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BBF-fluorodeoxyglucose positron emission
tomography/computed tomography characteristics and
discriminative features of primary mediastinal germ cell tumor

according to pathologic subtypes
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Abstract

Abstract

Purpose: Primary mediastinal germ cell tumor (MGCT) is a rare disease, which represents
about 2%—4% of all germ cell tumors (GCT). We aimed to retrospectively review the
distinctive visual characteristic and quantitative parameters of 'SF-fluorodeoxyglucose
positron emission tomography/computed tomography (**F-FDG PET/CT) image for primary
MGCT according to pathologic subtypes.

Methods: We retrospectively evaluated primary MGCT patients who underwent pre-operative
E-FDG PET/CT between 2010 and 2020 at Asan medical center. MGCTs included four
histologic types and were divided into two groups (benign and malignant) for analysis. Visual
assessment was performed by categorizing the uptake intensity (as grade 0-3), uptake pattern
(as equivocal/homogenous/heterogeneous), and contour (as round/lobulated/infiltrative) of the
primary mass. "*F-FDG PET/CT quantitative parameters including maximum standardized
uptake value (SUVmax), tumor-to-background ratio (TBR), metabolic tumor volume (MTV),
total lesion glycolysis (TLG), and maximum diameter values were compared between benign
versus malignant MGCT. Receiver operating characteristic curve (ROC) analysis was used to
evaluate the diagnostic performance of PET/CT variables in differentiating malignant from
benign MGCT. In addition, subgroup analysis between seminoma versus nonseminomatous
germ cell tumor (NSGCT) and according to high versus low level of tumor markers was
performed.

Results: A total of 35 patients with 24 mature teratomas, 4 seminomas, 5 yolk cell tumors, and
2 mixed germ cell tumors were included. When compared with the benign MGCT group, the
malignant group showed a significantly younger age distribution. In visual analysis, all 6 cases
of grade 0 among 35 patients were teratomas but none of the teratomas showed grade 3 uptake.
All the malignant GCT groups showed uptake with either grade 2 or 3. Most of the MGCT

showed a heterogeneous uptake pattern. In quantitative analysis, all the PET/CT parameters



including SUVmax, TBR, MTYV, and TLG showed significantly higher value in the malignant
MGCT group than those in the benign MGCT group. In ROC curve analysis, SUVmax (Area
Under Curve [AUC] = 0.947, p < 0.0001), TBR (AUC = 0.917, p < 0.0001), MTV (AUC =
0.727, p = 0.0198), and TLG (AUC = 0.920, p < 0.0001) showed excellent diagnostic
performance in discriminating between benign and malignant MGCT. Especially, SUVmax
demonstrated a significantly higher diagnostic value compared to MTV and maximum
diameter (p = 0.0254 and 0.0114, respectively). With an optimal cut-off value of SUVmax
4.54, sensitivity and specificity for differentiating malignant from benign MGCT were 81.8%
and 100%, respectively. In the subgroup analysis of differentiating between seminoma and
NSGCT among malignant MGCTs, SUVmax, TBR, and maximum diameter showed
significance (p = 0.042, 0.042, and 0.012, respectively). A high level of alpha fetoprotein (AFP)
was correlated with a higher value of SUVmax, TBR, maximum diameter (p = 0.012, 0.034,
0.044, respectively), and no significant difference was found according to human chorionic
gonadotrophin level.

Conclusions: Visual assessment of MGCT on "F-FDG PET/CT showed discriminative
findings between benign and malignant MGCT. "*F-FDG PET/CT quantitative parameters
give additional information in differentiating benign versus malignant MGCT and seminoma

versus NSGCTs.
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Introduction

Mediastinal mass includes a wide spectrum of disease entities and accordingly a uniform
approach is not appropriate. Primary mediastinal germ cell tumor (MGCT) is very rare and
represent about 2%—4% of all germ cell tumors (GCTs) but should be considered in young
males with markedly elevated tumor markers such as alpha fetoprotein (APF) or human
chorionic gonadotrophin (HCG) [1-3]. Different entities of GCTs include mature and
immature teratoma, seminoma, yolk sac tumor, choriocarcinoma, and embryonal carcinoma.
Among GCTs, immature teratoma, seminoma, yolk sac tumor, choriocarcinoma, and
embryonal carcinoma are considered malignant, and malignant MGCTs can be broadly
subdivided into seminoma and nonseminomatous GCT (NSGCT) [4, 5]. Although MGCTs
share similar histology with gonadal GCTs, the prognosis of MGCT is generally worse than
that of gonadal GCT, and studies have shown that patients with seminomas show a more
favorable prognosis compared with NSGCTs [3].

