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Abstract
Background: 2-deoxy-2-[fluorine-18] fluoro-d-glucose (18F-FDG) positron emis-
sion tomography (18F-FDG-PET) is a convenient modality to assess the metabolic 
activity within tumor cells. However, there is no consensus regarding the rela-
tionship between 18F-FDG uptake and the immune environment in thymic epi-
thelial tumors (TETs). We conducted a clinicopathological study to elucidate the 
relationship between 18F-FDG uptake and programmed death ligands 1 and 2 
(PD-L1/PD-L2) expression in patients with TETs. Methods: A total of 108 patients 
with histologically confirmed TETs classified as thymomas or thymic carcinomas 
who underwent surgical resection or biopsy or needle biopsy and 18F-FDG PET 
before any treatment between August 2007 and March 2020 were enrolled in this 
study. Tumor specimens underwent immunohistochemical staining for PD-L1, 
PD-L2, GLUT1, HIF-1α, VEGFR2, VEGF-C, and β2 adrenergic receptor. Results: 
High uptakes of SUVmax, SUVmean, MTV, and TLG were identified in 28 (25.9%), 
61 (56.5%), 55 (50.9%), and 55 (50.9%) of 108 patients, respectively. High uptake 
of SUVmax significantly correlated with PS (performance status) of 1–2, thymic 
carcinoma, and advanced stage, and SUVmax on 18F-FDG uptake displayed a close 
association with PD-L1 and PD-L2 expressions, but not with MTV and TLG. 
Our analysis revealed that SUVmax was identified as being significant relation-
ship for positive PD-L1/PD-L2 expression. GLUT1, HIF-1α, and VEGFR2 were 
significantly associated with the expression of PD-L1/PD-L2 from the biological 
viewpoint.
Conclusion: 18F-FDG accumulation was closely associated with the expres-
sion of PD-L1/PD-L2, which, in turn, was correlated with glucose metabolism 
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1   |   BACKGROUND

Thymic epithelial tumors (TETs), which are generally 
classified as thymomas and thymic carcinomas, are un-
common neoplasms present in less than 2.0% of all ma-
lignancies.1 In particular, thymic carcinoma is a rare 
cancer with a dismal outcome and no available therapeu-
tic agents for its advanced form. Thus, the identification 
of new targets that can serve as predictive and prognostic 
markers for the development of an optimal treatment plan 
is essential.

2-deoxy-2-[fluorine-18] fluoro-d-glucose (18F-FDG) 
positron emission tomography (18F-FDG-PET) is a con-
venient modality to assess the metabolic activity within 
tumor cells, although it shows some limitations such as 
false-positive findings.2 Although it has been already 
known as one of the main biological mechanisms, glu-
cose metabolism, hypoxia, and angiogenesis are closely 
linked to the accumulation of 18F-FDG within tumor cells. 
In particular, several studies have demonstrated that the 
expression levels of glucose transporter 1 (GLUT1) and 
hypoxia-inducible factor-1α (HIF-1α) are correlated with 
18F-FDG uptake in thoracic tumors.3 The 18F-FDG uptake 
level can help to predict the grade of malignancy in TETs, 
allowing staging of the extent of the disease, prognosis, 
and therapeutic sensitivity.3 Programmed death ligand-1 
(PD-L1) has been recently shown to be expressed in pa-
tients with TETs and is closely correlated with the grade 
of malignancy and survival.4,5 Immune checkpoint inhib-
itors (ICIs) targeting programmed death-1 (PD-1) or PD-
L1 have been identified as effective therapeutic agents for 
patients with various human cancers. In particular, PD-L1 
expression within tumor cells is thought to be a predictor 
of response to and outcome of therapy in patients with 
advanced lung cancer who received anti-PD-1 antibody.6 
Therefore, ICIs could serve as a potential optimal treat-
ment option for neoplasms with PD-L1 expression.

