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Background/Aims: 18F-fluorodeoxyglucose positron emission tomography/com-
puted tomography (18F-FDG PET/CT) has been suggested as a reliable imaging 
technique for monitoring of disease activity in patients with adult-onset Still’s 
disease (AOSD). Therefore, we investigated the clinical significance of 18F-FDG 
PET/CT in Korean AOSD patients. 
Methods: Thirteen AOSD patients were included in the study. The PET/CT im-
ages were evaluated with visual and semiquantitative method using standardized 
uptake values (SUVs). 
Results: The presence of increased 18F-FDG uptake was noted in 90% of clinically 
active AOSD patients. 18F-FDG uptake was located in the lymph node, spleen, and 
bone marrow. Visual grade and SUV intensity of lymph node was significantly 
correlated with the systemic score of AOSD. Visual grade of spleen was signifi-
cantly correlated with the systemic score, erythrocyte sedimentation rate (ESR), 
and ferritin. Additionally, visual grade and SUV intensity of bone marrow was 
significantly correlated with the systemic score, ESR, leukocyte, and neutrophil. 
Conclusions: Visual grade and SUV intensity of lymph node, spleen, and bone 
marrow on 18F-FDG PET/CT scan showed significant correlations with known 
disease activity markers. The data suggest that 18F-FDG PET/CT scan may be a 
useful imaging technique for evaluation of disease activity in AOSD patients. 

Keywords: Still’s disease, adult-onset; 18F-fluorodeoxyglucose positron emission 
tomography/computed tomography; Disease activity
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INTRODUCTION

Adult-onset Still’s disease (AOSD) is a systemic inflamma-
tory disease of unknown etiology characterized by spi-
king fever, arthritis, evaneascent skin rash, hepatosple-
nomegaly, and lymphadenopathy [1]. AOSD is one cause 
of fever of unknown origin (FUO) and about 5% patients 
with FUO have AOSD [2]. Howerver, the symptoms and 
laboratory results are not disease specific, and the clinical 
features overlap with autoimmune disorder, infections, 

or malignancies. Therefore, the spectrum of differential 
diagnoses is wide and includes infectious, neoplastic, and 
autoimmune disorder, and these diseases should be 
ruled out before the diagnosis of AOSD [3,4]. Accurate 
determination of disease activity is also difficult. The 
commonly used biomarkers for AOSD are nonspecific 
inflammatory markers including erythrocyte sedimen-
tation rate (ESR), serum C-reactive protein (CRP), and 
ferritin. Furthermore, imaging studies such as abdo-
minal computed tomography (CT) and echocardiogram 
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can be used only for the dectection of nonspecific clin-
cial features including lymphadenopathy, splenome-
galy, and pericarditis. 

18F-fluorodeoxyglucose positron emission tomogra-
phy/CT (18F-FDG PET/CT) is an useful imaging tool that 
can visualize the metabolic status of the whole body. It 
is well established as a diagnostic modality in malignant 
diseases, such as lung cancer and lymphoma. Addition-
ally, it can be used for evaluating infectious and inflam-
matory diseases by targeting the increased glucose up-
take of inflammatory cells. Several studies showed the 
clinical value of using 18F-FDG PET/CT scans to aid in 
the evaluation of patients with rheumatic diseases in-
cluding sarcoidosis, large-vessel arteritis, and Sjögren’s 
syndrome [5-8]. 

18F-FDG PET/CT may have a potential role in the di-
agnosis and monitoring of AOSD [9-15]. However, sever-
al studies were case reports, and there has been only one 
study shown correlation between disease activity and 
18F-FDG PET/CT results. Therefore, we investigated the 
clinical significance of 18F-FDG PET/CT with systemic 
scores in Korean AOSD patients. 

METHODS

Subjects
Thirteen AOSD patients were included in the study. All 
AOSD patients referred to Ajou University Hospital for 
a 18F-FDG PET/CT between 2008 and 2013 were retro-
spectively analyzed. 18F-FDG PET/CT was performed on 
10 patients to evaluate lymphadenopathy or to rule out 
of malignancy when the initial systemic inflammatory 
symptoms suggested AOSD. Three patients received 
18F-FDT PET/CT for cancer screening during treat-
ment of AOSD, and their disease activities were inactive. 
AOSD patients were diagnosed according to Yamagu-
chi’s criteria after exclusion of common infections and 
hematological and autoimmune diseases [16].

