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Introduction
Normal Anatomy and Development

Lymph nodes are an integral component of the adaptive
immune system. Normally, they are encapsulated ovoid
structures with a rubbery consistency and a homogeneous
light tan cut surface. On a microanatomic level, the lymph
node is divided into four compartments: cortex, paracortex,
hilum, and sinusoids (Fig. 5.1a). The cortex contains lym-
phoid follicles comprised primarily of B-cells. Stimulated
lymphoid follicles consist of a germinal center immediately
surrounded by a mantle zone and an outer marginal zone.
The cells of the germinal center exhibit morphologic and
functional zonation (Fig. 5.1b). The paracortex, also referred
to as the interfollicular area, is generally rich in T-cells that
are associated with histiocytes, interdigitating reticulum
cells, and high endothelial venules. Histologic prominence
of the lymph node hilar area varies by anatomic location and
is most evident in nodes of the inguinal and pelvic areas. The
hilum contains variable amounts of lymphoplasmacytoid
cells and fibroconnective tissue. Lymph node sinusoids are
vascular structures that channel lymphatic flow from the cap-
sule towards efferent hilar lymphatics. They contain varying
numbers of histiocytes.
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Lymph Node Sampling and Tissue Handling

Excisional and core biopsies are generally most suitable for
de novo evaluation of an enlarged lymph node. Fine needle
aspiration cytology is often fraught with sampling limitations
and does not permit evaluation of the lymph node architec-
ture. In most clinical practices, lymph node samples are sub-
mitted either without fixative or in a nutrient-rich medium.
Ideally, triage of tissue material from a patient with unex-
plained lymphadenopathy should be based on evaluation of
a touch preparation. If neoplasia is a consideration, lymph
node tissue should be handled in the following priority order:
(1) formalin fixation for histologic evaluation (paraffin-
embedded tissue may be also used for immunohistochem-
istry, fluorescence or colorimetric in situ hybridization, and
molecular testing); (2) unfixed tissue in nutrient-rich media
for immunophenotyping by flow cytometry; and (3) unfixed
tissue in nutrient-rich media for cytogenetic analysis.

Overview of Diagnostic Imaging Approaches
Conventional Radiography/Fluoroscopy

Conventional radiographs (x-rays) are still commonly
obtained as the initial imaging study in patients with dis-
orders of the lymphoid system. Despite the emergence of
sophisticated cross-sectional and functional imaging tech-
niques, radiographs remain attractive for the initial evalu-
ation, and they are inexpensive, rapid, and relatively easy
to perform. They can be done without sedation and can be
accomplished at far lower radiation doses than computed
tomography (CT). Although many disorders will not be
evident radiographically, the presence of primary intratho-
racic tumors, mediastinal and/or paraspinal masses, intra-
abdominal masses and destructive bone lesions can all be
detected radiographically. The presence of calcifications in
lymphoid masses may be helpful in establishing a differential
diagnosis. For the evaluation of children with suspected
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Fig.5.1 Basic structure of normal lymph node. (a) Schematic represen-
tation of the anatomy of a lymph node with the cortical, paracortical, and
medullary regions. The cortex contains multiple follicles including pri-
mary follicles and secondary follicles with germinal centers. (b) A sec-

abdominal conditions, radiographs of the abdomen should be
the initial examination of choice to assess for acute obstruc-
tion or bowel perforation.

Historically, fluoroscopy was the primary modality used to
evaluate the gastrointestinal tract and the upper airway. With
the emergence of cross-sectional imaging, fluoroscopy is now
rarely used for the primary evaluation of suspected lymphoid
lesions. However, children with poorly characterized symp-
toms and physical exam findings may undergo fluoroscopic
evaluation to assess the intestinal tract, and the radiologist
should be aware of the imaging findings associated with lym-
phoid lesions involving the GI tract. Mucosa-based processes
such as esophagitis, gastritis, or duodenitis are diagnosed
almost exclusively by endoscopy nowadays. However, esopha-
geal and intestinal strictures may benefit from further delinea-
tion by fluoroscopy, which can be performed safely and
effectively. Current fluoroscopic techniques generally employ
very low radiation doses due to advances in pulsed fluoroscopy,
image intensifier sensitivity, and improved automatic dose rate
controls [1]. Both water-soluble contrast or barium enteric con-
trast agents used in conjunction with fluoroscopy are consid-
ered safe even in immunocompromised children. While there
are few contraindications to fluoroscopic evaluation of the
intestinal tract, contrast enemas are generally avoided in neu-
tropenic patients and barium enteric contrast should be avoided
when bowel stricture or perforation are suspected.

Ultrasound

Ultrasound is an excellent technique for evaluating the child
with a lymphoid system disease. With the availability of an
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ondary follicle with germinal center (GC) and well-defined mantle zone.
In the GC, a loosely associated network of follicular dendritic cells,
follicular helper T-cells, and centrocytes forms the light zone, whereas a
dense area of dividing centroblasts can be recognized as a dark zone

array of high and low frequency transducers, ultrasound can
be used to evaluate both superficial and deeper structures and
is particularly useful in evaluating lymph nodes in the neck
and axilla as well as the abdominal visceral organs [2].
Diagnostic ultrasound is relatively quick, inexpensive, and
does not utilize ionizing radiation. In the hands of a skilled
operator, ultrasound can also be used to evaluate even the
most anxious child and does not usually require sedation. In
contrast to adults, ultrasound images in children are usually
of very high quality due to the relative paucity of intra-
abdominal fat and other attenuating soft tissues seen in older
patients and adults.

Color and pulse wave Doppler as well as the increasing
availability of three-dimensional imaging techniques allow
dynamic flow and vascularity to be assessed. This can be
helpful in distinguishing between hyperemic/inflamed lym-
phoid tissue and normal tissue. The use of microbubble ultra-
sound contrast agents is still experimental and not routinely
available for use in children [3]. The use of sonoelastography
to measure the compressibility and elasticity of tissues—ini-
tially used in the evaluation of the liver—is presently under
evaluation to determine tissue characteristics of superficial
lymphoid structures in an effort to discriminate benign from
neoplastic nodal enlargement [4].

Computed Tomography

Since its emergence in the 1970s, the use of CT has become
routine in the evaluation of patients with suspected abnor-
malities of the lymphoid system. With the development of
multiple detector row and ultrafast CT imaging techniques,
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examinations of the entire body can now be performed in
under one minute and, depending on the area of interest,
even young children may be evaluated without the need for
sedation.

CT scanning is routinely performed in transaxial cross-
sections with multiplanar reconstructions being rapidly gen-
erated from the axial image data. With the use of
multidetector helical CT scanners and isotropic imaging
acquisition techniques, the reconstructed images have no
discernible loss of resolution or contrast as compared to
source transaxial data. The use of contrast agents (both
intravenous and enteric) in pediatric CT scanning depends
on the condition being evaluated. For assessment of the
mediastinum and lymphoid tissues, the presence of contrast
is considered helpful, if not essential, to better characterize
lymph nodes relative to adjacent vascular structures. In
addition, the use of contrast-enhanced CT scanning remains
the standard of care to accurately measure the size of lym-
phoid tumors to determine response to therapy [5, 6].
Although concerns regarding reactions to iodinated intrave-
nous contrast agents are frequently raised, the rate of adverse
reactions, including acute allergic or anaphylactoid reac-
tions, asthmatic reactions, and vasovagal reactions, are
exceedingly rare [7]. The presence of a prior contrast reac-
tion does, however, predict subsequent recall-type allergic
reactions, and clinicians and radiologists should be aware of
the increased potential for adverse events in these patients
and provide appropriate premedication as indicated.
Awareness by radiologists and clinicians of guidelines for
the use of iodinated contrast agents is important so that
imaging protocols can be modified as needed [8].

Over the past 10 years, there has been a heightened aware-
ness of the potential risk posed by CT scanning from ioniz-
ing radiation doses used [9]. When comparing the effective
dose for a pediatric chest CT to a chest radiograph, some
estimates indicate the CT scan is the equivalent of tens to
hundreds of chest radiographs [10]. While it is clear that the
use of multiple CT scanning phases and the need for multiple
sequential CT examinations increases the relative radiation
risk, a more extensive discussion of the radiation risk esti-
mates associated with CT scanning in pediatric patients is
beyond the scope of this chapter and can be reviewed in a
number of recent publications [11-14]. It is reasonable to
conclude that opinions vary widely and uncertainty about the
absolute risk of cancers associated with ionizing radiation in
the diagnostic CT dose range remains [15]. Nonetheless, the
principle that guides the use of CT scanning in pediatric
patients is adherence to the ALARA (as low as reasonably
achievable) guidelines, which seek to balance the relative
risk of exposure to ionizing radiation against the potential
benefit from the diagnostic information obtained. Namely,
every effort should be made to adjust the CT doses to the
patient’s body size and clinical indications and to minimize
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scanning of body regions that are not involved or not
suspected as harboring disease.

Most major manufacturers now have new dose-reducing
automatic tube current modulation technologies as well as
iterative image reconstruction algorithms that allow scans to
be performed at much lower doses and for the doses to be
adjusted dynamically, accounting for the differing tissue
densities being imaged [16]. While the technical parameters
used in CT scanning are ultimately the responsibility of the
radiologist, clinicians ordering CT scans should be aware of
these considerations in determining the need for CT and
whether the clinical indications warrant the particular exami-
nation being ordered.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI), in contrast to the trans-
mission technologies such as conventional radiography,
fluoroscopy, and CT, belongs to the group of emission technol-
ogies. MRI consists of dynamic interactions between a strong
external magnetic field, the application of radiofrequency
waves, and subsequent reception of low level radiofrequency
(RF) emissions from hydrogen nuclei within the body [17].
Once the patient is placed in a magnetic field, the hydrogen
nuclei become aligned in the orientation of the magnetic field.
When they are bombarded with radiofrequency pulses, the
hydrogen nuclei absorb the RF energy. Once the RF waves are
turned off, the hydrogen nuclei begin to release the absorbed
energy (“decay”) in a manner that is related to the tissue char-
acteristics within which the nuclei are residing. This allows
exquisitely detailed images of the body’s soft tissues to be
acquired. There are a number of factors that can influence the
signal and image quality obtained during MRI, but these are
beyond the scope of this review. In general, in order to acquire
a diagnostically useful image, contrast between normal tis-
sues and diseased tissues is needed. Such contrast differences
are an inherent reflection of the different tissue environments
within which the protons live. Depending on the clinical indi-
cation, the MRI pulse sequences can be tailored to address
specific clinical questions.

For evaluating the patient with abnormalities of the lym-
phoid system, characterization of normal and diseased lymph
nodes can usually be accomplished well using standard T1-
and T2-weighted imaging techniques in axial and at least one
orthogonal (coronal or sagittal) imaging plane. The use of
gadolinium-based contrast agents can be helpful in further
characterizing tissue abnormalities. In some instances, the
presence of iron or hemosiderin deposition may be helpful in
rendering a differential diagnosis and gradient echo or
T2-weighted images, which are sensitive to the local mag-
netic field inhomogeneities induced by the presence of para-
magnetic compounds such as iron, can be utilized [18, 19].
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Pediatric whole-body MRI techniques with rapid scan-
ning sequences can now be accomplished typically in 30 min
or less and have been advocated for staging and screening
patients with abnormalities of the lymphoid system [20, 21].
The use of parallel imaging techniques and the ability to
simultaneously receive RF information using multiple
receiver coils allows for more rapid imaging and improved
temporal and spatial resolution. The increased ability to per-
form rapid MRI studies for a wide variety of pediatric indica-
tions is particularly important for young children in whom an
MRI examination of 30 min or more may require sedation in
order to minimize patient motion.

The use of diffusion-weighted imaging has recently
gained attention for body imaging techniques [22-24].
Diffusion-weighted imaging was initially developed for
characterizing sites of brain ischemia in neuroradiologic
applications. For oncologic purposes, the ability to evaluate
tissue density and tumor cellularity based on changes in the
restricted diffusion of water molecules within a particular
region, has been helpful in characterizing and evaluating
effects of therapy [24]. While diffusion-weighted imaging
may aid in detecting small lymph nodes, it has not yet been
able to reliably distinguish between neoplastic and non-
neoplastic lymph node processes [25, 26].

The use of MR contrast agents includes both positive and
negative contrast agents. Gadolinium (Gd)-based agents rely
on the paramagnetic effects of Gd, which causes both T1 and
T2 relaxation time shortening. The Gd ion itself is toxic and
is only provided in the form of a gadolinium chelate. The
pattern of tissue uptake and excretion may vary depending
on the chelate used, but most commercially available
Gd-based MR contrast agents are administered intravenously
and are primarily excreted through the genitourinary tract.
Iron- and iron oxide-based contrast agents have been specifi-
cally advocated for evaluation of the lymphoid system [19].
These agents rely on the T2 shortening effects of iron.
Normal cells of the macrophage and reticuloendothelial cell
lineage will typically scavenge the iron-based nanoparticles,
and the use of these contrast agents has been shown in sev-
eral pilot studies to be helpful in distinguishing lymph nodes
involved by tumor from normal lymph nodes. Despite the
potential appeal of this class of contrast agents, they have not
received universal clinical acceptance.

The use of Gd-based chelates is relatively safe, although
patients with underlying acute or chronic renal insufficiency
have been shown to be at risk of developing nephrogenic sys-
temic fibrosis (NSF) [27]. NSF is characterized by progres-
sive tissue fibrosis that may be limited. On occasion, NSF
may be progressive with involvement of other tissues such as
the heart, lungs, and esophagus resulting in significant
pathology and potentially death. Although the risk of devel-
oping NSF seems to relate to the doses of Gd chelate used
and the degree of renal insufficiency, the majority of patients
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with renal insufficiency do not develop NSF. Nonetheless,
the evaluation of renal function prior to the intended use of
Gd-based contrast agents is needed in order to minimize this
potential risk.