Several recent studies have shown that PD-L1 ex-
pression within tumor cells is closely related to 18F-FDG 
uptake.7-10 In patients with non-small cell lung cancer 
(NSCLC), PD-L1 expression is linked to 18F-FDG up-
take, GLUT1, and HIF-1α. Also, GLUT1 and HIF-1α have 
been described to be closely associated with angiogenesis 
such as vascular endothelial growth factor (VEGF).2 A 

recent investigation indicated that the increased expres-
sion of HIF-1α is associated with enhanced expression of 
PD-L1, and contributes to the activation of T-cell func-
tion and mitogen-activated protein kinase (MAPK) and 
phosphoinositide 3-kinase (PI3K) signaling pathways.11 
Furthermore, HIF-1α directly binds to the hypoxia re-
sponse element in the proximal promoter of PD-L1 and 
controls its expression under hypoxia.12 Thus, our hypoth-
esis is that the percentage of glucose metabolism deter-
mined by HIF-1α is suggestive of an immune reaction 
according to PD-L1 expression. However, little is known 
about the relationship between 18F-FDG uptake and PD-
L1 expression in patients with TETs. Moreover, anti-PD-1 
antibody has been already known to provide an optimal 
blockade of PD-L1 and PD-L2, and some reports have 
shown that the expression of PD-L2  may be a potential 
prognostic marker in lung cancer.13,14 Nevertheless, it 
remains unclear whether PD-L2 expression is associ-
ated with 18F-FDG uptake and tumor aggressiveness in 
patients with TETs. Although maximal standardized up-
take value (SUVmax) has been generally used as a mea-
surement of 18F-FDG uptake, it remains unknown about 
the correlation between PD-L1 expression and metabolic 
tumor volume (MTV) or total lesion glycolysis (TLG) on 
18F-FDG uptake. Thus, not only SUVmax but also MTV or 
TLG should be investigated for the association of PD-L1 
expression with 18F-FDG uptake.

To address this gap in the literature, we conducted a 
clinicopathological study to elucidate the relationship 
between 18F-FDG uptake and PD-L1/PD-L2 expression 
in patients with TETs and correlated the findings with 
GLUT1 and HIF-1α expression.

2   |   MATERIALS AND METHODS

2.1  |  Patients

A total of 118 consecutive patients with histologically con-
firmed TETs classified as thymomas or thymic carcino-
mas who underwent surgical resection or biopsy or needle 
biopsy and 18F-FDG PET before any treatment at our in-
stitution between August 2007 and March 2020 were en-
rolled in this study. Of them, 10 patients were excluded 

and hypoxia. PD-L1/PD-L2 could affect the glucose metabolism and hypoxia in 
thymic tumor cells.
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because of inadequate tumor specimens and radiographic 
information, therefore, a total of 108 patients were en-
rolled in this study. Pathological diagnosis and tumor 
subtyping were performed according to the 2015  WHO 
histological classification of TETs and the TNM staging 
system.15 The diagnoses were confirmed using light mi-
croscopy and immunohistochemistry. Surgically resected 
or biopsied primary tumors (n  =  108) were included in 
this study in accordance with the institutional guidelines 
and the Helsinki Declaration. Ninety-four patients re-
ceived surgical resection, and biopsy was performed in 14 
patients. This study was approved by the institutional eth-
ics committee. The requirement for written informed con-
sent was waived by the ethics committee of our institution 
because of the retrospective nature of the study.

2.2  |  Immunohistochemical staining

For PD-L1 and PD-L2, immunohistochemical staining 
was performed according to previously described proce-
dures.8,9 Rabbit monoclonal antibodies against PD-L1 
(clone 28–8; 1:100 dilution; Cell Signaling Technology, 
Danvers, MA, USA) and a mouse monoclonal antibody 
against PD-L2 (clone 366C.9E5; 1:100 dilution; Merck 
KGaA) were used. Antigen retrieval was performed by 
autoclaving using Target Retrieval Solution (AR6, 10× 
Universal HIER antigen retrieval reagent; Abcam), and 
the reaction was visualized using Signal Stain Boost IHC 
Detection Reagent. The expression of PD-L1 and PD-L2 
was considered positive when membranous staining was 
observed. The following semiquantitative scoring method 
was used for PD-L1 and PD-L2: 1  =  <1%, 2  =  1%–24%, 
3  =  25%–49%, and 4  =  >50% positively stained cells.8,9 
Tumors with a score ≥2 were graded as showing positive 
expression.