Information on medical histories, clinical symptoms, 
and physical examinations was entered into a database 
when 18F-FDG PET/CT was done. Each patient also un-
derwent a series of laboratory tests, including complete 
blood count, ESR, CRP, rheumatoid factor, anti-nuclear 
antibody, ferritin (normal 13 to 150 ng/mL for women 
and 30 to 400 ng/mL for men), and liver function tests. 

AOSD disease activity was evaluated according to the 
method described by Pouchot et al. [3], which assigns 
a score from 0 to 12 and adds 1 point for each of the 
following manifestations: fever, typical rash, pleuritis, 
pneumonia, pericarditis, hepatomegaly or abnormal 
liver function tests, splenomegaly, lymphadenopathy, 
leukocytosis ≥ 15,000/mm2, sore throat, myalgia, and ab-
dominal pain. We defined resolution of disease activity 
of AOSD with this score ≤ 2. This study was approved by 
the Ajou University Hospital Institutional Review Board 
(AJIRB-MED-OBS-13-234).

18F-FDG PET/CT acquisition 
After fasting for least 6 hours, patients were adminis-
tered 370 MBq of 18F-FDG intravenously. All patients 
were instructed to rest comfortably for 60 minutes and 
to urinate before scanning. Whole-body PET/CT images 
were obtained with a discovery ST scanner (GE Health-
care, Milwaukee, WI, USA). Seven to eight frames (3 min/
frame) of emission PET data were acquired in three-di-
mensional mode after a non-contrast CT scan from the 
base of the skull to the upper thigh (tube rotation time 
of 1 second per revolution, 120 kV, 60 mA, 7.5 mm per 
rotation, and an acquisition time of 60.9 second for a 
scan length of 867 mm). Emission PET images were re-
constructed using an iterative method (ordered-subsets 
expectation maximization with two iterations and 30 
subsets, field of view = 600 mm, slice thickness = 3.27 
mm) and attenuation-corrected with non-contrast CT. 

18F-FDG PET/CT image interpretation and analysis
Transaxial, saggital, coronal, and maximum intensity 
projection images of 18F-FDG PET/CT were assessed vi-
sually on an AW workstation version 4.4 (General Elec-
tric Healthcare, Chicago, IL, USA) by an experienced 
nuclear medicine physician blinded to the results of 
clinical data. 18F-FDG uptake was graded on a scale from 
0 to 3: 0, no uptake; 1, below liver uptake; 2, correspond-
ing to liver uptake; and 3, above liver uptake. Grade ≥ 
2 considered active 18F-FDG uptake for lymph nodes 
and grade ≥ 3 deemed active PET diseases for spleen 
and bone marrow [17]. For the semiquantitative analysis 
of 18F-FDG uptake, standardized uptake values (SUVs) 
were calculated based on injected dose and body weight. 
Three dimensional spherical volume of interest (7.11 
cm3) were placed on the lymph nodes, spleen, and bone 
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marrows and maximum SUVs (SUVmax) were recorded. 
If there were multiple lymph nodes uptakes in one pa-
tient, we selected one lymph node with the most intense 
18F-FDG uptake as a representative value. When the le-
sion could not be visualized due to a lack of 18F-FDG 
uptake for lymph nodes, an SUV of 0 was recorded. SUV 
intensity was calculated by dividing the SUVmax of le-
sions (lymph nodes, spleen, and bone marrows) by that 
of liver (segment VIII) to minimize the effect of time 
from injection to acquisition and to minimize the effect 
of blood glucose levels proposed by Lee et al. [8]. The 
same process was repeated a minimum of 6 months lat-
er, and these two readings were compared to estimate 
intrareader reliability.

