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will be able to:

m Discuss the value
of FDG PET/CT
for staging and
follow-up in patients
with extranodal
lymphoma.

m Identify common
and uncommon
PET/CT findings

in extranodal lym-
phoma of various
organs.

m Describe com-
mon pitfalls of FDG
PET/CT for extra-
nodal lymphoma.
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Aldo N. Serafini, MD

The term extranodal disease refers to lymphomatous infiltration of ana-
tomic sites other than the lymph nodes. Almost any organ can be af-
fected by lymphoma, with the most common extranodal sites of involve-
ment being the stomach, spleen, Waldeyer ring, central nervous system,
lung, bone, and skin. The prevalence of extranodal involvement in
non-Hodgkin lymphoma and Hodgkin disease has increased in the past
decade. The imaging characteristics of extranodal involvement can be
subtle or absent at conventional computed tomography (CT). Imaging
of tumor metabolism with 2-[fluorine-18]fluoro-2-deoxy-D-glucose
(FDG) positron emission tomography (PET) has facilitated the iden-
tification of affected extranodal sites, even when CT has demonstrated
no lesions. More recently, hybrid PET/CT has become the standard
imaging modality for initial staging, follow-up, and treatment response
assessment in patients with lymphoma and has proved superior to CT
in these settings. Certain PET/CT patterns are suggestive of extranodal
disease and can help differentiate tumor from normal physiologic FDG
activity, particularly in the mucosal tissues, bone marrow, and organs of
the gastrointestinal tract. Familiarity with the different extranodal mani-
festations in various locations is critical for correct image interpretation.
In addition, a knowledge of the differences in FDG avidity among the
histologic subtypes of lymphoma, appropriate timing of scanning after
therapeutic interventions, and use of techniques to prevent brown fat up-
take are essential for providing the oncologist with accurate information.
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Abbreviations: CNS = central nervous system, FDG = 2-[fluorine-18]fluoro-2-deoxy-p-glucose, MALT = mucosa-associated lymphoid tissue,
MZL = marginal zone lymphoma, NHL = non-Hodgkin lymphoma, PET = positron emission tomography, SUV = standardized uptake value
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Introduction
Lymphoma comprises a histologically heteroge-
neous group of cancers derived from the cells of
the immune system, representing approximately
5% of all cancers in the United States at an an-
nual healthcare cost of $4.6 billion. It is estimated
that a total of 20,510 deaths will occur due to
Hodgkin disease and non-Hodgkin lymphoma
(NHL) in 2008 (1). The hallmark of the disease is
the enlargement and proliferation of lymph nodes
or secondary lymphoid tissues. Although rare,
both NHL and Hodgkin disease may arise from
or involve almost any organ of the human body.
The term extranodal lymphoma has been used to
describe this uncommon form of lymphoid malig-
nancy, in which there is neoplastic proliferation at
sites other than the expected native lymph nodes
or lymphoid tissues. Distribution among the non-
lymphoid tissues is uneven, with greater predilec-
tion for some organs than for others, and includes
the gastrointestinal tract, head and neck (Waldeyer
ring), orbit, central nervous system (CNS), lung,
bone, and skin. The prevalence and distribution
among organs vary significantly depending on his-
tologic type and disease stage.

The observed rising incidence of NHL and
Hodgkin disease in the past 2 decades has been
characterized by a marked increase in the occur-
rence of extranodal lymphoma (2-4). A retrospec-
tive review of 3556 cases of NHL revealed that
nearly one-third of all cases were extranodal in
origin, giving a world standardized incidence of
1.9/10° persons per year (3). The most common
sites of involvement were the skin, stomach, and
small intestine, with high-grade histologic types
predominantly seen (3). The acquired immunode-
ficiency syndrome epidemic, indolent viral infec-
tions (eg, Epstein-Barr virus), altered environmen-
tal exposures, and increasing use of immunosup-
pressive drugs in transplant recipients and patients
with collagen vascular disease may, to some extent,
explain the changes in the pathophysiologic fea-
tures and spread of lymphoma, which have led to
more extensive extranodal involvement (2).

The presence of extranodal disease also has
prognostic implications. Whenever there is second-
ary involvement of extranodal sites (excluding the
spleen) distant from primary nodal disease, the
disease is considered to be stage III or IV. How-
ever, in patients who present with primary extra-
nodal disease, the disease can still be categorized
as stage I or II. In a large series of 91,306 cases,
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Glass et al (5) found that patients with NHL aris-
ing from lymph node sites tended to present with
more advanced disease (55.8% with stage III or IV
disease), whereas patients with primary extranodal
disease and non-lymph node sites presented at an
earlier stage (64.7% and 74.0% with stage I and
stage II disease, respectively).

The diagnosis of primary versus secondary
extranodal lymphoma remains challenging, par-
ticularly due to a variety of clinical manifestations,
varying metabolic behavior among the histologic
types, and (often subtle) anatomic changes at
routine radiologic studies. The limitations of con-
ventional cross-sectional imaging, particularly
computed tomography (CT), for staging, restaging,
and treatment response assessment in all forms
of lymphoma are well recognized (6). The routine
use of 2-[fluorine-18]fluoro-2-deoxy-D-glucose
(FDG) positron emission tomography (PET) in
the past decade in the visualization of metaboli-
cally active tumor cells has become important in
the assessment of lymphoma patients, with FDG
PET having clear advantages over contrast mate-
rial-enhanced CT. FDG PET/CT is now the im-
aging modality of choice for staging and follow-up
in Hodgkin disease and most NHLs. Nevertheless,
FDG PET/CT has its limitations, and a familiarity
with different extranodal manifestations is crucial
for correct image interpretation.

In this article, we review the usefulness of
FDG PET/CT in the evaluation of extranodal
manifestations of Hodgkin disease and NHL.

We discuss and illustrate the common and un-
common extranodal sites of involvement in the
human body, with particular attention given to
FDG PET/CT findings. In addition, we discuss
common false-positive and false-negative find-
ings and various techniques that are available to
reduce known pitfalls.

Usefulness of FDG
PET/CT in Lymphoma

FDG PET has been widely used for staging of
disease, detection of recurrence, and monitoring
of treatment response in patients with Hodgkin
disease and NHL (7). In the past, the imaging
evaluation and follow-up of lymphoma patients
was based solely on findings at contrast-enhanced
CT. However, contrast-enhanced CT has limited
sensitivity in detecting lymphomatous involve-
ment of normal-sized lymph nodes, bone mar-
row, spleen, and extranodal tissues.

Several studies have shown the value of FDG
PET/CT for staging, restaging, and therapy moni-
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Table 1

Sensitivity and Specificity of PET/CT and Contrast-enhanced CT for Staging, Restaging, and
Detection of Extranodal Lymphoma in NHL and Hodgkin Disease

Staging Restaging Detection of ENL
Sensitivity  Specificity Sensitivity  Specificity Accuracy Sensitivity ~ Specificity
Modality (%) (%) (%) (%) (%) (%) (%)
PET/CT 97 100 96 99 98 88 100
Contrast- 87 85 61 89 84 50 90
enhanced CT

Sources.—References 8, 9, 12, and 15.
Note.—ENL = extranodal lymphoma.

toring (8-12). A recent meta-analysis conducted
with patient-based data showed a median sensitiv-
ity of 90.3% and a median specificity of 91.1% for
lymphoma staging with dedicated PET (13).The
false-positive rate and maximum accuracy were
10.3% and 87.8%, respectively (13). The addition
of CT for anatomic correlation in the newer PET/
CT systems has improved staging sensitivity and
specificity. In a recent systematic review, the over-
all sensitivity and specificity of FDG PET/CT for
initial staging of NHL and Hodgkin disease were
97% and 100%, respectively (12).

There are also substantial data on the use
of FDG PET for therapy response assessment
in Hodgkin disease and aggressive NHL at the
conclusion of first-line, salvage, or high-dose
therapy (9). The reported pooled sensitivity and
specificity for the detection of residual disease
after completion of first-line therapy are 84% and
90%, respectively, for Hodgkin disease, and 72%
and 100%, respectively, for aggressive NHL (14).
FDG PET/CT is extremely useful for therapy
response assessment due to its capacity to help
distinguish between residual metabolically active
tumor and areas of necrosis and fibrosis.

