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The past 30 years bear witness to a profound evolution in our ability to diagnose pediatric
cancers. What were once common diagnostic dilemmas are now routinely categorized with
the help of ancillary tests such as immunohistochemistry, fluorescence in situ hybridiza-
tion, and a myriad of molecular diagnostics tools. We are now moving into an unprece-
dented new realm wherein personalized medicine will require panels of tests not only for
diagnosis but also for customizable therapy guided by somatic mutation analysis. As our
ability to diagnose pediatric cancer has steadily grown, our diagnostic specimens have
shrunk. Previous surgical approaches often required complete and sometimes radical tumor
excision prior to embarking on therapy. Now, however, we initially obtain small biopsies
for tumors that are treated with neoadjuvant therapy and subsequently excised. These biop-
sies may include fine-needle specimens that minimize the cost and morbidity of biopsy.
Unlike the images of classical pathology texts, our gross excisions are now often distorted
by the results of chemoreductive therapy. This makes gross pathology less useful for diag-
nosis, while increasing our reliance on imaging studies for evaluation of patient material.
Despite the sophistication of genetic advances, the importance of a solid diagnostic founda-
tion based on routine microscopy and diagnostic imaging studies continues to have a prom-
inent place in daily clinical practice.

Many common denominators are shared between diagnostic pathology and diagnostic
imaging, despite differences in the tools of each of the trades. Both necessitate a broad fund of
knowledge of human diseases, a reliance on morphological skills, attention to intricate details,
and a mastery of judicious use of complex techniques to examine tissues and organs. In spite
of such interdependence, few textbooks address the important interplay between pathology
and diagnostic radiology. It is our hope and intention that this textbook will offer pathologists
a basic knowledge of diagnostic imaging and will give diagnostic radiologists a fundamental
understanding of the pathology of pediatric cancers. We strongly believe that such knowledge
inevitably leads to better patient care, our ultimate common denominator. This book is recom-
mended for pathologists, radiologists, and oncologists who diagnose and treat childhood can-
cers. It is also intended to serve as a reference for those who wish a more in-depth knowledge
of diagnostic imaging, pathology, and genetic approaches to childhood cancers. Because of
page limitations, we have purposely avoided reference to benign entities, except within the
context of a differential diagnosis. However, some entities that are included may have a
“benign” behavior in the majority of patients, but possess the potential for metastasis in some.
Our ability to predict metastasis is evolving, and we expect that future studies will yield more
reliable ways to determine metastatic potential.

We wish to thank our publisher, Springer, for their patience in allowing us to assemble this
multidisciplinary text, and our editors, Richard Hruska and Elizabeth Orthmann, for their
help in facilitating it. We would also like to thank our chapter authors for their generous assis-
tance, cooperation, and expertise in putting this book together. We thank Teresa Hensen,
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Rosanna Desrochers, Leiloni Gilbert, and Erika Thompson for secretarial help in writing and
editing chapters. We thank our supporting institutions and their staff, The University of Texas
M.D. Anderson Cancer Center, the University of Oklahoma, Children’s Hospital of Los
Angeles, and St. Jude Children’s Research Hospital, for their support and forbearance in
allowing us the time to write and edit the text. Finally, we wish to thank our spouses and fam-
ily, Jean, Leah, Sophie, Gabriel, Matty, Sean, and Keegan for their love and forgiveness for
the missed time at home.
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Daniela Hoehn and Sanam Loghavi

Introduction

Appropriate diagnosis of pediatric tumors requires an inte-
grative approach utilizing several clinical and diagnostic
resources, including a comprehensive clinical exam, diag-
nostic imaging studies, and a variety of laboratory tech-
niques. The role of the latter cannot be emphasized enough.
Routine laboratory techniques include microscopic evalua-
tion, immunohistochemistry, flow cytometry, conventional
cytogenetics, and molecular diagnostic studies.

Fine-Needle Aspiration and Core Biopsy

In clinical practice, the initial approach to the diagnosis of a
newly discovered tumor often involves fine-needle aspiration
(FNA) and a concurrent core needle biopsy. While the use of
FNA in the pediatric population is less widespread than core
needle biopsy sampling, cytologic evaluation may be helpful
in particular situations as long as diagnostic pitfalls that are
specific to the pediatric population are recognized [1].
Usually, these samples are obtained under imaging guidance,
including ultrasound for more superficial and accessible
lesions and computed tomography (CT) and magnetic reso-
nance imaging (MRI) for lesions involving visceral organs or
those that are deeply situated and less accessible percutane-
ously. The advantage of FNA and core needle biopsy sam-
ples is that they are of limited invasiveness and offer a
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balance between adequate sampling and potential morbidities
associated with surgical sampling [2]. It should be noted that
minimally invasive sampling approaches of pediatric tumors
may occasionally present specific issues that should be kept
in mind when sampling options are considered. For example,
percutaneous sampling approaches for bone tumors should
avoid contamination of fascial compartments through tumor
seeding. Additionally, sampling of localized renal tumors in
young children who are ultimately diagnosed when Wilms
tumor might result in the patient being upstaged due to iatro-
genic breach of the tumor capsule.

Intraoperative Evaluation

The main indications for frozen section evaluation in pediat-
ric tumors include assessment for malignancy, evaluation of
tissue adequacy, margin assessment, and allocation of tissue
to appropriate ancillary studies on the basis of the prelimi-
nary working diagnosis [3]. Intraoperative consultations also
offer an opportunity to perform touch imprints and scrape
preparations, both of which help in assessing sampling ade-
quacy and offer superior cytologic details compared to fro-
zen section tissue samples while largely preserving the
specimen for permanent histologic processing. In addition
both methods are rapid and simple, and can be performed on
site. In addition air-dried touch preparations without subse-
quent processing can be archived at 4 °C for days or weeks,
or they can be frozen at —70 °C and utilized much later for
additional ancillary studies such as fluorescence in situ
hybridization (FISH) and molecular diagnostics.

From the standpoint of triaging freshly acquired tissue
samples, it is important to note that the only techniques with
an absolute requirement for viable tissue include flow cytom-
etry and conventional cytogenetics. Most other techniques,
including FISH and molecular diagnostics, can currently be
performed reliably on formalin-fixed paraffin-embedded
(FFPE) material. Accordingly, fresh tissue should be pro-
cured in cases where such techniques are needed. In cases
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where tissue is limited, prioritization should be based on
differential diagnostic considerations and should be
communicated between the pathologist and surgeon or inter-
ventional radiologist. For example, flow cytometric evalua-
tion is of less significance in a patient with suspected sarcoma
or Hodgkin lymphoma.

Immunohistochemistry

Immunohistochemistry (IHC) is an integral part of diagnos-
tic pathology. Immunohistochemistry combines histological,
immunological, and biochemical techniques for the identifi-
cation of specific antigens by means of antigen-antibody
complex formation tagged with a chromogen (Fig. 1.1).
Among the many advantages of IHC is its ability to permit
visualization of antigen distribution within tissues. In addi-
tion to providing a qualitative assessment of tissue composi-
tion, IHC is amenable for semiquantitative and fully
quantitative approaches for cell enumeration.

Techniques to produce quality antibodies for clinical
immunohistochemistry have improved dramatically over the
past few decades. Antibodies against a specific antigen can be
monoclonal or polyclonal, and they may be produced in a vari-
ety of hosts (commonly mouse or rabbit) against a wide array
of epitopes. In comparison with the nascent years of [HC tech-
nology a few decades ago when frozen tissue was required and
manual staining methods were predominant, immunostaining
techniques are currently much more robust, automated, and
amenable to being performed on a variety of tissue fixatives
and tissue processing techniques. Nonetheless, IHC quality
remains a function of a broad range of factors that include
antibody specificity, antibody dilution and incubation condi-
tions, antigen retrieval, tissue fixation, decalcification meth-
ods, and histologic processing [4]. For example, the length of
tissue fixation and type of fixative might significantly alter a
target epitope and thus impact IHC quality [5, 6]. Tissue pro-
cessing techniques may similarly impact IHC particularly
when novel techniques such as microwave are introduced.

More recently, colorimetric in situ hybridization (ISH)
stains have become widely available. These stains are typi-
cally performed on the same automated platforms on which
IHC is done. Instead of an antigen-antibody design, ISH
entails the use of chromogen-tagged nucleic acids comple-
mentary to target DNA or RNA sequences [7]. Like IHC,
ISH permits the identification of target sequences in a tissue-
specific context. Commonly used ISH stains include those
for the detection of human papillomavirus DNA, Epstein-
Barr virus RNA, and immunoglobulin light-chain mRNA
transcripts.

Interpretation of IHC requires a thorough knowledge of
histology, antigen distribution in tissue, and antigen distribu-
tion in cells (membranous, cytoplasmic, and/or nuclear), and

D.Hoehn and S. Loghavi

Fig. 1.1 CD99 immunohistochemistry in a case of Ewing sarcoma
family tumor demonstrates diffuse strong expression of the CD99 anti-
gen by tumor cells

knowledge of potential artifacts that may impact staining
quality. Accordingly, it is necessary to distinguish true stain-
ing from nonspecific cross-reactivity or background “noise.”
Required elements to ensure adequate IHC quality include
the use of positive and negative controls as well as system-
atic validation processes to ensure that critical components
of IHC staining (e.g., buffers, color development kits) are
performing optimally.