Nuclear Medicine/Positron Emission
Tomography

Functional imaging techniques in nuclear medicine are
commonly used in evaluating patients with abnormalities
of the lymphoid system. Although these techniques provide
less anatomic and morphologic information than either CT
or MRI, there is often valuable metabolic and functional
information to be gathered from specific nuclear medicine
techniques. As with MRI, nuclear medicine imaging relies
on emission data following injection with a radiopharma-
ceutical agent to generate an image [28]. Depending on
the pharmaceutical and isotope utilized, the agent local-
izes to target organs and tissues and is visualized using
highly specialized detector cameras used to acquire and
display images of the whole body or selected body regions.
Cameras are configured to acquire both 2-D planar as well
as multiplanar tomographic images and can be placed at
various angles and positions to optimize image quality and
lesion conspicuity.

Positron emission tomography (PET) utilizes positron-
emitting radiopharmaceuticals. Following radionuclide
decay in situ, emitted positrons annihilate upon contact with
electrons near the point of tissue localization releasing two
511 keV photons traveling in opposite directions. These
high-energy photons can be imaged using coincidence detec-
tion techniques to permit precise identification of the initial
site of radiopharmaceutical localization and positron decay.
Similarly, single photon emission computed tomography
(SPECT) applies tomographic rather than planar imaging
techniques to gamma particle emitting radiopharmaceuticals
allowing multiplanar acquisition and projection images to be
generated. These can be fused to CT and/or MRI images,
which in some instances may be simultaneously acquired to
allow anatomical and functional co-localization.

A wide variety of radiopharmaceuticals is available,
although the main agents used in routine evaluation of chil-
dren with lymphoid disorders include *™Tc labeled methy-
lenediphosphonate (MDP),67Ga,and '8F-fluorodeoxyglucose
(FDG). ®"Tc-MDP localizes to areas of bone turnover and is
useful in assessing osteoblastic metastatic disease as well as
sites of lytic bony disease. Historically, ’Ga, whic binds to
transferrin receptors expressed on lymphoid cells, was used
to evaluate patients with lymphoma. The use of gallium
scanning has been essentially replaced by FDG PET imag-
ing, and the latter has become standard of care in the evalua-
tion of patients with lymphoma [29, 30] as well as a variety
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of other non-neoplastic lymphoid disorders [31]. FDG PET
imaging relies on the presence of '8F-fluorine as a positron-
emitting radiotracer that is incorporated into the glucose ana-
log fluorodeoxyglucose. FDG accumulates at relatively high
levels in metabolically active lesions including lymphoid
malignancies and inflammatory disorders, providing a very
sensitive means of evaluating patients with abnormalities of
the lymphoid system. Nearly all PET imaging is currently
performed with integrated PET/CT scanners. This allows
areas of FDG uptake at sites of concern to be fused to simul-
taneously acquired CT images to afford better anatomic cor-
relation and coregistration of uptake sites. In addition, areas
of background or physiologic uptake such as brown fat can
be accurately identified using co-registered PET/CT images.

Other nuclear medicine imaging techniques include the
use of "Tc-HMPAO or '''In-oxine labeled leukocytes for
inflammatory imaging, although this technique is now less
frequently used with the advent of FDG PET imaging.
Nuclear medicine plays an important complimentary role in
providing a functional characterization of patients with dis-
orders of the lymphoid system. In many diseases, functional
imaging is crucial for disease staging, response assessment,
and in certain instances disease surveillance. Increasingly,
however, the use of nuclear medicine techniques is closely
integrated with simultaneously acquired cross-sectional
imaging examinations (e.g., CT or MRI), requiring careful
assessment of both the functional and anatomic imaging data
for diagnostic evaluation [29, 30, 32].

Table 5.1 Most common infectious lymphadenitis

Etiology Common anatomic site
Viral
Epstein-Barr virus (EBV)-

infectious mononucleosis

Cervical lymphadenopathy

and splenomegaly
Cytomegalovirus Localized or generalized
lymphadenopathy
Localized or multifocal
lymphadenopathy

Herpes simplex virus

Bacterial

Bartonella henselae
(Cat-scratch disease)

Regional lymphadenopathy
following a skin lesion
Common bacteria (streptococcal
or staphylococcal)

Cervical lymphadenopathy
Mycobacterium tuberculosis Supraclavicular and cervical
lymph nodes
Nontuberculous Mycobacteria
(MAI, M. kansasii,

M. scofulaceum, M. malmoense)

Unilateral cervical lymph
nodes

Protozoal
Toxoplasma Unilateral or bilateral lymph

nodes

Histology

Interfollicular infiltrate with numerous
immunoblasts (EBV positive)

Florid follicular hyperplasia and hyperplasia
of monocytoid B-cells

Interfollicular hyperplasia with necrotic areas
with neutrophils and karyorrhectic debris

Stellate necrotizing granulomas with
palisading epithelioid histiocytes

Follicular hyperplasia, and microabscesses in
the lymph node

Ceseating granulomas with epitheliod

Florid follicular hyperplasia, monocytoid
B-cells and clusters of epithelioid histiocytes
surrounding germinal center
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Benign Causes of Lymphadenopathy

In clinical practice, infectious and reactive etiologies are
nearly always in the differential diagnosis of lymphadenopa-
thy in a young patient [33]. The most common sites for
lymphadenitis requiring imaging evaluation are the cervical,
axillary, and inguinal regions. Clinically, lymphadenitis is
associated with pain, tenderness, and focal lymph node
enlargement [34, 35]. The most common causes of infectious
lymphadenitis are summarized in Table 5.1.

Various infectious and reactive etiologies are often asso-
ciated with broad histologic patterns of lymphadenopathy
that include follicular, paracortical, sinusoidal, and mixed
patterns [36]. While a more detailed discussion of the patho-
physiologic causes that underlie these patterns is beyond the
scope of this textbook, a summary of the most common etiol-
ogies associated with the various histologic patterns is listed
in Table 5.2. Progressive transformation of germinal centers
(PTGC) is a term used to describe a well-defined histologic
pattern of follicular changes often associated with reactive
lymphadenopathy. PTGC is characterized by follicles of
varying sizes exhibiting disruption of the germinal center
by encroaching mantle zone lymphocytes. The etiology and
pathogenesis of isolated PTGC remain poorly understood.
While the vast majority of PTGC changes are seen in benign
reactive lymph nodes, recognition of this change is important
since it is also often seen in the vicinity of nodular lympho-
cyte predominant Hodgkin lymphoma.

Diagnosis

Monospot test, and serology
studies

Presence of CMV inclusions
on infected cultured cells
Presence of cells with
glass-like inclusions in the
areas of necrosis

Warthin-Starry stain, PCR,
and serology

Aerobic and anaerobic tissue
cultures

Ziehl-Neelsen stain, cultures

histiocytes and multinucleated giant cells and PCR
Ceseating granulomas with epitheliod Ziehl-Neelsen stain,
histiocytes and multinucleated giant cells PAS +MAI and PCR

Characteristic cervical
histologic changes and
serology
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Table 5.2 Common reactive
lymphadenopathies

Pattern
Follicular

Sinusoidal

Interfollicular
mixed

Diffuse

Histologic findings

Numerous reactive follicles; GC with
irregular shape and size

Tingible body macrophages; BCL2 is
negative in GC

Prominent expansion of sinuses
Histiocytic hyperplasia

Plasma cell proliferation

Monocytoid B-cells

Interfollicular expansion
T-cell predominance
Immunoblasts increased in the
interfollicular areas

Plasma cells, macrophages
Mixed population

Effacement of architecture
Mixed population
Immunoblastic proliferation
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Entity

Follicular hyperplasia

Autoimmune disorders

Castlemans disease, hyaline vascular type
Progressive transformation of germinal centers
Sinus histiocytosis with massive
lymphadenopathy (Rosai Dorfman disease)
Storage disease

Whipple disease

Vascular transformation of sinuses
Hemophagocytic syndrome

Dermatopathic lymphadenopathy

Kimura’s disease

Systemic lupus erythematous

Kicuchi’s lymphadenitis

Inflammatory pseudotumor

Drug-induced lymphadenophathy
Viral lymphadenitis

Lymphoproliferative Disorders
and Neoplasms Associated with Immune
Deficiency

Lymphoproliferative Disorders and Neoplasms
Associated with Primary Immunodeficiency
Diseases

Primary immunodeficiencies (PID) are a rare and hetero-
geneous group of diseases caused by congenital defects
affecting the innate and/or adaptive immunity, with impact
on the humoral and/or cell-mediated immunity. The most
updated classification for PID provided by the International
Union of Immunodeficiencies Studies recognizes eight cat-
egories [37]: (1) combined immunodeficiencies: e.g., severe
common immunodeficiency (SCID); (2) predominantly
antibody deficiencies: e.g., X-linked agammaglobulinemia
(XLA), common variable immunodeficiency (CVID); (3)
well-defined syndromes with immunodeficiency: e.g.,
Wiskott-Aldrich syndrome, DNA repair defects; (4) dis-
eases of immune dysregulation: e.g., autoimmune lympho-
proliferative syndrome (ALPS), familial hemophagocytic
lymphohistiocytosis; (5) congenital defects of phago-
cyte number, function or both: e.g., chronic granuloma-
tous disease, severe congenital neutropenia; (6) defects in
innate immunity: e.g., deficiencies impairing the interferon
gamma/interleukin 12 axis; (7) autoinflammatory disorders:
e.g., familial Mediterranean fever; and (8) complement defi-
ciencies. More than 120 distinct genes have been identified,
with abnormalities that account for more than 150 different
forms of PID [38].

Patients with PID have a higher than usual risk of devel-
oping lymphoid malignancies, and these represent the sec-
ond leading cause of death in this group [39]. The incidence
of lymphoproliferative disease ranges from 1.4 to 24 %
depending of the type of the PID. The diseases commonly
associated with lymphoproliferative disorders or neoplasms
include ataxia-telangiectasia, Wiscott-Aldrich syndrome,
Nijmegen breakage syndrome, CVID, XLA, and autoim-
mune lymphoproliferative syndrome. In these patients, lym-
phoma is diagnosed at a median age of 7.1 years [39].

The pathogenesis of lymphoproliferative diseases in PIDs
involves multiple mechanisms rooted in defects in DNA
damage response (e.g., ataxia-telangiectasia and Wiscott-
Aldrich syndrome) and immune deregulation that character-
istically results in abnormal response to viral infections such
as Epstein-Barr virus (EBV), hepatitis B or C viruses, and
human papillomavirus [40]. The inability to eliminate infec-
tion is speculated to create an inflammatory environment that
can eventually promote tumor development and growth by
promoting and sustaining the acquisition of oncogenic
somatic mutations [39].

Lymphoid proliferations associated with PID are hetero-
geneous and range in spectrum from reactive hyperplasia to
non-Hodgkin and Hodgkin lymphoma. The most common
presentation is at extranodal sites; namely, the gastrointesti-
nal tract, lungs, and central nervous system. In patients with
XLA and SCID, non-neoplastic lesions include a polymor-
phous lymphoid proliferation with plasmablasts, immuno-
blasts and Reed-Sternberg-like cells that result from primary
EBYV infection. Patients with CVID can present with lym-
phoid hyperplasia in the gastrointestinal tract or with lymph
node follicular hyperplasia and expansion of paracortical
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Table 5.3 Most common primary immunodeficiencies associated with lymphoproliferative disorders

Type of deficiency Gene defect Pathogenesis Abnormality Lymphoproliferative disease
CVID, autosomal ICOS, CD19, Defects in B-cell maturation ~ Reduced B cells; low GI tract and lungs (HHVS
(predominantly antibody BAFFR and differentiation IgG and IgA implicated in granulomatous

deficiency)

SCID (combined X-linked, y chain

Abnormal interleukin

interstitial lung disease), increased
risk of B cell, extranodal NHL

Low or absent T-cells ~ Fulminant primary EBV Infection,

immunodeficiency) mutations; JAK3, signaling in XSCID and JAK3 and NK cells and lymphadenopathy,
AR; ADA, AR mutations; accumulation of nonfunctional B cells  hepatosplenomegaly. Lymphoma
dATP in defective ADA development not well documented
Hyper IgM syndrome, CD40/CD40L Defective B cell and dendritic ~ Low or absent IgG, Predominantly abdominal
X-linked (predominantly ligand mutation  cell signaling; CD40L required IgA; normal or adenopathy; lack germinal of
antibody deficiency) for isotype class-switching increased IgM, centers. Lymphoma development
from IgM to IgG or IgA cytopenias not well documented

Ataxia-telangiectasis, AR AT gene Defective DNA repair and IgA, IgE, IgG2 T-cell acute lymphoblastic
(well-defined syndromes with  mutation deregulation of cell division ~ decreased; progressive leukemia/lymphoma in children;
immunodeficiency) (11922-23), and apoptosis, abnormal decrease in T-cells; T-prolymphocytic leukemia in
encodes for function and development of  normal B cell numbers young adults; Hodgkin lymphoma-
protein kinase lymphocytes like lymphoproliferative disorders
X-linked lymphoproliferative =~ SH2DI1A Uncontrolled T-cell B cells normal or Fulminant IM; extranodal B cell
syndrome (well-defined mutations proliferation; underlying reduced. Defective NHL, particularly of the terminal
syndromes with (Xqg25), that mechanisms is not yet entirely lysis and polarization  ileum
immunodeficiency) encodes for SAP  understood following EBV
protein infection
Autoimmune Defects in the Defects in apoptotic pathway  Autoimmune Increased risk for HL, including
lymphoproliferative syndrome  Fas/FasL cytopenias, adenopathy NLPHL
(well-defined syndromes with  signaling and splenomegaly

immunodeficiency)
‘Wiskott-Aldrich, AR
(well-defined syndromes
associated with
immunodeficiency)

WAS mutation
(Xpl11.22-23)
cells

areas by immunoblasts infected by EBV. In patients with
ALPS, lymphadenopathy results from follicular hyperplasia
with or without progressive transformation of germinal cen-
ters. Overt lymphomas generally have clonal IgH rearrange-
ment whereas non-neoplastic or polymorphous lymphocytic
proliferations may show either oligoclonal or monoclonal
IgH rearrangements. The presence of clonality in patients
with PID does not always indicate the presence of lymphoma
and correlation with clinical and imaging findings is particu-
larly important.

