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Abstract

Diffuse lymphadenopathy has a long differential diagnosis that includes both malignant and
benign causes. As part of the lymphadenopathy work-up, many patients undergo ['®F]JFDG-PET/
CT for purposes of ruling out malignancy. FDG-avid lymph nodes, however, are not specific for
malignancy. This review will illustrate the spectrum of nodal findings on FDG-PET/CT with
correlation to other cross-sectional imaging and clinical history in patients with representative
infectious, inflammatory, and benign lymphoproliferative disorders. These findings are important
for the nuclear medicine radiologist to understand, as they can represent common pitfalls in the
work-up of lymphadenopathy. While FDG-PET/CT may be limited in ascertaining a definitive
diagnosis in a disease process as the cause of lymphadenopathy, it can help to narrow this
differential and rule out certain diseases in the correct clinical context.
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Introduction

Lymphadenopathy represents an abnormality in nodal size,
number, shape, and/or signal on imaging and is characterized as
localized or diffuse. Diffuse lymphadenopathy is a common, non-
specific imaging finding, which has an extensive differential
diagnosis that includes malignant and benign etiologies. As part of
the work-up, many patients undergo 2-deoxy-2-['*F]fluoro-p-
glucose (['®*F]JFDG) positive emission tomography/computed
tomography (PET/CT), mainly for ruling out malignancy. FDG-
avid lymph nodes, however, are not specific for malignancy.
Inflammatory cells avidly take up FDG when undergoing the
energy-dependent process of activation. To meet this
energy—and thus glucose—demand, inflammatory cells increase
their expression of cell-surface glucose transporters, such as
GLUT]I, and key glycolytic enzymes like hexokinase (Fig. 1).
PET/CT exploits these metabolic changes to image inflammatory/
infectious disorders in which there is abnormal accumulation of
hypermetabolic inflammatory cells.
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Due to its lack of specificity, FDG-PET/CT cannot
definitively rule in a disease process as a cause of diffuse
lymphadenopathy. However, it can be used in conjunction
with other cross-sectional imaging, clinical history, and
epidemiology to narrow this differential diagnosis. This
review will illustrate the wide spectrum of findings in
patients who exhibit nodal uptake on FDG-PET/CT. Select
infectious, inflammatory, and benign lymphoproliferative
etiologies will be discussed (Table 1).

Infectious Etiologies
HIV

Human immunodeficiency virus (HIV) is a lentivirus that
causes progressive immunodeficiency through the gradual
destruction of CD4" T-lymphocytes, resulting in the devel-
opment of opportunistic infections, malignancies, and other
complications. Currently, in the USA, there are 16,350
yearly deaths from AIDS-related illnesses [1, 2].
Lymphadenopathy is one of the more common manifes-
tations of HIV and can occur as a direct effect of HIV itself
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Energy-dependent process of inflammatory cell activation. With activation, inflammatory cells increase their expression

of cell surface glucose transporters, such as GLUT1, and key glycolytic enzymes, particularly hexokinase, altogether allowing
for increased glucose uptake and utilization. Similarly, ['®F]FDG, a radiolabeled glucose analog, is taken up by and trapped
within activated inflammatory cells at higher rates, which PET/CT exploits in imaging inflammatory disorders.

or secondarily from opportunistic infections and/or HIV-
related malignancies. In tuberculosis-endemic regions, my-
cobacterial infections are the most frequent cause whereas
reactive lymphadenopathy is more common in non-endemic
regions [3]. Reactive HIV adenopathy—or persistent gener-
alized lymphadenopathy (PGL)—is the result of a series of
nodal histologic changes that the virus induces, character-
ized by concurrent reactive follicular hyperplasia and lysis
early on with subsequent follicular regression and finally
lymphocyte depletion [4]. PGL is seen in up to 50-70 % of
HIV patients [5]. Lymph nodes are typically symmetric and
painless and most commonly involve cervical, submandib-
ular, and axillary chains. Mesenteric, retroperitoneal, and
inguinal lymph nodes may be involved as well. Significant
hilar and/or mediastinal lymphadenopathy is rare [5].

PGL does not have a characteristic imaging appearance.
Lymph nodes are discrete, homogeneous, and less than 1.5 cm
in size. Calcifications, perinodal infiltration, and nodal necrosis
are uncharacteristic. Lymph nodes appear isodense to muscle
on non-contrast CT and homogeneously enhance with contrast
(Fig. 2a). On MR, they are T1-hypointense, T2-hyperintense,
and similarly enhance to those on CT.

PGL is FDG-avid on PET/CT as a by-product of the
energy-dependent process of lymphocyte activation in
HIV infection (Fig. 2b, c¢) [6]. Lymph node activation

Table 1. Selected benign clinical disorders in the differential diagnosis of
diffuse lymphadenopathy

1. Infectious etiologies
a. HIV
b. Histoplasmosis
2. Inflammatory diseases
a. Granulomatous Diseases
i. Sarcoidosis
b. Autoimmune Diseases
i. Systemic Lupus Erythematosus
3. Benign lymphoproliferative diseases
a. Rosai-Dorfman Disease
b. Castleman’s Disease

occurs in a predictable anatomic sequence in HIV
patients, seen as a progressive craniocaudal pattern of
FDG uptake in affected lymph nodes [7, 8]. Increasing
viremia and lower CD4 counts correlate with more
widespread lymphadenopathy and advancement in this
nodal spread from the upper to lower torso [7, 9]. In this
capacity, FDG-PET/CT serves as a marker for current
HIV activity and disease burden. This pattern, however,
has only been confirmed in antiretroviral (ART)-naive
patients [7, 9].

The degree of FDG uptake on PET/CT in HIV-reactive
lymph nodes is directly related to viral load and inversely
proportional to CD4 count [10]. One study cited a median
nodal maximum standardized uptake value (SUV ) of 3.7
for PGL in patients with undetectable viral loads compared
with 6.0 in those without viremia [11]. Consequently,
reliably differentiating reactive nodal uptake from other
causes of lymphadenopathy—most importantly,
malignancy—becomes quite limited in patients with higher
viremia, as there is a concomitant rise in the SUV,,,, of
reactive nodes [12]. This is problematic when one considers
the increased risk of malignancy associated with HIV
infection. Controlling a patient’s viremia prior to imaging
thus represents an important strategy in decreasing the
incidence of indeterminate findings on PET/CT.