Flow Cytometry Analysis

Multicolor flow cytometry analysis (FCA) is an invaluable
laboratory tool for the characterization of hematolymphoid
malignancies. It permits multiparametric measurement of
cellular properties that include size, cytoplasmic complexity,
and antigen expression. A typical flow cytometer is composed
of a laminar flow cell transport system, one to several laser
lights, photodetectors, and a computer-based data manage-
ment system. The intricate design of flow cytometers ensures
that cells flowing in a fluid sheath are hydrodynamically
focused to intercept laser light at a specific frequency. The
interaction of the laser light with the cell results in light scat-
ter and, in the presence of bound fluorochrome-tagged anti-
bodies, excitation and resultant emission of light at a different
wavelength. These events are captured by sensitive photode-
tectors and converted to measurable parameters. Scattered
light captured by a detector positioned at a right angle (90°)
from the laser source measures cytoplasmic complexity
whereas scattered light captured by detectors along the origi-
nal trajectory of the laser beam (180°) measures cell size.
Flow cytometry analysis is a robust tool to simultaneously
assess coexpression of multiple antigens expressed by cells
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Fig. 1.2 Flow cytometry analysis of a case of B lymphoblastic leuke-
mia/lymphoma demonstrating TdT expression by CD19-positive blasts
(red). In this plot, the lymphocyte gate is highlighted in furquoise. Note
the presence of a small population of normal CD19-positive B cells
(upper left-hand quadrant) as well as a population of normal T cells
(CD19 negative) (lower left-hand quadrant)

(Fig. 1.2). This is useful to many clinical assays including
cell lineage determination, biomarker detection, minimal
residual disease assessment, enumeration of cell subsets
(e.g., stem cells, T-cell subsets), and measurement of prolif-
eration and apoptosis.

For such applications, antibodies with covalently linked
fluorescent molecules (fluorochromes) are used to identify
target antigens and provide a means for qualitative and quan-
titative assessment of antigen expression. This ability to per-
form multiparametric analysis on an individual cell offers
FCA a distinct advantage over immunohistochemistry par-
ticularly in hematolymphoid disorders [8]. On the other
hand, the use of FCA to evaluate solid tumors remains tech-
nically limited.

Cytogenetics

Conventional cytogenetic analysis (cytogenetics) is a labora-
tory discipline that involves the study of chromosomes, also
known as karyotyping. Chromosomal alterations are com-
mon in cancer and are broadly categorized into recurrent and
nonrecurrent abnormalities. Tumors arising in the pediatric
age group are more likely than those arising in adults to har-
bor recurrent cytogenetic abnormalities. Frequently, such
recurrent cytogenetic abnormalities are integral elements of
pediatric cancer pathogenesis and their detection has
emerged as an important adjunct for diagnostic evaluation.
For conventional cytogenetic analysis of tissue samples
viable fresh cells are required for analysis. The average via-
ble human cell divides once every 24 h and certain cell types,

such as lymphocytes, do not divide at all, which mandates
special culture techniques and growth stimulation of the cell
of interest to increase the yield of analyzable material. Bone
marrow is typically cultured for 24-48 h whereas lympho-
cytes from tissue may require 3—4 days in culture medium
containing proliferation inducers for maximum yield.
Cultured cells are then subjected to metaphase arrest before
being processed to prepare chromosome spreads.
Chromosomes are then stained, most commonly with Giemsa
or Wright stains, for visualization of the characteristic band-
ing patterns. Positively charged dyes in stains bind to the
negatively charged DNA in chromosomes.

Conventional cytogenetic analysis begins with the identi-
fication of chromosomes typically by analyzing 20 meta-
phases. Chromosomes are aligned in pairs sequentially from
chromosome 1 to 22 followed by the pair of sex chromo-
somes. Chromosomal abnormalities are broadly divided into
numerical and structural. Numerical abnormalities (aneu-
ploidy) result in deviation from the usual diploid comple-
ment of 46 chromosomes and result either in hyperploidy or
hypoploidy. The spectrum of structural chromosomal abnor-
malities is broad. Most common alterations in pediatric
cancers are balanced translocations resulting in pathologic
juxtaposition of genes that normally belong on different
chromosomes. The first step is to assess the number of chro-
mosomes, a total of 46 in a normal diploid human cell.

While providing important information in the laboratory
work-up of pediatric tumors, conventional cytogenetics in
tumors has some disadvantages. Among the salient disad-
vantages is the absolute requirement for viable tumor tissue
and the intensive time and labor requirements that are inher-
ent in cytogenetic techniques. Furthermore, subtle cytoge-
netic alterations such as cryptic translocations or inversions
are often impossible to recognize due to the typically low
resolution of routine cancer cytogenetics methods. These
limitations have led laboratories to rely on FISH, which gen-
erally bypasses most of the limitations of conventional cyto-
genetics. Other cytogenetic techniques such as array
comparative genomic hybridization (CGH) have also made
their way into diagnostic laboratories, but their clinical use
remains limited particularly for pediatric tumors.

Fluorescence In Situ Hybridization

The use of FISH has grown exponentially over the past
decade and plays a critical role in the laboratory work-up of
many pediatric cancers [9]. In FISH, fluorochrome-tagged
DNA probes designed to be complementary to a specific area
of a chromosome (locus) are used to make qualitative and
quantitative assessments regarding the targeted locus.
Staining can be performed on a broad range of sample types,
including touch preparations, smears, and FFPE tissue



Fig. 1.3 Fluorescence in situ hybridization signals may be juxtaposed
signals (arrows) or separate. Depending on the design of the assay
probes, these patters might represent fusion or rearrangement at a par-
ticular locus. In this example of an EWSRI breakapart probe demon-
strating gene rearrangement (separate signals) in a case of Ewing
sarcoma family tumor. Fused signals (arrows) represent the intact
EWSRI allele

sections. Probes are incubated and allowed to hybridize to
target DNA and then, after applying a background nuclear
stain, signals are visualized on a fluorescent microscope. The
availability of fluorochromes with different light emission
characteristics allows simultaneous application of probes of
different colors and thereby permits a wider range of data to
be obtained.

Probes used in FISH provide important cytogenetic data
and this depends to a large extent on the design of the probe
and, as applicable, the composition of probes that occasion-
ally comprise a FISH assay. Information about a specific
locus obtained from FISH may be quantitative or qualitative.
For instance, while a probe might indicate rearrangement
involving a specific locus (e.g., MYC gene), it could also
demonstrate copy number changes (gains/losses) at that par-
ticular locus. Probes can be designed to provide information
if detected signals are juxtaposed (fusion probes) or located
farther apart than they should (breakapart probes) (Fig. 1.3).
In addition, by combining FISH probes designed to be com-
plementary to a particular gene with other probes targeting
the centromeric portion of a chromosome, a FISH assay can
distinguish between copy number alterations resulting from
focal chromosomal deletions and those that are secondary to
the loss of an entire chromosome.

The many advantages of FISH have positioned it as an
indispensable laboratory technique particularly in cancer.
Advancements in FISH techniques now allow testing to be
reliably performed on FFPE and have largely mitigated many
of the limitations of conventional cytogenetics. In addition,
FISH assays can be performed rapidly and their interpreta-
tion is less intricate than that involved in conventional cyto-
genetic analysis.

D.Hoehn and S. Loghavi

Molecular Diagnostics

Mutations are an integral component of cancer at the molecu-
lar level. Common molecular aberrations include point
mutations, insertions/deletions (indels), amplifications, trans-
locations, and DNA methylation variations. Characterization
of these aberrancies is a critical component of the pathologic
evaluation of tumors at diagnosis and during follow-up par-
ticularly for pediatric tumors since many harbor characteristic
nonrandom molecular alterations [10—12]. Some of the more
commonly used assays in the practice of diagnostic molecular
pathology include polymerase chain reaction (PCR), DNA
sequencing methods, array CGH, gene expression profiling,
and microRNA profiling. PCR and DNA sequencing are the
most widely used methods in routine laboratory practice.

All molecular techniques start with DNA or RNA extrac-
tion from a sample that could be fresh and unfixed or from
FFPE material. In PCR-based methods, a limited segment of
DNA or RNA (cDNA) is amplified and usually subsequently
sequenced to identify a mutation or detect a pathogenic
fusion resulting from a chromosomal translocation/inver-
sion. Such methods are generally sensitive and specific,
especially when amplification products are subsequently
sequenced or otherwise confirmed, with a reasonably quick
turnaround time frame. Automation of a sizeable component
of the technical aspect of molecular testing has become
widely adopted particularly in laboratories with high vol-
umes. Interpretation of results is generally straightforward
and is less time consuming than cytogenetic analysis. High-
throughput, or next-generation, sequencing technologies
parallelize DNA sequencing producing thousands or mil-
lions of sequences concurrently. Although these nascent
methods are gradually being adopted in clinical molecular
diagnostics their clinical role in pediatric oncology has not
been established yet [13].
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Radiologic imaging plays a pivotal role in the diagnosis of
pediatric malignancies. In many cases the radiologist is the
first to suggest the possibility of a malignancy based on
imaging findings. Imaging features of primary malignancies
are invaluable in providing a differential diagnosis and often
direct the subsequent clinical and imaging work-up of the
patient. Diagnostic imaging is also crucial in detecting meta-
static disease in both solid and hematologic malignancies
and, therefore, impacts therapeutic decision making. The
currently available imaging modalities include plain-film
radiography, ultrasonography (US), computed tomography
(CT), magnetic resonance imaging (MRI), and nuclear medi-
cine. Each of these modalities has a unique and important
role in the assessment of children with cancer. Because the
potential detrimental effects of ionizing radiation are com-
pounded in children relative to adults, when choosing an
imaging modality it is essential to minimize radiation expo-
sure as much as possible and to adhere to the “as low as
reasonably achievable” or ALARA principle [1-3]. In this
chapter I will review the advantages and limitations of each
imaging modality relative to the initial assessment of chil-
dren with cancer. Tumor-specific imaging findings are pre-
sented in detail within the chapter devoted to each
malignancy.

Plain-Film Radiography

Plain-film radiography is usually the first imaging procedure
performed when a child is diagnosed with cancer. Plain
radiographs have the advantage of being relatively quick to
obtain, easy to perform, generally available at all hours,
usually well tolerated, and relatively low cost and producing
only low radiation exposure. However, relative to
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cross-sectional imaging modalities, the spatial resolution of
plain radiographs is limited and additional imaging is
required. Despite this limitation, X-ray examinations can
provide invaluable information regarding an area of clinical
concern. For example, when the evaluation of a child with
bone pain includes plain-film radiography the aggressive-
ness of a bony process is reflected by specific radiographic
findings. Signs of malignancy include sunburst or lamellar
periosteal reaction, cortical destruction, a Codman triangle,
and evidence of a soft tissue mass (Fig. 2.1) [4]. Although
MRI provides superior soft-tissue detail of bone and soft-
tissue tumor correlation with the plain radiograph remains
essential to the diagnosis of these malignancies. Abdominal
radiographs of a child with abdominal pain might reveal
organomegaly, abdominal mass effect, or abnormal abdomi-
nal calcifications due to intraperitoneal or retroperitoneal
malignancies (Fig. 2.2). Plain radiographs of the chest can
reveal mediastinal or hilar adenopathy, splaying of the ribs,
or rib destruction due to malignancies such as lymphoma,
neuroblastoma, or Askin tumor. Such information guides the
subsequent imaging and laboratory work-up and can be use-
ful to the pathologist when arriving at a final diagnosis.

