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18F-FDG PET/CT imaging features of patients with 
multicentric Castleman disease
Yuanyuan Jianga,b,*, Guozhu Houa,b,*, Zhaohui Zhua,b, Li Huoa,b,  
Fang Lia,b and Wuying Chenga,b 

Objective The aim of this study is to investigate the 
role of 18F-fluorodeoxyglucose (FDG) PET/computed 
tomography (CT) in the evaluation of multicentric 
Castleman disease (MCD).

Methods Thirty-five patients with pathologically 
confirmed MCD who underwent 18F-FDG PET/CT were 
retrospectively included. The FDG uptake and CT findings 
of lymph nodes, pulmonary involvement, spleen, and bone 
marrow were assessed and the maximum standardized 
uptake value (SUVmax) of each lesion was measured. The 
locations of lymph nodes were also evaluated.

Results 18F-FDG PET/CT showed increased uptake in 
multiple nodal regions in 34 out of 35 MCD patients. The 
most frequently involved nodal sites were the cervical, 
iliac, axillary, and inguinal areas, and the least common 
was paraaortic and abdominal nodes. The involved lymph 
nodes were not confluent and presented a relatively 
symmetric pattern on PET/CT images. The highest 
SUVmax of lymph nodes per patient ranged from 2 to 19 
with a mean value of 5.61 ± 3.12. Pulmonary manifestation 
including cysts, nodules, and interstitial lung disease 
were found in 10 patients, eight of whom demonstrated 
mild to moderate uptake in the lungs. 18F-FDG PET/CT 
also revealed other findings including hypermetabolic 
spleen (n = 8) and bone marrow (n = 23), elevated uptake 
in salivary glands (n = 8). Four patients also underwent 

follow-up PET/CT scans after therapy, and three of them 
displayed decreased metabolism.

Conclusion 18F-FDG PET/CT is a useful tool in the 
diagnosis, evaluation, and follow-up of MCD by providing 
systemic manifestations of lymphadenopathy, pulmonary 
involvement, and hypermetabolic spleen or bone marrow. 
Furthermore, the lymphadenopathy in MCD presented a 
predominantly peripheral distribution, relatively symmetric, 
moderately hypermetabolic, and not confluent pattern 
on 18F-FDG PET/CT. Nucl Med Commun 42: 833–838 
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Introduction
Castleman disease, also known as angiofollicular or giant 
lymph node hyperplasia, is a rare lymphoproliferative dis-
order that was first described in 1954 [1]. Based on the his-
tologic criteria, Castleman disease is classified into three 
types: hyaline vascular, plasma cell, and mixed cell type 
[2]. Additionally, Castleman disease is divided clinically as 
unicentric or multicentric depending on the distribution 
of the disease. Patients with unicentric Castleman disease 
(UCD) usually present with a solitary mass and can be 
treated surgically with a good prognosis [3]. Multicentric 
Castleman disease (MCD) has a more aggressive clinical 
course than UCD [4,5]. Patients with MCD presents with 

systemic symptoms, including fever, anemia, and multi-
focal lymphadenopathy [6]. Histologically, most MCD 
were of plasma cell type. MCD is further subclassified 
according to the presence/absence of HIV/human her-
pesvirus 8 (HIV/HHV-8) [7]. Almost half of MCD cases 
are caused by HHV-8 infection in HIV-positive individu-
als. While approximately half of the patients with MCD 
are HIV/HHV-8 negative, and these cases were referred 
to as idiopathic MCD (iMCD) [8].
18F-fluorodeoxyglucose (FDG) PET/computed tomogra-
phy (CT) has been widely used in the management of 
various types of malignancies, infectious and noninfec-
tious inflammatory conditions, and lymphoproliferative 
syndrome [9–11]. A few studies have indicated a possible 
value for 18F-FDG PET/CT in MCD [12–14]. However, 
these studies either were in HIV/HHV-8-associated 
MCD or focused on the correlation between metabolic 
characteristics and pathological subtypes. Available data 
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concerning the 18F-FDG PET/CT findings of iMCD is 
limited. Therefore, we performed a retrospective study 
to investigate the role of 18F-FDG PET/CT in character-
izing MCD, mainly iMCD.