Adding to the complexity of FDG-PET/CT interpreta-
tion in HIV patients is the possibility of immune
reconstitution inflammatory syndrome (IRIS), a tempo-
rary paradoxical clinical worsening of underlying malig-
nancy and/or opportunistic infection that occurs in 10—
20 % of HIV patients following ART initiation [13].
This clinical deterioration manifests on PET/CT as a
worsening of imaging findings, including increasing FDG
uptake [14]. Differentiation of IRIS from progression of
underlying pathology or development of malignancy is
difficult in the acute setting. Therefore, follow-up
imaging is crucial.
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Fig. 2. a Coronal CT abdomen/pelvis from an HIV patient demonstrates homogeneous, discrete retroperitoneal and porta
hepatis lymph nodes (arrowheads). Minimal stranding is noted surrounding the porta hepatis nodes. b MIP and axial images (c)
from a ['®F]FDG-PET/CT in a separate patient with HIV show mildly hypermetabolic nodes in the neck and pelvis (black, white
arrows). Additional activity is noted within lymphoid tissues. Focal activity within the bladder (B) represents urine.

Histoplasmosis

Histoplasmosis is a fungal disease caused by Histoplasma
capsulatum, which is endemic to the Ohio and Mississippi
River valleys and commonly found in soil contaminated
with bird and/or bat droppings. Histoplasmosis has a broad
array of clinicopathologic manifestations, broadly divided
into acute and chronic pulmonary disease and progressive
disseminated disease.

Infectious spores are inhaled and deposited within the
lungs, leading to acute primary pulmonary disease, which is
clinically significant in a small minority of patients. Alveolar
macrophages phagocytose the yeast cells, and these infected
cells then gain access to the reticuloendothelial system,
allowing them to spread to various organ systems via
hematogenous dissemination. In immunocompetent patients,
cell-mediated immunity is subsequently activated, and the
infection is well controlled via granuloma formation [15,

16]. Contrastingly, immunocompromised patients and those
at extremes of age are unable to control this fungemia and
can go on to develop progressive disseminated disease,
occurring in 1 in 2000 cases [15, 16].

Symptomatic patients with acute pulmonary histoplasmo-
sis present with a self-limiting respiratory infection. Ap-
proximately 5—10 % of patients exhibit rheumatologic and/or
dermatologic symptoms [15]. With progressive disseminated
disease, patients typically present with fever and malaise in
addition to weight loss, cough, hepatosplenomegaly, and
adrenal insufficiency [16].

Bulky, non-matted mediastinal and hilar lymphadenopa-
thy is common in acute primary pulmonary histoplasmosis
[17]. As the lymph nodes heal, they recede and typically
calcify. In contrast to acute pulmonary histoplasmosis,
lymphadenopathy is rare in chronic pulmonary disease and
infrequent in the disseminated form [16]. If present in the
latter, lymphadenopathy commonly involves mesenteric and
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retroperitoneal nodes. On CT, nodes are mildly enlarged and
typically homogenous, but occasionally show diffuse or
central low attenuation secondary to the presence of necrosis
(Fig. 3b). On MRI, lymph nodes are T1 hypointense and
generally T2 hyperintense, but may show peripheral low-T2
intensity signal.

Histoplasmosis lymphadenopathy is FDG-avid on PET/
CT secondary to macrophage activation. FDG-PET/CT use
in histoplasmosis has not been extensively researched with
very few studies specifically mentioning nodal uptake.
However, it is clear that quantitative parameters for FDG
uptake on PET/CT are not specific for histoplasmosis and
can share significant overlap with those for malignancy and
other inflammatory diseases [18, 19]. Additionally, FDG
nodal uptake tends to be equal to or greater than that within
ipsilateral lung nodules [20]. And while larger case studies
are needed, FDG-PET/CT may have some utility in the
assessment of treatment response and evaluation of a
patient’s pre-treatment total disease burden [21].

Extranodal findings in histoplasmosis are common. In
acute pulmonary histoplasmosis, pulmonary disease presents

as pulmonary nodules, which can occasionally cavitate or
demonstrate a surrounding groundglass halo (i.e., the halo
sign) [17]. Less commonly, it presents as a patchy airspace
consolidation. Calcifications are common as the infection
heals. Rarely, patients develop pericardial or pleural
effusions, which occur in younger patients and are
usually self-limited [17].

An uncommon but important complication of acute
pulmonary histoplasmosis is fibrosing mediastinitis. It is a
benign, progressive fibroinflammatory process that mani-
fests as an infiltrating mediastinal soft tissue mass usually
located within the middle mediastinum. It can result in the
distortion and compression of major vessels and central
airways and is a common cause of superior vena cava
syndrome [17]. On FDG-PET/CT, fibrosing mediastinitis
can show varying levels of FDG uptake, demonstrating
increased uptake in the more acute, active inflammatory
stage (Fig. 3a—c) [22] and little to no uptake in more
chronic disease [23]. This suggests a possible role for
FDG-PET/CT in assessing disease activity, which can
inform treatment decisions.

Fig. 3. Fifty-year-old female with a history of SLE complicated by end-stage renal disease secondary to lupus nephritis status
post kidney transplant on immunosuppressants was found to have histoplasmosis. a ['®F]FDG-PET/CT demonstrates mild
peripheral radiotracer uptake in a 7-cm hypodense lesion located within the anterior mediastinum (SUV o« of 3.9) (circled in a,
b, and c), compatible with acute fibrosing mediastinitis. Multiple collaterals in the right anterior chest wall (black arrow) are
noted on the axial chest CT (b) in the same patient secondary to the development of SVC syndrome. Slightly matted right
paratracheal nodes are visualized on the same image (white arrows) as is a small pleural effusion (*). ¢ Coronal ['®FJFDG-PET/
CT displays a mildly hypermetabolic, enlarged spleen and a slightly hypermetabolic pericardial effusion, a common finding in

younger histoplasmosis patients.
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Inflammatory Diseases
Granulomatous Diseases: Sarcoidosis

Sarcoidosis is a chronic idiopathic systemic disease charac-
terized by the presence of non-caseating granulomas. It has a
reported prevalence in the USA of approximately 60 per
100,000 adults and a predominance in women and African
Americans. Patients are often asymptomatic but can exhibit
non-specific respiratory symptoms. Though not specific for
sarcoidosis, serum ACE levels are elevated in 60-80 % of
patients [24]. Patients occasionally exhibit hypercalcemia
and/or hypercalciuria [24].

Lymphadenopathy is the only imaging finding in 40—
50 % of patients. Bilateral symmetric hilar and right
paratracheal lymphadenopathy is seen in 95 % of cases
[24]. Other commonly involved nodes include left
paratracheal, subcarinal, subaortic, and prevascular stations
[25]. Unilateral hilar lymphadenopathy is the most common
atypical manifestation of sarcoidosis in patients older than
50 years old [24]. Abdominal lymphadenopathy is seen in
10-30 % of patients and commonly involves porta hepatis
and celiomesenteric nodes [26, 27].

