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Abstract

Background Thymic cysts are a rare benign disease that needs to be distinguished from low-risk thymoma. ['8F]
fluorodeoxyglucose (FDG) positron emission tomography (PET)/computed tomography (CT) is a non-invasive
imaging technique used in the differential diagnosis of thymic epithelial tumours, but its usefulness for thymic cysts
remains unclear. Our study evaluated the utility of visual findings and quantitative parameters of ['8FIFDG PET/CT for
differentiating between thymic cysts and low-risk thymomas.

Methods Patients who underwent preoperative ['®F]FDG PET/CT followed by thymectomy for a thymic mass were
retrospectively analyzed. The visual ['®FIFDG PET/CT findings evaluated were PET visual grade, PET central metabolic
defect, and CT shape. The quantitative ['®FIFDG PET/CT parameters evaluated were PET maximum standardized
uptake value (SUVmax), CT diameter (cm), and CT attenuation in Hounsfield units (HU). Findings and parameters for
differentiating thymic cysts from low-risk thymomas were assessed using Pearson’s chi-square test, the Mann-Whitney
U-test, and receiver operating characteristics (ROC) curve analysis.

Results Seventy patients (18 thymic cysts and 52 low-risk thymomas) were finally included. Visual findings of PET
visual grade (P<0.001) and PET central metabolic defect (P<0.001) showed significant differences between thymic
cysts and low-risk thymomas, but CT shape did not. Among the quantitative parameters, PET SUVmax (P<0.001), CT
diameter (P<0.001), and CT HU (P=0.004) showed significant differences. In ROC analysis, PET SUVmax demonstrated
the highest area under the curve (AUC) of 0.996 (P<0.001), with a cut-off of equal to or less than 2.1 having a
sensitivity of 100.0% and specificity of 94.2%. The AUC of PET SUVmax was significantly larger than that of CT diameter
(P=0.009) and CT HU (P=0.004).

Conclusions Among the ['®F]FDG PET/CT parameters examined, low FDG uptake (SUVmax < 2.1, equal to or less than
the mediastinum) is a strong diagnostic marker for a thymic cyst. PET visual grade and central metabolic defect are
easily accessible findings.
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Background

With the wide use of low-dose chest computed tomog-
raphy (LDCT) screening for lung cancer in patients at
high risk, the detection rate for asymptomatic incidental
lesions in the anterior mediastinum is increasing [1]. The
majority of such lesions originate from the thymus, and
their long diameter is usually less than 3 cm [1, 2]. It is
both challenging and crucial for the physician to discrim-
inate thymic cyst from small thymic epithelial tumour
(TET) on LDCT. TETs are the most common primary
neoplasm in the anterior mediastinum in adults [3], and
the World Health Organization (WHO) classification
categorizes them into five histologic subtypes (thymoma
A1, AB, B1, B2, and B3) on the basis of their morphology
and degree of atypia, reflecting their invasive nature [4].
Alternative simplified histologic classifications have been
suggested, such as categorizing TETs into low-risk thy-
moma (thymoma A, AB, and B1) and high-risk thymoma
(thymoma B2 and B3) [5, 6]. Obviously, the primary con-
cern when dealing with a thymic mass is to ascertain any
malignant features, such as invasion into adjacent vascu-
lar structures and the presence of suspicious metastatic
lesions in the pleura or lung. High-risk thymomas may
exhibit distinctive imaging features, such as lobulated or
irregular contours and tumour calcifications, unlike low-
risk thymomas. Conversely, low-risk thymomas usually
appear well-defined, with smooth contours and homoge-
neous attenuation on CT scans [7-9].