Due to its rare nature, so far there are no prospective studies to define a diagnostic approach,
prognostic stratification, or different treatment strategies for MGCT and only a few
retrospective studies and case series exist [6]. Therefore, treatment and management of this
disease is challenging and requires a multidisciplinary approach and currently, MGCT is
recommended to be treated like other gonadal GCTs. Tumor location, extension, serum tumor
markers, and histopathological type are critical information for treatment planning and
diagnosis of GCT [6, 7].

Recently, the role of 18F-fluorodeoxyglucose positron emission tomography/CT (**F-FDG
PET/CT) has been widely investigated for the diagnosis and prognostic stratification of cancer.
However, "F-FDG PET/CT-related studies on primary MGCT are rare and mainly are
comprised of case reports or series. Even a few reports that studied the role of '*F-FDG
PET/CT in gonadal GCTs do not recommend to be routinely performed in the initial staging

of gonadal GCT [8, 9]. These few studies report that '*F-FDG PET/CT has the additional value
1



of detecting distant metastasis or recurrence after chemotherapy, has a positive relationship
with tumor markers such as AFP and HCG, and PET/CT quantitative parameters show a
significant difference in worse prognosis group or NSGCT groups [10, 11]. In another
preliminary study, the tumor to mediastinal ratio of "F-FDG PET/CT was significantly
correlated with the expression of Glutl, HIF-1 EGFR, p-Akt, and p-S6K in primary non
thymic neoplasm [12]. However, a structured study with visual assessment or quantitative
PET/CT parameters of MCGT is yet to be reported.

Therefore, in this study, we aimed to retrospectively review the distinctive visual
characteristic and quantitative parameters of *F-FDG PET/CT image for primary MGCT
according to pathologic subtypes. In addition, we also investigated the relationship of serum

tumor markers with quantitative PET/CT parameters.



Materials and methods
Study design and subjects

We retrospectively reviewed the medical records of patients who underwent surgery for
MGCT in the Asan Medical Center from January 2010 to December 2020. Among these
patients, those who underwent "*F-FDG PET/CT within 4 months prior to biopsy or surgery
were included. A total of 40 patients who underwent '"*F-FDG PET/CT before surgery who
were pathologically diagnosed as primary MGCT with excisional biopsy or surgical resection
were included in the study. Among these patients, 5 patients who performed PET/CT from
outside the hospital who did not have information that was needed for quantification of '*F-
FDG PET/CT data (i.e., radiotracer injection dose, injection to scan time) were excluded from
this study. This study was approved by the Institutional Review Board (IRB no. S2021-2042-

0001) and the need for informed consent was waived due to the study’s retrospective nature.

PET/CT image acquisition

All the study patients fasted at least 6 hours before '*F- FDG PET/CT image acquisition and
venous blood glucose level were controlled under 150 mg/dl. Patients were positioned in the
scanners with their arms above their heads. '*F-FDG PET/CT was performed using one of the
following 4 PET/CT scanners; Biograph TruePoint 40 (Siemens, Erlangen, Germany),
Discovery 690 (GE Healthcare, Milwaukee, WI, USA), Discovery 710 (GE Healthcare,
Milwaukee, WI, USA), or Discovery 690 Elite (GE Healthcare, Milwaukee, WI, USA). The
patients were intravenously administered 5.2 MBg/kg of "*F-FDG and PET emission images
were obtained 1 hour after the injection of "*F-FDG with 5-6 bed positions covering from skull
base to upper thigh, 2.5 min/bed, 168 % 168 matrix size (Biograph TruePoint 40) or 2 min/bed,
192 x 192 matrix size (Discovery series) in 3D acquisition mode. CT acquisition parameters

were 120 kVp,10 mA, 5 mm slice thickness (Biograph TruePoint 40) or 140 kVp, Auto mA,



3.75 mm slice thickness (Discovery series). PET images were reconstructed using a three-
dimensional ordered-subset expectation maximization algorithm with attenuation correction
based on the CT data. Normalization and calibration of each scanner was conducted on daily
basis (Biograph TruePoint 40) or quarterly basis (Discovery series). Cross-calibration against
the dose calibrators was performed on at least an annual basis and SUV for the phantom were

within the acceptable range of 90-110 %.