On CT, lymph nodes exhibit homogenous enhancement
(60-80 HU), ovoid shapes, and sharp margins without
perinodal haziness or necrosis. Lymph nodes measure 1.0—
4.8 cm in diameter [25, 28]. Calcifications are present in
50 % of cases and are commonly punctate/nodular, popcorn-
or eggshell-like (Fig. 4a) [24, 25]. One study has argued for
the use of the “cluster of black pear]” (CBP) sign in the
identification of sarcoidosis, which is defined as 1-2 mm
round hypodense nodules distributed uniformly within
lymph nodes visualized on thin-slice CT. The CBP sign
was found to have a sensitivity of 83 % and specificity of
98 % in identifying sarcoidosis [28]. On MRI, lymph nodes
demonstrate increased T2 signal, mild contrast enhancement,
and no restricted diffusion on diffusion-weighted imaging
(DWI). Occasionally, lymph nodes may demonstrate a fine
T2-hypointense speckled appearance, proposed to be the
MR equivalent of the CBP sign [27].

Sarcoid lymphadenopathy and extranodal findings dem-
onstrate increased FDG uptake on PET/CT secondary to
granulocyte and macrophage activation [29]. On PET/CT,
symmetric and bilateral FDG uptake in hilar and mediastinal
lymph nodes is seen in up to 85 % of cases (Fig. 4b and c)
[30]. SUV,..x values significantly overlap those for other
granulomatous diseases and malignancies, limiting the value
of PET/CT in the diagnosis and screening for sarcoidosis.

While FDG-PET/CT is not the first-choice modality for
diagnosis, it may be useful for evaluation of disease extent, occult
disease, and treatment response in known sarcoidosis cases.
Multiple studies have shown an interval decrease in FDG uptake
in sarcoidosis lesions in patients who clinically appear to respond
to treatment [31]. FDG-PET/CT has shown utility in identifying
extra-thoracic disease, which was not expected or visible on other
imaging modalities. FDG-PET/CT can additionally identify

appropriate and easily accessible biopsy sites [29]. Although not
as well established, a few studies argue that FDG-PET/CT can
offer prognostic information on the risk of future relapse and
expected future changes in pulmonary function tests (PFTs) [32].

Pulmonary disease can occur with or without concomitant
lymphadenopathy and is classically characterized by bilat-
eral micronodules clustered in a perilymphatic distribution
with an upper to middle lobe predominance (Fig. 4d). These
nodules demonstrate moderate FDG uptake on PET/CT.
Severity of pulmonary involvement on CT and as assessed
by PFTs correlates well with FDG activity [31]. With long-
standing disease, irreversible pulmonary fibrosis occurs in
up to 25 % of cases [25, 33].

Osseous involvement occurs in 1-13 % of cases and is seen
in those with a more prolonged course [33]. The lesions may be
lytic or sclerotic and are FDG-avid (Fig. 4b and c) [26, 34].
Cardiac involvement occurs in 25 % of patients, most
commonly affecting the left ventricular myocardium [29, 33].
Active cardiac sarcoidosis can be evaluated by FDG-PET/CT
in patients who adhere to a high fat, high protein, and low
carbohydrate diet prior to scanning. Patchy focal and occa-
sionally diffuse FDG uptake is compatible with cardiac
sarcoidosis (Fig. 4e) [33]. This imaging modality is crucial in
the diagnosis and follow-up in patients with pacemakers/
AICD, as many are precluded from undergoing MRI exami-
nation. It additionally is important in evaluating treatment
response in sarcoidosis patients (Fig. 4e, f).

Lymphoma is an important consideration in the differen-
tial diagnosis, particularly given the increased incidence of
lymphoproliferative diseases in sarcoidosis patients [26].
FDG-PET/CT is unable to distinguish between lymphoma
and sarcoidosis based on SUV ., alone [35]. An additional
challenge in image interpretation is the occurrence of
sarcoid-like reactions in a minority of patients who have
known malignancies and/or receive immune checkpoint
inhibitors [36]. These patients can develop FDG-avid
mediastinal and hilar lymphadenopathy and/or pulmonary
disease that simulate sarcoidosis. There are no statistically
significant differences in imaging findings for sarcoidosis
and sarcoid-like reactions [35]. This reaction is important to
consider, as it can easily be mistaken for worsening
metastatic disease. In differentiating the two entities,
SUVnax alone is not useful [35]. However, a pattern of
symmetric, bilateral mediastinal, and hilar nodal uptake on
PET/CT can suggest sarcoid-like reaction over malignancy
[37]. Furthermore, sarcoid-like reaction lymph nodes are
typically larger, demonstrate an overall lower nodal volume,
and are more likely to occur in younger females compared
with malignancy [35].

Autoimmune Disorders: Systemic Lupus
Erythematosus

Systemic lupus erythematosus (SLE) is an idiopathic
autoimmune inflammatory disease. It is characterized by
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Fig. 4. a Coronal chest CT in a sarcoidosis patient shows multiple enlarged, discrete mediastinal and bilateral hilar lymph
nodes, some of which are peripherally calcified with an eggshell morphology (curved arrows). MIP (b) and axial (c) images from
a ["®FIFDG-PET/CT in a different sarcoidosis patient shows multiple hypermetabolic osseous lesions involving the humerus,
vertebral bodies, and pelvic bones (arrows). Mildly FDG-avid bilateral hilar and right paratracheal lymph nodes are additionally
shown. d Axial chest CT image demonstrates the typical parenchymal disease pattern, characterized by micronodules in a
peribronchovascular distribution (*) with an upper to mid lung predominance. Note the studding along the bilateral major
fissures (blue arrows) and subpleural lung. e In a separate sarcoidosis patient, a MIP image from a ['®F]JFDG-PET/CT
demonstrates increased uptake within the left ventricular wall following adherence to a fatty diet prior to scanning, compatible
with cardiac sarcoidosis. f Following successful treatment with corticosteroids, there is interval reduction/resolution of the left

ventricular wall activity.

the presence of autoreactive immune cells and autoanti-
bodies, which, in turn, results in immune complex forma-
tion, altogether leading to an immunologically mediated
multisystemic inflammatory reaction with vascular,
perivascular, and peripheral tissue damage and immune cell
infiltration, often combined with complement and immuno-
globulin deposition [38].

SLE predominately affects women of childbearing age and is
most prevalent in African Americans, American Indians, and
Alaska Natives [39]. Patients present with constitutional

symptoms and/or organ-specific involvement with mucocutane-
ous and musculoskeletal manifestations being the most common
[40]. Leukopenia and thrombocytopenia occur in 50 % of patients
[41]. Though non-specific, a positive anti-nuclear antibody
(ANA) test is seen in > 95 % of patients [41].