The expressions of GLUT1 (1:100 dilution; Abcam), 
HIF-1α (1:100 dilution; Abcam), vascular endothe-
lial growth factor receptor 2 (VEGFR2) (1:100 dilution; 
Abcam), VEGF-C (1:50 dilution; Immuno-Biological 
Laboratories Co., Ltd.), and β2 adrenergic receptor (β2-
AR) (1:100 dilution; Abcam) were scored according 
to the stained tumor areas as follows: 1  =  ≤10% stain-
ing, 2  =  11%–24% staining, 3  =  25%–49% staining, and 
4  = ≥50% staining.3 Low and high expressions were de-
fined by scores of 1–2 and 3–4, respectively, for GLUT1, 
HIF-1α, and VEGFR2, and positive and negative expres-
sions were defined by scores of 1 and 2–4, respectively, for 
VEGF-C and β2-AR.3

Sections were evaluated using a light microscope in 
a blinded fashion by at least two authors. In case of dis-
crepancies, both investigators evaluated the slides simul-
taneously until they reached a final consensus on the 

assessment. The investigators were blinded to the patient 
outcomes.

2.3  |  PET imaging and data analysis

Patients fasted for at least 6 h before PET imaging, which 
was performed using a PET/CT scanner (Biograph 6 or 
16, Siemens Healthineers K.K.) with a 585-mm field of 
view. Three-dimensional data acquisition was initiated for 
60 min after injecting 3.7 MBq/kg of FDG. We acquired 
eight bed positions (2-min acquisition per bed position) 
according to the range of imaging. Attenuation-corrected 
transverse images obtained with 18F-FDG were recon-
structed with the ordered subset expectation maximiza-
tion algorithm, based on the point spread function into 
168 × 168 matrices with a slice thickness of 2.00 mm.

For the semiquantitative analysis, functional images of 
the standardized uptake value (SUV) were produced using 
attenuation-corrected transaxial images with the injected 
dosage of 18F-FDG, patient's body weight, and the cross-
calibration factor between PET and the dose calibrator. 
The SUV was defined as follows:

CT scanning for initial staging was performed with in-
travenous contrast medium, and the CT images were in-
terpreted by board-certified radiologists. We used RAVAT 
software (Nihon Medi-physics Co. Ltd.) on a Windows 
workstation to semi-automatically calculate the maximum 
of SUV (SUVmax) and metabolic tumor volume (MTV), 
total lesion glycolysis (TLG), defined as MTV multiplied 
by SUVmean, of each lesion using SUV thresholds obtained 
by the SUV in the liver VOI. Each threshold was defined 
as average of SUV (SUVmean) plus 1.5×S.D. of SUV in the 
liver. These SUV thresholds were the optimum values to 
generate a 3D volume of interest (VOI) in which the whole 
tumor mass is completely enclosed in all cases, with CT 
image as the reference. In case of the activity other than 
tumors, including myocardium, gastro-intestinal tracts, 
kidneys, and urinary tracts, were eliminated by manually 
according to the diagnosis by the board-certified nuclear 
medicine physician.

2.4  |  Statistical analysis

Statistical analyses were performed using Student's t-
test, and the χ2 test was performed for continuous and 
categorical variables, respectively. A p value  <  0.05 was 
considered to be statistically significant. Univariate and 

SUV= Radioactive concentration in the volume of interest (VOI) (MBq∕g)

∕Injected dose (MBq) ∕Patient�s body weight(g).
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multivariate analyses of the relationship between PD-
L1 expression and different variables were performed by 
logistic regression analysis. Receiver operating charac-
teristic (ROC) curve analyses were used to evaluate the 
potential for 18F-FDG uptake on PET (SUVmax, SUVmean, 
MTV, and TLG) to discriminate high from low PD-L1 
expression, and the sensitivity and specificity were cal-
culated to determine the optimal cut-off value differenti-
ating positive from negative PD-L1 expression by the ROC 
curve. SUV values were used as a continuous variable 
and ROC analysis was performed. The correlations be-
tween SUVmax, MTV, and TLG on 18F-FDG uptake were 
analyzed using Spearman's correlation coefficient test. All 
statistical analyses were performed using GraphPad Prism 
software (v.8.0; GraphPad Software) and JMP 14.0 (SAS 
Institute Inc.).

