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Abstract

Objectives On 18F—Fludeo><yg|ucose (FDG) PET/CT, active sarcoid lesions are often difficult to differentiate from
malignant lesions. We investigated the potential of the glucose metabolic rate (MRq, mg/min/100 mL), a new
quantification of glucose metabolic kinetics derived from direct reconstruction based on linear Patlak analysis, to
distinguish between sarcoidosis and malignant lesions.

Materials and methods A total of 100 patients with cardiac sarcoidosis (CS) and 67 patients with cancer who
underwent four-dimensional FDG PET/CT were enrolled. The lesions with a standardized uptake value (SUV) > 2.7 on
the standard scan were included as active lesions in the analysis. SUV and MRy were derived using data acquired
between 30 min and 50 min on four-dimensional FDG PET/CT. The mean value in the volume of interest (size 1.5 cm?)
was measured. The diagnostic performance of sarcoidosis using MRgc and SUV was evaluated using receiver-
operating-characteristic (ROC) analysis.

Results A total of 90 sarcoidosis lesions from 44 CS patients (18 males, 634+ 12.2 years) and 87 malignant lesions from 57
cancer-bearing patients (32 males, 65 + 14 years) were analyzed. SUV and MRy for sarcoid lesions were significantly lower
than those for malignant lesions (SUV, 498 +2.00 vs 621 +2.14; MRy, 2.52 +1.39 vs 3.68 + 1.61; p < 001). ROC analysis
indicated that the ability to discriminate sarcoid patients from those with malignancy yielded areas under the curves of 0.703
and 0.754, with sensitivities of 64% and 77% and specificities of 75% and 72% for SUV 5025 and MRy 2.855, respectively.
Conclusion MR was significantly lower in sarcoid lesions than malignant lesions, and improved sarcoid lesions
identification over SUV alone.

Clinical relevance statement MR, improves sarcoid lymph node identification over SUV alone and is expected to shorten
the examination time by eliminating delayed scans.

Key Points

* Active sarcoid lesions are sometimes associated with FDG accumulation and should be differentiated from malignant lesions.
* SUV and metabolic rate of glucose (MRglc) strongly positively correlated, and MRglc could differentiate sarcoid and malignant lesions.
* MRglc allows for accurate evaluation and staging of malignant lesions.
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Graphical Abstract
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The accumulation of active sarcoid lymph nodes is often difficult to differentiate
from malignant lesions in FDG PET/CT. The purpose of this study is to differentiate
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Introduction

[**F] Fluorodeoxyglucose (FDG) PET/CT has contributed
to the diagnosis of active inflammation in patients with
cardiac sarcoidosis (CS) [1]. Active granulomatous con-
ditions with the aggregation of inflammatory cells in
sarcoidosis result in FDG accumulation, and it has been
suggested that the intensity of FDG uptake may reflect
disease activity [2-5]. Malignant diseases such as lym-
phoma, and lymphatic metastasis are common causes of
lymphadenopathy and intense FDG accumulation. In the
diagnostic modality of FDG PET/CT, the accumulation
of active sarcoid lymph nodes is often difficult to differ-
entiate from malignant diseases [5, 6].

When we assessed active inflammation in the CS, visual
and semi-quantitative assessments were generally per-
formed using static imaging after a certain uptake period
by measuring the standardized uptake value (SUV) [1, 3].
Recently, the introduction of new-generation PET/CT
scanners, such as silicon photomultiplier (SiPM)-based
PET/CT scanners and sophisticated software for data
analysis, has facilitated the widespread application of
four-dimensional FDG PET/CT imaging in clinical
oncology. Using a four-dimensional analysis, a SiPM FDG
PET scan can provide information regarding metabolic
parameters [7]. Four-dimensional FDG PET/CT is a