The lymphomas that can occur in patients with PID
are generally classified like those that arise in non-
immunosuppressed patients. Diffuse large B-cell lymphoma
is the most common type, followed by Burkitt lymphoma.
Lymphomatoid granulomatosis involving the lungs shows
T-cell background infiltrate and neoplastic B-cells, and is
most commonly seen in patients with Wiscott-Aldrich syn-
drome. Classical Hodgkin lymphoma is less common than
diffuse large B-cell lymphoma in PID patients and has been
reported in patients with ataxia-telangiectasia syndrome and
Wiscott-Aldrich syndrome. Peripheral T-cell lymphoma is
rare and has been described in patients with ALPS. The EBV

Abnormal cytoskeletal
architecture of hematopoietic

Decrease in T-cells,
normal B cells;
decreased IgM

7 % develop NHL; CNS
involvement has been reported in
this setting; Lymphomatoid
granulomatosis

virus has been demonstrated to be present in most of the
cases [41]. A summary of the most common PID types asso-
ciated with lymphoproliferative disorders and neoplasms is
listed in Table 5.3.

Imaging Features

Imaging features associated with PID vary by the type and
severity of the immunodeficiency. Patients with XLLA do not
produce immunoglobulin but do have normal T-cell function
and normal thymic development. Radiographically, this dis-
order is most frequently associated with the sequelae of recur-
rent pulmonary infections such as bronchiectasis, pulmonary
parenchymal scarring and heterogeneous or mosaic patterns
of lung aeration and attenuation (Fig. 5.2). Bacterial infection
can also occur at other sites such as the sinuses and genitouri-
nary tract; however, these are not as commonly encountered
as pulmonary infections [42]. Patients with IgA deficiency
develop pulmonary and GI infections and may have under-
lying allergic and autoimmune disorders. In comparison to
XLA, the imaging findings are less severe and bronchiectasis,
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Fig. 5.2 X-linked agammaglobulinemia. Three examples of findings in
patients with XLA. 9-year-old with chronic cough and sinus infection with
chest CT showing mosaic lung attenuation and air trapping in the left lower
lobe (a) and near complete opacification of the maxillary sinuses (b). Chest

for example, is less common. Patients with CVID, as with
XLA, may also have recurrent infections, bronchiectasis,
and bronchial wall thickening. In contrast to the other PID,
patients with CVID may also develop lymphadenopathy and
splenomegaly in addition to a more generalized lymphopro-
liferative process (Fig. 5.3), presumably because of varying
degrees of associated T-cell functional abnormalities [42, 43].

DiGeorge syndrome (DGS) and SCID are the most
severe of the PID syndromes. DiGeorge syndrome, also
known as thymic hypoplasia, results in primary T-cell defi-
ciency secondary to abnormal thymic development [42].
Patients with DGS have other findings including hyper-
telorism and micrognathia, which may be apparent radio-
logically. Other associated anomalies include a host of

V. Leventaki et al.

CT in a 32-year-old patient with XLLA and respiratory symptoms shows left
lower lobe bronchial wall thickening, bronchiectasis, and evolving consoli-
dation (c). Ankle MRI (d) in a 30-year-old patient with XLLA revealed
osteomyelitis and tenosynovitis related to chronic infection

cardiovascular anomalies such as abnormalities of the aortic
arch and tetralogy of Fallot. Apart from the narrow medi-
astinum resulting from absent thymic tissue, there are no
other specific imaging findings to indicate the diagnosis of
DGS. Severe combined immunodeficiency syndrome results
from absent T- and B-cell function, as well as diminished
natural killer cell function. As with DGS, the combination
of deficiencies in both humoral and cellular immunity in
patients with SCID leads to recurrent and severe opportu-
nistic infections [43].

Patients with Wiskott-Aldrich syndrome and ataxia tel-
angiectasia have a high incidence of developing malignancy,
particularly leukemia and lymphoma [44, 45] (Fig. 5.4).
In addition, patients with ataxia telangiectasia are at an
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Fig.5.3 Common Variable Inmunodeficiency (CVID) (a—c) and Hyper-
IgE syndrome (d). Chest CT in a 26-year-old patient with CVID (a—c)
shows axillary (a) and mediastinal/hilar lymphadenopathy (b), in addition
to extensive parenchymal lung disease (c), with ground glass opacities,

increased risk of radiation-induced malignancy, which
creates unique challenges for surveillance imaging stud-
ies. Because imaging examinations in these populations of
patients are aimed at screening for malignancy or character-
izing active or chronic sites of infection, the results are often
nonspecific, prompting multiple follow-up imaging evalua-
tions. As such, techniques that require repeated exposure to
ionizing radiation (i.e., CT) should be used judiciously [46].

Lymphoid Neoplasms Associated with Human
Immunodeficiency Virus Infection

Human immunodeficiency virus (HIV) infection and the
associated acquired immune deficiency syndrome (AIDS)
occur infrequently in children and often as the result of in
utero transmission. A distinct group of lymphoid neoplasms
arise in the setting of HIV infection. These include lympho-
mas that are seen in HIV-negative patients such as Burkitt
lymphoma, diffuse large B-cell lymphoma, and Hodgkin
lymphoma. In addition, HIV patients are affected by lym-
phomas that are only rarely seen outside the setting of HIV:

reticular thickening and areas of air trapping related CVID. Chest CT in
patient with hyper-IgE syndrome reveals a small pneumatocele (arrow),
characteristic of this disease, in the left upper lobe, as well as background
diffuse nodular opacities consistent with underlying infection

primary effusion lymphoma and plasmablastic lymphoma.
The introduction of highly active antiretroviral therapy
(HAART) has resulted in a dramatic decrease in the inci-
dence of high grade lymphomas in HIV patients.

Most patients present with advanced stage disease and
extranodal involvement. Extranodal sites usually include the
gastrointestinal tract, central nervous system (CNS), liver
and bone marrow, as well as more unusual sites such as oral
mucosa and body cavities. Lymph nodes can also be involved.
Epstein-Barr virus is identified in approximately 40 % of
HIV-associated lymphomas, but this percentage varies signifi-
cantly between the different types of lymphomas. Distinction
between neoplasia and infection on imaging studies may be
difficult occasionally; for example, CNS involvement by toxo-
plasmosis is a rare complication in pediatric HIV patients and
can be difficult to distinguish from lymphoma [47].

Post-transplant Lymphoproliferative Disorders

Post-transplant lymphoproliferative disorders (PTLD) are lym-
phoid or plasma cell disorders that develop in a recipient of a
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Fig.5.4 A 6-year old with ataxia telangiectasia initially presented with
splenomegaly. Ultrasound showed diffuse splenic enlargement with
innumerable hypoechoic lesions, concerning for lymphoproliferative
disease (a). Over the next 2 months subsequent MRI confirmed splenic

solid organ or allogeneic stem cell transplant as a result of iatro-
genic immunosuppression. The spectrum of PTLD is clinically
and histologically variable. Three broad categories of PTLD
are recognized: (1) early lesions (infectious mononucleosis-
like and plasmacytic hyperplasia); (2) polymorphic PTLD; and
(3) monomorphic PTLD. The latter includes lymphomas that
also occur in non-immunosuppressed patients such as Hodgkin
lymphoma and plasma cell myeloma. When compared to the
adult population, the incidence of PTLD in children is higher,
especially following solid organ transplant. The risk for devel-
opment of PTLD is significantly associated with the occurrence
of primary EBV infection after transplantation [48, 49].
Imaging of PTLD patients is directed at establishing the
extent of involvement and should include cross-sectional

involvement (b), in addition to showing multifocal hepatic involvement
(c). Biopsy revealed large cell lymphoma. FDG PET shows extensive
abnormality of the abdomen, lungs, and skeleton (d)

imaging, either CT or MRI, of the entire torso as well as
FDG PET imaging to establish the overall extent of disease
[50]. Both CT and PET can be used to monitor response to
therapy and/or immunomodulation. FDG PET has been
shown to be superior to conventional imaging techniques in
the early evaluation of PTLD response to therapy [50].
Routine screening for PTLD (e.g., EBV serologic stud-
ies or quantitative assessment of viral RNA) facilitates
early diagnosis and treatment by reduction of immu-
nosuppression. Lymph nodes as well as extranodal sites
(tonsil, gastrointestinal tract, lungs, spleen and liver can
be involved (Fig. 5.5). In solid organ transplant recipi-
ents, PTLD may affect the allograft itself and needs to be
differentiated from rejection or infection. Detection
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Fig.5.5 PTLD involving lung and liver: 16-year old with AML s/p
BMT with development of pulmonary PTLD. FDG-PET (a) and
Chest CT (b, ¢) show multiple FDG avid lung lesions. Abdominal

of EBV-encoded RNA in the lesion generally favors
PTLD. Early lesions, including infectious mononucleo-
sis-like PTLD are more frequent in children and usually
involve tonsils and adenoids. They have a good prognosis
and respond to reduction of immunosuppressive treatment.
However, the polymorphous PTLD is the most common
type affecting pediatric transplant recipients. Some cases
of polymorphic PTLD and most cases of monomorphic
PTLD require additional treatment that includes mono-
clonal antibodies against B-cell antigens (e.g., rituximab),
chemotherapy, and more recently cellular immunotherapy
(EBV-specific cytotoxic T-cell immunity).

CT (d) and accompanying FDG-PET (e) show multiple hepatic
lesion as well as ascites, all consistent with multi-focal sites of
PTLD involvement

Overview and Classification of Lymphoid
Tumors

Lymphoma represents the third most common pediatric malig-
nancy [51]. Lymphoid malignancies comprise 11 % of total
cancers diagnosed in children and 13 % in adolescents and
young adults (15-39 years) [52]. The classification of lym-
phoid neoplasms has undergone a bewildering series of changes
over the course of several decades. Those classifications have
been universally supplanted by the World Health Organization
(WHO) classification. Distinct entities in the WHO classification
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Table 5.4 Common lymphoid neoplasms in children and young
adolescents

Precursor lymphoid neoplasms
B-lymphoblastic leukemia/lymphoma, NOS

B-lymphoblastic leukemia/lymphoma with recurrent genetic
abnormalities

T-lymphoblastic leukemia/lymphoma, NOS

Mature B-cell neoplasms

Nodal marginal zone lymphoma

Extranodal marginal zone lymphoma of mucosa-associated
lymphoid tissue (MALT lymphoma)

Pediatric follicular lymphoma

Diffuse large B-cell lymphoma, NOS
Lymphomatoid granulomatosis

Primary mediastinal (thymic) large B-cell lymphoma
ALK positive large B-cell lymphoma

Burkitt lymphoma

Mature T-cell neoplasms

Epstein-Barr virus (EBV) positive T-cell lymphoproliferative disease
of childhood

Systemic EBV +T-cell lymphoproliferative disease of childhood
Hydroa vacciniform-like lymphoma
Extranodal NK/T-cell lymphoma, nasal type
Enteropathy associated T-cell lymphoma
Hepatosplenic T-cell lymphoma
Subcutaneous panniculitis-like T-cell lymphoma
Primary cutaneous gamma-delta T-cell lymphoma
Peripheral T-cell lymphoma, NOS
Anaplastic large cell lymphoma
ALK positive
ALK negative
Hodgkin lymphoma
Nodular lymphocytic predominant Hodgkin lymphoma
Classical Hodgkin lymphoma
Nodular sclerosis
Mixed cellularity
Lymphocyte-rich
Lymphocyte-depleted
Immunodeficiency —associated lymphoproliferative disorders

Lymphoproliferative diseases associated with primary
immunodeficiency

Lymphomas associated with HIV infection
Post-transplant lymphoproliferative disorders
Plasmacytic hyperplasia and infectious-mononucleosis-like PTLD
Polymorphic PTLD
Monomorphic PTLD
Classical Hodgkin lymphoma PTLD
Histiocytic neoplasms
Langerhans cell histiocytosis
Disseminated Juvenile xanthogranuloma

are defined on the basis of morphologic, immunophenotypic,
molecular, and clinical features. Lymphoid neoplasms in the
current WHO classification that generally affect children and
adolescents are summarized in Table 5.4.

V. Leventaki et al.

Precursor T and B Neoplasms

Together, precursor T and B neoplasms represent the most
common malignancies in childhood. These neoplasms are
derived from precursor lymphoid cells (lymphoblasts)
arrested at an early stage of differentiation. B lymphoblastic
leukemia/lymphoma accounts for approximately 85 % of
cases while T lymphoblastic leukemia/lymphoma accounts
for the remaining 15 % [53].

Lymphoid precursor neoplasms may either involve
the bone marrow and blood (lymphoblastic leukemia) or
exhibit a predominantly tissue-based distribution (lympho-
blastic lymphoma). An arbitrary cutoff of >25 % blasts in
the blood and/or bone marrow is used to define lympho-
blastic leukemia. Since such a distinction has no known
diagnostic or prognostic relevance, the current WHO
classification employs the term lymphoblastic leukemia/
lymphoma.

The prognosis of patients with precursor T and B neo-
plasms is based on many parameters that include molecular
and cytogenetic features in addition to response to induction
chemotherapy. In general, patients with T lymphoblastic leu-
kemia/lymphoma tend to have worse outcomes than those
with B lymphoblastic leukemia/lymphoma.

T Lymphoblastic Leukemia/Lymphoma

Clinical Features and Epidemiology

T lymphoblastic leukemia/lymphoma is a neoplasm of lym-
phoid progenitors committed to the T lineage. The disease
commonly affects males in the second decade of life, and
whites are more commonly affected than Asians or African
Americans [54]. Patients with ataxia-telangiectasia have
an increased predisposition to developing T lymphoblastic
leukemia/lymphoma [45]. Up to 85 % of children and ado-
lescents with T lymphoblastic leukemia/lymphoma present
with a mediastinal mass and/or lymphadenopathy without
leukemia [55, 56]. The majority of patients have symptoms
of mediastinal involvement, including pain, facial swelling,
and respiratory compromise. Depending on the size of the
mediastinal mass, there may be a significant compression of
the airway, cardiac, and central vascular structures.