3   |   RESULTS

3.1  |  Patient characteristics and 
immunohistochemistry

A total of 108 patients (nmales = 54, nfemales = 54; median 
age = 64 years; age range = 34–85 years) were enrolled in 
the study. Patient characteristics are listed in Table 1. A 
total of 49 patients (45.3%) had a smoking history, and dis-
ease stages I, II, III, and IV were recorded in 37 (34.3%), 39 
(36.1%), 14 (13.0%), and 18 (16.7%) patients, respectively.

The median 18F-FDG uptake values for SUVmax, 
SUVmean, MTV, and TLG, before operation or biopsy were 
4.4, 3.3, 25.5, and 93.1, respectively. The mean  ±  SD of 
SUVmax, SUVmean, MTV, and TLG was 6.0 ± 3.5, 3.6 ± 1.1, 
99.9 ± 226, and 403 ± 814, respectively. The optimal 18F-
FDG uptake cut-offs for SUVmax, SUVmean, MTV, and TLG 
as determined by ROC curve analysis were 7.0 (AUC: 
0.609, sensitivity: 44.0%, specificity: 72.2%), 3.1 (AUC 
0.625, sensitivity: 76.0%, specificity: 77.5%), 17.2  cm3 
(AUC 0.591, sensitivity: 66.0%, specificity: 82.8%), and 
56.7 gcm3/mL (AUC 0.599, sensitivity: 68.0%, specificity: 
80.8%), respectively (Figure 1).

Representative 18F-FDG PET images are shown in 
Figure A1 and A2 (online only). The different variables ac-
cording to 18F-FDG uptake by SUVmax, SUVmean, MTV, and 
TLG were statistically compared (Table 1). The patient with 
more than above cut-off values in each 18F-FDG accumula-
tion was defined as high uptake. High uptakes of SUVmax, 
SUVmean, MTV, and TLG were identified in 28 (25.9%), 61 
(56.5%), 55 (50.9%), and 55 (50.9%) patients, respectively. 
High uptake of SUVmax and SUVmean was significantly 
correlated with PS (performance status) of 1–2, thymic 
carcinoma, advanced stage, and high MTV and TLG were 
closely associated with histology and disease stage.