While not considered a diagnostic criterion, lymphadenopathy
is a common and non-specific feature of SLE, seen in 23-34 % of
patients with a female predominance [42]. Lymph nodes are
mildly enlarged, painless, and soft. SLE patients with lymphade-
nopathy have, on average, higher rates of constitutional
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symptoms, mucocutaneous involvement, hepatosplenomegaly,
anti-DNA titer levels, lower complement levels, and overall
higher disease activity levels [43]. Rarely, lymphadenopathy may
be the presenting feature of SLE.

Morphologic changes of lymph nodes in SLE are
extremely diverse with varying degrees of coagulative
necrosis and reactive follicular hyperplasia. Lymph node
distribution is typically generalized, but most commonly
involves cervical lymph nodes followed by axillary, mesen-
teric, inguinal, and rarely hilar nodes [44]. On imaging,
nodes are mildly enlarged, measuring 0.5-1.5 cm, but tend
to be smaller than those in rheumatoid arthritis [45]. Lymph
nodes are discrete, symmetric, and homogeneous
(Fig. 5a, b). Calcifications are rare and may suggest a
superimposed granulomatous disease.

FDG-PET/CT is a valuable tool for assessing disease
activity and distribution of lesions in SLE patients. Increased
['®FJFDG nodal uptake in SLE patients with active disease is
observed secondary to lymphocyte activation (Fig. 5a) [42, 43].
SUVs are reported in the range of 4-13 for benign lupus
lymphadenitis [46, 47]. Many of these patients demonstrate
concomitant diffuse mildly hypermetabolic bone marrow and
mild splenic uptake (Fig. 5a) [48]. On average, the degree of
splenic and bone marrow FDG uptake is significantly lower
than that seen in adult-onset Still’s disease [48].

Lymphoma is an important consideration in the evaluation
of lymphadenopathy in SLE patients, as not only is there a
significant overlap in their presentation, but also SLE patients
are at higher risk for developing non-Hodgkin’s lymphoma
(NHL). As benign lupus lymphadenitis has a large range for
SUVnax that overlaps that for malignancy, FDG-PET/CT

- - =
Fig. 5. a Sixty-three-year-old female with a history of SLE and rheumatoid arthritis has mildly hypermetabolic generalized
lymphadenopathy (black arrow) on ['®FJFDG-PET/CT MIP image. The spleen is mildly hypermetabolic. b On the CT correlate, a
small homogeneous peribronchial lymph node is visualized (white arrow) as are small bilateral pleural effusions (*). ¢ Axial brain
['®F]FDG-PET/CT displays diffusely decreased activity within the bilateral cerebral hemispheres, suggestive of neuropsychiatric
involvement of SLE.

cannot reliably differentiate the two using this parameter alone
[46]. Atypical locations, uncharacteristically large lymph
nodes, lymphadenopathy that is unresponsive to treatment,
and/or the development of lymphadenopathy in a patient with
otherwise well-controlled SLE may indicate coexistent lym-
phoma [43]. Infectious causes should be another consideration,
as many patients are immunosuppressed.

Concurrent extranodal findings are expected. While not
the most common extranodal finding, neuropsychiatric
involvement has a significant associated morbidity and
mortality and has been the most extensively studied in terms
of the role of FDG-PET/CT in SLE [49, 50]. FDG-PET/CT
is a sensitive tool in the detection of the hypo- and/or
hypermetabolic changes that can occur in patients with
active neuropsychiatric SLE (Fig. 5c) [49]. The parieto-
occipital region has been cited most commonly to show this
altered metabolism [50, 51]. These functional changes occur
earlier in the disease course than the structural ones that
would be visible on anatomic imaging studies [49]. Thus,
FDG-PET/CT allows for earlier detection of SLE neuropsy-
chiatric involvement and serves as a complementary modal-
ity when MRI is negative. These brain glucose abnormalities
tend to normalize following successful treatment, suggesting
a possible role in treatment monitoring [51].

Benign Lymphoproliferative Diseases
Rosai-Dorfman Disease

Rosai-Dorfman disease (RDD), also known as sinus
histiocytosis with massive lymphadenopathy, is a rare
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benign idiopathic lymphoproliferative disorder characterized
by benign histiocyte proliferation in nodal sinuses and
lymphatics within a background of mixed inflammatory
infiltrate [52]. RDD occurs in young adults with a mean age
of 21 years old and has a slight male predominance [53].

Patients present with enlarged, painless, bilateral cervical
lymphadenopathy (90-95 % of cases) accompanied with systemic
symptoms [53, 54]. Less commonly, in descending order, there is
involvement of axillary, mediastinal, inguinal, and retroperitoneal
lymph nodes, though they are typically smaller than the cervical
lymphadenopathy. Rarely, nodal involvement is unilateral.
Extranodal involvement—with or without concomitant
lymphadenopathy—is seen in 43 % of cases, most often affecting
the skin, sinonasal cavities, soft tissues, orbits, salivary glands, and
central nervous system [53, 55, 56]. Laboratory findings include
anemia, hypoalbuminemia, elevated ESR, and polyclonal
hypergammaglobulinemia [53]. RDD is usually self-limiting but
can be progressive and rarely fatal.

Bulky, conglomerate lymph nodes are typical. On CT, lymph
nodes enhance homogeneously but may occasionally demonstrate
central hypoattenuation [57]. Calcifications and perinodal infiltra-
tion are uncharacteristic. Paranasal sinus involvement usually
manifests as nodular mucosal thickening of involved sinuses. Sinus
involvement is typically bilateral and most commonly involves the
maxillary sinuses [58]. There may additionally be polypoid
sinonasal masses with occasional associated osseous erosions [59].

On MRI, lymph nodes appear homogenously T2 hyperin-
tense and T1 isointense with avid contrast enhancement
(Fig. 6a). Rarely, nodes exhibit central necrosis with peripheral
rim enhancement [57]. Areas of sinonasal involvement exhibit
a mildly T1 hyperintense signal with heterogeneous T2
intensity and marked homogeneous enhancement (Fig.
6b) [59]. Occasionally, sinonasal involvement may
exhibit hypointense areas within a background of T2
hyperintensity [56, 59]. Areas of lacrimal involvement
appear isointense on both T1 and T2-weighted images.

As a consequence of the intense glucose dependence of
proliferating histiocytes, RDD nodal and extranodal lesions
are intensely FDG-avid (Fig. 6¢) [54]. One study cited a
range of 3.9-8.2 for SUV ,.x of RDD lymph nodes, again
suggesting that quantitative PET/CT alone cannot differen-
tiate this entity from malignancy [57]. However, PET/CT
may be useful for disease staging, follow-up, and assessment
of treatment response with at least one case report
demonstrating resolution of FDG uptake following success-
ful treatment [54, 60].