Imaging Features

Patients with T lymphoblastic leukemia/lymphoma and a
large mediastinal mass often have their initial disease sus-
pected based on chest radiograph (Fig. 5.6a, b). These rap-
idly proliferating tumors can enlarge quickly and present one
of the few oncologic emergencies one may encounter in the
imaging suite [57]. The presence of a pericardial effusion
may result in cardiac tamponade. Care should be taken with
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Fig. 5.6 T-lymphoblastic lymphoma: 5-year old with wheezing, fatigue,
and pallor. AP and lateral CXR at diagnosis shows large mediastinal mass
with significant tracheal narrowing evident on the lateral projection arrows

supine positioning of these patients and with sedation given
the increased risk of respiratory compromise and impaired
venous return.

Once appropriate therapy is instituted, patients with
Tlymphoblastic leukemia/lymphoma typically have a rapid
shrinkage in their mediastinal mass and improvement in their
symptoms (Fig. 5.6¢, d). There is no clear prognostic role for

and a large right pleural effusion (a, b). The patient could not lie flat for
biopsy; pleural fluid aspirate showed T-Cell ALL. After just 6 days of ther-
apy mediastinal mass has nearly resolved and effusions are gone (c, d)

CT characterization of the mediastinal mass apart from estab-
lishing the extent of disease and sites of disease of involve-
ment that may require urgent intervention. CT scans at the
time of diagnosis may demonstrate extensive abdominal
visceral involvement and intra-abdominal lymphadenopathy
(Fig. 5.7). Some studies have shown that early resolution of
the mediastinal mass, either by chest radiograph [58] or by
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Fig. 5.7 T-lymphoblastic lymphoma, CT and FDG PET: 10-year old
with T-ALL, mediastinal mass compressing major vessels (a), pleural
effusion and pericardial effusion (b) and extensive visceral (bilateral

CT [59] is associated with improved outcome, presumably
reflecting patients with more chemosensitive disease.
Although these rapidly dividing tumors are quite metabol-
ically active and typically FDG avid (Fig. 5.7), staging and
post-treatment evaluation by FDG PET imaging is not used
frequently in patients with precursor lymphoid neoplasms.

Pathology

The neoplastic cells have scant to moderate cytoplasm, irreg-
ular nuclear contours, and a dispersed chromatin pattern. The
latter is best appreciated on Wright-Giemsa-stained prepara-
tions. A similar pattern is noted on hematoxylin-and-eosin-
stained tissue sections. Characteristically, the neoplastic
cells have high rates of mitosis and apoptosis with frequent
areas of increased background macrophages imparting a so-
called starry-sky pattern (Fig. 5.8).

renal (¢) and bony disease (e, f). FDG PET/CT confirms multifocal sites
of involvement by metabolically active tumor and in particular shows
the extent of bone involvement (d—g)

Immunohistochemistry or flow cytometry immunophe-
notyping demonstrates expression of one or more T lin-
eage markers including CD1a, CD2, CD3, CD4, CD7 and
CDS (Fig. 5.9). Of these, CD3 is regarded as the bona fide
T lineage-specific marker. In addition, the neoplastic cells
are often positive for CD34, TdT, and CD99. It should be
noted that CD99 expression may be positive in other small
round cell tumors that are usually part of the differential
diagnosis [60]. T-LBL can be further subclassified into
groups representing stages of T-cell maturation and differ-
entiation (Table 5.5). Early T-cell precursor (ETP) acute
lymphoblastic leukemia/lymphoma represents approxi-
mately 15 % of precursor T neoplasms and is characterized
by high frequency of relapses following standard chemo-
therapy [61]. This recently described entity is character-
ized by CD3 expression (cytoplasmic + surface using flow
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Fig.5.8 (a) Precursor T-cell ALL diffusely involving the lymph node

with numerous mitoses and tingible-body macrophages imparting a
“starry-sky” appearance. (b) The blasts have characteristic features

including small to intermediate size, scant amount of cytoplasm, irregu-
lar nuclear membranes, finely dispersed chromatin, and inconspicuous
nucleoli
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Fig. 5.9 Precursor T-cell ALL immunopheotype. The patient is a
14-year-old male with diffuse lymphadenopathy. A core biopsy
reveals a diffuse infiltrate of mononuclear cells with blast morphol-
ogy. Flow cytometry was performed on a cell suspension that showed
increased blasts defined by dim CD45 expression and low side scatter
(SSC-A) properties (a). The blasts expressed bright CD7 (b), and

they were negative for CD19 (c). They also expressed cytoplasmic
CD3 that confirmed T-cell lineage, while they were negative for
MPO (d). The blasts also expressed CD2, CD5 (e), and were double
positive for CD4 and CD8 (f). They were also positive for CD1a (g)
and TdT (h), and negative for B-cell (CD19) and myeloid (MPO)
antigens

Table 5.5 T-ALL Immunophenotype associated with T-cell maturation and differentiation

Stage Immunophenotype

Pre-thymic stage

Common lymphoid progenitor cell (pro-T) expressing CD34, TdT and HLA-DR

and are negative for cytoplasmic CD3 (cCD3)

Subcupsular cortical
stage
Cortical stage

Early T-cell precursors (pre-T) that express CD2, cCD3, CD7, TdT and are double
negative (CD4- and CD8-). TCR gene at germ line configuration

Common thymocyte phenotype: CD1a, CD2, cCD3, CD7, TdT and double positive

for CD4 and CD8. TCR gene rearrangement identified

Medullary stage

Mature medullary thymocytes loose expression of TdT and CD1a, and express both

cytoplasmic and surface CD3 and either CD4 or CDS8 (single positive thymocytes)
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Table 5.6 B-ALL with recurrent genetic abnormalities (2008 WHO classification)

Translocation Fusion product Frequency (%) Prognosis Immunophenotype
t(9;22)(q34;q11.2) BCR-ABLI 2—4 % in children Poor CD25+, CD117-, CD13+, CD33+,
CD10+, CD19+, TdT+, CD34+,
CD9+
t(v;11923) MLL Most common Poor CD19+, CD10-,CD24-,
t(4;11)(q21;q23) AF4-MLL Also seen in T-ALL CD15/65+, CD9+
t(19;11)(p13;923) ENL-MLL Common in AML
t(9;11)(p22;q23) AF9-MLL
t(12;21)(p13;q22) TEL-AMLI1 25 % of cases, common  Favorable CD34+, CD13+, CD9-
(ETV6-RUNX]I) in children
Hyperdiploidy >50 chromosomes 25 % of cases, common  Favorable CD34+, CD45-
(most common +21, +X, +14, +4) in children
Hypodiploidy <46 chromosomes - <45 chromosomes 1 %  Poor
t(5;14)(q31:932) IL3-IGH®@ <1l % Unknown Eosinophilia
t(1;19)(q23;p13.3) E2A-PBX1 6 % Improved with current CD9 +strong, CD34—, cp heavy
(TCF3-PBX1) intensive therapies chain

BCR breakpoint cluster region, ABLI abelson murine leukemia viral oncogene holog 1, MLL mixed lineage leukemia, AF4 AF4/FMR?2 family,
member 1, ENL MLLT1 myeloid/lymphoid/leukemia or mixed lineage leukemia translocated to 1, AF9 ALL-1 fused gene from chromosome 9,
TEL (ETV6) translocation, ETS, leukemia, AMLI (RUNX1) acute myeloid leukemia 1 gene (RUNT-related transcription factor), /L-3 interleukin
3, IGH@ immunoglobulin heavy chain, E2A (TCF3) immunoglobulin enhancer-binding factor E12/E47 (transcription factor 3), PBXI pre-B leu-

kemia transcription factor 1

cytometry), lack of expression of CDla, and aberrant
expression of stem cell myeloid markers (CD34, CD33,
CD13, and CD117).

B Lymphoblastic Leukemia/Lymphoma

Clinical Features and Epidemiology

B lymphoblastic leukemia/lymphoma, in contrast to its T
counterpart, usually has limited tissue involvement at pre-
sentation [56, 62]. The majority of patients present with
peripheral blood and bone marrow disease, with skin, testes,
and lymph nodes being among the most common sites of
extramedullary involvement. Various molecular/cytogenetic
B lymphoblastic leukemia/lymphoma groups are recognized
in the WHO classification (Table 5.6).

Imaging Features

Extensive thoracic or abdominal involvement is uncommon
with B lymphoblastic leukemia/lymphoma. Accordingly, the
use of FDG PET imaging for staging is generally not indi-
cated. Typically, the initial staging evaluation is directed by
symptoms and physical exam findings. For example, the
presence of a testicular mass noted by ultrasound might
prompt additional evaluation (Fig. 5.10).

Pathology

The morphologic features of B lymphoblastic leukemia/lym-
phoma are identical to those of T lymphoblastic leukemia/
lymphoma. The B-cell lineage is defined by the expression of

CD19 and one or more of the following markers: CD79a,
cytoplasmic CD22 and/or CD10 (Fig. 5.11). In addition, the
neoplastic cells are often positive for CD34 and TdT. PAXS is
a highly specific B-cell marker that is expressed in virtually
all cases of B lymphoblastic leukemia/lymphoma [63]. It
should be noted that the neoplastic cells of B lymphoblastic
leukemia/lymphoma might be negative for CD20 and CD45
by immunohistochemistry. B lymphoblastic leukemia/lym-
phoma can be further subclassified into groups representing
stages of B-cell maturation and differentiation (Table 5.7).

Mature B-Cell Neoplasms

Lymphomas account for approximately 15 % of all childhood
malignancies, but their incidence varies in different age groups
being low in children younger than 5 years and highest in ado-
lescents between 14 and 19 years of age [64]. Mature B-cell
neoplasms are broadly divided into two categories: Hodgkin
lymphoma and non-Hodgkin lymphoma (NHL).

Hodgkin Lymphoma

Clinical Features and Epidemiology

Hodgkin lymphomas account for nearly 9 % of all childhood
cancers and usually occur in adolescents. They are unusual

in children under the age of 5 years. Hodgkin lymphomas are
primary nodal malignancies characterized by relatively few
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Fig. 5.10 Pre-B lymphoblastic lymphoma: 4-year-old with bilateral
asymmetric, nontender testicular enlargement detected by pediatrician
at a routine check-up. (a, b) US showed multifocal testicular masses

dispersed monoclonal lymphoid cells, most commonly of
B-cell lineage, surrounded by a sizeable heterogeneous pop-
ulation of inflammatory cells. The WHO classification
divides Hodgkin lymphomas into two broad groups with dis-
tinct differences in clinical features and behavior as well as
in immunophenotype: classical Hodgkin lymphoma (CHL)
and nodular lymphocyte predominant Hodgkin lymphoma
(NLPHL).

Classical Hodgkin lymphoma (CHL) accounts for nearly
95 % of all Hodgkin lymphomas. Four subtypes of CHL are
recognized: nodular sclerosis, mixed cellularity, lymphocyte-
rich, and lymphocyte-depleted. The most common sites of
involvement with CHL include the mediastinum and cervical
lymph nodes. The nodular sclerosis subtype is more common
in developed countries and less commonly associated with
EBY, whereas the mixed cellularity subtype is more common
in developing countries and is frequently associated with
EBV. Nodular lymphocyte predominant Hodgkin lymphoma
(NLPHL) comprises approximately 5 % of Hodgkin lympho-
mas. The most common sites of involvement include cervical,
axillary, and inguinal lymph nodes, with only rare involve-
ment of the bone marrow, mediastinum, or spleen [65].

with increased color Doppler flow (b). (¢, d) CT showed additional
bilateral renal involvement, L>R. Biopsy revealed pre-B cell lineage
lymphoblastic lymphoma; bone marrow had <5 % blasts

Therapy selection and prognostic stratification of Hodgkin
lymphoma is based on pathologic and imaging staging stud-
ies, which include bilateral bone marrow biopsies and PET/
CT scans [66]. The current staging system for Hodgkin lym-
phoma is based on the Ann Arbor staging classification
system (Table 5.8). The staging system accounts for the
absence (A) or presence (B) of systemic symptoms including
night sweats, weight loss, and fever. The presence extranodal
extension of disease (other than to bone marrow and liver,
which would result in stage 4 disease) is annotated with the
letter E [67].

Imaging Considerations

In Hodgkin lymphoma, chest radiographs are often the
first examination to suggest the possibility of malignancy.
These are usually obtained for vague upper respiratory or
constitutional symptoms including fever, night sweats, and
cough. A mediastinal mass is present in more than two
thirds of patients at the time of diagnosis (Fig. 5.12). These
findings typically prompt further evaluation by CT or
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Fig. 5.11 This case of precursor B-cell ALL reveals a neoplastic
infiltrate that is morphologically identical to precursor T-cell ALL.
(a) Immunohistochemical stains showed that the blasts expressed

Table 5.7 B-ALL Immunophenotype associated with B-cell matura-
tion and differentiation

Stage Immunophenotype

Pro-B stage  Early precursor B-ALL: CD10, CD19, cytoplasmic
CD79a, cytoplasmic CD22, and TdT

Intermediate  Common B-ALL is characterized by expression of

stage CD10, CD19, HLA-DR and heavy chain gene
rearrangement

Pre-B stage At this stage the cells express CD19, surface CD22,

and cytoplasmic p chains. Heavy chain and light chain
gene rearrangement. At this stage TdT and CD34 are
not expressed

MRI. The diagnostic and staging examination should
encompass all of the potential sites of lymph node involve-
ment and should begin at the level of the skull base/
Waldeyer ring and extend through the inguinal region. At

v
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characteristic B-cell markers being positive for CD19 (b) and PAXS
(c), as well as for TdT (d)

the time of the staging, it is important to be aware of the
potential for airway and vascular compression due to large
neck and mediastinal masses. Indeed, it may be clinically
contraindicated to place a patient supine for CT evaluation
due to the presence of a large mediastinal mass and obvi-
ous airway narrowing that is apparent radiographically,
although in some instances imaging can be accomplished
with the patient prone (Fig. 5.13). The presence of greater
than 50 % tracheal luminal narrowing poses a significant
risk to sedation and anesthesia and should be a major con-
sideration in the staging and diagnostic evaluation [68]. In
addition to characterizing the extent of disease, the imag-
ing evaluation should also help identify easily accessible
lymph nodes for diagnostic sampling.