Thymic cysts with CT features showing a unilocular,
non-calcified, thin-walled appearance with simple fluid
density, especially when asymptomatic, are typically con-
sidered benign and can be managed with observation
[10-16]. Conversely, cysts lacking these benign radio-
graphic characteristics should be considered for surgical
resection. Furthermore, thymic cysts can be identified by
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a CT attenuation similar to water (<20 Hounsfield units,
HU) [11], with such water-similar attenuation being an
important imaging characteristic for differentiating thy-
mic cyst from TET on CT scans [7, 11]. However, recent
studies revealed that approximately three-fourths of thy-
mic cysts exhibit hyper-attenuation compared to water,
potentially leading to misdiagnoses of low-risk thymo-
mas. Clinical misdiagnosis of thymic cyst as low-risk
thymoma can lead to a high rate of nontherapeutic thy-
mectomy, thereby subjecting many patients to unneces-
sary invasive surgery [17, 18].

[*8F]fluorodeoxyglucose (FDG) positron emission
tomography (PET)/computed tomography (CT), which
reflects intracellular glycolytic activity, has been evalu-
ated for the differentiation of TETs [19]. However, few
studies have investigated the discrimination of thymic
cysts from TETs according to the qualitative and quan-
titative assessment of ['*F]FDG PET/CT. The aim of this
study was therefore to investigate whether [|F]FDG
PET/CT could help distinguish thymic cyst from low-risk
thymoma at the anterior mediastinum.

Methods

Patients

We retrospectively reviewed 162 consecutive patients
who underwent preoperative ['’F]JFDG PET/CT as a
routine exam and surgical thymectomy for a thymic
mass at Asan Medical Center, between January 2014 and
December 2021. PET/CT scan from different vendor (30
patients), and cases of high-risk thymoma (33 patients)
and thymic carcinoma (29 patients), were excluded.
Finally, a total of 70 patients who fulfilled the above crite-
ria were included in the current study (Fig. 1). The study
design was approved by the Institutional Review Board

or thymic epithelial tumor and underwent
preoperative ['8F]FDG PET/CT

162 patients who were diagnosed with thymic cyst

92 patients excluded
- 30 PET/CT scans from different vendor

70 finally included patients

- 33 high-risk thymoma patients
- 29 thymic carcinoma patients

Low-risk thymoma
(52 patients)

Thymic cyst
(18 patients)

Fig. 1 Patient inclusion flow chart
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of Asan Medical Center (no. 2022—-1189). Informed con-
sent was waived due to the retrospective nature of the
study.

['®FIFDG PET/CT image acquisition

All patients fasted for at least 6 h prior to the PET/CT
acquisition, ensuring a venous blood glucose level below
150 mg/dl. Patients received an intravenous injection of
5.18 MBq/kg (range, 114.3-488.4 MBq) of ['F]FDG and
rested for 60 min before PET/CT scanning. PET imag-
ing was acquired with one of the following scanners,
each employing the same resolution and reconstruc-
tion parameters: Discovery 690, 710, and 690 Elite (GE
Healthcare). During regular quality control, these three
PET/CT scanners showed almost similar image quality
and SUV values. The Biograph TruePoint 40 scanner—
another vendor PET/CT scanner—was excluded from
our analysis. This is due to its lower spatial resolution
and distinct acquisition and reconstruction parameters,
specifically the non-time-of-flight and non-point-spread
function.

CT images were initially acquired from the skull base to
the upper thigh using the following parameters: 120 kVp,
automatic mA, 40 mm collimation, and 3.75 mm slice
thickness. PET images of the same area were obtained,
allocating 2 min per bed position for 6-7 beds in three-
dimensional mode. Data were reconstructed using a
192x 192 matrix with a voxel size of 2.6 x2.6x3.75 mm,
employing an ordered-subset expectation maximiza-
tion algorithm (18 subsets, four iterations) along with
4.0 mm full-width-at-half-maximum Gaussian smooth-
ing. Time-of-flight and point-spread-function modeling
were applied, in addition to attenuation correction using
CT maps.