recently developed technique that provides the four-
dimensional PET data required for the direct recon-
struction of multiparametric images based on linear
Patlak analysis. Multiparametric imaging enhances the
standard SUV by introducing two new parametric ima-
ges: glucose metabolic rate (MR, mg/min/100 mL) and
distribution volume (DV, %) of free FDG in the tissue
[8—11]. MRy is a new quantification index of glucose
metabolic kinetics derived from a four-dimensional
SiPM FDG PET scan and is related to the transport/
phosphorylation-dependent part of FDG [9-11]. The free
FDG available before the start of FDG phosphorylation
is reflected by DV, which estimates the vascularity
and interstitial fluid components of the tissue being
evaluated [9-11]. Recent studies have demonstrated that
oncologic MRy images offer superior lesion contrast or
detectability and reduce false-positive rates compared
with SUV imaging [9, 12].

Although there are some reports on the differentiation
between sarcoidosis and malignant lesions using SUV
(6, 9, 12—14], the utility of MRy has yet to be investi-
gated. We hypothesized that parametric analyses using
four-dimensional FDG PET/CT imaging could differ-
entiate sarcoids from malignant lesions precisely. In this
study, we compared and verified the ability of MR and
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Table 1 Overview of patient characteristics Table 2 Breakdown of primary tumors in malignant patients
Sarcoidosis Malignant lesions Primary site, (n =57) Number
Patients (n) 44 57 Colon cancer 9
Sex (M/F) 18/26 32/25 Colon cancer and gastric cancer 2
Mean age (y) [range] 634+122 [35-87] 65+ 14 [26-86] Rectal cancer 9
Number of lesions 90 87 Breast cancer 6
Measurement site Gastric cancer 5
Hilar/mediastinal lymph 73 11 Hepatocellular carcinoma 4
nodes Pancreas cancer 4
Lung 1 6 Lung cancer 3
Abdominal lymph node 11 6 Cholangiocarcinoma 3
Liver 1 45 Lymphoma, renal cancer, thymic cancer, and uterine cancer 2
Others (primary lesion) 4 19 (12) Esophageal cancer, gastric GIST, ovarian cancer, and ureter 1
Measurement of FDG cancer
Average of SUV [range] 47+19 [2.7-9.7] 6.0+19 [28-11.2]

Average of MRy [range] 24+£13[067-62] 36%14[1.3-67]

Basic patient characteristics and FDG-PET measurement data of FDG in
sarcoidosis and malignant lesions are provided

FDG ['®F] fluorodeoxyglucose, MRgyc glucose metabolic rate, SUV standardized
uptake value

conventional SUV to distinguish between sarcoidosis and
malignant lesions.

Materials and methods

This single-center, retrospective, cross-sectional study
evaluated the MRy.’s diagnostic ability in differentiating
active sarcoid lymph nodes from malignant lesions. It was
conducted in accordance with the declaration of Helsinki
(revised in 2013). The study protocol was approved by our
hospital’s ethics committee. Written informed consent
was obtained from all the patients.

Study population

In this study, 100 patients with CS (49 males and
51 females, mean age 62.3 + 13.7 years) and 68 patients
with cancer (42 males and 26 females, mean age
65.6 + 14.3 years) who underwent four-dimensional FDG
PET/CT scan between March 2021 and September 2023
in our hospital were enrolled. For patients with cancer,
PET/CT scans at initial diagnosis or pre-treatment PET/
CT scans at the time of relapse in patients with a complete
response (CR) were included in the analysis. Patients with
CS were diagnosed according to the guidelines of the
Japanese Circulation Society for diagnosing and treating
CS [15]. For CS, images obtained at the initial diagnosis
before steroid treatment were included in the analysis.
The clinical characteristics of the patients are summarized
in Table 1. No pathological examination has been per-
formed to differentiate between sarcoid-like reactions in
sarcoidosis. The patients with cancer included nine with
colon cancer, nine with rectal cancer, six with breast

GIST gastrointestinal stromal tumor

cancer, five with gastric cancer, and others. Patients have
various types of cancer. The study population included
two patients with coexisting colon and gastric cancers
(Table 2). Patients with 150 mg/dL of serum glucose levels
and incomplete four-dimensional PET/CT data were
excluded from the study.