By imaging alone, it is not possible to distinguish between
the subsets of Hodgkin lymphoma. One exception is nodular
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Fig.5.12 Hodgkin lymphoma: 17-year old presented to the emergency
room with chest pain and airway symptoms. (a) CXR shows a large
mediastinal mass and rightward tracheal deviation. (b) Coronal CT

lymphocyte predominant Hodgkin lymphoma, which may be
suggested by the presence of localized disease. Indeed, it is not
uncommon for a single site of NLPHL to be completely
removed at the time of surgical excisional biopsy. In Hodgkin
lymphoma, hematogenously spread metastatic disease to the
lung is uncommon, and is seen in less than 5 % of the patients
[69]. It is not uncommon for pulmonary disease to be present;
however, this is usually seen in association with ipsilateral
hilar or mediastinal nodal involvement and likely reflects con-
tiguous extension as opposed to hematogenous spread. This
may be important in determining the stage of the patient, since
true hematogenous spread resulting in pulmonary parenchy-
mal nodules would indicate stage 4 disease (Fig. 5.14a, b),
whereas a localized mediastinal disease with ipsilateral con-
tiguous parenchymal involvement via peribronchovascular
lymphatics would be considered stage 2-E (2-extension) dis-
ease (Fig. 5.14c, d). Pericardial and pleural effusions may be
seen in Hodgkin lymphoma. It is also important for the radi-
ologist to be alert for the presence of cardiophrenic lymph
nodes and to distinguish these from upper abdominal lymph
node involvement. Involvement of the abdominal viscera is
relatively unusual. Liver involvement, when present, is almost
always associated with splenic involvement. Isolated splenic
involvement occurs in 3040 % of the patients with Hodgkin
lymphoma [69]. Often, the extent of splenic involvement may

image confirms extensive mediastinal, paratracheal, and hilar nodal
involvement. Biopsy confirmed nodular sclerosis classical Hodgkin
lymphoma

be difficult or impossible to determine by CT and is only
suggested by FDG PET imaging [70]. Bone marrow involve-
ment in Hodgkin lymphoma is rare and bone marrow aspira-
tion has been almost completely replaced by FDG PET
imaging for the purpose of staging the bone marrow for tumor
involvement [71] (see below discussion).

Imaging modalities used in staging: CT scanning is still the
imaging modality of choice for staging children with
Hodgkin lymphoma, although several recent studies have
advocated the use of MRI for this purpose [32]. FDG PET
imaging is considered standard of care in the staging of chil-
dren with suspected Hodgkin lymphoma [72]. Hodgkin lym-
phoma is typically a metabolically active tumor (Fig. 5.15)
and FDG PET has increased sensitivity for detecting small
sites of hypermetabolic lymph node involvement that may
influence disease staging, particularly in areas difficult to
characterize by cross-sectional imaging, such as the hepatic
hilum and retroperitoneum, and visceral sites of involvement
such as the spleen. The ability to co-register simultaneously
acquired PET/CT images has further advanced the use of
PET imaging in pediatric Hodgkin lymphoma staging [72]
(Fig. 5.16). The overall consensus from multiple studies is
that FDG PET imaging combined with co-registered, simul-
taneously acquired cross-sectional imaging, either by CT or
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Fig. 5.13 Patient with HL and CT images at diagnosis showing
extensive mediastinal, hilar, subcarinal, and splenic involvement
(a, b). CT images reviewed under lung windows show parenchymal
lung nodules and heterogeneous lung attenuation, with attendant

by MRI, provides the greatest sensitivity and specificity for
staging the patient with suspected lymphoma [72—75]. The
combined images retain the sensitivity of FDG PET at iden-
tifying sites of radiographically occult disease, while at the
same time, improving the specificity of the PET imaging,
allowing sites of background or physiologic uptake to be
accurately localized and distinguished from malignancy.

At the time of diagnosis, diffuse homogeneous low-level
bone marrow uptake is commonly seen and should not be

compression of the bronchi. The imaging was performed prone (d)
based on clinical concern for airway and vascular compression, which
the CT confirms, showing significant SVC narrowing (b) and tracheal
compression (a, ¢)

interpreted as diffuse marrow involvement. Rather, this
likely represents reactive marrow hyperplasia secondary to
the underlying Hodgkin lymphoma [71], and is readily dis-
tinguishable from the focal areas of FDG uptake seen in
patients with bone marrow involvement by lymphoma
(Fig. 5.17). Based on imaging, there are no specific or
characteristic FDG PET features to distinguish between the
different forms of Hodgkin lymphoma and biopsy is required
to make this distinction.
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Fig.5.14 Lung nodules in HL. (a, b) CT (a) and FDG PET (b) focal paren-
chymal lung nodule (arrows) that is FDG avid and distinct from the more
centrally located mediastinal mass. This is in contrast to the parenchymal

The use of bone scintigraphy in Hodgkin lymphoma is rarely
performed, and has been replaced by FDG PET imaging [71].
The use of intravenous contrast agents for either CT or MRI
evaluation is still considered necessary in the staging evaluation
of Hodgkin lymphoma patients, even when hypermetabolic
FDG PET avid disease is present. The presence of contrast
allows for a more accurate measurement of disease at the time of
diagnosis (Fig. 5.18), which has been shown to be important in
response assessment [6] and in terms of providing accurate mea-
surement to establish the presence of bulky disease. Furthermore,
the presence of vascular invasion or thrombosis is also difficult to
detect in the absence of contrast agent administration.

Chest radiographs are often still required by clinical pro-
tocols for determining the presence of mediastinal bulk dis-
ease, and typically are obtained at the time of initial disease
presentation. Many clinical protocols still require an upright
PA chest radiograph to determine the maximal transthoracic
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abnormalities shown by CT in (¢) and (d) that extend from sites of medias-
tinal and hilar involvement, consistent with local extension along peribron-
chovascular lymphatics, rather than hematogenously spread disease

diameter of the mediastinal mass, with bulk disease being
defined as a mediastinal mass greater than 1/3 the transtho-
racic diameter [76], as measured at the level of T5/T6. The
Ann Arbor staging system is still used to classify patients
with childhood Hodgkin lymphoma (Table 5.8). The
Cotswold modification of the Ann Arbor staging system
incorporates CT imaging criteria and specifies that lymph
nodes detected by CT that are greater than 10 cm in trans-
axial diameter are to be considered sites of bulk disease [76],
although different pediatric cooperative groups use different
size cut-offs for determining bulk disease (e.g., the Children’s
Oncology Group considers lymph nodes masses >6 cm as
indicative of bulk disease).

Response assessment: Patients with Hodgkin lymphoma typi-
cally enjoy greater than 90 % 5-year overall survival, with even
higher rates for patients with low stage disease [69, 77]. As a
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Fig. 5.15 FDG PET in Hodgkin Lymphoma. Two patients showing
intensely FDG avid disease. (a) This patient has supraclavicular, hilar,
and mediastinal disease with separate foci of disease in diaphragmatic
nodes. (b), This patient, in addition to having mediastinal and hilar

result, objective measures of treatment response have gained
increasing attention in an effort to develop early, objective, and
prospectively evaluable end points to identify patients who
are responding early to therapy, in an effort to predict which
patients will have a durable response to therapy [29, 78]. There
is some evidence to suggest that a brisk early response to che-
motherapy may be a determinant of tumor chemosensitivity
and predict an overall good outcome [78-80]. The ability to
monitor changes in metabolic activity within the mediastinal
mass using FDG PET imaging has provided a valuable sur-
rogate for assessing early response to therapy [72, 75]. There
have been multiple studies both in adult and pediatric patients
showing that patients with early responses to therapy based on
decreases in FDG PET uptake have improved event free and
overall survival as compared to those who have residual PET
abnormalities after the initial two cycles of therapy [81, 82].
These results have led to implementation of a response-based
treatment paradigm where early interim FDG PET scanning
could be an excellent prognostic indicator for predicting che-
mosensitivity of the tumor and ultimately clinical outcome
(Fig. 5.19). Subsequent studies, evaluating both change in size
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disease, also has FDG avid lesions in the left axilla and in the right iliac
chain (arrows), as well as the left lower lobe of the lung (dashed arrow),
emphasizing the importance of PET in identifying multifocal sites of
disease involvement

of the mediastinal mass and change in the metabolic activity,
have suggested that outcomes will likely be best predicted by
a combination of factors including resolution of FDG uptake
and significant change in size of the patient’s sites of disease
involvement as measured by CT and/or MRI [5, 6].

In an effort to arrive at a consensus regarding definitions
of disease and treatment response in adult patients with lym-
phoma, an international team of experts reviewed the avail-
able data to arrive at the so-called international harmonization
project criteria for determining PET and CT responses in
lymphoma [83, 84]. These are shown in Table 5.9, based on
a revision of previous malignant lymphoma response criteria
and have been recently updated as the Lugano Classification
[85, 86]. Although these proposals for classification, staging,
and response assessment have not yet been validated in pedi-
atric patients, the main challenge that remains for clinicians
and diagnostic imagers is developing objective criteria for
assessing FDG PET response. There have been a number of
proposals aimed at distinguishing residual low-level neoplas-
tic FDG activity from background uptake [72]. The use of
standardized uptake value measurements is still considered
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Fig. 5.16 Impact of FDG-PET on disease staging: (a) Coronal FDG
PET MIP image showing extensive mediastinal disease and bilateral
supraclavicular disease. In addition, a tiny focus of uptake below the
diaphragm (arrows) localized to an aortocaval node on the fused PET/

experimental and has not been universally accepted. The cri-
teria receiving the greatest acceptance have been based on
a 5-point scale, with uptake greater than mediastinal blood
pool, but less than liver, considered to be background, with
uptake greater than the liver considered suspicious for resid-
ual activity [85-87]. These criteria must, however, be vali-
dated in larger treatment trials.

Surveillance: Also at issue is the use of imaging for disease
surveillance and the frequency with which surveillance should
be performed. In a study of over 200 pediatric patients with
intermediate and high risk lymphoma, it was found that the
sole predictor of overall survival in these patients was time to
relapse [88]. Those patients who relapsed within the first year
after completing therapy had lower overall survival than those
patients who had relapses after the first year. Furthermore,
relapses that occurred beyond 1 year off therapy, whether they
were detected by physical exam, laboratory findings or routine
surveillance imaging (Fig. 5.20), were equally likely to have a
good clinical outcome. Based on this, it was proposed that
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CT image (c). With the benefit of the PET images for review, the small
aortocaval lymph node could be readily identified on the diagnostic CT
obtained earlier (arrow) (b)

routine surveillance CT imaging beyond 1 year after therapy
be eliminated, since it is unlikely to impact overall survival
and adds additional cost and radiation exposure to patients
who are likely to have an overall good outcome [88-91].

Pathology

Classical Hodgkin Lymphoma

The lymph node architecture is often effaced in classi-
cal Hodgkin lymphoma. The neoplastic Hodgkin-Reed-
Sternberg (HRS) cells are typically large and dispersed
among background inflammatory cells, which include vari-
able numbers of small lymphocytes, plasma cells, eosino-
phils and histiocytes. Reed-Sternberg cells are binucleated
neoplastic cells with round to oval nuclear contours, a promi-
nent eosinophilic nucleolus within each of the nuclei, and
abundant amphophilic or basophilic cytoplasm. Neoplastic
cells without characteristic Reed-Sternberg features are
referred to as Hodgkin cells (Fig. 5.21).
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Fig.5.17 Bone marrow
involvement in HL. Two
examples of bone marrow signal
abnormalities on PET scans of
patients with HL. In (a) diffuse
low level uptake throughout the
bone marrow is commonly seen
at the time of diagnosis (see also
Fig. 5.16) and felt to be related to
non-specific inflammatory
changes in the bone marrow. This
is in contrast to intense focal
bone marrow uptake (b), seen in
the vertebral bodies, pelvis, and
left femur, related to lymphoma-
tous involvement of the bone
marrow
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Fig.5.18 Comparison of contrast-enhanced versus non-contrast CT/Ac: Contrast enhanced (a), non-enhanced (b) and fused PET/CT (c) show the
importance of IV contrast in defining the boundary between normal structures and sites of disease, allowing accurate measurements to be made
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Table 5.8 Lymphoma staging—Hodgkins lymphoma

Ann Arbor classification for staging
Stage I:

Involvement of single lymph node region (I) or localized
involvement of a single extralymphatic organ or site (IE)

Stage II:

Involvement of two or more lymph node regions on the same side
of the diaphragm (II), or localized contiguous involvement of a
single extralymphatic organ or site and its regional lymph node(s),
with involvement of one or more lymph node regions on the same
side of the diaphragm (IIE)

Stage III:
Involvement of lymph node regions on both sides of the diaphragm
(1ID)
These may also be accompanied by localized contiguous
involvement of an extralymphatic organ or site (IIIE), by
involvement of the spleen (IIIS), or both (IIIE +S)

Stage IV:

Disseminated (multifocal) involvement of one or more
extralymphatic organs or tissues, with or without associated lymph
node involvement, or

Isolated extralymphatic organ involvement, with distant
(non-regional) nodal involvement

“A” Symptoms: Lack of “B” symptoms

“B” Symptoms: at least one of the following:
Unexplained weight loss >10 %
Unexplained recurrent fever >38°
Drenching night sweats

Nodular sclerosis classical Hodgkin lymphoma is char-
acterized by a nodular growth pattern formed by thick col-
lagen bands that partially or completely encase nodular
areas of tumor and result in a thickened lymph node cap-
sule. In this variant, HRS cells may occasionally retract
from surrounding tissues in formalin-fixed material form-
ing lacunar cells (Fig. 5.22). The syncytial variant of nodu-
lar sclerosis CHL refers to cases with prominent aggregates
of HRS cells often associated with increased histiocytes
and necrosis. Mixed cellularity classical Hodgkin lym-
phoma is characterized by effacement of the lymph node
architecture with a diffuse infiltrate of HRS cells in a mixed
inflammatory background without nodular collagen fibro-
sis. The histiocytes in the mixed inflammatory background
may show epithelioid features and may form loose clusters
or granulomas (Fig. 5.23). Reed-Sternberg cells are more
commonly seen in this variant. Lymphocyte-rich classical
Hodgkin lymphoma is uncommon in children. It is charac-
terized by a nodular or, less commonly, diffuse growth pat-
tern in which the inflammatory infiltrate consists almost
exclusively of small lymphocytes. Residual germinal cen-
ters with HRS cells localized to the mantle zone are a fea-
ture that has been described in lymphocyte-rich CHL.
Lymphocyte-depleted classical Hodgkin lymphoma is the
rarest of the CHL subtypes and seldomly encountered in
the pediatric age group. This subtype is characterized by an
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enriched HRS population and/or depletion of non-neoplastic
inflammatory cells.