Statistical analysis
The statistical analysis was performed using SPSS ver-
sion 12.0 (SPSS Inc., Chicago, IL, USA). A p < 0.05 was 
regarded as statistically significant. The data are shown 
as mean ± standard deviation or median and interquar-
tile range, where appropriate. The correlations between 
18F-FDG PET/CT results and disease activity markers 
of AOSD were evaluated with a Spearman’s correlation 
test. Intrareader reliability was measured using the in-
traclass correlation coefficient (ICC), as generated by 
two-way random effect model and an absolute agree-
ment definition.

RESULTS

Clinical characteristics of the patients
The mean age of the AOSD patients was 50.8 ± 17.6 years, 
and females comprised 61.5%. The main clinical symp-
toms in AOSD patients included high spiking fever 
(76.9%), skin rash (30.8%), sore throat (4.7%), arthralgia 
(53.8%), and lymphadenopathy (69.2%). Ten patients 
(76.9%) had clinically active disease. Table 1 lists the 
clinical features, laboratory findings, and clinical dis-
ease activities of each patient. 

18F-FDG PET/CT results in 13 AOSD patients 
Table 2 shows the 18F-FDG PET/CT results of each pa-
tient. Intrareader agreement for PET was perfect with 
ICCs of 1.000. The presence of increased 18F-FDG uptake 

was noted in 90% of clinically active AOSD patients (n = 
10). 18F-FDG uptake was located to lymph node, spleen, 
and bone marrow. Also, there was no uptake of 18F-FDG 
in clinically inactive AOSD patients (n = 3). Among the 
18F-FDG PET/CT scan of 10 clinically active AOSD pa-
tients, six scan (60%) showed active 18F-FDG uptake in at 
least one lymph node region (median SUV intensity, 1.9 
[1.0 to 2.47]). Lymph nodes were located in right cervical 
(n = 4/6), left cervical (n = 4), right axilla (n = 4), left axilla 
(n = 3), right pulmonary/mediastinal (n = 3), left pulmo-
nary/mediastinal (n = 3), abdominal/mesenteric (n = 2), 
right inguinal/femoral (n = 2), or left inguinal/femoral 
(n = 2) sites. Five scans (50%) showed active 18F-FDG up-
take of spleen with a median SUV intensity of 2.16 (1.88 
to 2.31). Furthermore, 18F-FDG bone marrow uptake was 
observed in 80% of patients (8/10) with clinically active 
AOSD patients with a median SUV intensity of 1.57 (1.41 
to 1.88). 

Correlation of 18F-FDG PET/CT with clinical disease 
activity of AOSD
Visual grade of lymph node was significantly correlated 
with the systemic score of AOSD (r = 0.664, p = 0.013). 
SUV intensity of lymph node was correlated with the 
systemic score (r = 0.601, p = 0.03). Visual grade of spleen 
was significantly correlated with the systemic score (r = 
0.771, p = 0.002), ESR (r = 0.617, p = 0.025), and ferritin (r = 
0.557, p = 0.048). SUV intensity of spleen was correlated 
with the systemic score (r = 0.676, p = 0.011). Also, visual 
grade of bone marrow was significantly correlated with 
the systemic score (r = 0.734, p = 0.004), ESR (r = 0.761, p = 
0.003), leukocyte (r = 0.775, p = 0.002), and neutrophil (r = 
0.711, p = 0.006). SUV intensity of bone marrow was cor-
related with the systemic score (r = 0.57, p = 0.042), ESR 
(r = 0.612, p = 0.026), leukocyte (r = 0.773, p = 0.002), and 
neutrophil (r = 0.725, p = 0.005) (Table 3).

DISCUSSION

To examine the clinical significance of 18F-FDG PET/CT, 
we reviewed 18F-FDG PET/CT results in AOSD patients 
and evaluated the results with disease activity markers. 
Ninety percent of active AOSD patients had 18F-FDG up-
take occurring in lymph node, spleen, or bone marrow 
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and that this uptake was significantly associated with 
clinical disease activity of AOSD. Additionally, 18F-FDG 
uptak correlated significantly with inflammatory mark-
ers such as ESR, CRP, or ferritin. 