FDG PET/CT has also proved superior to con-
ventional CT in the staging and restaging of NHL
and Hodgkin disease (15). NHL can be upstaged
with PET/CT in 31% of cases and downstaged
in 1% relative to CT findings. In 25% of patients,
the treatment approach is changed on the basis of
additional PET/CT findings. Hodgkin disease can
be upstaged with PET/CT in 32% of cases and
downstaged in 15% (11). In NHL, upstaging with
PET/CT is evident mostly for stages I and II. The
addition of PET/CT to CT changes the treatment
strategy in approximately one-fourth of NHL pa-
tients and one-third of Hodgkin disease patients
and may obviate diagnostic CT in the majority of

patients (11). Overall, lymphoma can be correctly
staged with FDG PET/CT (93.8% of cases) more
often than with conventional diagnostic methods
(ie, contrast-enhanced CT and bone marrow bi-
opsy) (89.2%) (16).

The advantages of FDG PET/CT for the stag-
ing and restaging of both NHL and Hodgkin
disease are mostly attributed to the detection of
FDG-avid, normal-sized lymph nodes (usually
<1 cm), and of extranodal sites that were previ-
ously missed at CT (most commonly the liver,
spleen, cortical bone, bone marrow, and skin).

In a few cases, paraspinal and pulmonary lesions

that were interpreted as benign at CT are seen to
be malignant at FDG PET/CT. The overall sensi-
tivity and specificity of PET/CT and contrast-en-
hanced CT for staging, restaging, and extranodal
detection are shown in Table 1 (15,17).

The current revised response criteria (18,19)
suggest the following indications for PET in
lymphoma:

1. PET is routinely recommended for the
staging of patients with FDG-avid, potentially
curable lymphomas (eg, diffuse large B-cell lym-
phoma and Hodgkin disease) to more accurately
delineate disease extent.

2. PET is not routinely recommended prior
to treatment for incurable, non-FDG-avid or
indolent histologic subtypes (eg, grade 1 folli-
cular lymphoma and mantle cell lymphoma) or
for most lymphomas with variable FDG activity,
unless the medical oncologist is seeking to assess
response to chemotherapy regimens or newer
experimental drugs.

3. Midtreatment PET should be performed
only as a part of clinical trials.
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FDG Avidity in

Various Histologic Subtypes
NHL and Hodgkin disease comprise a very
heterogeneous group of malignancies with vari-
able FDG avidity patterns. In cases in which
FDG PET/CT is used for imaging lymphoma,
the tumor being evaluated must demonstrate
significant FDG avidity for proper assessment.
Although this information may be inferred from
past histologic data, it is desirable to obtain a
baseline scan to assess disease extent and to es-
tablish the degree and intensity of FDG uptake
in lymphoma sites in a given patient; this should
always be done when FDG PET/CT will be used
for follow-up and treatment response assessment.

The intensity of FDG uptake in lymphoma is
determined by many factors, including histologic
features (Hodgkin disease versus NHL), grade
(indolent versus aggressive NHL), viable tumor
cell fraction, tumor cell proliferation, upregula-
tion of glucose metabolism, salvage pathways and
tumor-specific pathways, local perfusion (which
determines substrate delivery to the cancer cell),
and the presence of hypoxia. Because FDG uptake
is a multifactorial process, it should not be surpris-
ing that there is (sometimes considerable) het-
erogeneity between lesions of the same histologic
subtype and overlap between tumor grades. It has
been clearly established that changes in FDG up-
take reflect a response to chemotherapy, and that
residual abnormal FDG uptake after completion
of chemotherapy helps identify patients with a
poor prognosis (20). It is less clear what degree of
change in FDG uptake should be expected dur-
ing chemotherapy: In addition to varying with the
number of treatment cycles after which imaging is
performed, this parameter is likely to vary (quali-
tatively or quantitatively) with tumor histologic
features (generally more rapid response in Hodg-
kin disease than in aggressive NHL), histologic
subtype (large B-cell lymphoma versus other ag-
gressive NHLs), and treatment regimen.

In general, many studies have shown that low-
grade or indolent lymphomas are less FDG avid
than are high-grade or aggressive types (21). In
NHL, diffuse large B-cell lymphoma and grade 2
or 3 follicular lymphoma demonstrate the high-
est FDG metabolism. This usually translates
into a threefold higher standardized uptake value
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(SUV) than in a low-grade follicular, marginal
zone, or small cell lymphoma, in which the SUVs
tend to be lower (22). For Hodgkin disease, al-
though less data exist, some authors have shown
a significant difference in FDG avidity among
the histologic subtypes, with the nodular scle-
rosis subtype having the highest SUV and the
lymphocyte predominance subtype having the
lowest SUV. There is very limited experience with
the FDG PET/CT evaluation of T-cell lympho-
mas (23). Although the most recent data show a
higher rate of FDG-positive T-cell lymphoma, a
wide range of SUVs among the different histo-
logic subtypes and no significant management
changes have been documented in lymphoma
staged with PET (24).Table 2 summarizes the
most common patterns of FDG avidity among
the various histologic subtypes of Hodgkin dis-
ease and NHL (23-25).

Marginal Zone Lymphoma
Particular attention should be given to MZLs due
to their common extranodal manifestation, the
heterogeneity of their FDG avidity, and the ex-
tensive controversy in the literature regarding the
usefulness of FDG PET/CT for their evaluation.
MUZL represents a subgroup of indolent B-cell
neoplasms and is the third most commonly en-
countered NHL. There are three distinct subtypes
of MZL: MALT MZL,, splenic MZL,, and nodal
MZL. The reported sensitivity of PET for the eval-
uation of MZL ranges from 0% to 81% (26).

MZL frequently arises in organs of the gas-
trointestinal tract, which normally demonstrate
physiologic FDG uptake. The indolent nature
of this disease (low FDG avidity), together with
diffuse physiologic background FDG uptake in
the gastrointestinal tract, limits the usefulness of
PET for the evaluation of these tumors. However,
when MZL manifests with nodal disease and
involves other extranodal sites such as the lungs,
PET/CT has proved useful and reliable for initial
staging and posttherapy follow-up.

In patients with biopsy-proved MZL, the most
common sites of involvement identified at PET/
CT are the stomach, lung, orbit, and parotid
gland. PET/CT can help detect active disease
in up to 54.5% of all patients at diagnosis, with
differing sensitivities among various organs and
stages. Sensitivity for gastric involvement (38.9%)
is lower than that for involvement of the lung and
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Table 2
FDG Uptake in Various Histologic Subtypes of NHL and Hodgkin Disease
Subtype Uptake
B-cell NHL*
Diffuse large B-cell lymphoma High
Burkitt lymphoma High
Large cell and anaplastic lymphoma High

Follicular lymphoma (grade 3) Moderate to high

Follicular lymphoma (grades 1 and 2) Low to moderate
Low to moderate

None to high

Mantle cell lymphoma

Marginal zone lymphoma (MZL) (including mucosa-
associated lymphoid tissue [MALT])
Small lymphocytic lymphoma

Hodgkin diseaset

Nodular sclerosis type High
Moderate to high
Moderate to high

None to low

Mixed cellularity type
Lymphocyte depletion type

Lymphocyte predominance type Low
T-cell lymphoma#

Extranodal natural-killer/T-cell lymphoma High

Peripheral T-cell lymphoma High

Adult T=cell leukemia-lymphoma Moderate

Cutaneous T-cell lymphoma Moderate

Mycosis fungoides and Sézary syndrome Low

Note.—There is a wide range of reported maximum SUVs in patients with similar
lymphomas. Usually, visual comparison of the described FDG focus with the blood
pool and liver is sufficient to correctly characterize the uptake as low (isointense relative
to the blood pool), moderate (nearly isointense relative to the normal hepatic paren-
chyma), or high (hyperintense relative to the hepatic parenchyma and blood pool). This
table provides only a relative assessment of FDG uptake among the histologic subtypes
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of lymphoma according to the available literature.
*Sources.—References 20, 21.
tSources.—References 20, 22.
fSource.—Reference 23.

parotid gland (100%). PET/CT helps detect active
disease in up to 100% of patients with advanced
(stage III or IV) disease but in only 42.3% with
early-stage (stage I or II) disease (26). Note that
the site of involvement appears to be more impor-
tant than the histologic subtype in determining the
usefulness of PET/CT in cases of MZL (26).