Assessment of the ['®FIFDG PET/CT imaging

Two experienced nuclear medicine physicians (SC and
Y-iK) reviewed the ["*F][FDG PET/CT images to identify
the visual findings and measure the quantitative param-
eters. For the visual findings, the PET visual grade of the
anterior mediastinal mass was defined as 0 (no uptake
at whole mass), 1 (less than thoracic aorta uptake), 2
(equal to thoracic aorta uptake), 3 (from more than tho-
racic aorta uptake to equal to liver uptake), or 4 (more

Table 1 Patient profiles

Characteristics Total Thymic Low-risk P-
(n=70) cyst thymoma val-

(n=18) (n=52) ue

Age (years, median 58.0 60.5 56.0 0.199

with range) (17.0-76.0) (17.0-72.0) (27.0-76.0)

Gender (male: female) 32:38 6:12 26:26 0.225

Symptom positivity 15(21.4%) 5(27.8%) 10 (19.2%) 0450

Concomitant or previ- 13 (186%) 5(27.8%)  8(15.4%) 0.247

ous malignancy
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than liver uptake). A PET central metabolic defect was
defined as no ['®F]FDG uptake in more than 70-80% of
the anterior mediastinal mass. The CT shape was classi-
fied as round when the ratio between the long-axis and
short-axis dimensions was less than 1.5, and oval when
the ratio was greater than 1.5.

For the quantitative parameters, a volume-of-interest
(VOI) was delineated to cover the anterior mediastinal
mass. The maximum standardized uptake value (SUV-
max) of the PET was calculated as “tumour activity/
(injection dose/lean body mass obtained from body
weight and height)” using Mirada DBX software (version
1.2.0.59: Mirada Medical Ltd). In combination with the
CT, we measured the long-axis diameter and HU of the
anterior mediastinal mass at the same level while obtain-
ing the SUVmax.

Statistical analysis

Patient age and quantitative parameters on ['*F]JFDG
PET/CT are expressed as median and range. The dif-
ferences between groups were analyzed using Pearson’s
chi-squared test or the Mann-Whitney U-test. Receiver
operating characteristics (ROC) analysis was employed
to compare the diagnostic capabilities of the ['F]FDG
PET/CT quantitative parameters to diagnose thymic
cysts. Optimal cut-offs were defined as the exploratory
cut-offs with highest accuracy according to Youden’s
index. Areas under the ROC curves (AUCs) and their
95% confidence intervals (Cls) were calculated and com-
pared using DeLong’s method. Statistical analysis was
performed using MedCalc version 22.017 (MedCalc Soft-
ware Ltd., Ostend, Belgium). A P-value less than 0.05 was
considered to be significant.

Results

Patients

Among the finally included 70 patients, 18 had a thymic
cyst and 52 had low-risk thymoma. The median age was
58.0 years and 32 patients were male (45.7%). Fifteen
(21.4%) patients were symptomatic. Common symptoms
were cough (10.0%), followed by chest pain (5.7%), dys-
pnea (2.8%), ocular myasthenia gravis (1.4%), and diplo-
pia (1.4%). Thirteen (18.6%) patients had a concomitant
or previous cancer, with these including thyroid cancer
(8.6%), lung cancer (2.8%), hepatocellular carcinoma
(2.8%), breast cancer (1.4%), bladder cancer (1.4%), and
malignant nerve sheath tumour (1.4%). Comparisons
between thymic cyst and low-risk thymoma showed no
significant differences in age, gender, symptoms, and
concomitant or previous malignancy (Table 1). The char-
acteristics and ['®F]JFDG PET/CT findings of the patients
with a thymic cyst are summarized in Supplementary
Table 1.
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Visual findings of ['®FIFDG PET/CT

Fourteen cases of thymic cysts (94.4%) were classified as
grade O, 1, or 2, whereas all low-grade thymomas were
classified as grade 2 or higher. The majority of thymic
cysts (n=17, 94.4%) exhibited a central metabolic defect,
while in contrast, only six cases (11.5%) of low-risk thy-
moma showed a central metabolic defect. Statistically
significant differences in visual grade and central meta-
bolic defect were observed between thymic cysts and
low-risk thymomas, with the P-values for both being
<0.001. Using a cut-off of equal to or less than PET visual
grade 2 to differentiate thymic cysts from low-risk thy-
momas, the diagnostic sensitivity, specificity, and AUC
were 94.4%, 90.4%, and 0.924, respectively. Using the
presence of a PET central metabolic defect for the dif-
ferentiation, the sensitivity, specificity, and AUC were
94.4%, 88.5%, and 0.915, respectively. In both thymic
cyst and low-risk thymoma groups, the CT shape was
predominantly oval, accounting for 55.6% and 59.6% of
cases, respectively, with there being no statistically sig-
nificant difference (Table 2).