Four-dimensional ['®FIFDG PET/CT scan with a
semiconductor scanner

All FDG PET/CT scans were performed using a Biograph
Vision 600 PET/CT scanner (Siemens Healthineers),
which integrates a 64-slice multi-detector CT using a fully
automated multiparametric PET acquisition protocol
(Flow Motion Multiparametric PET, Siemens Healthi-
neers). The preparation included 18h of fasting for
patients with CS and 6h for those with cancer and
receiving an intravenous injection of FDG (3.7 MBq/kg).
All patients in the CS group were fed a high-fat, low-
carbohydrate diet before FDG PET/CT based on the
recommendations of the Japanese Society of Nuclear
Cardiology [15].

A whole-body imaging protocol was used to acquire
PET data. First, a low-dose non-contrast-enhanced CT
was performed for attenuation correction, covering the
top of the skull to the proximal thigh. Shortened multi-
parametric PET acquisition, which consisted of 4 x 5 min
(total 20 min, 30-50 min post-FDG injection) of con-
tinuous bed motion passes, was performed according to
previous studies [16, 17]. After 60 min, a standard scan
was performed. Four-dimensional PET data acquisition is
a prerequisite for calculating parametric images that
reflect specific pharmacokinetic parameters [18]. The
multiparametric scan protocol generates parametric
images based on the Patlak model [19], with the para-
meters being the Patlak slope (K;), which represents the
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rate of irreversible uptake, and the Patlak intercept (DV),
which indicates the apparent DV of non-metabolized
tracers. Parametric images of the metabolic rate of FDG
(MRglc) and DV were generated using list-mode data
from the last four passes (30-50 min) scanned by the
PET/CT scanner and the population-based input function
method from the five passes (0-30min) provided by
the PET/CT scanner [16, 17, 20, 21]. The static scans
reconstructed the emission data using a time-of-flight
point-spread-function algorithm with four iterations and
five subsets. The Patlak slope based on the linear Patlak
analysis, which represents the constant influx rate of FDG
(Ki), was multiplied by the blood glucose level and divided
by the lumped constant (LC) to calculate the MRg.. The
LC was fixed at 1.0 in our hospital. A Gaussian filter was
applied, and the in-plane spatial resolutions (full width at
half maximum) was 4 mm.

Measuring SUV and MRy

Parametric Patlak and SUV images were
quantitatively analyzed by experienced nuclear physi-
cians (M.N. with 33 years of experience and K.K. with
26 years of experience) using Syngo via software version
VB30A_HF08 (Siemens Healthineers). Using a parametric
horizontal-axial image, the mean values within the
volume of interest (size 1.5 cm®) of the MRy, and SUV
were measured for active lesions. In patients with sar-
coidosis and cancer, lesions with SUV .., >2.7 were
considered active and included in the analysis [22].
Lesions were selected in descending order of SUV value,
with a limit of three per patient. At least one lymph node
was measured in the sarcoidosis group, including the right
and left pulmonary hila and mediastinum. If there was no
accumulation in the thoracic lymph nodes, abdominal
lymph nodes, or nodular accumulation in the liver or
spleen were selected. In the malignant group, mediastinal
hilar lymph node and lung metastases were selected first,
followed by abdominal lymph node, liver metastasis, and
primary liver lesions.

semi-

Statistical analysis and evaluation items
Continuous data are expressed as a mean * standard
deviation. The following items were evaluated:

1. A comparison of PET measurements between
sarcoidosis and the malignant group was
performed using the Mann—Whitney U-test.