Ultrasonography

Medical ultrasonography (US) utilizes handheld transduc-
ers that are placed on the body surface and emit and receive
sound waves ranging from 2 to 20 MHz. Higher frequen-
cies provide higher resolution images but have only limited
tissue penetration while lower frequency waves penetrate
deeper but provide less image resolution. Modern broad-
band ultrasound transducers are designed to allow the
operator to adjust the emitted sound wave frequency for
visualization of a structure of interest. In general, frequen-
cies in the range of 8-20 MHz image structures near the
transducer and frequencies in the 2-6 MHz range image
deeper structures [5, 6]. Tissue harmonic imaging and
pulse inversion harmonic imaging allow the transducer to
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Fig.2.1 These (a) anterior-
posterior (AP) and (b) lateral
femur radiographs of a patient
with osteosarcoma reveal features
typical of a malignant bone
tumor including Codman
triangles (arrows) and sunburst
periosteal reaction (curved
arrows)

Fig. 2.2 This AP abdominal radiograph of a girl with right ovarian
teratoma reveals mass effect on the right colon (arrows) and a toothlike
abdominal calcification (curved arrow), features suggestive of this
diagnosis

receive both the fundamental transmitted frequency and its
harmonic frequencies and have become standard in many
applications. These techniques increase the contrast of
lesions while reducing the effect of some artifacts, but are
limited to shallower depths [6].

Children are ideal candidates for US because their small
body habitus, relative to adults, allows placement of the US
transducer near the structure of interest, thus reducing sig-
nal attenuation. Ultrasound has numerous other advantages
that make it particularly useful in the pediatric population.
Perhaps most importantly it does not expose the patient to
the potential harmful effects of radiation, a topic of consid-
erable concern in this age group. It has the added benefits
of being portable, does not require sedation, has Doppler
capabilities to dynamically assess vascularity, allows real-
time visualization of the movement of abdominal struc-
tures relative to each other and is less costly than CT and
MRI. Additionally, US is usually readily available and does
not require pre-procedure preparation. Drawbacks of US are
that it is operator dependant, lacks image resolution com-
pared to CT and MR, is limited by artifact caused by bowel
gas, and it can be difficult to visualize deep-seated structures
in obese or adult-size patients.

Despite these potential limitations US remains the modal-
ity of choice for the initial assessment of a suspected abdom-
inal mass in children and can provide important clues to the
diagnosis. For example, real-time assessment of a right upper
quadrant mass allows visualization of the mass relative to the
liver and kidney during respiration. During continuous
dynamic US imaging, masses separate from these solid
organs move independently during breathing whereas masses
arising within them move in union with their organ of origin.
Ultrasound can reveal the solid or cystic nature of a mass,
information that can be extremely useful. Cystic structures
appear anechoic or sonolucent on US while solid tissue
appears echogenic (Fig. 2.3). Regarding liver masses, US
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can reveal whether the tumor is solitary or multifocal as is
seen with multifocal or diffuse hepatic hemangiomas of
infancy, metastatic neuroblastoma, and multifocal hepato-
blastoma [7]. Ultrasound can detect calcifications within
tumor which appear as bright echogenic foci with posterior
shadowing. This finding might suggest an ovarian teratoma
when seen in association with an abdominal or pelvic mass
in an adolescent girl or neuroblastoma when associated with
a retroperitoneal mass in a young child [8]. With the use of
high-resolution transducers, US is ideal for assessment of
superficial structures such as the thyroid, the scrotum, the
eyes, and soft-tissue masses in the head, neck, or extremities

Fig.2.3 This transverse ultrasound (US) image of an ovarian teratoma
reveals the cystic (C) and solid (arrows) components that are typical of
this tumor

(Fig. 2.4). Taken together with the clinical presentation and
age of the patient, US imaging features of abnormalities of
these structures can often provide a specific diagnosis or
greatly narrow the differential diagnosis [9-12].

Doppler evaluation has numerous applications in the
assessment of pediatric tumors. It can show increased blood
flow and disorganized vasculature in tumors such as in tes-
ticular lymphoma or primary gonadal germ cell tumors [12].
Doppler of hepatic hemangiomas typically shows both arte-
rial and venous waveforms with minimal systolic-diastolic
variation in contrast to primary liver malignancies that show
high-velocity blood flow [7]. Doppler is also useful in detect-
ing vascular invasion, such as invasion of the renal vein and
inferior vena cava by Wilms tumor or the hepatic or portal
veins by hepatoblastoma [7, 13].

Because it does not involve ionizing radiation and does
not require sedation, ultrasound is particularly appealing
for screening patients with syndromes that predispose them
to developing abdominal tumors. For example, patients
with Beckwith-Wiedemann, Denys-Drash, WAGR (Wilms
tumor, aniridia, genitourinary anomalies, mental retarda-
tion), Fanconi anemia, and several other syndromes have a
risk of developing Wilms tumor (WT). However, the utility
of US screening in these patients remains controversial [14].
Due to the rarity of these syndromes no randomized trials
have been performed to compare the outcome of screened
versus unscreened patients. Furthermore, because survival of
patients with WT is greater than 90 % for those with local-
ized disease and over 70 % for those with metastatic dis-
ease the benefit of early detection is debatable. Regardless,
current efforts are aimed at identifying patients at the ear-
lier and more treatable stages of disease [15, 16]. While
there is no physical harm from sonography the emotional
stress caused by vigilant screening should not be ignored.
Current recommendations for screening children with

Fig. 2.4 This (a) transverse US image of the testicle reveals a well-defined, small, solid, hypoechoic mass (arrows) that on (b) power Doppler
imaging appears hypervascular (orange structures) in this boy with a testicular Sertoli-Leydig cell tumor
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various syndromes that predispose them to Wilms tumor
have recently been published. The kidneys should be imaged
with a high-resolution transducer; generally a 7-10 MHz
transducer for infants and 6-8 MHz transducer for toddlers.
When suspicious lesions are identified the imaging should be
repeated within 1 week at a specialist center [14]. Children
with other cancer predisposition syndromes also benefit
from abdominal screening US to detect associated tumors in
other organs. This subject is beyond the scope of this chapter
but has been recently reviewed [17].

In the pediatric oncology setting US is valuable for
guiding biopsy of newly diagnosed masses. In experi-
enced hands US can safely be used to guide biopsy of a
wide variety of tumors including rhabdomyosarcoma, non-
rhabdomyosarcoma, soft-tissue sarcomas, neuroblastoma,
hepatoblastoma, peripheral pulmonary lesions, and even
anterior mediastinal masses requiring core biopsy [18-23].
Ultrasound guidance has the advantage of allowing real-
time assessment of tumor vascularity and the relationship of
the tumor to major vessels. This information can alert the
interventional radiologist to the potential for post-procedural
hemorrhage and help direct biopsy away from vascular struc-
tures. Additionally, because US machines are portable they
can be used as a secondary guidance device in conjunction
with CT or fluoroscopically directed biopsies [18, 23].

Computed Tomography

In pediatric oncology, cross-sectional imaging modalities
(CT and MRI) are essential tools in patient management.
These modalities provide valuable information for formulat-
ing a differential diagnosis, staging the tumor, monitoring
treatment response, and detecting recurrences. However,
with regard to CT, it is important to consider that the devel-
oping tissues of pediatric patients are more sensitive to the
harmful effects of ionizing radiation than those of adults.
Additionally, relative to adults, children have a longer life-
span in which to develop adverse sequelae of radiation expo-
sure, which can occur decades later [24]. The pediatric
radiologist must have knowledge of the proper use of these
imaging modalities so that they can assist oncologists, sur-
geons, and radiation oncologists in developing rational and
appropriate imaging guidelines for therapeutic protocols.
Since the sentinel article by Pierce and Preston in 2000
describing the effects of low-dose radiation exposure [25],
there has been an increasing awareness of the detrimental
effects of ionizing radiation in children, especially from CT
scans. Since then significant progress has been made in
reducing the number of CT scans performed, particularly in
the pediatric emergency setting. Advances have also been
made in optimizing the scanning technique to reduce radia-
tion dose while maintaining image quality [26-28]. However,

M.B. McCarville

children with cancer are particularly at risk because they
undergo repeated exposure to radiation and the effects are
cumulative over time. Modern cancer therapies have resulted
in an overall survival rate of 83 % in children [29] and, there-
fore, the long-term effects of cancer therapy, including radia-
tion exposure, are now being fully realized. Late effects from
cancer therapy are becoming the driving force in tailoring
pediatric cancer therapies and challenge the radiologist to
apply the ALARA principle whenever possible.

The primary ways to minimize radiation exposure from
CT are to require justification for the scan being done and
optimization of the technique. In general, a CT is not indi-
cated if the same information can be obtained from a modal-
ity that does not involve radiation. Many pediatric cancer
therapy protocols consider CT and MRI to be equivalent
in terms of assessing local disease. However, there is lit-
tle scientific data on which to base a decision regarding
the use of CT versus MRI in pediatric abdominal imaging
[30]. Although it exposes the patient to radiation, CT offers
the ability to cover a large anatomic area, provides excel-
lent spatial resolution with minimal motion artifact and
high-quality reconstructed multiplanar images, and is not
operator dependant. In contrast, MRI requires substantial
technical expertise and long scan times that often necessi-
tate sedation. However, MRI has the important benefit of
not utilizing radiation while offering multiplanar imaging
with inherent tissue contrast, the ability to characterize tis-
sue with various pulse sequences, and the added potential of
providing functional information. The decision to use CT or
MRI will depend on the local institution’s standard of prac-
tice, the availability of pediatric sedation, and the radiolo-
gist’s confidence in performing and interpreting the imaging
examination.

