostatin receptor scintigraphy [34, 35].

Surgical resection is the optimal treatment for
localized lung carcinoid [28].

In the suspect of AC, the tumor resection
should be completed with parenchymal resection
associated with extended lymph node dissection.
Furthermore, adjuvant chemotherapy should be
considered. Although carcinoid tumors generally
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show indolent behavior, they could recur. Relapses
in patients with TC and AC usually occur within
10 and 5 years, respectively. Therefore, surveil-
lance is recommended for a minimum of 20 years
[36]. Metastatic and unresectable tumors may be
treated with chemotherapy, immunotherapy (par-
ticularly with everolimus), or radiolabeled agents
such as somatostatin analogs [28, 34].

5.2.2 Pathology

Carcinoids are usually rounded tumors, with an
average size of 2-3 cm. The definition of carcinoid
relies on size: a carcinoid is intended to be >5 mm
in diameter [13], whereas any proliferation of neu-
roendocrine cells <5 mm is called tumorlet. The
tumorlet pattern is typically an incidental finding
in lung specimens showing various inflammatory
or fibrotic conditions; nevertheless, it can also be
found in the rare condition known as diffuse idio-
pathic pulmonary neuroendocrine cell hyperplasia
(DIPNECH) [37]. Tumorlets show metastatic
potential despite their limited size, especially
when multiple in number and fused in larger size
lesions in the context of DIPNECH [38, 39].

The nomenclature of TC and AC inherently
reflects the grade, Gl and G2, respectively.
Otherwise, the cytoarchitectural features are quite
overlapping between TC and AC. Notably, they
both display a moderate amount of eosinophilic
cytoplasm and nuclei with finely granular chro-
matin, which may also display a coarse pattern in
a minority of AC. Furthermore, inconspicuous
nucleoli are seen in most TC, while they happen
to be also more prominent in AC [37]. As opposed
to TC (@ Fig. 5.1), AC displays possible focal or
spotty (i.e., limited in size) necrosis and/or a
mitotic index of 2-10 mitoses per 2 mm?
(B Table 5.3). In rare cases, AC morphology
might be coupled with more than 10 mitoses per
2 mm?; this scenario falls under the definition of
LCNEC [13].

TC and AC are widely and strongly positive
for the neuroendocrine markers chromogranin A,
synaptophysin, and CD56 N-CAM (neural cell
adhesion molecule) and usually for somatostatin
receptors subtypes 2 and 5 (SSR, and SSR,).
Conversely, the expression of TTF1 (thyroid tran-
scription factor 1) is limited to peripheral lesions
only. The proliferation rate by Ki-67 staining is
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O Fig. 5.1 Typical carcinoid (TC). Image H&Ex20
(hematoxylin and eosin) shows a trabecular/solid islet
structure, void of necrosis and with very limited cell
pleomorphism, abundant cytoplasm, and monomorphic

nuclei; note the absence of mitosis. Overall, such features
identify a well-differentiated neuroendocrine neoplasm

lower in TC (less than 5%) than in AC (usually
5-20%) [37].

5.2.3 Imaging

Typical and atypical lung carcinoids are indistin-
guishable from an imaging standpoint.

Chest X-ray is usually nonspecific, as it may
show an isolated well-defined hilar or perihilar
nodule/mass associated with parenchymal abnor-
malities, such as atelectasis or obstructive pneu-
monitis. Isolated signs of endobronchial mucoid
impaction might also be depicted into the “finger-
in-glove” pattern [1].

CT is the main imaging technique for the
detection, localization, and staging of these neo-
plasms. Size and location of the lesion might
somehow suggest the differential between TC and
AC, with the latter being relatively larger and
more peripheral [28]. Three possible patterns are
recognized for carcinoids: hilar or perihilar nod-
ules/masses, endobronchial nodules, and periph-
eral nodules [40].

In case of hilar or perihilar nodules/masses
ranging 2-5 cm in size, the tumor is usually a
well-defined round or ovoid lesion, and it can
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B Fig.5.2 Axial and coronal chest CT images at lung
window setting a, b show an endoluminal lesion in the
right lower lobe bronchus (black arrow) extending into
the lung parenchyma. At mediastinal window setting c, d,

appear with lobulated margins. Such lesions are
typically located near the bifurcation of central
bronchi [40].

Endobronchial lesion is often seen in central
carcinoid. They frequently grow as primary endo-
bronchial lesions with a subsequent extension to
the adjacent lung parenchyma. Nonetheless, the
endobronchial finding of carcinoid can also hap-
pen with opposite dissemination pathway, namely,
a prominent extraluminal component can grow
on the external aspect of the bronchus and subse-
quently trespass the bronchial wall into the bron-
chial lumen. Such scenario is known as “iceberg
lesion” (B Fig. 5.2) referring to the morphological
parallelism between the tip of the iceberg (bron-
choscopic vision) and its massive drowning por-
tion (extrabronchial growth). Moreover, some
small carcinoids can be entirely located within the
bronchial lumen.

Carcinoid could also manifest as a solitary
pulmonary nodule (SPN) in the lung periphery
and may not show any bronchial relationship,
usually measuring less than 3 cm in size [41].

Calcifications are seen in about 30% of carci-
noids, notably with punctate or diffuse pattern

(1, 40].
Both TC and AC show uniform intense con-
trast enhancement, commonly above 30

Hounsfield Unit (HU) (8 Fig. 5.2) [1]. However,
some carcinoid may lack contrast enhancement
and may have irregular contours, the majority of
them being AC. Rarely, carcinoids can show cavi-
tation and areas of central macroscopic necrosis;
this pattern is expected for larger lesions [1].

the solid lesion shows marked contrast enhancement and
inner calcifications (white arrow), with distal endobron-
chial mucoid impaction (arrowhead). Histopathology
demonstrated a typical carcinoid (TC)

Other imaging techniques can be useful in the
diagnosis and staging of carcinoid. Scintigraphy
with octreotide is helpful in the localization of
occult tumors, for staging purpose and estimation
of somatostatin receptor density, which is relevant
information for treatment selection [15]. On pos-
itron emission tomography (PET) with Fluorine!8-
fluorodeoxyglucose (¥F-FDG), most carcinoid
tumors do not show increased activity, with the
exception of ACs, particularly in case of higher
proliferation rate [42].

Recent analysis showed that 68-gallium-
radiolabeled PET (®®Ga-DOTA-PET) displayed
higher uptake in TC rather than in AC. Such pat-
tern of uptake is attributed to the slow metabo-
lism and the increased somatostatin receptor
expression of TC. On the other hand, ®*Ga-DOTA
uptake is decreased in AC due to its more aggres-
sive behavior (B Fig. 5.3) [43].

5.2.4 Pathway of Diffusion: Local
Spread

Central carcinoids can have an endoluminal com-
ponent with a focal or broad attachment to the
bronchial wall. They usually do not infiltrate the
bronchial mucosa, which may be substantially
preserved above the lesion [30].

Although some carcinoids grow exclusively
within the bronchial lumen, the invasion through
the bronchial wall is common and can associate
with infiltration of peribronchial soft tissue, carti-
laginous rings, and adjacent lung parenchyma
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B Fig. 5.3 Axial chest CT image in the lung window
setting a of a solid nodule with lobulated margins in the
anterior basal segment of the right lower lobe, showing
both endobronchial (arrow) and extrabronchial
intraparenchymal growth. Mediastinal window setting
b demonstrates homogeneous contrast enhancement.

[30, 44]. This growth pattern gives a “dumbbell”
appearance to the tumor, with variable propor-
tion between the endobronchial and the extra-
bronchial component (8 Fig. 5.2) [45, 46].

Peripheral carcinoids usually grow without
signs of infiltration despite being nonencapsu-
lated tumors [44]. Infiltrating margins with exten-
sion into the adjacent lung parenchyma is
reported with low frequency (22.2% of cases
according to Ha and coworkers) [44].
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18F-FDG-PET/CT c does not show increased activity due to
the low proliferation index. 68-Ga-DOTA-PET/CT

d exhibits a high uptake due to major somatostatin
receptor expression. (Courtesy of Prof. V. Rufini). The
nodule was confirmed to be a typical carcinoid (TC) at
histopathology

AC is typically more aggressive than TC, and
it is more likely to invade vascular or lymphatic
structures (26.1% and 13%, respectively) [44], fol-
lowed by increased likelihood of local recurrence
and poor prognosis [9, 42, 44].

Direct pleural involvement is uncommon for
lung carcinoids, as opposed to the frequent
involvement by thymic carcinoid [47]; thus, pleu-
ral effusion is quite rare, and it is more likely asso-
ciated with post-obstructive pneumonia [30].
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The most aggressive lung carcinoids may show
infiltration of the mediastinal fat, with eventually
direct extension to the mediastinal structures
(superior vena cava, pericardium, etc.) [40].

5.2.5 Pathway of Diffusion: Lymph
Node Involvement

Carcinoids may exhibit lymphatic invasion [44];
they may be associated with hilar or mediastinal
lymph node metastatic involvement [48]. Regional
lymph node metastases can be found in 5-15% of
patients with TC, whereas in AC they can be
found in almost 50% of cases [49]. Dissemination
to hilar and mediastinal stations is usually
depicted by enlarged lymph nodes at imaging.

However, enlargement of thoracic lymph
nodes in carcinoids may also represent hyperpla-
sia from recurrent pneumonia or chronic periph-
eral infection [30]. This setting is more common
in case of centrally located carcinoid determining
bronchial obstruction.

According to Chong et al. [50], a metastatic
involvement of N1 stations was found in 5% and
14% of TCs and ACs, respectively. Further dis-
semination to N2 stations was observed in 6% of
TCs and 10% of ACs. Metastatic spread to distant
intrathoracic lymph nodes is also possible,
although it is rarely observed, namely about 7% of
metastatic lung carcinoids [34]. The most fre-
quent involvement of extrathoracic stations is
found in the upper abdomen. According to the
TNM staging system for lung cancer [21], these
metastatic nodes have to be considered as distant
metastasis because their prognostic yield overlaps
metastatic disease [34].

5.2.6 Pathway of Diffusion: Distant
Metastatic Spread

Carcinoids can evolve with distant metastases;
notably, they are found in 25% of patients with
AC, compared to 3-5% of TC [49].

The most frequent sites of metastasis from
lung carcinoid are the liver, bone, central nervous
system, and adrenal glands [24, 34]. More than
50% of patients with metastases from lung carci-
noids show multiple sites of metastasis, with the
liver affected in most cases [51]. It should be

underscored that liver involvement appears to be
more common in metastatic lung carcinoids than
in non-small-cell lung cancer (NSCLC) [51].
Metastatic disease from ACs is noted primarily in
the bones, brain, and liver. Conversely, the rare
metastases from TC preferably happen in the liver
and bones [50]. For carcinoid tumors, a direct cor-
relation between the size of the primary lesion and
the probability of metastasis has been reported for
hematogenous dissemination to the liver [52].

Among carcinoid tumors from any organ,
lung carcinoids show a higher propensity to
metastasize to the bone and to central nervous
system. Bone metastases from lung carcinoid dis-
play solitary or multiple sclerotic bone lesions.
Noteworthy, the lone detection of bone metastases
from carcinoid tumors is a predictive factor for
primary lung carcinoids, with a frequency of
about 34% [52]. Likewise, primary lung carci-
noids account for more than 50% of central ner-
vous system metastases by all carcinoids, even in
this case being the most common primary origin
of metastatic carcinoid. Of note, the propensity of
lung carcinoid to such metastatic targets might be
also explained by anatomical reasoning: the
departure of neoplastic cells from the lung can
directly harbor to both bone and brain via the sys-
temic circulation, whereas carcinoids from other
regions (e.g., the midgut) are obligated to first
pass through the liver and lungs.

Multiple synchronous bilateral lesions are
reported, especially for TC. In these cases, it is
unclear whether this represents true metastasis,
enlarging tumorlets, or a tendency to form multi-
ple primary pulmonary carcinoid tumors. Patients
with multiple bilateral pulmonary TCs have been
reported to have an excellent prognosis [50].

Unusual sites of metastatic spread can be
occasionally seen toward pancreas, soft tissues,
breasts, heart, skull, testis, and orbits [47].

The risk of recurrence is higher for resected
ATs compared to TCs. Indeed, a smaller number
of patients with TC (3.6%) than that with AC
(33.3%) experience recurrences, with a median
time to recurrence of 4 years, significantly longer
than that for AC [32].

Most recurrences of carcinoid tumors of the
lung are distant metastases, with local recurrences
affecting only 2% of TC and 7% of AC [53, 54].
Metastatic lung carcinoid shows metachronous
metastases in up to 50%, mostly in AC [34].
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5.3 Large Cell Neuroendocrine
Carcinoma

5.3.1 Epidemiology and Clinical
Presentation

Pulmonary LCNECs are rare neoplasms repre-
senting about 2.1-3.5% of all lung tumors and
about 15% of lung NENs. However, this fre-
quency is potentially underestimated because of
limitations in diagnosing LCNEC on cytological
specimens [55, 56].

This neoplasm involves more frequently men
than women (2.5:1), with a heavy smoking habit.

The average age at diagnosis is about 70 years
[1,55] (B Table 5.1). This neoplasm shows periph-
eral location in 66-100% of cases. Centrally
located LCNEC is associated with symptoms from
bronchial obstruction and compression of vascu-
lar structures [57].

Slight predilection for upper lobe location has
been reported, in about 63% of LCNEC [58].

LCNEC is rarely associated with paraneoplas-
tic syndromes [29].

Surgical resection is recommended for all
nonmetastatic stages, with subsequent adjuvant
chemotherapy. Unfortunately, the majority of pul-
monary LCNEC are not eligible for radical surgi-
cal treatment due to local or systemic spread [59].
The optimal therapeutic approach for systemic
treatment is not established for LCNEC, yet [59].

It is increasingly understood that the pattern
of response to chemotherapy is quite overlapping
between LCNEC and SCLC, although with less
chemo-responsivity, so they are frequently treated
with the same chemotherapeutic regimens used
for SCLC [55].

The prognosis of LCNEC is quite poor, with
median overall survival of stages I-II, III, and IV
about 32.4, 12.6, and 4.0 months, respectively.
These figures are lower than survival rates in
NSCLC [60]. Negative prognostic factors are
advanced tumor stage, tumor size (greater than
3 cm), and male gender [61].

5.3.2 Pathology
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B Fig. 5.4 Large cell neuroendocrine carcinoma
(LCNEC). Image H&Ex20b (hematoxylin and eosin) depicts
a solid structure with evident necrosis (left upper corner)
and is composed by large in size, severely atypical cells
with abundant cytoplasm, often prominent nucleoli, and
evident mitotic activity. Overall such features identify a
poorly differentiated neuroendocrine neoplasm

entiated NEN, with high grading (G3). Diagnostic
criteria for LCNEC are neuroendocrine morphol-
ogy (organoid nesting, palisading, or rosette-like
structures), high mitotic rate (greater than 10
mitoses per 2 mm?), and non-small-cell cytologic
features (including large cell size and prominent
nucleoli) (B Fig. 5.4).

Diagnostic confirmation of neuroendocrine
differentiation is required using immunohisto-
chemical markers such as chromogranin A, syn-
aptophysin, and CD56 or electron microscopy
[13, 37]. In addition, TTF1 is usually strongly
expressed, while SSR, and SSR, may also be pres-
ent. Ki-67 usually shows a very high proliferation
index (50-100% of tumor cells) [37].

LCNEC histology is not easily demonstrated
on small biopsies or cytology; in most cases, the
diagnosis of LCNEC requires a surgical lung
biopsy [37]. Staining for Ki-67 may help in identi-
fying the highly proliferative status of tumor cells.

5.3.3 Imaging

LCNEC usually appears as a circumscribed mass
of 3-4 cm, with central foci of hemorrhage and
necrosis. LCNEC is by definition a poorly differ-

LCNECs share similar imaging characteristics
with NSCLC; hence, there is no advantage in
guessing the differential by imaging [29].
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LCNEC typically manifests as a large periph-
eral pulmonary mass, with well-defined lobular
margins, even though spiculated borders may be
observed. Calcifications are uncommon, occur-
ring in less than 9% of cases [28], and air bron-
chogram is extremely rare [58]. The tumor shows
soft tissue density substantially similar to chest
wall muscles. The contrast enhancement is quite
variable: heterogeneous or peripheral, due to cen-
tral necrosis in case of large lesions [58]. Extensive
necrosis is also possible, but cavitation is rarely
seen. Hilar and mediastinal nodal enlargement is
frequent [28].

According to one series, pleural effusion has
been described in almost a quarter of cases [62].

In case of centrally located lesion, post-
obstructive signs can be observed such as mucus
plugging, atelectasis, or pneumonia.

The comprehensive imaging of LCNEC
includes '8F-FDG-PET/CT, which is helpful for
staging purpose. Furthermore, PET-CT yields
prognostic information: SUV >13.7 has been
related to worse prognosis [63].

Although LCNEC contains somatostatin
receptors and can be octreoscan/®®Ga-DOTA-
PET positive, this imaging modality is not sug-
gested for the evaluation of this malignancy.

5.3.4 Pathway of Diffusion

LCNEC is a high-grade malignancy, with a high
propensity to local and distant spread.

Tumor cells usually entirely fill pulmonary
alveoli, or they can show a compressive growth
pattern. This type of local growth into the lung
parenchyma gives the tumor the appearance of a
large lesion with well-defined margin. Still, lobu-
lated margins observed on imaging may reflect
the interruption of tumor growth by anatomic
boundaries [58].

In centrally located lesions, tumors are usually
adherent to the bronchial wall, with an associated
endobronchial polypoid component that invades
the surrounding lung parenchyma. In these cases,
an endobronchial growth pattern can be seen,
usually associated to invasion of lung paren-
chyma.

Tumor emboli in the adjacent lung paren-
chyma can be observed [64].

Vascular and lymphatic invasion are possible,
and they can correspond to the radiological evi-
dence of spiculations. Where observed, lymphatic
permeation and vascular invasion were signifi-
cantly associated with poorer outcome [64].
Other causes of spiculations are irregularly protu-
berant tumor nests or a diffuse desmoplastic
response to tumor growth [58].

Lesions show multiple punctate necrosis. In
large tumors, necrotic foci may become larger and
prone to be confluent in extensive areas of necro-
sis, reflecting the CT appearance of inhomoge-
neous enhancement with peripheral rim within
the lesion.

Direct pleural tumor seeding of LCNEC cells
is uncommon [64]. This involvement may explain
at least some of the pleural effusions not associ-
ated with pneumonia.

At diagnosis, LCNEC presents high rate of
lymph node metastasis (60-80%) [55].
Metastatic involvement of lymph node is usually
limited to hilar and mediastinal nodes.
Metastatic lymph nodes have been associated
with a poor outcome [65].

At diagnosis, distant metastasis can be found
in about 40% of patients affected by LCNEC [55].

Most common metastatic sites are liver (47%),
bone (32%), and brain (23%), similar to that seen
in SCLC [60]. Another possible site of metastatic
spread is adrenal gland. Moreover, multiple case
reports have also described metastasis in atypical
locations, including skin, scalp, and breast, sub-
stantially similar to other lung NENs.

Some patients may have oligometastatic dis-
ease (defined as <3 metastatic lesions) at the time
of diagnosis. Despite radical treatment, recur-
rence is quite common; it is reported in almost
40% of patients, with over 90% of cases occurring
within 2 years [61].

Local or regional recurrence has been reported
in 27-35% of cases. Local recurrence usually
affects bronchial stump in patients undergoing
surgery, while lymph node recurrence mostly
involves mediastinal and/or supraclavicular
lymph nodes.

Distant recurrence is observed more fre-
quently than local recurrence. This happens in
about 56-60% of cases, with most cases involv-
ing brain and liver, followed by bone and lung
[66, 67].
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5.4 Small Cell Lung Carcinoma

5.4.1 Epidemiology and Clinical
Presentation

Small cell lung carcinoma (SCLC) is the most
common lung NEN; it represents 15% of any lung
cancer [68]. It is strongly associated with cigarette
smoking, with 95% of all patients having a history
of heavy tobacco exposure. Other risk factors
include exposures to agent including radon, halo-
genated ethers, arsenic, and asbestos.

SCLC typically affects patients between the
ages of 60 and 70 years [69]. It has been more fre-
quently observed in men than in women (ratio
2.6:1) (B Table 5.1), even if women smokers are
more likely to develop SCLC [70].

At the time of diagnosis, early-stage SCLC is
very rare, representing only 5% of all cases [71].
The low incidence of early-stage SCLC is mainly
attributable to its highly aggressive biological
behavior, rapid tumor growth, and absence of
early symptoms [71].

Patients typically present with a short dura-
tion of rapidly progressive symptoms.

Most patients present with advanced disease,
and only 5% of cases of SCLC can display as a soli-
tary lung nodule, usually incidentally discovered
[37] or during CT lung cancer screening programs.
The aggressive behavior of SCLC hampers early
diagnosis and survival advantage of SCLC in lung
cancer screening programs by low-dose CT [72].

Patients of any disease stage may present with
a variety of paraneoplastic syndromes, such as
endocrine ones: the syndrome of inappropriate
antidiuretic hormone (SIADH) and Cushing’s
syndrome due to ectopic adrenocorticotroph hor-
mone (ACTH) production. Furthermore, neuro-
logic syndromes, as Lambert-Eaton syndrome,
limbic encephalitis, and encephalomyelitis, can
precede cancer diagnosis [9, 68].

5.4.2 Staging, Treatment,
and Prognosis

According to the Veterans Administration Lung
Study Group (VALSG) system, SCLC patients are
classified as having limited-stage (LS) or extensive-
stage (ES) disease [73]. The definition of LS disease
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includes patients with disease limited to one hemi-
thorax, with hilar and mediastinal nodes that can
be encompassed within one tolerable radiotherapy
portal, and possibly with ipsilateral supraclavicu-
lar lymph nodes. LS-SCLC is deemed a potentially
curable disease. Conversely, ES disease is charac-
terized by neoplastic invasion beyond the afore-
mentioned boundaries.

The eighth TNM staging system replaces the
VALSG [21]. According to TNM, stages I-11II cor-
respond to LS-SCLC, while stage IV corresponds
to ES-SCLC.

Surgical resection with mediastinal lymph
node dissection, followed by adjuvant chemo-
therapy, is indicated only for true stage I patients,
which unfortunately are very rare (<5%). Most
patients with LS receive a combination of cispla-
tin/carboplatin and etoposide plus thoracic radia-
tion therapy (RT) [74].

Prophylactic cranial irradiation (PCI) is rec-
ommended for patients with good performance
status who have responded to chemotherapy [75].

ES-SCLC is approached by chemotherapy
with palliative purpose. Patients with a good
response to therapy should be considered for PCI
and/or thoracic RT [74].

SCLC is typically very responsive to chemo-
therapy; therefore, chemotherapy can prolong
survival [76]. Unfortunately, relapse with
chemoresistant disease is inevitable, with fewer
than 10% of patients with ES alive after 2 years
[74]. The overall survival rate is only about 5%:
patients with ES-SCLC have a mean survival of
about 8-10 months and a 2-year survival rate of
10%, against the 15-20 months in the LS disease,
with 20-25% of long-term survival [77]. The
5-year survival rates of SCLC and LCNEC are
reported in B Table 5.5.

Negative prognostic factors include extensive
disease, poor general conditions, weight loss, and
markers such as lactic dehydrogenase. Conversely,
positive prognostic factors include younger age,
good general conditions, and single metastatic
site in patients with extensive disease [78].

5.43 Pathology

SCLCs are by definition poorly differentiated
NENs. Tumor cells are round to fusiform, with
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B Table 5.5 Survival according to stage, metasta-
sis at presentation, and recurrence rate of
high-grade NENs (NEC)

LCNEC SCLC
Metastasis at the 40% 60-70%
presentation
5-year survival by It la38% - Ib
stage 33-62% 21%

Il: 1la: 38% - llb

18-75% 18%

I1: Illa:

8-45% 13% - lllb:

IV: 0% 9%

1IV: 1%

Recurrence 40% 74%

(median time: 2 years)

NENs neuroendocrine neoplasms, NEC neuroendo-
crine carcinoma, LCNEC large cell neuroendocrine
carcinoma, SCLC small cell lung carcinoma

scant cytoplasm, and measure less than the diam-
eter of three resting lymphocytes, with finely
granular nuclear chromatin. Nucleoli are incon-
spicuous or absent. Tumor cells grow in sheets
and nests with frequent necrosis, often extensive.
Lesions exhibit a high mitotic rate (60-80 per
2 mm?) (@ Fig. 5.5). Unlike LCNEC, SCLC can
readily be diagnosed in small specimens such as
bronchoscopic biopsies, fine-needle aspirates, or
core biopsies [37].

Up to 90% of SCLCs are positive for at least
one neuroendocrine marker such as CD56
N-CAM, chromogranin A, synaptophysin, and
TTF1 [79]. SSR, and SSR; are usually negative or
only focally positive in about 20% of investigated
cases. Ki-67 is very helpful in distinguishing
SCLC from carcinoids, because it shows a very
high proliferation rate, of about 80-100% [37].
The main anatomic and histological features of
SCLC with respect to those of other lung NENs
are summarized in @ Table 5.6.

5.4.4 Imaging

About 90-95% of SCLC is centrally located, arising
in lobar bronchi or main bronchus [80]. The most
common appearance of SCLC is a large mass with
central location, bulky hilar, and mediastinal

O Fig. 5.5 Small cell lung carcinoma (SCLC). Image
H&Ex20 shows a solid structure with evident necrosis (left
and center of the micrograph) and severely atypical cells
with large nuclei and a thin rim of cytoplasm, overall
resulting in small size; mitoses are evident often with
atypical mitotic figures. As seen in LCNEC, such features
identify a poorly differentiated neuroendocrine neoplasm

adenopathies invariably associated. Due to the close
relationship with the tracheobronchial tree, SCLC
can determine distal lung parenchyma atelectasis.

Chest X-ray usually shows an ill-defined hilar
mass, with possible associated enlargement of the
mediastinum and pulmonary volume loss due to
obstruction and pleural effusion. Often the pri-
mary tumor is overshadowed by the mediastinal
component, appearing as a poor-defined medias-
tinal mass involving at least one hilum [9, 29].

Among imaging techniques, CT allows an
accurate assessment of intrathoracic involvement.
Chest CT scan with contrast medium injection
often shows the involvement of the major pulmo-
nary vessels and mediastinal structure (including
the superior vena cava), with common evidence
of encasement of these structures by the tumor, as
well as pleural effusion [9].

Rare manifestations include airspace opacities
and consolidation. Thickening of the interlobular
septa is reported as a sign of lymphangitic carci-
nomatosis [81]. Calcifications can be seen in up to
23% of the cases [1].

A peripheral primary tumor is rare. In approx-
imately 5% of cases, SCLC may manifest as an
solitary pulmonary nodule (SPN) [37], with
well-defined lobulated margins or spiculated



Pulmonary Neuroendocrine Neoplasms

B Table 5.6 Comparison of the main anatomic and histological features of lung NENs
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TC AC LCNEC SCLC
Central +++ +++ + ++++
localization
Calcifications 30% <9% 23%
Cytology Nuclei with finely Chromatin may be Large cells Small cells
granular chromatin ~ coarse Abundant cytoplasm  Scarce cytoplasm
Nucleoli Nucleoli may be more  Nuclear pleomor- Nuclear pleomor-
inconspicuous prominent phism phism
Prominent nucleoli No prominent
nucleoli
Growth Organized growth pattern Organoid, palisading  Diffuse sheets of
pattern cells
Ki-67 <5% 5-20% >20% >20%

NENs neuroendocrine neoplasms, TC typical carcinoid, AC atypical carcinoid, LCNEC large cell neuroendocrine
carcinoma, SCLC small cell lung carcinoma, +++ frequent, + possible, ++++ extremely common

appearance. There are no imaging features that
help to distinguish between SCLC and NSCLC
when presenting as an SPN [1, 82].

The comprehensive clinical staging includes
BE-FDG-PET/CT. Otherwise, MRI is rarely used in
the evaluation of SCLC, except when there are con-
traindications for the administration of intravenous
iodine contrast material. To date, MRI of the brain
for staging of SCLC shows better sensitivity than
CT, particularly in neurologically asymptomatic
patients [83]. MRI might be also useful for detect-
ing and characterizing bone or liver metastases.

BE-FDG-PET/CT is extremely helpful in stag-
ing and restaging SCLC (with the exception of
brain metastases). It turned out to be more sensi-
tive and specific than other imaging techniques in
the detection of metastatic disease, in prognosis
evaluation - high standardized uptake seems to
be significantly associated with poor survival -
and, particularly, in the assessment of treatment
response, due to the high metabolic activity
degree of SCLC [29].

5.4.5 Pathway of Diffusion: Local
Spread and Mediastinal
Involvement

SCLC malignant cells exhibit heightened inva-
sive properties and increased motility, resulting

in rapid tumor growth, high local invasiveness,
and early metastatic spread to numerous
organs.

The primary site is typically a submucosal
endobronchial lesion of the proximal airways
such as the lobar or main bronchi. The tumor
itself is highly cellular and determines a limited
fibrotic or inflammatory response. Consequently,
it can rapidly spread through lymphatic and
blood vessels even at an early stage of the disease,
resulting in early nodal and distant metastatic
deposits [84].

Kazawa et al. [81] have described eight differ-
ent patterns of SCLC local diffusion according to
the extension and spreading pattern recognized
on CT scan. The most frequent patterns were the
central perihilar type, when a central perihilar
mass confined within the ipsilateral mediastinal
tissue was seen; the central plus mediastinal exten-
sion type, with the mass extending to contralateral
mediastinum (the most common pattern among
their series, occurring in about 30% of cases); the
peripheral type, in case of cancer located only in
the peripheral lung parenchyma; and peripheral
plus mediastinal extension type, in case of a
peripheral tumor associated with a hilar/ipsilat-
eral mediastinal lymph node metastasis
(B Fig. 5.6).