2. Pearson’s coefficient analysis was used to determine
the correlation between SUV and MRy.

3. Receiver operating characteristic (ROC) curve
analysis was performed to determine the optimal
cutoff values of SUV and MRy for detecting
sarcoidosis and to investigate the area under the
curve (AUC), sensitivity, and specificity.
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All statistical tests conducted were two-sided. Statistical
significance was set at p <0.05. All statistical analyses
were performed using JMP version 16.0 (SAS Institute).

Results

Correlation between SUV and MRglc

The analysis included 90 sarcoidosis lesions from 44 of
100 patients with CS (18 males and 26 females, mean age,
63.4 £ 12.2 years) and 87 malignant lesions from 57 of
67 patients with cancer (32 males and 25 females, mean
age, 65 + 14 years) were included in the analysis (Fig. 1). In
the sarcoidosis group, the average number of lesions per
patient was 2.0 and in the malignant group, 1.5. In both
the sarcoidosis and malignant groups, MRy was strongly
positively correlated with SUV (sarcoidosis and malig-
nancy: Pearson’s r, 0.8788 and 0.8113, p < 0.01) (Fig. 2).

Diagnostic performance of sarcoidosis using SUV
and MRglc
Moreover, SUV and MR for sarcoid lesions were sig-
nificantly lower than those for malignant lesions (SUV,
4.98 £2.00 vs 6.21 + 2.14; MRy, 2.52 £ 1.39 vs 3.68 + 1.61;
p<0.01). ROC analysis revealed that the ability to dis-
criminate sarcoid lesions from malignant lesions yielded
an AUC of 0.694, with 54% sensitivity, and 75% specificity
for SUV of 4.715, and an AUC of 0.735, with 61% sensi-
tivity, and 81% specificity for MRy, of 2.475 (Fig. 3).
Lesions with the highest SUV among multiple lesions per
patient were considered representative. Furthermore, SUV
and MRy for patients with sarcoid lesions were significantly
lower than those for patients with malignant lesions (SUV,
5.07 £2.14 vs 647 +2.31; MRy, 2.55+ 1.52 vs 3.84 + 1.70;
p <0.01). The optimal cutoff values of SUV and MRy were
5.025 and 2.855, respectively. The values that distinguished
patients with sarcoid lesions from those with malignant
lesions had AUC of 0.703 and 0.754, sensitivities of 64% and
77%, and specificities of 75% and 72%, respectively (Fig. 4).
The average number of multiple lesions per patient was used
as the representative value. SUV and MRy, for patients with
sarcoid lesions were significantly lower than those for
patients with malignant lesions (SUV, 4.77+191 vs
6.04 + 1.92; MRy, 2.42 + 1.36 vs 3.55 + 1.42; p < 0.01 for all).
The optimal cut-off values of SUV and MR were 4.858 and
2.475, respectively. The values distinguishing patients with
sarcoid lesions from those with malignant lesions had AUC
of 0.717 and 0.746, sensitivities of 66% and 66%, and speci-
ficities of 72% and 79%, respectively. Two representative
cases of sarcoidosis and malignant lesions are shown in
Figs. 5 and 6, respectively.

Discussion
This is the first study to differentiate active sarcoid
lesions from malignant lesions using parametric analysis
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| Patients who underwent four-dimensional FDG PET/CT between March l
2021 and September 2023 in our hospital

Images at initial diagnosis | |
or pre-treatment at time
of relapse

100 CS patients

(49 males and 51 females, mean age 62.3+13.7 years)

Inclusion criteria : SUV .., =2.7

44 CS batients

(18 males and 26 females, mean age 63.4 * 12.2 years)

Images at initial diagnosis
' before steroid treatment

68 cancer-bearing patients

| (42 males and 26 females, mean age 65.6 = 14.3 years) J

57 cancer-bearing patients
(32 males and 25 females, mean age 65 * 14 years)