Current-day multidetector helical CT (MDCT) scanners
allow very rapid image acquisition while maintaining image
resolution. These scanners comprise a gantry containing
multiple detectors arranged in rows opposite the X-ray tube.
The gantry rotates continuously around the patient acquiring
data from multiple slices simultaneously as the patient moves
through the scanner. Because data are acquired volumetri-
cally, the scan time is shortened while ensuring that small
lesions are not missed between slices. Additionally, the qual-
ity of multiplanar reconstructed images is greatly improved
(Fig. 2.5). Relative to single-slice scanners, MDCT images
provide a more accurate assessment of tumor size and a bet-
ter depiction of the relationship between the tumor and vital
structures [5, 31]. Recent advances in MDCT technology
include faster gantry rotation times, increased number of
detector rows, and dual X-ray tube sources. It is now possi-
ble to scan entire body sections in a few seconds or even less
than a second. This technology has resulted in a dramatic
decrease in the need for sedation while diminishing prob-
lems with motion artifact.
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Fig. 2.5 These (a) coronal and (b) sagittal reconstructed computed
tomography images provide valuable information regarding the rela-
tionship of this neuroblastoma (NB) to the superior mesenteric (straight

In the past CT scanning protocols designed for adults
were not modified for use in children. With increased aware-
ness and education regarding the harmful effects of radiation
from CT scanning in children, significant efforts to minimize
radiation dose have been undertaken by industry and the
radiology community. Parameters that should be modified
for pediatric CT scanning include the tube current (milliam-
pere, mA), tube voltage (kilovoltage peak, kVp), gantry rota-
tion time (second), and pitch.

Tube current has a significant impact on radiation dose
and image noise; increases in tube current result in a pro-
portional increase in dose while decreasing current results
in increasing image noise. Modern MDCT scanners are
equipped with automatic tube current modulation (ATCM)
devices that dynamically adjust tube current during scan-
ning in response to the geometry and density of the body
part being scanned. The goal of ATCM is to maintain an
acceptable image noise level while minimizing radiation
dose from tube current [32]. It should be noted that specific
pediatric ATCM settings are not universally available on
modern scanners and scientific literature regarding appro-
priate weight, age, body region, and indication-based refer-
ence settings is lacking. Therefore, ATCM should be used
with care in children [33].

The kVp has an exponential relationship with radiation
dose and can substantially reduce radiation dose if opti-
mized. Lowering the tube voltage also lowers the production
of scattered radiation. In children weighing <45 kg, a tube
voltage of 80-100 kVp is usually adequate. For adolescents,

arrows) and celiac axis (curved arrow) arteries which it encases. Such
information is crucial for surgical planning

akVp of 100 for the chest and 120 for the abdomen is recom-
mended. Areas with high intrinsic contrast, such as the chest
and bones, can be scanned at 80-100 kVp. Recent studies in
pediatric phantoms have shown that even lower kVp (approx-
imately 60) may be sufficient for some indications. However,
scanner-related parameters, such as tube filtration and scan-
ner geometry, can sometimes negatively impact image qual-
ity with lower kVp [33].

Most modern MDCT scanners use rotation times of
0.3-0.5 s resulting in a reduction in radiation exposure, the
need for sedation, and motion artifact. Shorter scan times,
however, can result in a decrease in the number of profiles
that can be used for image reconstruction and, subsequently,
an increase in image noise. For optimal image resolution a
rotation time of 0.5 s is recommended [32, 33].

The pitch is the ratio between table movement and number
of detectors multiplied for section width (collimation). An
increase in pitch can result in a reduction in scan time and, in
some scanners, a reduction in dose. However, in modern
MDCT scanners increasing the pitch can cause a dose increase
due to overranging and can also reduce spatial resolution. In
general, a pitch of 1-1.5 is currently recommended [32].

Oral contrast material is usually indicated for CT imaging
of the abdomen or pelvis and the use of oral contrast material
for MDCT is not different than for single-slice CT. lodinated
intravenous (IV) contrast agents should always be used for
imaging the neck, abdomen, and pelvis. The use of IV
contrast in the chest will depend on the indication for the
examination. In our practice, if there is a concern for adenop-
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athy or when there is a primary solid tumor arising in the
chest, IV contrast material is used. When chest CT is per-
formed solely to evaluate for pulmonary metastatic disease
we do not administer IV contrast material. Due to the very
rapid scan times attainable with MDCT scanners it is essen-
tial to adjust scanning to allow the IV contrast agent adequate
time to reach the area of interest as the area is being scanned.
In general, scanning should begin later with MDCT scanners
compared to single-slice scanners. Pre-contrast imaging has
no role in pediatric oncologic imaging and should not be per-
formed [34]. Post-contrast, multiphase imaging in children is
rarely indicated and is also strongly discouraged. An excep-
tion is in the evaluation of newly diagnosed liver tumors. The
pattern of tumor enhancement on immediate- and delayed-
phase post-contrast images can help distinguish hemangio-
mas from hepatoblastoma. At our institution, we have found
that the relationship between a liver tumor and the hepatic
and portal veins is best defined when imaging is performed
during the arterial and portal venous phases of enhancement.
Such information is crucial in determining which Couinaud’s
segments are involved and helps guide surgical planning.
Specific guidelines for the administration of IV contrast
agents and injection techniques (including volume, injection
rate, hand injection versus power injector) in children, using
MDCT technology, are available in the literature [31].

Magnetic Resonance Imaging

Magnetic resonance imaging plays a pivotal role in the
evaluation of newly diagnosed cancer in children. This
modality incorporates a strong magnetic field to align
hydrogen nuclei within the body. Once aligned the nuclei
precess or “wobble” at a frequency proportional to the

magnetic field strength. Pulsed radiofrequency (RF) waves
are then applied which alter the spin of hydrogen nuclei.
When the RF pulse is turned off the nuclei return to their
original alignment and energy is released. The released
energy is converted to an electrical impulse in a wire within
a receiver coil. Spatial encoding is used to localize the site
within the body from which the signal originated and, using
Fourier transformation (the same mathematical model used
to produce a CT image), an MR image is created. Each
sampled voxel is assigned a shade of gray that depends
on the amount of hydrogen nuclei within it and the rate of
equilibrium of hydrogen nuclei back to the original, pre-RF
pulse, alignment [5].

Conventional MR imaging relies on several scanning
parameters. The RF pulse repetition time (TR) occurs with a
time constant, T1. The signal produced in the receiver coil
decays exponentially at time constant T2. The time between
the initial RF pulse and data collection is the echo time,
TE. These parameters can be manipulated so that a
T1-weighted (TIW) or T2-weighted (T2W) image is pro-
duced. Images acquired with a short TR (300-600 ms) and
short TE (10-20 ms) are T1 weighted. On TIW images tis-
sue with short T1 relaxation times (e.g., fat, melanin, gado-
linium contrast agent) have high signal intensity and those
with longer T1 relaxation times (e.g., water, hemosiderin)
have intermediate or low signal intensity. T2W images are
produced by using longer TR (>2,000 ms) and a longer TE
(>80 ms). On T2W images substances with short T2 relax-
ation times (e.g., white matter, fibrosis) have low-to-
intermediate signal intensity and tissues with longer T2
relaxation times (e.g., edema, tumor, fluid) have higher sig-
nal intensity (Fig. 2.6a, b). Additional pulse sequences,
beyond these conventional spin-echo sequences, are continually
being developed. The inversion recovery sequence (IR)

Fig.2.6 In this patient with a synovial sarcoma the (a) non-contrast-
enhanced T1W axial magnetic resonance image shows mixed signal
intensity of the tumor (arrows) while the (b) T2W fat-saturated image

reveals its partially cystic (C) and solid (S) nature. (¢) Post-contrast
imaging further delineates the enhancing solid (S) and non-enhancing
cystic (C) components
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selectively nullifies signal from tissue based on its T1 relax-
ation time and a selected inversion time (TI). A variant of the
IR sequence, the short tau inversion recovery (STIR)
sequence, selectively suppresses fat and enhances fluid sig-
nal. This sequence has proven valuable in oncologic imaging
because tumors, which have high water content, are gener-
ally readily visible [5].

Using various pulse sequences MRI can delineate between
normal and abnormal soft tissues better than CT and with the
advantage of not exposing the patient to ionizing radiation.
In addition to improved soft tissue characterization, with
MRI the beam hardening artifact caused by bone on CT
imaging is eliminated [5]. These features make MRI the
ideal modality for imaging the brain, spine, neck, and
extremities. In the past, the multiplanar capabilities of MR,
which allow assessment of structures in the axial, coronal,
and sagittal planes, were an additional advantage over
CT. However, with the advent of MDCT and improved image
resolution of coronal and sagittal reconstructed CT images,
this advantage no longer holds. A limitation of MR is the
long scan times which often require sedation of young
patients. Distraction techniques, such as video goggles and
audio systems, can help minimize patient motion and avoid
the use of sedation in some patients [35]. Long image acqui-
sition times make MRI of lesions in the trunk very suscepti-
ble to degradation from respiratory movement, cardiac and
vascular pulsations, and bowel peristalsis. Techniques to
reduce artifact from bowel peristalsis include keeping the
patient from ingesting food or fluid for 4 h before the study
and administration of glucagon [35, 36]. Rapid scanning
techniques can also help minimize motion artifact. These
include low flip angle gradient echo sequences, turbo spin-
echo sequences, single-shot sequences, echo planar imaging,
and periodically rotated overlapping parallel lines with
enhanced reconstruction (PROPELLER) [5, 35]. These
faster sequences allow image acquisition during breathhold-
ing and coverage of a larger body area in a shorter time
period and reduce the potential for motion artifact. Besides
the long scan times, other disadvantages of MRI include its
high cost, limited availability, relative insensitivity to calcifi-
cation, and limited ability to assess lung parenchyma [5].