Potential Pitfalls of PET/CT
Multiple confounding factors may lead to the
erroneous interpretation of a PET/CT study,
resulting in a high number of false-positive find-
ings, particularly at posttherapy assessment. Po-
tential imaging pitfalls include brown fat FDG

uptake, bone marrow and splenic activation, and
recent therapeutic intervention (eg, surgery, ra-
diation therapy, or chemotherapy).

In one study, up to 45% of patients who un-
derwent PET for tumor evaluation had FDG
uptake in areas consistent with hypermetabolic
brown fat (27). In contrast to white adipose tis-
sue, which is characterized by low metabolism
and energy storage function, brown fat is a meta-
bolically active tissue that is responsible for ther-
mogenesis rather than fat storage. This activity is
commonly seen at FDG PET/CT in children and
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Table 3
Strategies for Decreasing Brown Fat FDG
Uptake

Controlled-temperature (warm) environment for
patients before FDG injection* (provide blankets
if necessary)

High-fat, low-carbohydrate, protein-permitted diet
before the examination®

Moderate dose of oral diazepam (>0.8 mg/kg,
maximum of 7.5 mg) or intravenous fentanyl
(0.75 pug/kg, maximum of 50 ug)#

Low dose (20 mg) of oral propanolol 60 min be-
fore FDG injection®

*Source.—Reference 29.
tSource.—Reference 30.
¥Source.—Reference 31.
§Source.—Reference 32.

young adults who have been exposed to a cold
environment and quite often (but not always)
manifests as symmetric high uptake in the suboc-
cipital, cervical, supraclavicular, mediastinal, and
paraspinal areas (Fig 1). Nevertheless, this pat-
tern of FDG@G distribution can mimic or obscure
malignant lymphadenopathy at PET if no cor-
relation with CT findings is made. Site-by-site
comparison of such findings with CT findings
can ameliorate this confusion because low-atten-
uation brown fat can be distinguished from soft-
tissue-attenuation lymph nodes. Furthermore,
with combined PET/CT, the misinterpretation of
brown fat activity as malignant is less likely, since
corresponding low-attenuation areas can be
identified on the coregistered CT scans. In those

rare instances in which correct metabolic-anatomic

correlation remains difficult, misinterpretation as
nodal and extranodal uptake may persist, lead-
ing to false-positive results. In such cases, brown
fat uptake can be misidentified as adjacent soft-
tissue, thymic, lung, or muscular involvement by
lymphoma. The presence of brown fat can also
decrease tumor uptake by decreasing the pool of
FDG available for the tumor tissues (28).The
strategies that are available for decreasing brown
fat FDG uptake are listed in Table 3 (29-32). No
single technique is capable of completely block-
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a. b.

Figure 1. Hypermetabolic brown fat in a 24-year-old
woman with a history of diffuse large B-cell lymphoma
of the neck. (a) Three-dimensional maximum intensity
projection image from PET/CT data obtained at the
end of therapy shows diffuse symmetric FDG uptake

in the neck and in the supraclavicular and paraspinal
regions (arrows), findings that are highly suggestive of
brown fat activity. The first study was obtained in a rou-
tine temperature-controlled (“warm”) environment, and
even then, there was significant brown fat activity, so
that evaluation for residual metabolically active disease
in the neck was significantly limited. (b) Fused PET/CT
image obtained 1 week later, again in a warm environ-
ment but now with the administration of a low dose of
propranolol 60 minutes prior to FDG injection, shows
resolution of the brown fat activity and no evidence of
residual disease.

ing brown fat uptake, and sometimes a combina-

tion of methods should be attempted.

Bone marrow involvement is indicative of
a worse prognosis in patients with lymphoma.
Although PET has proved superior to CT and

equivalent to bone marrow biopsy for the detec-
tion of bone marrow involvement in lymphoma
patients, the development of diffuse bone marrow
activation in the weeks following chemotherapy
and the use of growth factors constitutes a known
limitation in making the correct diagnosis. The
pattern of FDG uptake in bone marrow activa-
tion is typically diffuse, involving the axial skel-
eton in a symmetric fashion and, sometimes, the
spleen and thymus (Fig 2). It is important to
know when the patient received treatment, par-
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Figure 2. Bone marrow and splenic activation in a
50-year-old man who had completed R-CHOP (ritux-
imab, cyclophosphamide, vincristine, doxorubicin, and
prednisone) chemotherapy for large cell lymphoma 4
weeks earlier. Sagittal fused PET/CT image (a) and
axial PET scan (b) show diffuse reactive bone marrow
activity (arrows) and hematopoietic expansion in the
spleen (arrowheads in b). Hematopoietic expansion is
an expected finding in patients after chemotherapy, par-
ticularly after the use of colony-stimulating factors, and
represents the active recovery process of dormant pro-
genitor cells in the primary (bone marrow) and second-
ary (spleen and thymus) lymphoid organs. The combi-
nation of diffuse uptake in the spleen with diffuse bone
marrow uptake favors a diagnosis of hematopoietic ex-
pansion rather than splenic involvement by lymphoma.

ticularly treatment with colony-stimulating fac-
tors, and to understand that diffusely increased
FDG uptake in the bone marrow may persist for
more than 4 weeks after treatment. The presence
of bone marrow activation also limits the abil-
ity to identify cortical bone, anterior mediastinal
(thymic) involvement, and diffuse splenic involve-
ment. Nevertheless, whenever the distribution
of FDG uptake becomes more multifocal and
heterogeneous, the presence of lymphomatous
involvement should be suspected.

As previously described, PET/CT is an accu-
rate method for evaluating tumor viability in the
posttherapy setting. However, appropriate timing
of the procedure is fundamental in preventing
false-positive or false-negative results. Recent
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therapeutic intervention may lead to inaccurate
results due to nonspecific changes caused by ac-
cumulation of inflammatory cells removing the
debris of dead tumor cells, “flare phenomena,”
or “stunning” of the residual tumor cells. The
recommended timing for performing end-of-
therapy PET varies with the treatment modality.
Posttherapy PET should be performed at least
4—6 weeks after surgery or chemotherapy and
8—12 weeks after external beam radiation therapy
or radioimmunotherapy (20,33,34). These wait-
ing times represent a trade-off between a reliable
clinical response and the chances of false-positive
and false-negative findings. Whenever there is a
question regarding a possible nonspecific inflam-
matory finding, it may be pertinent and helpful
to perform repeat PET/CT a few weeks later.

Pertinent clinical information and adherence
to a standardized protocol are crucial to ensure
accurate interpretation. There should be consis-
tency between baseline and follow-up studies in
terms of patient preparation, image acquisition,
and processing. This is particularly important for
reliable comparison and quantitative analysis.
Generally, patients undergoing PET/CT must
fast for 4-6 hours and their measured serum
glucose level must be less than 200 mg/dL (11
mmol/L) prior to FDG administration. Diabetic
patients should not receive short-acting insulin
on the day of the study, and if the serum glu-
cose level exceeds the aforementioned limit, the
study should be rescheduled. PET/CT should be
started 50—70 min after FDG administration.

Visual-only evaluation of the images can be
used for accurate interpretation; however, quan-
titative analysis using SUV measurement has
been shown to have additional prognostic value in
the assessment of early treatment response (35).
Although maximum SUVs normalized for body
surface area or total body weight are widely used
quantitative measures of FDG uptake, other meth-
ods such as peak SUV normalized for lean body
mass and total lesion glycolysis have been recently
proposed in the PERCIST (PET Response Cri-
teria in Solid Tumors) criteria (36). The use of a
standardized protocol is also essential to properly
assess treatment response and to allow data com-
parison in multicenter trials (36,37).

Teaching
Point
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Figure 3. Primary diffuse
large B-cell carcinoma of the
nasopharynx. Axial (a) and
sagittal (b) fused PET/CT
images show fullness of the
nasopharynx with a focus of
abnormally increased FDG
uptake (arrow). Note the ab-
sence of FDG activity in the
tonsils and cervical lymph
nodes. The most important
possibility in the differential
diagnosis in such cases is car-
cinoma of the nasopharynx.