PET/CT image analysis

Both visual assessment and quantitative analysis were performed by one experienced nuclear
medicine physician (K.L.) blindly. Visual assessment of PET/CT image was performed and
each case was categorized according to "*F-FDG uptake intensity grade, uptake pattern, and
contour of the primary mass. For interpretation, uptake intensity grade was defined as follows:
grade 0, lower or similar to mediastinal uptake; grade 1, greater than mediastinum but lower
or similar to liver uptake; grade 2, greater than liver uptake; grade 3, markedly greater than
liver uptake (Figure 1). Uptake pattern was defined as equivocal (neither heterogeneous nor
homogenous, mostly not assessable due to very low metabolic uptake), homogenous (uniform
uptake), and heterogeneous (uneven uptake) (Figure 2). Contour was defined as round (similar
width and length with smooth margin), lobulated (lobulated with smooth margin), and
infiltrative (irregular margin) (Figure 3). All three categories were evaluated based on PET/CT
fusion images or with only PET images. Representative cases of visual assessment
categorization are shown in figure 4.

For quantitative analysis of PET/CT images, we included data from four different scanners,
we equalized the SUV among all scanners. We estimated the recovery coefficients (i.e., relative
SUYV ratios in relation to the ideal SUV of 2.5) using American College of Radiology-approved
Esser phantom (Data Spectrum, Hillsborough, NC, USA) filled with "*F-FDG water solution

to set the hot cylinders SUV at 2.5 and background SUV at 1.0. The SUVs of different hot



cylinders with varying diameters were measured and recovery coefficient plots that allowed
the estimation of the optimal smoothing kernel size for each matched different recovery
coefficients were generated. After harmonization, the Volume-of-interest (VOI) of the anterior
mediastinal tumor was drawn on PET/CT fusion image which allowed the VOI to be drawn
within the mass shown on combined CT data. All of the PET/CT parameters from Biograph
TruePoint 40 were calculated by drawing one VOI at the single workstation using Mirada DBX
(version 1.2.0.59; Mirada Medical Ltd, Oxford, UK). Harmonized SUV values from the
Discovery series were measured in our in-house software termed AMC NM Toolkit for Image
Quantification of Excellence (ANTIQUE) using manually traced VOIs [13-15].

Maximum standardized uptake value (SUVmax) was the highest pixel uptake in anterior
mediastinal mass and tumor-to-background ratio (TBR) and was calculated as the SUVmax of
a mediastinal mass divided by the mean SUV (SUVmean) of the aorta with the same VOI. The
volumetric parameter metabolic tumor volume (MTV) was segmented with a threshold of the
relative value of more than 50% of SUVmax by VOI, and total lesion glycolysis (TLG) was
calculated as SUV mean multiplied by MTV. The maximum diameter of the tumor was

measured on a combined CT axial plane image.

Statistical Analysis

Demographic data (age) was expressed as means *+ standard deviation (SD). Patient
characteristics including time interval between biopsy or surgery and PET/CT, tumor markers
were expressed as median and range. Quantitative data for statistical variables were expressed
as median and range. Continuous variables were analyzed with one-way analysis of variance
(ANOVA) or Kruskal-Wallis test with a post-hoc Dunn's test. Receiver operating characteristic
(ROC) curve analysis was employed to show the diagnostic performance between benign and
malignant MGCTs. DeLong’s method was used for comparing AUC values and their 95%

confidence interval (CI). The optimal cutoff values were the exploratory cutoff value with the



highest accuracy. All statistical analyses were performed using SPSS software version 17

(SPSS, Chicago, IL) and MedCalc version 19.2.3 (MedCalc Software Ltd, Ostend, Belgium).



Results

Patient characteristics

A total of 35 consecutive patients (16 female and 18 male) were included in the analysis. The
patient’s mean age at the time of PET/CT image acquisition was 33.1 years. The median time
interval between biopsy or surgery and PET/CT was 13 days (range 0-134 days). They were
finally diagnosed as MGCT pathologically through excisional biopsy (n = 24) or resective
surgery (n= 11). Of these patients, 24 patients were benign mature teratoma and 11 malignant
lesions which included 4 seminomas, 5 yolk cell tumors, and 2 mixed GCT. The clinical and
pathological characteristics of 35 patients are summarized in Table 1.