Castleman’s Disease

Castleman’s Disease (CD) is an idiopathic benign lympho-
proliferative disorder, which clinically is classified as

Fig. 6. a Axial T1-weighed post-contrast image with fat saturation on a facial MRI in a 60-year-old female with RDD shows
multiple discrete, enlarged contrast-enhancing cervical nodes (curved arrows) and b head/neck extranodal involvement. The
latter is characterized by contrast-enhancing soft tissue masses in the bilateral nasopharynx (black arrow), adenoidal
enlargement (not pictured), and soft tissue thickening of the maxillary sinuses (*). ¢ MIP and axial images from a ['®F]FDG-PET/
CT show multiple prominent hypermetabolic bilateral cervical, axillary, gastrohepatic (white arrow), iliac, and inguinal nodes

with a SUV o« range of 9-13.
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unicentric (UCD) or multicentric (MCD). Histologically,
there are four subtypes, of which the following two will be
discussed herein: hyaline vascular variant (HVV) and
plasma cell variant (PCV) [61]. CD is histologically
characterized by hyperplastic and atretic germinal centers
surrounded by a lymphocyte-expanded mantle zone. The
interfollicular zone, too, is expanded with its composition
differentiating HVV and PCV. In HVV, the interfollicular
zone is expanded by numerous blood vessels, lymphocytes,
and hyaline deposition whereas plasma cells are responsible
for the expansion in PCV [61].

ucb

UCD is the most common form of CD, representing 68—
96 % of cases and defined as the involvement of a single
lymph node or local group of nodes [62]. Males and females
are equally affected, and it usually presents in the third to
fifth decade. A majority of UCD tend to be HVV on
histology (76-91 %) [61]. Most UCD patients are asymp-
tomatic. Rarely, there are associated systemic symptoms,
which are more likely to occur with the UCD-PCV subtype,
as are concomitant lab abnormalities [63].

Most studies cite the thorax, specifically the mediasti-
num, as the most commonly involved site in CD [64, 65].
Less commonly, there is involvement of the neck, abdomen/
pelvis, and axilla. Contrastingly, a larger meta-analysis study
found that it was the head/neck that was most commonly
involved in UCD followed by the retroperitoneum and
mediastinum [63]. This same study noted that it was
significantly less common for UCD to involve the axilla
compared with MCD (4.5 % vs. 19 %, respectively).

On CT, UCD manifests as a well-circumscribed solitary
enlarged lymph node or multiple nodules [65]. The nodes

are larger than those of MCD and can go on to form a solid
mass. Calcifications are seen in 1020 % of cases and are
more prevalent in HVV [66]. The more common
calcification patterns include punctate, arborizing, and
coarse. While only seen in a minority of cases, their
presence is helpful in differentiating CD from its close
mimicker, lymphoma, as it would be rare to see
calcifications in the latter in the pre-treatment stage.

On non-contrast images, lymph nodes are slightly hypo-
to isodense to muscle. UCD demonstrates significant
enhancement with one study suggesting a post-contrast
cutoff value of >92 HU to differentiate CD from lymphoma
[65]. This intense contrast enhancement is thought to be
secondary to the extensive network of blood vessels in the
interfollicular zone in HVV. However, as some studies have
found equal enhancement among HVV and PVV subtypes,
there are likely other mechanisms at play as well [64, 66,
67]. Less commonly, there is heterogeneous nodal enhance-
ment secondary to areas of fibrosis, edema, or necrosis [71].
Enlarged feeding vessels entering/exiting lymph nodes and/
or dilated, tortuous blood vessels in the periphery of nodes
are seen in one half of patients [65, 66] (Fig. 7a).

On MRI, lymph nodes are T1 hypo- to isointense, T2
hyper- to isointense, and demonstrate restricted diffusion on
DWI [63, 66]. Similar to that seen on CT, UCD demon-
strates homogenous, rapid contrast enhancement [64, 66].
Feeding vessels are occasionally seen as T2 flow voids.

UCD is FDG-avid on PET/CT with nodes demonstrating
median SUVs in the range of 4-5 [62, 64]. This range can
overlap with that of lymphoma, limiting the utility of PET/
CT in the diagnosis of UCD. It can, however, assess
treatment response and detect recurrence. Furthermore, in a
patient with biopsy-proven CD, it can be used to confirm
unicentric versus multicentric disease.
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Fig. 7. Thirty-six-year-old patient with a history of HIV not previously on ART (CD4 count of 98, viral load of 104,000) and

HHV8 complicated by Kaposi sarcoma was found to have MCD. a Coronal image from a CT chest/abdomen/pelvis
demonstrates multilevel subcentimeter homogeneous nodes with high attenuation (range of 110-150 HU). Black arrows point
to right paratracheal, right axillary, and gastrohepatic lymph nodes. Many of the axillary nodes have hypertrophied feeding
vessels (white arrow). Splenomegaly (*) is also noted. b In a different patient with HIV, HHV8-negative MCD (HVV subtype), a
coronal ["®F]FDG-PET/CT image demonstrates mildly increased uptake in bilateral axillary lymphadenopathy (circles) with a
SUVnnax range of 1.8-3.6.
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MCD

MCD is rarer than UCD and is defined as nodal enlargement
at greater than one nodal station. The most common
histopathological subtype of MCD is PCV. Similar to
UCD, it occurs in men and women equally with a slightly
older age distribution [62]. The vast majority of patients
develop systemic symptoms, including fever, weight loss,
fatigue, and hepatosplenomegaly. Lab abnormalities, such as
anemia, thrombocytopenia, hypoalbuminemia, and elevated
C-reactive protein (CRP) are common. Renal dysfunction is
observed in 60 % of patients [62]. MCD is associated with
numerous autoimmune and immunodeficiency diseases and
up to 37 % of patients have associated POEMS syndrome
[68]. Patients are also at higher risk for the development of
multiple malignancies, many of which are directly related to
HHVS infection, such as plasmablastic lymphoma and
Kaposi’s sarcoma [63]. HIV patients are at greater risk of
MCD and tend to be HHV8-positive.

Imaging characteristics are similar to those for UCD (Fig.
7a) with the largest difference being the nodal distribution.
Lymphadenopathy tends to be more diffuse in MCD with
the axilla and abdomen being the most common locations
[63, 64]. Calcifications are also significantly less common in
MCD compared with UCD [63, 64].

MCD lymphadenopathy is FDG-avid as typically are the
spleen and bone marrow (Fig. 7b). One study suggested that the
range for SUV,,.x in MCD is significantly higher than that in
UCD (7.0+£4.6 vs 33+1.1; P=0.048) and in patients with
clinical manifestations compared with asymptomatic ones (7.1
4.5 and 3.1+0.8, respectively; P=0.028) [69]. Contrastingly,
most other studies report median SUVs of 4-6, regardless of HIV
status, similar to that for UCD [11, 64, 70].