Figure 4. Primary follicular
lymphoma of the parotid and
submandibular glands. Axial
fused PET/CT images show
multifocal areas of abnormal
FDG uptake in the parotid
glands (arrows in a) and left
submandibular gland (arrow
in b). Mildly FDG-avid bi-
lateral subcentimeter level 11
cervical nodes are also noted
(arrowheads in b).

Extranodal Lymphoma

Lymphoma of the Head and Neck

The head and neck region is the second most
common site of NHL. Primary head and neck
extranodal lymphoma accounts for up to 20%
of all NHL cases and can arise from the tonsils,
mandible, hard palate, nasopharynx, parotid
glands, nasal cavity, paranasal sinuses, pharynx,
larynx, thyroid gland, and ocular adnexa.

The Waldeyer ring is the primary site of NHL
in approximately one-third of all cases of extra-
nodal disease (33,38). Whether the Waldeyer ring
should be considered a nodal or an extranodal
site is still controversial. The most common type
of lymphoma involving the head and neck region
is diffuse large B-cell lymphoma (39). Several
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studies have classified diffuse large B cells in the
Waldeyer ring as extranodal disease (38,40,41).
High FDG uptake is associated with a high
proliferation rate, and the higher the SUV of a
diffuse large B-cell lesion in the head and neck
region, the worse the clinical outcome (38).
Physiologic or reactive FDG uptake is com-
monly seen in the lymphatic structures of the
head and neck (Waldeyer ring, lymph nodes, and
lymphatic channels), usually representing an ac-
cumulation of FDG within macrophages and lym-
phocytes. Often, the interpretation is not difficult,
especially when the uptake is mild and symmetric
without corresponding anatomic abnormalities
(42). Other organs, such as the salivary glands,
muscles, blood vessels, vocal cords, and thyroid
gland, can demonstrate variable physiologic FDG
avidity, and the corresponding CT portion of the
FDG PET/CT study is essential for localization
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(5) Large cell lymphoma in a patient who presented with a shallow ulcer in the hard pal-

ate. Axial fused PET/CT image shows a large focus of abnormally increased FDG uptake in the hard
palate (arrow), a finding that is suggestive of squamous cell carcinoma. However, histologic analysis of a
biopsy specimen demonstrated non-Hodgkin large cell lymphoma. (6) Primary T-cell lymphoma of the
mandible in an immunocompromised (human immunodeficiency virus—positive) patient who presented
with trismus and a left mandibular mass. Axial (a) and sagittal (b) fused PET/CT images show a large
focus of FDG accumulation in the left mandibular angle and ramus (arrow).

and identification (43). Infection, or inflammation
that may or may not be due to recent surgery, che-
motherapy, or radiation therapy, can also result in
FDG accumulation and should be taken into ac-
count in the interpretation of FDG-avid lesions in
the head and neck (43).

Unsuspected nasopharyngeal involvement may
be seen in up to 41% of patients with head and
neck lymphoma (Fig 3). Lymphoma involving
the nasopharynx tends to extend into the airways
and tonsils, as opposed to carcinoma or sarcoma
of the nasopharynx, which tend to extend crani-
ally into the base of the skull. Extranodal natural-
killer/T=cell lymphoma is a distinct clinical entity
that accounts for 9% of all malignant lymphomas
and 74% of lymphomas arising from the nasal
cavity and paranasal sinuses. Nasal type natural-
killer/T=cell lymphomas are highly aggressive and
demonstrate frequent distant relapse. They are
hypermetabolic tumors, and FDG PET can be
successfully used for the detection of local and
distant disease (44).

Primary NHL of the salivary glands is rela-
tively uncommon and most often occurs in the
parotid gland (Fig 4). The most common subtype
is MALT MZL,; this subtype typically arises in as-
sociation with a benign lymphoepithelial lesion or
myoepithelial sialadenitis, which is associated with
Sjogren syndrome. Secondary involvement of the
parotid gland is more commonly seen in diffuse
large B-cell or follicular lymphomas. Primary ex-

tranodal NHL of the hard palate accounts for 6%
of all primary extranodal lymphomas of the head
and neck (45) and usually has B-cell histologic
features (Fig 5). Lymphomatous involvement of
the mandible is rare and can manifest as various
NHL histologic subtypes (Fig 6). Because of the
volume of medullary bone, the body of the man-
dible is the most common site of involvement (46).
Primary lymphoma of the thyroid gland is
rare, with only about 2% of extranodal lympho-
mas arising within this gland. Thyroid lympho-
mas are typically NHL and of B-cell lineage,
whereas Hodgkin disease of the thyroid gland
is exceptionally rare. Nearly 80% of thyroid
lymphomas are diffuse large B-cell lymphomas.
FDG uptake is usually low to absent in the
normal thyroid tissue (47). At FDG PET/CT,
lymphoma of the thyroid gland may manifest as
diffusely increased uptake or a focal lesion. How-
ever, both manifestations are nonspecific and can
be attributed to other conditions. Focal thyroid
FDG uptake has been associated more with pri-
mary thyroid malignancy. Papillary thyroid can-
cer is commonly seen in up to one-half of cases
in which incidental focal thyroid FDG uptake
has been identified (48). Furthermore, diffusely
increased FDG accumulation in the thyroid
gland is associated with chronic lymphocytic thy-
roiditis (Hashimoto disease) (49).
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Figure 7. Relapsed-refractory diffuse large B-cell lym-
phoma in a patient who had undergone successful treat-
ment for a spinal cord mass with external beam radiation
therapy and decompressive laminectomy 2 years earlier.
The patient presented with severe back pain and bilat-
eral lower extremity weakness 50 days after undergoing
miniautologous bone marrow transplantation. Initial MR
imaging of the lumbar spine showed persistent unchanged
thickening of the distal spinal cord and cauda equina.
Sagittal fused PET/CT image shows intense FDG ac-
cumulation along the distal spinal cord and cauda equina
(arrows), findings that are consistent with the recurrence
of lymphoma. Arrowheads indicate the region of the de-

compressive laminectomy.

Ocular adnexal lymphoma represents 8% of all
extranodal lymphomas. In a retrospective study
of 11 patients with ocular adnexal lymphoma,
FDG PET proved valuable in helping identify ex-
tranodal lymphomatous sites not detected at con-
ventional imaging (50). Nevertheless, FDG PET
was somewhat limited for assessing orbital lesions
due to the small volume of the orbital deposits
and the proximity of the lesions to physiologic
background FDG activity in the brain and ocular
muscles (50).

CNS Lymphoma

CNS lymphoma accounts for 1%-4% of all ma-
lignant brain tumors. The reported prevalence

of CNS involvement in patients with nodal or
extranodal lymphoma is less than 20%. Primary
CNS lymphoma has become more common,
representing 4%—7% of newly diagnosed primary
CNS tumors (51). Because of the intense physi-
ologic FDG uptake in the brain cortex, detection
of intracranial lymphomatous involvement is dif-
ficult. Moreover, steroid therapy, which is given
to most patients with suspected brain involve-
ment, may interfere with the uptake of FDG and
possibly lead to false-negative results (33). More
often than not, intracranial lymphoma is evalu-
ated with contrast-enhanced CT and magnetic
resonance (MR) imaging (51). MR imaging is
very useful in the primary diagnosis and therapy
monitoring in patients with primary CNS lym-
phoma in the brain and spinal cord. Nevertheless,
in the follow-up of patients with primary CNS
lymphoma who have completed chemotherapy,

MR imaging findings can be falsely positive. In
such cases, FDG PET can provide additional in-
formation that helps correctly identify recurrence
or exclude disease (Fig 7) (52). Systemic spread
of primary CNS lymphoma, although rare, is im-
portant to identify because it can alter therapeu-
tic management.