By immunohistochemistry, HRS cells in the various sub-
types of CHL share similar immunophenotypic features.
Nearly all cases are positive for CD30, MUM1/IRF4, and
PAXS. Immunoreactivity for PAXS by HRS cells is typically
weak in comparison to non-neoplastic background B-cells.
Nearly 80 % of cases are positive for CD15, while CD20
positivity is seen in nearly 20 % of cases. Lack of CD45
(LCA, leukocyte common antigen) expression is seen in all
cases, and loss of OCT2 and/or BOB1 expression can be
demonstrated in most cases (Fig. 5.24). An association exists
between CHL and Epstein-Barr virus (EBV), but the preva-
lence of such an association varies by subtype and epidemio-
logic factors. It should be noted that while a mature B-cell at
the germinal center stage of differentiation is believed to be
the cell of origin in the vast majority of CHL cases, rare
cases of demonstrable peripheral T-cell derivation have been
reported.

Nodular Lymphocyte Predominant Hodgkin
Lymphoma

A nodular growth pattern, with or without a diffuse compo-
nent, is characteristic of NLPHL. The neoplastic cells—
known as LP cells (for lymphocyte predominant; formerly,
L&H cells for Iymphocytic and/or histiocytic)—are large,
with distinctively multilobated nuclei with prominent nuclear
membrane folds, chromatin clearing, and multiple basophilic
nucleoli. The LP cells have been also called “popcorn” cells.
They are typically scattered in nodular arrangements within
a background that is rich in small lymphocytes and histio-
cytes, as well as follicular dendritic cells (FDC) (Fig. 5.25).
Adjacent lymph nodes or lymph nodes that are partially
involved by NLPHL may occasionally exhibit reactive fol-
licular hyperplasia with PTCG.

LP cells are usually positive for CD20, CD79a, CD45,
and BCL6, and they are negative for CD30 and CDI15.
Characteristically, background small lymphocytes consist
predominantly of B-cells and CD4+/CD57+ T-cells that
express markers of germinal center T-cells. Another fea-
ture of NLPHL is the presence of expanded nodular mesh-
works of FDC that may be highlighted using CD21, CD23,
and CD35.

Prognosis

In the general population, approximately 60 % of patients
present with localized disease (Ann Arbor stage I or II). The
clinical stage and the response following two courses of che-
motherapy evaluated by FDG-PET studies are the most
important prognostic factors in CHL. Patients with low stage
disease (stage IA and ITA) have a long-term survival between
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Fig.5.19 PET versus CT response. This patient had extensive disease
at baseline (a, b), with a complete metabolic response to therapy after
2 cycles of treatment (d). Although there has been >70 % shrinkage of
the mediastinal mass, there is still residual “disease” seen on CT (¢)

80 and 95 %, while patients presenting at a higher stage
(stage III and IV) with B symptoms have a cure rate of
60-65 % [92]. Patients with NLPHL generally have a favor-
able prognosis, and the disease is responsive to therapy even
after relapse. In some institutions, patients with stage I dis-
ease, especially if young, are not treated following resection
of involved lymph nodes. Over 80 % of patients are alive at
10 years.

and—depending on the response criteria being used—this patient may
not be considered to be in CR, emphasizing the challenge of using both
anatomic and metabolic criteria for response

Non-Hodgkin Lymphomas

Non-Hodgkin lymphomas in children are represented pre-
dominantly by mature aggressive B-cell lymphomas, most
commonly Burkitt lymphoma followed by diffuse large
B-cell lymphoma occurring in older children. Low grade
indolent B-cell lymphomas are less frequent in children
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compared to adults. The difference in incidence, prognosis
and response to treatment for the different groups of B-cell
lymphomas between children and adults support possible
difference in the pathogenesis [93].

Table 5.9 Summary of new Harmonization Project Criteria for PET
and CT in determining response in lymphoma

Response  Criteria
CR FDG-PET completely negative
Residual lymph nodes/nodal masses allowed, if
FDG-negative
Bone marrow biopsy negative
Splenic/liver involvement must disappear
No new sites of disease
PR FDG positivity should be present in at least one previously
involved site
Regression of measurable disease; no new sites of disease
>50 % decrease in SPD of 6 dominant LNs/nodal masses
>50 % reduction in splenic/hepatic nodules, if present
Even if CR by other criteria, positive bone marrow
biopsy is considered PR
SD Failure to achieve PR, but not meeting PD criteria
PD/relapse Any lesion increased in size by >50 % from nadir

Any new lesion
PET should be positive in new/progressed lesions if >1.5 cm
Notes: New criteria include PET in definition of CR. PET considered

positive if uptake is greater than mediastinal blood pool (lesions >2 cm),
or above local background (lesions <2 cm)
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From an imaging standpoint, the staging and response
assessment of patients with NHL lymphoma are very differ-
ent from the Ann Arbor system used in patients with Hodgkin
lymphoma [55]. In childhood NHL, the St. Jude staging sys-
tem (Table 5.10) is still widely used. Depending on the type
of lymphoma, e.g., T-lymphoblastic leukemia/lymphoma,
FDG PET imaging may not be indicated for staging or
response assessment. Otherwise, the imaging evaluation is
similar to that utilized for Hodgkin lymphoma patients and
should include cross-sectional imaging either by CT or by
MRI, and FDG PET imaging as indicated [94]. For patients
with primary bone lymphomas, MRI may also be required to
further assess the sites of skeletal involvement. For lympho-
mas primarily involving the cutaneous and subcutaneous tis-
sues, there is very little role for imaging.

Diffuse Large B-Cell Lymphoma

Clinical Features

Diffuse large B-cell lymphoma (DLBCL) is a heterogeneous
category of mature B-cell neoplasms characteristically
comprised of large transformed mature B cells that grow in
a diffuse pattern. It represents approximately 10 % of NHL
of childhood [95]. Most children with DLBCL present with
localized disease involving extranodal sites. Mediastinal
large B-cell lymphoma is a rare but distinct variant of DLBCL
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Fig.5.20 Overall survival in HL following relapse, based on method
of relapse detection: 216 patients were enrolled on the multi-institu-
tional Children’s Oncology Group Trial 9425 from 1997 to 2001. 25
patients relapsed. When patients were grouped based on method of
relapse detection; (1) Relapse within the first 12 months, detected either
by imaging, Sx or clinical findings (red line); (2) Relapse beyond 12
months, detected by Sx or clinical findings (green line); or (3) Relapse

beyond 12 months, detected by imaging only, with no Sx or clinical
findings (blue line)]. Six patients died, all of them within the first year
off therapy, independent of the method of detection, showing that the
most important predictor of survival was time to relapse. Surveillance
imaging beyond 1 year after completing therapy had no impact on out-
come (reproduced with permission [88])
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Fig.5.21 The neoplastic cell of classical Hodgkin lymphoma. (a) The
Reed-Sternberg (RS) cells are giant cells with binucleated or multinu-
cleated nuclei with macronuclei present in the separate nuclei or nuclear

Fig. 5.22 Classical Hodgkin lymphoma, nodular sclerosis (NS) sub-
type. (a) A lymph node involved by CHL with neoplastic nodules sur-
rounded by broad collagen bundles. (b) Neoplastic cells are identified

that arises from mature thymic B-cells and is generally asso-
ciated with worse outcomes compared to non-mediastinal
DLBCL [96].

Imaging Features

DLBCL commonly presents with localized disease. Anterior
mediastinal or cervical/supraclavicular lymphadenopathy
may be present and is more characteristic of DLBCL than
other NHL subtypes. The mediastinal mass may appear
somewhat more diffuse and aggressive by imaging, but is
not specifically distinguishable from mediastinal masses
present in other lymphoid malignancies such as Hodgkin

lobes. (b) The Hodgkin cells represent the mononuclear variant of the
RS cells with prominent large nucleoli

ym"“

in the nodules including lacunal cells that are considered characteristic
of this subtype of CHL. The lacunar cells are only identified in forma-
lin-fixed tissues due to retraction artifact

lymphoma [97]. In some patients DLBCL tends to be asso-
ciated with aggressive clinical features such as pericardial
and malignant pleural effusions (Fig. 5.26). In addition, pul-
monary parenchymal involvement and bone involvement,
which are unusual in Hodgkin lymphoma, are more com-
monly seen in DLBCL. A characteristic of DLBCL is renal
involvement [98].

Because of the difficulty in establishing the extent of vis-
ceral involvement by CT scanning alone, the use of PET-CT
has increased the sensitivity with which sites of tumor
involvement outside of the mediastinum are detected. The
use of FDG PET imaging for response assessment, while not
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Fig.5.23 Classical Hodgkin lymphoma, mixed cellularity (MC) subtype. (a) The MC subtype show a diffuse pattern sparing residual follicles.
(b) The neoplastic cells are mixed with a significant number of epitheliod histiocytes, small lymphocytes and eosinophils

Fig.5.24 The HRS cells show characteristic immunophenotype including the membrane-associated and cytoplasmic (Golgi-type) CD30 (a) and
CD15 (b). The neoplastic cells are positive for PAXS (¢) with expression weaker than the small B lymphocytes, and lack CD45 (d)
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Fig. 5.25 (a) Nodular lymphocyte predominant classical Hodgkin
lymphoma involving the lymph node in nodular pattern. (b) The neo-
plastic nodules are large with a variable number of neoplastic L&H

Table 5.10 Lymphoma staging—non-Hodgkin lymphoma

St. Jude classification
Localized
Stage I:

A single tumor (extranodal) or single anatomic area (nodal) with the
exclusion of mediastinum or abdomen

Stage 1I:
A single tumor (extranodal) with regional node involvement
Two or more nodal areas on the same side of the diaphragm

Two single (extranodal) tumors with or without regional node
involvement on the same side of the diaphragm

A primary gastrointestinal tumor, usually in the ileocecal area, with
or without involvement of associated mesenteric nodes only, grossly
completely resected

Disseminated
Stage III:
Two single tumors (extranodal) on opposite sides of the diaphragm
Two or more nodal areas above and below the diaphragm
All primary intra-thoracic tumors (mediastinal, pleural, thymic)
All extensive primary intra-abdominal disease
All paraspinal or epidural tumors, regardless of other tumor site(s)
Stage IV:

Any of the above with initial CNS and/or bone marrow involvement
(based on Murphy, Seminars in Oncology (1980) 7; 332-339)

specifically validated in the setting of pediatric NHL [40],
can be helpful to assess response to therapy and evaluate
sites of suspicious disease recurrence.

Pathology
The morphologic features of DLBCL are variable. In the pedi-
atric population, the centroblastic, immunoblastic, T-cell/

cells (circled) in a background of small lymphocytes. The neoplastic
L&H cells are large with nuclear lobation, vesicular chromatin, and
peripherally located small nucleoli

Lo

histiocyte rich, and anaplastic variants are most commonly
seen (Fig. 5.27). Plasmablastic lymphoma, a rare variant of
DLBCL, is seldomly seen in children but should be consid-
ered in the setting of immunodeficiency. ALK-positive large
B-cell lymphoma is another variant characterized by t(2;17)
(p23;q23) resulting in ALK-CLTC fusion leading to aberrant
cytoplasmic expression of the ALK protein.

The neoplastic cells in DLBCL typically express the
B-cell markers CD19, CD20, CD22, and PAX5, and most
cases are positive for BCL6 expression. Based on gene
expression profiling data, two biologically distinct subtypes
of DLBCL have been recognized; they are referred to as ger-
minal center B-cell like (GCB) and activated B-cell like
(ABC). These subtypes have distinct pathogenic features and
are associated with different clinical outcomes [99]. The
GCB subtype is defined commonly on the basis of CD10 and/
or BCL6 expression while the ABC subtype is defined on the
basis of MUMI1/IRF4 expression [100]. The majority of
DLBCL in children (83 %) are of the GCB subtype, positive
for CD10 and BCL6 [101]. In addition, childhood DLBCL
tends to be associated with high proliferation index, frequent
MYC alterations, and infrequent BCL2 expression [102].