Peripheral SCLC typically appears on CT scan
as a spiculated nodule, representing the vascular,
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B Fig. 5.6 Axial chest CT images at lung a and
mediastinal b window settings depict a small (15 mm)
nodule, with spiculated margins and necrotic appearance,
in the posterior segment of the right upper lobe. Axial
and coronal images at mediastinal window setting c—f
show confluent and infiltrative adenopathies in the right

lymphatic, or intra-alveolar invasion by nest-
forming tumor cells, with surrounding ground-
glass opacity determined by edema, parenchymal
hemorrhage, and intra-alveolar spread [85].

The centrilobular nodular or branching
abnormalities — which usually represent broncho-
genic diffusion of inflammation and disease - are
usually not observed in SCLC.

Another possible identified pattern was the
lymphangitic-spread type, with the presence of
lymphangitic carcinomatosis, represented by
thickening of the bronchovascular bundles and/
or nodular or smooth thickening of the inter-
lobular septa, usually associated with pleural
effusion.

Other uncommon manifestations of SCLC
local spread include the lobar replacement type,
when tumor appears as a huge mass-like lesion
that replaces an entire lobe, and the airspace con-
solidation type, in case of an ill-defined consolida-
tion with cystic or tubular air bronchogram
within the lesion [81].

Due to the easy spread via the lymphatic sys-
tem, SCLC can also disseminate into the pleural
space, appearing as multiple subpleural nodules

hilum, in the right paratracheal and subcarinal zones, and
in the superior mediastinum, with encasement/infiltration
of the vascular structures and the right bronchial tree.
Sagittal reconstruction with bone window setting g
shows multiple bone metastases of the spine. Histopa-
thology revealed a small cell lung carcinoma

or, less commonly, masses associated with pleural
thickening and malignant pleural effusion (pleu-
ral dissemination type) [9, 81].

SCLC diffusion often causes main airway ste-
nosis, due to peribronchial extension of the dis-
ease, particularly in the submucosal tissue, with
almost complete preservation of bronchial inner
wall. Stenosis typically involves trachea and main
bronchi (in about 50% of cases) and less likely
lobar/segmental  bronchi or subsegmental
branches [81].

Mediastinum is by far the most common site
of detected disease (up to 92% of cases), both for
the presence of the primary malignancy and asso-
ciated lymphadenopathies. Indeed, mediastinal
and hilar lymph node metastases are detected in
92% and 84% of cases, respectively [1]. Mediastinal
masses determine displacement, narrowing, and
invasion of mediastinal structures, particularly
great vessels, in about 68% of cases [9]. The supe-
rior vena cava, the pulmonary arteries, and the
main pulmonary trunk are more frequently
involved, followed by pulmonary veins and tho-
racic aorta, ranging from mild stenosis with wall
irregularity to severe stenosis, luminal invasion
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B Fig.5.7 Axial CT image at lung window setting a
shows a mass in the anterior segment of the right upper
lobe. Contrast-enhanced axial image b displays the
extensive ipsilateral mediastinal involvement with encase-
ment and infiltration of the right upper lobe artery and
superior vena cava. Coronal images ¢, d better depict the
longitudinal extension of the occlusion of superior vena
cava, the encasement of the right main bronchus, the

with tumor abutting into vessels, and complete
encasement (8 Fig. 5.7) [81].

Also the azygos vein, the esophagus, the
phrenic nerves, and the recurrent laryngeal nerve
can be involved. Pericardial spread is relatively
common, manifesting as pericardial effusion and/
or irregular thickening of the pericardium. Even
compression or direct extension to the heart may
be seen, particularly to the left atrium [9, 81].

5.4.6 Pathway of Diffusion: Distant
Metastatic Spread

Once the tumor reaches access to the mediasti-
num, there are pathways of spread downward into
the abdomen via the aortic and esophageal hiatus,
both through lymphatic vessels and direct diffu-
sion. This can result in intra-abdominal lymph-
adenopathies primarily along the celiac vessels
resulting in celiac, periportal, peripancreatic, and
para-aortic lymph node metastases. Disease may
also reach the gastrohepatic ligament either by
spread along vascular planes or through the
esophageal hiatus.

SCLC can also directly spread upward via the
cervicothoracic hiatus, resulting in supraclavicu-
lar and, less commonly, lower neck adenopathies
and possible involvement of the lower neck struc-
ture (cervical esophagus, hypopharynx, thyroid,
etc.) [86].

Metastatic spread to distant organs is also fre-
quent in SCLC. The most common metastatic

distal right main pulmonary artery and the interlobar
artery, which look patent, and the occlusion of the right
superior pulmonary vein (arrow) close to the left atrium.
Note the elevation of the right hemidiaphragm as a sign
of the right phrenic nerve infiltration by the mass.
Transbronchial biopsy through the anterior segmental
bronchus of the right upper lobe revealed a small cell
lung carcinoma

sites at diagnosis are bone (19-38%), liver (17-
34%), adrenal glands (10-17%), and brain (up to
14%, whose 10-15% in neurologically asymptom-
atic patients) [9]. Particularly, SCLC has been
associated with an increased metastatic potential
to liver and brain with respect to NSCLC [87].

Nodules or masses in the contralateral lung
can be also found as well as other uncommon
metastatic sites, such as pancreas, prostate, spinal
cord, and oropharynx [81]. Lastly, metastatic
involvement of bone marrow has been detected in
10-15% of patients. However, less than 5% of
these patients have bone marrow as isolate distant
metastatic site [88].

5.5 Conclusions

Pulmonary neuroendocrine neoplasms (NENs)
are a heterogeneous group of tumors, with differ-
ent morphological, immunohistochemical, and
molecular characteristics and noticeably different
clinical and biological behavior, ranging from the
indolent course of TC to the highly aggressive
behavior of the SCLC. Also imaging characteris-
tics of NENs are quite different among the two
well-differentiated TC and AC, currently classi-
fied as NETs, and the two poorly differentiated
LCNEC and SCLC, classified as NECs, reflecting
the different pathways of diffusion of these neo-
plasms. Knowledge of the more common mor-
phologic characteristics and diffusion pathways of
these neoplasms might help in recognizing NENs.
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CT and PET/CT are the most useful imaging
modalities for diagnosing and staging these
tumors, while MR has specific indication for
brain, bone, and liver involvement, which is typi-
cal of the extensive stage of SCLC.
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6.1 Introduction

The thymus is a primary lymphoid organ of the
immune system granting generation and matura-
tion of T lymphocytes throughout life [1].
Neoplasms of the thymus show a wide range of
histology and biological behaviour, potentially
involving both adjacent and distant structures.
Imaging is paramount for diagnosis, staging and
management of thymic malignancies [1].

6.1.1 Embryology

The thymus arises from the third and fourth bran-
chial pouches, during the sixth gestational week.
After the eighth gestational week, it migrates
downwards to the anterosuperior mediastinum.
The thymus is a purely epithelial organ until the
ninth gestational week. Glandular lobulations
develop since the tenth week when small lym-
phoid cells migrate from the foetal liver and bone
marrow into the thymus.

6.1.2 Histology

The thymus displays a cortical and a medullar
component. On the one hand, the cortex is
mainly composed of lymphocytes (named thy-
mocytes), with fewer epithelial and mesenchymal
cells. On the other hand, the medulla features
fewer thymocytes and a larger amount of epithe-
lial cells. The interaction between the cortical and
medullar component grants synergistic matura-
tion of thymocytes under the paracrine action of
epithelial cells, the latter also differentiating into
macrophages and myoid cells. Moreover, epithe-
lial cells also evolve into a peculiar structure of
thymus: the “Hassall's corpuscles” defined by
round and keratinized formations of mature epi-
thelial cells [1].

6.1.3 Gross Anatomy and Normal
Imaging Findings

The thymus lies in the retrosternal region occu-
pying the anterosuperior mediastinum (from
sternal manubrium to the level of the fourth
costal cartilage). Since 2017, a three-compart-

O Fig. 6.1

ITMIG definition of mediastinal compart-
ments. Cinematic CT image showing prevascular (red),
visceral (green) and paravertebral (blue) compartments.
(Carter et al. [14])

ment (prevascular, visceral and paravertebral)
computed tomography (CT)-based classifica-
tion of mediastinum is provided by the
International Thymic Malignancy Interest
Group (ITMIG) (8 Fig. 6.1). According to the
ITMIG scheme, the thymus is located within
the adipose tissue of prevascular compartment,
along with lymph nodes and the left brachioce-
phalic vein. Macroscopic shape is determined
by adjacent structures as thymus moulds against
the trachea, left brachiocephalic vein, aortic
arch and its branches, and pericardium [2].
Bilobate morphology is seen at complete matu-
ration, each lobe is enclosed in its own thin
fibrous capsule [2]. The right lobe shows quite
simple and homogeneous shape and is located
near the superior vena cava. Conversely, the left
lobe features two components, namely, the main
part (anterior to the ascending aorta) and the
accessory limb (lateral to the pulmonary artery
trunk, with variable size among individuals).
Rarely, another small projection of the left lobe
extends upwards behind the left brachiocephalic
vein in front of the trachea; it is seen as a small
tapering cranial extensions reaching the thyroid
cartilage [3]. Such anatomic distribution reflects
the most common spots of primary thymic
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B Fig. 6.2 Physiological modifications of thymic
morphology throughout age. Chest CT in axial plane at
the age of 2 months a, 3 years b, 4 years c, 39 years d and
48 years e. a The thymus appears as a bilobed homoge-
neous soft-tissue density structure, without compression

malignancy, exploited for systematic differential
approach to imaging of mediastinal masses.
Various neoplasms may arise from this ana-
tomic region; still, the differential can be nar-
rowed based on both clinical and radiological
features [4-6] (B Table 6.1). Thymic composi-
tion varies with age and so does its appearance

of vascular structures or airway. b, c The thymus shows a
quadrangular shape in early childhood. d, e In adult age,
the thymus displays a triangular shape, with progressive
reduction of its volume and density (almost complete
adipose tissue replacement in older individuals)

at imaging: at younger age, thymus density by
computed tomography (CT) is similar to mus-
cle, whilst in elderly it shows almost adipose
density (@ Fig. 6.2). Homogeneous thymic den-
sity is the most common appearance on CT;
nonetheless, lobular architecture with partial
fatty replacement is occasionally seen [2].
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O Table 6.2 Diagnostic criteria of thymomas in the 2015 World Health Organization (WHO) classification

Thymoma subtype

Type A

Atypical type A

variant

Type AB

Type B1

Type B2

Type B3

Micronodular
thymoma with
lymphoid stroma

Metaplastic thymoma

Obligatory criteria

Occurrence of bland, spindle-shaped epithelial cells (at
least focally); paucity or absence of immature (TdT+) T
cells throughout the tumor

Criteria of type A thymoma; in addition: comedo-type
tumor necrosis; increased mitotic count (>4/2 mm?);
nuclear crowding

Occurrence of bland, spindle-shaped epithelial cells (at
least focally); abundance of immature (TdT+) T cells
focally or throughout tumor

Thymus-like architecture and cytology: abundance of
immature T cells, areas of medullary differentiation
(medullary islands); paucity of polygonal or dendritic
epithelial cells without clustering (i.e. <3 contiguous
epithelial cells)

Increased numbers of single or clustered polygonal or
dendritic epithelial cells intermingled with abundant
immature T cells

Sheets of polygonal slightly to moderately atypical
epithelial cells; absent or rare intercellular bridges;
paucity or absence of intermingled TdT+T cells

Nodules of bland spindle or oval epithelial cells
surrounded by an epithelial cell-free lymphoid stroma

Biphasic tumor composed of solid areas of epithelial
cells in a background of bland-looking spindle cells;

Optional criteria

Polygonal epithelial cells
CD20+ epithelial cells

Polygonal epithelial cells
CD20+ epithelial cells

Polygonal epithelial cells
CD20+ epithelial cells

Hassall’s corpuscles;
perivascular spaces

Medullary islands; Hassall’s
corpuscles; perivascular
spaces

Hassall’s corpuscles;
perivascular spaces

Lymphoid follicles;
monoclonal B cells and/or
plasma cells (rare)

Pleomorphism of epithelial
cells; actin-, keratin- or

absence of immature T cells

6.2 Thymic Epithelial Tumors

Thymic epithelial malignancies are rare entities
(incidence 1.3 to 3.2/1.000.000 individuals in
Europe) [7]. Various classifications of thymic
malignancies have been proposed by variable per-
spectives.

Histological findings are accounted in the World
Health Organization (WHO) classification system
(last updated in 2015), which features both obliga-
tory and optional diagnostic criteria (8 Table 6.2).
Notably, WHO stratifies thymoma into five sub-
types, as follows: A, AB, B1, B2 and B3 [8]. The latter
two subtypes are described as “high-risk thymomas”,
as opposed to the remainder “low-risk thymomas”
Besides the five subtypes of thymoma, a further cat-
egory C is applied to thymic carcinoma [8].

Description of surgical findings is articulated
within the Masaoka-Koga staging system

EMA-positive spindle cells

(B Table 6.3), where the stratification of risk is
obtained by signs of local invasion and presence
of metastases [9]. A similar (yet different)
approach is provided by the International
Association for the Study of Lung Cancer (IASLC)
and ITMIG. This system is endorsed by the eighth
edition of the TNM classification of malignant
tumors (B Table 6.4a). Noteworthy, the similari-
ties between the IASLC-ITMIG approach and the
Masaoka-Koga system allow a detailed translation
between each other (B Table 6.4b).

6.2.1 Epidemiology

Thymic malignancies may affect all ages; none-
theless, mean age at diagnosis is around
50-60 years. Slight female predominance is seen
in categories A, AB and B1; otherwise, thymoma
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O Table 6.3 Masaoka-Koga staging system for
thymoma
Stage  Descriptor

| Complete encapsulation of tumor

lla Microscopic tumor invasion through
capsule
Ilb Macroscopic tumor invasion into

surrounding fat

I} Invasion of the pericardium, great vessels

or lung
IVa Pleural or pericardial dissemination
IVb Lymphatic/hematogenous metastasis

shows an overall balanced by-gender representa-
tion [10].

There is no confirmed evidence about envi-
ronmental or infectious risk factors through the
pathogenesis of thymic epithelial tumors. Rarely,
thymoma was reported in subjects with solid-
organ transplantation, HIV infection or after
mediastinal radiation therapy [9]. Thymoma is
found in association with cancer susceptibility
syndromes (e.g. multiple endocrine neoplasia
type I (MEN1)) as well as extra-thymic hemato-
poietic and solid cancers [11].

Five-year survival of thymic malignancies was
64% overall, with large variations across WHO
subtypes ranging from 69% in malignant thymoma
to 13% in undifferentiated thymic cancer [10].

6.2.2 Local Growth

Opverall, it is estimated that 30% of patients diagnosed
with thymic epithelial tumor present with locally
advanced disease at time of diagnosis [12, 13]. The
thin thymic own capsule is the only fence between
thymic neoplasm and its progression to mediastinal
fat where no anatomic boundary protects mediasti-
nal compartments from local invasion. Several
schemes were proposed to facilitate surgical plan-
ning of mediastinal masses [14].

Thymomas growing within prevascular com-
partment may be asymptomatic and incidentally
discovered in about one-third of cases [15].
However, the majority of thymic tumors progres-
sively enlarge until compression on adjacent
structures and subsequent clinical manifestations.

O Table 6.4a TNM staging

Stage Descriptor

T1 Tla Encapsulated or unencapsu-
lated, with or without extension

into the mediastinal fat

T1b Extension into the mediastinal

pleura

T2 Direct invasion of the
pericardium

T3 Direct invasion of the lung,
brachiocephalic vein, superior
vena cava, chest wall, phrenic
nerveand/or hilar (extra
pericardial) pulmonary vessels

T4 Direct invasion of the aorta,
arch vessels, main pulmonary
artery, myocardium, trachea
or oesophagus

Node
NO No nodal involvement

N1 Anterior (peri-thymic) nodes
(IASLC levels 1, 3a, 6 and/or
supradiaphragmatic/inferior
phrenic/pericardial)

N2 Deep intrathoracic or cervical
nodes (IASLC levels 2, 4,5, 7,
10 and/or internal mammary
nodes)

Metastasis

MO No metastatic pleural,
pericardial or distant sites

M1 M1la Separate pleural or pericardial

nodule(s)

M1b Pulmonary intraparenchymal

nodule or distant organ
metastasis

In case of predominantly posterior growth, the
trachea and oesophagus can be compressed caus-
ing pain, cough, dyspnoea and dysphagia. Other
clinical manifestations may be related to superior
vena cava syndrome (arm or facial swelling)
(B Fig.6.3) and to superior laryngeal (hoarseness)
or phrenic (diaphragmatic palsy) nerve damage
(8 Table 6.5) [16].

Tumor size is not included as a predictor of
survival for thymic epithelial tumors [17], unlike
many solid malignancies (e.g. breast, lung, renal
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B Table 6.4b TNM staging and corresponding Masaoka-Koga stage

Stage T N M
grouping
| T1 NO MO |
1A
1IB
1 T2 NO MO 1l
1A T3 NO MO
1B T4 NO Mo
IVA Tany N1 Mo IVA
T any NO, N1 M1a IVB
IVB Tany N2 MO, M1a
Tany Nany M1b

and pancreatic cancers). Nonetheless, a size
greater than 40 mm represented an independent
negative prognostic factor for recurrence-free
survival in IASLC-ITMIG stage I disease
(TN, M,) [18].

Malignant mediastinal tumors may directly
extend in all directions, notably through the
pleura and pericardium, or other mediastinal
structures. A well-defined fat interface usually
indicates absence of extensive local invasion;
still, minimal invasion may be undetectable at
imaging. On the other hand, infiltration of fat
planes, irregular interfaces and encasement of
mediastinal structures are highly suggestive of
invasion.

Thickening, nodularity and effusion of either
the pleura or pericardium are signs of infiltration
and spread through the serous cavity [19].

Thymic lesions displaying lobulated or irregu-
lar contours, cystic or necrotic regions and multi-
focal calcifications are consistent with an
underlying invasive thymoma, which can also
associate with signs of fat infiltration, progression
to lung parenchyma and great vessel invasion or
encasement [20-23]. Endobronchial spread of
thymic tumors has been occasionally reported as
mass trespassing bronchial walls and further
growth within the bronchial lumen [24].

Corresponding
Masaoka-Koga stage

Descriptors

Grossly and microscopically completely
encapsulated tumor

Microscopic transcapsular invasion

Macroscopic invasion into thymic or
surrounding fatty tissue or grossly
adherent to, but not breaking through,
the mediastinal pleura or pericardium

Macroscopic invasion into neighbouring
organ (i.e. pericardium, great vessel or
lung)

Pleural or pericardial metastasis

Lymphatic or hematogenous metastasis

6.2.3 Metastatic Dissemination

Independently from their histological grade, all
thymic epithelial tumors may involve distant
structures by transcoelomic (towards pleura and
pericardium), lymphatic (towards thoracic and
extra-thoracic lymph node) and hematogenous
spread (towards any organ).
The transcoelomic pathway is the most
common modality of dissemination in
thymic malignancies. It occurs when a locally
aggressive neoplasm grows across the thymic
capsule, invading the lungs, heart or great
mediastinal vessels.

Subsequently, seeding phenomenon can take

place in the pleural or pericardial -cavity

(@ Fig. 6.4) [25].
The lymphatic pathway of dissemination is
the second most common modality. It occurs
when neoplastic cells are transported through
lymphatics to regional lymph nodes. Of note,
the thymus features only efferent lymphatics,
which drain towards anterior mediastinal or
parasternal lymph nodes [26].

Lymphatic involvement is seldom in early stage
and low-grade thymic tumors as compared with
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O Fig. 6.3 a Axial CT image after intravenous
administration of iodinated contrast media showing a
large, lobulated and homogeneously enhancing mass
(white arrow) located in the prevascular compartment.
The superior vena cava is enlarged, and a soft-tissue
lesion grows into its lumen (black arrow). A small right
pleural effusion can be detected (white arrowhead).

b Same patient of a, at a caudal level. Pleural nodules

B Table 6.5 Local growth-related symptoms

Mediastinal Related symptoms

structure

Superior vena Superior vena cava syndrome
cava

Laryngeal Cough, dysphonia

recurrent nerve

Phrenic nerve Diaphragm paralysis

Trachea Dyspnoea, cough, haemoptysis
Oesophagus Cough, dysphagia

Sympathetic Claude-Bernard-Horner
cervical system syndrome (ptosis, miosis,

enophthalmos)

locally invasive and high-grade lesions such as
thymic carcinoma where lymphatic involvement
is reported in about 27% of cases [27, 61].

3‘;157. ‘

with homogeneous contrast enhancement involve
paravertebral space (white arrowhead) and diaphrag-
matic surface (white arrow), without an adipose fat
plane with the hepatic parenchyma. The coronal
reformatted image ¢ shows both pleural nodules (white
arrow) and the vascular invasion of the superior vena
cava (black arrow). The patient was diagnosed with
high-grade thymoma

Hematogenous spread occurs more frequently
in high-grade thymoma, thymic carcinoma
and thymic carcinoid [8]. Cancer cells access
systemic circulation by trespassing into venous
capillaries or indirectly via lymphatics [28].
The lung is the most common site of hematog-
enous metastatization, where metastases are
displayed by solid and well-defined round
nodules/masses randomly distributed [29].
Extra-thoracic organs are far less commonly
involved, including the abdominopelvic organs
(liver, pancreas, adrenal, spleen, kidney, small
bowel and ovary), distant bone and brain. On
CT, liver metastases are described as heteroge-
neous formations with central hypodense
areas and peripheral enhancement (8 Fig. 6.5).
On magnetic resonance imaging (MRI), they
appear as expansive well-defined heteroge-
neous formations showing T1 hypointensity,
T2 hyperintensity and restricted diffusion on
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O Fig. 6.4 a Magnification of a CT image (sagittal view)
of a male patient suffering from chronic cough undergo-
ing CT evaluation after chest radiograph detection of a
mediastinal mass displaying a large and heterogeneously
enhancing anterior mediastinal mass. A nodule showing
contrast enhancement can be detected located at the

diffusion-weighted image sequences [30].
Bone localizations can be lithic, sclerosing and
mixed [31]. Spine metastases are rare, causing
various neurological symptoms based on
location (hoarseness, dysphagia, paraesthesia,
sensory change, weakness, numbness,
paraparesis/paralysis). Spine metastases might
cause spinal instability in case of vertebral
collapse [32]. Bone marrow metastases from
thymic carcinoma are usually detected in
late-stage diseases [33]. Brain metastases are
very rare, being either solid or cystic, mostly
located within the brain parenchyma (intra-
axial location), although extradural extension
invading the skull and mimicking meningio-
mas (extra-axial location) has been reported.
Complications may include haemorrhage or
extracranial extension. Notably, patients with
brain metastases from thymic neoplasm show
better prognosis compared to patients with
brain metastases from other solid tumors [34].

6.2.4 Follow-Up

Median time to metastasis or recurrence happens
to be longer than 5 years even after surgical

diaphragmatic surface of the left lung (white arrow). b
Same patient of image a magnification of the enhancing
pleural nodule (white arrowhead) showing intense
contrast enhancement. The finding represents a drop
metastasis in a patient with thymic carcinoma

removal of high-risk thymomas, thus setting the
role for long-term follow-up [8]. Intensity of sur-
veillance procedures has been debated, as various
approaches are possible, ranging from CT every
6 months for the first three years, followed by
annual CT for 5 years and further 5 years of fol-
low-up by alternating CXR and CT, to life-long
annual CT (B Table 6.6) [35].

6.3 Thymoma

6.3.1 Epidemiology

Thymoma is a rare malignancy (overall incidence:
0.13/100.000 person-years), involving more fre-
quently middle-aged patients (peak in the seventh
decade of life) with unknown aetiology. Thymoma
patients may be at risk for development of other
malignancies, such as soft-tissue sarcomas or B-cell
non-Hodgkin lymphoma (NHL). The relationship
between the latter and thymoma may be due to
immune disturbance arising from thymoma itself
or follow-up therapeutic treatment [36].

Most cases of thymoma develop from anterosu-
perior mediastinum, whilst only a small number
involves either posterior mediastinum, cervical
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B Fig. 6.5 aFollow-up CT scan of a 40-year-old male
patients with previous resection of a B3 thymoma. Heteroge-
neous partly calcified mass within prevascular compartment
that does not display an adipose fat plane with adjacent
structures. Various localizations were detected, including a
heterogeneous liver lesion in the right lobe (black arrow in b)
and a diffuse thickening of anterior thoracic wall (white arrow
in b), an enlarged coeliac lymph node (white arrowhead in c).
The patient suffered from respiratory symptoms caused by
bronchial invasion (black arrow in d, multiplanar reformatted

image). A large fissural nodule can be detected (black
arrowhead). e Cinematic para-coronal reformatted image
highlighting the different sites of metastization. f EE (20x)
specimen derived from sampling obtained during bronchos-
copy performed for bronchial disobstruction showing a solid
neoplasm with thymic origin as demonstrated by positivity
for PAX-8 g. PAX-8 20x. (The authors thank Letizia Gnetti, MD
(Section of Pathology, Unit of Surgical Sciences, Diagnostic
Department, University Hospital of Parma, Parma, Italy), for
providing iconographic materials)
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O Table 6.6 Recommended follow-up protocols
by ITMIG

After RO surgical
resection

Annual CT for 5 years

Then annual CXR
alternating with CT for
5 years

After curative
intent treatment
stage lll, IVa

CT every 6 month for 3 years

Then CT with contrast for
5 years

Then CXR alternating
with CT for 5 years

regions or other locations, following the presence
of ectopic thymic tissue. Noteworthy, thymoma
may involve various structures, including the tra-
chea, thyroid, parathyroid, pericardium, heart,
pleura and lung. Primary intrapulmonary thymo-
mas are very rare and slow-growing lesions either
located below the visceral pleura or entirely cir-
cumscribed by lung parenchyma. Beside the
hypothesis of ectopic intrapulmonary tissue,
another option postulated the presence of germi-
native cells capable of differentiating along a variety
of cellular lines, including thymocytes [37]. Usually,
they do not cause symptoms; however, local growth
can develop into compression and invasion with
chest pain, as well as bronchial obstruction or hae-
moptysis. Notably, intrapulmonary thymoma can
be associated with paraneoplastic syndromes and
late local recurrence [38, 39].

6.3.2 Symptoms

Because of the wide spectrum of appearance of
thymoma, clinical manifestations might vary
widely. Up to one-third of cases are asymptomatic
thymomas incidentally detected on chest radio-
graph. In case of locally disseminated thymomas,
patients may report symptoms related to airways,
nerves or oesophageal involvement (i.e. cough,
dyspnoea, respiratory infections, hoarseness,
chest pain or dysphagia), whilst invasion of vas-
cular or cardiac (e.g. right atrium) structures
causes superior vena cava syndrome or sudden
cardiac death, respectively [40].

Systemic symptoms (e.g. weight loss, fever and
night sweats) are reported in about 30% of cases,
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and here, the differential diagnosis with lymphoma
is challenging. Furthermore, thymoma can be
associated with autoimmune and paraneoplastic
phenomena, including myasthenia gravis, pure
red cell aplasia, hypogammaglobulinaemia, thy-
moma-associated ~ multiorgan  autoimmunity
(TAMA) [41] and endocrine, cutaneous or con-
nective tissue disorders [35, 36, 39, 40, 42, 43].

6.3.3 Imaging

Between 45% and 80% of thymomas are visible in
chest radiograph (8 Fig. 6.6). In about one-third
of cases, they appear as ovoid or lobulated soft-
tissue masses located in the anterior mediastinum
(median size ranging from 5 to 10 cm and
extremely large ones over 30 cm) [40, 44, 45]. In
such cases, lateral view usually depicts a soft-
tissue mass in the retrosternal clear space.
Thymomas more frequently are asymmetrical,
although bilateral protrusion has been reported.
CT can show also small thymoma few millimetres
in diameter and a variety of locations such as the
junction of the great vessels and the pericardium,
the cardiophrenic angle, or the neck [38, 40].

CXR signs of local invasion are of difficult
detection and evaluation. Irregular interface with
pulmonary parenchyma may suggest intrapulmo-
nary dissemination [40]. Pleural dissemination
displays unilateral predominance, yet findings
(pleural thickening/masses or diffuse/circumfer-
ential nodular thickening encasing pulmonary
parenchyma) are usually non-specific, and differ-
entiating thymoma from malignant mesotheli-
oma or metastatic adenocarcinoma is utopian on
CXR [40].

Individuals with strong clinical suspicion
without detectable radiographic abnormalities are
referred to CT for further investigation, which
may confirm presence of anterior mediastinal
masses and provide an overview on relationships
with adjacent structures as well as signs of distant
dissemination. On CT, thymomas are generally
homogeneous, well-defined oval/rounded lobu-
lated soft-tissue masses. Usually, thymoma shows
homogeneous contrast enhancement, although
hypodense areas reflecting cystic changes or
haemorrhage and necrosis can be detected as well
as punctuate, course, curvilinear calcifications. In
up to 40% of cases, CT depicts large cystic lesions
harbouring nodules on their inner wall; this is
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B Fig.6.6 aPAandb LL view of a chest radiograph in a
female patient suffering from myasthenia gravis. The PA
view appears regular, whilst on the LL view, an enlargement
of the anterior mediastinal compartment can be detected. ¢
The patient underwent contrast-enhanced CT, showing a

more frequently seen in larger lesions [46].
Thymomas can be partially or completely out-
lined by adipose tissue: local invasion may be
reflected by absent fat planes between the lesion
and mediastinal structures, yet this finding shows
variable sensitivity. A mass showing irregular bor-
ders with pulmonary parenchyma is highly con-
sistent for thymoma invading the lungs. CT allows
detection of signs of local invasion and of encase-
ment of vascular structures, for which intrave-
nous administration of iodinated contrast media
is demanded. Detecting areas of contrast enhance-
ment within a mediastinal lesion as well as fea-
tures consistent with local invasion and pleural or

soft-tissue density mass, in the prevascular compartment.
The lesion does not display a significant contrast enhance-
ment. d A PET-CT scan was obtained, reporting an uptake
of the radiotracer (SUVmax 3.6). The patient underwent
surgery with a final diagnosis of thymoma

pericardial implants allow for the differentiation
between thymic lymphoid hyperplasia (TLH) and
thymoma [40]. CT depicts pleural parietal dis-
semination (“drop metastases”), frequently found
in posterior basilar pleural spaces and the dia-
phragm [35, 45].