With multinodal enlargement, the most important consid-
eration on the differential diagnosis is NHL. As MCD
patients are at higher risk for the development of NHL,
possible co-existence of these two entities further compli-
cates this differential. SUVs alone cannot reliably differen-
tiate malignancy and MCD. However, one study did suggest
that a SUV.x >10 enabled HHVS8-associated discases,
including MCD, to be ruled out in all patients [11].

FDG-PET/CT can still play an important role in MCD. In
patients with confirmed MCD, it can demonstrate the extent
of lymphadenopathy, map out active disease, assess treat-
ment response, and detect recurrence [70, 71]. And while
FDG-PET/CT is limited in diagnosis, it can prompt the
consideration of superimposed HHVS8-associated MCD in
the case of an HIV patient with a suppressed viral load on
ART therapy who demonstrates multifocal increased nodal
and splenic uptake on PET/CT.

Conclusion

The differential for diffuse lymphadenopathy includes
numerous malignant and benign etiologies, many of which
demonstrate FDG avidity on PET/CT. Traditional

quantitative PET/CT parameters, such as SUV ., have not
been shown to be able to accurately distinguish among these
benign and malignant causes, limiting its role in diagnosis
and screening. However, when used in conjunction with
other cross-sectional imaging and knowledge of the nodal
distribution, extranodal findings, epidemiology, and clinical
presentation, FDG-PET/CT can help considerably in
narrowing this differential diagnosis. And while currently
limited in practice, FDG-PET/CT has the potential to play an
increasingly larger role in patients with known causes for
diffuse lymphadenopathy in terms of assessment of disease
extent and treatment efficacy as well as in regard to
treatment planning.

Compliance with Ethical Standards

Conflict of Interest

The authors declare that they have no conflict of interest.

Open Access This article is licensed under a Creative Commons Attribution
4.0 International License, which permits use, sharing, adaptation, distribu-
tion and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons licence, and indicate if changes were made. The
images or other third party material in this article are included in the article's
Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

References

1. Centers for Disease Control and Prevention. (2019) Estimated HIV
incidence and prevalence in the United States, 2010-2016. HIV
Surveillance Supplemental Report 2019. 24. http://www.cdc.gov/hiv/
library/reports/hiv-surveillance.html. Accessed 6 Sept 2019

2. Centers for Disease Control and Prevention. (2018) HIV Surveillance
Report, 2018. http://www.cdc.gov/hiv/library/reports/hiv-
surveillance.html. Accessed 6 Sept 2019

3. Bogoch II, Andrews JR, Nagami EH, Rivera AM, Gandhi RT, Stone
D (2013) Clinical predictors for the etiology of peripheral lymphade-
nopathy in HIV-infected adults. HIV Med 14:182-186

4. Barrionuevo-Cornejo C, Duefias-Hancco D (2018) Lymphadenopa-
thies in human immunodeficiency virus infection. Semin Diagn Pathol
35:84-91

5. Sterling TR, Chaisson RE (2020) General clinical manifestations of
human immunodeficiency virus infection (including acute retroviral
syndrome and oral, cutaneous, renal, ocular, metabolic, and cardiac
diseases). In: Bennett JE, Dolin R, Blaser MJ (eds) Mandell, Douglas,
and Bennett’s principles and practice of infectious diseases, 9th edn.
Elsevier, Philadelphia, pp 1658-1674

6. Ishimori T, Saga T, Mamede M, Kobayashi H, Higashi T, Nakamoto
Y, Sato N, Konishi J (2002) Increased (18)F-FDG uptake in a model
of inflammation: concanavalin A-mediated lymphocyte activation. J
Nucl Med 43:658-663

7. Lucignani G, Orunesu E, Cesari M, Marzo K, Pacei M, Bechi G, Gori
A, Gaito S, Clerici M, Chiti A (2009) FDG-PET imaging in HIV-
infected subjects: relation with therapy and immunovirological
variables. Eur J Nucl Med Mol Imaging 36:640-647

8. Scharko AM, Perlman SB, Pyzalski RW, Graziano FM, Sosman J,
Pauza CD (2003) Whole-body positron emission tomography in
patients with HIV-1 infection. Lancet 362:959-961

9. Brust D, Polis M, Davey R, Hahn B, Bacharach S, Whatley M, Fauci
AS, Carrasquillo JA (2006) Fluorodeoxyglucose imaging in healthy


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html

Zeman M.N. et al.: Spectrum of ['®F]JFDG-PET/CT Findings in Benign Lymph Node Pathology

10.

11.

12.

13.

15.

16.

20.

21.

22.

23.

24.

25.
26.
217.
28.
29.

30.

subjects with HIV infection: impact of disease stage and therapy on
pattern of nodal activation. AIDS 20:985-993

Sathekge M, Goethals I, Maes A, van de Wiele C (2009) Positron
emission tomography in patients suffering from HIV-1 infection. Eur J
Nucl Med Mol Imaging 36:1176-1184

Jain L, Mackenzie S, Bomanji JB, Shortman R, Noursadeghi M,
Edwards SG, Miller RF (2018) '®F-Fluorodeoxyglucose positron
emission tomography-computed tomography imaging in HIV-
infected patients with lymphadenopathy, with or without fever and/
or splenomegaly. Int J STD AIDS 29:691-694

Sathekge M (2014) Differentiation of HIV-associated lymphoma from
HIV-reactive adenopathy using quantitative FDG-PET and symmetry.
Eur J Nucl Med Mol Imaging 41:593-595

Miiller M, Wandel S, Colebunders R, Attia S, Furrer H, Egger M,
IeDEA Southern and Central Africa (2010) Immune reconstitution
inflammatory syndrome in patients starting antiretroviral therapy for
HIV infection: a systematic review and meta-analysis. Lancet Infect
Dis 10:251-261

Davison JM, Subramaniam RM, Surasi DS, Cooley T, Mercier G,
Peller PJ (2011) FDG-PET/CT in patients with HIV. Am J Roentgenol
197:284-294

Nosanchuk JD (2016) Endemic mycoses. In: Broaddus VC (ed)
Murray and Nadel’s textbook of respiratory medicine, 6th edn.
Saunders Elsevier, Philadelphia, pp 646-660

Wheat LJ, Azar MM, Bahr NC, Spec A, Relich RF, Hage C (2016)
Histoplasmosis. Infect Dis Clin N Am 30:207-227

