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Association of leukotrienes and prostaglandins with splenic 
18
F-FDG uptake in hepatobiliary cancer patients

Abstract
Objective: In this study, we aimed to evaluate the relationship between lipid metabolites and di�use sp-

18lenic F-FDG uptake with the means of leukotriene (LT) and prostaglandin (PG).  Subjects and Methods: 
We enrolled 36 patients with hepatobiliary malignancies who underwent �uorine-18-�uorodeoxyuglu-

18cose ( F-FDG) positron emission tomography/computed tomography (PET/CT) for staging workup. Pati-
18ents were divided into two groups according to spleen to liver ratio (S/L ratio) of F-FDG uptake. Blood 

sample of each patient was collected on the day of conducting PET/CT scanning. Several types of LT and 
PG, including LTB4, LTC4, LTE4, PGD2, PGE2, and PGF2� were measured from blood plasma samples from 
36 patients using enzyme immunoassay (EIA kit, Cayman Chemical Co.). Results: White blood cell counts 

18(P=0.0176) and C-reactive protein (P=0.0036) were higher in patients with splenic F-FDG uptake exce-
18eding hepatic F-FDG uptake. Among the several types of PG and LT, PGD2 (P=0.0033) was higher in pati-

18 18ents with hepatic F-FDG uptake exceeding splenic F-FDG uptake, however, LTC4 (P=0.0237) and LTE4 
18(P=0.0429) were higher in patients with splenic F-FDG uptake over hepatic uptake. Higher levels of LTC4 

18and lower levels of PGD2 are shown in patients with splenic F-FDG uptake. Conclusion: If the clinician in-
18cidentally �nds splenic F-FDG uptake exceeding hepatic uptake, concurrent in�ammation should be 

considered.
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Introduction

Leukotrienes (LT) and prostaglandins (PG) are important lipid mediators in enhan-
cing and modulating proin�ammatory responses [1-3]. They are lipid metabolites 
derived from arachidonic acid [1]. Leukotrienes, formed by the 5-lipoxygenase-ca-

talyzed oxidation of arachidonic acid, have potent proin�ammatory activities [2]. 
Prostaglandins are formed when arachidonic acid is metabolized by the sequential acti-
ons of cyclooxygenase and other synthase [3]. Prostaglandins play a key role in the ge-
neration of the in�ammatory response [3].

The spleen, is the largest lymphoid organ which combines the innate and adaptive im-
mune system in a uniquely organized way [4]. The spleen performs multiple tasks, inclu-
ding clearance of pathogens and production of in�ammatory substances and immuno-

18globulins [5]. In normal individuals, �uorine-18-�uorodeoxyuglucose ( F-FDG) uptake 
in the spleen is less than that in the liver [6]. The splenic uptake exceeding hepatic upta-
ke is considered abnormal [6]. Focal uptake in the spleen is considered pathologic, which 
may represent a lymphoma, primary splenic neoplasm, metastasis, or infection [7].

18In contrast to focal uptake, di�usely increased F-FDG uptake in spleen is more com-
18monly observed on a whole-body F-FDG positron emission tomography/computed 

tomography (PET/CT) by chance, but its clinical signi�cance is discussed sparsely in the 
18literature. There are few reports that di�used increased splenic F-FDG uptake frequen-

tly occurs in patients under in�ammatory condition [8, 9]. In previous reports, we also 
suggested that di�use splenic uptake may be associated with acute in�ammatory con-
dition [10, 11]. The purpose of this study was to assess the clinical implication of di�usely 

18increased splenic F-FDG uptake and to evaluate the relationship between lipid bio-
compounds and increased glucose metabolism in spleen. 

Subjects and Methods

Study population
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This study was a retrospectively reviewed the patients with 
pancreaticobillary malignancies (cholangiocarcinoma, pan-
creatic cancer, gallbladder cancer, and cancer of the ampulla 
of vater) who underwent PET/CT. All patients had under-

18gone F-FDG PET/CT for staging workup before treatment. 
18Patients with known causes of splenic F-FDG uptake, such 

as metastasis to spleen, lymphoma involvement and focal 
infection were excluded. Patients with prior histories of tre-
atment with granulocyte colony stimulating factor (G-CSF) 
or granulocyte-macrophage colony-stimulating factor 
(CSF) were excluded. There was no patients who had uncon-
trolled diabetes mellitus or high blood sugar level. Thirty-six 
patients were enrolled in this study, and they were divided 

18into 2 groups according to splenic F-FDG uptake relative to 
18hepatic F-FDG uptake. Eighteen patients were included in 

each group. We adopted the laboratory studies within 3 da-
ys before or after PET/CT, including C-reactive protein (CRP) 
level, complete blood cell count, which were routinely plan-
ned for the clinical baseline study of the patients. In addi-
tion, the reserved serum in the same day of routine labora-
tory study was obtained for the analysis of both LTs and PGs. 
This study was reviewed and approved by the Institutional 
Review Board of our institution and waived informed con-
sent form for retrospective nature.