MRI may be helpful to differentiate between
thymoma and thymic cysts. Thymomas show signal
intensity (SI) similar to muscular or normal thymic
tissue on T1-weighted images and heterogeneous
intensity on T2-weighted images. As previously
mentioned, thymoma may show cystic, necrotic or
haemorrhagic changes, and fibrous septa and nod-
ules. These findings can be detailed on T2-weighted
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D Table 6.7 CT and MR findings of low-risk thymomas, high-risk thymomas and thymic carcinomas [94-97]

Low risk High-risk Thymic carcinoma
(type A, AB, B1) (type B2, B3)
CT —irregular margin 7% 22% 75%
CT - necrotic or cystic component 13% 28% 58%
CT - heterogeneous enhancement 33% 44% 92%
MR - complete or almost complete capsule®  27% 17% 0%
MR - partial capsule? / / 42%
MR - septum? 57% 44% 8%
MR - heterogeneous signal intensity 33% 56% 100%
MR - CT lymphadenopathy 3% 6% 58%
Surgical detection of great vessel invasion 0% 6% 42%
MR - smooth contours A 100% B2 64% 31%
AB 64% B3 33%
B142%
MR - heterogeneous signal intensity T2W A 20% B2 64% 94%
AB 45%
B158%
MR — mean ADC value 1.82 +£0.40 (x1073 1.11 £ 0.40 (x1073 1.11 £0.40 (x1073
mm?/s) mm?/s) mm?/s)
MR - intratumor low-signal foci T2WP A 0% B2 27% 56%
AB 7% B3 17%
B112%
Calcification B144% B2 61% 6%
B3 75%

Gender, age and size have no statistical significance

aMR is superior to CT in the depiction of capsule, septum and haemorrhage within the tumor

bProbably due to abundant collagenous tissue

images, and post-contrast sequences may allow
detection of solid components within cystic lesions,
thus suggesting the presence of an underlying cystic
thymoma [15, 17, 18].

PET with fluorine-18 (F-18) fluorodeoxyglu-
cose (FDG-PET) helps in differentiating thymic
carcinoma from other thymic neoplasms, as well
as from thymic hyperplasia or normal physiologi-
cal uptake. Notably, standardized uptake value
(SUV) is expected to be greater in thymic carci-
noma than either invasive or non-invasive thymo-
mas [1, 35].

Imaging findings and their incidence are sum-
marized in @ Table 6.7.

6.3.4 Local Spread and Metastatic
Dissemination

Local spread of thymoma shows preferential
mediastinal/pleural involvement, whilst distant
metastases of thymoma most frequently occur
within pulmonary parenchyma [20, 47]. Extra-
thoracic metastases are extremely rare (3-6% of
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cases), and they are mainly reported in associa-
tion with B subtypes of thymoma [21, 48].

Local spread beyond capsular invasion can
happen with two prototypical pathways: infiltra-
tion of mediastinal and visceral pleural layers and
eventually pulmonary parenchyma and progres-
sive involvement of mediastinal adipose tissue
until mediastinal structures such as the pericar-
dium, heart and vessels [47, 48]. Endobronchial
spread was reported as a rare pattern of presenta-
tion with few cases in the literature [49-51]
(8 Figs. 6.5, 6.7, and 6.8).

Pleural dissemination is particularly fre-
quent, and it may be present at time of diagnosis
or it might occur even after tumor resection in
up to 20% of cases. Prognosis is worse in case of
many of pleural nodules (>11 nodules). Complete
macroscopic resection of pleural lesions
improves survival and reduces recurrence rate;
nonetheless, life-long follow-up after surgical
resection is recommended to promptly detect
extra-thoracic recurrence [52, 53]. Pleural
metastases from thymoma are seen as enhancing
pleura-based nodules/masses, also called “drop
metastasis’, they are variably associated with
pleural effusion [19].

Distant metastases may involve pulmonary
parenchyma and extra-thoracic organs, mainly
the kidney, liver, brain and bones [40].

Liver metastases are the most frequent extra-
thoracic localization, and indeed, exclusive liver
involvement was reported in up to 40% of extra-
thoracic metastatic thymoma [53]. Furthermore,
liver metastases were found to occur also with a
delay of more than 10 years after surgical resec-
tion of the thymoma [30].

Pancreatic and gastrointestinal metastases are
particularly rare, and they were described in ret-
roperitoneal space, stomach, transverse colon and
mesentery [53, 54]. Cases of thymoma dissemina-
tion to ovary were described in autopsy series
[55].

Hematogenous spread to bone may follow
invasion of the superior vena cava [31]. Rarely,
thymoma may metastasize to the spine. Likewise
other dissemination target of thymoma, also spine
involvement may be diagnosed ever lately after
initial diagnosis. Symptoms include spinal cord/
cauda equina compression [32].

6.4 Thymic Carcinoma

6.4.1 Epidemiology

Thymic carcinoma displays high malignant
potential and aggressive behaviour related to its
epithelial origin, resulting in poor prognosis. It
represents about 1% of thymic malignancies, fea-
turing male predominance and a mean age at
diagnosis ranging from 47 to 60 years [26].
Interestingly, thymic carcinoma may arise de
novo or follow transformation from pre-existing
thymomas.

According to differences in cell morphology, the
most common entity is squamous cell carcinoma,
which can present as well-differentiated (keratiniz-
ing) squamous cell carcinoma, moderately differen-
tiated squamous cell carcinoma and poorly
differentiated (nonkeratinizing) squamous cell car-
cinoma, the latter also known as lymphoepitheli-
oma-like carcinoma. Further subtypes are described
that are extremely rare: basal cell, mucoepidermoid,
sarcomatoid, adenosquamous, clear cell and undif-
ferentiated carcinomas [56].

6.4.2 Symptoms

Thymic carcinoma may be either asymptomatic
or cause various symptoms because of local inva-
siveness and/or metastatization. Cough, chest
tightness and substernal pain, phrenic nerve palsy
and superior vena cava syndrome can be associ-
ated with systemic and unspecific findings (e.g.
fever, fatigue, anaemia, night sweats, weight loss
and anorexia) [26]. Paraneoplastic syndromes
(e.g. myasthenia gravis, pure red cell aplasia,
hypercalcaemia) are reported with lower fre-
quency compared with thymoma, and they are
usually associated with thymic carcinoma arising
from pre-existing thymomas [33].

6.43 Imaging

CXR may depict anterior mediastinal/hilar
masses or subtle abnormalities including small
mediastinal widening or paratracheal bulging.
For such imaging manifestations, the differential
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B Fig. 6.7 CT scan (a, axial image; b, coronal reformat-
ted image; ¢, sagittal reformatted image) of a 48-year-old
female patient suffering from myasthenia gravis revealing
a solid lesion in the prevascular compartment. The lesion
shows smooth margins and homogeneous contrast
enhancement. No clear signs of adjacent structures’
invasion were reported. On histological evaluation
performed after surgery, the lesion showed capsular
invasion with growth mediastinal adipose tissue: (d, EE 10x)
numerous neoplastic nodules (white arrowheads)

intermingled with fibrous tissue. At higher magnification
(e, EE 20x), the nodule of greatest dimensions (black
arrow) invades thymic fibrous capsule (white arrow)
resulting in mediastinal adipose tissue (black arrowheads)
infiltration from solid nodules (white stars) stemmed from
the main nodule (black arrow). (The authors thank Letizia
Gnetti, MD (Section of Pathology, Unit of Surgical
Sciences, Diagnostic Department, University Hospital of
Parma, Parma, Italy), for providing iconographic materials)
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O Fig. 6.8 Seventy-year-old male patient with a solid
homogeneously enhancing nodule located in the
prevascular compartment incidentally detected at a
follow-up CT for melanoma. CT image (a, sagittal
reformatted image; b, axial view) showing a soft-tissue
density nodule with smooth margins located in the
prevascular compartment. ¢ FDG-PET scan showed uptake
of the radiotracer. After surgery, histological evaluation
(d, EE 20x) depicted the neoplastic nodule (black arrow,

AB thymoma) intermingled with fibrous tissue showing
invasion of the thymic fibrous capsule (white arrow),
resulting in mediastinal adipose tissue (black arrowhead)
infiltration from solid nodules (black stars) stemming from
the main nodule. (The authors thank Letizia Gnetti,

MD - Section of Pathology, Unit of Surgical Sciences,
Diagnostic Department, University Hospital of Parma,
Parma, Italy, for providing iconographic materials)
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diagnosis is wide; hence, further imaging evalua-
tion is mandatory. On CT, thymic carcinomas
appear as large masses with irregular margins and
hypodense areas related to necrotic, haemor-
rhagic or cystic degenerations. The diagnosis of
thymic carcinoma is also associated with hetero-
geneous contrast enhancement, lymphadenopa-
thies and great vessel invasion assessed on CT (or
MRI) [57].

CT after intravenous administration of con-
trast media is paramount for preoperative staging
because it allows description of signs of local inva-
sion, pleural seeding and metastatic disease.
However, CT is hampered by various limitations,
ranging from difficulty in differentiating between
lymphoid/rebound hyperplasia and malignancy.
Furthermore, detection of early local invasion or
small pleural implants might be challenging by
CT.

MRI is rarely performed, and nonetheless, it
can provide valuable evaluation of fat planes
between tumor and adjacent organs. It also
allows mass characterization by description of
necrotic, haemorrhagic or cystic degenerations
[58-60].

6.4.4 Local Spread and Metastatic
Dissemination

Thymic carcinoma invades adjacent mediasti-
nal structures in up to 80% of cases at time of
diagnosis. The most common sites of local
invasion include brachiocephalic vein, pleura,
lung, lymph nodes (supraclavicular, paraesoph-
ageal, retrocrural, pericardial and axillary
nodes) and pericardium [8, 26, 61, 62].
Endobronchial dissemination is particularly
rare, represented by polypoid lesions either
mono- or bilateral (one case reported in the lit-
erature) [63, 64]. Intralesional calcifications,
pleural nodules and adipose tissue infiltration
were associated with increased risk of metasta-
sis or recurrence [8]. Similarly, lymphatic
involvement shows a positive correlation with
tumor invasiveness [27]. Systematic surgical
resection of lymph nodes is proposed in high-
risk patients because thymic carcinoma shows
high rates of recurrence (B Table 6.8): 21% at
3 years, 27% at 5 years and 32% at 10 years [27,
48, 61, 65-67].
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B Table 6.8 Type of recurrence of thymic

carcinoma

Recurrence Regrowth after complete resection
or radiographic complete response
to curative intent therapy

Local At site of original tumor or in

recurrence thymic bed including adjacent
nodes

Regional Intrathoracic, but not contiguous

recurrence with original tumor or thymus

Distant Outside of the thorax or intraparen-

recurrence chymal nodules

Extra-thoracic metastases may involve multi-
ple organs, including the bone, liver, adrenal
gland, bone marrow, brain, ovary, spleen, pan-
creas, skin, breast and extra-thoracic lymph nodes
[26, 48, 54, 68-72].

Bone marrow metastases are usually detected
in late-stage diseases, although a case of a patient
with bone marrow metastasis as first manifesta-
tion of otherwise occult thymic carcinoma has
been reported [33].

Brain metastases are rare yet severely affecting
prognosis. They can be located within frontal,
parietal, cerebellar, temporal and occipital lobes,
either being silent and incidentally discovered or
causing headache and neurological manifesta-
tions including vision and mental status change,
memory loss, speech difficulty and seizures.
Lesions may appear solid or cystic and cause
haemorrhage and extracranial extension [34, 73].

Spine metastases are rare, with neurological
symptoms depending on location, such as hoarse-
ness and dysphagia (C3-C4 location), paraesthe-
sia, sensory change, weakness, numbness and
paraparesis/paralysis. Furthermore, metastases
may cause spinal instability because of vertebral
collapse, as well as spinal cord compression [32].

Gastrointestinal tract invasion is extremely
uncommon, with preferential involvement of
small bowel tracts [54]. Similarly, splenic metasta-
ses are particularly rare [74].

Breast metastases are extremely rare, and they
may develop by lymphatic (through intercostal
lymphatics to parasternal lymph nodes) or hema-
togenous (intercostal perforators from internal
thoracic artery) spread [72].
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6.5 Carcinoid

6.5.1 Epidemiology

Thymic neuroendocrine tumors (NETs) are rare
neoplasms composed of neuroendocrine cells
(2-5% of epithelial tumors) with poor prognosis
related to local invasion, recurrence or distant
metastases [57]. Thymic carcinoids may arise at
various ages (median age at presentation is
43 years) and usually show male predominance
[1]. Thymic NETs are classified according to his-
topathological findings into typical carcinoid,
atypical carcinoid (AC), large cell neuroendocrine
carcinoma (LCNEC) and small cell neuroendo-
crine carcinoma (SCC) (B Table 6.9). In the 2015
update of WHO classification of NETS, the term
“well-differentiated neuroendocrine carcinoma”
(referring to carcinoids) and “poorly differenti-
ated neuroendocrine carcinoma” (referring to
LCNEC and SCC) of the previous (third) edition
were abandoned, because LCNECs and even SCC
may be highly differentiated in terms of neuroen-
docrine features. Indeed, the fourth edition sepa-
rates typical and atypical carcinoids as low-grade
and intermediate-grade neuroendocrine tumors,
respectively, from high-grade neuroendocrine
carcinoma that comprise LCNEC and SCC [43].

6.5.2 Symptoms

Thymic carcinoids are often hormonally active
and endocrine manifestations are mostly repre-
sented by Cushing’s syndrome (ectopic ACTH
production), whilst non-active lesions may be
associated with parathyroid adenoma, islet cell
tumor of the pancreas and pituitary adenoma as
component of multiple endocrine neoplasia
(MEN) type I syndrome [26, 57, 75]. Furthermore,
symptoms may follow compression or invasion of
adjacent structures, such as the trachea, pleura,
pulmonary parenchyma or blood vessels [57].

6.5.3 Imaging

Most typical carcinoid tumors are not encapsu-
lated and can be grossly invasive, their size ranging
from 2 to 20 cm. Of note, carcinoids causing
Cushing’s syndrome tend to be smaller due to ear-

B Table 6.9 Thymic neuroendocrine tumor
classification

Typical < 2 mitoses/2mm?; no necrosis

carcinoid

Atypical < 2 mitoses/2mm?; with necrosis;

carcinoid or 2-10 mitoses/2mm?; + or
— necrosis

LCNEC > 10 mitoses/2mm?; no small-cell
features

Combined LCNEC combined with any

LCNEC thymoma(s) or thymic
carcinoma(s)

SCC Typical SCC histology

Combined SCC combined with any

SCC thymoma(s) or thymic

carcinoma(s)

lier detection. Calcifications are more frequently
encountered in thymic than extra-thymic NETs,
possibly because ACs are associated with necrosis
and subsequent development of calcifications are
more frequently encountered in the thymus [76].

CXR may be normal or equivocal in cases of
small lesions and carcinoids may be more easily
detected on CT [75]. Thymic carcinoids most fre-
quently appear as large, lobulated and heteroge-
neous anterior mediastinal mass. Heterogeneity is
due to intralesional calcifications and necrotic or
cystic changes (as previously mentioned, more fre-
quently appearing in ACs). Generally, thymic car-
cinoids display moderate-to-strong enhancement
after intravenous administration of contrast media.
CT scan can also highlight infiltration of surround-
ing structures and metastases [1, 77].

On MRI, thymic carcinoids manifest as
T1-weighted hypointense and T2-weighted het-
erogeneous hyperintense masses with irregular
contours and heterogeneous enhancement. ADC
values in thymic carcinoids may be misleading
because of cystic or necrotic changes that might
interfere with ADC values [57, 60, 78].

6.5.4 Local Spread and Metastatic
Dissemination

Thymic carcinoids display a more aggressive
biological behaviour and have a higher propen-
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sity to metastasize to distant sites as compared
with other thymic epithelial tumors. Local inva-
sion is reported in 50% of cases, notably involv-
ing the pericardium, mediastinal adipose tissue,
blood vessels and lungs. Distant hematogenous
metastatization is reported in 20-30% of cases
[79-82] (metastatic spread ranges from 20% in
carcinoids up to 80% in SCCs) [26, 83-85], most
frequently reported in the bones, lungs, spleen,
liver, brain and adrenal glands. Notably, local
recurrence or distant metastases (usually
abdominal lymph nodes and skeletal involve-
ment) can occur after several years from diagno-
sis, despite surgical resection and perioperative
chemotherapy [49].

Prognostic factors affecting long-term out-
come include histological grade, mitotic activity,
capsular invasion, incomplete resection, lymph
node status and presence of metastasis at the time
of diagnosis [80, 86]. In particular, prognosis of
typical carcinoids (5-year survival rate ranges
from 50% to 100%, median survival of about
10 years) is slightly better as compared to ACs and
LCNEC (5-year survival rate ranges from 30% to
66%) [87]. About 75% of LCNEC infiltrates adja-
cent organs or shows distant metastases, usually
to the spine and liver [87]. Most SCCs are diag-
nosed at advanced stage with signs of local inva-
sion (to lung or pericardium) or with distant
metastases to the lung, liver, bone or brain; com-
monly, prognosis is poor (5-year survival rate, 0%;
median survival about 1 year) [76].

6.6 Thymoliposarcoma

Primary liposarcomas of the mediastinum are
extremely rare lesions (<1% of mediastinal
tumors, with about 150 cases reported), usually
affecting adult individuals [88]. Malignant lipo-
sarcomas develop more commonly in the poste-
rior mediastinum,; still, thymoliposarcoma is the
most common sarcoma of the anterior mediasti-
num. Noteworthy, a minority of cases of anterior
mediastinum liposarcoma may exhibit extensive
thymic tissue within the lesion, thus being consid-
ered as thymoliposarcomas [89].
Thymoliposarcomas grow mostly with an
expansible pattern. No histologically proven
metastases were reported except for local recur-
rence, similarly to biological behaviour of well-
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differentiated liposarcoma [89]. Signs and
symptoms are related to size and direct invasion
of adjacent structures such as the pericardium or
superior vena cava (i.e. dyspnoea, chest pain and
tachypnoea), although incidental asymptomatic
lesions have also been reported [88].

The predominant finding of mediastinal lipo-
sarcoma on CXR is a widened mediastinum. On
CT, the appearance of mediastinal liposarcomas
varies from a predominantly fat-containing mass
to a solid mass. Low attenuation values between
—50 and —150 Hounsfield unit are consistent with
adipose tissue. Higher HU values are related to
necrotic or soft-tissue intralesional components.
MR is particularly useful: T1-weighted images
show adipose tissue with a high SI, whereas SI
diminishes in T2-weighted image [88].
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7.1 Introduction

There is a variety of primary mediastinal tumors that
include malignancies with heterogeneous histopa-
thology. Each histology follows representative ana-
tomical distribution according to compartments
from the International Thymic Malignancy Interest
Group (ITMIG) as follows: prevascular (anterior),
visceral (middle), and paravertebral (posterior).
Thereof, the anatomical location is a major determi-
nant for differentiating mediastinal masses on cross-
sectionalimaging [1]. More than half of all mediastinal
masses occur in the anterior compartment, with the
thymus being the most common site of origin. Topics
of this chapter are non-thymic mediastinal tumors,
namely, neoplasms arising from lymphatic, germinal,
mesenchymal, and neurogenic tissue.

7.2 Lymphoma

7.2.1 Overview

Lymphomas represent a heterogeneous group of
lymphoid malignancies with a broad spectrum of
clinical behavior and response to treatment. They
are classified into two major groups: Hodgkin
(HL) and non-Hodgkin’s lymphoma (NHL).
Lymphomas represent nearly 20% of all mediasti-
nal neoplasms in adults and 50% in children [2].
Primary mediastinal lymphoma is relatively rare
(10%), whereas the mediastinal involvement is
most commonly encountered within systemic dis-
ease [3]. Notably, mediastinal involvement is seen
in 80% HL and up to 45% NHLs. Lymphoma can
involve any mediastinal compartment, though a
notable preference is reported for the anterior
mediastinum and middle mediastinum (especially
with predominant paratracheal distribution).

7.2.2 Hodgkin’s Lymphoma

Hodgkin's lymphoma (HL) has an incidence of
approximately 2.5 cases per 100,000 persons/year,
with a bimodal distribution of incidence (young
adulthood and after the age of 50 years) [4].

HL arises from B cells, and it is characterized by
a limited proportion of neoplastic cells (Reed-
Sternberg cells) within a predominant component
of inflammatory background. Two distinctive types
of HL are described, namely, the classical Hodgkin's

lymphoma (>95% of the cases) and the nodular
lymphocyte-predominant Hodgkins lymphoma
(NLPHL). There are two common subtypes of clas-
sical Hodgkin’s lymphoma, “nodular sclerosis” and
“mixed cellularity; and two uncommon subtypes,
“lymphocyte rich” and “lymphocyte depleted” [5].
Mediastinal involvement from lymphoma accounts
classical Hodgkin's lymphoma in approximately
50-70% of cases, usually as part of disease with pre-
dominant extra-mediastinal dissemination [3].

The majority of HL presents lymphadenopa-
thy at the time of diagnosis, with obvious multi-
site presentation according to the diffuse
distribution of lymphatic network. Therefore,
mediastinal involvement is oftentimes accompa-
nied by cervical, supraclavicular, and axillary
lymph node enlargement. Otherwise, lymph node
stations below the diaphragm are rather sporadic.

Primary mediastinal classical HL is by defini-
tion stage I (single lymph node area or thymus
involvement) or stage II (>2 lymph node areas
involved on the same side of the diaphragm; the
number of lymph node regions involved may be
indicated by a subscript, such as II, in case of three
lymph nodes involved) disease, according to Ann
Arbor classification [6] (B Table 7.1). Staging of HL
is helped by PET scan, which is expected to upstage
stage I-II disease. Clinical subclassification
remarks “A” for absence of symptoms or “B” for
presence of fever (greater than 101 °F or 38.3 °C),
weight loss, and night sweats, which are reported in
some 30% of cases. Symptoms may include com-
partmental stiffness in case of lymphatic bulks
(e.g., vessel compression, tracheal compression).

Primary mediastinal classical HL without
bulky disease is routinely treated with combined
chemotherapy ABVD (adriamycin, bleomycin,
vinblastine, and dacarbazine), Stanford V regimen
(doxorubicin, vinblastine, mechlorethamine, eto-
poside, vincristine, bleomycin, and prednisone), or
escalated BEACOPP (bleomycin, etoposide, adria-
mycin, cyclophosphamide, oncovin, procarbazine,
and prednisone). Radiation therapy can also be
applied in specific sites of disease. The same medi-
cal approach is applied to bulky primary mediasti-
nal classical HL and followed by ABVD and RT.

7.2.2.1 Imaging Features and Patterns
of Disease Spread
Primary mediastinal HL is rare and mostly repre-

sented by the nodular sclerosis subtype. Mediastinal
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O Table 7.1
lymphoma

Ann Arbor classification of

Stage Definition

Stage | Involvement of a single lymph
node region (I) or of a single extra-
lymphatic organ or site (IE) without
nodal involvement. A single lymph
node region can include one node

or a group of adjacent nodes

Stage Il Involvement of two or more lymph
node regions on the same side of
the diaphragm alone (ll) or with
involvement of limited, contiguous

extralymphatic organ or tissue (lIE)

Stage lll Involvement of lymph node
regions or lymphoid structures on

both sides of the diaphragm

Stage IV Additional noncontiguous extralym-
phatic involvement, with or without

associated lymphatic involvement

Annotations  Definition
A No B symptoms
B On or more of the following three

systemic symptoms: Unexplained
fever (more than 38.3 °C), drench-
ing night sweat, or unexplained
weight loss (exceeding 10% of the
body weight during the 6 months
prior to diagnosis)

X Bulky disease: Mediastinal
mass > 10 cm or greater than
one-third of the internal transverse
diameter of the thorax

E Extranodal contiguous extension

HL usually occurs as a solid mass in the anterior
mediastinum (up to 10 cm) (B Fig. 7.1a, b), fol-
lowed by pre-tracheal and paratracheal lymph
nodes, and is seldom reported in the posterior
mediastinum [7]. Primary mediastinal HL may
involve the thymus, with gland enlargement and
preserved organ shape (see » Chap. 6). The
involvement and coalescence of multiple nodes is
rendered by lobulated mass with mild to moder-
ate contrast enhancement and irregular contours
(B Fig. 7.1¢, d). Cystic and necrotic changes can be
identified (8 Fig. 7.1¢, d). On MRI, homogeneous
high signal intensity is seen on T2-weighted
sequences (greater than muscle and similar to fat),
though heterogeneous pattern is also reported [2].
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Local growth of primary mediastinal HL results
in compression of mediastinal structures [8], nota-
bly the most subtle lymphatic network. Lymphatic
compression is the most common cause of pleural
effusion (15%, either unilateral or bilateral) and/or
pericardial effusion (20%, more common in case of
nodular sclerosis histology), whereas pleuroperi-
cardial effusion from hematogeneous dissemina-
tion is rare [9]. Both pleural and pericardial
effusions might also be a consequence of therapy
(e.g., idiopathic, drug-induced, or radiation-
induced pericarditis). Pericardial effusion mostly
resolves along with HL mass shrinkage; nonethe-
less, pericardial tamponade risk rises in case of
rapid onset (=250 ml). Such acute complication
prompts subxiphoid pericardial windowing [10].

Bulky primary mediastina HL can compress
great mediastinal vessels; yet superior vena cava
syndrome is quite rare.

Direct infiltration of adjacent structures is rare,
allegedly as a consequence of the minor prolifera-
tion and motility potential of Reed-Sternberg cells,
which are substantially unable to spread through
the neighboring epithelium [11]. Direct invasion is
more likely for extensive mediastinal disease.
Pulmonary involvement is seen in less than 10% of
cases, either as direct invasion from mediastinal
mass (B Fig. 7.2a-c) or hematogenous dissemina-
tion with peripheral nodules (cavitation can hap-
pen) [12]. Chest wall invasion by bulk growth of
mediastinal mass is reported in about 5% of cases at
diagnosis.

The spread of disease is commonly seen along
contiguous lymph node stations, while skip involve-
ment to the second next node station is quite
unusual [13]. The most commonly involved extra-
nodal sites are the spleen, lungs, liver, and bone
marrow [11]. Hematogenous spread was reported
in only 5-10% of all HL cases, notably suggested by
Reed-Sternberg cells emboli within blood vessels in
autopsy and biopsy findings. Intriguingly, these
cells were described as being frequent in HL with
perivascular location, potentially reflecting a favor-
able condition for neoplastic cells passing through
vessels into the bloodstream [14].

7.2.3 Non-Hodgkin’s Lymphoma

Non-Hodgkin's lymphoma (NHL) represents a
spectrum of diseases that range from relatively
indolent to most aggressive malignancies. About
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B Fig. 7.1 a-d Primary mediastinal HL. a Posteroanterior
chest radiography shows middle-anterior mediastinal mass
with superior extent beyond the thoracic inlet. Encasement
of tracheobronchial stripe is seen with signs of minor com-
pression. b Volume rendering reconstruction of contrast-
enhanced CT (venous phase) depicts the mass (red

85-90% of NHLs are derived from B cells, while
the remainders derive from T cells or NK cells.
NHL has an incidence of 19.4 cases per 100,000
persons/year in the USA [15]. Primary mediastinal
large B-cell lymphoma and lymphoblastic leuke-
mia/lymphoma are the two most common sub-
types of mediastinal NHL, which will be discussed
in the following paragraphs. Further, mediastinal
NHL is extranodal marginal zone lymphoma of
mucosa-associated lymphoid tissue (MALT lym-
phoma), anaplastic large-cell lymphoma (T-cell
lymphoma involving lymph nodes or skin; medias-

f

structure amongst vessels) and its relation with adiacent
structures. ¢, d Axial contrast-enhanced CT (venous phase)
shows polylobulated mass composed of coalescent lymph-
adenomegalies (asterisk) in the anterior and middle medi-
astinum, with signs of lymph node necrosis and cystic
degeneration (arrow)

tinal location is anecdotal), and B-cell lymphoma
unclassifiable (with intermediate features between
diffuse large B-cell and classical HL) [16].

Primary mediastinal large B-cell lymphoma
(PMBL) arises from thymic B cells, and its clinical and
biological features are different from other types of
diffuse large B-cell lymphoma (DLBCL). It represents
2-3% of all NHL and 6-10% of all DLBCL, and it
mostly occurs in young to middle-aged patients [17].