18F-FDG uptake is also elevated in infectious and 
non-infectious inflammatory lesions, not only tumor 
cells. Reports have suggested that 18F-FDG PET may 
aid in the diagnosis or monitoring disease activity of 
inflammatory diseases such as large vessel arteritis, sar-
coidosis, and Crohn disease [5,6,8,18-20]. In addition, 
18F-FDG PET could be helpful in making a final diag-
nosis in patients with FUO [21-23]. Some studies showed 
the clinical role of 18F-FDG PET for identifying the caus-
es of FUO in patients with AOSD [22,23]. 

Case reports have assessed 18F-FDG PET in AOSD [9-
11,13,24,25]. The AOSD patients in previous reports were 
evaluated with 18F-FDG PET to rule out other febrile 
diseases such as infection, vasculitis, or malignancies or 
to work up lymphadenopathy. Most patients displayed 
increased uptake of 18F-FDG at multiple lymph nodes, 
spleen, or bone marrow [9,11,13,15,25]. One case showed 
an elevated 18F-FDG level in the sacroiliac joints because 
of arthritis associated with AOSD [24]. In another case, 
increased 18F-FDG uptake was shown in the carotids, 
the wrist, and the large vessels of the legs [12]. A recent 
report showed diffuse 18F-FDG uptake on quadriceps 
muscle bilaterally and a small uptake on the iliac bone 
[11]. In the present study, nine patients among 10 active 
AOSD patients showed increased 18F-FDG uptake at 
lymph node, spleen, or bone marrow. Four patients had 
increased 18F-FDG uptake at all sites, one at only lymph 
node, two at only bone marrow, one at lymph node and 
bone marrow, and one at spleen and bone marrow. 
18F-FDG uptake of other site except lymph node, spleen, 
and bone marrow was not shown in our patients. In ad-
dition, there was no uptake of 18F-FDG in clinically in-
active AOSD patients.

Increased splenic uptake is observed in human im-
munodeficiency virus infection and lymphoma. Dif-
fusely increased splenic uptake may also be present in 
sarcoidosis, malaria, and many inflammatory or hema-
topoietic diseases [26]. Furthermore, one study showed 
the relationship between hematologic parameters and 
bone marrow and splenic uptake of 18F-FDG in PET im-
aging [27]. In the present study, diffuse 18F-FDG uptake 
in bone marrow and spleen was shown in the AOSD pa-

tients, consistent with previous studies [9-11,13,15,25]. In 
addition, the frequency of 18F-FDG uptake of bone mar-
row is higher than that of spleen or lymph node. There-
fore, this study showed that 18F-FDG diffuse uptake in 
bone marrow and spleen could be common feature of 
AOSD in 18F-FDG PET.

Only one study showed a correlation between clini-
cal activity and 18F-FDG PET results in AOSD [14]. They 
reported that no significant correlation was found be-
tween SUVmax in each lesion and the laboratory data, 
except for a significant correlation between lactate dehy-
drogenase and spleen SUV. And, three studies showed 
initial and follow-up 18F-FDG PET results of their cas-
es [9-11]. All studies showed significant improvement 
(decreased SUV levels) of the initially abnormally sized 
radioactive lesions in follow-up images after treatment. 
In the present study, although there were no follow-up 
18F-FDG PET/CT results in our AOSD patients, we en-
rolled 10 active AOSD patients and three inactive AOSD 
patients. We evaluated a correlation between the results 
of 18F-FDG PET/CT and clinical activity. Visual grade 
and SUV intensity of lymph node was significantly cor-
related with the systemic score of AOSD. Visual grade 
of spleen was significantly correlated with the systemic 
score, ESR, and ferritin. Additionally, visual grade and 
SUV intensity of bone marrow was significantly cor-
related with the systemic score, ESR, and leukocyte. 
Therefore, these results suggest that 18F-FDG PET/CT 
can provide reliable clinical information for monitor-
ing the disease activity. In the present study, we assessed 
18F-FDG uptake using both visual and semiquantitative 
(standard uptake value intensity) methods proposed 
previously [8], and checked the number of lymph node 
lesions with active 18F-FDG uptake. We found similar 
significant associations between clinical disease activity 
and the two methods (visual and semiquantitative meth-
ods). 