A maximum of three lesions per patient were measured

79 lesions were enrolled

87 lesions were enrolled

Fig. 1 Patient entry flowchart. One hundred patients with CS and 68 cancer-bearing patients who underwent four-dimensional FDG PET/CT between
March 2021 and September 2023 at our hospital were enrolled in this study. Lesions with SUVmean > 2.7 were considered active and included in the
analysis and a maximum of three lesions per patient were measured. CS, cardiac sarcoidosis; SUV, standardized uptake value; FDG, ['®F]

fluorodeoxyglucose

Malignant lesion
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Fig. 2 (Left) Correlation between SUV and MR in malignant lesions. MRy was strongly positively correlated with SUV (Pearson r, 0.8113, p < 0.01).
(Right) Correlation between SUV and MRy in sarcoid lesions. MRy was strongly positively correlated with SUV (Pearson r, 0.8788, p < 0.01). MRy, glucose

metabolic rate; SUV, standardized uptake value

of four-dimensional FDG PET/CT imaging and to inves-
tigate the diagnostic performance of MRy.. Our results
demonstrated that (1) MRy was strongly positively cor-
related with SUV in sarcoidosis and malignant lesions, (2)
sarcoidosis lesions demonstrated lower SUV and MRy,
values than malignant lesions, and (3) MRy displayed
higher AUCs for differentiating sarcoid lymph nodes from
malignant lesions than SUV images, suggesting its utility
in differentiating sarcoid lesions from malignant lesions.
These results will improve the accuracy of metastatic

lymph node diagnosis in cancer patients and contribute to
detecting malignant tumors that complicate sarcoidosis.
As shown in Fig. 5b, ¢, the contrast of the lesion in the
MR image without large vessel accumulation was much
clearer than in the SUV image. Differentiation from
physiological myocardial accumulation is often proble-
matic for detecting active lesions in CS. In this study’s
patients with CS, the contrast ratio of active myocardial
lesions to normal myocardium averaged 5.8 on MRy
images, compared to an average of 2.4 on SUV images.
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Fig. 3 a (Left) Box-and-whisker plots of SUV for sarcoidosis lesions and malignant lesions. SUV for sarcoid lesions was significantly lower than those for
malignant lesions (4.98 +2.00 vs 6.21 £ 2.14; *p < 0.01). (Right) Box-and-whisker plots of MRy for sarcoidosis lesions and malignant lesions. MRy for

sarcoid lesions were significantly lower than those for malignant lesions (2.52 +1.39 vs 3.68 + 1.61; *p < 0.01). b (Left) The diagnostic performance of

sarcoidosis lesions using SUV. ROC analysis revealed that the ability to discriminate sarcoid and malignant lesions yielded an AUC of 0.694, with 54%
sensitivity and 75% specificity for SUV 4.715. (Right) The diagnostic performance of sarcoidosis lesions using MRy.. ROC analysis revealed that the ability
to discriminate sarcoid and malignant lesions yielded an AUC of 0.735, with 61% sensitivity and 81% specificity for MRy 2475. AUC, the area under the
curve; MRy, glucose metabolic rate; ROC, receiver operating characteristic; SUV, standardized uptake value

MRy imaging has the advantage of suppressing physio-
logical myocardial accumulation and better localizing
active myocardial lesions. This FDG-PET protocol affects
the patient throughput because it extends the overall scan
time from 30 min after FDG administration to the end of
the standard whole-body scan. However, by consolidating
the evidence of the usefulness of parametric analysis, such
as MRy images with a semiconductor PET system, it will
be possible to shorten or eliminate the standard scan at
1h after FDG administration in the future.
Four-dimensional FDG PET/CT produces two para-
metric images: MRy images, which represent the meta-
bolic rate of FDG in the tissue, and DV images which
represent the DV of free FDG in the reversible compart-
ments and the fractional blood volume. These images
differentiate free FDG and bound FDG-6-phosphate
(FDG-6-P) [9]. Previous four-dimensional FDG PET/CT