Intravenous gadolinium-based contrast agents are often
used in MRI, similar to iodinated contrast agents for CT
imaging. These agents are paramagnetic and cause shorten-
ing of the T1 and T2 relaxation times. Most gadolinium
agents diffuse freely across the vascular membrane and,
therefore, reflect both perfusion and diffusion [5]. These
agents tend to make tumors more conspicuous and are useful
for identifying intra-tumoral necrosis or confirming solid
components of partially cystic tumors (Fig. 2.6c). The com-
bination of various pre-contrast-enhanced MR sequences
and post-contrast T1W, fat-suppressed imaging allows
assessment of tumor margins, determination of extension
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across fascial planes, invasion of bone and joints, and
involvement of the neurovascular bundle [5, 37]. Gadolinium
contrast agents are well tolerated and allergic reactions in
children are very rare. However, these agents have been asso-
ciated with development of nephrogenic systemic fibrosis
(NSF) in patients with acute or chronic renal insufficiency.
NSF is characterized by progressive tissue fibrosis, usually
beginning in the skin of extremities, progressing over weeks
to months to involve extra-cutaneous structures including
bone, muscle, heart, lungs, and esophagus. This process can
be transient, with clinical improvement, or progressive caus-
ing severe joint contractures, loss of ambulation, and even
death. Therefore, patients should be screened for evidence of
renal disease prior to administration of gadolinium-based
contrast agents. Patients with an estimated glomerular filtra-
tion rate below 30 mL/min/1.73 m? are at high risk of devel-
oping NSF. A detailed discussion of the association between
gadolinium contrast agents and NSF, and recommendations
for gadolinium use in patients with renal disease, has recently
been published [38].

An emerging technology for staging solid tumors and
lymphoma is whole-body MRI (WBMRI). The development
of multichannel coils, fast turbo sequences, the parallel
acquisition technique (PAT), and moveable tables are
enabling this technology to become more feasible in clinical
practice. The goal of WBMRI is to image the entire body in
the shortest possible time using the minimum number of
sequences, preferably only one. This technique was initially
developed as a method of assessing for skeletal metastases
but has proven to be valuable in detecting extraskeletal sites
of disease [39]. Most recently, the IR sequences, either STIR
or turbo inversion recovery magnitude (TIRM), have been
recommended [40, 41]. These sequences employ a combina-
tion of proton density, T1 and T2 contrast with inherent fat
suppression [40]. STIR has been reported to be more sensi-
tive than T1-weighted sequences for the detection of metas-
tases because metastases appear bright on STIR sequences
[39].

When using WBMRI in children, knowledge of the MR
appearance of normal bone marrow is crucial to interpreting
the images. Throughout childhood bone marrow converts
from hematopoietic to fatty marrow in a peripheral to central
fashion (feet to hips and hands to shoulders) and from the
central diaphysis to the metaphysis within each bone [42].
Some investigators caution that STIR may mask lesions in
very young children with hematopoietic marrow because it is
very cellular and normally appears bright on this sequence.
Those investigators suggest in-phase and out-of-phase pulse
sequences and the use of reticuloendothelial system-specific
contrast agents which suppress the signal intensity of normal
marrow but not of neoplastic marrow [43]. Depending on the
method employed, whole-body MRI can be accomplished in
15-50 min [41]. In a recent study, using STIR sequences and
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PAT technology, WBMRI in children with small-cell tumors
had a sensitivity for skeletal metastases of 97.5 % and speci-
ficity of 99.4 % compared to skeletal scintigraphy with a sen-
sitivity of 30 % and specificity of 99.4 % and PET-CT with a
sensitivity of 90.0 % and specificity of 100 % [44]. The obvi-
ous benefit of WBMRI in this setting is the lack of ionizing
radiation.

Conventional WBMRI incorporates a large amount of
data including that of normal structures such as fat and mus-
cles. As a result image interpretation can be time consuming
and subtle lesions can be overlooked. Recently diffusion-
weighted (DWI) whole-body MRI has been introduced as an
alternative to conventional WBMRI. This technique utilizes
a spin-echo sequence and two strong gradients (motion-
probing gradients) on either side of the 180° refocusing
pulse. This is basically a T2W sequence with the application
of two strong MPGs resulting in a decrease in signal inten-
sity of all structures. The amount of signal decrease is not the
same for all structures and depends on the degree of apparent
diffusion that occurs between the MPGs. Structures with low
diffusivity are less suppressed than those with a high degree
of diffusion or perfusion (e.g., vascular structures, cerebro-
spinal fluid, urine). Because most lesions, both benign and
malignant, have relatively impeded diffusivity, they lose less
signal than adjacent normal background tissue resulting in a
high lesion-to-background contrast. This approach to
WBMRI has the potential to improve lesion detection while
decreasing interpretation time [45]. A DWI whole-body
examination can be performed in about 20-30 min. A com-
prehensive review of DWI in pediatric malignant lymphoma
was recently published [45].

Nuclear Medicine

Nuclear medicine employs radiolabeled isotopes that are
designed to interact with specific organs or cellular pro-
cesses. Studies are performed by intravenously injecting the
radiotracer and then waiting for an appropriate period of
time to allow the desired distribution of the radiotracer within
the body. As the radioisotope decays the emitted radiation
can be detected by cameras designed to detect a specific level
of energy. In general, there are two types of radioisotopes in
clinical use, single-photon emitters, detected with a gamma
camera, and positron emitters, detected with positron emis-
sion tomography (PET) cameras. Because the detection sen-
sitivity of the cameras is very high, radiopharmaceuticals can
be administered in very small doses that do not perturb nor-
mal physiologic processes. Nuclear imaging is quantitative,
or at least semiquantitative; therefore, image intensity (or
counts) corresponds to the concentration of the radiopharma-
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ceutical. While nuclear medicine studies provide valuable
functional and metabolic information, the resulting images
have coarse spatial resolution, expressed as the full-width
half-maximum of the system point or line-spread function.
Resolution ranges from about 5 mm for PET imaging to
10 mm for single-photon emission computed tomography
(SPECT) cameras. Therefore, relative to CT and MRI, ana-
tomic definition on nuclear medicine images is poor. The
ability to co-register and fuse nuclear medicine images with
conventional imaging studies helps to overcome this limita-
tion. An additional drawback of nuclear medicine imaging is
the inherent radiation exposure. Although radiation doses
from nuclear medicine imaging procedures are low, they are
not negligible [46]. Also, because nuclear medicine imaging
studies can be lengthy, sedation is often required for young
patients.

In pediatric oncology, nuclear medicine imaging is
essential in the evaluation of patients with neuroblas-
toma, bone and soft-tissue sarcomas, and lymphoma. The
most commonly used radioisotopes are the single-photon
emitters, iodine'?’-labeled metaiodobenzylguanidine (I'**
MIBG) and technetium®™-labeled methylene diphospho-
nate (Tc®™ MDP), and the positron emitter, F'8-labeled flu-
orodeoxyglucose (F®¥-FDG). ' MIBG is a norepinephrine
analog that concentrates in adrenergic storage vesicles of
neural crest tissues and is used to assess patients with neu-
roblastoma. Tc**® MDP is taken up in sites of osteoblastic
activity and is useful in identifying sites of bony metastatic
disease in patients with bone and soft-tissue sarcomas. F'8-
FDG is a nonspecific glucose analog that is taken up in all
sites of metabolic activity and is used to assess patients
with a variety of malignancies including lymphomas and
solid tumors.

Gamma cameras (also known as scintillation or Anger
cameras) have been the predominant imaging device in
nuclear medicine for many years. These cameras have large
detector areas (usually rectangular in shape) that allow fairly
rapid data acquisition from a large area of the body. Gamma
camera crystals are made of Nal(Tl) that vary in thickness
from one-quarter of an inch (with the best spatial resolution
but lowest sensitivity) to 1 in. (with the highest sensitivity
but coarsest resolution). Most cameras comprise three-
eighths inch thick crystals, which provide the optimum bal-
ance between sensitivity and resolution. The energy arising
from decay of single-photon emitters strikes and may pro-
duce a scintillation within the crystal. The scintillation
results in the production of light that is detected in a photo-
multiplier tube backing the crystal and is used to generate an
image [46]. During static imaging, the injected patient lies
on a table over the gamma camera until a sufficient number
of counts (signals) are collected from that body area to gen-
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Fig.2.7 On this (a) whole-body
planar I'’-metaiodobenzylguanidine
image the focus of activity in the
right pelvis (arrow) is difficult to
localize to bone, lymph node, or
other soft tissues. These transverse
(b) SPECT, (¢) CT, and (d) fused
SPECT-CT images accurately
localize the activity to an iliac lymph
node (arrow)

erate a planar image. Typically, the patient is sequentially
moved over the camera in contiguous increments until the
entire body is imaged.

Single-photon emission computed tomography (SPECT)
imaging utilizes a gamma camera to acquire projection
images from multiple angles as the camera rotates around the
body. These tomographic images allow more accurate local-
ization of sites of radioactivity within the body, compared to
planar images [47]. The acquired data is corrected for non-
uniform scanner response and other signal-degrading effects
and then reconstructed into 5-10 mm thick transverse tissue-
section images. In general SPECT imaging requires
20-30 min of acquisition time to obtain 60—120 projection
images at 6° to 3° angular increments, respectively. Because
of the lengthy acquisition time, whole-body SPECT imaging
(from skull vertex to toes) remains impractical at the present
time [46]. More recently, SPECT imaging systems have been
combined with conventional computed tomography to pro-
duce hybrid SPECT-CT scanners, similar in concept to
PET-CT scanners. The co-registered SPECT and CT images
provide both functional and anatomic information and allow
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more accurate localization of sites of radioactivity (Fig. 2.7).
These hybrid images have been shown to improve the sensi-
tivity and specificity of SPECT imaging by improving lesion
conspicuity, reducing false negatives and clarifying indeter-
minate findings [47]. In pediatric oncology SPECT-CT
imaging has proven valuable for I'** MIBG imaging of
patients with neuroblastoma, for I'2 and I'*! imaging to
localize neck activity in children with papillary thyroid can-
cer, and for Tc*™ sulfur colloid sentinel node lymphoscintig-
raphy of patients with melanoma [48-50].