Methods
Patients
We retrospectively reviewed 35 patients (26 men and 
nine women; mean age: 43.1  ±  15.5  years) with MCD 
who underwent 18F-FDG PET/CT between July 2012 
and July 2020 in our hospital. MCD diagnosis was made 
based on the pathological results of lymph node biopsy 
(n  =  32) and lung biopsy (n  =  3). Clinical information 
and laboratory test results were obtained via reviewing 
the medical records. The pathologic subtype of MCD 
was determined by reviewing the pathologic reports. In 
pathological classification, 24 patients were plasma cell 
type, eight were hyaline vascular type and three were 
the mixed type. Of all patients, 22 were diagnosed as 
iMCD, while it remains unknown for the remaining 13 
patients, whose data were not documented, whether they 
were associated with HIV/HHV-8 infection. All patients 
underwent 18F-FDG PET/CT scans at the initial MCD 
diagnosis. Four patients additionally underwent 18F-
FDG PET/CT scans after treatment. This retrospective 

study was approved by the institutional review board, 
and the need for informed consent from subjects was 
waived because of the retrospective design of the study.

18F-FDG PET/CT study
Following more than 4  h of fasting and ensuring that 
the blood glucose level was less than 120  mg/dl, all 
patients received an intravenous administration of 18F-
FDG (5.5 MBq/kg). PET/CT scans were started 60 min 
after injection using a combined PET/CT biograph 
(Siemens Company, Germany). All scans were performed 
in a three-dimensional model. A low-dose CT scan was 
obtained first for attenuation correction and anatomical 
correlation. Then, emission data were acquired from the 
skull base to the upper thigh for 2 min per bed.

Image analysis
All the images were retrospectively read by two experi-
enced nuclear medicine physicians. The lymphadenopa-
thy was determined when enlarged and/or hypermetabolic 
lymph nodes were present. For each scan, 14 lymph node 
regions were examined: left and right cervical (neck level 
and supraclavicular/subclavicular fossa), left and right 
axillary, paravertebral, mediastinal, left and right hilar, 
abdominal, paraaortic, left and right iliac, and left and right 

Fig. 1

Representative 18F-FDG PET/computed tomography (CT) images of multicentric Castleman disease (MCD) in a 37-year-old woman. The diagno-
sis of MCD was made by an excisional biopsy of a left cervical lymph node. The PET/CT images demonstrated diffuse hypermetabolic lymphad-
enopathy in the cervical, axillary, mediastinal, hilar, iliac, and inguinal regions. Note that the most marked lymphadenopathy was in the axillary 
and inguinal regions (a–d; SUVmax, 7.2). Axial PET/CT images of the chest level revealed multiple thick-walled lung cysts with mild uptake (e–g; 
arrows; SUVmax, 2.1). FDG, fluorodeoxyglucose.
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inguinal lymph nodes. The CT images were evaluated 
for the presence of enlarged lymph nodes (short diam-
eter ≥ 1 cm), splenomegaly (craniocaudal size ≥ 13 cm), 
and pulmonary changes. Hypermetabolic lymph nodes 
were defined as FDG activity higher than that of adja-
cent normal soft-tissue structures. Hypermetabolism 
of the bone marrow and spleen was defined as uptake 
greater than that of mediastinum and liver, respectively. 
The maximum standardized uptake value (SUVmax) of 
each lesion was measured. For lymphadenopathy, the 
‘highest SUVmax’ of any nodal region per patient was 
determined. The SUVmax from each nodal region was 
used to determine the median SUVmax of each patient’s 
nodal sites, referred to as ‘nodal composite SUVmax’.

Statistical analysis
Descriptive statistics were analyzed using SPSS (IBM 
SPSS Statistics for Windows, Version 21.0. Armonk, NY), 
including median, mean value, and SD. Continuous var-
iables were expressed as mean  ±  SD, while categorical 
variables were described in numbers and percentages.

Results
18F-FDG PET/CT findings
Lymph node findings
Thirty-four out of 35 patients (97.1%) showed increased 
FDG uptake in at least two nodal regions per patient with 
a median of nine regions (range: 2−13 regions) (Fig. 1). 
In all, 13 of 34 patients had ≤5 nodal regions involved; 
10 patients had more than five and less than 10 nodal 
regions involved; and 11 patients had ≥10 regions. The 
most frequently involved nodal sites were the cervical 
(n = 31/34; 91.1%), iliac (n = 25; 73.5%), axillary (n = 21; 
61.7%), and inguinal (n = 20; 58.8%) areas, and the least 
common were paraaortic (n = 11; 32.3%) and abdominal 
(n = 7; 20.5%) nodes (Fig. 1).

None of the 35 patients with lymphadenopathy showed 
confluent lymph nodes. The largest short-axis diam-
eter of any nodal region in each patient ranged from 
0.6 to 2.4  cm (median: 1.2  cm; mean: 1.35  ±  0.43  cm). 