Prognosis

Risk stratification using the international prognostic index
(including age, performance status, LDH levels, Ann Arbor
stage, and extranodal involvement) effectively predicts out-
come with conventional chemotherapy in adult patients with
DLBCL. However, additional studies are required to assess
whether prognostic markers of DLBCL used in the adult
population are predictive of outcomes in the pediatric group.
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Fig.5.26 Diffuse large B-cell lymphoma: CT (a, b) and PET (c) showing aggressive appearing FDG-avid large mediastinal mass with anterior
chest wall invasion and accompanying pleural and pericardial effusions
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Fig.5.27 Diffuse large B-cell lymphoma involving bone. (a) Sheets of  eosinophilic cytoplasm. Imaging studies did not identify any other
large non-cleaved cells associated with tumor necrosis. (b) High power  anatomic site involved by tumor. This case represents a primary bone
view of the diffuse large B-cell lymphoma composed of large neoplas-  diffuse large B-cell lymphoma

tic cells with irregular nuclear membrane and moderate amounts of
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Burkitt Lymphoma

Clinical Features

Burkitt lymphoma (BL) is a highly aggressive mature B-cell
malignancy with characteristic morphologic, immunopheno-
typic and cytogenetic findings, and accounts for 30 % of child-
hood lymphomas. Three clinical variants/forms have been
identified: (1) the endemic form, common in children in equato-
rial Africa, with frequent involvement of the jaw and kidneys;
(2) the sporadic form; and, (3) the immunodeficiency-associated
form observed mainly in the setting of HIV infection.

Imaging Features
The sporadic form of BL typically presents with intra-
abdominal visceral disease involvement, often with accompa-
nying widespread extranodal involvement [56]. The initial
evaluation, either by radiography, ultrasound or CT, is usually
directed at characterizing the extent of abdominal involvement
as part of assessing initial presenting abdominal symptoms.
Peritoneal, abdominal viscera, visceral, and bowel wall involve-
ment are common (Fig. 5.28a, b). Patients with bowel wall
involvement characteristically present with intussusception.
Occasionally, the diagnosis is made surgically following resec-
tion of an intussuscepted segment of bowel refractory to hydro-
static or air-enema reduction. More commonly, however, the
presence of extensive intra-abdominal disease is noted on CT
imaging (Fig. 5.28c—e). Abdominal involvement and isolated
lymphadenopathy are less common in the endemic form of BL.
The presence of pleural effusions and ascites may also be
present, with disease confirmation by cytologic examination.
Testicular and isolated lymph node involvement is uncom-
mon, whereas CSF involvement is identified in many
patients. The use of diagnostic imaging either by FDG PET
or by MRI is not sufficient to exclude bone marrow or CSF
involvement. The use of PET imaging, however, has been
advocated to evaluate the extent of disease in patients with
BL [103, 104], although the rapid response to therapy that is
commonly observed in these patients has limited the more
widespread and systematic use of PET imaging at the time of
diagnosis. There is currently no role for routine follow-up
PET imaging to assess response to therapy in the absence of
specific clinical concerns [103].

Pathology

Histologically, the tumor is composed of medium-sized lym-
phocytes with moderate amounts of cytoplasm and round
nuclei with several small nucleoli. Mitotic figures and
apoptotic cells are typically abundant, and elevated numbers
of reactive histiocytes with ingested cellular debris are scat-
tered in the background imparting a “starry sky” pattern. The
neoplastic cells in BL express B-cell markers and are typi-
cally positive for CD10 and BCL6 and negative for BCL2
(Fig. 5.29). Virtually 100 % of the neoplastic cells express
the proliferation marker Ki-67.
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Burkitt lymphoma is characterized by chromosomal
translocations involving the MYC gene at chromosome
8q24 leading to MYC overexpression. The /IGH gene at
14q32 is the most frequent breakpoint partner (75-85 %
of cases), with t(2;8) and t(8;22) variant translocations
utilizing the IGK and IGL enhancers seen in the remain-
der of cases. Given the wide range of breakpoints, MYC
alterations are usually best detected by conventional cyto-
genetics or FISH. Alterations involving the ARF/MDM2-
MDM4/p53 pathway have been reported in pediatric
Burkitt lymphomas, including 7P53 mutations in ~30 %
of sporadic BL [105]. The genetic alterations and gene
expression profiles of pediatric BL appear to be similar to
those of adult BL.

Marginal Zone Lymphoma

Clinical Features

Both nodal and extranodal marginal zone lymphoma (MZL)
can occur in the pediatric age group, although their incidence
is markedly lower than that observed among older patients.
Most cases are nodal MZL that arise in males with a median
age of 16 years who present with localized lymphadenopathy
often involving the head and neck region [106]. Extranodal
marginal zone lymphoma is rare in children and adolescents
[107]. The most common sites of involvement include skin,
soft tissue, conjunctiva and parotid. Most of the patients
present with localized disease.

Pathology

Histologically, MZL is composed of small lymphocytes
with monocytoid and centrocyte-like features as well as
varying degrees of plasmacytic differentiation (Fig. 5.30).
Nodal MZL is frequently associated with PTGC. The neo-
plastic cells are positive for CD19 and CD20, and in up to
70 % of cases can show aberrant CD43 coexpression. CDS5,
CD10, and CD103 expression is typically absent, and, unlike
splenic MZL, most nodal MZL cases are negative for IgD. In
situ hybridization studies for Epstein-Barr virus are usually
negative [106].

Extranodal MZL arising in pediatric patients resembles
its counterpart in older individuals. Namely, the neoplasm is
characterized by a dense infiltrate of small lymphocytes
including monocytoid forms surrounding reactive lymphoid
follicles with architectural distortion and glandular destruc-
tion (lymphoepithelial lesions).

Immunoglobulin heavy and light chain genes are clonally
rearranged with somatic hypermutation of variable regions
indicating a post-germinal center memory B-cell origin.
Translocations that have commonly been associated with
MALT lymphoma in adults, namely t(14;18)(q32;q21) lead-
ing to IGH-MALT1 fusion, are also found in pediatric MALT
lymphoma but at a lower frequency [108].
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Fig. 5.28 Burkitt Lymphoma: two examples of Burkitt lymphoma.
The patient in (a) and (b) has multifocal visceral involvement of liver,
kidneys and retroperitoneum, whereas the patient in c—e presented with

Follicular Lymphoma

Clinical Features

Follicular lymphoma (FL), the most common low-grade lym-
phoma in adults in the United States, represents 2 % of NHL
in children [98]. Pediatric FL most likely represents a geneti-
cally distinct entity unrelated to adult FL, and the t(14;18),
which is characteristic of the latter, is uncommon in pediatric

large pleural effusions, lung lesions, in addition to extensive bowel wall
thickening, mesenteric nodal involvement, and small bowel intussus-
ception (e, arrow)

cases [109]. The median age at presentation is 8—12 years, and
males are more commonly affected than females by a ratio of
4:1. Pediatric FL usually presents as localized disease (stage I
and II) [110]. The tonsils and lymph nodes of the head and
neck are most commonly involved; however, cases of other
extranodal involvement have been described (gastrointestinal
tract, skin, testes, and parotid gland) [111]. Unlike adult FL
patients, bone marrow involvement is rare in pediatric FL.
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Fig.5.29 Burkitt lymphoma, morphologic and immunophenotypic char-
acteristics. (a) A low power view shows soft tissue with diffuse monomor-
phous lymphoid infiltrate with “starry-sky” pattern. (b) The tumor cells

Imaging Features

There are no distinguishing imaging features to discriminate
pediatric FL. from other types of NHL. Depending on the
symptoms or exam findings at the time of presentation, the
initial site of disease involvement may be discovered inci-
dentally or based on localizing exam findings (Fig. 5.31).
Once the diagnosis is established, staging should include
CT of the neck, chest, abdomen, and pelvis [112]. PET
scanning may increase the sensitivity with which sites of
distant disease are noted, although this is unusual in pediat-
ric FL. When treatment is complete, routine off-treatment
surveillance can be accomplished either by physical exam
or by focused imaging of the original site(s) of disease, as
indicated clinically. There is no evidence to support a high
frequency of surveillance imaging or for FDG PET imaging
in the routine surveillance of pediatric FL. Post-therapy
PET imaging may be helpful in distinguishing scar tissue
from residual neoplasm [113].

are intermediate in size with round to oval nuclei and inconspicuous nucle-
oli and small amounts of cytoplasm. The neoplastic cells are positive for
CD20 (c) and show >99 % proliferation index by Ki-67 stain (d)

Pathology
Histologically, FL is comprised of a heterogeneous popula-
tion of centrocytes (small cleaved cells) and centroblasts
(large noncleaved cells) in a predominantly follicular growth
pattern. Grading is based on the overall number of centro-
blasts relative to centrocytes. In grade 1 and 2 FL centrocytes
are predominant, while in grade 3 FL centroblasts exceed 15
per high-power-field on microscopic evaluation. Grade 3 is
further subdivided into 3A and 3B on the basis of whether
centrocytes are present or absent, respectively. Pediatric FL
are typically grade 3A. Notably, a diffuse large B-cell com-
ponent does not portend an aggressive clinical course as it
does in adult FL; rather, a favorable outcome with few
relapses has been reported in children treated according to
the NHL-BFM protocol [110].

The neoplastic B-cells of pediatric FL express CD19,
CD20, and the germinal center markers CD10 and BCL6.
Most cases lack BCL2 expression. The CD21 and CD23
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Fig.5.30 Nodal marginal zone lymphoma. (a) A low power view dem-  rupt the germinal centers and are positive for CD20 (not shown), but
onstrates distorted lymph node architecture including interfollicular  negative for CD10 (shown) that highlights the residual germinal center
expansion and variably expanded and often ill-defined follicles with ~ B-cells. (d) The neoplastic cells are positive for Bcl-2 (shown) with
irregular mantle zones. (b) There is a heterogeneous infiltrate in the  aberrant co-expression of CD43 (not shown). The disrupted, irregular
interfollicular regions that is composed of small cleaved cells admixed germinal center is negative for Bcl-2

with plasma cells and monocytoid B cells. (¢) The neoplastic cells dis-

Fig.5.31 Follicular lymphoma
of the parotid. Five-year old with
palpable parotid mass. MRI
shows a mildly T2 hyperintense
focal lesion in the left parotid (a).
Staging FDG PET shows intense
FDG uptake in the lesion (b); no
other sites of disease were seen
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Fig. 5.32 Anaplastic large cell lymphoma (ALCL), with varied pre-
sentations of disease. (a, b)11-year-old patient with ALCL presented
with bulky neck and mediastinal disease and pleural effusions. The

antigens can be used to highlight the follicular dendritic cell
meshworks that correlate with the follicular growth pattern
observed in most cases of pediatric FL. The proliferation
index assessed by Ki-67 antigen can be high, ranging from
40t0 95 %.

The presence of the t(14;18) IGH-BCL?2 translocation that
is considered the hallmark of the adult follicular lymphoma
is commonly absent in pediatric cases. However, rearrange-
ments involving the IGH locus, some leading to IGH-IRF4
fusion, have been described in pediatric FL [110, 114].

Anaplastic Large Cell Lymphoma

Clinical Features

Anaplastic large cell lymphoma (ALCL) is a T-cell lym-
phoma characterized by CD30-positive neoplastic cells that
are usually large and have abundant cytoplasm with pleomor-
phic nuclei. Although rare, making up only about 15 % of
pediatric NHL, ALCL is the most common mature T-cell
neoplasm in children [115]. The majority of cases that
arise among young individuals are ALK-positive ALCL

5-year-old patient in (c¢) presented with dysphagia. (¢) Barium swallow
shows a large esophageal ulcer (arrow) which subsequent biopsy con-
firmed as ALCL

characterized by balanced translocations involving the ALK
(anaplastic lymphoma kinase) gene at chromosome 2p23
with one of several possible partner genes, most commonly
the NPM1 gene at 5q35 encoding the nucleophosmin protein.
Patients with ALK-positive ALCL often present with lymph-
adenopathy and/or extranodal masses, B-type symptoms, and
advanced stage (III and IV). The most commonly involved
extranodal sites include skin, bone, soft tissues, lung, and
liver. Central nervous system and bone marrow involvement
are uncommon in ALK-positive ALCL [114]. ALK-positive
ALCL must be distinguished from primary cutaneous ALCL
and other T-cell or B-cell lymphomas with similar features
and CD30 expression. Primary cutaneous ALCL is almost
always ALK negative and is rare in children.

Imaging Features

There are no specific imaging findings associated with
ALCL to distinguish it from other forms of lymphoma,
although ALCL frequently presents with extensive multi-
focal disease and can involve the lung, skin and bone, GI
tract, and abdominal viscera [97] (Fig. 5.32). A mediasti-
nal mass may be seen in up to 40 % of the patients and
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Fig.5.33 ALCL with FDG PET: 12-year-old presented initially with right leg/groin pain. (a, b) MRI showed diffuse pelvic lymph node enlarge-
ment. (¢) CT confirmed extensive adenopathy in chest, abdomen and pelvis, all of which was FDG avid (d)

is often associated with pericardial and pleural effusion.
When a mediastinal mass is present, it may be difficult to
distinguish ALCL from Hodgkin lymphoma and diffuse
large B-cell lymphoma. PET imaging, together with CT
and/or MRI should be used for initial staging (Fig. 5.33)
and can be helpful in monitoring response to therapy [115].
Experimental therapies targeting ALK can show dramatic
disease response, which may be best demonstrated by FDG
PET imaging [117] (Fig. 5.34). As with other NHL, disease
surveillance involves a combination of clinical examination
and focused imaging to evaluate for the presence of disease
at original sites of tumor involvement. There is no evidence
to indicate that routine surveillance by FDG PET imaging
improves outcome in ALCL.

Pathology

Typically, lymph node involvement by ALCL is predomi-
nantly sinusoidal in pattern and leads to partial or complete
effacement of nodal architecture. Among the pleomorphic
neoplastic cells of ALCL, a variable proportion with a
horseshoe-shaped or kidney-shaped nucleus and abundant
eosinophilic cytoplasm is often identified. Such cells have
been referred to as hallmark cells and can be recognized in

all morphologic variants of ALCL, including the lymphohis-
tiocytic and small cell variants.