When compared with the benign MGCT group, the malignant group showed a significantly
younger age distribution (Benign 38.2+18.0, malignant 21.9+4.0, p-value <0.001). All 11
patients in the malignant group were male. Time interval between biopsy or surgery and
PET/CT did not significantly differ between the benign and malignant groups (p-value 0.221).
Tumor markers AFP and HCG were examined in 26 patients among 35 patients and AFP was
significantly higher in the malignant group whereas HGC was not (p-value 0.004 and 0.604,

respectively) (Table 2).

Visual assessment

All 6 cases of grade 0 were teratomas and more than half of teratoma cases showed grade 2
uptake (58%, 14/24) but none of the teratomas showed grade 3 uptake. All of the malignant
GCT groups showed uptake with either grade 2 (82%, 9/11) or 3 (18%, 2/11). Grade 3 cases
were one seminoma and one mixed GCT. Most of the MGCT showed heterogeneous uptake
patterns (83%, 29/35) and all the malignant MGCT showed heterogeneous uptake patterns

(100%, 11/11). Most of the MGCT showed either round (74% 24/35) or lobulated contour



(23%, 8/35). Only one case of yolk cell tumor showed infiltrative contour and none of the

MGCT cases showed homogenous uptake pattern (Table 3, figure 5).

Quantitative analysis of PET/ CT images

The median value of PET/CT parameters in total patients was SUV max 3.3, TBR 3.2 MTV
12.6, TLG 18.8, and maximum diameter 7.9. All the PET/CT parameters including SUVmax,
TBR, MTV, and TLG showed significantly higher value in the malignant MGCT group
compared with benign MGCT (p-value <0.001, <0.001, 0.033, and <0.001, respectively).
Maximum diameter did not show a significant difference (p-value 0.115) between the two
groups (Table 4).

In ROC curve analysis, SUVmax showed the highest AUC among all parameters (AUC 0.947)
and showed significantly higher discriminative performance compared with MTV and
maximum diameter between benign and malignant lesions. With the specific cutoff value of
SUVmax 4.54, it showed a sensitivity of 81.82% and specificity of 100.00% in differentiating
between benign and malignant MGCTs. TBR and TLG also showed excellent discriminative
performance and did not show significant differences compared with SUVmax (AUC 0.917

and 0.920 respectively) (Table 5, figure 6).

Comparison of quantitative PET/ CT parameters between seminoma and NSGCT

Malignant lesions were subdivided into seminoma and NSGCT for further analysis. Among
all parameters, SUVmax, TBR, and maximum diameter showed significant differences (p-

value 0.042, 0.042, and 0.012 respectively) (Table 6).

Relationship between quantitative PET/ CT parameters and tumor markers



Patients were divided into two groups (high versus low) according to the threshold of the
median value of each tumor marker (HCG = 1 and AFP = 2). Parameters SUVmax, TBR,
and maximum diameter were significantly higher in the high AFP group (p-value 0.012,
0.034, and 0.044 respectively), whereas PET/CT parameters did not show a significant

difference between high versus low HCG groups (Table 7).



Discussion

In this retrospective review of MGCT cases, visual assessment of BE_FDG PET/CT images
showed some distinctive features. Particularly, teratomas (benign group) had a higher
percentage of grade 0 cases compared with the malignant MGCT group which showed no case
of grade 0. All the malignant MGCTs showed uptake greater than the liver. Also, interestingly
all the uptake patterns were either equivocal or heterogeneous and no case showed a
homogenous pattern. This is unique in comparison with other anterior mediastinal tumors
reported such as thymic epithelial tumors or lymphoma cases that may show a homogeneous
pattern. This factor could be useful in the initial diagnostic setting for differentiation with other

anterior mediastinal malignancies.

Another notable finding of this study is with the information provided from the quantitative
parameter of '"*F-FDG PET/CT which showed potential in discriminating benign MGCT from
malignant MGCT. All the PET/CT parameters showed significantly higher values in malignant
MGCT compared with those in benign mediastinal mature teratomas. Among all the
parameters, SUVmax showed the highest AUC value and were significantly superior
compared with MTV and maximum diameter. Additionally, SUVmax showed significantly
higher value in the NSGCT group and high AFP group in further subgroup analysis. TBR also

showed similar excellent results as SUVmax .