PET imaging is based on the annihilation coincidence
detection of two collinear (180° apart) 511 keV gamma rays
resulting from the mutual annihilation of a positron and
electron. PET cameras comprise a series of rings contain-
ing individual, small-area detectors that completely encircle
the patient and typically span a longitudinal distance of
10-20 cm. When the PET camera detects two 511 keV pho-
tons of energy coming from opposite directions, at the same
time, a signal is produced. The most recent development in
PET imaging is time-of-flight (TOF) scanning which utilizes
the measured difference between detection times of the two



Fig. 2.8 This whole-body maximum intensity projection F'8-
fluorodeoxyglucose (FDG) positron emission tomography image
reveals extensive metastatic disease from adrenocortical carcinoma evi-
denced as innumerable foci of FDG avidity, throughout the lungs and
bones and in lymph nodes

annihilation photons arising from a specific positron decay.
TOF imaging allows approximate spatial localization of the
event along the line of response with approximately 5-10 ns
of coincidence time resolution. This approach reduces the
random coincidence rate and improves the signal-to-noise
ratio [46]. The most common clinically used positron-
emitting radioisotope is fluorine-18-fluorodeoxyglucose
(FDG) which is a radiolabeled glucose analog that is trans-
ported across cell membranes and phosphorylated but cannot
be dephosphorylated. The trapped FDG appears as a focus
of activity on the PET image and the intensity of the activity
reflects the amount of trapped FDG. In oncology, FDG-PET
imaging capitalizes on the fact that tumors are highly meta-
bolically active and accumulate more glucose (and FDG)
than normal tissue (Fig. 2.8) [51].

PET imaging requires a technique for soft-tissue attenuation
correction. Hounsfield unit intensity measurements, obtained
with CT, directly correlate with soft-tissue attenuation of the
X-ray beam. Hounsfield unit measurements can also be used

M.B. McCarville

to correct the soft-tissue attenuation effects of the 511 keV
photons emitted by radioisotopes used for PET scanning.
Therefore, modern PET scanners almost universally integrate
CT scanners that serve two purposes. First, the low-dose CT
imaging provides the attenuation correction factors for PET
imaging. Secondly, and equally important, these hybrid sys-
tems allow co-registration of PET and CT images, thus allow-
ing accurate localization of sites of radioactivity within the
body. The ability to co-register the anatomic and functional
imaging also allows for more accurate distinction between
sites of normal metabolic activity, such as brown fat, and
pathologic processes.

Although low-dose CT scans are generally performed for
PET-CT scanning, there continues to be growing concern
regarding radiation exposure in children, especially those
requiring repeated radiologic examination during cancer
therapy. This has spurred the development of PET-MRI scan-
ners which have recently reached the clinical arena. MRI has
the ability to provide superior characterization of soft-tissue
structures, particularly in the head and extremities, compared
to CT. Furthermore, MRI can provide metabolic and func-
tional information with the use of diffusion-weighted and
dynamic contrast-enhanced imaging. The challenge with the
development of PET-MRI has been in translating MRI signal
intensities into attenuation correction factors for the PET
images. This is a major challenge since signal intensities
from anatomic structures vary depending on inherent T1 and
T2 properties, magnetic field strength, choice of pulse
sequence, use of gradients, and choice of radiofrequency
coil. An additional challenge is the incorporation of PET
scanners into high-strength magnetic fields. Despite these
limitations, the development of PET-MRI scanners could
revolutionize our approach to clinical molecular imaging
since the functional and anatomic information that can be
derived from both modalities should be synergistic. Another
benefit of PET-MRI in the pediatric setting is that it could
allow for acquisition of diagnostic MR images and PET
images in one imaging session, thus reducing the number of
sedations needed for very young patients. This hybrid modal-
ity holds great potential but requires validation in clinical
trials and an assessment of its impact on diagnostic accuracy,
patient management, and cost efficiency [52].

Conclusion

Diagnostic imaging plays a vital role in assessing children
with cancer. Imaging generally begins with planar studies
but ultimately cross-sectional imaging is required to fully
evaluate both the primary tumor and potential metastatic
sites. The radiologist should be aware of the strengths and
limitations of each modality with respect to the clinical
scenario, tumor location, and suspected histology. Attempts
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should always be made to minimize radiation exposure as
much as possible without compromising the care of the
patient. In the future, molecular and functional imaging
modalities will further complement anatomic imaging and
likely play a larger and more important role in assessing the
biological behavior of tumors.
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Overview and Classification

Soft tissue tumors can be broadly defined as neoplasms
that arise within connective tissue and supporting structures
such as blood vessels, nerves, muscle, and adipose tissue.
However, this fails to convey the principle that these lesions
may arise within viscera as well as soft tissue, and that most
of the tumefactions of connective tissue represent reactive or
inflamed tissue rather than autonomous growths.

WHO Classification

In 2005, 2013 [1], the World Health Organization (WHO)
included cell types updated a classification system of soft
tissue neoplasms that was based on two factors: supposed
cell of origin (or phenotype), and behavior, the latter sepa-
rated into benign, borderline, and malignant lesions.
Table 3.1 lists the WHO classification as published at that
time, although a few modifications have since been sug-
gested [1]. Most of these lesions affect children and adoles-
cents of various ages, and even the ones that primarily occur
in adults will occasionally arise in pediatric patients. This
classification has great value in systematizing diagnosis and
predicting behavior, but it suffers from the fact that there are
a great number of heterogeneous entities, few of which occur
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with sufficient regularity to perform prospective therapeutic
trials in a timely fashion, even in large multi-institutional tri-
als such as run by the Children’s Oncology Group (COG).

Grading

The problem of treating a large, heterogeneous group of
diagnoses, most being rare entities, has been partially solved
by the COG with the use of sarcoma grading. In 1987, the
Pediatric Oncology Group (POG) began a prospective trial
testing the value of grading in prognosis and stratification of
childhood soft tissue sarcomas other than rhabdomyosar-
coma or Ewing tumors. A system based on both histological
diagnosis and more traditional factors such as mitotic count
and necrosis was devised [2] (Table 3.2) and effectively sep-
arated patients with good and bad outcomes [3].

A sarcoma grading system was also devised by Coindre
et al. for the Fédération Nationale des Centres de Lutte Contre
le Cancer (FNLCC) [4] and is based on scoring of three param-
eters: mitoses, necrosis, and differentiation (Table 3.3). In a
retrospective study of POG patients, this system also predicted
tumor behavior of pediatric sarcomas [5].

Morphologic Classification

Pediatric soft tissue tumors can be separated into broad mor-
phological categories, as an aid for differential diagnosis and
ancillary testing. However, tumors overlap considerably
among categories; for example rhabdomyosarcoma may be a
round cell, spindle cell, epithelioid, or myxoid neoplasm,
and there are fibroma-like variants of epithelioid sarcoma.
A list of round cell soft tissue neoplasms appears in
Table 3.4. These lesions comprise blastemal neoplasms with
little or no differentiation, so that a large panel of ancillary
tests may be necessary for diagnosis. The initial approach
with these lesions is to consider the most commonly occurring
ones—rhabdomyosarcoma, Ewing sarcoma, lymphoma, and
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Table 3.1 WHO classification of soft tissue neoplasms

Adipocytic neoplasms
Fibroblastic/myofibroblastic neoplasms
Fibrohistiocytic neoplasms

Smooth muscle tumors

Pericytic tumors

Skeletal muscle neoplasms

Vascular neoplasms

Chondro-osseous neoplasms

Neoplasms of indeterminate histogenesis

Table 3.2 Pediatric oncology group grading system for childhood
sarcomas
Grade 1
Myzxoid and well-differentiated liposarcoma
Well-differentiated or infantile (<4 years old) fibrosarcoma
Well-differentiated or infantile (<4 years old) hemangiopericytoma
Well-differentiated malignant peripheral nerve sheath tumor
Angiomatoid malignant fibrous histiocytoma
Deep-seated dermatofibrosarcoma protuberans
Extraosseous myxoid chondrosarcoma
Grade 2
<15 % of the surface area shows necrosis
Mitotic count <5 mitotic figures/10 hpf with 40x objective
Nuclear atypia is not marked
The tumor is not markedly cellular
Grade 3
Pleomorphic or round-cell liposarcoma
Mesenchymal chondrosarcoma
Extraskeletal osteogenic sarcoma
Malignant triton tumor
Alveolar soft part sarcoma

Any other sarcoma not included in grade 1 and showing >15 %
necrosis and/or >4 mitotic figures/10 hpf with 40x objective

Table 3.3 FNLCC system for grading sarcomas

Differentiation score
1: Closely resembles normal adult mesenchymal tissues
2: Resembles normal mesenchymal tissues but not closely
3: Embryonal, undifferentiated, or indeterminate histogenesis
Mitotic count (hpf, a hpf measures 0.1734 mm?)
1: 0-9/10
2:10-19/10
3:>19/10
Geographic necrosis
0: None
1: <50 % of tumor
2:>49 % of tumor
Grade
1: Total score of 1-3
2: Total score of 45
3: Total score of 6-8

D.M. Parham et al.