3.2  |  Immunohistochemical findings

Immunohistochemical examination was performed on 
the 108 primary sites of the TETs. Representative images 
for PD-L1, PD-L2, GLUT1, HIF-1α, VEGF-C, and β2-AR 
are shown in Figure A1 and A2 (online only). The immu-
nostaining of PD-L1 and PD-L2 was localized predomi-
nantly in the plasma membrane of tumor cells. GLUT1 was 
stained on the cell membranes of tumor specimens; there 
was no evidence of normal tissue without red blood cells; 
and HIF-1α was stained in the nuclei. The PD-L1- and PD-
L2-positive rates were 53.7% (58/108) and 56.5% (61/108), 
respectively, the median scores for PD-L1 and PD-L2 were 
2.0 and 2.0, respectively, and the mean scores for PD-L1 
and PD-L2 were 1.9 and 2.0, respectively. The percent-
ages of scores of 1, 2, 3, and 4 for PD-L1 and PD-L2 were 
46.3% (50/108), 26.0% (28/108), 15.7% (17/108), and 12.0% 
(13/108), respectively, and 43.5% (47/108), 26.9% (29/108), 
13.9% (15/108), and 15.7% (17/108), respectively. The per-
centages of high expression and mean scores for GLUT1, 
HIF-1α, and VEGFR2 were identified as 51.8% (56/108), 
29.6% (32/108), and 52.7% (57/108), respectively, and 1.9, 
1.5, and 1.9, respectively. The VEGF-C and β2-AR positive 
rates yielded 54.6% (59/108) and 32.4% (35/108), respec-
tively, with the mean scores of 1.9 and 2.1, respectively. 
Using Spearman's correlation coefficient test, a statistically 
significant correlation was also observed between the ex-
pression of PD-L1 and PD-L2 (ρ = 0.27, 95% confidence in-
terval (CI) 0.06–0.45, p < 0.01). Meanwhile, the expression 
of PD-L1 was closely correlated with GLUT1 (ρ = 0.41, 95% 
CI 0.22–0.57, p < 0.01), VEGFR2 (ρ = 0.31, 95% CI 0.11–
0.49, p < 0.01), and VEGF-C (ρ = −0.23, 95% CI −0.41 to 
−0.02, p=0.02), but not with HIF-1α (ρ = 0.18, 95% CI −0.03 
to 0.37, p=0.08) and β2-AR (ρ = 0.02, 95% CI −0.19 to 0.22, 
p=0.86), whereas, that of PD-L2 was significantly associated 
with GLUT1 (ρ = 0.54, 95% CI 0.38–0.67, p < 0.01), HIF-1α 
(ρ = 0.42, 95% CI 0.23–0.57 p < 0.01), VEGFR2 (ρ = 0.34, 
95% CI 0.14–0.51, p < 0.01), VEGF-C (ρ = −0.26, 95% CI 
−0.44 to −0.05, p  =  0.01), and β2-AR (ρ  =  0.32, 95% CI 
0.12–0.49, p < 0.01). Moreover, the comparison of scoring 
of different biomarkers according to PD-L1 and PD-L2 ex-
pressions was performed. Positive expression of PD-L1 and 
PD-L2 was significantly linked to the increased expression 
of GLUT1, HIF-1α, and VEGFR2. But, there was opposite 
relationship between PD-L1 and VEGF-C (Figure A3, on-
line only). The expression of PD-L1 and PD-L2 exhibited a 
significantly higher in patients with thymic carcinoma than 
in those with thymoma. In the analysis using Spearman's 
correlation coefficient, 18F-FDG uptake as continuous vari-
ables was correlated with PD-L1 and PD-L2 expression lev-
els. The uptake of SUVmax was significantly correlated with 
PD-L1 (ρ = 0.21, 95% CI −0.01 to 0.40, p = 0.04) and PD-L2 
(ρ = 0.35, 95% CI 0.16–0.53, p < 0.01), and that of SUVmean 
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was significantly correlated with PD-L1 (ρ = 0.22, 95% CI 
0.02 –0.41, p  =  0.02) and PD-L2 (ρ  =  0.34, 95% CI 0.15–
0.52, p < 0.01). On the other hand, MTV and TLG were not 
identified as a significant correlation with PD-L1 (ρ = 0.18, 
95% CI −0.02 to 0.37, p = 0.07, and ρ = 0.20, 95% CI −0.01 
to 0.39, p  =  0.05, respectively), but, the correlation with 
PD-L2 was significantly linked to MTV (ρ = 0.28, 95% CI 
0.08–0.46, p < 0.01) and TLG (ρ = 0.32, 95% CI 0.12–0.49, 
p < 0.01).

Figure  2  shows the comparison of SUVmax, SUVmean, 
MTV, and TLG on 18F-FDG uptake according to PD-L1 and 
PD-L2 expressions. The SUVmax (p = 0.006 and p = 0.002) 
and SUVmean (p < 0.0001 and p = 0.004) on 18F-FDG up-
take were higher in patients with positive PD-L1 and PD-
L2 expressions than in those with negative expression. No 
statistically significant differences in the MTV and TLG on 
18F-FDG uptake were observed in patients with positive 
and negative PD-L1 and PD-L2 expressions.

3.3  |  Univariate and multivariate 
analyses according to value of 18F-FDG 
uptake on PET

Table  2  shows the univariate analysis on different vari-
ables according to the value of 18F-FDG uptake. The 
SUVmax, SUVmean, MTV, and TLG were analyzed as contin-
uous variables of 18F-FDG uptake by multiple regression 

analysis. Univariate analysis in the SUVmax demonstrated 
that gender, PS, smoking, disease stage, histology, PD-L1, 
PD-L2, GLIU1, HIF-1α, VEGFR2, and β2-AR were sig-
nificant factors for predicting its uptake, but, that in the 
SUVmean, MTV, and TLG revealed that PD-L1 and PD-L2 
were not identified as significant factors for predicting 
their uptakes.