Lymphoma of the

Chest Wall, Lung, and Pleura

Lymphoma in the thorax may involve the lung,
pleura, chest wall, heart, thymus, and breast.
Intrathoracic involvement is more common in
Hodgkin disease than in NHL. Pulmonary in-
volvement is more commonly seen in secondary
than in primary lymphoma. Hodgkin disease

of the lung parenchyma is relatively rare and is
usually due to direct extension from mediastinal
nodal disease (Fig 8). Secondary involvement
due to direct hilar extension is also the most
common type of pulmonary NHL involvement,
and the diffuse large B-cell histologic subtype is
the one most frequently seen. The CT appear-
ance of pulmonary lymphoma can vary and may
include direct extension from nodal disease, cen-
tral ill-defined nodules, or rounded-segmental
consolidation with air bronchogram (53). When
FDG PET/CT is performed for staging, in-
creased FDG uptake in lung lesions or extending
from involved lymph nodes into the parenchyma
can be interpreted as lymphomatous involvement,
a benign condition (granulomatous disease),

or, less likely, a second primary lesion. At post-
therapy scanning, the presence of FDG uptake in
the lung represents a challenge, since it may be
related to concomitant benign conditions such as
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Figure 8. Mixed cellularity type
Hodgkin disease with lung and medi-
astinal involvement. Axial fused PET/
CT image shows foci of abnormal FDG
uptake in a right lung mass along the
major fissure (black arrow), the thymus
(arrowhead), and enlarged right hilar
lymph nodes (white arrow). In both
Hodgkin disease and NHL, secondary
lung involvement is more common than
primary pulmonary disease and is char-
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acterized by lymphomatous extension
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pneumonia, chemotherapy-associated pneumoni-
tis, radiation-induced changes, opportunistic
infections, or bronchiolitis obliterans with orga-
nizing pneumonia (54). New lung nodules in pa-
tients with no pretherapy evidence of pulmonary
lymphoma, having a size greater than 1.5 cm and
FDG uptake higher than that of the mediastinal
blood pool, should be considered suggestive of
lymphoma (19). In the interim, if there is evi-
dence of complete response in all the previously
known disease sites, such nodules should be con-
sidered negative for lymphoma and as most likely
representing infectious or inflammatory lesions
(19). Chest wall involvement has been reported
in 6% of patients with Hodgkin disease (33) and
is usually due to direct extension from nodal an-
terior mediastinal disease. FDG PET/CT may
improve the identification of chest wall invasion
by allowing correct localization of an FDG-avid
lesion on the CT scans.

Pleural effusion in patients with lymphoma
may be either due to actual pleural disease or
reactive in nature. At CT, pleural involvement
can be seen as pleural effusion, plaques, discrete
pleural nodules, or a combination thereof, and
may not be fully appreciated. FDG PET/CT is
instrumental in helping develop the differential
diagnosis by aiding in identifying and localizing
foci of disease activity, particularly with accurate
anatomic correlation of the FDG-avid lesions.

Lymphoma of the Heart

Cardiac or epicardial-pericardial lymphomatous
involvement is rare and can result from retro-
grade lymphatic spread, hematogenous spread,
or direct extension from adjacent masses (53).
Lymphomatous involvement of the heart can be
mistaken for normal FDG-avid myocardium on
a PET study; therefore, FDG PET scans coregis-

from pathologic mediastinal nodes to
the lung parenchyma.

tered with CT scans are very helpful in localizing
an avid lesion in the myocardium. Documenta-
tion of cardiac NHL involvement mimicking
ischemic heart disease at FDG PET has been
reported in immunocompromised patients fol-
lowing heart transplantation (55). Although very
rare, Hodgkin disease involvement of the heart
and pericardium has also been demonstrated at
FDG PET (56). Pericardial effusion in patients
with large mediastinal masses can easily be de-
picted with CT; it is usually reactive in nature
and resolves after chemotherapy. Lymphomatous
pericardial effusion with high FDG uptake has
also been described (57).

Lymphoma of the Thymus

In Hodgkin disease, thymic involvement does not
alter disease staging, since the thymus is consid-
ered to be a “nodal organ.” Thymic enlargement
is common in patients with Hodgkin disease and
is most often attributed to thymic hyperplasia,

a benign, usually moderately FDG-avid condi-
tion that appears during or after chemotherapy
and can be observed in children, young adults,
and even 40-year-old patients (58). Thymic hy-
perplasia must be considered when evaluating
FDG-avid anterior mediastinal lesions in patients
treated for lymphoma, since this entity may be
mistaken for disease recurrence. Thymic FDG
uptake can be seen in up to 23% of patients
with lymphoma (58). Thymic hyperplasia can
demonstrate variable FDG avidity, depending
on the time interval between chemotherapy and
imaging. High thymic FDG avidity in lymphoma
patients who have completed chemotherapy may
decrease or disappear at repeat imaging per-
formed several weeks later. Active disease in an
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Figure 9. Burkitt lymphoma in a 20-year-old woman. (a, b) Pretreatment axial (a) and
coronal (b) fused PET/CT images show multiple foci of abnormal FDG accumulation in
both breasts (arrowheads). (¢, d) End-of-treatment axial (c¢) and coronal (d) fused PET/
CT images show resolution of the foci of abnormal FDG uptake.

FDG-avid mediastinal mass cannot be entirely
excluded (Fig 8); however, the time pattern of
appearance, along with evidence or absence of
disease at other sites, can be helpful. In uncertain
cases, biopsy of the lesion is indicated.

Lymphoma of the Breast

Primary extranodal NHL in the breast is very
rare, representing 0.5% of all breast malignan-
cies. Bilateral primary breast lymphoma typically
affects younger women and is associated with
Burkitt lymphoma (Fig 9). Unilateral primary
breast lymphoma manifests clinically like breast
carcinoma, affects older women, and typically has
B-cell histologic features. Secondary breast lym-
phomatous involvement in a patient with diffuse
NHL is more common. Few case reports have
described the FDG findings in extranodal lym-
phoma of the breast. Breast lymphomatous in-
volvement is characterized by increased FDG up-
take and may manifest as diffuse increased FDG
accumulation in both breasts (mammographic
and ultrasonographic [US] findings can be nega-
tive) (59); unilateral, ring-shaped FDG uptake in
the breast tissues (60); or intense, round, homo-
geneous activity in a breast mass (61). FDG PET

can be very useful in female patients with sus-
pected lymphoma and dense breast tissues, since
extranodal breast involvement may be missed at
CT and mammography (62).

Lymphoma of the Bone

Primary lymphoma of the bone accounts for less
than 5% of all bone malignancies. A lesion origi-
nating solely from the bone is considered a stage
I NHL, whereas a lesion associated with disease
at other sites is considered stage IV, with an en-
tirely different prognosis. The most common os-
seous lymphoma, whether primary or secondary,
is diffuse large B-cell lymphoma. Primary osseous
NHL lymphoma arises from the appendicular
skeleton or from flat bones of the axial skeleton,
whereas secondary osseous disease usually in-
volves the axial skeleton (skull, spine, ribs, and
pelvis) (Fig 10). Primary Hodgkin disease of the
bone is very rare, whereas secondary osseous
involvement is found in 10%-25% of patients
with Hodgkin disease (Fig 11) (33). The imaging
features of osseous lymphoma at conventional ra-
diography, CT, and MR imaging are nonspecific,
usually reflecting an aggressive pattern of bone
destruction. Identifying osteoblastic or metabolic
activity can be more helpful in determining the
nature of bone disease. FDG PET has proved to
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a.

Figure 10. Primary diffuse large B-cell lymphoma of the rib in a 19-year-
old male athlete who presented with posttraumatic chest wall pain after
falling while playing soccer. Chest radiography showed a destructive left rib
lesion. Axial (a) and sagittal (b) fused PET/CT images show intense FDG
accumulation along a destructive mass of the left 10th rib (arrow). Biopsy
results were compatible with diffuse large B-cell lymphoma.
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Figure 11. Nodular sclerosis
type Hodgkin disease (stage
1V). (a, b) Axial (a) and sagit-
tal (b) fused PET/CT images
show an uncommon focus of
intense FDG@G activity in the
clivus (arrow), a finding that is
consistent with lymphomatous
involvement. (¢, d) Axial (c)
and coronal (d) fused PET/
CT images show a destructive
mass arising from the right
iliac crest and containing mul-
tifocal areas of high FDG ac-
cumulation (arrowheads).

be more specific and sensitive than conventional high-grade NHL, and 5%—14% of those with
bone scintigraphy in identifying osseous involve- Hodgkin disease (33,64). Evaluation of bone

ment by malignant lymphoma (63).

marrow involvement is essential in the manage-

ment of NHL and Hodgkin disease (Fig 12).