MGCT is a rare disease with heterogeneous entities. Although they share similar
histopathologic features and tumor marker expression with gonadal GCT, they show different
prognosis. According to the International Germ Cell Cancer Collaborative Group, NSGCTs
have a worse prognosis compared with other primary GCTs. The role of "*F-FDG PET/CT is
not yet established in the initial diagnosis of MGCT and only a few studies exist at this point.
BE_FDG PET/CT allows wholesome evaluation not only including nodal and distant

metastasis but also the heterogeneity of the entire tumor, whereas biopsy can only evaluate the

10



obtained portion. In our study, SUVmax showed a higher AUC value compared with
volumetric parameters like MTV or TLG. This could be explained by the heterogeneity of the
tissue component that makes up the malignant MGCT. The second most common type of
malignant MGCT is mixed germ cell tumor and even when seminoma is present as a
component it is still considered as mixed germ cell tumor. In line with this pathologic
differentiation, it suggests that the oncologic behavior of MGCT might be largely dependent
on which malignant component of GCT histology is included rather than the whole volume of

tumor cells.

Previous studies reported the additional value of '"*F-FDG PET/CT compared to CT alone
in the assessment of GCTs. In one multicenter trial studying predictive values of "*F-FDG PET
in primary staging in patients with newly diagnosed gonadal NSGCT, they showed superior
sensitivity (66% versus 41%, P = 0.038) and negative predictive value (78% versus 67%, p-
value 0.05) compared with CT [9]. In testicular GCT, "F-FDG PET /CT is not routinely
performed but is recommended for post-treatment evaluation of residual mass in seminoma
patients [10]. A recent study by Aydos et al. reported that patients with elevated (at least two)
tumor markers after surgery had a higher positive predictive value of "*F-FDG PET in primary
staging of testicular GCT. They also reported that MTV and TLG had significant positive
correlations with HCG whereas AFP showed significant correlation only in the NSGCT
patients. Our study also showed a correlation between tumor marker and quantitative
parameters but only positive results in relation to AFP. This could be explained by the
heterogenicity of patients included in each study. The disparity in the portion of subtypes
comprising each study could have caused different results because seminomas seldom or rarely
produce AFP but may have a variable amount of HCG whereas APF level in yolk cell tumor
or HCG level in choriocarcinoma is almost always present and has a strong correlation with
the whole tumor volume. LDH on the other hand, although less specific than AFP or HCG, is

almost always elevated in malignant GCTs. Therefore, a further study with LDH lab data and
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larger patient size to lessen the heterogeneity of this study is needed to verify the relationship

between tumor markers and '*F-FDG PET/CT data.

In one multicenter retrospective study, histology, high AFP, and HCG levels were identified
as independent prognostic variables in GCTs patients [16]. In a few studies, NSGCT were
reported to have a worse prognosis compared to seminoma. Aydos et al.’s study of testicular
GCT reported that high MTV value and high tumor marker values were related to significantly
to lower overall survival [10]. In our study, the NSGCT group and high AFP group were
significantly associated with a higher value of SUVmax. Therefore, like the results from other
studies, higher metabolic parameters combined with tumor markers may have a potential role
in the prognosis prediction of MGCTs. Utilization of PET/CT combined with other prognostic
factors could help identify the high-risk group of MGCT and thus have additional value in

treatment and management planning in MGCT patients.

This study has a few limitations. This is a single-center retrospective study, and referral bias
cannot be excluded due to the nature of the study. The impact of '*F-FDG PET/CT in the
evaluation of MGCT in the preoperative setting may be low because as shown in our study,
imaging and clinical evaluation are not enough but pathologic confirmation with surgical
resection is still necessary in PET-negative patients, due to some overlapping features between
malignant and benign lesion. The sample size was small and thus additional prognostic
assessment could not be performed. Also, some of the patients did not have tumor maker
results and were excluded from the subgroup analysis. An additional study with a larger

number of patients, tumor marker, and prognostic data is warranted in the future.
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Conclusion

Visual assessment of MGCT on "*F-FDG PET/CT showed discriminative findings between
benign and malignant MGCT. "“F-FDG PET/CT quantitative parameters give additional

information in differentiating benign versus malignant MGCT and seminoma versus NSGCTs.
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Figures