Semionov A, Rossi A, Perillo M, Sayegh K, Pressacco J, Kosiuk J
(2019) Many faces of thoracic Histoplasmosis-pictorial essay. Can
Assoc Radiol J 70:273-281

Croft DR, Trapp J, Kernstine K, Kirchner P, Mullan B, Galvin J,
Peterson MW, Gross T, McLennan G, Kern JA (2002) FDG-PET
imaging and the diagnosis of non-small cell lung cancer in a region of
high histoplasmosis prevalence. Lung Cancer 36:297-301

Sharma P, Mukherjee A, Karunanithi S, Bal C, Kumar R (2014)
Potential role of 18F-FDG-PET/CT in patients with fungal infections.
Am J Roentgenol 203:180-189

Nagelschneider AA, Broski SM, Holland WP, Midthun DE, Sykes
AM, Lowe VI, Peller PJ, Johnson GB (2017) The flip-flop fungus
sign: an FDG-PET/CT sign of benignity. Am J Nucl Med Mol
Imaging 7:212-217

Montagnac C, Eldin C, Thouret A, Ranque S, Brouqui P (2019)
Histoplamosis in an immunocompetent man returning from Brazil: a
diagnostic challenge helped by 18 FDG-PET CT. Travel Med Infect
Dis 27:136-138

Takalkar AM, Bruno GL, Makanjoula AJ, el-Haddad G, Lilien DL,
Payne DK (2007) A potential role for F-18 FDG-PET/CT in
evaluation and management of fibrosing mediastinitis. Clin Nucl
Med 32:703-706

Chong S, Kim TS, Kim BT, Cho EY (2007) Fibrosing mediastinitis
mimicking malignancy at CT: negative FDG uptake in integrated
FDG-PET/CT imaging. Eur Radiol 17:1644-1646

Bhalla AS, Das A, Naranje P, Goyal A, Guleria R, Khilnani GC
(2017) Dilemma of diagnosing thoracic sarcoidosis in tuberculosis
endemic regions: an imaging-based approach. Part 1. Indian J Radiol
Imaging 27:369-379

Dhagat PK, Singh S, Jain M, Singh SN, Sharma RK (2017) Thoracic
sarcoidosis: imaging with high resolution computed tomography. J
Clin Diagn Res 11:TC15-TC18

Prabhakar HB, Rabinowitz CB, Gibbons FK, O'Donnell WJ, Shepard
JAO, Aquino SL (2008) Imaging features of sarcoidosis on MDCT,
FDG PET, and PET/CT. Am J Roentgenol 190:S1-S6

Warshauer DM, Lee JK (2004) Imaging manifestations of abdominal
sarcoidosis. Am J Roentgenol 182:15-28

Venkata Ramanan R, Pudhiavan A, Venkataramanan A (2017) The
“cluster of black pearls” sign of sarcoid lymphadenopathy: a new sign
on thin-section contrast-enhanced multidetector CT. Clin Radiol
72:729-736

Akaike G, Itani M, Shah H, Ahuja J, Yilmaz Gunes B, Assaker R,
Behnia F (2018) PET/CT in the diagnosis and workup of sarcoidosis:
focus on atypical manifestations. RadioGraphics 38:1536-1549
Koyama T, Ueda H, Togashi K, Umeoka S, Kataoka M, Nagai S
(2004) Radiologic manifestations of sarcoidosis in various organs.
RadioGraphics 24:87-104

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

SI.

52.

479

Treglia G, Annunziata S, Sobic-Saranovic D, Bertagna F, Caldarella
C, Giovanella L (2014) The role of '*F-FDG-PET and PET/CT in
patients with sarcoidosis: an updated evidence-based review. Acad
Radiol 21:675-684

Keijsers RG, Verzijlbergen EJ, van den Bosch JM et al (2011) '*F-
FDG-PET as a predictor of pulmonary function in sarcoidosis.
Sarcoidosis Vasc Diffuse Lung Dis 28:123-129

Ganeshan D, Menias CO, Lubner MG, Pickhardt PJ, Sandrasegaran
K, Bhalla S (2018) Sarcoidosis from head to toe: what the radiologist
needs to know. RadioGraphics 38:1180-1200

Waanders F, van Hengel P, Krikke A, Wesseling J, Nieboer P (2006)
Sarcoidosis mimicking metastatic disease: a case report and review of
the literature. Neth J Med 64:342-345

Koo HJ, Kim MY, Shin SY, Shin S, Kim SS, Lee SW, Choi CM
(2015) Evaluation of mediastinal lymph nodes in sarcoidosis, sarcoid
reaction, and malignant lymph nodes using CT and FDG-PET/CT.
Medicine (Baltimore) 94:¢1095

Kaneko Y, Kato H, Matsuo M (2019) Hilar and mediastinal sarcoid-
like reaction after the treatment of malignant tumors: imaging features
and natural course on '*F-FDG-PET/CT. Jpn J Radiol 37:88-94
Chowdhury FU, Sheerin F, Bradley KM, Gleeson FV (2009) Sarcoid-
like reaction to malignancy on whole-body integrated (18)F-FDG
PET/CT: prevalence and disease pattern. Clin Radiol 64:675-681
Cancro MP, D’Cruz DP, Khamashta MA (2009) The role of B
lymphocyte stimulator (BLyS) in systemic lupus erythematosus. J
Clin Invest 119:1066-1073

Fava A, Petri M (2019) Systemic lupus erythematosus: diagnosis and
clinical management. J Autoimmun 96:1-13

Oku K, Atsumi T (2018) Systemic lupus erythematosus: nothing stale
her infinite variety. Mod Rheumatol 28:758-765

Dall’Era M, Wofsy D (2017) Clinical features of systemic lupus
erythematosus. In: Firestein GS (ed) Kelley and Firestein’s textbook
of rheumatology, 10th edn. Elsevier, Philadelphia, pp 1345-1367
Melikoglu MA, Melikoglu M (2008) The clinical importance of
lymphadenopathy in systemic lupus erythematosus. Acta Reumatol
Port 33:402-406

Curiel R, Akin EA, Beaulieu G, DePalma L, Hashefi M (2011) PET/
CT imaging in systemic lupus erythematosus. Ann N Y Acad Sci
1228:71-80

Kojima M, Nakamura S, Morishita Y, Itoh H, Yoshida K, Ohno Y,
Oyama T, Asano S, Joshita T, Mori S, Suchi T, Masawa N (2000)
Reactive follicular hyperplasia in the lymph node lesions from
systemic lupus erythematosus patients: a clinicopathological and
immunohistological study of 21 cases. Pathol Int 50:304-312
Calgiineri M, Oztiirk MA, Ozbalkan Z et al (2003) Frequency of
lymphadenopathy in rheumatoid arthritis and systemic lupus erythe-
matosus. J Int Med Res 31:345-349