Lymphoma of the Bone Marrow

Bone marrow biopsy is considered the standard

Bone marrow disease is present at the time of of reference for detecting bone marrow disease

diagnosis in approximately 50%-80% of patients
with low-grade NHL, 25%—-40% of those with
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Figure 12. Nodular sclerosis type Hodg-
kin disease. Sagittal fused PET/CT image

shows focal areas of abnormal FDG accu-
mulation in vertebral bodies (arrows) and

the sternum (arrowhead), findings that are
consistent with bone marrow involvement.
The diagnosis was confirmed at bone mar-

row biopsy.

but can be limited due to technical issues or dif-
ferent patterns of bone marrow involvement at
presentation. MR imaging can be very sensitive in
detecting bone marrow involvement but is usually
time consuming, anatomically limited, and not
cost effective (33). FDG PET has been shown to
be highly sensitive in the early detection of bone
marrow disease (17,65). Whole-body FDG PET
has additional value relative to bone marrow bi-
opsy in detecting bone marrow disease and can
also be used to guide biopsy (22,66).

Two different patterns of bone marrow in-
volvement have been reported (64):

1. Diffuse bone marrow disease, in which all of
the bone marrow demonstrates increased abnor-
mal FDG accumulation. This pattern can easily
be confused with increased FDG uptake due to
colony-stimulating factors, anemia, erythropoi-
etin administration, or B-thalassemia.

2. Focal mono- or polyostotic bone mar-
row disease, in which FDG PET shows foci of
increased uptake outside the dorsal iliac crest
biopsy site, which could result in negative bone
marrow biopsy results. In this setting, there is a
high probability of bone marrow involvement,
and a subsequent bone marrow biopsy should be
guided appropriately. FDG PET is a complement
to, not a substitute for, biopsy in evaluating bone
marrow disease (64). However, FDG PET can
improve diagnosis and staging and may be used

radiographics.rsna.org

Figure 13. Primary cutaneousT-
cell lymphoma. Axial fused PET/CT
image shows two foci of abnormally
high FDG uptake, in a thickened
portion of the skin in the middle
aspect of the right thigh (arrow) and
in a small intradermal lymph node
(arrowhead). T-cell lymphoma is the
most common histologic type of pri-
mary cutaneous lymphoma and can
be confined to the skin or spread to
extracutaneous organs such as the
lymph nodes. PET/CT is an impor-
tant tool for detecting extracutaneous
sites and documenting disease extent.

to direct biopsy to foci outside the routine iliac
bone marrow sampling sites (64).

Cutaneous Lymphoma

Cutaneous lymphomas may manifest either as
primary tumors or as secondary to disseminated
disease. Primary cutaneous lymphoma is the
second most prominent group of NHLs (67),
whereas primary or secondary skin involvement
is very rare in patients with Hodgkin disease. Al-
most 65% of primary cutaneous lymphomas are
T-cell lymphomas (Fig 13), with the remainder
being B-cell lymphomas. About 25% of primary
cutaneous lymphomas demonstrate extracutane-
ous involvement at the time of diagnosis. The
presence of extracutaneous disease in primary
cutaneous lymphoma is important in treatment
planning and in predicting prognosis at initial
staging and posttherapy restaging. Cutaneous
lymphoma is a heterogeneous group of diseases.
It has many subtypes with variable clinical behav-
ior, prognosis, and FDG avidity (68). FDG PET/
CT can provide good metabolic and anatomic
information concerning a variety of cutaneous
T-cell lymphomas and may be useful in staging
and in monitoring response to therapy (Fig 14)
(69). In a study of patients with various subtypes
of peripheral T-cell lymphoma, the sensitivity and
specificity of FDG PET in detecting nodal and
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a.

Figure 14. Large cell lymphoma in an immunocompromised patient. Axial fused PET/CT
images obtained before (a) and 6 weeks after (b) EPOCH (etoposide, prednisone, vincris-
tine, cyclophosphamide, and doxorubicin) chemotherapy show interval worsening of a right

gluteal subcutaneous soft-tissue mass with an increase in FDG uptake (arrow).

Figure 15. Muscular involvement by lymphoma. (a) Lymphocyte predominance
type Hodgkin disease. Axial fused PET/CT image shows a focus of mild FDG ac-
cumulation in the lateral aspect of the left latissimus dorsi muscle (arrow), a find-
ing that was suspicious for lymphoma. Biopsy results confirmed lymphomatous
involvement of the muscle. (b) Primary T-cell lymphoma. Axial fused PET/CT
image shows a large focus of abnormal FDG accumulation in the muscles of the
posterior compartment of the right thigh (arrow) and a second focus in the lateral
compartment (white arrowhead). Bone marrow involvement is also noted (black
arrowhead). Biopsy results confirmed lymphomatous involvement of the muscles.

noncutaneous extranodal systemic disease were
95% and 100%, respectively (70). In the same
study, the sensitivity for detecting involvement at
cutaneous sites in patients with early-stage (1A)
peripheral T-cell lymphoma was very poor. This
finding could be related to the small volume and
early stage of the tumor. FDG PET may also be
useful in detecting metastatic cutaneous anaplas-
tic large cell lymphoma (71) and has proved to be
more accurate than CT in detecting distant me-
tastases from primary cutaneous lymphoma (68).

Lymphoma of the Muscle

Primary skeletal muscle lymphoma is very rare,
accounting for approximately 0.3% of cases of
Hodgkin disease and 1.5% of NHLs. In a 15-year
series, only eight patients had primary skeletal
muscle NHL, three of whom had no nodal or

adjacent bone involvement (72). Primary lym-
phoma of the muscle has been associated with a
poor prognosis and usually has diffuse large cell
histologic features. However, the majority of cases
of lymphomatous involvement of the muscle
develop secondarily by means of hematogenous
dissemination from nodal disease. Again, FDG
PET is very useful in depicting lymphomatous
muscle involvement and can also assist in making
the correct diagnosis by guiding the radiologist
to an FDG-avid biopsy site (Fig 15). A single
asymmetric focus or multiple foci of abnormally
increased FDG accumulation in a given muscle
should raise suspicion for lymphomatous involve-
ment, even though the muscles can accumulate
variable degrees of FDG in a physiologic state.
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Figure 16. Splenic involvement by NHL. (a) Axial CT scan shows small retrocrural
nodes (arrowheads) and a normal-sized spleen (arrow), findings that were not suspicious for
lymphomatous involvement according to CT criteria. (b) Axial fused PET/CT image shows
increased FDG@G activity in the spleen (arrow) and nodes (arrowheads). Note the absence of
bone marrow activation. These findings are consistent with lymphoma and were confirmed
at splenectomy.

Lymphoma of the Adrenal Glands

Up to 25% of patients with NHL will develop
secondary involvement of the adrenal gland
(33). Primary adrenal lymphoma is a very

rare extranodal lymphoma, with only 70 cases
having been reported in the English medical
literature (73). Bilateral adrenal involvement
was seen in 56 of these cases, with the most
common histologic subtype being diffuse large
B-cell lymphoma (73). The standard procedure
for diagnosis is percutaneous biopsy, although
findings at CT, MR imaging, and US may sug-
gest involvement. FDG PET was performed for
staging in a patient with biopsy-proved bilateral
adrenal B-cell lymphoma and showed bilateral

increased adrenal uptake, whereas the remainder

of the study was negative (73). Findings at post-
therapy follow-up FDG PET were also negative.
Thus, the authors suggested that FDG PET
may be a valuable noninvasive imaging method
for diagnosis, staging, and treatment response
evaluation in primary adrenal lymphoma.

Lymphoma of the Spleen and Liver

The spleen is considered an extranodal region
in NHL and appears to be affected in 20% of
patients. The most common histologic subtype
is large cell lymphoma. In Hodgkin disease,
the spleen is referred to as a nodal organ and is
involved in 30%—40% of cases at presentation.