Measurement of prostaglandins and leukotrienes 
Blood sample for immunoassay to analyze concentration of 

18LT and PG was collected on the day of F-FDG PET/CT. Con-
centration of LT and PG was measured by a speci�c enzyme 
immunoassay with a commercial kit (Cayman Chemical Co; 
Ann Arbor, MI, USA). Six lipid mediators were analyzed as 
follow: LTB4, LTC4, LTE4, PGD2, PGE2, and PGF2�. Procedu-
res were followed as described by the manufacturer. 

18F-FDG PET/CT 
18All patients fasted for at least 6 hours before undergoing F-

FDG PET/CT. Serum glucose levels were less than 120mg/dL 
18before F-FDG administration. The patients were injected 

18  18with 5.2MBq of F-FDG per kilogram of body weight. F-
FDG PET/CT was performed 60min after intravenous injec-

18tion of F-FDG. Emission scan was conducted in the 3-di-
mensional mode. Emission scan time per bed position was 
3min; 9 bed positions were acquired. Positron emission to-
mography data were obtained using a dedicated PET/CT 
scanner (Gemini, Philips, Milpitas, CA, USA) with an axial �-
eld of view of 18cm. The average axial resolution varied bet-
ween 4.2mm full width at half maximum in the center and 
5.6mm at 10cm. The average total PET/CT examination time 
was 30 minutes. After scatter and decay correction, PET data 
were reconstructed iteratively with attenuation correction 
and reoriented in axial, sagittal, and coronal slices. The row 
action maximum likelihood algorithm was used for 3-di-
mensional reconstruction. 

Image analysis
18Using CT images of the F-FDG PET/CT, round region of in-

terest (ROI) was placed on the lumbar vertebrae (L1-L3 ver-
tebral bodies), which were averaged as the bone marrow 
(BM). We placed one circular ROI on the center of the spleen 

and the right lobe of the liver, in the middle part, to avoid 
mismatch between the CT and PET images and the artifact 
by respiratory motion. The ROI were used to measure 
SUVmax of BM, liver and spleen in each patient. Spleen 
SUVmax/liver SUVmax (S/L ratio), and spleen SUVmax/BM 
SUVmax were calculated.

Statistical analysis
Statistical analyses were performed using MedCalc® for Win-
dows version 16.4.3 (MedCalc, Mariakerke, Belgium). All non-
normally distributed variables were expressed as medians 
and interquartile ranges (IQR; 25�75%). A Mann�Whitney U-
test was used to compare continuous variables between the 
two groups. For comparing the categorical data of the gro-

2ups, the X -test was used. The correlation between splenic 
18F-FDG uptake and hematologic indicies was determined 
by Pearson correlation coe�cient. Results were considered 
statistically signi�cant when a P-value was less than 0.05.

Results

Patient's characteristics
Patients' characteristics are shown in Table 1. Patients were 
histologically con�rmed as following disease: cholangiocar-
cinoma (n=22), pancreatic cancer (n=9) or gall bladder can-
cer (n=3), ampulla of Vater cancer (n=2). Endoscopic retrog-
rade cholangiopancreatography (ERCP) was done in 25 pa-

18tients in 5 days before performing F-FDG PET/CT. Seven 
18patients received ERCP after F-FDG PET/CT and 4 patients 

did not underwent ERCP. Thirteen patients of 18 patients in 
18the spleen group received ERCP before F-FDG PET/CT.