studies have demonstrated that MR, images have good
visual quality, superior lesion contrast, and reduced false-
positive rates when complementing standard SUV ima-
ging [9, 12]. However, the quantitative superiority of
lesion detection by MR, imaging does not translate to
the detection of more lesions; that is, the sensitivity
of MRy, imaging is equal to that of SUV imaging.
Parametric imaging of free tracers using DV images allows
the correct identification of small SUV image foci
as artifacts, thereby increasing the specificity of FDG
PET/CT [9]. Recent studies have demonstrated an
excellent correlation between the values in malignant and
benign lesions between MRy and SUV images [9, 12].
Our results also confirmed that MRy positively corre-
lated with SUV in sarcoidosis and malignant lesions.
The two significant proteins unequivocally associated
with increased FDG uptake in cancers are glucose
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Fig. 4 a (Left) Box-and-whisker plots of SUV for patients with sarcoidosis lesions and malignant lesions. SUV for patients with sarcoid lesions was
significantly lower than that for malignant lesions (5.07 £ 2.14 vs 647 + 2.31; *p < 0.01). (Right) Box-and-whisker plots of MRy for patients with sarcoidosis
lesions and malignant lesions. MRy for patients with sarcoid lesions was significantly lower than that for malignant lesions (255 +1.52 vs 3.84 £ 1.70;
*n < 0.01). b (Left) The diagnostic performance of patients with sarcoidosis lesions using SUV. ROC analysis revealed that the ability to discriminate
patients with sarcoid and malignant lesions yielded an AUC of 0.703, with 64% sensitivity and 75% specificity for SUV 5.025. (Right) The diagnostic
performance of patients with sarcoidosis lesions using MRy.. ROC analysis revealed that the ability to discriminate sarcoid and malignant lesions yielded
an AUC of 0.754, with 77% sensitivity and 72% specificity for MRy 2.855. AUC, the area under the curve; MRy, glucose metabolic rate; ROC, receiver

operating characteristic; SUV, standardized uptake value

transporter (GLUT-1) and hexokinase (HK, primarily
HK-2) [23]. FDG is incorporated into cancer cells via
GLUT-1 activity, and HK-2 causes subsequent intracel-
lular accumulation of FDG. Similarly, in stimulated
inflammatory cells, such as in sarcoidosis, in addition to
increased expression of GLUT, HK, which mediates the
phosphorylation of intracellular FDG and results in its
retention within cells, is translocated to the endofacial
surface of GLUT and is activated [1, 23, 24]. HK-2 effi-
ciently phosphorylates glucose to glucose-6-P using
energy produced by the mitochondria. Similarly, FDG is
phosphorylated from FDG-6-P. HK activity is higher in
malignant tumors than during inflammation [25]. Gly-
colytic enzymes, such as HK and phosphofructokinase,
have been reported to be upregulated in many cancer
types [23, 26]. The HK-2 isoform is notable because it
reversibly binds to mitochondria and serves as a critical
regulator of glycolysis and survival in multiple cancers,

where it is a poor prognostic indicator [23]. Furthermore,
the low activity of glucose-6-phosphatase, which hydro-
lyzes FDG-6-P to FDG in tumor cells, leads to the tumor
cell accumulation of FDG-6-P [21, 24]. Thus, the char-
acteristics of the activity of glucose metabolic enzymes in
sarcoidosis and malignant lesions are believed to be the
reasons for the lower MRy in sarcoidosis.