Next, multivariate analysis was performed using differ-
ent variables with significance of p < 0.05 on the univar-
iate stage in the in the SUVmax (Table 3). By multivariate 
analysis, disease stage, histology, GLUT1, and HIF-1α 
were identified as independent predictors for SUVmax on 
18F-FDG uptake.

4   |   DISCUSSION

To the best of our knowledge, this is the first study to 
evaluate the relationship between PD-L1/PD-L2 expres-
sion and 18F-FDG uptake on PET in patients with TETs. 
We found that high expression of PD-L1 and PD-L2 was 
closely associated with high accumulation of 18F-FDG; in 
particular, PD-L1/PD-L2 expression levels were signifi-
cantly correlated with those of glucose metabolism and 
hypoxia. As angiogenetic markers, VEGFR2 and β2-AR 
were associated with the expression of PD-L1/PD-L2. 
Moreover, we confirmed that the expression of PD-L1 and 
PD-L2 was closely associated with not MTV or TLG but 

F I G U R E  1   Cut-off values for SUVmax, 
SUVmean, MTV, and TLG were determined 
by receiver operating characteristic 
(ROC) curve analyses. Optimal 18F-FDG 
uptake cut-offs for SUVmax, SUVmean, 
MTV, and TLG as determined by ROC 
curve analysis, were 7.0 (sensitivity: 
44.0%, specificity: 72.2%, p = 0.015), 
3.1 (sensitivity: 76.0%, specificity: 
77.5%, p = 0.025), 17.2 cm3 (sensitivity: 
66.0%, specificity: 82.8%, p = 0.868), 
and 56.7 gcm3/mL (sensitivity: 68.0%, 
specificity: 80.8%, p = 0.415), respectively1-specificity
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SUVmax on 18F-FDG uptake, confirmed by multivariate 
analysis. Overall, PD-L1 and PD-L2 expressions indicated 
a strong correlation with glucose metabolism, as deter-
mined by GLUT1. Although SUVmax is closely correlated 
with MTV and TLG on 18F-FDG uptake, the upregulation 
of PD-L1 and PD-L2 may play a crucial role in the patho-
genesis of tumor glucose metabolism in patients with 
TETs. Further studies with an experimental approach 
using thymic tumor cell lines are warranted to elucidate 
the results of our study.

Several researchers have described that PD-L1 is fre-
quently expressed in TETs, and a WHO classification is 
closely related to positive PD-L1 expression, but there 
was some discrepancy regarding the trend for worsened 
survival.4,16-19 Padda et al. reported that the high expres-
sion of PD-L1 could predict a significantly worse OS, 
which was correlated with more aggressive histology.16 
However, Yokoyama et al. described that the low PD-L1 
expression and a high number of PD-1-positive tumor in-
filtrative lymphocytes (TILs) were significant predictors 
of worse survival in patients with thymic carcinoma.18 
Considering the evidence from previous studies, it is de-
batable whether PD-L1 could absolutely predict a worse 

outcome for patients with TETs. As our study also indi-
cated that the expression of PD-L1 was higher in thymic 
carcinoma than in thymoma, PD-L1 may highly express in 
human neoplasms with malignant phenotype.

PD-L1 is an important target for PD-1 blockade, 
whereas PD-L2, as another PD-1 ligand, may also play a 
crucial role in the inhibition of PD-1 in human neoplasms. 
The prevalence of PD-L2 was significantly correlated with 
PD-L1, and PD-L2 status was also a significant predictor 
of PFS with pembrolizumab, independent of PD-L1 sta-
tus.20 A previous study reported that GLUT1 expression 
is associated with better clinical outcomes in advanced-
stage classical Hodgkin's lymphoma and is significantly 
associated with PD-L1 and PD-L2 expressions.21 This 
study supports the hypothesis that GLUT1-related signal-
ing pathways play an important role in the PD-L1 or PD-
L2 pathway. Furthermore, a previous article reported that 
PD-L2-positive pheochromocytoma and paraganglioma 
were characterized by higher HIF-1α expression. That 
study reported the enrichment of transcripts involved in 
the hypoxic response in relation to PD-L2, but not PD-L1 
expression.22 When the researchers considered a broader 
subset of 200  genes involved in the hypoxic response, 