Quantitative analysis of ['®F]FDG PET/CT

The quantitative ['®FJFDG PET/CT parameters of PET
SUVmax (P<0.001), CT diameter (P<0.001), and CT
HU (P=0.004) were significantly lower for thymic cysts
than for low-risk thymomas (Fig. 2; Table 3). The ROC
curve analysis revealed that PET SUVmax<2.1 yielded
the highest AUC of 0.996 (95% CI: 0.940—-1.000), achiev-
ing 100.0% sensitivity and 94.2% specificity in diagnosing
thymic cysts (Fig. 3).

Comparison of the AUCs revealed that SUVmax
showed a significantly higher AUC than CT diameter
(P=0.009) and CT HU (P=0.004) (Table 4). Representa-
tive cases of thymic cyst and low-risk thymoma are dem-
onstrated in Figs. 4 and 5, respectively.
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Table 2 Comparison of ['®F]FDG PET/CT visual findings

Findings Total Thymic Low-risk P-
(n=70) cyst thymoma  value
(n=18) (n=52)

PET visual grade
0 10 10 0 <0.001
1 4 4 0
2 8 3 5
3 20 1 19
4 28 0 28

PET central metabolic

defect
Positive 23 17 6 <0.001
Negative 47 1 46

CT shape
Round 29 8 21 0.765
Oval 41 10 31

*P<0.05

Table 3 Comparison of ['8FIFDG PET/CT quantitative parameters

Parameters Total Thymiccyst Low-risk P-value

(n=70) (n=18) thymoma
(n=52)

PET SUVmax 3.1 0.6 33 <0.001*
(0.2-94) 0.2-2.1) (1.1-9.4)

CT diameter 4.8 2.0 5.7 <0.001*

(cm) (1.0-104) (1.0-5.1) (1.5-104)

CTHU 0.6 223 40.6 0.004*
(1.4-67.2) (1.4-56.4) (14.5-67.2)

SUVmax=maximum standardized uptake value; HU=Hounsfield units
*P<0.05

Discussion

This study investigated the diagnostic performance of
visual findings and quantitative parameters of ['*F][FDG
PET/CT for distinguishing between thymic cysts and
low-risk thymoma. PET visual grade and PET central
metabolic defect were significant visual findings of ['F]
FDG PET/CT, but CT shape was not. PET SUVmax, CT
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Fig.2 Comparison of ['®FIFDG PET/CT quantitative parameters between thymic cyst and low-risk thymoma. (A) PET SUVmax (P< 0.001*), (B) CT diameter
(P<0.001%), and (C) CT HU (P=0.004*) demonstrated significantly lower values in thymic cyst than in low-risk thymoma
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Fig. 3 Receiver operating characteristics (ROC) curve analysis of diagnostic performance for thymic cyst with ['8FIFDG PET/CT quantitative parameters.
In the ROC curve analysis, PET SUVmax revealed the highest area under the curve (AUC) of 0.996 (P < 0.004). The sensitivity and specificity of PET SUVmax

(cut-off of <2.1) were 100.0% and 94.2%, respectively

Table 4 ROC curve analysis results of ['®FJFDG PET/CT quantitative parameters in the diagnosis of thymic cyst

Parameter AUC Cut-off Sensitivity (%) Specificity (%) p-value P-value
(95% CI) (Comparison with
AUC of SUVmax)
PET SUVmax 0.996 <21 100.0 94.2 <0.001* ()
(0.940-1.000)
CT diameter (cm) 0910 <33 833 846 <0.001* 0.009*
(0.817-0.965)
CTHU 0.728 <313 72.2 76.9 0.013* 0.004*