Chemo-immunotherapy by chemotherapy and
the monoclonal antibody rituximab is the first
medical option in both limited and advanced dis-
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B Fig. 7.2 a-c Primary mediastinal HL. a Axial contrast-
enhanced CT (venous phase) shows a bulky HL in the
anterior mediastinum abutting the mediastinal aspect of
the left lung, with signs of direct pulmonary infiltration.
Encasement of a subsegmental branch of pulmonary
artery (arrow). The mass displays large contact surface
with the anterior chest wall, still with some residual fat
interposition (low likelihood of infiltration — arrowheads);
effusion of the subcutaneous adipose tissue is seen as a
consequence of transthoracic biopsy. b Oblique axial CT
image with minimum intensity projection reformatting

ease [18]. Limited disease is defined by treatment
achievable within one irradiation field. In such case,
the use of radiation therapy depends on the medical
treatment by chemo-immunotherapy. Otherwise,
radiation therapy is rather controversial in case of
advanced disease. Disease relapse or refractory
PMBL can be treated with alternative chemo-
immunotherapy or stem cell transplantation [17].
Lymphoblastic lymphoma accounts for about
8% of all lymphoid malignancies. Lymphoblastic
neoplasms are divided into two categories
according to cell lineage, either precursor B cells
or precursor T cells, the latter being the most
typical of mediastinal involvement. Another clas-
sification of lymphoblastic neoplasm is estab-
lished by the proportion of blasts in bone marrow

shows bronchial invasion from the solid mass growing
from the anterior mediastinum through pleural sheets
and into pulmonary parenchyma. The obstruction of
bronchial lumen from solid mass is seen at the level of
subsegmental branch (vignette) in the anterior segment
of the left upper lobe. c Axial fusion PET-CT image shows
interruption of the bronchial tree from invasion by the
bulky HL with high and heterogeneous metabolic activity,
suggesting a rapidly growing neoplasm with extremely
aggressive biological behavior

(independently from mediastinal mass), namely,
“lymphoblastic lymphoma” (<25% blasts in bone
marrow — aka T-LBL and B-LBL) or “lympho-
blastic leukemia” (>25% blasts in bone marrow —
aka T-ALL and B-ALL) [19]. T-LBL is far more
common than T-ALL and it displays as mediasti-
nal mass in 91% of cases [20] (B Fig. 7.3a-c).
Standard therapeutic option for LBL was for-
merly represented by conventional chemother-
apy regimens for NHL; however, it is now set
according to leukemia chemotherapy regimens,
which include intensive intrathecal chemother-
apy prophylaxis (or cranial RT) and mediastinal
irradiation. Noteworthy, mediastinal RT is not
administered in most pediatric LBL protocols
because of short- and long-term morbidities.
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O Fig. 7.3 a-c Primary mediastinal NHL (angioimmuno-
blastic T-cell lymphoma). a, b Axial contrast-enhanced CT
(venous phase) shows large mass in the anterior and
middle mediastinum with encasement of major airways
and vessels, displaying heterogeneous enhancement
from lymph node necrosis (asterisk). c Volume rendering

Patients with adverse prognostic features
should be considered for high-dose chemother-
apy and stem cell transplantation. The manage-
ment of residual mediastinal masses in LBL is
also controversial: the options include local RT,
surgical resection of the residual mass or close
observation in patients receiving maintenance
chemotherapy, or undergoing stem cell trans-
plantation [20].

7.2.3.1 Imaging Features and Patterns

of Disease Spread

NHL of the mediastinum usually occurs as a large
anterior mediastinal mass, representing thymic
and lymph node enlargement. On CT, such neo-
plasms may show low attenuation areas due to
hemorrhage, necrosis, or cystic degeneration
(B Fig. 7.4a-d). Anterior mediastinum and para-

reconstruction of contrast-enhanced CT (venous phase)
shows the extensive mass that grows with encasement of
major airways and vessels, throughout the mediastinum
and down to hilar and lobar-segmental region (asterisk)

tracheal lymph node stations are typically
involved; subcarinal, hilar, internal mammary,
pericardial, and posterior mediastinal nodes may
also be involved [13].

Local invasion of NHL is quite frequent
towards several adjacent mediastinal structures.
Pleural and/or pericardial effusion is seen in
30% of patients with NHL, with potential evolu-
tion into cardiac tamponade (@ Fig. 7.5a-f).
Unlike classical HL, the NHL mass does not
present surface lobulation but rather ill-defined
borders with progressive mass growth towards
compression, encasement, and infiltration of
great vessels, oftentimes resulting in superior
vena cava syndrome. Airway infiltration is also
seen with variable association with symptoms
(e.g., cough, wheezing, shortness of breath,
orotracheal obstruction). The growth within the
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O Fig. 7.4 a-d Primary mediastinal NHL (primary
mediastinal large B-cell ymphoma, PMBL). a, b Axial a and
oblique coronal b contrast-enhanced CT (venous phase)
show large mass in the anterior mediastinum with
heterogeneous contrast enhancement from necrotic
evolution and cystic degeneration. ¢, d Hematoxylin-eosin

middle-posterior mediastinum happens to
involve also the nervous system, notably with
phrenic nerve palsy.

Primary mediastinal B-cell ymphoma This neo-
plasm more frequently displays bulky mass (over
10 cm) originating in the thymus, with propensity
to infiltration of the lung, chest wall (@ Fig. 7.6a-e),
pleura, and pericardium (70-80%). Also, symp-
toms and signs of superior vena cava syndrome are
depicted in as high as 50% of cases (e.g., thoracic
and neck vein swelling, facial edema, conjunctival
swelling, and arm edema) (B Fig. 7.7a-c).
Hoarseness may occur in case of recurrent laryn-
geal nerve infiltration. Despite the blunt local inva-
siveness, the involvement of extrathoracic structures
is less common at presentation of PMBL than for

staining of the histologic specimen (c - 20x) shows many
large atypical lymphoid cells with clear cytoplasm and
irregular nuclei. CD20 immunohistochemical staining

(d - 20x) is diffusely positive, indicating elements derived
from B lineage lymphomas

lymphoblastic lymphoma. Extranodal sites may,
however, occur during disease progression or at
recurrence, including the kidneys, adrenal glands,
liver, and ovaries and the central nervous system
(B Fig. 7.8a-e). Otherwise, spread to bone marrow
or cerebrospinal fluid involvement is unusual [17].

Lymphoblastic lymphoma This neoplasm shows
tendency to the extrathoracic lymph nodes
(B Fig. 7.9a-e), bone marrow, central nervous sys-
tem, and gonads. Such diffusion pathways are
akin in the first diagnosis of extensive disease and
disease relapse [13]. Abdominal dissemination is
not common, with the liver and spleen being
primary sites of involvement following morpho-
logical appearance of splenomegaly and hepato-
megaly [21].
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O Fig. 7.5 a-f Primary mediastinal NHL (primary
mediastinal large B-cell lymphoma, PMBL). a—c Axial

a, b and oblique coronal ¢ contrast-enhanced CT (arterial
phase) show pericardial invasion (arrowheads) with sheet
thickening (vignette) and circumferential pericardial
effusion. The anterior mediastinal mass abuts the upper
pericardial portion with direct infiltration (arrowheads).
Infiltration of the left anonymous trunk (arrow) with onset
of collateral venous circles. d Volume rendering recon-
struction of contrast-enhanced CT (venous phase) shows

the extensive mass (purple area) spreading from left
anonymous trunk (arrow — anatomical site of systemic
lymphatic drainage from thoracic duct into the venous
system) down to pericardial surface. e-f Axial contrast-
enhanced CT at time of staging (e — venous phase) shows
the mediastinal mass with pericardial infiltration (arrow)
and effusion (asterisk), rapidly evolving 3 months later

(f — arterial phase) towards pericardial tamponade and
right-sided massive pleural effusion
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7.3 Germ Cell Tumors

7.3.1 Overview

Germ cell tumors (GCT) are a heterogeneous
group of malignancies with different histopath-
ological, clinical, and prognostic features. They
usually occur in the gonads, while less than 5%
has a different origin. The mediastinum repre-
sents the most common extragonadal site. A
diagnosis of primary mediastinal germ cell
tumor (PMGCT) always requires the absence of
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a gonadal mass on physical exam and imaging
evaluation [22]. Most PMGCTs arise from the
anterior/prevascular mediastinum, and they are
histologically classified in teratomas, semino-
matous, and non-seminomatous tumors, like-
wise their gonadal counterpart [23]. Klinefelter
syndrome is the recognized risk factor for
PMGCT, notably associated with non-semino-
matous tumors. PMGCT develops overwhelm-
ingly among males, and its clinical presentation
depends largely on tumor size. Symptoms
include chest pain, respiratory distress, cough,

O Fig. 7.6 a-e Primary mediastinal NHL (primary
mediastinal large B-cell lymphoma, PMBL). a, b Axial
contrast-enhanced CT (a - arterial phase) shows anterior
mediastinal mass with direct invasion of the chest wall in
the right parasternal region of the second intercostal
space (arrowheads). The bulk shrinks and its invasion of
chest wall rapidly regresses at 4 months after initiation of
chemotherapy (b - venous phase). ¢, d Axial contrast-
enhanced CT (c - mediastinal window) shows anterior

mediastinal mass with direct invasion of the chest wall in
the left parasternal region of the first intercostal space
and cortical bone erosion (d — bone window) in the
anterior aspect of the sternal manubrium (arrowhead).

e Volume rendering reconstruction of contrast-enhanced
CT (venous phase) shows the extensive necrotic mass
(purple area) with direct infiltration of the anterior chest
wall at the level of first and second intercostal space
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O Fig.7.6

(continued)

hoarseness, and superior vena cava syndrome
[24, 25] (B Fig. 7.10a-f).

A clinical staging system has been proposed
by Moran et al. in 1997, based on 322 cases [26];
however, an officially recognized staging protocol
does not exist. The WHO recommends using a
modification of the AJCC TNM staging [16].
Beyond staging approach, ultimately, the progno-
sis of PMGCT depends on its histology, but in
general, the outcome is worse than for gonadal
GCT.

7.3.1.1 Teratomas

Mediastinal teratoma shows variable composition
by assemblage of histologic tissues from all germi-
nal layers. Unlike other PMGCTSs, teratoma occurs
in all age groups without gender predilection. The
main histologic classification describes mature
and immature teratoma and teratoma with other
malignant components [26].

Mature teratoma displays benign behavior
with evolution into either large central cystic cav-
ity or multiple and confluent cystic spaces [27].
On CT, it usually appears as encapsulated and
well-circumscribed masses containing fluid, soft-

tissue, and fat attenuation; on MRI, heteroge-
neous signal intensity is quite typical. The
presence of intralesional fat-fluid levels is pathog-
nomonic of teratoma [2].

Otherwise, immature teratoma commonly
appears as a large and solid mass composed by
incompletely differentiated elements of embry-
onic tissues, typically arising from the neuroecto-
derm [24]. The percentage of immature elements
is routinely reported from pathological specimen;
however, grading of immature teratoma does not
have an established prognostic value for such
mediastinal neoplasm.

Mediastinal teratoma with other malignant
components appears as poorly circumscribed and
may be solid or cystic with hemorrhagic and
necrotic areas [26]. It can originate as a sporadic
spontaneous disease or it can be induced by che-
motherapy and radiation [28]. Such subtype of
teratoma can be classified into two histologic vari-
ants: (a) teratoma with other germ cell compo-
nents (so-called mixed MGCT) and (b) teratoma
with somatic malignancy.

7.3.1.2 Non-seminomatous Tumors

Mediastinal non-seminomatous GCT is a rare
entity including three major subtypes: (a) yolk sac
tumor (YST) (B Fig. 7.11a-d), (b) embryonal car-
cinoma (EC), and (c) choriocarcinoma. YST and
EC occur either in the pure form or as component
of mixed GCTs [29]. The pure form of mediastinal
choriocarcinoma is extremely rare. They all
appear as large tumors with extensive areas of
hemorrhage and necrosis.

7.3.1.3 Seminomatous Tumors

Mediastinal seminomas are malignant GCTs
almost always occurring in men in postpubertal
age, with a predilection for the third and fourth
decade. They form a large, soft, and solid mass
with a lobulated contour. Despite their hypotheti-
cal bulky growth, on CT imaging, these tumors
show homogeneous appearance with minimal
contrast enhancement [2]. Punctate foci of hem-
orrhage or necrosis may be seen. Their size can
vary from 1 to 20 cm at the time of diagnosis;
however, they typically appear as localized mass
in the anterior mediastinum [30]. Mediastinal
seminoma occurs either in the pure form or as
component of mixed GCTs.
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O Fig. 7.7 a-d Primary mediastinal NHL (primary
mediastinal large B-cell lymphoma, PMBL). a Axial
contrast-enhanced CT (venous phase) shows invasion of
the upper vena cava (arrow) and compression of the
aortic arch (asterisk). b Coronal reformatting of contrast-
enhanced CT (venous phase) shows invasion of the upper
vena cava (arrow). ¢ Volume rendering reconstruction of

7.3.2 Patterns of Local Spread
and Implication to Treatment

Primary mediastinal GCT often appears as a large
incidental finding on chest X-ray because it can
grow asymptomatic in the relatively large area of
the anterior mediastinum. Both CT and MRI are
mandatory for accurate characterization of the
lesion, namely, for defining exact tumor location

contrast-enhanced CT (venous phase) shows the
extensive necrotic mass (purple area) with direct
infiltration of the upper vena cava. d Oblique sagittal
reformatting of contrast-enhanced CT (venous phase)
shows compression of the aortic isthmus (asterisk) and
the main left pulmonary artery (dashed line)

and for description of pathognomonic signs and
patterns: density, calcification, cystic spaces, and
hemorrhagic or necrotic areas. The dissemination
pathway of PMGCT depends on the histologic
subtype, and the specific growth pattern defines
the characteristics of local invasion.

Mature teratoma displays benign behavior;
however, large size can result in compression and
obstruction of lymphatic collectors, mediastinal
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O Fig. 7.8 a-e Primary mediastinal NHL (primary
mediastinal large B-cell ymphoma, PMBL). a-c Axial a and
curved coronal reformatting b of contrast-enhanced CT
(venous phase) shows mediastinal mass and extranodal
dissemination as confirmed by high metabolic activity

spots at 18-FDG-PET ¢, at the time of disease progression.
d, e Axial contrast-enhanced CT (venous phase) shows
multiple-site extranodal metastases involving the
adrenals (arrowhead), kidney, and liver
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O Fig. 7.9 a-d Primary mediastinal NHL (angioimmuno-
blastic T-cell lymphoma). a, b Axial contrast-enhanced CT
(venous phase) shows the involvement of the mediastinal,
left axillary, and retroperitoneal lymph nodes, at the time
of disease relapse. ¢, d Volume rendering reconstruction ¢

vessels, and airway until mediastinal shift
(B Fig. 7.12a-e). Nonetheless, surgical treatment
is almost always feasible and results in radical
resection of disease [31].

Immature teratoma is usually confined to the
mediastinum and variably associated with signs
of local invasion, which are associated with the
presence of malignant component. Imaging is

of contrast-enhanced CT (venous phase) shows the
involvement of intrathoracic and extrathoracic lymph
nodes, as witnessed by the high metabolic activity spots
at 18-FDG-PET d, at the time of disease relapse

paramount in depicting local invasion, which pre-
vents surgical resection [32] (8 Fig. 7.13a, b).

The heterogeneity of mixed MGCTs is associ-
ated with quite a range of patterns of local spread,
which mostly displays extensive local infiltration
into mediastinal structures.

Non-seminomatous PMGCT is frankly
aggressive; therefore, infiltration of all mediasti-
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B Fig. 7.11 a-c Primary mediastinal germ cell tumor (yolk
sac tumor). a—c Axial a, coronal b, and sagittal maximum
intensity projection formatting ¢ contrast-enhanced CT

nal compartments and lung invasion are common
even at clinical presentation [31]. The rapid and
bulky growth of non-seminomatous PMGCT
oftentimes results in heterogeneous appearance at
imaging evaluation [2]. Pleural and pericardial
effusions are common. Signs of local infiltration
drive the management towards neoadjuvant ther-
apy with the aim of surgical resection of the resid-
ual mass [29, 33].

Seminoma mostly presents with large mass
with bulky growth and limited invasion [32].
Occasionally, at primary diagnosis, the mass may
involve thoracic structures with obliteration of
the fatty planes [31]. Chemotherapy is the treat-
ment of choice because of its relatively good out-

<
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(arterial phase) show the mass with early heterogeneous
contrast enhancement and heterogeneous density from
areas of hypodense necrosis and cystic degeneration

come, while radiotherapy represents a second-line
treatment due to the higher toxicity on the medi-
astinum. Typically, surgical resection is not pos-
sible in the initial management because of the
presence of bulky disease [34].

7.3.3 Lymph Node Involvement
and Distal Spread

The histologic subtype of PMGCT is strictly related
to the presence of metastatic disease. In general,
prognosis is unfavorable for non-seminomatous
types, including teratomas and non-teratomatous
tumors [34].

<

O Fig. 7.10 a—f Primary mediastinal germ cell tumor
(immature teratoma). a Posteroanterior chest radiography
a shows anterior mediastinal mass with lateral extent and
without signs of airway compression, despite the large
size. b-c Axial contrast-enhanced CT (arterial phase)
shows bulky mass in the anterior mediastinum with
compression of anonymous trunks and upper vena cava.
The upper venous system compression is associated with
venous shunting into recruitment of collateral veins in
the posterior chest wall that drain in the azygos and
hemiazygos veins. Compression of the main pulmonary
artery is also seen ¢; massive clot is depicted in the main

pulmonary artery, right and left main. Thrombosis of the
azygos vein is depicted c. d Coronal maximum intensity
projection reformatting of contrast-enhanced CT (arterial
phase) shows bulky mass in the anterior mediastinum
with compression of both anonymous branches.

e, f Volume rendering reconstruction of contrast-
enhanced CT (arterial phase) shows dorsal collateral
circles (e - left posterior paraspinal space) and their
connection to the azygos vein (f — the vignette shows the
collateral vein shunting from right paravertebral space
into the azygos arch). The mediastinal mass is displayed
in purple
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B Fig. 7.12 a-e Primary mediastinal germ cell tumor
(teratoma with immature elements < 10% — grade I).

a, b Axial non-enhanced CT a and 18-FDG-PET b show a
bulky capsulated mass in the anterior mediastinum with
mild compression on the major mediastinal vessels. The
mass shows heterogeneous density (fat component, soft
tissue, and calcification) and moderate metabolic activity.

Despite their potentially malignant nature,
immature teratomas happen to show very low risk
of distant metastasis, while teratoma with other
malignant components has a more aggressive
behavior. Both mixed GCTs and teratomas with
somatic malignancy are metastatic at presenta-
tion: the lung, pleura, lymph node, liver, bone,
and brain are the most involved sites [26].
Conversely, tumors with sarcomatous component
infrequently cause hematogenous spread, espe-
cially if compared to gonadal counterpart,
whereas local invasion into mediastinal structures
represents the most frequent cause of morbidity
and mortality [35].

In non-seminomatous PMGCT, hematoge-
nous dissemination prevails over lymphatic pat-
tern. Single or multiple metastases are seen in the
majority of non-seminomatous PMGCTs at the

c—e Hematoxylin-eosin staining of the histologic
specimen (c - 20x) shows mature element deriving from
mesonephric tissue (asterisk) and immature elements
deriving from neuroectodermal layer (star). WT-1 staining
d confirms the presence of mesonephric tissue (asterisk),
and positivity of synaptophysin staining e confirms the
presence of immature neuroectodermal elements (star)

time of diagnosis. Choriocarcinoma is probably
the most aggressive PMGCT. Hot spots for hema-
togenous metastases of this tumor are seen in the
lung, liver, kidney, and spleen; it can seldom dif-
fuse into the brain, heart, adrenals, and bone [32].

Pure seminomas are associated with a posi-
tive prognosis as compared to other malignant
PMGCTs. Lymph node involvement is much
more common than in non-seminomatous
malignancies, and particular attention should be
paid in the setting of imaging protocol because
cervical nodes are oftentimes affected by tumor
dissemination [32, 34]. Preferential sites of local
spread are the chest wall and pleura. The lung can
be involved either by local invasion or hematog-
enous spread, and further common targets of
hematogenous spread are the brain, liver, adrenal
gland, and bone. Noteworthy, visceral metastases
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O Fig. 7.13 a-c Primary mediastinal germ cell tumor
(immature teratomay). a-b Axial contrast-enhanced CT in
arterial phase a and venous phase b shows the high
potential of dissemination by local invasion from bulky
mass in the anterior mediastinum: infiltration of the upper
vena cava (arrow), direct invasion of pericardial (arrow-

correlate with a poorer outcome, liver involve-
ment being the most significant negative prog-
nostic factor [34].

7.4 Soft-Tissue Tumors

7.4.1 Overview

Soft-tissue tumors of the mediastinum are rare,
with an estimated incidence of 2-6% of all medi-
astinal neoplasms [36]. Almost all types of mes-
enchymal neoplasms have been described in this
location, with the exception of peculiar site-
specific neoplasms (such as gastrointestinal stro-
mal tumors, aka GIST). Mediastinal sarcomas
may occur de novo or, more rarely, as sarcoma-
tous component in mediastinal germ cell tumor

heads) as well as invasion through the pleura and right
lung. ¢ Oblique coronal minimum intensity projection
reformatting shows bronchial interruption in the right
middle lobe from the mediastinal mass that invades the
right lung

(GCT) [35]. Sarcomatous areas in thymic sarco-
matoid carcinoma or as pseudosarcomatous
stroma in a thymoma have been also reported
[37-39].

Because of their singularity, most mesenchy-
mal tumors in the mediastinum have been
reported as case reports or small series. Among
soft-tissue tumors of the mediastinum, adipocytes
are by far the most represented cell line [40].

7.4.2 Adipocytic Tumors

Adipocytic tumors are one of the most common
soft-tissue neoplasms in the mediastinum.
Mediastinal lipomatous tumors may be located in
any mediastinal compartment as they arise from
connective tissues throughout the mediastinum.
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In case of lipomatous tumor appearing as distinct
component of thymic tissue, it is considered a site-
specific tumor (thymolipoma — see » Chap. 6).
Liposarcoma is a malignant adipocytic tumor
with a range of subtypes; it is the most common
primary malignant mesenchymal tumor of the
mediastinum, variably seen as adipose compo-
nent with the thymus (thymoliposarcoma).
Mediastinal liposarcoma has been estimated to
account for 1-2% of all liposarcomas and <1% of
all mediastinal tumors [41]. Liposarcomas may
occur in all mediastinal compartments and typi-
cally show well-circumscribed multinodular
mass, the size of which can range from few centi-
meters up to even more 60 cm [42] (8 Fig.7.14a,b).
Liposarcoma can show several histologic subtypes
with variable representation according to the
tumor location; noteworthy, mediastinal liposar-
coma shows different frequency of subtypes as
compared to other anatomical primary sites.
Well-differentiated/dedifferentiated liposarcoma
is the most prevalent mediastinal subtype (57%,
versus 65% in overall distribution), followed by
pleomorphic liposarcoma (23%, versus 5% in
overall distribution) and myxoid liposarcoma
(20%, versus 30% in overall distribution) [43].
Well-differentiated liposarcomas are similar to
lipomas as per their large fat component (even
more than 75% of their volume), and fibrous septa
may be observed; this is the most represented his-
tologic subtype of liposarcoma. Conversely, myx-
oid liposarcomas have limited adipose proportion

(usually 10-25% of the tumor volume); therefore,
they display overall higher density with further
radiological differential. Furthermore, pleomor-
phic and dedifferentiated liposarcomas are very
similar on CT imaging, since they contain little or
no fat and it is often impossible to differentiate
them from other soft-tissue tumors of the medias-
tinum [44].

Liposarcomas are usually found in adults,
except for a rare morphological variant of pleo-
morphic liposarcoma with myxoid features,
named as “pleomorphic myxoid liposarcoma”
that was mostly reported in teenager and young
adults. Pleomorphic myxoid liposarcoma is asso-
ciated with a particularly poor prognosis [43].

Recently, a new subtype named “giant medias-
tinal liposarcoma” has been proposed. It refers to
an abnormally large and rapidly growing medias-
tinal mass associated with symptoms due to com-
pression of mediastinal structures; surgical
approach is preferred when achievable [45, 46].

7.4.2.1 Patterns of Local Spread

and Implication to Treatment

The histologic subtype defines prognosis: 70%
survival for patients with well-differentiated and
dedifferentiated liposarcomas, <50% for myxoid
liposarcomas, and about 30% for pleomorphic
liposarcomas [43]. The prognosis readably follows
the potential of diffusion.

Well-differentiated liposarcoma is quite com-
mon with local compression and invasion [47].

O Fig.7.14 a-b Liposarcoma of the mediastinum.
a-b Axial a and coronal b non-enhanced CT show
well-circumscribed multinodular mass in the anterior

mediastinum, with both adipose (asterisk) and solid
component; mediastinal structures are compressed and
displaced rather than infiltrated
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Tumor size is not a unique determinant of resect-
ability [44], since expansive rather than infiltrative
pattern is expected for this neoplasm [42].
Recurrence is rare after complete surgical excision,
whereas it is quite common if otherwise clear-mar-
gin resection is not achievable [42]. Thereof, tumor
location is a prominent prognostic factor of lipo-
sarcoma because its close proximity to vital organs
favors tumor dissemination by contiguity. The
invasion of tumors into adjacent vital structures
frequently prevents surgery [44]. Radiology can
describe the absence of infiltration (in case of pre-
served cleavage plane) but is quite weak in defining
presence of infiltration because the direct contact
between the mass and mediastinal structures
(absence of cleavage planes) might be ambiguous
[48]. MRI has high accuracy in preoperative plan-
ning due to its utmost contrast resolution, which
allows definition of the tumor invasion into vessels
in the mediastinum and the thoracic inlet [44].

A possible reason for non-radical resection is
reported to be the presence of lobules of tumor
wrapping around great vessels and main stem
bronchi. These lobules can grossly simulate nor-
mal adipose tissue and result in substantial chal-
lenge in obtaining negative margins [44, 47]
(B Fig.7.15a-9). Likewise, it might be challenging
to assess relapse of liposarcoma after surgical
resection with residual disease because quantifi-
cation of adipose volume around viscera is indeed
everything but intuitive by imaging.

Radiation therapy was proposed as an alterna-
tive to surgery for controlling local recurrence
[42], whereas chemotherapy has limited potential
in the primary or secondary treatment of such
tumor [49, 50].

7.4.2.2 Lymph Node Involvement

and Distal Spread
Dedifferentiated liposarcoma, pleomorphic, and
myxoid liposarcoma report a high rate of mortal-
ity from metastatic disease. The disease recur-
rence is more rapid in patients with pleomorphic
than dedifferentiated subtype [42].

Even though cytogenetic and molecular
genetic  alterations overlap between well-
differentiated liposarcoma and dedifferentiated
liposarcoma [43], the latter shows local recur-
rences in 40% of cases and distant metastases in
up to 20% of cases [51], still less aggressive than
pleomorphic subtype.
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Nodal metastases are not reported, probably
because liposarcoma (like almost all sarcomas)
metastasizes through blood vessels rather than
lymph node [44]. Indeed, metastasis to the lung,
pleura, liver, kidneys, and bone is described.

7.43 Other Mesenchymal Tumors

7.4.3.1 Vascular Tumors

Vascular tumors can arise in almost any location,
with broad histologic range. Hemangioma is the
most common benign vascular neoplasm.
Mediastinal hemangioma may occur in the medi-
astinal soft tissue (frequently in the anterior
mediastinum) or in the thymus; both capillary
and cavernous hemangioma subtypes have been
reported [52]. Signs of compression of vital struc-
tures may occur, such as Horner’s syndrome, neu-
rological signs, and superior vena cava syndrome.
Local recurrence seldom occurs after radical
resection [52].

Vascular endothelial tumors of intermediate
malignancy may display local invasion, while
hematogenous metastases are rare; these include
kaposiform hemangioendothelioma (KHE) and
composite hemangioendothelioma [53].

Malignant vascular tumors of the mediastinum
include epithelioid hemangioendothelioma (EHE)
and angiosarcoma (AS). The former is typically
resident in the anterior mediastinum where it
develops from mediastinal large veins (superior
vena cava and anonymous trunk). Major mediasti-
nal veins are also a common site of local invasion.
Radical surgical resection grants good survival,
depending on the histologic grade [54]. In con-
trast, AS is mostly symptomatic at the time of diag-
nosis because it appears with masses up to 10 cm in
size and with infiltrative growth pattern. The sur-
vival of patients with mediastinal AS is extremely
low, likewise AS in other anatomical regions [51].

7.4.3.2 Myogenic Tumors

Leiomyoma arises from the somatic soft tissue of
the mediastinum. It is mostly represented in the
retroperitoneum, while mediastinal leiomyosar-
coma is very rare and occurs in adulthood.
Mediastinal onset of leiomyoma is more repre-
sented in the posterior mediastinum. Mediastinal
leiomyosarcoma usually presents as a nonencap-
sulated, circumscribed mass. It can spread locally
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into the heart, lungs, thoracic vertebrae, and until
spinal canal [55-57]. The elective treatment
depends on the infiltration of mediastinal struc-
tures and can include different combinations of
surgical resection, chemotherapy, and/or radia-
tion therapys; still, local recurrence and hematog-
enous metastasis are very common.

Mediastinal mesenchymal tumors with skele-
tal muscle differentiation include rhabdomyoma
and rhabdomyosarcoma (RMS). Furthermore,
rhabdomyosarcoma component can be seen in
malignant peripheral nerve sheath tumor (PNST)
(Triton tumor) or as a somatic-type malignancy
in germ cell tumor.

B Fig.7.15 a-g Liposarcoma of the mediastinum.

a-d Axial a and coronal ¢ contrast-enhanced CT (venous
phase) show well-circumscribed mass in the anterior and
middle mediastinum, with severe compression (complete
leftward displacement of the trachea, anterior displace-
ment of epiaortic trunks, and major veins); sign of
pericardial invasion is seen (arrowheads). Axial b and
coronal d contrast-enhanced CT (arterial phase) show
maintained mediastinal anatomy after surgical resection
of the bulky mass and a proportion of residual disease in
the site of pericardial infiltration. e Volume rendering

reconstruction of contrast-enhanced CT (venous phase)
shows the mass (purple) and its compression onto the
trachea with rightward shift. Compression on the
pulmonary trunk is noted in the site of pericardial
infiltration (see @ Fig. 7.15b). f-g Axial MRl images in
T2-weighted sequence e and T1-weighted high-resolution
isotropic volume examination (THRIVE) sequence after
contrast agent f show the anterior-middle mediastinum
mass with predominantly fat component and without
contrast enhancement
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@ Fig. 7.15

(continued)

Rhabdomyosarcoma (RMS) is the most com-
mon soft-tissue tumor of childhood; indeed, it rep-
resents about 50% of pediatric soft-tissue sarcomas;
slight male predominance and age less than 6 years
represent the most common setting. Mediastinal
RMS is seen in the anterior mediastinum; however,
primary mediastinal rhabdomyosarcoma is very
rare because it is mostly related to germ cell or tera-
tomatous tumors. Subtypes of RMS include embry-
onal RMS, alveolar RMS, spindle cell/sclerosing
RMS, and pleomorphic RMS. Alveolar rhabdomyo-
sarcoma is the most frequently reported subtype in
the mediastinum [58, 59]. Mediastinal rhabdomyo-
sarcoma tends to be larger and more locally invasive
than RMS in other regions. Thereof, mediastinal
RMS is associated with poor prognosis, notably by
early local and distant recurrence post resection.