Figure 1. "*F-fluorodeoxyglucose positron emission tomography/computed tomography

images demonstrating uptake grade in visual assessment

Fusion PET/CT (positron emission tomography/computed tomography) and PET only images
show four visual uptake grades of mediastinal germ cell tumors (arrows) of (A) grade 0 (lower
or similar to mediastinal uptake), (B) grade 1 (greater than mediastinum but lower or similar
to liver uptake), (C) grade 2 greater than liver uptake), and (D) grade 3 (markedly greater than

liver uptake)
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Figure 2. "*F-fluorodeoxyglucose positron emission tomography/computed tomography

images demonstrating uptake pattern category

Fusion PET/CT (positron emission tomography/computed tomography) and PET only images
showing two different uptake pattern categories the primary mediastinal mass (arrows): (A)

equivocal, (B) heterogenous. Example of homogenous case is not shown due to lack of

appropriate case in this study

18



Figure 3. "*F-fluorodeoxyglucose positron emission tomography/computed tomography

images demonstrating contour category

Fusion PET/CT (positron emission tomography/computed tomography) and PET only images
showing three different contour categories of the primary mediastinal mass (arrows) : (A)

round, (B) lobulating, and (C) infilatrative
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Figure 4. Representative cases of mediastinal germ cell tumor according to visual

assessment categorization

Axial positron emission tomography/computed tomography fusion image of visual
categorization examples, (A) 21 year-old male with benign mediastinal germ cell tumor
(mature teratoma) shows category of grade 0 uptake, equivocal uptake pattern and round
contour (SUVmax 1.87, arrow), (B) 31 year-old male with seminoma shows grade 3 uptake,
heterogenous uptake pattern and lobulating contour (SUVmax 14.95, arrow), and (C) 22 year
old male with yolk cell tumor show grade 4 uptake, heterogenous uptake pattern and
linfiltrative contour (SUVmax 18.65, arrow) with anterior pleural Invasion, pleural effusion,

and bone metastasis in the sternum (arrow head).
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Figure 5. Comparsion of visual assessment results between benign and malignant

mediastinal germ cell tumor group

Visual assessment between benign and malignant mediastinal germ cell tumor showed

significant difference.
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Figure 6. Receiver operating characteristic curve analysis of positron emission

tomography/computed tomography parameters

On receiver operating characteristic curve analysis, all the positron emission
tomography/computed tomography parameters show larger AUC than maximum diameter,

and SUV max show the largest AUC of 0.947.
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Tables

Table 1. Clinical and pathological characteristics

Total
Number 35
Age (year, mean+SD) 33.1+16.8
Sex (F:M) 16:19
Time interval between biopsy or 13 (0-134)

surgery and PET/CT (days)
AFP
HCG
Surgical intent
Excisional biopsy
Resective surgery
Clear resection margin
Lymph node metastasis
Pathologic diagnosis
Mature teratoma
Seminoma
Yolk cell tumor

Mixed germ cell tumor

1.9 (0.63-30800.0) [267]

1.0 (1.0-197.0) [267]

24
11

32

24
4
5

2

Continuous variables are expressed as median (range)

tNumber of patients with tumor marker data that were included in the analysis
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Table 2. Comparison of clinical and pathological characteristics between benign and

malignant mediastinal germ cell tumor group

Benign MGCT Malignant MGCT p—value
Number 24 11
Age (year, mean+SD) 38.2+18.0 21.944.0 <0.001*
Sex (F:M) 16:8 0:11
Time interval between biopsy 16 (0-134) 10 (0-111) 0.221
or surgery and PET/CT (days)
AFP 1.0 (0.63-87.3) [15f]  16.8(1.1-3800.0) [11] 0.004*
HCG 1.0 (1.0-197.0) [15F¥]  1.0(1.0-102.0) [117] 0.604
Clear resection margin 24 9
Lymph node metastasis 0 2

Continuous variables are expressed as median (range)

P <0.05*

tNumber of patients with tumor marker data that were included in the analysis

MGCT, mediastinal germ cell tumors
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Table 3. Visual assessment of mediastinal germ cell tumors according to type

Yolk cell Mixed
Total Teratoma Seminoma

tumor GCT
N=35) (N=29) N=4)

IN=95) N=2)

Uptake intensity Grade 0 6 6 0 0 0
Grade 1 4 4 0 0 0
Grade 2 23 14 3 5 1
Grade 3 2 0 1 0 1
Uptake pattern  Equivocal 6 6 0 0 0
Homogenous 0 0 0 0 0
Heterogenous 29 18 4 5 2
Contour Round 26 20 3 2 1
Lobulated 8 4 1 2 1
Infiltrative 1 0 0 1 0