(0.608-0.827)

Cl=confidence interval; ROC=receiver operating characteristics; AUC=area under the curve; SUVmax=maximum standardized uptake value; HU=Hounsfield units

*P<0.05

diameter, and CT attenuation in HU were significant
quantitative parameters of ['®F]JFDG PET/CT, with PET
SUVmax being the parameter with the highest AUC.
Visual and quantitative PET findings of ['*F]JFDG PET/
CT were shown to be useful for diagnosing thymic cysts.
As far as we are aware, this study is the first to compare
['F]EDG PET/CT findings between thymic cyst and low-
risk thymoma. By distinguishing between thymic cysts
and low-risk thymomas, we anticipate reducing unneces-
sary invasive surgeries for patients with thymic cysts.

Previous studies on [**F]JFDG PET/CT showed SUV-
max to have better diagnostic utility than morphologic
features from CT [20-22]. However, these previous stud-
ies included all types of TETs as a control (low-risk thy-
moma, high-risk thymoma, and thymic carcinomas), and
demonstrated distinctive PET and CT features among
the types [20, 23]. Despite its better diagnostic capabil-
ity, additional work may be needed to facilitate measure-
ment of SUVmax, whereas in contrast, the PET visual
grade can be obtained more easily and conveniently than
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Fig. 4 Representative ['®FIFDG PET/CT from a 45-year-old man with a thymic cyst (red arrows). (A) Maximal intensity projection and (B) axial PET images
show an anterior mediastinal mass with grade 1 uptake, central metabolic defect, and SUVmax of 1.0. (C) Axial CT demonstrates an anterior mediastinal
mass with an oval shape, diameter of 4.4 cm, and attenuation of 12.5 HU. (D) Axial PET/CT fusion image

quantitative PET parameters. The PET visual grade sys-
tem is also used to evaluate treatment effectiveness in a
similar manner to Deauville’s score. The Deauville cri-
teria, a reproducible five-point scale, are widely utilized
for interpreting interim PET/CT scans in Hodgkin lym-
phoma and diffuse large B-cell lymphoma [24]. The two
primary reference organs in this criteria system are the
liver and the mediastinum. Following the model of these
five-point criteria, we adopted a comparable methodol-
ogy for classifying thymic masses, assessing their meta-
bolic activity in relation to organs like the liver and
mediastinum. The majority of thymic cysts in our study
showed FDG uptake equal to or lower than that of the
mediastinum, resulting in a statistically significant differ-
ence in comparison with low-risk thymoma, and a PET
visual grade cut-off value of two was adopted.

Although thymic cysts typically show water-like atten-
uation (HU <20), atypical protein-rich thymic cysts with
solid density may be difficult to differentiate from thy-
momas featuring low vascularity. Hemorrhage or inflam-
mation within the cyst may result in the formation of
cyst fluid that is rich in proteins, which may show soft
tissue density on chest imaging studies. In our data, the

median and cut-off values for CT attenuation for thymic
cysts were 22.3 and 31.3 HU, respectively; values that are
higher than the attenuation of pure water (0 HU). In cer-
tain cases, discriminating cystic lesions from solid masses
using only CT values proves to be challenging. Anterior
mediastinal masses judged to require surgical resection
may exhibit morphologic features on CT that are closer
to those of thymoma than thymic cyst, with observa-
tion being the general clinical decision for thymic cyst.
If anterior mediastinal masses cannot be distinguished
from thymomas on the basis of their morphologic fea-
tures on CT images and have attenuation higher than
20 HU, additional information may be needed to deter-
mine the need for surgery, rather than an invasive biopsy.
Cyst components usually exhibit a metabolic defect on
[ F]EDG PET/CT [25]. Our study revealed that a visual
metabolic defect in an anterior mediastinal mass on PET
may indicate a thymic cyst. However, when comparing
the diagnostic efficacy of central metabolic defect with
SUVmax and the visual grade of PET, the presence of a
central metabolic defect appears to have limited value in
diagnosing thymic cysts.