7.4.3.3 Fibroblastic/Myofibroblastic
Tumors

Fibroblastic/myofibroblastic tumors typically orig-

inate in the skin and superficial soft tissues, while

only few cases were reported in the mediastinum.
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Solitary fibrous tumor (SFT) is an intratho-
racic fibroblastic tumor. It often shows pleural ori-
gin/connection; nonetheless, it can also happen
without pleural involvement. It may arise in any
compartment of the mediastinum. Mediastinal
SET may show more aggressive behavior com-
pared with non-mediastinal SFTs [60]; indeed, it
may reach large size and extend to the chest wall
and lung by direct invasion [61].

Aggressive fibromatosis (AF) is a rare fibro-
blastic/myofibroblastic proliferation with local
aggressive behavior and without metastatic
potential. Mediastinal AF occurs mainly in young
patients (median 38 years), and it can be seen in
association with surgical scars [62, 63].

Inflammatory myofibroblastic tumor (IMT) is
composed of fibroblastic/myofibroblastic cells
and a non-neoplastic inflammatory component.
Similar to IMTs that occur in other body sites,
mediastinal IMT is predominantly a tumor of
children and young adults [64]. Variable biologi-
cal behavior is reported, with common local
recurrence.
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7.4.3.4 Bone and Cartilaginous
Tumors

Primary mediastinal osteosarcoma or chondro-
sarcoma can originate from bone structures, chest
wall soft-tissue, and tracheobronchial structures.

About 10 cases of primary extraskeletal medi-
astinal osteosarcoma and 10 cases of chondrosar-
coma have been reported, occurring in all
compartments of the mediastinum. Masses were
up to 15 cm in size and were variably well-
encapsulated. Ewing sarcoma (ES) may occur in
20% of cases as extraskeletal tumor, and it can
locate in various soft-tissue sites as well as in paren-
chymal organs. Less than 20 cases of extraskeletal
ES have been reported in the mediastinum, occur-
ring in all mediastinal compartments [65].

7.43.5 Synovial Sarcoma

Synovial sarcoma (SS) represents about 5-10% of
all soft-tissue sarcomas, mainly arising in the
extremities of young adults. It is not related to
normal synovium, and a derivation from pluripo-
tent mesenchymal cells with epithelial differentia-
tion has been proposed [66-70]. In fact, any site
can be involved with SS and 10-20% of SS arise
out of limbs [71]. A total of 55 cases of mediasti-
nal SS were reported by two series [72, 73].

Mediastinal SS, in contrast to other sites, tends
to present with larger size within all the mediasti-
num compartment. Pericardial invasion is relatively
common and variably associated with effusions on
imaging [72].

Histologic subtypes of SS encompass mono-
phasic (spindle cells only or occasionally epithe-
lial component only) and biphasic subtypes
(spindle-shaped cells and epithelial differentia-
tion) and a poorly differentiated variant of syno-
vial sarcoma [74, 75]. All mediastinal
compartments can be involved by SS.

Onimaging, SS may display well-circumscribed
mass or even ill-defined tumor mass with infiltra-
tive growth pattern (@ Fig. 7.16a-d). Invasion of
hilar structures, great vessels, and the esophagus,
pleura, lung, heart, and chest wall is seen
(B Fig.7.16e-g) with accompaniment from signs of
necrotic, hemorrhagic, or cystic evolution within
the primary mass and its components. Focal calci-
fications may be observed. SS in the posterior
mediastinum can display local infiltration of ribs
and vertebrae. Tumor up to 20 cm in size is reported
[73], in contrast to 5-7 cm median size in studies of

SS in the extremities [76-78]: this is probably
related to mediastinal location that allows tumors
to grow before the symptom onset (e.g., chest pain,
shortness of breath, dyspnea). In fact, a significant
proportion of reported cases presented with
advanced and unresectable disease.

Size of SS (in any site) is reported as the most
important factor of survival. Patients with
SS <5 cm had a survival at 10 years of 88%, which
dropped to 38% for 5-10 cm and 8% for >10 cm
[79]. A complete resection of these tumors is the
only identified prognostic factor of improved sur-
vival. Location within the mediastinum, pericar-
dial effusion, and histologic subtype showed no
influence on survival [72]. Resection is the main
therapeutic strategy, sometimes as a part of multi-
modality treatment including adjuvant radiother-
apy. SS is frequently high responsive to radiation
therapy and chemotherapy. Adequate adjuvant
response may improve outcome after resection
with positive histologic margins [80]. In addition,
neoadjuvant chemotherapy has been used to
reduce tumor size and reach surgical feasibility
and the rate of radical resection [81].

Lymphatic and hematogenous dissemination
was demonstrated by histology in the hilar lymph
node, lung, liver, and epidural space [73].

7.5 Neurogenic Tumors

7.5.1 Overview

Neurogenic tumors arise from tissues of the neural
crest, including cells of the peripheral, autonomic,
and paraganglionic nervous systems. Neurogenic
tumors are classified among soft-tissue tumors of
the mediastinum in the fourth edition of the WHO
Classification of Tumors of the Lung, Pleura,
Thymus and Heart (a summary of the main neuro-
genic tumors is provided in @ Table 7.2). They are
among the most common masses in the posterior/
paravertebral compartment. Neurogenic tumors
account for 20% of mediastinal tumors in adult-
hood and 35% in pediatric patients [16, 82].
According to their origin, they have highly vari-
able behavior, either regressing spontaneously or
proliferating towards malignant disease.

Nerve sheath tumors usually occur in adults
and are benign in most cases. Otherwise, sympa-
thetic ganglia tumors are much more common in
children and often show an aggressive behavior
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O Fig.7.16 a-f Synovial sarcoma of the mediastinum.
a-d Axial contrast-enhanced CT (a - venous phase), axial
18-FDG-PET b, axial MRl images in T2-weighted
sequence ¢, and T1-weighted high-resolution isotropic
volume examination (THRIVE) sequence after contrast
agent d show a solid well-circumscribed mass in the
posterior mediastinum with coarse calcification, high
metabolic activity, and contrast enhancement. e-g
Oblique reformatting of contrast-enhanced CT

(c - venous phase) shows signs of esophageal infiltration
as depicted by dilation of the proximal esophagus (aster-
isk) and abrupt interruption of its lumen; signs of
compression of the descending aorta are seen (arrow-
heads) with thickening of the vessel wall suggesting
some degree of aortic infiltration by direct invasion.
Volume rendering reconstruction of contrast-enhanced
CT (venous phase)
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[83]. Most neurogenic mediastinal tumors are
asymptomatic, and indeed, they happen to be
diagnosed incidentally during radiological exam-
inations. Occasionally, they can present with chest

B Table 7.2 Mediastinal neurogenic tumors

Derivation Type

Peripheral nerve Schwannoma

sheath tumors
Cellular schwannoma
Melanotic schwannoma
Plexiform schwannoma

Neurofibroma

Malignant peripheral nerve
sheath tumors

Sympathetic ganglia
tumors

Ganglioneuroma
Ganglioneuroblastoma
Neuroblastoma

Parasympathetic Chemodectoma

ganglia tumors .
Paraganglioma

pain, cough, and hoarseness from compression of
mediastinal structures. Neurological symptoms
are also described in association with the tumor
origin [3]. Prognosis and treatment depend on
the specific subtype. Surgery is the overall pre-
ferred treatment for localized mass.

7.5.1.1 Peripheral Nerve Sheath

Tumors

Peripheral nerve sheath tumors (PNSTs) are a
heterogeneous group of benign and malignant
neoplasms; they mostly arise from spinal or
proximal intercostal nerves. Unusual locations of
primary PNSTs are the vagus, recurrent laryngeal,
and phrenic nerves [82].

Neurofibromas and schwannomas originate
from the Schwann cell. The presence of intratumor
nerve fibers is hallmark of neurofibromas in the dif-
ferential. They are usually asymptomatic and affect
patients of young and middle ages (20-50 years of
age) [84]. Schwannoma is the most common sub-
type among PNSTs of the posterior mediastinum,
and it is classified into conventional, cellular, mela-
notic, and plexiform subtypes. They are mostly
solid, lobulated, and encapsulated masses
(B Fig. 7.17a-e). Solitary lesions are often sporadic

O Fig.7.17 a-e Schwannoma. a-c Axial contrast-
enhanced CT (a - arterial phase) shows left paraspinal
oval finding with early and intense contrast enhancement
after injection iodinated contrast agent. Axial MRl images
in T2-weighted sequence b and short tau inversion

recovery (STIR) sequence c show the hyperintense signal
and the tight contact with the nerve root. d, e Hematoxy-
lin-eosin staining of the histologic specimen (d - 20x)
shows a large number of well-differentiated spindle cells
with strongly positivity for S-100 protein e
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and infrequently become malignant. The other
variants, especially if in multiple forms, may be
associated with neurofibromatosis (NF) and carry a
higher risk of malignancy [85].

Malignant peripheral nerve sheath tumors
(MPNSTs) are spindle cell sarcomas with a recur-
rent origin from a precursor neurofibroma. Almost
half of MPNSTS is associated with NF1, which is one
of the most common cancer genetic predisposition
syndromes [82]. They mostly occur in middle-aged
patients. Symptoms as pain and neurological deficit
are usually caused by nerve compression [3]. Some
variants may show divergent epithelioid, glandular,
or mesenchymal differentiation. Components of
skeletal muscle cell (thabdomyosarcoma) are also
reported into the so-called Triton tumor [85].
Likewise the other mediastinal PNSTS, the malig-
nant ones are typically located in the posterior
mediastinum, although they may be seen also in the
anterior mediastinum [65]. MPNSTs are usually
large masses that often show hemorrhage and
necrosis [82]. Unlike their benign counterpart, they
are clinically aggressive and yield poor prognosis,
mostly due to large tumor size and consequent
incomplete resection, as well as to the frequent asso-
ciation with NF [41].

7.5.1.2 Sympathetic Ganglia Tumors

Tumors arising from sympathetic ganglia of the
posterior mediastinum encompass benign gan-
glioneuroma (GN), malignant ganglioneuro-
blastoma (GNB), and aggressive malignant
neuroblastoma (NB), and they mainly occur in
pediatric population [41].

GN is fully differentiated tumors with own
capsule, usually composed of one or multiple large
ganglion cells without immature neuroblastic
component [3]. It may arise as sporadic neoplasm;
nonetheless, they are also reported after chemo-
therapy. These tumors are usually asymptomatic at
presentation, unless local compression or intraspi-
nal growth. Occasionally, flashing or palpitations
may occur due to tumoral secretion of catechol-
amines. The outcome is generally excellent [86].

GNB is composed by ganglion cells with
intermediate degree of maturation and may show
histologic features of both the other sympathetic
ganglia tumors. These lesions frequently occur in
infants, while the presentation in adults is sel-
dom. Although they can be asymptomatic at
diagnosis, clinical manifestation associated with
large tumor size is quite common [3]. GNB often
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produces catecholamine, although symptoms
derived from their excess are rare. Staging of the
disease is similar to that for NB. The outcome
mostly depends on the location as well as the age
at presentation; confined disease and very young
age at the time of diagnosis are indeed positive
prognostic factors [86].

NB represents the most common extracranial
solid malignancy in pediatric patients. It is com-
posed by immature, undifferentiated sympathetic
cells and appears as a nonencapsulated mass with
varying degree of necrosis, hemorrhage, and cystic
degeneration [86]. After the abdomen, the poste-
rior mediastinum is the most common site of dis-
ease. Noteworthy, primary mediastinal NBs show
a low grade of malignancy compared with all the
other sites [87]. Clinical features range from sys-
temic symptoms (e.g., malaise and weight loss) to
symptoms associated with local invasion (e.g.,
chest pain, cough, dysphagia). The compression of
tumor upon mediastinal structures can result in
the Horner’s syndrome. More specific manifesta-
tions are neurological deficiency, paralysis, and
ataxia. Hypertension, flushing, and diarrhea can
happen in association with vasoactive amine
secretion [3]. Metastatic symptoms as osseous
pain or Hutchinson syndrome are seen in more
than 50% of patients at the time of diagnosis. There
are multiple staging systems for NB, among which
the International Neuroblastoma Staging System
(INSS) is largely the most used. The INSS is based
on clinical, radiological, and surgical features
(B Table 7.3). Because the INSS is not suitable for
the pretreatment risk classification in cases of
localized disease, in 2009, the International
Neuroblastoma Risk Group (INRG) Project pro-
posed a new staging system for tumor staging
before any treatment (8 Tables 7.4 and 7.5) [88].
The disease stage is the main predictor of progno-
sis; further, negative prognostic factors are poor
differentiation and older age at presentation [86].

7.5.1.3 Parasympathetic Ganglia
Tumors

Mediastinal paraganglionic tumors include non-
secreting chemodectoma in the anterior medias-
tinum and functioning paraganglioma in the
posterior mediastinum.

Chemodectoma arises from the aortopulmo-
nary paraganglia in the prevascular mediastinum,
and they selectively occur in adults. Chemodectoma
is often asymptomatic; still, large mass is associated
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B Table 7.3
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International Neuroblastoma

Staging System

2A

2B

4S

Localized tumor with complete gross
excision, with or without microscopic
residual disease; representative ipsilateral
lymph nodes negative for tumor microscopi-
cally. Nodes attached to and removed with
the primary tumor may be positive

Localized tumor with incomplete gross
excision; representative ipsilateral non-
adherent lymph nodes negative for tumor
microscopically

Localized tumor with or without complete
gross excision, with ipsilateral non-adherent
lymph nodes positive for tumor; enlarged
contralateral lymph nodes negative
microscopically

Unresectable unilateral tumor infiltrating
across the midline (beyond the opposite
side of the vertebral column) with or
without regional lymph node involvement
or midline tumor with bilateral extension
via infiltration (unresectable) or lymph node
involvement

Any primary tumor with dissemination to
distant the lymph nodes, bone, bone
marrow, liver, skin, and/or other organs
(except for stage 4S)

Localized primary tumor (stages 1, 2A, 2B)
with dissemination limited to the skin, liver
and /or bone marrow (limited to infants
younger than 1 year, marrow involvement
of less 10% of total nucleated cells, and
MIBG scan findings negative in the
marrow)

D Table 7.4 International Neuroblastoma Risk
Group tumor stage [88]

L1

L2

MS

Localized tumor not involving vital
structures (defined by the list of IDRFs) and
confined to one body compartment

Local-regional tumor with one or more IDRFs
Distant metastatic disease (except stage MS)

Metastatic disease confined to the skin, liver
and/or bone marrow in children younger
than 18 months

IDRFs image-defined risk factors (see 8 Table 7.4)

B Table 7.5

Multiple
body
compart-
ments

Neck

Cervicotho-
racic
junction

Thorax

Thoracoab-
dominal
junction

Abdominal
and pelvis

Intraspinal
tumor
extension

Infiltration
of adjacent
organs and
structures

Image-defined risk factors

Ipsilateral tumor extension within
two body compartments

Tumor encasing the carotid artery,
vertebral artery, and/or internal
jugular vein

Tumor extending to the skull base
Tumor compressing the trachea

Tumor encasing brachial plexus
roots

Tumor encasing the subclavian

vessels, vertebral artery, and/or
carotid artery

Tumor compressing the trachea

Tumor encasing the aorta and/or
major branches

Tumor compressing the trachea
and/or principal bronchi

Lower mediastinal tumor
infiltrating costovertebral junction
between T9 and T12 vertebral
levels

Tumor encasing the aorta and/or
vena cava

Tumor infiltrating the porta hepatis
and/or hepatoduodenal ligament
Tumor encasing branches of the
superior mesenteric artery at the
mesenteric root

Tumor encasing origin of the celiac
axis and/or origin of the superior
mesenteric artery

Tumor invading one or both renal
pedicles

Tumor encasing the aorta and/or
vena cava

Tumor encasing iliac vessels

Pelvic tumor crossing the sciatic
notch

Intraspinal tumor extension
(whatever the location) provided
that more than one-third of the
spinal canal in axial plane is
invaded, the perimedullary
leptomeningeal spaces are not
visible, or the spinal cord signal
intensity is abnormal

The pericardium, diaphragm,
kidney, liver, duodenopancreatic
block, and mesentery
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with symptoms determined by compression of
mediastinal structures [65].

Paraganglioma (aka extra-adrenal pheochro-
mocytoma) originates along the sympathetic
chain in the posterior mediastinum [82]. They
occur in younger patients and may be associated
with multiple endocrine neoplasia (MEN),
Carney’s triad, or von Hippel-Lindau disease. As
biologically active tumors, they can cause signs
and symptoms related to catecholaminergic activ-
ity: flushing, headache, anxiety, and hypertension
[87]. Paraganglion tumors are solid and partially
encapsulated masses that may have internal necro-
sis and hemorrhage. The outcome is mostly related
to the tumor site and is worse for neoplasm located
in the anterior mediastinum because invasion of
vital organs is more likely [41].

7.5.2 Patterns of Local Spread
and Implication to Treatment

7.5.2.1 Peripheral Nerve Sheath

Tumors

Neurofibroma and schwannoma are slow-growing
masses with a benign behavior. Despite some
pathological differences between these entities,
both tumors appear as sharply outlined lesions of
soft-tissue density with possible split fat sign [85].
Schwannoma has a fusiform shape and an eccen-
tric location close to the involved nerve.
Conversely, neurofibroma tends to grow with
infiltration between the nerve fascicles; still, it
mostly maintains discrete margins. When pre-
senting as single lesion, they frequently do not
show signs of invasion; nonetheless, they may
cause compression over bony structures with con-
sequent erosion of adjacent ribs or vertebrae [87].
Complete resection of the mass is often curative;
noteworthy, combined approach by thoracic sur-
geon and neurosurgeon can be required for the
best surgical outcome, including radical resection
and averting neurological damage.

MPNSTs are aggressive tumors characterized
by rapid growth, developing along the nerve. They
grow from the nerve bundle into ellipsoid mass
with ill-defined borders. Their rugged growth can
cause destruction of nearby mediastinal structures
as well as invasion of pleural sheets, up to invasion
of extra-mediastinal compartments [87]. MPNSTs
are usually low attenuating on CT and typically
hyperintense on T2-weighted images, although
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the MRI appearance can be heterogeneous
depending on the proportion of cystic component,
hemorrhage, and necrosis [89]. Furthermore,
peripheral enhanced pattern and perilesional
edema-like zone are more specific MRI features
pointing at diagnosis of MPNSTs. The patient
management depends on the possibility to obtain
a complete resection. Neoadjuvant therapy is pro-
posed in case of unresectable mass [87].

7.5.2.2 Sympathetic Ganglia Tumors

From a radiological point of view, the characteriza-
tion of primary neuroblastic tumors is obtained by
complementary contribution of both CT and
MRLI. First, the CT is useful to define the origin,
morphology, and extent of tumor, while MRI is pre-
ferred to estimate intraspinal extension of the mass
[3]. CT is not specific, and the appearance of the
tumor can vary from solid homogeneous to more
heterogeneous mass for the presence of necrosis ad
hemorrhage. Nonetheless, CT is pivotal for detec-
tion of intralesional calcification. Furthermore,
MRI by diffusion-weighted imaging (DWI) shows
lower ADC values in poorly differentiated and
undifferentiated neuroblastic tumors compared
with mature and differentiated subtypes [90].

The benign pattern of growth of GN displays
slow-growing and relatively homogeneous mass
without signs of invasion, compared with GNB
and NB. Despite its benign biological behavior,
the mass compression onto adjacent structures
may cause rib or vertebral (notably foraminal)
erosion [86]. The lesion is hypodense relative to
muscle on unenhanced CT, with mild enhance-
ment on contrast-enhanced CT; a heterogeneous
intermediate signal on all MRI sequences is gen-
erally seen [87].

Conversely, the potential range of malignancy
of GNB renders either homogeneous and circum-
scribed mass or poorly marginated mass largely
composed of immature cells with necrotic or hem-
orrhagic foci [87]. When neuroblastic tissue pre-
dominates in the composition of the tumor, GNB
shows imaging features comparable to NB, the
utmost malignant variety of sympathetic ganglia
tumor (B Fig.7.18). Indeed, GNB and NB can share
diffusion pathway and imaging features as well as
implication to treatment. They may display mass
effect on mediastinal structures as well as show
signs of local invasion. Invasion of the bony struc-
tures of the posterior mediastinal compartment and
pedicles erosion are quite common features deriv-
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B Fig. 7.18 a-c Neuroblastoma with borderline pattern
like Ganglioneuroblastoma “intermixed” type. a—c Sagittal
T1-weighted sequence a, sagittal T2-weighted sequence b,
and axial T1-weighted high-resolution isotropic volume

ing from intraspinal growth of both GNB and NB
[86]. A lower mediastinal tumor can easily infiltrate
also the costovertebral junctions, in particular
between the T9 and T12 vertebral level. Moreover,
encasement of the great mediastinal vessels, both
the descending aorta and pulmonary pedicles, and
compression or trachea and major bronchi are life-
threatening findings in the natural evolution of
such neoplasms [88]. Treatment is related to the
stage of disease and ranges from surgery alone to
combination of surgery and chemotherapy.

7.5.2.3 Parasympathetic Ganglia
Tumors

Paraganglionic tumors can arise from any of the
three mediastinal compartments and may be
associated to an aggressive behavior in up to 15%
of cases [91]. They show rich vascularization
which is reflected by contrast enhancement on
both CT and MRI. Moreover, low attenuation
areas on CT scan can be seen in case of necrosis
and hemorrhage [87]. Paraganglionic tumors
usually display indolent development; hence,
complete resection is the treatment of choice.
Noteworthy, catecholamine blockage is needed
before surgical resection of functioning tumors.

7.5.3 Lymph Node Involvement
and Distal Spread

Peripheral nerve sheath tumors - MPNSTs have a
high metastatic potential. Likewise high-grade sar-
comas, hematogenous dissemination of MPNSTs
commonly harbors in the lung and bone [92].

examination (THRIVE) sequence after contrast agent c
show right paraspinal mass with relatively hypointense
signal in T2-weighted sequence suggesting high cellularity
of the lesion; high contrast enhancement is noted

Although adjuvant radiation therapy and chemo-
therapy do not improve survival rates, they are usu-
ally performed in case of metastatic disease [41].

Sympathetic ganglia tumors - Few case
reports of metastatic GN have been described in
the literature; still, it has been hypothesized that
they might be referred to metastases of NB, or
GNB eventually matured to GN [86].

GNB has metastatic potential, however no
standard diffusion pathway because it strongly
depends on the histologic grading and mitosis
index.

NB seldom disseminates via lymph node
chain. When lymph node involvement is seen in
NB, it is usually limited to local lymphatic stations
[88]. Primary site of hematogenous metastasis
from NB are the bone marrow and bone [93].
When NB comes to bone marrow involvement,
two different patterns of invasion are described:
the nodular and the diffuse one. The latter is often-
times associated with cortical metastases, and a
consequent worse prognosis follows. Furthermore,
liver and skin metastases are common findings of
hematogenous dissemination in NB, especially in
infants. Liver involvement may be nodular or dif-
fuse; in particular, massive liver neoplastic
involvement with hepatomegaly is referred to as
“Pepper syndrome” [86]. Lung and pleural metas-
tases are rare, without distinctive pattern on
CT. Similarly, metastatic diffusion to the brain and
meninges is very unusual; indeed, such location is
not routinely screened at diagnosis but rather
evaluated in case of specific symptoms [88].
Nonetheless, hematogenous spread of NB can
involve any organ, although extremely rare.
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Primary Tumors of the Pleura

8.1 Malignant Pleural
Mesothelioma

8.1.1 Epidemiology and Risk Factors

Malignant pleural mesothelioma (MPM) is a rare
and highly aggressive neoplasm that arises from
the mesothelial cells of the pleural surface [1-3].
Dyspnea and chest wall pain represent the two
main symptoms [4-6]. Other symptoms include
fatigue, malaise, anorexia, weight loss, and sweats
[5]. Malignant mesothelioma is strongly associ-
ated with long-term mineral fiber exposure,
mostly asbestos, with a latency period of approxi-
mately 40 years between fiber inhalation and dis-
ease occurrence [5, 7, 8]. The carcinogenicity of
asbestos fibers is related to the fiber aspect ratio
(the ratio of fiber length to width): the higher the
aspect ratios, the higher their tumorigenicity [3].
Although the use of asbestos has been limited or
banned in several industrialized countries, the
incidence of this uncommon neoplasm has been
increasing over the last 30 years due to its long
latency period and is predicted to peak in the next
few years [5, 9, 10]. The association between
mesothelioma and occupational exposure to
asbestos has been largely investigated and well-
established. Relatively less attention has been paid
to the impact of the environmental exposure, as
follows: (i) exposure to naturally occurring asbes-
tos; (ii) neighborhood exposure, based on resi-
dence adjacent to industrial sources of asbestos;
(iii) household exposure, for family members of
occupationally exposed subjects (also named
familial exposure); and (iv) other nonoccupational
exposures, including home-related or domestic
exposure [7, 8]. Regardless of the source of asbes-
tos inhalation, the environmental exposure
accounts for a small portion of the total number
of MPM (from approximately 4% in Japan to 9%
in France, according to large population-based
studies) [7, 11]. Occurrence of MPM has been
also observed in patients treated with external
radiotherapy for other malignancies, including
lymphoma and testicular cancer [12]. A large ret-
rospective study enrolling nearly 300,000 lym-
phoma patients demonstrated that the risk of
mesothelioma was increased after radiotherapy
among patients with both non-Hodgkin’s lym-
phoma (NHL) and Hodgkin’s lymphoma (HL). Of
note, their findings showed that the risk of second
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primary mesothelioma was greater among those
subjects diagnosed before 1995, when either radi-
ation volumes or radiation dose was higher [13].

Some evidence also suggests that simian virus
40, an oncogenic virus that blocks tumor-
suppressor genes, may act as a cofactor in the devel-
opment of MPM as well as other cancers, including
NHL, ependymoma, and osteosarcoma [8, 12].

The incidence of MPM is higher in men than
in women, with a male/female ratio of 4:1 [3, 5, 6].
The vast majority of epidemiological studies,
however, has been conducted in occupational set-
tings, where male subjects represent the wider
proportion of MPM cases [7]. Female patients,
conversely, are more subject to environmental
exposure compared to men [7, 14, 15].

8.1.2 Pathology

In 2015, pleural mesotheliomas were classified by
the World Health Organization (WHO) into dif-
fuse malignant mesothelioma (DMM), localized
malignant mesothelioma (LMM), and well-
differentiated papillary mesothelioma (WDPM),
which represents a distinct rare entity with an
epithelioid architecture and a tendency to spread
superficially without invasion [2].

Macroscopically, DMM typically encases the
lung as a thick rind that grows along the inter-
lobular fissures, sparing the underlying lung
parenchyma [16]. The diffuse pleural thickening
is usually of firm consistency and gray/white in
color [17]. The parietal pleura is often more exten-
sively involved [3]. There are three main histo-
logical subtypes: epithelioid (accounting for about
70% of all cases), sarcomatoid (10%), and biphasic
or mixed, which accounts for the remainder
[6, 18, 19].

Microscopically, epithelioid MPM is com-
monly composed of polygonal or cuboidal cells
with abundant pink cytoplasm and uniform
round nuclei that resemble nonneoplastic reactive
mesothelial cells [16]. This subtype is associated
with a better prognosis and can be confused with
metastatic lung adenocarcinoma, which can
mimic MPM when predominantly involves the
pleura [19-21]. Sarcomatoid DMM consists of
spindle cells of variable plumpness, cellularity,
and pleomorphism, organized in either sheets or
fascicles. Mixed DMM contains both epithelial
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and sarcomatous components in a proportion of
at least 10% each [16]. Heterologous differentia-
tion, including osseous or chondroid, is a rare
feature that is observed more frequently in sarco-
matoid subtypes, but it can also be seen with
biphasic and epithelioid patterns [22].

LMM presents a localized growth and shares
similar morphologic and immunohistochemical
features to their diffuse counterpart, though a bet-
ter overall survival (OS) rate after surgical resec-
tion has been reported [19, 23, 24]. There are two
histological subtypes of LMM: epithelioid and
sarcomatoid type [23]. These neoplasms are
extremely rare with only 50 cases reported in the
literature [25]. The differential diagnosis of the
LMM from other pleural tumors, such as solitary
fibrous tumor of the pleura (SFTP), can be chal-
lenging even pathologically [25, 26].

8.1.3 Imaging

8.1.3.1 Chest Radiography

The diagnosis of MPM is often suggested by the
chest radiography (CXR), which may show uni-
lateral pleural effusion (in up to 80% of cases),
diffuse pleural thickening (in approximately
60% of cases), or pleural nodularity or masses
(in 45-60% of cases) [3]. Unlike other malig-
nancies, there is not a concentrically enlarging
primary tumor, but multiple nodules that might
merge and spread along the pleural surfaces
[27], causing encasement of the lung with con-
sequent volume loss. The recognition of CXR
signs of volume loss, such as elevation of the
ipsilateral hemidiaphragm, ipsilateral mediasti-
nal shift, and narrowing of the intercostal spaces,
is important to suggest pleural malignancy [3]
(8 Fig. 8.1).

8.1.3.2 Transthoracic Ultrasound

Transthoracic ultrasound (TUS) may promptly
help distinguish benign from malignant pleural
effusions. TUS features suggestive for malignant
effusion include pleural thickening >1 cm,
pleural-based mass lesions, nodular pleural thick-
ening, and diaphragmatic nodularity [28]. These
features are highly specific, though not much sen-
sitive. Therefore, if MPM or other pleural malig-
nancy is suspected, further investigations are
mandatory.