This study had several limitations. It was retrospec-
tive and so may have weaknesses that include selection 
bias. Additionally, it was a cross-sectional study of small 
sample size conducted without follow-up scan. Further 
large-scale prospective studies are needed to determine 
the usefulness of 18F-FDG PET/CT scan for the diagno-
sis and evaluation of disease activity of AOSD. Howev-
er, our study showed a significant correlation between 
clinical disease activity and 18F-FDG uptake in AOSD. In 
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addition, we evaluated the association between 18F-FDG 
uptake and several inflammatory markers.

In conclusion, the presence of increased 18F-FDG up-
take in lymph node, spleen, or bone marrow was noted 
in 90% of clinically active AOSD patients. Additionally, 
visual grade and SUV intensity of lymph node, spleen 
and bone marrow on 18F-FDG PET/CT scan showed sig-
nificant correlations with known disease activity mark-
ers. These data suggest that 18F-FDG PET/CT scan may 
be a useful imaging technique for evaluation of disease 
activity in AOSD patients. For clinical usefulness of 
18F-FDG PET, further prospective study with large sam-
ple size is needed.

Conflict of interest
No potential conflict of interest relevant to this article 
was reported.

REFERENCES

1. Bywaters EG. Still’s disease in the adult. Ann Rheum Dis 
1971;30:121-133. 

2. Bujak JS, Aptekar RG, Decker JL, Wolff SM. Juvenile rheu-
matoid arthritis in the adult presenting as fever of un-
known origin. Trans Assoc Am Physicians 1972;85:181-191.

3. Pouchot J, Sampalis JS, Beaudet F, et al. Adult Still’s dis-
ease: manifestations, disease course, and outcome in 62 
patients. Medicine (Baltimore) 1991;70:118-136.

4. Ohta A, Yamaguchi M, Kaneoka H, Nagayoshi T, Hiida M. 
Adult Still’s disease: review of 228 cases from the litera-
ture. J Rheumatol 1987;14:1139-1146.

5. Ambrosini V, Zompatori M, Fasano L, et al. (18)F-FDG 

PET/CT for the assessment of disease extension and ac-
tivity in patients with sarcoidosis: results of a preliminary 
prospective study. Clin Nucl Med 2013;38:e171-e177.

6. Cheng Y, Lv N, Wang Z, Chen B, Dang A. 18-FDG-PET in 
assessing disease activity in Takayasu arteritis: a meta-anal-
ysis. Clin Exp Rheumatol 2013;31(1 Suppl 75):S22-S27.

7. Cohen C, Mekinian A, Uzunhan Y, et al. 18F-fluorodeoxy-
glucose positron emission tomography/computer tomog-
raphy as an objective tool for assessing disease activity in 
Sjogren’s syndrome. Autoimmun Rev 2013;12:1109-1114.

8. Lee KH, Cho A, Choi YJ, et al. The role of (18) F-fluo-
rodeoxyglucose-positron emission tomography in the 
assessment of disease activity in patients with Takayasu 
arteritis. Arthritis Rheum 2012;64:866-875. 

9. Choe JY, Chung DS, Park SH, Kwon HH, Kim SK. Clin-
ical significance of 18F-fluoro-dexoxyglucose positron 
emission tomography in patients with adult-onset Still’s 
disease: report of two cases and review of literatures. 
Rheumatol Int 2010;30:1673-1676.

10. Funauchi M, Ikoma S, Kishimoto K, et al. A case of adult 
onset Still’s disease showing marked accumulation in the 
liver and spleen, on positron emission tomography-CT 
images. Rheumatol Int 2008;28:1061-1064. 

11. Cunha ML, Wagner J, Osawa A, Scheinberg M. The effect 
of tocilizumab on the uptake of 18FDG-PET imaging in 
patients with adult-onset Still’s disease. Rheumatology 
(Oxford) 2010;49:1014-1016. 

12. de Graaff LC, ten Broek MR, Schweitzer DH. Is Still’s 
disease still one disease? A case of Adult-onset Still’s dis-
ease showing accumulation in the carotids and the large 
vessels of the legs on positron emission tomography: CT 
images. Rheumatol Int 2012;32:2487-2490.