Primary splenic lymphoma is rare and has the
histologic features of NHL in most cases. Organ
size should not be used to assess splenic involve-
ment in patients with lymphoma, since the spleen
can be normal in size despite tumor infiltration,
or may be enlarged without neoplastic involve-
ment (33). The superiority of PET/CT over CT
in detecting extranodal lymphoma in the spleen
and liver remains uncontested (74,75). FDG
PET/CT has an accuracy of almost 100% in
diagnosing primary splenic involvement during
initial staging, whereas CT alone has an overall
accuracy of 57% (76). However, in the postther-
apy setting, the evaluation of secondary splenic
involvement is limited in some cases due to splenic
activation. At FDG PET/CT, the patterns of
splenic activity that help differentiate involve-
ment from posttherapy splenic activation include
(a) diffusely increased FDG uptake greater than
that in the liver and bone marrow, and () mul-
tiple areas of intense radiotracer accumulation
with or without corresponding CT lesions (Fig
16). FDG-avid splenic lesions may require biopsy
or splenectomy to confirm results.

Primary lymphoma of the liver is very rare,
accounting for only 0.016% of all cases of NHL
and even fewer cases of Hodgkin disease. The
predominant histologic subtype is diffuse large
B-cell lymphoma (77). Secondary hepatic in-
volvement in lymphoma is more common and
manifests at cross-sectional imaging as small
lesions rather than large masses, along with con-
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Figure 17. Nodular sclerosis type
Hodgkin disease. Axial fused PET/CT
image shows multiple foci of abnormal
FDG uptake in the liver and spleen (ar-
rows), findings that are consistent with
lymphomatous involvement. Secondary
hepatic involvement is usually accompa-
nied by splenic disease.

Figure 18. Diffuse large B-cell lymphoma of the esophagus. Axial (a) and coronal (b)
fused PET/CT images show a large focus of FDG accumulation in an intraluminal esopha-
geal mass (arrow) and a smaller focus in the left hilar nodes (arrowhead in b). Primary
esophageal lymphoma is rare and is commonly mistaken for esophageal carcinoma. Biopsy
provides the final diagnosis.

glomerates of lymph nodes in the porta hepatis
and retroperitoneum (78). At PET/CT, it mani-
fests as patchy foci of FDG uptake originating
in the portal areas, with higher SUVs than those
of the surrounding parenchyma. In most cases
of secondary hepatic involvement, the spleen is
also infiltrated by lymphoma (Fig 17). In con-
trast, hepatic metastases from solid tumors usu-
ally appear as large and heterogeneous masses
with no splenic involvement.

Lymphoma of the

Gastrointestinal Tract

Hodgkin disease rarely involves the organs of
the gastrointestinal tract; when there is involve-
ment, however, only a single site is affected, and
the patient usually has a poor prognosis (79).
On the other hand, lymphomatous involvement
of the gastrointestinal tract occurs in up to
10%—-30% of all patients with NHL. The most

commonly involved organs (in decreasing order
of frequency) are the stomach, small bowel,
large bowel, and esophagus.

Lymphoma of the Esophagus.—Primary Hodg-
kin disease and NHL of the esophagus are
extremely rare (79). Most cases of esophageal
involvement are secondary and arise by exten-
sion from pathologic mediastinal lymph nodes
(80). Again, the most common subtype of NHL
involving the esophagus is diffuse large B-cell
lymphoma. At FDG PET/CT, lymphoma of
the esophagus manifests as circumferential
thickening of the esophageal wall with diffusely
increased FDG uptake (Fig 18). The most im-
portant possibility in the differential diagnosis
is carcinoma of the esophagus, which can be ex-
cluded only with biopsy.
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Figure 19. MALT of the stomach. Axial
fused PET/CT image shows a circumferential
focus of FDG accumulation in the stomach
(arrowheads) and diffuse bone marrow ac-
tivity (arrow). Diffuse FDG activity in the
stomach has a broad differential diagnosis,
including physiologic uptake, gastritis, and

primary gastric carcinoma. Biopsy is neces-

sary to confirm the diagnosis.

Lymphoma of the Stomach.—As mentioned
earlier, the stomach is the most common site of
gastrointestinal tract lymphoma (~50% of cases).
However, gastric lymphoma is much less com-
mon than gastric adenocarcinoma or gastrointes-
tinal stromal tumor, accounting for only 3%-5%
of all primary gastric malignancies. Primary
gastric lymphoma is rare in Hodgkin disease and
occurs 10 times less frequently than in NHL. The
most common histologic subtypes are Helicobacter
pylori—associated low-grade MALT lymphoma
(50%—-70% of cases) and high-grade diffuse large
B-cell lymphoma. Secondary gastric involvement
is more common. At PET/CT, the FDG uptake
pattern in gastric lymphoma is variable, is usually
diffuse, and can involve all portions of the stom-
ach with no predilection for any one site (Fig
19). The uptake is higher than liver uptake in the
majority of cases, with maximum SUVs in FDG-
avid primary gastric lymphoma as high as 15
(x11) (81). The most common diagnoses in the
differential diagnosis of gastric FDG uptake are
normal physiologic activity, gastritis, and gastric
adenocarcinoma.

It should be understood that in patients with
primary gastric lymphoma, regional or distant
lymph nodes as well as other extranodal sites
(eg, lungs, liver, splenic subcutaneous nodes, and
bone) can be affected. Extragastric involvement
is found in 61% of cases of primary gastric lym-
phoma, mostly with a diffuse large B-cell histo-
logic subtype (81). Regional nodal stations (peri-
gastric, mesenteric, and retroperitoneal lymph
nodes) are involved in 47% of cases, whereas dis-
tant nodal sites (supraclavicular, infraclavicular,

mediastinal, pelvic, and inguinal lymph nodes)
are found in 10% of cases (81). The capacity of
PET/CT to help detect extragastric sites of in-
volvement may represent a good indication for
its use in initial staging, even when the histologic
subtype is indolent, as in MALT lymphoma.

Lymphoma of the Small Bowel.—In the small
bowel, Hodgkin disease and NHL are usually
the result of direct extension from involved
mesenteric lymph nodes. Among the organs of
the gastrointestinal tract, the small bowel is the
second most commonly affected by NHL (after
the stomach), with the distal ileum being the
most frequently affected area (82). Mantle cell
lymphoma appears to be the predominant histo-
logic subtype in small bowel involvement (83). A
classic feature of NHL involvement of the small
bowel is the lack of desmoplastic reaction, thus
making intestinal obstruction unlikely. At FDG
PET/CT, this feature can manifest as multiple
foci of intense radiotracer activity arranged in a
curvilinear pattern that corresponds to the ap-
pearance and location of small bowel loops in
the abdomen. The pitfalls of evaluating possible
lymphomatous involvement of the small intes-
tine include normal peristaltic activity, normal
gastrointestinal lymphoid tissue, and granu-
lomatous or inflammatory conditions (eg, Crohn
disease, tuberculosis).

Lymphoma of the Large Bowel.—In a study of
gastrointestinal tract lymphoma by Phongkit-
karun et al (84), large bowel involvement was
discovered in up to 36% of cases, with the colon
and rectum being the most commonly affected
sites. FDG PET shows a characteristic pattern
of uptake consisting of focal, nodular, or diffuse
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hypermetabolic activity (especially compared
with background activity in high-grade lympho-
mas) (Fig 20). The limitations of FDG PET/CT
for large bowel evaluation are similar to those for
small bowel evaluation, but pitfalls include other
common FDG-avid benign lesions such as hem-
orrhoids and diverticulitis.

The vermiform appendix can be affected by
NHL on rare occasions, with a prevalence as low
as 0.015% in appendectomy specimens (85). The
most common histologic subtypes are Burkitt lym-
phoma (in children) and large B-cell lymphomas
(in adults). FDG PET/CT can demonstrate ab-
normal intense radiotracer uptake in the region of
the vermiform appendix.

Lymphoma of the Pancreas

Pancreatic involvement in Hodgkin disease is ex-
tremely rare, and almost all cases are secondary
to contiguous lymph node disease due to the ab-
sence of a pancreatic capsule (33). The pancreas
is involved in 0.6% of cases of gastrointestinal
tract NHL (86). In a study of 1212 patients with
NHL, only five (0.4%) had primary pancreatic
lymphoma (87). Regarding sites of recurrence in
NHL, one study demonstrated that the pancreas
was affected in only five of 400 patients (1.25%)
(88).The characteristic imaging pattern at FDG
PET/CT is focal or diffuse increased uptake in
the pancreatic tissue. A circumscribed mass or
diffuse enlargement can be seen at the nondiag-
nostic CT portion of the study. When lymphoma
diffusely infiltrates the pancreas, the imaging
appearance can be mistaken for pancreatitis.
The differential diagnosis also includes adeno-
carcinoma of the pancreas, which in some cases
will manifest as atrophy of the gland distal to the
tumor. Again, the final diagnosis can be made
only at biopsy.
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Figure 20. Recurrent mantle cell lymphoma
involving the colon. Axial fused PET/CT im-
age shows a focus of abnormal FDG uptake
in the ascending colon at the hepatic flexure
(arrow) and in multiple subcentimeter mes-
enteric lymph nodes (arrowheads). Secondary
colonic involvement should be suspected if
adjacent pathologic mesenteric nodes are pres-
ent. Findings at colonoscopy-guided biopsy
confirmed the diagnosis of lymphomatous
involvement.