18Relation between Splenic F-FDG uptake and hema-
tologic indices

18Patients were divided into 2 groups according to splenic F-
FDG uptake relative to hepatic uptake. Eighteen patients 
were included in each group. Images of patients from each 
group are shown in Figure 1. White blood cell counts (P= 
0.0176) and CRP (P=0.0036) were higher in patients with sp-

18 18lenic F-FDG uptake exceeding hepatic F-FDG uptake. Li-
ver maximum standardize uptake value (SUVmax) was not 
di�erent between two groups (P=0.1403), however, BM 

18SUVmax was higher in patients with splenic F-FDG uptake 
18over hepatic F-FDG uptake (P=0.0124). Other hematologic 

indices were not signi�cantly di�erent; RBC (P=0.1839), Hb 
(P=0.1210), Hct (P=0.1137), and platelet (P=0.5583) (Table 1).

Comparison of prostaglandin and leukotrienes bet-
ween two groups
Among PG and LT, PGD2 (P=0.0033) was higher in patients 

18 18with hepatic F-FDG uptake exceeding splenic F-FDG up-
take, however, LTC4 (P=0.0237) and LTE4 (P=0.0429) were 

18higher in patients with splenic F-FDG uptake over hepatic 
uptake. PGE2, PGF2a, and LTB4 were not di�erent between 
patients (Table 2). Data comparison graphs of PG and LT are 
presented in Figures 2 and 3.
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Figure 1. 18 18Maximum intensity projections of F-FDG PET/CT. A 74 year-old woman with Klatskin tumor presenting increased splenic F-FDG uptake (SUVmax 5.2) is 
18 18exceeding hepatic F-FDG uptake (SUVmax 2.3). Spleen to liver ratio was 2.23 (A). A 64 year-old man with intrahepatic cholangioc arcinoma showing splenic F-FDG 

18uptake (SUVmax 3.3) is lower than hepatic F-FDG uptake (SUVmax 4.7). The spleen to liver ratio was 0.702. (B)

Table 1. Patient characteristics.

Variables Spleen>Liver (n=18) Spleen<Liver (n=18) P

Age (yrs)

Sex (female)

Disease (cholangiocarcinoma)

Spleen SUVmax

Liver SUVmax

BM SUVmax

SpleenSUVmax/liverSUVmax

Spleen SUVmax/BM SUVmax
3WBC (x10 /µL)

3RBC (x10 /µL)

Hb (g/dL)

Hct (%)
3Platelet (x10 /µL) 

CRP (mg/dL)

70 (42-83)

11

12

4.85 (2.9-15.5)

3.4 (2.2-6.6) 

3.2 (1.7-5.1)

1.39 (1.04-2.35)

1.53 (1.0-4.70)

9.57 (3.43-27.31)

3.73 (2.56-5.25)

11.2 (7.6-14.8)

32.9 (22.4-44.4)

272 (52-358)

4.6 (0.4-26.3)

70 (55-84)

6

10

2.1 (1.4-3.6)

2.6 (1.9-5.8)

2.2 (1.3-4.4)

0.74 (0.6-0.97)

1.0 (0.52-1.38)

6.87 (4.14-11.26)

4.06 (2.75-5.0)

12.3 (8.4-15.1)

36.1 (23.8-43.2)

230 (143-434)

2.0 (0.1-5.52)

0.6016

0.1811

0.7332

<0.0001

0.1403

0.0124

<0.0001

<0.0001

0.0176

0.1839

0.1210

0.1137

0.5583

0.0036

SUVmax, Maximum standardized uptake value; BM, Bone marrow; WBC, White blood cell; RBC, Red blood cell; Hct, Hematocrit; CRP, C-reactive protein.

Variables are expressed as the median (interquartile range; IQR), P - value using Mann-Whitney U - test



Figure 2. Comparison of leukotrienes level between two groups (In the box, the median and interquartile values are represented. Whiskers show values from minimum 
to maximum, excluding outliers. + expresses outliers).

Table 2. Comparison of prostaglandins and leukotrienes between 2 groups.

Variables  Spleen>Liver (n=18) Spleen<Liver (n=18) P value

Prostaglandins (pg/mL)

PGD2

PGE2

PGF2a

Leukotrienes (pg/mL)

LTB4

LTC4

LTE4

 

1695.6 (548.3-11295.1)

872.8 (233.6-1824.9)

504.3 (0-1997.8)

28870.7 (9750.4-63433.5)

160.1 (0-305.7)

6001.5 (1173.4-26023.8)

3967.2 (1170.4-11874.2) 

963.3 (285.2-2167.3)

917.2 (929.9-2221.0)

19654.1 (5039.6-51447.2)

98.5 (0-209.5)

3625.5 (0-16815.8)

 0.0033

0.8371

0.0999

0.1839

0.0237

0.0429

PG, prostaglandin; LT, leukotriene, Variables are expressed as the median (interquartile range; IQR), P - value using Mann-Whitney U - test

 

 

Figure 3. Comparison of prostaglandins levels between two groups (In the box, the median and interquartile values are represented. Whiskers show values from 
minimum to maximum, excluding outliers. + expresses outliers).