This study has some limitations. First, the fasting time for
patients with sarcoidosis was 18 h, whereas that for patients
with cancer was 6h, indicating a difference in the pre-
paration protocol. Because differences in fasting time are a
crucial factor in glucose metabolism, we measured the SUV
values in the descending thoracic aorta and standard
uptake ratio (SUR) values in the lesions to clarify this issue.
SUR is helpful for the reproducibility of quantitative data
and is also known as the tumor-to-background ratio using
image-derived internal standards. The SUR correlates more
with the metabolic rate of glucose than with the SUV [27].
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Fig. 5 A case of a 50-year-old female with active CS and lymph node
lesions. MIP image (a) demonstrated accumulations in bilateral hilar lymph
nodes and mediastinal lymph nodes, and multiple focal accumulations in
the heart. FDG (b) and MRy (c) images show low FDG uptake in mediastinal
lymph nodes (SUV = 3.65, MRy = 1.58). Focal FDG uptake is seen in each
image's right upper lobe (pulmonary sarcoidosis). The gray and color
calibration scales are shown in the figure. For each scale’s window bottom
and top values, SUV values were bottom = 0, and top =5 [SUV-bw], and
MRgic was bottom = 0 and top = 4 [mg/min/100 mL]. CS, cardiac
sarcoidosis; FDG, ['°F] fluorodeoxyglucose; MIP, maximum intensity
projection; MRy, glucose metabolic rate; SUV, standardized uptake value

We randomly selected 20 patients from the malignancy
and sarcoidosis groups based on the SUV of the descending
thoracic aorta and calculated the SUR of the lesion with the
highest SUV. As a result, the SUR of the malignancy group
was 2.77 +1.04, and that of the sarcoidosis group was
2.52 +0.98 (p=0.318), showing no significant difference.
On the other hand, the SUV values for the descending
aorta were almost identical, 2.30 + 0.22 for the malignancy
group and 2.27 +0.25 for the sarcoidosis group. These
results suggest a low likelihood that SUR will help
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Fig. 6 A case of a 26-year-old male with Hodgkin lymphoma. MIP image
(a) demonstrates extensive FDG uptake from the anterior mediastinum to
the bilateral supraclavicular fossae. No subdiaphragmatic accumulation is
noted. FDG (b) and MRy dimage (c) show high FDG uptake in mediastinal
lymph nodes (SUV = 643, MRyc = 3.33). Their values are higher than
those of sarcoidosis in Fig. 5. The gray and color calibration scales are
shown in the figure. For each scale’s window bottom and top values, SUV
values were bottom = 0 and top =5 [SUV-bw], and MRy was

bottom = 0 and top = 4 [mg/min/100 mL]. FDG, 'R fluorodeoxyglucose;
MIP, maximum intensity projection; MRy, glucose metabolic rate; SUV,
standardized uptake value

differentiate malignant lesions from sarcoidosis. Although
the fasting time differed between 6 h and 18 h, the differ-
ence in blood glucose metabolism was minor. Lymph node
activity in sarcoidosis has not been linked to cardiac
involvement or response to steroid therapy [15]. It is
inferred that the effect of different fasting times on the
accumulation of sarcoid lymph nodes is smaller than that
on cardiac lesions. Secondly, malignant lesions consist of
various pathological types of cancer. Kaneko et al reported
that the MR differed among multiple types of malignant
liver tumors [21]. Therefore, limiting the type of carcinoma
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as much as possible to distinguish it from benign lesions is
useful. Not all cancer patients at our hospital underwent
four-dimensional PET/CT protocols. At our hospital, many
patients had cancers of the bile duct, liver, and pancreas,
resulting in a breakdown of the cancers (Table 2). An ideal
study design would be to contrast lymph node metastases
from lung cancer with lymph node lesions from sarcoi-
dosis; however, this was not possible because of the small
number of patients with lung cancer. Based on this back-
ground, malignant lesions included primary and metastatic
lesions.

In conclusion, the MR obtained from four-dimensional
EDG PET/CT was significantly lower for sarcoid lesions
than malignant ones. The use of MR improved sarcoid
lesion identification compared with SUV alone. In addition,
this implies that four-dimensional FDG PET/CT will lead
to the accurate staging of malignant tumors.

Abbreviations

AUC Area under the curve
(@) Cardiac sarcoidosis
DV Distribution volume
FDG ["®F] Fludeoxyglucose
FDG-6-P FDG-6-phosphate

GLUT Glucose transporter
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