Choi et al. EINMMI Research (2024) 14:45

A

Page 7 of 9

Fig.5 Representative ['8FIFDG PET/CT from a 38-year-old woman with low-risk thymoma (blue arrows). (A) Maximal intensity projection and (B) axial PET
images show an anterior mediastinal mass with grade 4 uptake, no central metabolic defect, and SUVmax of 3.9. (C) Axial CT demonstrates an anterior
mediastinal mass with a round shape, diameter of 4.4 cm, and attenuation of 42.7 HU. (D) Axial PET/CT fusion image

Recent studies reported that the median SUVmax of
thymic cysts was lower than that of thymomas in surgi-
cally-resected thymic abnormalities, and that SUVmax
demonstrated comparable diagnostic performance to
the morphological features observed on CT [22, 23]. In
our study, the median SUVmax was significantly lower
in thymic cysts that in low-risk thymomas (0.6 vs. 3.3,
P<0.001). Comparisons of the ROC curves of our [3F]
FDG PET/CT-based findings demonstrated that SUV-
max was more effective for diagnosing thymic cysts than
CT diameter and CT HU measurement. Upon reviewing
discordant cases between PET SUVmax and CT diam-
eter, we found that all four patients with PET SUVmax
equal to or less than 2.1 (suggesting thymic cysts) and CT
diameter greater than 3.3 cm (indicating low-risk thy-
momas) were diagnosed with thymic cysts. Additionally,
among nine patients with PET SUVmax greater than 2.1
(suggesting low-risk thymomas) and CT diameter equal
to or less than 3.3 cm (indicating thymic cysts), the final
diagnoses were all low-risk thymomas.

For small thymic cysts, observation without surgi-
cal resection is recommended unless there is evidence
of growth or a very large cystic mass. Conversely, when

a thymic lesion is definitively diagnosed as thymoma,
early surgical resection or minimally invasive surgery
are strongly advised. The discrimination between thymic
cysts and thymoma is challenging in small thymic abnor-
malities. In previous studies, nontherapeutic thymectomy
rates varied between 22% and 68% [17, 18], and thymic
cysts were the most frequent diagnoses in nontherapeu-
tic thymectomies [18]. Because of pseudo-enhancement
caused by their proximity to the thoracic aorta and ster-
num, thymic cysts can be incorrectly diagnosed as small
thymoma on CT imaging. Non-invasive thymoma (such
as low-risk thymoma) and thymic cyst usually show a
well-defined marginal contour and homogenous CT
attenuation. In our study, both thymic cysts and low-risk
thymomas exhibited a higher frequency of an oval shape
on CT images, with no statistically significant difference
between them.

This study has some limitations. As this study was a
retrospective single center study, the risk of selection bias
exists. Pathology results were unavailable for cases opting
for close observation rather than surgery, and therefore
only those cases that underwent resection were included
in the analysis. In addition, the number of thymic cyst
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patients was small because thymic cysts are a rare disease
and thymic lesions do not commonly undergo preopera-
tive ['®F]JFDG PET/CT. It is necessary to perform further
studies with larger populations and multicentre pro-
spective designs to provide robust confirmation of our
findings.

Conclusions

In conclusion, on [Y*F][FDG PET/CT, decreased uptake
equal to or less than mediastinum, the presence of a cen-
tral metabolic defect, and low SUVmax (£2.1) were find-
ings more commonly observed in thymic cysts than in
low-risk thymoma. [*®F]JFDG PET/CT could aid in diag-
nosing thymic cysts, potentially reducing the need for
unnecessary invasive surgery.

Abbreviations

LDCT low-dose chest computed tomography
TET thymic epithelial tumour

WHO World Health Organization

HU Hounsfield units

FDG fluorodeoxyglucose

PET positron emission tomography

cT computed tomography

VOl volume-of-interest

SUVmax  maximum standardized uptake value
ROC rceiver operating characteristics

AUC Areas under the ROC curves

cl confidence interval

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/513550-024-01108-3.