Grade 0 <mediastinal; mediastinal < gradel < liver; liver< grade 2, grade 3~ markedly greater
than liver

GCT, germ cell tumor
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Table 4. Comparison of positron emission tomography/computed tomography

parameters between benign and malignant germ cell tumors

PET/CT Total Benign MGCT Malignant MGCT

p-value
parameters (n=35) (n=24) (n=11)
SUVmax 3.3(0.5-18.7) 2.5 (0.6-4.6) 10.7 (3.2-18.7) <0.001*
TBR 3.2(0.4-23.3) 2.4 (0.5-5.0) 9.7 (2.9-23.3) <0.001*
MTV (ml) 12.6 (0.7-215.3) 10.6 (0.7-50.3) 16.3 (4.4-215.3) 0.033*
TLG (g) 18.8 (0.3-1862.7) 15.5 (0.3-107.1) 84.4 (18-1862.7) <0.001*
Maximum

7.9 (2.9-18.5) 7.6 (2.9-12.7) 9.5 (4.5-18.5) 0.115

diameter (cm)

P <0.05*

Continuous variables are expressed as median (range)

PET/CT, positron emission tomography/computed tomography; MGCT, mediastinal germ cell
tumors; SUV, standardized uptake value; TBR, tumor—to—background Ratio; MTV, metabolic

tumor volume; TLG, total lesion glycolysis
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Table 5. Receiver operating characteristic curve analysis curve analysis of positron

emission tomography/computed tomography parameters in characterizing mediastinal

germ cell tumor

AUC
PET/CT Cutoff Sensitivity Specificity
AUC p—value comparison
parameters value (%) (%)
with SUVmax
SUVmax* 0.947 >4.54 <0.0001  81.82 100.00
TBR 0.917 > 491 <0.0001  72.73 100.00 0.2215
MTYV (ml) 0.727 >20.26 0.0198 45.45 91.67 0.0254%
TLG (g) 0.920 >24.59 <0.0001  90.91 79.17 0.4844
Maximum
0.670 >8.75 0.1294 63.64 70.83 0.0114+

diameter (cm)

*Highest AUC, P < 0.05F

PET/CT, positron emission tomography/computed tomography; AUC, area under the receiver

operating characteristic curve; SUV, standardized uptake value; TBR, tumor—to—background

Ratio; MTYV, metabolic tumor volume; TLG, total lesion glycolysis
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Table 6. Subgroup analysis of positron emission tomography/computed tomography

parameters between seminoma and malignant nonseminomatous germ cell tumor

Seminoma NSGCT
PET/CT parameters p—value

(n=4) (n=7)
SUVmax 6.6 (3.2-9.2) 13.2 (3.7-18.7) 0.042*
TBR 5.6 (2.9-9) 10.3 (3.0-23.3) 0.042*
MTV (g/ml) 11.5 (7.7-14.6) 52.9 (4.4-215.3) 0.073
TLG (g cm’/ml) 45.9 (18-84.4) 408.1 (28.5-1862.7) 0.109
Maximum

5.9 (4.5-9.5) 12.6 (7.9-18.5) 0.012%

diameter (cm)

P <0.05*

Continuous variables are expressed as median (range)

PET/CT, positron emission tomography/computed tomography; NSGCT, nonseminomatous
germ cell tumor; SUV, standardized uptake value; TBR, tumor—to—background Ratio; MTYV,

metabolic tumor volume; TLG, total lesion glycolysis
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Table 7. Analysis of positron emission tomography/computed tomography parameters

and tumor markers

PET/CT HCG<1 1<HCG p- AFP<2 2<AFP =
parameters (n=18) (n=28) value (n=13) (n=13) value
4.14 3.51 33 9.2
SUVmax 0.605 0.012*

(1.3-18.7) (1.5-13.2) (1.3-4.6) (1.5-18.7)
4.54 3.19 3.6 9
TBR 0.807 0.034*
(1.6-23.3) (1.4-10.3) (1.4-5) (1.4-23.3)
15.39 14.45 16.5 14.6
MTYV (g/ml) 0.397 0.614
(4.3-215.3) (5.1-71.3) (4.3-50.3) (4.4-215.3)
TLG 36.4 28 18.9 59.2
0.807 0.081
(g cm’/ml) (10.9-1862.7) (6.3-546.9) (8.9-107.1)  (6.3-1862.7)
Maximum 9.71 7.36 8.8 9.5
0.144 0.044*
diameter (cm)  (4.5-18.5) (4.6-12.6) (4.6-12.7) (4.5-18.5)