F I G U R E  2   Comparison of SUVmax, SUVmean, MTV, and TLG on 18F-FDG uptake according to PD-L1 and PD-L2 expressions (B): SUVmax 
(p = 0.006 and p = 0.002) and SUVmean (p < 0.0001 and p = 0.004) on 18F-FDG uptake were higher in patients with positive PD-L1 and PD-
L2 expressions than in those with negative expression. No statistically significant differences in the MTV and TLG on 18F-FDG uptake were 
observed in patients with positive and negative PD-L1 and PD-L2 expressions
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PD-L2 upregulation strikingly emerged as a stronger and 
more substantial determinant of tumor hypoxia than 
PD-L1, suggesting a potential mechanistic relationship 
between hypoxia and PD-L2-mediated antitumor im-
mune control. Their data suggest that PD-L2 has a more 
predominant role than PD-L1 in shaping the immune-
tolerogenic environment, given the highly significant as-
sociation with key pathways involved in innate, adaptive 
immunity, and inflammation in pheochromocytomas and 
paragangliomas. Recently, Rouquette et al. reported that 
the PD-L2 antibody stained no tumor epithelial cells in 
TETs.19 Although we also performed PD-L2 staining using 
the same antibody, no staining was observed in our study, 
corresponding to their results.19

Previous investigations have supported the potential 
of PD-L1 as an alternative target of HIF-1α and suggested 

that the distribution of glucose metabolism determined by 
HIF-1α could reflect the immune response reflected by the 
expression of PD-L1.11,12 In addition, direct blockade of PD-
L1 within cancer cells has been reported to diminish glycol-
ysis by inhibiting the mTOR pathway and the expression of 
glycolysis enzymes.23 Takada et al. reported the radiological 
features of PD-L2 expression in 222 patients with lung ade-
nocarcinoma.24 In their study, the SUVmax for 18F-FDG up-
take was found to be significantly higher in PD-L2-positive 
than in PD-L2-negative cases.24 It remains unknown why 
the expression level of PD-L2 is closely related to 18F-FDG 
uptake. PD-L2 seemed to be more strongly correlated with 
glucose metabolism, hypoxia, and angiogenesis, compared 
with PD-L1. Further investigation should be conducted to 
elucidate the relationship between PD-L2 and 18F-FDG up-
take from the perspective of basic science.

Variables

Different values of 18F-FDG uptake (p value)

SUVmax SUVmean MTV TLG

Age (years)
≥69/<69

0.432 0.263 0.304 0.243

Gender
Male/Female

0.024 0.284 0.034 <0.001

PS (ECOG)
0 / 1–2

0.011 0.097 0.007 0.005

Smoking
Yes / No

0.031 0.462 0.318 0.105

Disease stage
I–II / III–IV

<0.001 <0.001 <0.001 <0.001

Histology
Thymoma/thymic cancer

<0.001 <0.001 0.026 <0.001

PD-L1
Positive/Negative

0.045 0.286 0.869 0.414

PD-L2
Positive/Negative

0.036 0.301 0.680 0.251

GLUT1
High / Low

<0.001 0.011 0.574 0.146

HIF−1α
High / Low

0.044 0.549 0.132 0.012

VEGFR2
High / Low

0.045 0.152 0.151 0.104

VEGF-C
High / Low

0.095 0.235 0.849 0.368

β2-AR
High / Low

0.003 0.026 0.950 0.401

Abbreviations: 18F-FDG, 2-deoxy-2-[fluorine-18] fluoro-d-glucose; 95% CI, 95% confidence interval; 
ECOG PS, Eastern Cooperative Oncology Group performance status; GLUT1, glucose transporter 1; 
HIF-1α, hypoxia-inducible factor-1α; MTV, metabolic tumor volume; OR, odds ratio; PD-L1, programmed 
death ligand-1; PD-L2, programmed death ligand-2; SUVmean, mean standardized uptake value; TLG, total 
lesion glycolysis; UVmax, maximum standardized uptake value; VEGF-C, vascular endothelial growth 
factor-C; VEGFR2, vascular endothelial growth factor receptor 2; β2-AR, beta-2 adrenergic receptor.
Bold values mean statistically significant difference.