[ Supplementary Material 1 ]

Acknowledgements
Not applicable.

Author contributions

SC performed primary PET/CT image analysis and prepared the manuscript.
Y-iK conceptualized the study design and prepared the manuscript. SH
performed PET/CT image analysis. JKY, GDL, SC, HRK, Y-HK, DKK, and S-IP
participated in patient recruitment and gathered patients’ clinical data. J-SR
provided critical analysis and revised the manuscript. All authors read and
approved the final manuscript.

Funding

This research was supported by a grant of the Korea Health Technology R&D
Project through the Korea Health Industry Development Institute (KHIDI),
funded by the Ministry of Health & Welfare, Republic of Korea (grant number:
HR18C0016).

Data availability
The datasets used and analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The study was performed in accordance with the ethical standards as
laid down in the 1964 Declaration of Helsinki and its later amendments
or comparable ethical standards. The study design was approved by the

Page 8 of 9

Institutional Review Board of Asan Medical Center (no. 2022-1189). Informed
consent was waived due to the retrospective nature of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflicts of interest.

Received: 13 March 2024 / Accepted: 26 April 2024
Published online: 03 May 2024

References

1. Henschke Cl, Lee IJ, Wu N, Faroogi A, Khan A, Yankelevitz D, et al. CT screening
for lung cancer: prevalence and incidence of mediastinal masses. Radiology.
2006;239:586-90.

2. Yoon SH, Choi SH, Kang CH, Goo JM. Incidental anterior mediastinal
nodular lesions on chest CT in asymptomatic subjects. J Thorac Oncol.
2018;13:359-66.

3. Strollo DC, Rosado de Christenson ML, Jett JR. Primary mediastinal tumors.
Part 1: tumors of the anterior mediastinum. Chest. 1997;112:511-22.

4. Okumura M, Ohta M, Tateyama H, Nakagawa K, Matsumura A, Maeda H, et
al. The World Health Organization histologic classification system reflects
the oncologic behavior of thymoma: a clinical study of 273 patients. Cancer.
2002;94:624-32.

5. Duwe BV, Sterman DH, Musani Al. Tumors of the mediastinum. Chest.
2005;128:2893-909.

6. Marchevsky AM, Gupta R, McKenna RJ, Wick M, Moran C, Zakowski MF, et
al. Evidence-based pathology and the pathologic evaluation of thymomas:
the World Health Organization classification can be simplified into only 3
categories other than thymic carcinoma. Cancer. 2008;112:2780-8.

7. Tomiyama N, Honda O, Tsubamoto M, Inoue A, Sumikawa H, Kuriyama K; et al.
Anterior mediastinal tumors: diagnostic accuracy of CT and MRI. Eur J Radiol.
2009;69:280-8.

8. Marom EM, Milito MA, Moran CA, Liu P, Correa AM, Kim ES, et al. Computed
tomography findings predicting invasiveness of thymoma. J Thorac Oncol.
2011,6:1274-81.

9. Zhonggao J, YiJiao W, Yongfeng W, Zhitao P, Jun W, Diansheng L, et al.
Multislice computed tomography performance in differential diagnosis of
high-density thymic cyst and thymoma in lesions less than 3 cm. Thorac
Cancer. 2018;9:1300-4.

10.  Jeung MY, Gasser B, Gangi A, Bogorin A, Charneau D, Wihim JM, et al. Imaging
of cystic masses of the mediastinum. Radiographics. 2002;22:579-93.

11. ArakiT, Sholl LM, Gerbaudo VH, Hatabu H, Nishino M. Intrathymic cyst:
clinical and radiological features in surgically resected cases. Clin Radiol.
2014,69:732-8.

12. Kozu, Suzuki K, Oh S, Matsunaga T, Tsushima Y, Takamochi K. Single institu-
tional experience with primary mediastinal cysts: clinicopathological study of
108 resected cases. Ann Thorac Cardiovasc Surg. 2014;20:365-9.