The highest SUVmax of any nodal region per patient 
ranged from 2 to 19 with a median value of 4.8 (mean: 
5.61 ± 3.12). Only two patients had the ‘highest SUVmax’ 
of more than 10 (11.9 and 19, respectively). The ‘nodal 
composite SUVmax’ in each patient ranged from 2 to 6.8 
with a median value of 3.6 (mean: 3.73 ± 1.16).

Pulmonary involvement
Ten of the present series had pulmonary MCD involve-
ment (Figs. 1 and 2). At CT scans, four patients showed 
an isolated cystic pattern, three a nodulocystic pattern, 
one an isolated nodular pattern, and two patients diffuse 
interstitial pneumonitis pattern with subpleural nodules, 
centrilobular nodules, interlobular septal thickening, 
peribronchovascular thickening. Among patients with 
pulmonary manifestations, eight had mild to moderate 
FDG uptake in the lungs. The SUVmax ranged from 1.4 
to 7.4 (median: 2.4; mean: 2.96 ± 1.90).

Spleen and bone marrow findings
Fifteen patients showed slight or moderate enlargement 
of the spleen. And eight of them had increased spleen 
metabolism. The SUVmax of the spleen ranged from 1.8 
to 7.1 (median: 3.1; mean: 3.25 ± 1.66). Hypermetabolism 
in bone marrow was present in 23 patients. The bone 
marrow SUVmax ranged from 2.5 to 5.7 (median: 3.7; 
mean: 3.83  ±  0.86). The hypermetabolic bone marrow 
demonstrated a homogeneous distribution pattern, and 
no focal abnormal activity was noted.

Salivary gland
Eight patients showed a symmetric increase in salivary 
gland metabolism (Fig. 3). Of these eight patients, one 
had increased uptake in the parotid glands; three had 
increased uptake in the submandibular glands, and four 
patients presented both parotid and submandibular 
glands hypermetabolism. The SUVmax of hypermeta-
bolic parotid glands ranged from 2.4 to 3.3 (median: 3.0; 
mean: 2.92 ± 0.32), while that of submandibular glands 
ranged from 2.6 to 5.8 (median: 3.5; mean: 3.84 ± 1.15).

Fig. 2

Representative 18F-FDG PET/computed tomography (CT) images of multicentric Castleman disease (MCD) in a 28-year-old man showed diffuse 
thin-walled cysts in the lungs without increased FDG uptake (a–c). FDG, fluorodeoxyglucose.
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Others
In three patients, pleural and abdominopelvic effusions 
were noted. None of the effusions were FDG avid. In 
one patient, besides multiple lymphadenopathies, 18F-
FDG PET/CT images also showed thickened skin in the 
buttock region with increased activity (SUVmax: 10.9). 
Biopsy of the skin revealed infection.

Follow-up images
Follow-up 18F-FDG PET/CT images were available in 
four of the 35 patients (Fig. 4). The follow-up duration 
was from 6 to 36 months. All four patients were treated 
with chemotherapy. Three patients showed a significant 
decrease in both metabolism and size of the lymphad-
enopathies. While the remaining one patient had no 
apparent changes on follow-up scans.

Discussion
The most common presentation of MCD is lymphad-
enopathy. The previous study has concluded that 18F-
FDG PET/CT is effective in evaluating the involved 

lymph nodes throughout the body in patients with MCD 
[12,15,16]. In the present study, 97.1% (34/35) patients 
were found with lymph node involvement with 18F-
FDG PET/CT. As demonstrated by our results, the most 
frequently affected lymph nodes were those located in 
the cervical, iliac, axillary, and inguinal regions. On the 
contrary, the least affected were those in the abdom-
inal and paraaortic areas. This finding indicated that 
the lymphadenopathy of MCD showed a predilection 
for peripheral over visceral nodal regions. The finding 
of peripheral distribution of lymphadenopathy in MCD 
was not pointed out in the previous reports. While we 
found that lymphadenopathy in the cervical and axillary 
regions was the most predominant when reviewing the 
previously published cases with MCD [17] it is unclear 
why the lymphadenopathy of MCD occurs more fre-
quently in peripheral than visceral nodal regions. We 
suspected this might be associated with the benign 
nature of MCD as visceral (mesenteric or paraaortic) 
lymphadenopathy is more frequently associated with 
malignant disease.