O Fig. 8.1

CXR of a 69-year-old woman with an
epithelioid malignant pleural mesothelioma. Posteroante-
rior view shows diffuse pleural thickening and unilateral
pleural effusion, associated with ipsilateral mediastinal
shift and hemidiaphragm elevation

8.1.3.3 Computed Tomography

Contrast-enhanced computed tomography (CT)
scan is the primary imaging modality used for
both diagnosis and staging of the disease [4, 18].
CT features of MPM overlap those of other pri-
mary or metastatic pleural disorders. CT features
of DMM include circumferential and nodular
pleural thickening (up to 92% of cases), ipsilateral
volume loss, pleural effusion (74%), mediastinal
and pericardial infiltration, chest wall involve-
ment, lymphadenopathy, and distant metastases
[3,29-31] (@ Fig. 8.2).

LMM, conversely, appears as a single pleural
mass with heterogeneous contrast uptake that
reflects the degree of intralesional necrosis and/or
degeneration [25]. In case of osseous or chon-
droid differentiation, large or punctate foci of
mineralization might be depicted within the pleu-
ral thickening or masses, resembling an osteosar-
coma or a chondrosarcoma [6, 32]. Calcified
pleural plaques, representing asbestos-related
pleural disease, are observed in up to 20% of
MPM patients and should not be mistaken for
heterologous differentiation [33]. In the latter
case, calcifications appear linear rather than
punctate and localized along the plaques’ mar-
gins. Of note, calcified or noncalcified pleural
plaques, secondary to asbestos exposure, may be
encased by the tumor, and up to 20% of patients
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O Fig. 8.2 Encasement of the right lung by a malignant
pleural mesothelioma in a 74-year-old woman. Both axial
a and coronal b images from contrast CT scan show

with MPM show signs of parenchymal asbestosis
[3, 6, 33]. A recent retrospective study on 125
patients showed that pleural plaques are more
common in non-epithelioid subtypes [18].

On CT, the differentiation between MPM and
metastatic pleural disease (MPD) may be difficult
if not impossible, given their similar features [6,
31, 33]. Indeed, MPD usually manifests as pleural
nodules or masses, pleural thickening, and pleu-
ral effusion, which is the most frequent manifes-
tation of metastatic pleural involvement [34].

The presence of systemic metastases is more in
keeping with MPD as distant metastases are rela-
tively uncommon in MPM. Conversely, the
presence of pleural plaques is more often observed
in MPM, as well as ipsilateral volume loss and
chest wall invasion. Circumferential pleural thick-
ening with mediastinal pleural involvement, fis-
sural pleural thickening, diaphragmatic pleural
thickening, pericardial involvement, and the pres-
ence of a pleural mass are significantly more fre-
quent CT findings in MPM. Conversely, nodular
pleural thickening with hilar or mediastinal
lymph node (LN) enlargement are more fre-
quently observed in MPD [34, 35].

8.1.3.4 Magnetic Resonance Imaging

At magnetic resonance imaging (MRI), unilateral
pleural effusion has high signal intensity on T,-
weighted images, whereas pleural thickening is
typically isointense or mildly hyperintense to

circumferential pleural thickening, ipsilateral volume loss,
and ipsilateral hemidiaphragm elevation, along with
mediastinal invasion (asterisks)

muscle on T, -weighted images and moderately
hyperintense on T,-weighted and proton density-
weighted images and enhances gadolinium-based
contrast [6, 36]. Although MRI is not routinely
used to evaluate MPM, it is still regarded superior
to CT in the assessment of adjacent structure
involvement [6, 37, 38]. Indeed, MRI may help
refine disease staging, with respect to involvement
of the chest wall, mediastinum, and diaphragm [4,
30, 32, 36]. MRI may also help to discriminate
malignant from benign pleural disease [37]. In
2009, Coolen et al. reported significant differ-
ences in apparent diffusion coefficient (ADC) val-
ues between malignant and benign pleural
entities, with ADC values lower in malignant neo-
plasms, most likely due to their hypercellularity
and hypervascularity. Conversely, in case of
necrosis or inflammation, the diffusion restric-
tion is low and the ADC high [39]. Diftusion-
weighted imaging (DWI) sequences suggest the
histological subtype, as ADC values of epithelioid
MPM are higher than those of sarcomatoid meso-
thelioma [36, 40].

MRI might contribute to distinguish MPM
from MPD, which typically demonstrates high
signal intensity compared to intercostal muscles
on T,-weighted images and tissue uptake follow-
ing the administration of intravenous (IV) con-
trast [6]. The MRI signal, however, is strongly
related to the characteristics of the primary neo-
plasm, which vary according to the primary
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tumor nature. If the ADC of the primary tumor is
known, this value can be used as a potential
marker to characterize pleural metastases [36].

It was suggested that the time delay between
IV gadolinium injection and the initiation of
image acquisition can be too short for optimal
assessment of mesothelioma. The standard time
delay for optimal tissues enhancement and opaci-
fication of arterial and venous structures is typi-
cally 40-60 seconds, and protocols usually do not
include delayed phase imaging beyond 2 minutes
after the administration of IV contrast [41]. It was
estimated that the optimal time delay between
contrast injection and image acquisition should
be within the range of 230-300 seconds [41].
Likewise, Patel et al. observed that the optimal
time delay for maximal MPM tumor enhance-
ment is between 150 and 300 seconds following
IV contrast injection [42]. Optimizing tumor
enhancement may allow for increased accuracy in
both staging and treatment response assessment.
Further studies on the impact of delayed phase
enhancement on radiologic staging accuracy and
therapy response assessment are warranted [43].

The potential application of quantitative imag-
ing in the evaluation of therapy response in MPM
has been also investigated [44]. It was shown that
either dynamic contrast-enhanced CT (DCE-CT)
or MRI (DCE-MRI) predict early response to che-
motherapy and might suggest alternative therapy
strategies in case of poor response [44, 45]. Despite
the development and implementation of the mod-
ified response evaluation criteria in solid tumors
(RECIST) for measurement of mesothelioma,
some questions on their applicability in clinical
practice still need to be answered, limiting a broad
and effective use [41]. In this setting, quantitative
imaging might be a valuable adjunctive tool for
the assessment of the response to treatment [46].

With respect to quantitative imaging, Pena
et al. have already observed that a radiomics-based
approach, applied on both CT and MRI images,
may improve the radiologists’ accuracy in discrim-
inating benign from malignant pleural lesions [38].

8.1.3.5 Positron Emission
Tomography

Positron emission tomography (PET)/CT has

been proposed as a valid imaging technique to

allow differentiation between benign and malig-

nant pleural entities. In this respect, various small

prospective and retrospective studies reported
differing values of sensitivity, from 88% to 100%,
and specificity, from 35% to 100% [33].

Undoubtedly, PET/CT with fluorodeoxyglu-
cose (FDG) is an important additional examina-
tion for both diagnosis and staging of MPM |3,
30]. The ability to accurately estimate LN involve-
ment and to detect distant metastases represents
the main strength of FDG-PET/CT [47].
Moreover, it provides functional information,
such as metabolic activity or metabolic tumor vol-
ume, which has a prognostic relevance. However,
its contribution to local T staging is limited, com-
pared to contrast-enhanced CT [47, 48], and its
sensitivity for small pleural lesions remains low
[39]. PET/MRI, on the other hand, seems to per-
form better than PET/CT in T staging, which
often represents the main factor of whether a
patient is a candidate for surgery [47].

PET/CT might have a potential in the evalu-
ation of treatment response. PET/CT can help
differentiate between scar tissue from disease
recurrence (sensitivity 94% and specificity
100%). However, the uptake of FDG can be
increased in the early time frame after surgery
or radiotherapy [49].

8.1.4 Staging

The recommended staging system for clinical use,
which is based on TNM, has been updated in
2018 by the International Mesothelioma Interest
Group and the International Association for the
Study of Lung Cancer (B Tables 8.1 and 8.2) [27].
In this latest TNM staging edition, previous N1
(intrapleural LNs) and N2 (extrapleural LNs) cat-
egories have been grouped into one single cate-
gory — N1 - and previous N3 nodes shifted into
N2 category, since no significant differences in
survival rate were observed between previous N1
and N2 category [50].

8.1.5 Treatment and Prognosis

There is no curative treatment for MPM. Surgery
is reserved to patients with early stage of disease
and good functional status [3, 5, 51]. Lung-sparing
procedures, such as pleurectomy/decortication
(P/D), are largely used as proven to be comparable
to extrapleural pneumonectomy (EPP) in terms of
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O Table 8.1

The eighth edition of the TNM

staging system for malignant pleural mesothelioma

T category

Tx
TO

T1

T2

T3

T4

Primary tumor not assessable
No evidence of primary tumor

Tumor involving the ipsilateral parietal pleura
(including mediastinal and diaphragmatic
pleura) with or without involvement of the
visceral pleura

Tumor involving each of the ipsilateral

pleural surfaces (parietal, mediastinal,

diaphragmatic, and visceral pleura) with at

least one of the following features:

- Confluent visceral pleural tumor
(including the fissures)

- Involvement of diaphragmatic muscle

- Invasion of the lung parenchyma

Tumor involving all of the ipsilateral pleural

surfaces (parietal, mediastinal, diaphrag-

matic, and visceral pleura) with at least one

of the following features:

- Invasion of the endothoracic fascia

- Extension into the mediastinal fat

- Solitary, completely resectable focus
invading soft tissues of the chest wall

- Nontransmural involvement of the
pericardium

Tumor involving all of the ipsilateral pleural

surfaces with at least one of the following

features:

- Diffuse or multifocal invasion of soft
tissues of the chest wall

- Any rib involvement

- Invasion of the peritoneum through the
diaphragm

- Invasion of any mediastinal organ

- Direct extension to the contralateral pleura

- Invasion of the spine or brachial plexus

- Ttransmural invasion of the pericardium
(with or without pericardial effusion) or
myocardium invasion

N category

Nx
NO

N1

N2

Regional lymph nodes not assessable
No regional lymph node metastases

Metastases in the ipsilateral bronchopulmonary,
hilar, or mediastinal lymph nodes (including the
internal mammary, peridiaphragmatic,
pericardial fat pad, or intercostal lymph nodes)

Metastases in the contralateral bronchopul-
monary, hilar, or mediastinal lymph nodes or
ipsilateral or contralateral supraclavicular
lymph nodes
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B Table 8.1 (continued)

M category

Mx  Presence of distant metastases not
assessable

MO  No evidence of distant metastases

M1  Evidence of distant metastases

B Table 8.2 Stage grouping for malignant
pleural mesothelioma from the eighth edition of
the TNM classification

Stage T N M
1A T1 NO MO
IB T2,3 NO Mo
Il T1,2 N1 Mo
A T3 N1 MO
1B T1-3 N2 MO
v T4 NO-2 Mo
Any T Any N M1

macroscopic complete resection, OS, periopera-
tive mortality, and readmission rates [52, 53].
Although P/D is generally thought to be associ-
ated with a better quality of life, the 14th
International Conference of the International
Mesothelioma Interest Group emphasized that
longer-term prospective studies are necessary to
confirm this observation beyond the first year
after surgery [9]. The choice between EPP and
P/D is still a matter of debate [8, 54]. Treatment
strategies also include radiotherapy and polyche-
motherapy (CHOP) as no single treatment modal-
ity has been shown to be fully effective [3, 5, 51].
Novel therapies, such as intrapleural immuno-
therapy, have shown promising preliminary
results [55]. However, the patient prognosis
remains poor, with a median survival ranging
from 6 to 14 months from the time of diagnosis [3,
8, 30, 56]. Histological pattern represents a strong
prognostic factor: epithelioid subtype has the lon-
gest survival, sarcomatoid the worst, and biphasic
an intermediate survival [18]. Females tend to
have a more favorable prognosis [15, 57]. A large
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study including over 16,000 MPM patients has
recently shown that female patients survive sig-
nificantly longer than males, with an OS of 26.5%
vs 16.6% at 2 years and of 9.4% vs 4.2% at 5 years.
Their results have also suggested that estrogen
receptor beta (ERB) expression, present on epithe-
lial-type MPM, and circulating estrogens might
act as favorable prognostic factors in women,
especially young ones [58].

8.2 Malignant Pleural
Mesothelioma: Patterns
of Local Spread

8.2.1 Mediastinum

CT signs of mediastinal invasion include oblitera-
tion of surrounding fat planes and tumoral encase-
ment of more than 50% of the circumference of a
mediastinal structure, including the trachea, the
esophagus, and mediastinal vessels [3] (B Figs. 8.3
and 8.4). Direct extension into mediastinal struc-
tures is more commonly observed in MPM rather
than MPD (mediastinal pleura involvement 85%
vs 33%, pericardial involvement 25% vs 15%,
mediastinal structures 22% vs 10%) [35].

The involvement of the pericardium has been
reported in nearly 45% of cases in postmortem
study [59]; it may be either nontransmural or
transmural and result in pericardial effusion,
pericardial thickening, and/or pericardial nod-
ules or masses [30]. The presence of epicardial fat
suggests nontransmural invasion, whereas trans-

O Fig. 8.3 Postcontrast CT image shows infiltration of
both right pulmonary trunk (asterisk) and superior vena
cava (arrow) in a 74-year-old woman with malignant
pleural mesothelioma

O Fig. 8.4 Diffuse chest wall and mediastinal infiltration
in a 74-year-old man with malignant pleural mesothe-
lioma. Axial CT image shows chest wall (arrows) and
mediastinal infiltration (asterisks), with contralateral shift
of the heart

mural disease is demonstrated by the extension of
the tumor into the internal surface of the pericar-
dium or into the myocardium [3]. Myocardium
involvement was reported in 13.1% of cases by
Finn et al. [59]. Although pericardial effusion is
usually due to direct pericardial invasion, it could
be also secondary to pericardial lymphatic
obstruction [60].

8.2.2 Diaphragm

MRI is considered superior to CT for identifying
transdiaphragmatic extension of pleural mesothe-
lioma [36, 61] (B Fig. 8.5). Gill et al. estimated
that the sensitivity of CT imaging for evaluating
the resectability of MPM along the diaphragm
and the chest wall was 94% and 93%, respectively,
whereas the sensitivity of MRI was 100% for both
structures [37]. Usually, when diaphragmatic
infiltration occurs, a soft tissue mass encases the
hemidiaphragm [61]. The presence of a distinct
fat plane between the inferior surface of the dia-
phragm and the underlying abdominal structures
is the most reliable sign that MPM is limited to
the thorax [3].

8.2.3 Chest Wall

MPM invades adjacent chest wall structures in up
to 18% of cases [62]. The most accurate CT and
MRI signs of chest wall invasion include loss of
normal extrapleural fat planes, invasion of inter-
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costal muscles, rib displacement, and/or osseous
destruction [32] (8 Figs. 8.4 and 8.6). On MRI,
MPM shows intermediate to slightly higher signal
intensity on T, -weighted images and moderately
high signal intensity on T -weighted images com-
pared with adjacent chest wall musculature
[36,37] (B Fig. 8.7).

MPM has a propensity to spread along needle
or transthoracic trocar procedure tracts to skin
puncture or incision sites, with tumor cell seeding
leading to symptomatic subcutaneous metastases
in up to 51% of patients [63]. The use of prophy-
lactic radiotherapy to prevent procedure-tract
metastases in malignant pleural mesothelioma
remains controversial [63, 64].

O Fig.8.5 Coronal T,-weighted fast spin-echo MR
image: solid and liquid components have different signal
intensity and can be easily differentiated, thanks to the
excellent contrast resolution showing hyperintense
effusion and hypointense pleural masses. The image
clearly depicts the tumor infiltration of the right
diaphragm in a 67-year-old man with a history of
malignant pleural mesothelioma
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8.24 Lung

The two principal patterns of intraparenchymal
lung involvement by MPM are represented by
direct subpleural lung infiltration and lymphan-
gitic spread [65]. The latter is rarer and associated
to a poorer prognosis [66]. In case of lung paren-
chyma involvement, pleural-based nodular

masses extending into the lung or round and
sharply demarcated masses within the lung can be
observed [67].

Other patterns of spread through the lung
parenchyma were also described, as follows: an
intra-alveolar growth pattern in 1.5% of cases, a

B Fig. 8.7 Local invasion of malignant pleural mesothe-
lioma at MRI. Chest wall invasion in a 65-year-old woman
is clearly depicted on axial T,-MRI image

O Fig. 8.6 Chest wall invasion in a 72-year-old woman with a history of malignant pleural mesothelioma. Axial CT

images show chest wall infiltration a and ribs destruction b
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O Fig. 8.8 Lymph node involvement in malignant pleural mesothelioma. Coronal a and sagittal b CT images show
axillary and diaphragmatic metastatic lymph nodes in a 71-year-old man

bronchioalveolar carcinoma-like pattern (0.5%),
and a desquamative interstitial pneumonia-like
pattern (0.5%) [17]. These uncommon patterns of
local spread are difficult to interpret and could be
misdiagnosed. Lepidic intrapulmonary growth
represents another rare pattern of spread [68].

8.3 Malignant Pleural
Mesothelioma: Lymph
Node Involvement

LN involvement is frequent in MPM, being
reported in 35-50% of patients undergoing cyto-
reductive surgery [69] and in 76% of autopsies,
according to some postmortem series [59]. LN
metastases are one of the most important
prognostic factors. Subjects with LN involvement
at the time of diagnosis have a poorer prognosis
[27].

Internal mammary, pericardial, and diaphrag-
matic nodes [70] are more frequently involved
(e.g., compared to intrapleural ones) given their
direct drainage pathway from the parietal pleura
[69] (B Figs. 8.8, 8.9, and 8.10). Internal mammary
LN metastases usually occur when the primary
lesion raises either from the upper or middle por-
tion of the anterior pleura, while peridiaphrag-
matic LN metastases are more likely seen in
association with lower lesions. Hilar LN metasta-
ses are usually seen when MPM involves either the
visceral pleura or the lung parenchyma. Subcarinal,
paraesophageal, or para-aortic nodes of >10 mm

O Fig. 8.9 Axial CT image shows paravertebral lymph
node metastasis in a 75-year-old man with recurrent
malignant pleural mesothelioma

O Fig.8.10 Axial CT image shows mediastinal lymphade-
nopathies (circles) with right irregular circumferential left
pleural thickening and contralateral pleural effusion in a
67-year-old man with malignant pleural mesothelioma
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in short axis diameter should be considered abnor-
mal, whereas any enlargement of internal mam-
mary, retrocrural, or extrapleural locations are
suspicious for tumor involvement on CT [32].

CT is the most commonly used modality to
assess LNs, but its accuracy remains less than
optimal, with a sensitivity and specificity of 60%
and 71%, respectively [61]. Thus, LN biopsy is
recommended for a definitive diagnosis [71].

MRI has not been proven to be superior to CT
in the assessment of LN involvement [61, 71]. In a
recent retrospective study, whole-body MRI, along
with FDG-PET/MRI (with and without signal
intensity assessment) and FDG-PET/CT, have
shown greater diagnostic accuracy compared to CT
alone (87%, 87%, 73.9%, and 73.9%, respectively, vs
56.5%) with respect to LN involvement [72].

8.4 Malignant Pleural
Mesothelioma: Distant
Metastatic Spread

Distant metastases are relatively uncommon and
represent a late manifestation of MPM [59].
However, biphasic and sarcomatoid subtypes can
present with distant metastases in early stages of
disease given their aggressive behavior [37]. The
contralateral lung, liver (31.9%), and peritoneum
are the most common sites of distant spread [6].
Secondary involvement of adrenal glands and
spleen (10.8%) has also been reported [59]. Bones
(7.3%), thyroid (6.9%), and brain (3%) are less fre-
quently involved [59, 73, 74] (B Figs.8.11 and 8.12).
Perineural tumor dissemination, which is
associated with a poor prognosis, has been
described in eight cases only [75]. Such an insidi-
ous occurrence may lead to spinal cord metastases
and should be suspected when neurological symp-
toms are present. Neurological symptoms include
sphincter dysfunction, extremities motor and sen-
sory disturbances, and Horner’s syndrome [75].

8.5 Solitary Fibrous Tumor

8.5.1 Overview

SFTP accounts for less than 5% of pleural tumors.
It occurs more frequently in middle-aged adults
with no sex preponderance, though a slightly
higher frequency has been reported in women
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[76]. Little is known about etiologic agents and no
link with tobacco or asbestos exposure has been
demonstrated [77]. A complete surgical resection
with sublobar resection, lobectomy, or pneumo-
nectomy is the mainstay of treatment for all
SFTPs, for both benign and malignant lesions
[76]. Recent series demonstrated excellent local
control rate and distant metastatic-free survival
using combined surgery and radiotherapy [78].
At present, the benefit of adjuvant chemotherapy
is still debated [79].

SETP is asymptomatic in approximately 50%
of cases [80] and has usually a good prognosis, but
it can be malignant in 10-20% of the cases [81].
The 5-year OS rate of malignant SFTP is about
70%. However, recurrence may occur more than
15 years after the initial resection [82].

8.5.2 Pathology

A poor prognosis is related to several macroscopic
and microscopic features, such as the absence of a
pedicle, tumor size greater than >10 cm, mitotic
index, tumor necrosis, hypercellularity, pleomor-
phism, and high p53 expression [83]. Unlike
MPM, the majority of SFTP arises from the vis-
ceral pleural [6, 31]. Macroscopically, it appears as
a well-circumscribed, partially encapsulated firm
yellow or white mass, often larger than 10 cm in
diameter [5, 19] (8 Fig.8.13). Giant SFTPs of up to
30 cm in diameter have been described [84]. The
most common histological pattern, called pattern-
less pattern, is represented by spindled or ovoid
cells usually not arranged in a specific pattern but
in a heterogeneous architecture of collagen, retic-
ulum fibers, and branching hemangiopericytoma-
like vasculature [19].

8.5.3 Imaging

On CXR, SFTP usually appears as a solitary,
homogeneous round/oval mass or nodule, with
smooth and well-defined margins [31]. It typi-
cally abuts the pleural surface or is located within
a fissure (@ Fig. 8.14). SFTP affects mostly the
middle and inferior hemithorax [85], while a fis-
sural location is seen in 30% of cases [81].

On CT imaging, SFTP generally demonstrates a
broad attachment to the pleura, forming an obtuse
angle [31, 33]. It often shows a heterogeneous attenu-
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O Fig.8.11 Single brain metastasis in a 64-year-old
man with malignant pleural mesothelioma. Contrast-
enhanced CT a and MRI (FLAIR, b, and contrast-enhanced

ation that becomes more obvious following contrast
IV administration. Indeed, it may be characterized
by central areas of low attenuation reflecting internal
hemorrhage or necrosis [31] (B Fig. 8.15). Punctate,
linear, or coarse calcifications within the lesion may
be also observed. Pleural effusion can occasionally
coexist (6-17%) [85]. Lymphadenopathy is infre-

T,-weighted, ) images show a left-sided parietal mass
with ring enhancement and surrounding edema

quent, as opposed to localized malignant pleural
mesothelioma (LMPM) [86].

On MRI, SFTP shows low to intermediate sig-
nal intensity on T, -weighted and T,-weighted
images given its predominant fibrous tissue-based
content. High heterogeneous signal intensity on
T,-weighted images is observed in case of necro-
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B Fig.8.12 Hepatic metastases in a 71-year-old man
with malignant pleural mesothelioma. Axial contrast-
enhanced CT image shows two liver metastases (circles)
and a right pleural thickening consistent with malignant
pleural mesothelioma (arrow)

O Fig.8.13 Photograph of a surgical specimen showing
a pedunculated and capsulated solitary fibrous tumor of
the pleura
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sis and cystic or myxoid degeneration, with prom-
inent vascular structures and areas of high
cellularity [36]. Usually, there is intense heteroge-
neous enhancement after the administration of
IV gadolinium contrast medium (8 Fig. 8.16).
MRI helps to better define the relationship of
large SFTP with adjacent mediastinal structures
and diaphragm [6], while DWT sequences can be
used to initially differentiate benign from malig-
nant lesions [87]. However, this differential diag-
nosis is only reliable at histological examination.
The role of FDG-PET/CT in SFTP is contro-
versial [79, 88]. Kohler et al. observed FDG-PET
positivity in all malignant SFTPs [89], whereas
others reported no FDG uptake in benign lesions
[90, 91]. Other Authors observed low-grade meta-
bolic activity in benign SFTPs and homogeneously
high-grade activity in malignant lesions [92, 93].
Tazeler et al., who assessed the utility of FDG-
PET/CT for the differentiation of benign and
malignant SFTPs prior to surgery, observed that
malignant SFTPs tend to exhibit a slightly higher
uptake than benign tumors [94]. However, more
recent evidence seems to demonstrate that high
cellularity might be the cause of increased FDG
uptake, regardless of the malignancy [95]. Chick
et al. stated that larger tumors may show heteroge-
neously low uptake with a relatively lower uptake
in areas of necrosis, cystic degeneration, myxoid
change, hemorrhage, and calcification [96].

O Fig.8.14 CXR of a 63-year-old man with a history of malignant solitary fibrous tumor of the pleura. Posteroanterior
a and lateral b views show a round, well-defined pleural mass in the inferior left hemithorax (arrows)
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B Fig. 8.15 Chest wall invasion and diaphragmatic
infiltration in a 67-year-old man with a history of
malignant solitary fibrous tumor of the pleura. Both axial
a and sagittal b CT images show an ill-defined, right-sided

DO Fig.8.16 Giant malignant solitary fibrous tumor of
the pleura in a 65-year-old man. T,-weighted MRl image
shows a heterogeneous basal pleural mass with cystic and
necrotic areas (arrow)

FDG-PET/CTs might be suitable for the
detection of local recurrence and distant metasta-
ses after surgery in patients with malignant SFTP
(89, 94].

8.5.4 Local Recurrence and Distant
Spread

Malignant SFTPs can either locally recur or
metastasize after surgical resection (63%) [80,
97]. The risk of recurrence is fairly high after
resection of malignant sessile SFTPs [85].
Disease recurrence usually occurs in the same
hemithorax. Chest wall involvement, manifest-

pleural mass with heterogeneous contrast enhancement.
This mass infiltrates the chest wall a, the diaphragm, and
the liver b

ing as sclerosis or erosion of adjacent ribs, is a
rare manifestation of disease recurrence. Either
mediastinal compression or vena cava obstruc-
tion secondary to disease recurrence is associ-
ated with a poor prognosis and may lead patients
to death before distant dissemination [98].
Distant metastases have been reported in the
liver, central nervous system, spleen, perito-
neum, adrenal gland, gastrointestinal tract, kid-
ney, and bone [85].

8.6 Primary Pleural Lymphoma

8.6.1 Overview

Primary pleural lymphoma is a rare entity, repre-
senting about 7% of all primary lymphomas
[6, 99, 100].

Primary effusion lymphoma (PEL) is an aggres-
sive and uncommon NHL that grows exclusively
or predominantly in the serous body cavities,
including the pleural cavity. It usually presents
with unilateral pleural effusion (frequently exuda-
tive and bloody) without lymphadenopathy or
any recognizable solid masses [6, 16, 100]
(B Fig. 8.17). Splenomegaly and hepatomegaly
might be present [101]. PEL is strongly associated
with human herpesvirus 8 (HHV-8) infection and
occurs in immunocompromised subjects, more
commonly human immunodeficiency virus
(HIV)-positive ones, accounting for approxi-
mately 4% of all HIV-related NHL [102].
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O Fig.8.17 Pleural effusion lymphoma in a 53-year-old
man. Axial CT image shows a left pleural effusion
associated with a soft tissue component that seems to
infiltrate both pleura and chest wall (asterisk)

Diffuse large B-cell lymphoma associated with
chronic inflammation (DLBCL-CI) is an extremely
rare Epstein-Barr (EBV)-associated NHL that
usually affects male adults (median age of 65 years)
in the context of long-standing inflammation
[77]. More often, DLBCL-CI develops in subjects
with a history of pyothorax due to either artificial
pneumothorax for the treatment of tuberculosis
or chronic tuberculous pleuritis [16, 100].

Given the rarity of PEL, no therapeutic guide-
lines are currently available. Although CHOP
remains the first therapeutic option, the combina-
tion of chemotherapy with antiviral therapies
seems to improve the prognosis [102]. According
to recent evidences, EBV-positive DLBCL benefit
from a combination of CHOP with immunother-
apy, even if a higher response is observed in EBV-
negative DLBCL [103].

Median survival after diagnosis is <1 year in
both cases, whereas the 5-year overall survival is
approximately 20% [101, 102, 104].

8.6.2 Pathology

PEL cells are immunoblastic, plasmablastic, or
anaplastic in origin. Immunohistochemistry and
viral analyses are both required to make the defin-
itive diagnosis. Pleural biopsies might show
malignant cells embedded in fibrin attached to
the pleural surface [102]. Macroscopically,
DLBCL-CI shows firm and tan-colored pleural
thickening, whereas microscopically, it consists of
rich aggregations of centroblastic or immunoblas-
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tic cells. Exuberant apoptosis may be observed
within areas of extensive necrosis [77].

8.6.3 Imaging

PEL presents with pleural effusion, often associated
with pleural and/or pericardial thickening on both
CXRand CT. DLBCL-CI is more commonly charac-
terized by pleural soft tissue masses without effusion
[100]. When DLBCL is due to chronic pyothorax,
CT might show pleural masses adjacent to a coexis-
tent empyema cavity and pleural calcifications [105].
Enhanced MRI scan may be helpful to distinguish
DLBCL-CI from empyema, as the latter does not
have the same degree of contrast enhancement [6].
Other MRI features include significant restriction of
water diffusion in functional analysis [36].