Table 3.4 Round cell neoplasms

Rhabdomyosarcoma

Lymphoma/leukemia

Neuroblastoma

Ewing sarcoma

Desmoplastic small round cell tumor

Synovial sarcoma

MPNST

Germinoma

Round cell liposarcoma

Small cell osteosarcoma

Mesenchymal chondrosarcoma

Undifferentiated sarcoma

Histiocytic lesions such as giant cell tumor of tendon sheath
Organ-based embryonal tumors such as Wilms tumor and hepatoblastoma

Table 3.5 Spindle cell soft tissue tumors

Nodular fasciitis

Proliferative fasciitis/myositis
Fibromatosis of various types
Myofibrosarcoma

Inflammatory myofibroblastic tumor
Dermatofibrosarcoma protuberans
Juvenile xanthogranuloma/benign fibrous histiocytoma
Infantile fibrosarcoma

Adult-type fibrosarcoma

Monophasic spindle cell synovial sarcoma
Solitary fibrous tumor

Myxoinflammatory fibroblastic sarcoma
Spindle cell rhabdomyosarcoma
Undifferentiated sarcoma, particularly pleomorphic sarcoma (“MFH”)
Gastrointestinal stromal tumor (GIST)
Leiomyosarcoma

Schwannoma

Neurofibroma

MPNST

Angiomatoid fibrous histiocytoma
Plexiform fibrohistiocytic tumor
Dedifferentiated liposarcoma

neuroblastoma—and then to tailor the immunostain panel
to exclude these lesions. Positively staining lesions may be
confirmed by genetic tests, and if discrepancies or unre-
solved results occur, a wider test panel can be used for less
common tumors.

Spindle cell neoplasms are listed in Table 3.5. Unlike
round cell neoplasms, many in this group are benign, but
they may be locally aggressive and frequently recurrent.
Many of the malignant lesions are relatively common in
adults but rare in children. Often, they comprise fibroblastic
tumors, for which immunostains may have limited utility
after myogenic and neural neoplasms have been excluded.



3 Soft Tissue Sarcomas

Table 3.6 Epithelioid soft tissue neoplasms

Epithelioid sarcoma

Vascular tumors

Epithelioid rhabdomyosarcoma

Epithelioid GIST

Rhabdoid tumor of soft tissue

Epithelioid MPNST

Myomelanocytic tumors of soft tissue (PEComas)
Monophasic epithelial cell synovial sarcoma
Alveolar soft part sarcoma

Clear cell sarcoma of soft tissue

Myoepithelial tumor of soft tissue (parachordoma)
Perineurioma

Sclerosing epithelioid fibrosarcoma

Table 3.7 Myxoid soft tissue neoplasms

Intramuscular myxoma

Lipoblastoma

Myxoid liposarcoma
Well-differentiated liposarcoma/atypical lipomatous tumor
Pleomorphic liposarcoma
Myxoinflammatory fibroblastic sarcoma
Myxofibrosarcoma

Myxoid DFSP

Giant cell fibroblastoma

Schwannoma

Neurofibroma

Extraskeletal myxoid chondrosarcoma
Embryonal rhabdomyosarcoma

Myxoid leiomyosarcoma

Myzxoid solitary fibrous tumor
Low-grade fibromyxoid sarcoma

Epithelioid neoplasms, are listed in Table 3.6, but with the
exception of hemangiomas comprise an uncommon group of
entities. Some, like perivascular epithelioid cell tumors
(PEComas) and alveolar soft part sarcoma, have no non-neo-
plastic cellular counterpart. Others, like epithelioid sarco-
mas, myoepithelial tumors, or clear cell sarcomas of soft
tissue, represent mesenchymal counterparts of carcinomas,
pleomorphic adenomas, or melanomas respectively. Still
others represent rare variants of other soft tissue sarcomas
such as malignant peripheral nerve sheath tumor, rhabdo-
myosarcoma, or synovial sarcoma. All are characterized by
cells with abundant, variably eosinophilic cytoplasm, cell
junctions, and variable staining for epithelial markers like
cytokeratin and epithelial membrane antigen.

Myxoid neoplasms are listed in Table 3.7. These all con-
tain variable, often predominant, amounts of loose, mucoid
stroma rich in proteoglycans. This category contains lesions
that have traditionally been difficult to diagnose and hard to
predict, but current genetic testing has eased much of this
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burden, and new tests are described on a regular basis. Most
of these are benign neoplasms, intermediate tumors, or low-
grade sarcomas, but they may progress to high-grade lesions.
For example, myxoid liposarcoma is a low-grade sarcoma
that has a high-grade counterpart, round cell liposarcoma.
Similarly, low-grade fibromyxoid sarcomas may progress
into cellular, aggressive lesions upon recurrence.

Approach to Imaging of Soft Tissue Tumors

Evaluation of soft tissue tumors often begins with obtaining
a clinical history and performing a physical evaluation, with
the patient’s age being critical in narrowing the differential
diagnosis. The presenting concern is often a palpable mass,
with larger lesions frequently presenting with pain. Important
clinical information includes the presence of any pre-existing
conditions, location, duration, growth pattern of the lesion,
overlying skin abnormalities, changes in appearance of the
mass, and any associated systemic symptoms [6].

Imaging studies are usually required when the clinical
and physical examination findings do not completely define
the diagnosis. Imaging is used to determine tumor extent and
relation of the mass to surrounding anatomic structures.
Imaging can also differentiate the origin of the mass from
bone or soft tissues when this cannot be delineated on physi-
cal examination.

When soft tissue lesions are small and superficial, ultra-
sound is usually the investigation of choice because it is
readily available, relatively easy to perform, lacks ionizing
radiation, has no contraindications, is low cost, and does not
require sedation or general anesthesia. High-frequency linear
array transducers should be used to evaluate soft tissue
masses, with the complimentary use of convex array trans-
ducers for larger and deeper lesions. Ultrasonography is par-
ticularly helpful in distinguishing solid from cystic lesions.
Routine use of spectral and color Doppler is necessary to
determine whether intra-lesional blood flow exists and to
assess the amount of flow within the lesion [6]. The ability
to show blood flow by color Doppler increases the specificity
of the diagnoses of vascular and inflammatory lesions. The
specificity of gray-scale ultrasonography in the diagnosis of
soft tissue tumors is only about 40 %; however, ultrasound is
useful in planning further imaging [6, 7].

Despite being expensive and sometimes requiring seda-
tion or general anesthesia, magnetic resonance imaging
(MRYI) is the imaging modality of choice for evaluating pedi-
atric soft tissue masses because of its high tissue contrast and
multiplanar capabilities, and it is an excellent modality for
most large and deep lesions. MRI is particularly important in
presurgical management of soft tissue tumors to determine
the soft tissue extension and the relationship of the tumor to
the bone, neurovascular structures, and the joint. This modal-
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ity is also used to monitor the response of soft tissue tumors
to therapy. Combining T1- and T2-weighted imaging forms
the basis of MRI. Fat-suppressed images are helpful in evalu-
ating lesions in subcutaneous tissues. Most soft tissue masses
have similar features on MR images: hypointense on
T1-weighted (TIW) images, hyperintense on T2-weighted
images, and a pseudocapsule.

Gadolinium-enhanced MR imaging is important in evalu-
ating tumor viability and perilesional soft tissue edema.
While MRI may be of limited utility in determining a
particular diagnosis it can help in differentiating benign from
malignant processes. Malignant MRI characteristics include
heterogeneous signal, neurovascular encasement, invasion of
bone, and asymmetric margins. MRI is crucial for verifying
the extent of the lesion, which helps in determining resect-
ability [7]. Multiplanar capabilities allow delineation of the
3-dimensional relationship of a soft tissue mass to adjacent
structures.

The role of other modalities, including plain radiography
and computed tomography (CT), is very limited. Plain radi-
ography may be used to evaluate and assess the bony involve-
ment of a soft tissue mass or the osseous origin of a presumed
soft tissue lesion. The role of CT in evaluating soft tissue
tumors is limited because tissue characterization is not well
defined by CT. However, CT is helpful in detecting calcifica-
tion or ossification within a lesion but is usually used with
MRI when this is in question. CT should rarely be used as the
primary imaging modality because it requires radiation
exposure to the patient and yields less tissue contrast than
does MRI [6-8].

Positron emission tomography (PET) has a growing role as
an imaging modality that is used with MR and CT imaging to
detect the primary site, assign stage, and direct management of
sarcomas. PET imaging with F'8-fluorodeoxyglucose (FDG-
PET) and FDG-PET/computed tomography (PET-CT) are
increasingly important imaging techniques in the noninvasive
evaluation and monitoring of known or suspected malignant
disease in children. The advent of dual-modality PET/CT imag-
ing systems has added unprecedented diagnostic capability by
revealing the precise anatomic location of metabolic informa-
tion, thus allowing metabolic characterization of normal and
abnormal structures [9].

Fibroblastic Tumors

Pediatric fibroblastic tumors comprise a heterogeneous array
of diverse lesions that must be discriminated from reactive
processes. Pediatric reparative tissues often contain exu-
berant proliferations of fibroblasts and myofibroblasts,
necessitating careful observation and clinical correlation.
Quasineoplastic lesions may show abnormal fibroblastic
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growth, such as IgG4 plasma cell proliferations, soft tissue
HHV8, mycobacterial, or Histoplasma infections, or poorly
understood lesions such as sclerosing mediastinitis. However,
some lesions formerly considered reactive “inflammatory
pseudotumors” have now been shown to be clonal proli-
ferations derived from specific genetic mutations or
translocations.

Fibroblastic Tumors of Intermediate
Malignancy

Infantile Fibrosarcoma

Definition: Infantile fibrosarcoma is a low-grade but locally
invasive fibroblastic neoplasm that typically arises in the
extremities of newborns. It contains a characteristic chromo-
somal translocation shared by morphologically and clini-
cally diverse infantile neoplasms.

Clinical Features and Epidemiology

Infantile fibrosarcomas are relatively uncommon lesions,
comprising about 10 % of pediatric sarcomas in many series
[2, 10]. However, they comprise a substantial component of
congenital and infantile soft tissue sarcomas [11]. As such
they generally arise in very young infants and are one of the
most common forms of soft tissue sarcoma in this age group.
These lesions usually form large, bulky, expansile tumors
that extensively invade adjacent tissues, including bone. They
most commonly arise from the distal portions of the extremi-
ties, particularly the forearm and lower leg, but unexpected
origins such as heart and lung have been reported [12].