T A B L E  2   Univariate analysis on 
different variables according to the value 
of 18F-FDG uptake
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Our study is a first investigation to evaluate whether 
MTV or TLG could be correlated with the expression of 
PD-L1, thus, it remains unclear why SUVmax was chosen 
as a better marker for the close correlation of PD-L1 ex-
pression than TLG or MTV. Considering that PD-L1 was 
not identified as independent predictor for the 18F-FDG 
uptake by SUVmax, we feel the possibility of weak associ-
ation between 18F-FDG uptake and PD-L1 expression in 
patients with TETs.

There are several limitations to our study. First, our 
study had a small sample size, which may have biased 

the results of our study. Since thymic cancer is a rare neo-
plasm, only limited numbers of samples were collected. 
Second, we tried to examine PD-L1 staining using clone 
28–8; however, there are several kinds of PD-L1 clones. 
An additional investigation using other clones of PD-
L1  may be needed to confirm the results of our study. 
Moreover, the AUC for determining cut-off value of 18F-
FDG uptake and Spearman correlation is relatively low, 
having some limitations of statistical analysis, thus, this 
limitation also may bias the results of our conclusion. 
But, there is controversial issue which cut-off value is 
optimal to dichotomize the uptake value of 18F-FDG on 
PET. Finally, the results of our study were not confirmed 
by experimental investigations. In the level of tumor cell 
lines, little is known about any data elucidating the asso-
ciation between PD-L1 expression and 18F-FDG uptake. 
Further examination is needed to approach some basic 
mechanism.

In conclusion, the relevance and distribution of 18F-
FDG uptake on PET were significantly associated with the 
expression of PD-L1 and PD-L2 in patients with TETs, and 
PD-L2 seemed to be more correlated with 18F-FDG uptake 
than PD-L1. In particular, PD-L1 and PD-L2 exhibited a 
close relationship with upregulation of tumor glucose me-
tabolism (GLUT1) and hypoxia (HIF-1α), which play es-
sential roles in the mechanism of 18F-FDG uptake within 
tumor cells.

Further studies are needed to elucidate why PD-L1 and 
PD-L2 affect glucose metabolism and hypoxia in TETs.
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T A B L E  3   Multivariate analysis on different variables according 
to the value of SUVmax

Variables

SUVmax

β 95% CI p value

Age (years)
≥69/<69

Gender
Male/Female

0.39 −0.225 to 
1.009

0.211

PS (ECOG)
0 / 1–2

0.36 −0.206 to 
0.926

0.210

Smoking
Yes / No

0.14 −0.452 to 
0.739

0.634

Disease stage
I–II / III–IV

1.03 0.306–1.744 0.005

Histology
Thymoma/thymic 

cancer

2.27 1.38–3.157 <0.001

PD-L1
Positive/Negative

0.25 −0.318 to 
0.828

0.379

PD-L2
Positive/Negative

−0.38 −0.983 to 
0.215

0.206

GLUT1
High / Low

0.86 0.156–1.566 0.017

HIF−1α
High / Low

−0.59 −1.233 to 
0.041

0.006

VEGFR2
High / Low

−0.95 −1.529 to 
−0.389

0.001

VEGF-C
High / Low

β2-AR
High / Low

−0.27 −0.930 to 
0.371

0.395

Abbreviations: 18F-FDG, 2-deoxy-2-[fluorine-18] fluoro-d-glucose; 95% CI, 
95% confidence interval; ECOG PS, Eastern Cooperative Oncology Group 
performance status; GLUT1, glucose transporter 1; HIF-1α, hypoxia-
inducible factor-1α; MTV, metabolic tumor volume; OR, odds ratio; PD-L1, 
programmed death ligand-1; PD-L2, programmed death ligand-2; SUVmax, 
maximum standardized uptake value; SUVmean, mean standardized uptake 
value; TLG, total lesion glycolysis; VEGF-C, vascular endothelial growth 
factor-C; VEGFR2, vascular endothelial growth factor receptor 2; β2-AR, 
beta-2 adrenergic receptor. Bold values mean statistically significant 
difference.
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