Up to date, no studies have investigated the
applicability of TUS in the management of pleural
lymphoma. Nonetheless, few studies have demon-
strated the ability of expert radiologists to predict
malignancy in a controlled population with pleu-
ral effusion by means of TUS [106]. These evi-
dences could lead to a larger applicability of TUS
in the diagnosis of PEL. Pleural lymphoma, how-
ever, does not show peculiar imaging features,
being often indistinguishable from other malig-
nancies and benign pleural diseases [100].

8.6.4 Lymph Node Involvement

In NHL, thoracic LN involvement is observed in
up to 45% of cases [107]. Generally, the paratra-
cheal and anterior mediastinal nodes are the most
common sites of involvement, followed by the
subcarinal, hilar, posterior mediastinal (para-aor-
tic, paravertebral, and retrocrural), and pericar-
dial ones. Primary pleural disease, however, is
more likely to involve posterior mediastinal nodes
[107]. Pericardial and internal mammary LNs are
common sites of recurrence, as usually excluded
from the radiation field [107].

8.7 Other Primary Pleural Tumors

8.7.1 Overview

According to the newest WHO classification,
primary pleural neoplasms include also well-
differentiated papillary mesothelioma and ade-
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nomatoid tumor, both mesothelial in origin, and
epithelioid hemangioendothelioma, angiosar-
coma, synovial sarcoma, desmoid-type fibroma-
tosis, calcifying fibrous tumor, and desmoplastic

round cell tumor, which are of mesenchymal
nature [2]. Some of these tumors are extremely
rare [31]. Their main features are summarized
in @ Table 8.3.

O Table 8.3 Summary of the rarest primary pleural neoplasms, as per 2015 WHO classification

Tumor Epidemiology  Pathology Imaging Prognosis

Well- Mean age of Broad papillae with Diffuse nodular Good (especially
differentiated 60 years fibrovascular cores, lined by lesions (from few for small lesion
papillary No sex a single layer of flat to mm to some cm in and in case of
mesothelioma predilection cuboidal mesothelial cells size) complete

Low malignant excision)
potential

Adenomatoid Usually Vacuolated epithelioid Small, solitary, and Good

tumor involves the mesothelial cells, organized well-defined

Benign genital tract in tubular spaces pleural lesion

Epithelioid Males from 30 Cords, strands, and nests of Diffuse pleural Local progression
hemangioendo- to 50 years epithelioid cellsin a involvement similar ~ and distant
thelioma myxohyaline or sclerotic to diffuse MPM metastases (lung,

Malignant (vascu-
lar differentia-
tion)

Angiosarcoma
Malignant (vascu-
lar differentia-

Males from 20
to 80 years

stroma

Sheets of large anaplastic
epithelioid cells, with
abundant eosinophilic

Pneumothorax or
hemothorax, with
or without pleural

liver, and regional
LNs)

Poor
Rapid progres-
sion

tion) cytoplasm thickening

Synovial sarcoma Median age of  Sheets or vague fascicles of Localized and large  Poor (median

Malignant 40 years with spindle cells. Staghorn solid masses, often survival of
no sex vasculature is frequently pedunculated 2 years)
predilection observed. Infiltrating mast (rarely diffuse

Desmoid-type

Adults with no

cells can be abundant.
Stromal calcifications can be
seen

Bland and uniform spindle

pleural lesions)
Common lung
involvement

Large and

Local recurrence,

fibromatosis sex predilec- cells arranged in fascicles. ill-defined masses but no metastatic
Low malignant tion Myxoid stromal changes that infiltrate the potential
potential can occur soft tissue of the
chest wall

Calcifying fibrous Usually adult Abundant collagenous Single or multiple Good
tumor women (mean  stroma and scant fibro- well-defined
Benign age of blasts, lymphocytic pleural lesions with

34 years) aggregates, and focal calcifications

Desmoplastic
round cell tumor
Malignant

Adolescents
and young
men

dystrophic or psammoma-
tous calcification

Well-defined nests of small
round hyperchromatic cells
with vascularized stromal
desmoplasia. Mitosis and
central necrosis are
common

Pleural effusion

Poor (median
survival of
2 years)
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8.7.2 Patterns of Metastatic
Dissemination

Pleural epithelioid hemangioendothelioma (PEH)
and pleural angiosarcoma are rare malignant vas-
cular neoplasms, with a tendency for local recur-
rence and metastatic spread. PEH distant
metastases have been reported in the lungs, liver,
LNs, bone, and skin. PEH lacks distinctive imag-
ing features, and diagnosis entirely relies on his-
tology [108]. PEH-related diffuse pleural
involvement mimics diffuse MPM, whereas pleu-
ral angiosarcoma usually manifests with pneumo-
thorax or hemothorax, with or without pleural
thickening [16, 108].

Synovial sarcoma is an aggressive tumor of
uncertain histogenesis [16]. A concurrent involve-
ment of the underlying lung parenchyma is com-
mon, whereas LN metastases are rare. The tumor
can recur and metastasizes to the liver, bone, lung,
and brain in approximately 20% of cases [109].

Desmoplastic round cell tumor, which usually
arises from abdominal tissues such as retroperito-
neum, mesentery, omentum, pelvis, and parates-
ticular regions, is an extremely rare and aggressive
tumor [31]. Only a handful of cases have been
described. Distant metastases are already present
at the time of the diagnosis in the vast majority of
the cases. Unlike the aforementioned neoplasms,
desmoid-type fibromatosis is locally aggressive
without a metastatic potential. Local recurrence
occurs in approximately 25% of patients [16, 109].
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9.1 Overview

Primary tumors of the chest wall are uncommon.
Chest wall tumors, whether malignant or benign,
are classified as primary or secondary (metastatic).
The most common benign tumors are osteochon-
dromas and chondromas. The most common
malignant chest wall tumors are sarcomas.

Most primary tumors originate in the bones
or muscles of the chest wall, though they can
also arise from nerves and vessels. Less than half
of malignant chest wall tumors are primary.
Secondary tumors originate elsewhere in the
body and spread (metastasize) to the chest wall.
The most frequent secondary tumors of the chest
wall spread from primary breast and lung can-
cer. In fact, they can either locally extend to the
chest wall, or metastasize to it. Furthermore,
other tumors that are not unfrequently spread to
the pleura include those originating from ovary,
kidney, uterus, head and neck, and testis.
Therefore, almost all secondary tumors are
malignant. Most chest wall tumors found in chil-
dren are primary, while most found in adults are
secondary [1, 2].

It is often difficult to make an accurate presur-
gical diagnosis and differentiate benign from
malignant tumors. Most patients with primary
chest wall tumor receive surgical biopsy or radical
surgical resection [3].

9.1.1 Epidemiology

Primary chest wall tumors are rare and represent
approximately 5% of all thoracic neoplasms [1, 4,
5]. The chest wall is composed of ten (10) layers
which are, from superficial to deep, skin, superfi-
cial fascia, deep fascia, muscle (for example, ser-
ratus anterior, pectoralis major or minor, and
latissimus dorsi), rib (including intercostal mus-
cles, costal cartilage, and articulations), and endo-
thoracic fascia. Benign and malignant tumors
could arise in any of these layers [1, 6, 7].

It is practical to think of chest wall tumors as
bone origin and non-bone origin. It is estimated
that only 8% of primary bone tumors occur in the
chest wall [8]. The most common primary malig-
nant bony tumor histologies are, in order, chon-
drosarcoma, (35%), followed by solitary myeloma
(25%), Ewing sarcoma (15%), osteosarcoma
(15%), and lymphomas (10%) [3].

Symptomatic palpable lumps in the chest wall
are more likely to be malignant. The clinical pre-
sentation of primary chest wall tumor is variable:
chest wall tumors could manifest as painful and
palpable lesions (80% of cases), or be asymptoma-
tic (20%) and incidentally encountered on imag-
ing acquired for unrelated reasons [3]. Symptoms
when present could be related to chest wall inva-
sion, such as chest pain or dyspnea, but some may
also report nonspecific complaints like weight
loss, fatigue, night sweats, and muscle aches [3,
8-10]. When present, symptoms are more often
associated with malignant tumors [3, 11].

9.1.2 Risk Factors

Some predisposing risk factors for the develop-
ment of chest wall tumors include immunosup-
pression therapy after organ transplantation,
radiotherapy, AIDS (e.g., for leiomyosarcoma and
lymphoma), Epstein-Barr virus (e.g., for leiomyo-
sarcoma), chronic lymphedema and chemicals
exposure (e.g., for angiosarcoma), radiation expo-
sure (e.g., for malignant fibrous histiocytoma),
bony lesions or Paget (e.g., for osteosarcoma)
[12-14].

9.1.3 Diagnosis

A combination of clinical, radiological, and
pathologic data is often required to make an accu-
rate presurgical diagnosis. Although chest wall
lesions may occasionally be detected on chest
radiography, an imaging diagnosis is definitively
made at both CT and MRI. CT is pivotal in deter-
mining the size of the lesion, its morphologic fea-
tures, location, and invasion of the adjacent
structures. The administration of intravenous
iodinated or gadolinium-based contrast media
assists in complete characterization of the tumor.

MRI helps characterize tissue composition
and tumoral relationship with the adjacent struc-
tures, improving presurgical staging and perhaps
in differentiation between nonaggressive and bio-
logically aggressive chest wall tumors.

PET-CT has accuracy of 96% in staging
patients with either sarcoma originating in bone
and non-bone tissues.

However, definitive diagnosis requires a
histologic evaluation through an excisional biopsy
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(e.g., for tumors less than 5 cm in diameter), or an
incisional biopsy (e.g., for larger lesions) [3].

9.1.3.1 Benign Tumors

Vascular Tumors

Cavernous Hemangioma

Cavernous hemangioma is typically in the skin layer
and composed of dilated tortuous thin-walled ves-
sels: it is not a true neoplasm but a vascular anomaly
usually manifest before the age of 30 years [13].

At chest radiography, it appears as a soft-tissue
mass with or without the erosion of the adjacent
bones. Indeed, a speculated or sunburst appear-
ance may be recognized [15].

At CT, the lesion content usually looks hetero-
geneous, due to the variable combination of neo-
plastic, fatty, fibrous, and vascular tissues.
Cavernous hemangioma is characterized by the
presence of phleboliths in 30% of cases [13].

Such a heterogeneity can be appreciated on
MRI, which shows areas of high signal intensity on
T1-weighted sequences due to fatty tissue within
the mass. A high intensity signal is also character-
istically present on T2-weighted images [3].

Intramuscular cavernous hemangioma is char-
acterized by a signal like that of skeletal muscle on
T1-weighted sequences, with linear hyperintense
areas due to the presence of blood in the cavernous
or cystic spaces (B Fig. 9.1). If blood is present, a
flow void can be seen on T2-weighted images,
where the intramuscular cavernous hemangioma
typically has a high intensity signal [13].

Glomus Tumor

Glomus tumor typically manifests in adulthood,
with similar gender incidence rate. This tumor is
generally painful due its tendency to erode the
adjacent bones. The intramuscular location is fre-
quent [13].

On MR, the lesion is characterized by a het-
erogeneous signal due to its variable composition.
The lesion may be circled by tortuous vessels and
can displace the major vessels [13].

Langerhans Cell Histiocytosis
Langerhans cell histiocytosis may involve the
bones of the chest wall. It accounts for 10-20% of
benign tumors of the ribs. Its incidence is five
times higher in males as compared to females. It
usually manifests with pain, fever, and malaise [3].
The tumor characteristically destroys the cor-
tex of the ribs, and new subperiosteal bone forma-
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tion is typical [16]. These features can be easily
seen on plain radiograph, which shows a lesion
associated with an irregular cortex destruction
and a subperiosteal reaction, thus mimicking
malignancy or osteomyelitis [12].

Lymphangioma

Lymphangioma is a benign lymphomatous mal-
formation that may be present at birth. At histol-
ogy, it appears constituted of dilated lymphatic
vessels. It is often located in the neck though it
may also occur in the chest wall structures, par-
ticularly in pediatric subjects. When large in
dimension, it can compress adjacent structures [3,
17]. In neonates, it can be easily detected with
ultrasound where it appears as a multiloculated
cystic mass [3].

On CT, most of lymphangiomas are homoge-
neous and cystic; sometimes the lesion can be
inhomogeneous due to the presence of fluid,
blood, fat, or proteinaceous components.
Intralesional septa can be seldomly observed [18].

On MR, the lesion displays a low signal inten-
sity on T1-weighted sequences, and a high signal
intensity (e.g., greater than that of fat) on
T2-weighted sequences. After contrast adminis-
tration, a thin and peripheral and septal enhance-
ment is typical [17].

Osseous and Cartilaginous Tumors
Osteochondroma

Osteochondroma develops from an aberrant
growth of normal tissue, typically arising from the
metaphysis of the ribs. It represents 50% of all
benign rib tumors and occurs in young subjects
[17]. Pain is the most frequent symptom, though
complications such as fractures, bone deformities
and nerve compression, vascular injury, and
malignant transformation may also occur.

It is characterized by cartilage-capped bony
growth that projects from the surface of the
affected bone.

On the chest radiograph, the tumor often
appears as a pedunculated or sessile lesion in the
metaphyseal regions of the long bones, with calci-
fication of the cartilaginous cap. This feature
appears more obvious on CT. Thus, osteochon-
droma appears as mineralized mass on CT. On
MRI, the tumor shows an intermediate signal
intensity on T1-weighted images, and the carti-
laginous cap has a typical high intensity signal on
T2-weighted sequences [12, 13, 17]. The cartilage
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O Fig. 9.1 Images courtesy of Department of Radiology,
Gorizia's Hospital. Intramuscular cavernous hemangioma.
(@) CT scan shows a soft tissue mass of the left anterior
subpectoral chest wall (white arrow). (b, ¢) MRI shows that

cap thickness is a predictive factor of malignant
transformation of the tumor. A cap exceeding
3 cm and 2 cm, in adults and children, respec-
tively, is a sign predictive of malignant transfor-
mation into sarcoma [19].

Chondroma

This tumor constitutes 15-20% of benign chest
wall lesions and is the most common benign
tumor of the cartilage [3]. It typically manifests
between 20 and 30 years of age, with an equal dis-
tribution among men and women. It is a slow

it is isosignal to muscle on T1, b, and minimally hyperin-
tense on T2-weighted imaging, c (d). After contrast media
administration, fat-suppressed T1 image shows a
homogenous moderate enhancement

growing painless tumor that develops typically at
the anterior costochondral junction. We speak of
enchondroma when the chondroma arises from
the medulla of the bone [17].

Chondroma manifests as a lytic area with scle-
rotic and well-defined margins on both chest
radiograph and CT. At MRI, the tumor shows
an intermediate to low signal intensity on
T1-weighted images and a high signal intensity
on T2-weighted ones, with a heterogeneous and
variable enhancement after contrast media
administration [12, 19].
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Aneurysmal Bone Cyst

Aneurysmal bone cyst is a mass containing mul-
tiple blood-filled cysts lined by fibroblasts and
giant cells of the osteoclast type [13]. A sclerotic
margin usually surrounds the lesion. It typically
manifests in patients younger than 30 years of age.
Patients may present with pain, which may be of
insidious onset or abrupt due to pathological frac-
ture. Such features can make difficult the differen-
tial diagnosis with malignant tumors such as
sarcoma. When located it develops in the chest
wall and characteristically involves the posterior
elements of the spine (e.g., articular processes,
lamina and spinous processes).

At the chest radiograph, the aneurysmal bone
cyst appears as an expansile osteolytic lesion, with
well-defined margins. The bone cortex can appear
either thinned or expanded [13]. CT demon-
strates these findings to a greater degree.
Furthermore, CT can show fluid-fluid levels con-
sistent with hemorrhagic component that can be
hardly appreciable on MRI. MRI shows a lobu-
lated or septated mass, with an intermediate to
low intensity signal on TI-weighted images
and a heterogeneous high intensity signal
on T2-weighted sequences. Either hemosiderin
deposits or fibrosis appear as low intensity signal
areas on T2-weighted images [12, 13, 19].

Fibrous Dysplasia of Bone

Fibrous dysplasia accounts for nearly 40% of
benign chest wall lesion [3]. It is a developmental
anomaly caused by the failure in morphologic dif-
ferentiation and maturation of mesenchymal
osteoblasts, resulting in fibrous tissue replace-
ment within the bone [13]. Fibrous dysplasia is
monostotic in approximately 80% of the cases,
and polyostotic in the remainders. The latter sub-
type is more frequent in subjects of 20-30 years of
age and may be part of the McCune- Albright syn-
drome [20].

Fibrous dysplasia is usually asymptomatic but
can become painful when pathologic fractures
supervene. Both ribs and clavicles are the most
frequently involved bones [17].

The chest radiograph shows a fusiform
enlargement and deformity of the bone, with a
cortical thickening and increased trabeculation.
Usually, the matrix of the lesion is smooth and
relatively homogeneous, producing the so-called
ground glass appearance. These features, along
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with amorphous or irregular calcifications, are
more clearly depicted by CT. MRI is useful to
define the extent of the lesion. The signal intensity
is variable: on T2-weighted images the intensity
varies from low to high, while on T1-weighted
images the signal is low [12, 13].

Ossifying Fibromyxoid Tumor

The origin of this tumor remains unknown. It
preferentially involves the ribs and is constituted
by fibrous stomata well vascularized that contains
new bone trabeculation and multinucleated giant
cells [13].

An intracortical bubble-shaped osteolytic area
surrounded by a sclerotic band of tissue can be
seen at the chest radiograph. On CT, ossifying
fibromyxoid tumor manifests as an osteolytic
bubble-shaped intracortical mass with sclerotic
margins. On MR, focal areas of high signal cor-
respond to myxoid material on T2-weighted
sequences. The tumor enhances after contrast
media administration due to its high vasculariza-
tion on MRI [13].

Giant Cell Tumor

Giant cell tumor, also known as osteoblastoma, is
composed by vascular sinuses lined or filled with
giant and spindle cells. It typically manifests in
patients of 21-40 years of age, with a higher preva-
lence in women. It more frequently involves the sub-
chondral region of sternum, clavicle, and the ribs. It
may metastasize to the lung in 5% of cases [3].

The chest radiograph shows an eccentric
osteolytic lesion. Surrounding sclerosis is not an
established feature of the giant cell tumor.

CT is useful to better evaluate the cortical
thinning and the relationship of the lesion with
the surrounding structures (8 Fig. 9.2).

On MR, the signal is characteristically of low
intensity on T1-weighted images and high inten-
sity on T2-weighted images [13].

Chondromyxoid Fibroma
Chondromyxoid fibroma is a rare tumor that
typically affects older children and young adults.
The tumor comprises of a variable combina-
tion of chondroid, myxoid, and fibrous tissue
components organized in a pseudo-lobulated
architecture [3].
At the chest radiograph, it appears as a lytic
lesion with well-delimited sclerotic borders. At
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B Fig.9.2 Images courtesy of Department of Radiology,
Gorizia's Hospital. Giant cell Tumor. (a, b) CT scan demon-

CT, it appears as a heterogeneous enhancing
mass with lobulated margins, septations, and
sclerotic rim. CT may better depict bone destruc-
tion. On MRI, chondromyxoid fibroma has a
heterogeneous signal intensity on T2-weighted
images and a diffuse enhancement on
T1-weighted images after contrast media admin-
istration [13].

Osteoblastoma

Osteoblastoma is a rare tumor that typically man-
ifests in patients of 20-30 years of age, with a
slightly male predilection.

On both chest radiograph and CT, the lesion
appears as an expansile osteolytic lesion with scle-
rotic margins, sometimes with intralesional calci-
fications.

On MRI, it shows an intermediate intensity
signal, or a low intensity signal if calcifications are
present, on both T1- and T2-weighted images. A
high intensity signal rim due to the presence of
edema around the soft tissue - also called “flare
phenomenon” - may be seen. After contrast
media administration, a strong enhancement is
seen in either the lesion itself or in the surround-
ing tissue (B Fig. 9.3) [19].

strates the presence of an expansile mass with internal
ground glass matrix and cortical thinning (white arrow)

Chondroblastoma

Chondroblastoma is a rare benign tumor present-
ing in patients of 10-20 years of age. It typically
originates from the costovertebral or costochon-
dral junction of the ribs, or from the scapula. It
usually causes joint swelling or tenderness. A
well-defined lytic lesion with thin sclerotic mar-
gins is seen on both chest radiograph and CT.

On MR, the areas of mineralization are of low
signal intensity on T1-weighted images in a back-
ground of low intensity signal due to cartilage,
while they appear as areas of low intensity signal
in a background of high intensity signal due to
cartilage on T2-weighted images. Fluid-fluid lev-
els may be seen if aneurysmal bone cyst change
occurs. Edema can be present in adjacent bone
and soft tissue [19].

Adipose Tissue Tumors

Lipoma

Lipomas are masses of adipocytes very similar to
normal fatty tissue, well circumscribed and
encapsulated [3]. They occur in patients between
50 and 70 years of age, with a predilection for
obese people. On X-ray, it appears as a radiolu-
cent ovoid mass compared to other soft tissue
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O Fig. 9.3

Images courtesy of Department of Radiology,
Gorizia's Hospital. Osteoblastoma. (a) CT scan shows an
expansile sclerotic bone lesion of the posterior segment
of a right rib (white arrow). (b, ¢) MRl images confirm the
presence of a lesion with low intensity signal on T1- and

[15]. Both on CT and on MRI, lipomas are inter-
nally homogeneous, without enhancement after
contrast media administration (B Fig. 9.4). Often
multiple thin septa are present with a slight
enhancement on CT and with signal suppression
on fat-suppressed sequences on MRI [13]. In con-
trast, thickened internal septa and large size are
both features that trigger the differential diagno-
sis with liposarcoma [21].

Spindle Cell Lipoma

It is a rare slow growing and painless tumor, due
to the substitution of mature fat cells with
collagen-forming spindle cells. It presents as a
well-demarcated mass of 3-5 cm in subcutaneous
tissue of the neck or shoulders, mostly in men
older than 45 years of age. On MRI, both on T1-
and T2-weighted images, it appears as a heteroge-
neous mass with a variable quantity of lipomatous
and non-lipomatous components [13].

9.1.3.2 Malignant Tumors

Vascular Tumors

Angiosarcoma

Angiosarcoma is a malignant tumor originating
from the vascular endothelium. It can be occa-
sionally misdiagnosed as chronic hematomas, as
it frequently presents as a painful, large, rapidly

T2-weighted images due to the presence of calcifications
and a high peripheral signal called “flare phenomenon”
due to edema (arrow). (d) Post-contrast T1-weighted
imaging shows enhancement in the periphery of the rib
lesion and adjacent deep submuscular soft tissues

growing mass. Sometimes it can be associated
with hematologic disorders, such as anemia, or
coagulopathy. In chest wall, it typically develops
in the breast, sometimes following radiation ther-
apy for breast carcinoma or in association with
lymphedema.

MRI shows a heterogeneous mass, often asso-
ciated with feeding vessels at its periphery. The
mass enhances after contrast media administra-
tion. Other typical signs are fluid collections
around the muscle, fibrous thickening, soft-tissue
nodules, and increased attenuation in fatty tissue
[14].The prognosis is poor and only few patients
are alive within 3 years after the diagnosis [22].

Osseous and Cartilaginous Tumors
Chondrosarcoma

Chondrosarcoma is the most common malignant
primary tumor of the chest wall. The anterior part
of the chest wall is more frequently involved, as
the tumor arises from the costochondral arches
(especially along the upper five ribs) or from the
sternum in 60% of cases. As such, all tumors aris-
ing from the costal cartilages should be consid-
ered with suspicion of malignancy and treated
with resection. In most of cases, chondrosarcoma
occurs as a primary lesion, but can develop from
preexisting benign tumors (e.g., chondroma or
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b

O Fig.9.4 Lipoma. (a) Chest X-ray shows asymmetric
ill-defined opacity (white arrow) in the periphery of the
right upper chest. (b) CT confirms the presence of

osteochondroma) in 10% of cases [3, 12]. Lung
metastases have been reported in nearly 10% of
patients, and bone involvement may also be seen.
It manifests with an incidence rate two times
higher in men then in women and two peaks of
age have been identified, respectively 20 and
50 years of age.

Chest radiographic features include endosteal
scalloping, moth-eaten appearance with bone
destruction, irregular contours, and intratumoral
mineralization, with variable degree of calcifica-
tion (e.g., rings and arcs, flocculent or stippled, or
dense calcification).

On CT, chondrosarcoma manifests as a
destructive low-attenuation mass of soft tissue.
Calcification of the chondroid matrix may be
characteristically appreciated on CT, though this
may be also absent. A heterogeneous enhance-
ment may be seen following contrast media
(B Fig. 9.5).

On MRI, T1-weighted images, the lesion
shows a signal intensity like muscle, and a signal
intensity rather than that of fat on T2-weighted
images. After contrast media administration, the

lipid-rich chest wall mass with an internal thin septum
(white arrow), (c) with no post-contrast enhancement
(white arrow)

enhancement is typically inhomogeneous, espe-
cially at the periphery [12, 14, 19].

The grade of the tumor, as well as an adequate
surgical resection, seems the most important
prognostic factors [23].

Osteosarcoma

Osteosarcoma represents 10-15% of malignant
chest wall tumors. It can be either primary or sec-
ondary when arising from a preexisting bone
lesion such as Paget disease, or after radiation
therapy. It usually originates from the ribs, scap-
ula, and clavicle [21].

It typically manifests as a painful and rapidly
enlarging mass that tend to regionally recur after
treatment or spreading to the lung or to the lymph
nodes (in approximately 70% of cases). At diagno-
sis, most patients already have distant metastases.
In fact, osteosarcoma is associated with a very
poor prognosis [22].

The chest radiograph usually shows a mass
with calcifications or with an osteoid bone matrix
that can be lytic or sclerotic. A sunburst pattern is
typical [12, 14].
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O Fig. 9.5 Chondrosarcoma. (a) CT shows a well-
circumscribed mass arising from the subcostal left inferior
anterior chest wall, containing microcalcifications (arrow).

On CT, osteosarcoma appears as large mass
including areas of mineralization that are more
conspicuous in the center of the lesion. On CT,
attenuation of the mass may look particularly het-
erogeneous due to the presence of areas of necro-
sis or hemorrhage [21].

On MRI, osteosarcoma shows a signal inten-
sity greater than that of muscle on T1-weighted
images, and a high signal intensity on T2-weighted
sequences. Areas of mineralization have a low sig-
nal intensity both on T1- and T2-weighted
sequences. Sometimes cystic components can be
seen within the mass. A heterogeneous enhance-
ment is also characteristic after contrast media
administration [3, 12, 14, 19].

Osteosarcomas are usually high-grade tumors
and combined treatment is required; despite this,
they often metastasize, and survival is signifi-
cantly lower as compared to other subgroups of
primary malignant chest wall tumors [12, 14].

Adamantinoma
Adamantinoma accounts for 0.3-0.4% of all pri-
mary bone tumors, and it presents in patients
with a mean of 30 years of age. It is a low-grade
malignant tumor, arising from intraosseous epi-
thelium. It is rarely found in the chest wall origin,
where it more frequently arises from the ribs. It is
constituted of solid cell nests, with variable pro-
portion of epithelial and osteofibrous compo-
nents. The tumor can be quite infiltrative, eroding
the adjacent bones and spreading to distant
organs such as the one in liver metastases [3].

On both CT and MR, it generally manifests
as an osteolytic lesion with sclerotic margins,

(b) MRI shows a mass with predominantly hypointense
signal on T1-weighted image and (c) a heterogeneous
hyperintense signal on T2-weighted MRI image

with a typical medullary and eccentric develop-
ment [3].

In literature, due to the rarity of this tumor,
there are no data regarding the prognosis.

Adipose Tissue Tumors

Liposarcoma

Chest wall origin is uncommon and can be seen
in 10% of cases. It originates from lipoblasts that
can be round and poorly differentiated or equal to
that of mature adipose tissue. Liposarcoma can be
divided into three subtypes, as follows: pleomor-
phic, myxoid, and the most frequent (40-45% of
cases) well differentiated, or dedifferentiated lipo-
sarcoma [3]. On the chest radiograph, it may
appear slightly radiolucent like a lipoma.

On CT, the lesion attenuation is moderately
higher than that of normal fatty tissue, as the
tumor contains both adipose and soft tissue. The
varjability in the cellularity of the tumor is
expressed by a heterogeneous appearance. In the
myxoid variant, calcifications and ossifications
can be seen [14].

On MRI, myxoid liposarcoma has a moder-
ately high signal intensity on T'1-weighted images
and high signal on T2-weighted images. Different
features can be detected in case of round cells
liposarcoma that shows a heterogeneous appear-
ance with a low signal intensity on T'1-weighted
images, and a high signal intensity on T2-weighted
images.

Given the tumor histologic composition, it
may be difficult to distinguish well-differentiated
liposarcoma from lipoma. Generally, a tumor
composed entirely of fat can be identified as a
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lipoma, while the presence of non-adipose com-
ponents should increase the suspicion for malig-
nancy. On MRI, the presence of intralesional
septa of thickness greater than 2 mm is strongly
indicative of liposarcoma [19].

If areas of high signal intensity on T2-weighted
images and low signal intensity on T1-weighted
sequences developina previously well-differentiated
liposarcoma, a dedifferentiated liposarcoma should
be suspected, particularly if these areas enhance
after contrast media administration [14].

The outcome is like other soft-tissue sarcomas
of the chest wall [3].

Muscular Tumors

Leiomyosarcoma

Leiomyosarcoma accounts for 1-5% of primary
soft tissue sarcomas of the chest wall. It manifests
as a painful mass occurring typically in adulthood
(50-70 years), with a higher incidence rate in men
than women [3].

CT shows a large mass that often displaces
adjacent vessels that can be distorted. In addition,
necrotic or cystic areas can be seen within the
tumor. Calcifications are not a feature of this
tumor (8 Fig. 9.6).

On MR, a spindle shape is typical with low
signal intensity on T1-weighted images and high

O Fig.9.6 Leiomyosarcoma. (a) Chest X-ray shows
asymmetrically increased density in the inferior lateral
right chest with an “incomplete border” sign (white

signal intensity on T2-weighted images. After
contrast administration, the peripheral region of
the lesion typically enhances, creating a hyperin-
tense rim that encircles a central area of low signal
intensity [14].