Lymphoma of the Peritoneum

Peritoneal lymphomatosis is a rare clinical presen-
tation that is often associated with high-grade pri-
mary gastrointestinal NHL. It can manifest as dis-
crete nodules, a large infiltrative mass, or ascites.
At PET/CT, ascites in peritoneal lymphomatosis
has high attenuation due to its increased proteina-
ceous content, mildly diffuse FDG activity, and,
possibly, higher uptake in the discrete peritoneal
nodules. An additional imaging feature is the large
stellate appearance of the mesentery caused by dif-
fuse lymphomatous infiltrative masses in the peri-
toneum, which fixates the small bowel loops.

A frequently occurring pathologic condition
in the differential diagnosis is tuberculous peri-
tonitis, which can produce FDG-avid loculated
high-attenuation ascites, making it quite difficult
to distinguish from peritoneal lymphomatosis.

Lymphoma of the Kidneys

Renal lymphoma is most commonly seen in ag-
gressive forms of NHL such as intermediate and
high-grade B-cell lymphomas. Burkitt lymphoma
is the predominant subtype. Because FDG is ex-
creted by the kidneys, a number of false-positive
and false-negative PET interpretations can occur
in patients with lymphoma. At fused FDG PET/
CT, renal involvement in NHL can appear as mul-
tiple focal areas of increased uptake in the renal
cortex with or without corresponding lesions on
nondiagnostic CT scans, together with abnormally
increased uptake in bulky coalescent lymph nodes
(Fig 21). PET/CT should always be followed with
US-guided percutaneous biopsy if a confirmed di-
agnosis is required. Other possible explanations for
the FDG uptake in the kidneys are normal renal
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Figure 21.

b.

Grade 1 follicular lymphoma. (a) Axial fused PET/CT image shows abnormal

FDG uptake in the posterior aspect of the inferior pole of the right kidney (arrow) and in
a large mesenteric mass (arrowheads). (b) Coronal fused PET/CT image shows foci of ab-
normal FDG uptake in the spleen (arrowheads) and right kidney (arrow). The asymmetry
of the right renal finding was suggestive of lymphomatous involvement, which was con-

firmed at biopsy.

a.

b.

Figure 22. Diffuse large B-cell lymphoma with right testicular involvement. Axial fused
PET/CT images acquired before (a) and 6 weeks after (b) R-CHOP (rituximab, cyclophos-
phamide, vincristine, doxorubicin, and prednisone) chemotherapy show interval resolution
of a focus of abnormal FDG uptake in the right testicle (arrow in a).

cortical activity, renal cell carcinoma, transitional
cell carcinoma, and pyelonephritis.

Lymphoma of the Genital Organs
Of the female genital organs, the adnexa is the
most commonly involved by NHL, followed by
the uterine body and cervix and, less commonly,
the vulva and vagina. The most frequently seen
histologic subtype is diffuse large B-cell lym-
phoma (45% of cases), mainly centroblastic type,
followed by Burkitt lymphoma (19%). At FDG
PET/CT, lymphomatous involvement may appear
as multifocal abnormally increased uptake in the
adnexa and uterus. However, physiologic asym-
metric uptake may also be seen in the ovaries and
endometrium during menstruation, which can
lead to false-positive interpretation.

Primary testicular lymphoma is a rare entity,
representing 5% of all testicular tumors and less
than 2% of all NHLs. In men over 60 years of

age, it is the most common type of testicular tu-
mor. Testicular lymphoma is a highly aggressive
disease with a high rate of relapse in the CNS
(both meningeal and parenchymal) and in other
organs such as the contralateral testicle, skin, and
Waldeyer ring, with an overall 5-year survival rate
ranging from 16% to 50% (89). Secondary testic-
ular involvement is also a rare phenomenon and
is usually seen in patients with extensive disease.
Most cases of testicular lymphoma have diffuse
large B-cell histologic features, and the diagnosis
is commonly made with orchiectomy, which is
also therapeutic, providing local tumor control.
At FDG PET/CT, testicular lymphoma appears
as a focus of abnormally increased asymmetric
uptake in the affected testicle (Fig 22). Inguinal
and retroperitoneal lymph nodes, particularly at
the level of the renal hilum, can also demonstrate
abnormal FDG accumulation. A common pitfall
is physiologic FDG accumulation in the testes;
this accumulation can vary significantly and may
also be asymmetric.
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Conclusions
The prevalence of lymphoma is increasing, so that
more extranodal forms are being seen in routine
clinical practice. As discussed in this article, PET/
CT has become the technique of choice for stag-
ing and follow-up in patients with extranodal
involvement in Hodgkin disease and in most
cases of NHL. At any stage during the course of
the disease, the potential presence of extranodal
involvement should be considered when inter-
preting FDG PET/CT studies. Awareness of the
increasing frequency of the appearance of unusual
single extranodal sites of involvement in NHL and
Hodgkin disease is important, since their presence
may change treatment strategy and overall prog-
nosis. Although extranodal lymphomatous involve-
ment may be suspected at PET/CT, the diagnosis
can be confirmed only with biopsy. Finally, ad-
herence to a standardized PET/CT protocol and
correct timing of end-of-treatment scanning are
essential for adequate diagnostic accuracy.
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The current revised response criteria suggest the following indications for PET in lymphoma:

1. PET is routinely recommended for the staging of patients with FDG-avid, potentially curable
lymphomas (eg, diffuse large B-cell ymphoma and Hodgkin disease) to more accurately delineate
disease extent.

2. PET is not routinely recommended prior to treatment for incurable, non-FDG-avid or indolent
histologic subtypes (eg, grade 1 follicular lymphoma and mantle cell lymphoma) or for most
lymphomas with variable FDG activity, unless the medical oncologist is seeking to assess response to
chemotherapy regimens or newer experimental drugs.

3. Midtreatment PET should be performed only as a part of clinical trials.
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The intensity of FDG uptake in lymphoma is determined by many factors, including histologic
features (Hodgkin disease versus NHL), grade (indolent versus aggressive NHL), viable tumor cell
fraction, tumor cell proliferation, upregulation of glucose metabolism, salvage pathways and tumor-
specific pathways, local perfusion (which determines substrate delivery to the cancer cell), and the
presence of hypoxia. Because FDG uptake is a multifactorial process, it should not be surprising that
there is (sometimes considerable) heterogeneity between lesions of the same histologic subtype and
overlap between tumor grades.

Page 274

In those rare instances in which correct metabolic-anatomic correlation remains difficult,
misinterpretation as nodal and extranodal uptake may persist, leading to false-positive results. In such
cases, brown fat uptake can be misidentified as adjacent soft-issue, thymic, lung, or muscular
involvement by lymphoma. The presence of brown fat can also decrease tumor uptake by decreasing
the pool of FDG available for the tumor tissues.
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The recommended timing for performing end-of-therapy PET varies with the treatment modality.
Posttherapy PET should be performed at least 4-6 weeks after surgery or chemotherapy and 8-12
weeks after external beam radiation therapy or radioimmunotherapy.

Page 284

FDG PET/CT has an accuracy of almost 100% in diagnosing primary splenic involvement during
initial staging, whereas CT alone has an overall accuracy of 57%. However, in the posttherapy setting,
the evaluation of secondary splenic involvement is limited in some cases due to splenic activation. At
FDG PET/CT, the patterns of splenic activity that help differentiate involvement from posttherapy
splenic activation include (a) diffusely increased FDG uptake greater than that in the liver and bone
marrow, and (b) multiple areas of intense radiotracer accumulation with or without corresponding
CT lesions.