The neoplastic cells of ALCL are strongly positive for
CD30. Although most cases are negative for CD3 expres-
sion, the majority express other T-cell associated antigens
including CD2, CD5 and CD7. A subset of ALCL has a “null
cell” immunophenotype, although a T-cell lineage can be
established at a molecular level. Most cases are positive for
the cytotoxic antigens granzyme B, TIA1, and perforin. The
pattern of ALK expression by immunohistochemistry can
often foretell the underlying translocation type, and cases
with the NPM1-ALK fusion protein exhibit a cytoplasmic
and nuclear staining pattern (Fig. 5.35).

Histiocytic and Dendritic Cell Neoplasms

The World Health Organization classifies neoplasms of his-
tiocytes and dendritic cells according to their putative nor-
mal counterparts: histiocytic sarcoma, tumors derived from
Langerhans cells (Langerhans cell histiocytosis, Langerhans
cell sarcoma), interdigitating dendritic cell sarcoma, and dis-
seminated juvenile xanthogranuloma (JXA).
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Fig.5.34 ALCL and ALK targeted therapy: 12-year old with recurrent  After just one 4 weeks cycle of ALK-targeted crizotinib, there has been
ALCL being treated with experimental phase 1 agent targeted at the both a complete anatomic (f) and metabolic (e) response, with resolu-
ALK kinase. FDG PET/CT (a, b, d) and MRI (c¢) at baseline (a—d) tion of the nodal disease seen at baseline

showing extensive left inguinal and external iliac chain nodal disease.

c ' ) r e ‘ % - 5
Fig. 5.35 Anaplastic large cell lymphoma, ALK positive. (a) CD30  cytoplasmic staining that is associated with the t(2;5) translocation

immunostain highlights the neoplastic cells of anaplastic large cell resulting in the aberrant expression of NPM1-ALK fusion protein
lymphoma. (b) ALK immunostain shows the characteristic nuclear and
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Langerhans Cell Histiocytosis

Clinical Features

Langerhans cell histiocytosis (LCH) is a rare group of dis-
orders characterized by the clonal proliferation of neoplastic
Langerhans cells. The disease has a wide range of clini-
cal presentations ranging from localized to multifocal and
disseminated, and it includes the entities formerly known
as Letterer-Siwe syndrome (characterized by early age at
diagnosis, hepatosplenomegaly, lymphadenopathy, and pul-
monary involvement), Hand-Schiiller-Christian syndrome
(occurring in older children and associated with osteolytic
bone lesions, diabetes insipidus, and a more indolent course)
and eosinophilic granuloma (associated with lung involve-
ment, osteolytic lesions, and presentation in older children
and young adults) [118].

The disorder affects up to 6 per million children per year
with a male-to-female ratio of 2:1. Most patients are diagnosed
between 1 and 15 years of age, with a peak incidence between
1 and 4 years [119]. Disease localized to a single site is gener-
ally benign, even without treatment. The most common sites
involved are bone (skull, femur, vertebra, pelvic bones, and
ribs), lymph nodes, skin and lung [120]. Multisystem (dissemi-
nated) disease commonly affects infants and is often associated
with constitutional symptoms, cytopenias, skin and bone
lesions, and hepatosplenomegaly [121]. Patients with LCH
have been stratified into high-risk and low-risk categories, with
the former including liver, lung, hematopoietic system, and
spleen involvement as well as onset before 2 years of age [122].

Imaging Features
Staging evaluation is aimed at establishing the extent of dis-
ease, and most clinical protocols and practitioners require

patients to undergo skeletal survey to assess for osteolytic
bone lesions [120]. Depending on the clinical presentation and
physical exam findings, additional imaging may include CT
scan of the chest or torso, CT or MRI of the brain to assess for
the presence of a focal pituitary lesion and to characterize any
sites of palpable abnormality around the skull (Fig. 5.36). For
bone imaging, in practice conventional radiographs are still
routinely obtained and have high sensitivity for detecting lytic
bone lesions (Fig. 5.37). Radiographs may not detect sites of
bone marrow involvement or visceral lesions and recent stud-
ies have shown increased sensitivity of MRI and FDG PET at
identifying both radiographically occult and metabolically
active lesions [123, 124]. *™Tc-MDP bone scintigraphy is not
recommended routinely since purely lytic lesions may not elicit
sufficient surrounding bone activity to render them visible.

Several recent studies have advocated the use of FDG
PET imaging to assess for active osseous and intramedullary
bone lesions, to identify occult sites of soft tissue involve-
ment and potentially as a means of monitoring response to
therapy (Fig. 5.38) [123—125]. It remains to be determined
whether FDG PET/CT can replace conventional imaging and
clinical examination in evaluating patients with LCH.

Once the diagnosis and extent of disease have been estab-
lished, follow-up imaging should be directed at characterizing
response of original sites of disease to therapy. The prognos-
tic value of FDG PET response to therapy in LCH has not
been established.

Pathology

Regardless of anatomic site and clinical features, the mor-
phologic features of LCH tend to be uniform and distinctive.
The neoplastic cells are generally large (10-15 pm), with
irregular nuclear contours resulting in grooved/folded nuclei

Fig.5.36 Langerhans cell histiocytosis (LCH): 2 examples of LCH at
presentation. (a) 15-year old presented with headache and panhypopi-
tuitarism. Contrast enhanced MRI shows diffuse enlargement of the
pituitary stalk and gland; skeletal survey revealed lytic bone lesions

elsewhere. (b, ¢) 3-year old with palpable skull mass. Skeletal survey
showed left parietal lytic skull lesion (b); MRI revealed a large associ-
ated soft tissue mass and intracranial extension (c¢)
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Fig.5.37 LCH: 20-month old with limp and leg pain. Radiographs showed lytic lesions involving the right femur and left iliac bone (a, arrows).
CT (b) shows the lytic pelvic lesion and associated soft tissue mass, in addition to revealing hepatosplenomegaly

Fig. 5.38 Sixteen-month old with LCH, who initially presented with
left hip pain. Radiographs were normal (a). MRI shows a large left iliac
crest lesion (b). Staging FDG PET (c¢) demonstrated the iliac crest

(“coffee-bean” shape) (Fig. 5.39a). The nuclear chromatin is
dispersed and nucleoli are often inconspicuous. The neoplas-
tic cells of LCH cells do not have dendritic morphology and
show a moderate to abundant, slightly eosinophilic cyto-
plasm. The identification of Birbeck granules by electron
microscopy is pathognomonic of LCH.

Eosinophils are often but not invariably present and
may occasionally form abscesses with central necrosis
and Charcot-Leyden crystals. Neutrophils and small lym-
phocytes may be intermixed, while plasma cells are usu-

lesion to be intensely FDG avid. In addition, a clinically occult focus of
FDG-avid disease in the right humerus (arrow) was also demonstrated
by PET

ally sparse. In the lymph node, LCH involvement is usually
sinusoidal and paracortical in distribution, with sparing of
the follicles. In the spleen, LCH involvement is usually
localized to the red pulp, while in the liver there is infiltra-
tion of large bile ducts and occasionally progressive scleros-
ing cholangitis.

The immunophenotype of LCH cells recapitulates that
of normal Langerhans cells. The neoplastic cells are typi-
cally positive for CDla, langerin (CD207), and S-100
(Fig. 5.39b—d).
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Fig.5.39 Langerhans cell histiocytosis, skin. (a) Clusters of LCH cells in the dermis with eosinophils. The LCH cells are positive for langerin
(CD207) (b) and (c) CD1a. (d) The S100 stains the neoplastic cells in both the cytoplasm and the nucleus

Disseminated Juvenile Xanthogranuloma

Clinical Features
Solitary dermal juvenile xanthogranuloma (JXG) is a benign,
self-limiting non-Langerhans cell histiocytosis that arises most
commonly in infants and children and presents as solitary or
multiple yellowish cutaneous nodules [126]. The disseminated
(deep and visceral) form is a rare disease that usually (50 %)
occurs during the first year of life. A subset of JXG that occurs
in older children and adults and usually involves bone and
lungs is termed Erdheim-Chester disease. A possible relation
between disseminated JXG and Langerhans cell histiocytosis
has been suggested on the basis of rare case reports describing
patients with JXG and coexisting or antecedent Langerhans
cell histiocytosis [127, 128]. Some disseminated JXG cases
may be associated with hematologic malignancies, most com-
monly juvenile myelomonocytic leukemia [129, 130].

Sites of involvement by disseminated JXG include skin,
mucosal surfaces (respiratory and gastrointestinal tract),

kidneys, lungs, soft tissue, central nervous system, lymph
nodes, and, rarely, bone. The clinical presentation is variable
and depends on the site(s) of involvement. Infiltration by
neoplastic cells may result in liver and/or bone marrow fail-
ure, which has been associated with macrophage activation
syndrome leading to cytopenias and liver damage or even
death. Involvement of the CNS and pituitary gland by dis-
seminated JXG can results in diabetes insipidus, seizures,
hydrocephalus, and mental changes mimicking LCH.

Pathology

The neoplastic cells of JXG are small and oval shaped cells with
eosinophilic cytoplasm and elongated nuclei lacking nuclear
atypia. The neoplastic cells may be associated with pale foamy
histiocytes, Touton giant cells, and foreign body giant cells, as
well as neutrophils, lymphocytes, eosinophils, and (rarely) mast
cells (Fig. 5.40). The histiocytes may contain pleomorphic
nuclei, particularly in disseminated cases. Deep lesions tend to
be more cellular and monotonous with fewer Touton giant cells.
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Fig.5.40 Juvenile xanthogranuloma, skin. (a) Dominant histiocytic infiltrate in the dermis with spindle cell component and occasional Touton-
type giant cells (arrows). (b) High power view shows the bland cytological feature of the histiocytes without significant atypia

Electron microscopy examination of the lesions shows no spe-
cific ultrastructural features and demonstrates histiocytes with
short processes and abundant cytoplasm with mitochondria,
rough endoplasmic reticulum, ribosomes, lysosomes, and pha-
golysosomes, with occasional comma-shaped dense bodies.
The absence of Birbeck bodies excludes LCH.
Immunophenotypic studies are helpful in differentiating
JXA from LCH and other histiocytoses. In disseminated
JXA, the neoplastic cells are positive for factor XIIla, CD68
(coarse granular pattern), CD163, CD14, lysozyme, and
vimentin. Fascin, CD4, and S-100 are variably positive.
CD1a and langerin (CD207) stains are typically negative.

Myeloid Sarcoma
Clinical Features

Myeloid sarcoma (granulocytic sarcoma; extramedullary
leukemia; chloroma) is an extramedullary proliferation of
neoplastic immature myeloid cells that disrupts the local tis-
sue architecture. Myeloid sarcoma can be a presenting fea-
ture of acute myeloid leukemia (AML) or may arise
subsequently during the disease course, including relapse, in
approximately 10 % of cases [131, 132]. Myeloid sarcoma is
associated with certain recurrent cytogenetic abnormalities
in AML, most commonly t(8;21), inv(16), and rearrange-
ments involving chromosome 11q23 [132].

Imaging Features

Myeloid sarcoma can involve any body part, but most typi-
cally occur in and around the orbits and subcutaneous tissues,

in the sinuses, brain, spine, chest, and abdominal cavities, as
well as involving the thyroid and salivary glands (Fig. 5.41)
[132, 133]. When involving the brain or spinal cord, myeloid
sarcoma is typically isointense or mildly hyperintense to the
cerebral cortex/gray matter, but it shows intense and homoge-
neous enhancement following contrast injection. While the
imaging features are not specific and should be confirmed by
biopsy, the presence of a new mass in a patient with a prior
history of myeloid malignancy should raise concern for the
presence of myeloid sarcoma.

Pathology

Histologic examination of the tumor lesions shows sheets of
mononuclear cells, with or without maturation. The neoplas-
tic cells (blasts) have round to folded nuclei, usually with
fine nuclear chromatin and occasional prominent nucleoli,
and scant to moderate granular cytoplasm. Touch imprint
preparations and cytochemical stains for myeloperoxidase
and/or nonspecific esterase can be helpful for initial assess-
ment and proper specimen processing.

Immunophenotype by flow cytometry and/or immunohis-
tochemistry demonstrates expression of myeloid or myelo-
monocytic markers such as CD4, CD13, CD33, CD34,
CD43, CD45, CDI117, lysozyme, and myeloperoxidase
(Fig. 5.42). In pediatric cases, a panel of immunohistochemi-
cal studies can be very useful especially for differentiating
from small round blue cell tumors. In such cases, the expres-
sion of CD45, CD117, myeloperoxidase, and lysozyme is
particularly important in distinguishing myeloid sarcoma
from lymphoblastic leukemia/lymphoma and other neo-
plasms such as Ewing sarcoma family tumors, rhabdomyo-
sarcoma, Wilms tumor, and neuroblastoma [134].



Fig. 5.41 Myeloid sarcoma: (a) 6-year old presenting with left infra-
orbital/maxillary sinus mass, peripheral blasts, and acute myeloid leuke-
mia (AML). Biopsy of the sinus mass showed myeloid sarcoma (aka
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Fig.5.42 Myeloid sarcoma, skin. (a, b) This is a patient with a history
of refractory acute myeloid leukemia status post bone marrow trans-
plant presenting with multiple skin nodules that show atypical mono-

chloroma). (b) 10-year old with history of AML presented with back pain
and progressive lower extremity paraplegia. Spine MRI revealed an intra-
dural extramedullary mass, found at resection to be myeloid sarcoma

e 2
e '

nuclear infiltrate in the deep dermis and subcutaneous fat. The
mononuclear cells show aberrant co-expression of immature myeloid
markers including CD34 (not shown) CD117 (¢) and MPO (d)
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Conclusion

There are a large and varied number of tumors involving
lymphoid and hematopoietic tissues. A comprehensive radio-
logic imaging evaluation, together with a thorough histo-
pathologic characterization of the type, lineage, and extent of
the hematolymphoid disease, is necessary both to establish a
diagnosis and to determine the extent of malignant involve-
ment. This information, when integrated with the clinical
situation, can be used to guide treatment, assess response to
therapy, evaluate potential sites of relapse, and develop strat-
egies for monitoring disease recurrence during periods of
off-treatment surveillance.
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