13. Cai L, Chen Y, Huang Z. Elevated FDG activity in lymph 
nodes as well as the spleen and liver in a patient with 
adult-onset still disease. Clin Nucl Med 2012;37:1009-1010. 

14. Yamashita H, Kubota K, Takahashi Y, et al. Clinical value 
of 18F-fluoro-dexoxyglucose positron emission tomogra-
phy/computed tomography in patients with adult-onset 
Still’s disease: a seven-case series and review of the litera-
ture. Mod Rheumatol 2014;24:645-650.

15. Dong MJ, Wang CQ, Zhao K, et al. 18F-FDG PET/CT in 
patients with adult-onset Still’s disease. Clin Rheumatol 
2015;34:2047-2056.

16. Yamaguchi M, Ohta A, Tsunematsu T, et al. Preliminary 
criteria for classification of adult Still’s disease. J Rheu-
matol 1992;19:424-430.

KEY MESSAGE 

1. The presence of increased 18F-f luorodeoxyglu-
cose (18F-FDG) uptake in lymph node, spleen, 
or bone marrow was noted in 90% of clinically 
active adult-onset Still’s disease (AOSD) patients.

2. 18F-FDG positron emission tomography/com-
puted tomography scan may be a useful imag-
ing technique for evaluation of disease activity 
in AOSD patients.

www.kjim.org


An YS, et al. 18F-FDG PET/CT in AOSD

www.kjim.orghttps://doi.org/10.3904/kjim.2015.322 1089

17. Paes FM, Kalkanis DG, Sideras PA, Serafini AN. FDG PET/
CT of extranodal involvement in non-Hodgkin lympho-
ma and Hodgkin disease. Radiographics 2010;30:269-291.

18. Fuchs M, Briel M, Daikeler T, et al. The impact of 
18F-FDG PET on the management of patients with sus-
pected large vessel vasculitis. Eur J Nucl Med Mol Imag-
ing 2012;39:344-353. 

19. Mostard RL, van Kroonenburgh MJ, Drent M. The role 
of the PET scan in the management of sarcoidosis. Curr 
Opin Pulm Med 2013;19:538-544.

20. Neurath MF, Vehling D, Schunk K, et al. Noninvasive 
assessment of Crohn’s disease activity: a comparison of 
18F-fluorodeoxyglucose positron emission tomography, 
hydromagnetic resonance imaging, and granulocyte 
scintigraphy with labeled antibodies. Am J Gastroenterol 
2002;97:1978-1985.

21. Buysschaert I, Vanderschueren S, Blockmans D, Mortel-
mans L, Knockaert D. Contribution of (18)fluoro-deoxy-
glucose positron emission tomography to the work-up of 
patients with fever of unknown origin. Eur J Intern Med 
2004;15:151-156.

22. Blockmans D, Knockaert D, Maes A, et al. Clinical value of 

[(18)F]fluoro-deoxyglucose positron emission tomography 
for patients with fever of unknown origin. Clin Infect Dis 
2001;32:191-196.

23. Bleeker-Rovers CP, Corstens FH, Van Der Meer JW, Oyen 
WJ. Fever of unknown origin: prospective comparison 
of diagnostic value of (18)F-FDG PET and (111)In-gran-
ulocyte scintigraphy. Eur J Nucl Med Mol Imaging 
2004;31:1342-1343

24. Ahn BC, Lee SW, Lee J. Intense accumulation of F-18 FDG 
in colonic wall in adult onset still disease with pseudo-
membranous colitis. Clin Nucl Med 2008;33:806-808.

25. Vranken E, Versijpt J, Winne L, Veys EM, Hamphrey H. 
Adult-onset Still disease: evaluation with serial f-18 flu-
orodeoxyglucose positron emission tomography. Clin 
Nucl Med 2005;30:740-741.

26. Liu Y. Clinical significance of diffusely increased splenic 
uptake on FDG-PET. Nucl Med Commun 2009;30:763-
769.

27. Nunez R, Rini JN, Tronco GG, Tomas MB, Nichols K, 
Palestro CJ. Correlation of hematologic parameters with 
bone marrow and spleen uptake in FDG PET. Rev Esp 
Med Nucl 2005;24:107-112.       

www.kjim.org