18Correlations between F-FDG uptake and hematolo-
gic indices
Correlations between spleen SUVmax, BM SUVmax, S/L ra-
tio and hematologic indices are shown in Table 3. Correla-
tions between LTB4 and BM SUVmax (r=0.3687, P=0.0269) 
and between PGD2 and S/L ratio (r=-0.3628, P=0.0296) were 
weakly signi�cant, however the correlations between other 
variables were not statistically signi�cant.

Discussion

18We have observed splenic F-FDG uptake exceeding hepa-
18tic F-FDG uptake and proved the relation between that phe-

nomenon and concurrent in�ammation [10]. Interleukin (IL)-
1b, IL-1receptor antagonist, IL-4, IL-6, IL-7, and IL-13 was asso-

18ciated with di�use splenic F-FDG uptake [11]. In addition, 
18splenic F-FDG uptake could predict worse prognosis in pati-

ents with cholangiocarcinoma [12]. In this study, we have fo-
und that PGD2 and LTC4 are associated with this phenome-
non. 

18There are several assumptions that explain splenic F-FDG 
uptake exceeding hepatic uptake. Infections such as HIV in-
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fection, malaria infection, toxoplasmosis and varicella infec-
tion result in activation of immune system in the white pulp 
or compensatory expansion of the red marrow in the sple-
en, leading to increased glucose usage by this organ [5, 13-
17]. In addition, concurrent in�ammatory condition which 
was supported by leukocytosis and increased level of CRP 
may be associated with this phenomenon in accordance 
with previous studies [10, 11]. Spleen serves as a reservoir of 
cellular elements including leukocytes and the white pulp is 
the structure of the lymphoid region of the spleen [4, 5]. The 
correct organization and maintenance of the white pulp is 
controlled by speci�c chemokines that attract T and B cells 
to their respective domains [4]. Splenic uptake in malaria pa-
tients is proven to re�ect the activation on B lymphocytes 

18[15, 16]. Therefore, the phenomenon of splenic F-FDG up-
take may be linked with the activation of B and T lympho-
cytes activation in white pulp of spleen.

In this study, we compared PG and LT between 2 groups. 
Prostaglandins play a key role in the generation of the in-
�ammatory response, however, their role in the resolution 
of in�ammation is more controversial [3]. Among PG, PGD2 
was lower in patients with splenic uptake exceeding hepatic 
uptake. Prostaglandins 2 is a major eicosanoid that functi-
ons in both an in�ammatory and homeostatic capacity [3]. 
Prostaglandins 2 production is known to be increased du-
ring the proin�ammatory phase, but not during resolution 
phase [3]. The role of PGD2 in cholangitis is not fully under-
stood, however, PGE2 involves in development of cholan-
gitis [18]. The worse prognosis of patients with splenic up-
take may result from unresolvable cholangitis, not from ex-
panding cholangiocarcinoma [19]. Patients with splenic up-
take might be in the phase of resolution after acute in�am-
mation by cholangitis. Among LT, LTC4 was higher in pati-

18ents with splenic F-FDG uptake. Leukotrienes C4, LTD4, 
and LTE4 are cysteinyl LT, potent proin�ammatory medi-
ators [20]. In patients with obstructive jaundice, the excre-
tion of LT from blood by hepatobiliary elimination are incre-
ased with the severity of cholestasis and hepatic in�amma-
tion [20]. 

Several limitations should be considered in this study. This 
is the �rst study that evaluated the association of LT, and PG 

18with splenic F-FDG uptake, however, we could not explain 
the mechanism of this phenomenon. In addition, the cur-
rent study is retrospectively designed and includes a rela-
tively small sample size. Further prospective studies with a 
large sample size will be needed to explain the mechanism 
of this phenomenon.

In conclusion, higher levels of LTC4 and lower levels of 
18PGD2 are shown in patients with splenic F-FDG uptake. If 

18the clinician incidentally �nds splenic F-FDG uptake exce-
eding hepatic uptake, concurrent in�ammation should be 
considered.

This study was supported by Biomedical Research Institute 
Grant (2013-E7), Pusan National University Hospital.
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