13, Li X,Han X, Sun W,Wang M, Jing G, Zhang X. Preoperative misdiagnosis
analysis and accurate distinguish intrathymic cyst from small thymoma on
computed tomography. J Thorac Dis. 2016;8:2086-92.

14. Wang X, Chen K, Li X, LiY, Yang F, Li J, et al. Clinical features, diagno-
sis and thoracoscopic surgical treatment of thymic cysts. J Thorac Dis.
2017;9:5203-11.

15. JungW, Cho S, Yum S, Lee YK, Kim K, Jheon S. Differentiating thymoma from
thymic cyst in anterior mediastinal abnormalities smaller than 3 cm. J Thorac
Dis. 2020;12:1357-65.

16. Singla S, Litzky LA, Kaiser LR, Shrager JB. Should asymptomatic enlarged
thymus glands be resected? J Thorac Cardiovasc Surg. 2010;140:977-83.

17. Kent MS, Wang T, Gangadharan SP, Whyte RI. What is the prevalence of a
nontherapeutic thymectomy? Ann Thorac Surg. 2014,97:276-82.

18.  Ackman JB, Verzosa S, Kovach AE, Louissaint A Jr, Lanuti M, Wright CD, et al.
High rate of unnecessary thymectomy and its cause. Can computed tomog-
raphy distinguish thymoma, lymphoma, thymic hyperplasia, and thymic
cysts? Eur J Radiol. 2015;84:524-33.

19. HanS,KimYl, Oh JS, Seo SY, Park MJ, Lee GD, et al. Diagnostic and prognostic
values of 2-[18F]FDG PET/CT in resectable thymic epithelial tumour. Eur
Radiol. 2022;32:1173-83.


https://doi.org/10.1186/s13550-024-01108-3
https://doi.org/10.1186/s13550-024-01108-3

Choi et al. EINMMI Research

20.

21

22.

23.

24.

(2024) 14:45

Lee SH, Yoon SH, Nam JG, Kim HJ, Ahn SY, Kim HK; et al. Distinguishing
between thymic epithelial tumors and Benign cysts via computed tomogra-
phy. Korean J Radiol. 2019,20:671-82.

Li HR, Gao J, Jin C, Jiang JH, Ding JY. Comparison between CT and MR in the
diagnostic accuracy of thymic masses. J Cancer. 2019;10:3208-13.

Kitami A, Sano F, Ohashi S, Suzuki K, Uematsu S, Suzuki T, et al. The usefulness
of Positron-Emission Tomography findings in the management of Anterior
Mediastinal tumors. Ann Thorac Cardiovasc Surg. 2017;23:26-30.

Nakagawa K, Takahashi S, Endo M, Ohde Y, Kurihara H, Terauchi T. Can (18)
F-FDG PET predict the grade of malignancy in thymic epithelial tumors? An
evaluation of only resected tumors. Cancer Manag Res. 2017,9:761-8.
Fallanca F, Alongi P, Incerti E, Gianolli L, Picchio M, Kayani |, et al. Diagnostic
accuracy of FDG PET/CT for clinical evaluation at the end of treatment of

Page 9 of 9

HL and NHL: a comparison of the Deauville Criteria (DC) and the Interna-
tional Harmonization Project Criteria (IHPC). Eur J Nucl Med Mol Imaging.
2016;43:1837-48.

25. Kajiura K, Takao S, Kawano N, Sawada T, Tsuboi M, Toba H, et al. Evaluation of
the components of mediastinal cystic lesions using imaging techniques. J
Med Invest. 2019;66:106-11.

Publisher’s Note

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



	﻿Distinguishing thymic cysts from low-risk thymomas via [﻿18﻿F]FDG PET/CT
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Patients
	﻿[﻿18﻿F]FDG PET/CT image acquisition
	﻿Assessment of the [﻿18﻿F]FDG PET/CT imaging
	﻿Statistical analysis

	﻿Results