Makis W, Ciarallo A, Gonzalez-Verdecia M, Probst S (2018)
Systemic lupus erythematosus associated pitfalls on '*F-FDG-PET/
CT: reactive follicular hyperplasia, Kikuchi-Fujimoto disease, inflam-
mation and lymphoid hyperplasia of the spleen mimicking lymphoma.
Nucl Med Mol Imaging 52:74-79

DiRenzo D, Timlin H (2017) Hypermetabolic lymphadenopathy on
PET CT in systemic lupus Erythematosus: a case report. ] Rheumatol
Arthritic Dis 2:1-3

Chen ZW, Wang Q (2019) Analysis of FDG PET/CT imaging features
of systemic lupus erythematosus. J Nucl Med 60 supplement 1:1070
Lee SW, Park MC, Lee SK, Park YB (2012) The efficacy of brain
(18)F-fluorodeoxyglucose positron emission tomography in neuropsy-
chiatric lupus patients with normal brain magnetic resonance imaging
findings. Lupus 21:1531-1537

Otte A, Weiner SM, Peter HH, Mueller-Brand J, Goetze M, Moser E,
Gutfleisch J, Hoegerle S, Juengling FD, Nitzsche EU (1997) Brain
glucose utilization in systemic lupus erythematosus with neuropsy-
chiatric symptoms: a controlled positron emission tomography study.
Eur J Nucl Med 24:787-791

Weiner SM, Otte A, Schumacher M, Klein R, Gutfleisch J, Brink I,
Otto P, Nitzsche EU, Moser E, Peter HH (2000) Diagnosis and
monitoring of central nervous system involvement in systemic lupus
erythematosus: value of F-18 fluorodeoxyglucose PET. Ann Rheum
Dis 59:377-385

Chandrashekhara SH, Manjunatha YC, Muzumder S et al (2011)
Multicentric sinus histicytosis (Rosai-Dorfman disease): computed



480

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Zeman M.N. et al.: Spectrum of ['®F]FDG-PET/CT Findings in Benign Lymph Node Pathology

tomography, magnetic resonance imaging findings. Indian J Med
Paediatr Oncol 32:174-176

Kroft SH (2016) Rosai-Dorfman disease: familiar yet enigmatic.
Semin Diagn Pathol 33:244-253

Shaikh F, Awan O, Mohiuddin S et al (2015) '*F-FDG-PET/CT
imaging of extranodal Rosai-Dorfman disease with hepatopancreatic
involvement - a pictorial and literature review. Cureus 7:¢392
Foucar E, Rosai J, Dorfman R (1990) Sinus histiocytosis with massive
lymphadenopathy (Rosai-Dorfman disease): review of the entity.
Semin Diagn Pathol 7:19-73

La Barge DV, Salzman KL, Harnsberger HR et al (2008) Sinus
histiocytosis with massive lymphadenopathy (Rosai-Dorfman dis-
ease): imaging manifestations in the head and neck. Am J Roentgenol
191:W299-W306

Raslan OA, Schellingerhout D, Fuller GN, Ketonen LM (2011) Rosai-
Dorfman disease in neuroradiology: imaging findings in a series of 10
patients. Am J Roentgenol 196:W187-W193

Cheng X, Cheng JL, Gao AK (2018) A study on clinical character-
istics and magnetic resonance imaging manifestations on systemic
Rosai-Dorfman disease. Chin Med J 131:440-447

Xu Q, Fu L, Liu C (2017) Multimodality imaging-based evaluation of
Rosai-Dorfman disease in the head and neck: a retrospective
observational study. Medicine (Baltimore) 96:¢9372

Albano D, Bosio G, Bertagna F (2015) "*F-FDG-PET/CT follow-up
of Rosai-Dorfman disease. Clin Nucl Med 40:e420—e422

Cronin DM, Warnke RA (2009) Castleman disease: an update on
classification and the spectrum of associated lesions. Adv Anat Pathol
16:236-246

Kligerman SJ, Auerbach A, Franks TJ, Galvin JR (2016) Castleman
disease of the thorax: clinical, radiologic, and pathologic correlation:
from the radiologic pathology archives. RadioGraphics 36:1309-1332

63.

64.

65.

66.

67.

68.

69.

70.

71.

Haap M, Wiefels J, Horger M, Hoyer A, Miissig K (2018) Clinical,
laboratory and imaging findings in Castleman's disease-the subtype
decides. Blood Rev 32:225-234

Hill AJ, Tirumani SH, Rosenthal MH, Shinagare AB, Carrasco RD,
Munshi NC, Ramaiya NH, Howard SA (2015) Multimodality imaging
and clinical features in Castleman disease: single institute experience
in 30 patients. Br J Radiol 88:20140670

Li J, Wang J, Yang Z, Wang H, Che J, Xu W (2018) Castleman
disease versus lymphoma in neck lymph nodes: a comparative study
using contrast-enhanced CT. Cancer Imaging 18:28

Zhao S, Wan Y, Huang Z, Song B, Yu J (2019) Imaging and clinical
features of Castleman disease. Cancer Imaging 19:53—-60

Kwon S, Lee KS, Ahn S, Song I, Kim TS (2013) Thoracic Castleman
disease: computed tomography and clinical findings. J] Comput Assist
Tomogr 37:1-8

Dispenzieri A, Kyle RA, Lacy MQ, Rajkumar SV, Therneau TM,
Larson DR, Greipp PR, Witzig TE, Basu R, Suarez GA, Fonseca R,
Lust JA, Gertz MA (2003) POEMS syndrome: definitions and long-
term outcome. Blood 101:2496-2506

Lee ES, Paeng JC, Park CM, Chang W, Lee WW, Kang KW, Chung
JK, Lee DS (2013) Metabolic characteristics of Castleman disease on
"FE-FDG-PET in relation to clinical implication. Clin Nucl Med
38:339-342

Ding Q, Zhang J, Yang L (2016) "®F-FDG PET/CT in multicentric
Castleman disease: a case report. Ann Transl Med 4:58-60
Guazzaroni M, Bocchinfuso F, Vasili E et al (2018) Multicentric
Castleman’s disease: report of three cases. Radiol Case Rep 14:328-
332

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	F]FDG-PET/CT Findings in Benign Lymph Node Pathology
	Abstract
	Introduction
	Infectious Etiologies
	HIV
	Histoplasmosis

	Inflammatory Diseases
	Granulomatous Diseases: Sarcoidosis
	Autoimmune Disorders: Systemic Lupus Erythematosus

	Benign Lymphoproliferative Diseases
	Rosai-Dorfman Disease
	Castleman’s Disease

	UCD
	MCD
	Conclusion
	Compliance with Ethical Standards
	References