P <0.05*

Continuous variables are expressed as median (range)

PET/CT, positron emission tomography/computed tomography; AFP, alphafetoprotein; HCG,
human chorionic gonadotrophin; SUYV, standardized uptake value; TBR, tumor—to—

background Ratio; MTV, metabolic tumor volume; TLG, total lesion glycolysis

29



2Eas

23 d4A 4% AAAEZSUCCT)S AA AAEZAGET) Y oF
2~4%% A et Aot B A= o] sk NMGCT ¢ wH g
Ty = F-f luorodeoxyglucose SRR FF2G /A ks kS 2 (PF-FDG

PET/CT)) #9bd S4u o4 wpse] S4SS F4o2 Raqar.

el B o qr=2010 ol A 2020 W Abo] A Lot Yol A e A BF-FDG

PET/CTE Al &3k MGCT k5 FFH o m H7lsklvt. MGCT o= 47HA %2314

FYo] TPAQem BAL 9 F B 2 a)om RFagd
s ke HA AE(Grade 0-3), HF AE(LEF/FAL/MT A
e HT(AP/2Q4/28) 0] ok BRSAT. P T Aol

maximum standardized uptake value (SUVmax), tumor—to-background ratio (TBR),

metabolic tumor volume (MTV), total lesion glycolysis (TLG) % Htoj A 7HS

23S PET/CT ®iES vustal FARFEEA] 344 (ROC)S Alsste] 7}
Hayse oy Y FTE FETES HUMeo. EsE, Frrd o= ofA
MGCT % nonseminomatous germ cell tumor (NSGCT)%} seminoma v, “128]il £

AL B3 e B9 9 1F BN s,

A3} = 359 Ao A 24 mature teratoma, 4 seminoma, 5 yolk cell tumor,

and 2 mixed germ cell tumors 7} X¥3FE ATt 6709 Grade & EF mature

mim

teratoma 94 2™ teratoma % grade 39 AF % ol Alojxae gt
BEE 9 MGCT &2 grade 2 52 39 A3 AEE& Bou. tiFE9 MGCT =

H) 23 A% delS Htt. 5 PET/CT parameter 52 9FA]l MGCT ~LE-olA]

30



T8 =4 DR, ROC EA oA SUVmax (24 ofe HZA [AUC]=0.947, P
<0.0001), TBR (AUC=0.917, P <0.0001), MTV (AUC=0.727, P=0.0198) 2 TLG
(AUC=0.920, P <0.001)7} A7 ok NMGCT & FHs=d G938 g A5

Btk 53] SlVmax = NIV <} o A7l wls| foshA =& Adits

Hoom (P=0.0254, 0.0114). 4.54 9] IS 7130z o7 kA MCT =
HHslE W Ee Eolvi= Zhzb 81.82%¢F  100.00%Th. 9 MGCT =

seminoma 2} NSGCT 1H7Fe] 319 Ao+ SUVmax, TBR 2 FH o] = 7o]

§93k 2Fo]lE Bt 7z} P=0.042, 0.042, 0.012). Alphafetoprotein ©]

Elir
rlo

Il SUVmax, TBR, Hul A 74e #sc] @2 & Hl& FoshA =2
s B om (22 P=0.012, 0.034, 0.044), human chorionic gonadotrophin 2]

ghol sgal w2 55 3be] PET/CT Wrgke2 o8 a7} 2l A] Sttt

AZE: BF-FDG PET/CT oAl #Z5 = MGCT ¢ S¢t4d EASL okygda) oy 18

Atololl Fo)dt xfolE BTE. BF-FDG PET/CT Aoz W45 oAzt kA

< NSGCT ¢} seminoma w& A=t F8&3 GEE A& 83

BUge):  Awy  FAF AR

PR E S

o
o
>,

s Fluorodeoxyglucose F18;

31



	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	References
	Figure
	Table
	국문요약


<startpage>10
Introduction 1
Materials and methods 3
Results 7
Discussion 10
Conclusion 13
References 14
Figure 17
Table 23
국문요약 30
</body>