Rhabdomyosarcoma

This tumor accounts for 11% of the chest wall
tumors [3]. It is a high-grade sarcoma showing a
skeletal muscle differentiation that typically
occurs in patients less than 45 years of age [14].

In the chest wall, it manifests as a nontender
rapid growing mass that can cause pain or symp-
toms related to nerve compression. There are
three different histologic subtypes: embryonal,
alveolar, and pleomorphic. The alveolar subtype is
the most frequently observed in the chest wall and
is associated with the worst prognosis [3].

As reported by Gurney and Winer-Muram,
rhabdomyosarcoma has an identical appearance
to Askin tumor, presenting on the chest radio-
graph as a large, unilateral, and rapidly growing
mass, with or without rib destruction. On CT, it
manifests as a large and heterogeneous mass, due
to intratumoral cystic, hemorrhagic, or necrotic
components [3, 19].

On MRI, alveolar and pleomorphic subtypes
show a specific aspect, with necrotic areas of low

o
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arrow). (b) CT scan after contrast media administration
confirms that the process is in the chest wall (arrow) with
heterogeneous contrast enhancement
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signal intensity not enhancing after contrast media
administration, alternating with high signal inten-
sity ring like areas that markedly enhance [3, 12, 17].

Embryonal type, typically occurring in chil-
dren, can extend even in the anterior and lower
chest wall.

The prognosis is related to the degree of dif-
ferentiation of the tumor and to the histologic
subtype: the alveolar subtype has a worst progno-
sis compared to both embryonal and pleomorphic
subtypes [22].

Fibrous and Fibrohistiocytic Tumors
Malignant Fibrous Histiocytoma
MFH is the most common soft-tissue sarcoma in
adults that rarely occurs in the chest wall. It arises
from deep fascia or skeletal muscle and seldomly
from the bones. It typically manifests as a non-
tender slow growing mass. Four histologic sub-
types have been identified: pleomorphic, giant
cell, myxoid, and inflammatory, which do not
show typical features on X-ray. Two-thirds of
patients are affected by storiform-pleomorphic
MFH. On CT, this appears as a mass in the muscle
and fascia planes with heterogeneous enhance-
ment following contrast administration. The sec-
ond most common type is myxoid MFH that has
a typical aspect on CT due to its composition: the
myxoid matrix in the center of the lesion is low
attenuating, while the peripheral more cellular-
ized components have a nodular enhancement.

On MRI, the tumor has a signal intensity
equal to that of muscle on T1-weighted images,
and signal intensity equal to or greater than that
of fat on T2-weighted sequences. The tumor has a
heterogeneous enhancement after contrast media
administration [12, 14].

Due to the rarity of this tumor in the chest
wall, no data in literature are available regarding
the prognosis.

Aggressive Fibromatosis or Desmoid Tumor

Aggressive fibromatosis is an infiltrative lesion
that does not metastasize (and may even undergo
a spontaneous regression), originating from mus-
culoaponeurotic structures and composed by pat-
terns of elongated spindle-shaped cells infiltrating
the surrounding tissue. The exact pathogenesis is
still not clear, even if some predisposing factors
have been identified, like trauma, scars, irradia-
tion, endocrine disorders, and genetic factors. It
can sometimes be associated with Gardner syn-
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drome, even if this occurrence is more frequently
seen in aggressive fibromatosis of the abdomen.
Aggressive fibromatosis accounts for 54% of low-
grade sarcomas of the chest wall, affecting preva-
lently adolescents and young adults, often with a
female prevalence. Young patients are more fre-
quently affected by tumor with an infiltrative pat-
tern, while adults with a nodular one. Patients
present with a palpable mass, associated with
pain, paresthesia, hyperesthesia, and motor weak-
ness if the thoracic inlet is involved. The tumor
can locally recur, but it does not metastasize [3].
There are no typical radiographic findings.

On CT, the variable composition of the tumor
is expressed in both attenuation and enhance-
ment. Whereas confined to the muscles, it can
encase adjacent vessels and nerves or extend into
the pleural space with displacement of mediasti-
nal viscera [14]. Bone invasion is rare but second-
ary compressive effects are seen.

MRI generally shows signal hypointensity on
T1-weighted images and isosignal on T2-weighted
images, which likely reflects collagen content [14].

Desmoid tumor is considered a low-grade
fibrosarcoma, but it should be resected with wide
margins to avoid recurrence, as all other primary
malignant chest wall tumors; radiation therapy
represents a proven and effective alternative or
supplementary treatment [24].

Elastofibroma

Not a true neoplasm, elastofibroma arises second-
ary to idiopathic fibroblastic proliferation. It usually
presents as a slow growing typically asymptomatic
lesion, typically developing in the inferior subscap-
ular region, deep to the serratus anterior, latissimus
dorsi, and rhomboid muscles, and may be bilateral
in 10%. It is seen around 60 years of age and is more
common in women [3, 15, 17].

There are no typical radiographic findings. On
CT, it appears as a soft-tissue mass, poorly cir-
cumscribed, and isoattenuating to muscle.

On MRU, it appears striated with linear strands
of high signal on a background of T1 and T2
hypointensity, with low-grade heterogeneous
enhancement [3, 15, 17, 19] (8 Fig. 9.7).

Hematologic Tumors

Malignant Lymphoma

Primary malignant chest wall lymphoma is rare,
typically extranodal diffuse large B-cell lym-
phoma (DLBCL), and presents around the age of
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B Fig.9.7 Elastofibroma. (a)T1-weighted MRI image shows a low signal intensity process (white arrow) (b) with a low

heterogeneous post-contrast enhancement (white arrow)

50 years [14]. It may be more commonly encoun-
tered in those with immunosuppressive therapy
after transplantation, in AIDS, or after metallic
orthopedic implants. It shows a multinodular or
infiltrative pattern. Bone invasion may manifest
after spreading from adjacent lymph nodes or
from hematogenous spread [3].

On CT, the process mass is isoattenuating to
muscle with moderate post-contrast enhance-
ment.

On MRI, an intermediate signal is typical,
with an intensity equal to that or slightly low than
that of the adjacent muscle on T1-weighted
images and with high signal intensity on
T2-weighted images. Other features like infiltra-
tion of the neurovascular bundle and extension
up to the subcutaneous tissue are commonly
observed [14].

Solitary and Multiple Myeloma
Solitary and multiple myeloma are plasma cell
tumors.

Solitary myeloma, or plasmacytoma, typically
presents in patients with a mean age of about
50 years and manifests as a single mass that can
progress to multiple myeloma [14].

Plasma cells produce an osteoclast-stimulating
factor, thus determining multiple areas of osteoly-
sis. On the chest radiograph, solitary myeloma
manifest as an expansile mass with multiple cysts
or as an osteolytic area with cortical thinning

B Fig. 9.8 Solitary multiple myeloma (Plasmacytoma).
CT scan shows a single expansile lytic mass in the anterior
chest wall, with post-contrast enhancement (white arrow)

without expansion. Extraosseous solitary myeloma
presents like a soft-tissue mass and progresses to
multiple myeloma with a lower frequency.

Multiple myeloma manifests with a diffuse
marrow involvement reflecting diffuse marrow
space accumulation of plasma cells with multiple
osteolytic lesions in the vertebral column, ribs,
and clavicles. These lesions lead to pathologic
fractures. Sclerosis may develop if pathologic
fractures occur, but even after irradiation, chemo-
therapy, or without treatment.

CT scan demonstrates the presence of multi-
ple (multiple myeloma) or single lytic lesions
(plasmacytoma) (B Fig. 9.8).

On MRI, the tumor has a low signal on
T1-weighted images and a high signal on
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T2-weighted images, although the signal intensity
may be altered from secondary foci of hemor-
rhage or necrosis [12, 14, 18].

Localized solitary plasmacytoma is a rare
tumor and surgery followed by adjuvant chemo-
therapy that is considered the best therapeutic
approach. The most important factor affecting
survival is the subsequent development of a mul-
tiple myeloma [25].

Cutaneous Tumors

Dermatofibrosarcoma Protuberans
Dermatofibrosarcoma protuberans is a rare tumor
of the skin that tends to be locally invasive and
recur locally (e.g., usually within 3 years after ini-
tial treatment) [14]. It typically manifests in ado-
lescents as a slow growing violaceous nodule that
is asymptomatic. There are two different variants
of this tumor: a classic variant with an indolent
course and an aggressive variant [26]. Metastases
to regional lymph nodes are rare, accounting for
1-7% of cases. Distant metastases are rare as well,
occurring in fewer than 5% of patients. The lung
is the most frequent site involved, but metastases
to the brain, pleura, pancreas, cervical lymph
nodes, and orbit have also been observed. Distant
metastases are more frequent with larger masses
(>10 cm). This may reflect fibrosarcomatous
changes (in 3-20% of cases) that are associated
with a higher risk of local recurrence, metastasis,
and death [27].

There are no typical radiographic findings. In
the aggressive variant, CT shows a nodular subcu-
taneous lesion that appears well delineated with
attenuation like that of skeletal muscle and with
moderate enhancement after contrast media
administration.

Nonspecific MRI is seen with heterogeneous
signal owing to its variable composition, with foci
of hemorrhage, myxoid change, or necrosis [14].

Other Tumors
Ewing Sarcoma Family of Tumors
Ewing sarcoma family includes both Askin tumor
and Ewing sarcoma and is the most common
malignant chest wall tumor in children and young
adults. Both tumors probably originate from
embryonal neural crest cells and express the same
balanced translocation between chromosomes 11
and 22, t (11;22) (q24; q12) [21].

Ewing sarcoma may manifest as a solitary
mass or as multiple masses with a typical eccen-
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tric growth, which if expands could cause lung
collapse or invasion. It originates from the ribs in
a paravertebral region and then extends to the
vertebral foramina. If smaller tumors displaces
adjacent soft tissue, but larger ones invade or
encase it.

Patients typically present with pain and sys-
temic symptoms, like fever and malaise.
Metastases to the lung or the bone are commonly
found at diagnosis.

The chest radiograph shows the typical “onion
peel” feature that is caused by subperiosteal bone
formation but may also show periosteal elevation
with osseous destruction with lytic and blastic
foci [3, 12, 14].

CT of Ewing sarcoma demonstrates a large
heterogeneous mass with extensive cystic degen-
eration along with occasional calcifications and
sometimes hemorrhage or necrosis.

The tumor has a signal intensity equal to that
of muscle on MRI T1-weighted images, show-
ing a heterogeneous signal if areas of hemor-
rhage or necrosis are present. On T2-weighted
images, heterogeneous signal intensity is seen.
Significant post-contrast enhancement is present
(12, 14, 19].

Ewing’s sarcoma of the chest wall is rare and
usually considered as a systemic disease necessi-
tating local as well as systemic therapy; despite
this aggressive treatment, up to 40% of patients
with localized disease will die [12, 14]. Indeed,
distant metastases occur in about 75% and are
associated with poor prognosis [22].

Synovial Sarcoma
Synovial sarcoma is a mesenchymal tumor that
develops near joint capsules, bursae, and tendon
sheaths of the extremities. Chest wall involvement
is extremely rare and occurs in patients between
15 and 40 years of age, with possible metastases to
lung, bones, or regional lymph nodes. The tumor
is characterized by a specific translocation t (X;18)
(p11;ql1) [14].

There are no typical radiographic findings.

CT shows a soft-tissue mass with an attenua-
tion similar or slightly higher to that of muscle
that can infiltrate adjacent structures. In 20-30%
of cases, intralesional calcifications are easily
detected along with cortical bone erosion or inva-
sion [28].

On MRI a heterogeneous signal intensity is
seen on T1-weighted images, predominantly
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equal to that of muscle. In 45% of cases, small foci
of hemorrhage are seen as foci of high T1 inten-
sity. Fluid-fluid menisci may be present in 15-25%
of patients [29]. These two features are associated
with very poor prognosis, as they are associated
with both larger and invasive tumors. On
T2-weighted images, a marked heterogeneity is
typical with internal septations, typical in larger
tumors. In a third, a characteristic pattern on
T2-weighted images with three different signal
intensity levels: fluid (high signal), fat (intermedi-
ate), and low (fibrous tissue), when observed near
a joint and accompanied by small foci of high
intensity signal on T1-weighted images or calcifi-
cations, suggests the histological diagnosis [14].

Proximal-Type Epithelioid Sarcoma
Proximal-type epithelioid sarcoma is a tumor
involving soft tissue of the extremities than occur-
ring with a higher frequency in adolescents and
young adults. It usually manifests as a lesion
attached to the tendons, tendon sheaths, or fascial
structure subcutaneously or deeply located. It
clinically manifests as a subcutaneous or deep
dermal mass [3].

There are no typical radiographic findings. On
CT, stippled calcifications or ossification may be
seen in 20-30% of cases [14].

On MRI on T1-weighted images, the tumor
can be detected only because of its mass effect as it
manifests with a signal intensity equal to that of
muscle. A heterogeneous high intensity signal is
evident on T2-weighted images. After contrast
media administration, a strong and heteroge-
neous enhancement is observed [3, 14].

9.1.4 Treatment

Primary malignant chest wall tumors (PMCWT)
are a heterogeneous group of tumors developing
in the bones and soft tissues of the thoracic cage.
They are usually considered as a group because
the diagnostic and therapeutic problems they
pose are similar. Their infrequency in this loca-
tion generates a diagnostic and therapeutic chal-
lenge to the thoracic surgeon.

The approach to chest wall resection and
reconstruction is similar to other major chest sur-
gery, to balance the best option while minimizing
surgical risk. A thorough medical history and
physical examination form the basis for any fur-

ther investigation. Pulmonary function testing
must be performed to evaluate patient reserves
because a temporary compromise in respiratory
function must be expected after resection. Several
different techniques have been proposed to avoid
paradoxical motion of the chest wall and impaired
ventilation [6, 30, 31].

Although advanced surgical technique, use of
prosthetic materials for reconstruction, and
improvements in anesthesia and postoperative
care have reduced the rates of mortality and mor-
bidity, complications still occur in a fourth of
cases with reported operative mortality up to 4%
in some series. The most common complications
are respiratory (some patients require prolonged
ventilation and tracheostomy), wound infection,
hematoma, seroma, partial flap loss, delayed
wound healing, and, rarely, paradoxical motion of
the chest wall [32].

9.1.4.1 Tissue Diagnosis

While obtaining tissue for diagnosis, some pitfalls
must be recognized.

The skin incision on the Tru-Cut needle tract
must not jeopardize subsequent skin flap.
Hematoma must be avoided because it may pro-
pel sarcoma cells into and along soft tissue planes.
The biopsy must be adequate for pathologic study.
Necrotic tissue, hematoma, or inflammatory tis-
sue may be submitted rather than tumor tissue. If
the tissue specimen seems inadequate, a frozen
section to confirm the cancerous tissue may be
helpful.

Biopsy options include fine-needle aspiration
(poor diagnostic yield), core-needle biopsy (supe-
rior accuracy of 88-95%), and incisional or
excisional surgical biopsy.

Percutaneous core needle biopsy is effective
and safe for the diagnosis of chest wall masses and
may be performed with palpation or under sono-
graphic or CT guidance. Besides being cost-
effective, core needle biopsy limits the size of the
biopsy tract that must be removed at the time of
definitive wide or radical excision. If planned,
induction therapy may be initiated immediately
after without waiting for wound healing. However,
it should be emphasized that while evaluating a
patient with previous malignancy for suspected
chest wall metastasis, fine needle aspiration for
cytology should be enough for making a diagnosis.

Excisional (surgical) biopsy is appropriate for
small lesions (2-4 cm) and lesions that appear to
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benign on imaging. For tumors with unusual his-
tologic pattern, it is important for the pathologist
to know whether these patterns are present
throughout the whole lesion or if they are con-
fined to small areas of the tumor; in the latter,
excisional (surgical) biopsy will be more informa-
tive. Open biopsy also appears to be superior for
the diagnosis of cystic bone lesions. These lesions
contain substantial amount of fluid, blood, and
necrotic material, and sampling may not be suffi-
ciently diagnostic without inclusion of a portion
of the wall of the lesion. The biopsy access path-
way must be planned to permit complete excision
of its scar with primary tumor.

Less invasive biopsy procedures are preferred
for larger tumors and for those tumors for which
treatment is unlikely to be surgical (such as for
Ewing’s sarcoma, plasmacytoma, chest wall
metastases). A presurgical diagnosis is critical
before consideration of major chest wall resection
or multimodality therapy.

9.1.4.2 Chest Wall Resection

and Repair
Resection
Surgical policy in treating PMCWT is, in general,
as follows: skin incision included the site of the
previous biopsy, the invaded skin or previously
irradiated tissue; wide resection of a lateral
PMCWT included the affected ribs with at least
3-4 cm free margin proximally and distally to the
tumors and the adjacent portions of one normal
rib above and below the lesion; the extent of sur-
gery in sternal PMCWT (partial sternectomy,
subtotal sternectomy, or complete sternectomy)
depends on the size and location of the tumors
and, in all cases, resection included the adjacent
sternocostal cartilages on each side; tumors exten-
sion into the chest cavity was evaluated during
operation by VATS (video-assisted thoracic sur-
gery) and any other structure involved in the
tumor was also excised. In every case, care was
paid during resection to spare unaffected muscles
such as the latissimus dorsi (LD) and the lateral
part of the pectoralis major (PM), both com-
monly used for reconstruction.

The importance of radical surgery in PMCWT
is well known and has been demonstrated by sev-
eral authors: Jean Philippe Berthet et al. analyzed
31 patients who underwent chest wall recon-
struction between 2006 and 2011. In their series,
they always checked the disease-free margin with
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an accurate intraoperative examination; in par-
ticular for bone resection, they respected the
limit of 3 cm macroscopic healthy tissue, wher-
ever possible [33].

Resection and reconstruction were performed
as a one-stage procedure in all cases. Every effort
was made to wean patients rapidly from the venti-
lator. The need to perform induction chemo-
therapy or postoperative chemotherapy and
radiotherapy in the case of high-grade sarcomas
was discussed and planned with the medical
oncologist and the radiotherapist in an oncologi-
cal multidisciplinary group. Most of our opera-
tions were planned and performed by a team
composed of a thoracic surgeon, a neurosurgeon
(if the tumor is abutting the spine), and a plastic
surgeon (if the need for a flap could be antici-
pated) [34, 35].

Reconstruction

The rule generally followed, as also we have
applied, is not to reconstruct defects smaller than
5 cm in size in any location and those up to 10 cm
in size posteriorly, while larger defects, most ante-
rior defects, or defects in proximity to the tip of
the scapula must be reconstructed.

In fact, chest wall defects posteriorly located,
smaller than 7-10 cm in diameter, and covered by
the scapula do not require reconstruction of the
skeletal chest wall. If the tip of the scapula tends to
intussuscept into the defect, surgical reinterven-
tion with reconstruction or partial scapular resec-
tion is mandatory.

Sometimes, when needed (large antero-lateral
defects), chest-wall reconstruction was carried
out with prosthetic material (non-rigid and rigid).
In our experience, in the case of subtotal sternec-
tomy, when a small part of the manubrium (with
the sternoclavicular joint) or a part of the lower
sternal body are conserved, a rigid reconstruction
is not necessary; further, these defects can be
replaced by nonrigid prostheses. In the case of
large antero-lateral chest wall defects or in the
case of a complete sternectomy, a reconstruction
with rigid material is often mandatory to restore
chest wall stability and to maintain the geometry
of the thoracic cage [36-38].

Non-rigid material: mostly nonabsorbable
polyethylene (Marlex) mesh, (Bard Inc., Murray
Hill, NJ, USA), polypropylene (Prolene) mesh and
polytetrafluoroethylene (ePTFE) patch (Gore
Dualmesh Plus, W.L. Gore & Associates, Flagstaft,
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AZ,USA), a prosthetic biomaterial combined with
two antimicrobial preservative agents (chlorhexi-
dine diacetate and silver carbonate, both active
against Gram-positive and Gram-negative organ-
isms), and also provided of a smooth visceral sur-
face to minimize adhesions and a textured external
surface for tissue ingrowth. Absorbable materials,
in the past most often (Vicryl) mesh, are used in
situations in which postoperative infection may be
anticipated [36, 37].

Generally, a double layer of Marlex or Prolene
mesh is cut in the shape of the defect, sewn to the
ribs with interrupted nonabsorbable no. 1 or no. 2
sutures, and secured tightly by suture holes drilled
in the rib edges or fixation superiorly and inferi-
orly around the ribs. The mesh is placed over the
outer surface of the ribs to avoid scapular impinge-
ment. Before final fixation of the mesh, the patient
is repositioned, a chest tube is placed, and the
operative area is irrigated thoroughly with saline
solution. A closed suction drain may be brought
out from the mesh area through a puncture
wound in the skin, and soft tissue coverage is
accomplished.

Owing to the general absence of consensus, the
type of allomaterial and the technique of recon-
struction are largely dependent on the expertise
and preference of the individual surgeon.

Recently, collagen matrixes harvested from
human or animal sources and processed for medi-
cal use have emerged as an alternative. The
implanted matrix undergoes remodeling with cel-
lular infiltration, neovascularization, and exchange
of extracellular matrix. Some of these materials
have been chemically cross-linked to increase
strength and durability. They are more expensive
but very resistant to surgical site infections.

Many new biomaterials have been tested in
other areas of surgery with good results. Cross-
linked and noncross-linked swine or bovine der-
mal collagen prosthesis hasbeen used to reconstruct
musculofascial defects in the trunk with low infec-
tion and herniation rate. In all cases, we used a por-
cine collagen matrix mesh, and in all patients, it
was covered by transposition of myocutaneous
flap. The collagen material resulted in a durable and
good to excellent chest wall stability in clinical fol-
low-ups, and on computer tomography scans span-
ning over 3, 5 years. In conclusion: cross-linked
acellular porcine dermal collagen matrix is a feasi-
ble and reliable biological patch material for recon-

struction of the thoracic wall. Excellent wound
healing, long-term stability, low complication, and
good pulmonary function are achieved even in
large defects or complete sternal replacements.
Permacol Biologic Implant (Covidien, Mansfield,
MA) is a porcine dermal collagen matrix used in
abdominal wall reconstruction and other surgical
specialties. Structurally it is like human dermis. It is
nonallergic and devoid of foreign body reaction
and supports in growth and neovascularization.
Veritas collagen matrix (Synovis, St Paul, MN) is a
noncross-linked bovine pericardium that has been
used over 5 years as a graft reinforcement in the
treatment of uterine prolapse, urinary inconti-
nence surgery, and urethral sling. It has demon-
strated markedly less adhesion formation with
underlying viscera. It also provides an ideal scaffold
for reconstructive surgery. Its use has been reported
in skeletal reconstructions of the chest wall [11].
Several reviews have been published regarding its
utility as an alternative to other mesh. Our initial
experience of using bioprosthetic patches for soft
tissue reconstruction in thoracic surgery has
proven satisfactory with overall acceptable results.
The infection rates are low even when a proportion
of procedures were performed under contaminated
environments. Biologic prosthesis should be part
of the surgical options to reconstruct soft tissues in
thoracic surgery [39, 40].

Rigid reconstruction was carried out in some
cases with Marlex mesh-methylmethacrylate
sandwich (MMM) while other cases with the
STRATOS (Strasbourg Thoracic Osteosyntheses
System; MedXpert GmbH, Heitersheim, Germany)
or different titanium bars systems and rib clips.
However, the intraoperative preparation of the
MMM requires time and, it is not very easy to
handle and to adapt to the shape of the patient’s
chest and to set directly onto bony structures, par-
ticularly in nonexperienced hands. Moreover, even
if the methylmethacrylate sandwich provides
excellent chest wall stability and a low risk of respi-
ratory complications, it is associated with a great
number of wound complications; further, fracture,
tilting, or extrusion of the implant are reported
[37]. Nowadays, this new system consists of tita-
nium rib clips available in different angles and con-
necting bars and its assembly is very simple and
quick: once the ribs are isolated laterally to the
margin of resection, the rib clips and the connect-
ing bars can be bent to shape (by means of special
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bending instruments, rib clip fixation, and cutting
pliers) and fitted individually to reconstruct the
chest defect These rigid structures combine very
well with any kind of mesh [41].

Once the chest wall has been stabilized, a soft-
tissue coverage can be used to complete the recon-
struction to control infection, obliterate dead space,
and cover and separate the synthetic material.

The soft tissue transfer was always performed
in close interaction with a plastic surgeon,
involved in the preoperative selection of the flap
as well as in the surgical procedure. PM (Pectoralis
Major) is the most frequently selected muscle for
sternectomy, because of its proximity, reliability,
and versatility, and it can be used unilaterally or
bilaterally, with skin advancement or as a muscu-
locutaneous flap. We use a homolateral LD (latis-
simus dorsi) muscular flap for sternal
reconstruction only in one case of PM that was
unavailable because of previous irradiation. We
reconstructed preferentially the antero-lateral
chest wall defects with an LD muscle flap associ-
ated with skin advancement; the LD flap is easily
transposed on thoracodorsal vessels and its length
and bulk provide extensive coverage. The impor-
tance of a multidisciplinary approach in the treat-
ment of PMCWTs is widely accepted and this
need arises from the complexity of surgery (resec-
tion and subsequent reconstruction) (8 Fig. 9.9)
as well as from the local and systemic aggressive-
ness of some histological types of PMCWTs. In
our experience, most of the procedures were
planned and performed with contributions from
the plastic surgeon. In the same way, the indica-

197

tions to induction or adjuvant therapy were dis-
cussed and planned, together with the medical
oncologist and the radiotherapist [30].

9.1.5 Prognosis

For PMCWTs, a 5-year survival range of 46-66%
has been reported, with a wide difference between
the various histologic types [32, 35, 36].

RIS (radiation-induced sarcoma) is an uncom-
mon but increasing group of PMCWT; it develops
commonly in patients previously irradiated for
breast cancer or Hodgkin’s disease and frequently
arises or involves the thoracic outlet. Radical
resection with adjuvant chemotherapy is advo-
cated but, despite aggressive management, local
and systemic recurrence rates are higher than
other chest wall sarcomas [35].

Surgery is the cornerstone in the treatment of
PMCWT: an adequate radical resection associ-
ated with the maintenance of chest stability, lung
function, and an acceptable cosmetic result.
Consequently, a critical point, in general in ante-
rior chest wall resections, is a suitable prosthetic
replacement, able to restore the rigidity of the
chest and to prevent paradoxical motion, and a
healthy soft-tissue coverage able to seal the pleu-
ral space, to protect the viscera and great vessels
and to prevent infection [6].

Wide resection with tumor-free margins is nec-
essary in PMCWT to minimize local recurrence
and to contribute to long-term survival. To achieve
satisfactory surgical results, the coordinated effort

O Fig.9.9

(a) Surgical resection: full thickness
antero-lateral chest wall resection for PMCWTS. (b)
Reconstruction: partial chest wall reconstruction with the

combined use of polypropylene mesh and artificial
methylmethacrylate ribs, prior to cover with myo-
cutaneous flap (b)
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of a multidisciplinary surgical team is mandatory.
Numerous advances over the years have made
available various prosthetic materials and free or
pedicled muscle flaps for chest wall replacement;
the new mesh and the moldable titanium bars
allows a firm reconstruction, simple to handle and
to fix, and, in our opinion, represents a new option
in the scenario of rigid or semirigid reconstruction.
Despite the progress in multimodality treatment,
survival in PMCWTTs is very histology-dependent
and durable long-term survival can be obtained
only in the case of chondrosarcoma [6, 35, 36].

9.2 Patterns of Local Spread

9.2.1 Involvement of Adjacent
Structures

Most chest wall tumors are often infiltrative.
Neoplastic growth may determine invasion of the
adjacent tissues, such as fat and bone.

For example, glomus tumor or cavernous
hemangioma can erode adjacent bone when
expanding. Similarly, aneurysmal bone cyst can
markedly and rapidly expand in dimension, thus
provoking bone destruction and extension to the
adjacent tissues consequently. Desmoid tumor
can encase adjacent vessels and nerves.

Malignant tumors can invade surrounding tis-
sues secondary to their infiltrative nature to their
high capability to infiltrate. Malignant fibrous his-
tiocytoma and adamantinoma can infiltrate adja-
cent bones, while invasion of the lung is more
frequently seen in Ewing sarcoma of family
tumors [12, 14, 17, 19].

The involvement of neurologic structures typi-
cally manifest with the compression of the brachial
plexus, of the long thoracic nerve (resulting in
winged scapula) or with the involvement of sym-
pathetic chain (resulting in Horner syndrome).

9.3 Lymph Node Involvement

9.3.1 Lymphatic Drainage
and Lymph Node Involvement

Lymph nodes metastases from chest wall tumors
are rare. Osteosarcoma spread to the lymphatics
and lymph nodes in up to 70% of cases. Synovial
sarcoma or dermatofibrosarcoma protuberans can

rarely metastasize to the pulmonary and regional
lymph nodes (e.g., in 1-7% of cases) [14, 17].

Tumors developing in the thoracic inlet usu-
ally have a regional thoracic drainage (including
supraclavicular nodes). Similarly, tumors arising
from the lowest parts of the thorax may drain
either into thoracic lymph nodes or into dia-
phragmatic ones.

Lymph nodes involvement can be well defined
with FDG-PET. FDG-PET with CT imaging has
demonstrable accuracy of 96% on nodal evalua-
tion during tumor staging [3].

9.4 Metastatic Spread

Distant metastases are encountered with malignant
chest wall tumors. Malignant peripheral nerve
sheaths tumor, chondrosarcoma, osteosarcoma,
neuroblastoma, dermatofibrosarcoma protuberans,
giant cell tumor, and Ewing sarcoma of family
tumors tend to metastasize to the lung, bone, and
liver [3, 14, 17, 19]. Meguid and Brock reported
cutaneous and liver metastases in advanced stages
of leiomyosarcoma and hepatic involvement in
one-third of patients with adamantinoma [3].
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