Imaging Features

Infantile fibrosarcoma (IFS) often presents as a rapidly
enlarging soft tissue mass in an extremity at or shortly after
birth. These tumors may cause a violaceous skin discolor-
ation similar to hemangiomas. Superficial skin ulcerations
communicating with large draining veins can result in life-
threatening bleeding. The most common plain radiographic
finding of IFS is a soft tissue mass that grows rapidly on
follow-up imaging. There have been no reports of tumor
ossification or matrix calcification (Fig. 3.1a) [13, 14]. The
adjacent bone may show deformity and cortical thickening
with failure of normal tubulation. Destruction of bone is rare
and associated with extensive soft tissue tumors that may
cause widespread bony erosion. Bone destruction, when
present, is usually well defined and associated with perios-
teal reaction only very late in the process [13, 15]. There are only
a few reports of the sonographic appearance of IFS [15-17].
In one report this tumor appeared as a homogenous
hyperechoic mass, while others report a mass with solid and



3 Soft Tissue Sarcomas

23

Fig.3.1 Infantile fibrosarcoma. A 2-month-old boy presented with right
thigh swelling subsequently diagnosed with infantile fibrosarcoma. (a)
Lateral radiograph shows large soft tissue mass (arrows) without matrix
calcification or bone involvement. (b) Transverse Doppler ultrasound
image shows a hypervascular mass with cystic and solid components. (c¢)
Sagittal T2W MR image shows a large, well-circumscribed, solid and

cystic components and mixed echogenicity or a mass that
was isoechoic with muscle. Doppler ultrasound may demon-
strate the hypervascular nature of these tumors (Fig. 3.1b).
CT has the advantage of demonstrating bony involvement;
however, it exposes the patient to the potentially harmful
effects of radiation.

MRI is the preferred cross-sectional imaging modality
because it avoids radiation and provides superior soft tissue
characterization and delineation of tumor margins, features
important in surgical planning. When tissue planes are vio-
lated, or neurovascular involvement is present, surgical resec-
tion alone is unlikely to provide local control [13, 14]. On
MRI these tumors appear as mixed solid and cystic masses
due to internal necrosis and hemorrhage (Fig. 3.1c, d).
Initially the solid components appear intermediate or hypoin-
tense on T1W images and hyperintense on T2W images due
to a high cellular content. As tumors mature they may appear
more hypointense on T2W images due to increasing collagen
accumulation within areas of fibrosis. Tumors typically dem-
onstrate a heterogeneous pattern of contrast enhancement
(Fig. 3.1e) [13, 14, 17]. Conventional or MR angiography will

cystic soft tissue mass without bone involvement. Note fluid-fluid levels
and variability of signal within cysts due to blood products. (d) Axial
T1W MR image shows a heterogeneous mass (arrows) that (e) enhances
heterogeneously after contrast administration. (f) Histologically, infan-
tile fibrosarcoma comprises streaming dense fascicles of spindle cells
resembling the “herring bone” pattern of adult fibrosarcoma

show tumor hypervascularity with disorganized vessels and
large draining veins [13, 15, 18, 19].

Molecular Genetics

Infantile fibrosarcomas contain a reciprocal translocation, the
t(12;15)(p16;925) [20], which fuses the TEL (or ETV6) proto-
oncogene on chromosome 12 with the NTRK3 on chromosome
15. These genes are located on the distal long arms of the two
chromosomes and were not discovered until relatively recently
compared with other established translocations [20]. Also
known as ETV6, TEL encodes a helix-loop-helix DNA tran-
scription factor that is often dysregulated in childhood acute
lymphoblastic leukemia [21]. NTRK3, alias TRKC, encodes
neurotrophin 3, a signal transduction molecule activated by
nerve growth factor and expressed by some neuroblastomas
[22]. The fusion transcript produced by this translocation acts
as an aberrant tyrosine kinase capable of transformation of
multiple cell lineages [23]. Neoplasms associated with the
TEL-NTRK3 fusion include infantile fibrosarcoma, cellular
mesoblastic nephroma, congenital bronchopulmonary myofi-
broblastic tumor, and secretory carcinoma of the breast [24].
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Gross and Microscopic Features

Infantile fibrosarcomas produce bulky, invasive, fibrous
masses that have a whorled, pale grey, nonencapsulated
appearance like that of other fibrous lesions. Microscopically,
the tumor extensively infiltrates and destroys adjacent fat,
connective tissue, muscle, underlying bone, and overlying
skin. Lesional cells display plump to elongated spindly pro-
files with a high degree of cellularity and mitotic activity
(Fig. 3.1f). In spite of these factors and the presence of geo-
graphic necrosis, these lesions should be considered grade 1
sarcomas [2]. The tumor cells form whorled arrays, often
with the classic herringbone pattern, or they may display a
hemangiopericytomatous appearance reminiscent of infan-
tile myofibroma [25].

Immunohistochemistry and Other Special Stains
Ancillary stains have limited value in the diagnosis of infan-
tile fibrosarcoma. As expected, vimentin, smooth muscle
actin, and occasionally desmin are positive, reflecting their
myofibroblastic content. Trichrome stains highlight intercel-
lular collagen, and reticulin stains reveal investment of the
tumor cells by a fine lacework of reticulin fibers, characteris-
tic of fibrosarcoma and hemangiopericytoma.

Molecular Diagnostic Features and Cytogenetics
Besides the t(12;15) described above, infantile fibrosarcomas
often contain extra copies of chromosome 8, 11, 17, and 20 [26],
particularly chromosome 8, but these are common in other sar-
comas. Both Fluorescence In-situ Hybridization (FISH) and
Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR)
can be profitably used to diagnose lesions with TEL-NTRK3
fusions [27, 28]. This testing has recently been utilized to
define new categories of non-fibrosarcomatous infantile sar-
coma [29] and to diagnosis infantile fibrosarcoma in unex-
pected locations [12].

Prognostic Features

In spite of its ominous appearance, infantile fibrosarcoma
generally shows only local aggressiveness and infrequently
metastasizes [30]. However, its destructive nature frequently
leads to radical local surgery, such as amputation, but preop-
erative chemotherapy may decrease its size and allow a more
conservative approach [31].

Sclerosing Epithelioid Fibrosarcoma

Definition: Sclerosing epithelioid fibrosarcoma is a low-grade
fibrosarcoma containing fibroblastic cells embedded in a
dense collagenous stroma.

Clinical Features and Epidemiology
Sclerosing epithelioid fibrosarcoma is a rare neoplasm rec-
ognized only recently and primarily occurring in young

Fig. 3.2 Sclerosing epithelioid fibrosarcoma. Dense strands of thick,
osteoid-like collagen intersect cords of epithelioid fibroblasts

adults, but with an age range that includes adolescents [32].
The lesions most commonly occur in the lower extremities,
but diverse sites have been reported [33]. Approximately
one-third have metastasized at presentation, and about 85 %
eventually metastasize, belying the low-grade histological
appearance. Only 89 patients had been reported by 2008
[33]. Lesions may arise in bone as well as soft tissue [34].

Imaging Features
The imaging features of sclerosing epithelioid fibrosarcoma
have not been well described.

Molecular Genetics

Sclerosing epithelioid fibrosarcomas contain rearrangements
of the FUS gene similar to those occurring in low-grade
fibromyxoid sarcoma (see below) [35, 36]. This suggests that
it represents a variant of that tumor and not a separate, dis-
tinct entity.

Gross and Microscopic Features

Sclerosing epithelioid fibrosarcomas are densely fibrous,
invasive lesions with destruction of adjacent tissues, includ-
ing bone. This latter feature may lead to confusion as
to whether it has a bony or soft tissue primary site [34].
Microscopically this leads to difficulty in diagnosis, as the
tumor contains a densely sclerotic collagenous stroma
resembling osteoid (Fig. 3.2). The stroma invests bland
appearing, monomorphic, epithelioid cells [32] that form
nests and cords resembling carcinoma.

Immunohistochemistry and Other Special Stains
Immunohistochemistry has limited value in the diagnosis of
sclerosing epithelioid fibrosarcoma. EMA, S100, and cyto-
keratin positivity may be seen [32].
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Molecular Diagnostic Features and Cytogenetics
Cytogenetic analysis of sclerosing epithelioid fibrosarcoma
may reveal multiple chromosomal rearrangements [37]. FUS
rearrangement may be detected by FISH [35].

Prognostic Features

Unfortunately, in spite of its low-grade appearance, scleros-
ing epithelioid fibrosarcoma is an aggressive lesion that
shows chemoresistance [34]. Therefore, survival is linked
to the adequacy of excision. Head and neck lesions appear to
fare worse than those in other sites, and overall survival is
about one-third at 3.5 years, with approximately the same
number surviving with disease [33].

Myofibrosarcoma

Definition: Myofibrosarcoma, also known as low-grade myofi-
broblastic sarcoma [38], is a neoplastic with features interme-
diate between fibrosarcoma and leiomyosarcoma. It is generally
a low- to intermediate-grade sarcoma that is locally aggressive
but showing limited capacity for distant spread [39].

Clinical Features and Epidemiology

Myofibrosarcoma is an uncommon lesion that occurs in both
children and adults, primarily the latter. In children, it has a
predilection for the head and neck region [40]. It is a locally
invasive lesion that may involve the bone of the maxilla or
mandible.

Imaging Features

There is limited literature regarding the imaging features of
myofibrosarcoma. In one case report the tumor arose from
the nasal bone in a 4-year-old girl and was a small, solid,
well-defined mass causing bone thinning on CT imaging.
On MRI it appeared as a homogenous solid mass, isointense
to muscle on TIW images and hyperintense on T2W images.
After administration of gadolinium contrast the tumor dem-
onstrated homogenous enhancement [41].

Molecular Genetics
At present, there are no genetic features that distinguish
myofibrosarcoma.

Gross and Microscopic Features

Grossly, myofibrosarcomas form infiltrative, pale grey lesions
with invasion and destruction of adjacent tissues. Microsco-
pically, they contain whorls and bundles of cells with fusiform
nuclei and moderate amounts of pink to purple cytoplasm
(Fig. 3.3). The tumor cells may form storiform arrays. These
lesions are composed of myofibroblasts, which are ultrastructur-
ally defined by the presence of ergastoplasm, peripheral micro-
filaments, and anchoring filaments (fibronexus junctions) [42].

Fig. 3.3 Myofibrosarc