Fig. 3

Representative 18F-FDG PET/computed tomography (CT) images of multicentric Castleman disease (MCD) in a 46-year-old man. PET/CT images 
showed hypermetabolism in bilateral submandibular and parotid glands (a–g, SUVmax, 5.8 and 3.0, respectively). In addition, multiple lymphade-
nopathies, and moderately hypermetabolic bone marrow and spleen were also noted on PET/CT images. FDG, fluorodeoxyglucose.
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By visually analyzing the 18F-FDG PET/CT images, we 
observed a relatively symmetric distribution of lymphad-
enopathy. A similar symmetric pattern was also reported 
in HIV-associated MCD and reactive lymphadenopathy 
in HIV-infected patients [13,18]. Another feature was 
that the affected lymph nodes in patients with MCD 
were not confluent. This can also be reflected by the rel-
atively small size of the lymph nodes. In the research of 
Hill et al., one patient presented with nonconfluent mes-
enteric lymphadenopathy at the time of Castleman dis-
ease diagnosis but developed into lymphoma with large, 
confluent mesenteric lymph nodes 9 months later [19]. 
Although Castleman disease is a benign disease, MCD 
has the potential for progression to lymphoma. When 
confluent or large lymph nodes were present, especially 

in the mesenteric or paraaortic regions, the possibility of 
transforming to lymphoma should be kept in mind and 
a biopsy of the hypermetabolic node might be required.

Regarding the metabolic status of the involved lymph 
nodes, most of the patients in our population demon-
strated a moderate FDG uptake with a mean ‘highest 
SUVmax’ value of 5.61  ±  3.12, which was in line with 
the findings from research by Lee et al. [14]. They also 
reported moderately increased FDG uptake in MCD 
with an average SUVmax of 7.0  ±  4.6. High SUVmax 
value is uncommon in MCD, and alternative diagno-
sis (e.g., lymphoma) should be suspected in such cases. 
In the present patient series, only two patients exhib-
ited the highest SUVmax of more than 10. During the 

Fig. 4

Representative 18F-FDG PET/computed tomography (CT) images during multicentric Castleman disease (MCD) activity and remission in a 
66-year-old man. Pretreatment PET/CT images (a–d) displayed diffuse hypermetabolic lymphadenopathy, splenomegaly with increased metabolism, 
increased bone marrow metabolism. These abnormalities were observed to have resolved at the remission scans (e–h). FDG, fluorodeoxyglucose.
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follow-up, neither of the patients developed lymphoma 
or other malignancy.

MCD-associated parenchymal lung disease is a less com-
mon manifestation of MCD. CT findings of lung cysts, 
nodules, thickening of bronchovascular bundles, and 
interlobular septal thickening have been well described 
in the study by Johkoh et al. [20]. And biopsy specimen 
findings in their study showed that the nodules and inter-
lobular septal thickening at CT scans were the results 
of the infiltration of lymphocytes and plasma cells. 
According to our results, six out of 10 patients (60%) were 
found with multiple cystic changes in the lung, which is 
slightly lower than the reported 83% (10 out of 12) by 
Johkoh et al. [20], probably due to the small number of 
patients with pulmonary involvement in our population. 
In this study, some of the thick-wall cysts were observed 
to have mild to moderate FDG uptake in the cyst wall. 
We suspected that the FDG activity in the cyst wall 
might be related to the infiltration of lymphocytes and 
plasma cells.

Some of the patients in this study also presented with 
hypermetabolic spleen or bone marrow on 18F-FDG 
PET/CT scans, which are probably due to the reactive 
changes of an activated hematological system. These 
findings were not specific, as they can also be seen in 
other hematological, immunological, and inflammatory 
diseases.

This study has several limitations, which are mainly due 
to its retrospective design and small sample size. Most of 
the patients in our population did not undertake follow-up 
PET/CT scans, precluding comprehensive assessment of 
the role of 18F-FDG PET/CT in monitoring treatment 
response. Regarding pulmonary involvement, pathologi-
cal examinations of lung lesions were performed in only 
two patients; therefore, we could not perform a detailed 
radiopathologic investigation.

Conclusion
In summary, 18F-FDG PET/CT is a useful tool in the 
diagnosis, evaluation, and follow-up of MCD by provid-
ing systemic manifestations of lymphadenopathy, pulmo-
nary involvement, and hypermetabolic spleen or bone 
marrow. Furthermore, the lymphadenopathy in MCD 
presented a predominantly peripheral distribution, rel-
atively symmetric, moderately hypermetabolic, and not 
confluent pattern on 18F-FDG PET/CT in this study.
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