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Value of metabolic parameters in distinguishing primary 
mediastinal lymphomas from thymic epithelial tumors
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ABSTRACT Objective: A high rate of unnecessary thymectomies has been reported. This study aimed to distinguish primary mediastinal 

lymphomas (PMLs) from thymic epithelial tumors (TETs) by evaluating volumetric and metabolic parameters with 18F-FDG  

PET/CT.

Methods: A total of 136 patients who were pathologically diagnosed with TETs or PMLs were enrolled, and 18F-FDG PET/CT was 

performed before therapy. Volumetric parameters, including the mean SUV (SUVmean), metabolic tumor volume (MTV), total 

lesion glycolysis (TLG), and SUVmax, were determined and compared between the 2 subtypes. The diagnostic performance of these 

parameters was evaluated with receiver operating characteristic (ROC) curve analysis.

Results: All parameters significantly differed between patients with PMLs and TETs. Patients with lymphomas were younger and 

had higher SUVmean, SUVmax, TLG, and MTV values than patients with TETs. The MTV and TLG values had similar diagnostic 

performance. ROC analysis indicated that the areas under the curves of the SUVmean and SUVmax values performed similarly 

(approximately 0.76) in differentiating patients with PMLs from TETs, and both values were better than the MTV and TLG values. 

When age was included with the SUVmax in differentiating TETs from PMLs, the AUC was 0.91, and the sensitivity and specificity 

increased to 80% and 93%, respectively.

Conclusions: The SUVmax and volumetric parameters of 18F-FDG PET/CT can be used to distinguish patients with PMLs versus 

TETs, and thus may aid in preventing unnecessary thymectomies or other invasive operations.
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Introduction

The International Thymic Malignancy Interest Group 

(ITMIG) has developed a classification system for mediastinal 

compartments to be used for cross-sectional imaging of medi-

astinal disease; this system is important for accurate localiza-

tion, characterization, and differential diagnosis1,2. According 

to the ITMIG standards, the most common primary lesions 

in the pre-vascular compartment are thymic epithelial tumors 

(TETs), followed by primary mediastinal lymphomas (PMLs), 

germ cell neoplasms, and intrathoracic goiters. Therapies for 

diseases located in the pre-vascular mediastinum markedly 

differ3,4: TETs are usually surgically removed, whereas lym-

phomas are generally treated with chemotherapy5, and asymp-

tomatic, small benign thymic lesions are usually left untreated. 

Unfortunately, high rates of unnecessary thymectomies or 

invasive surgical procedures have been reported, owing to 

misdiagnosis of imaging findings pre-operatively6,7. PMLs are 

the malignancy most likely to be confused with TETs before 

treatment.

Diversity in clinical management requires accurate diagnosis 

and thorough evaluation before treatment decisions are made. 

Traditional imaging modalities, including computed tomog-

raphy (CT) and magnetic resonance imaging (MRI), have 

been widely used in clinical practice to evaluate pre-vascular 

mediastinal neoplasms. Imaging characteristics, including the 

location relative to the midline, shape, homogeneity of atten-

uation, adjacent invasion, and coexistent lymphadenopathy, 

are considered the key evaluation standards for diagnosis and 

further therapy8-11. Shortcomings in morphologic assessment 
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have been reported to lead to misinterpretation, thereby poten-

tially resulting in ineffective or inaccurate management and 

therapy6. In the past decade, 18F-fluorodeoxyglucose (FDG) 

positron emission tomography (PET)/CT has been routinely 

used to non-invasively identify cancer in early stages, assess 

metabolic changes in lesions, and simultaneously evaluate the 

whole-body response to tumors in vivo12.

Studies have revealed the usefulness of 18F-FDG PET/CT in 

grading TETs by using SUVmax13-17; however, few studies have 

focused on volumetric parameters, including the mean SUV 

(SUVmean), metabolic tumor volume (MTV), and total lesion 

glycolysis (TLG) of pre-vascular compartment mediastinal 

tumors. Furthermore, little is known regarding whether these 

volumetric parameters can distinguish TETs from PMLs. In 

this study, our aims were (1) to quantitatively assess the abil-

ity of 18F-FDG PET/CT volumetric and metabolic parameters 

to differentiate TETs from PMLs, to avoid non-therapeutic 

thymectomies, and (2) to compare the diagnostic ability of 

volumetric and metabolic parameters in the 2 most common 

mediastinal malignancies of the pre-vascular compartment.

Materials and methods

Patient selection

A total of 136 patients with primary thymic lesions who 

were treated in our institute and hospital between January 

2014 and December 2018 were retrospectively reviewed. All 

patients received a PET/CT examination before an invasive 

biopsy was performed or therapy was initiated. Some patients 

were asymptomatic, and the thymic lesions were incidental 

findings. Patients with mediastinal metastases, lung cancer, 

or other systemic disorders involving the mediastinum were 

excluded. All enrolled patients were pathologically diagnosed 

with primary thymic neoplasms on the basis of surgical find-

ings or core needle biopsy specimens and immunohistochem-

istry testing. Each patient was required to sign an informed 

consent form before the PET/CT examination. All procedures 

involving human participants in this study were approved 

by the Institutional Research Committee and performed in 

accordance with ethical standards.

Molecular imaging acquisition and analysis

All 18F-FDG PET/CT scans were performed with a 64 multi-

slice-detector PET/CT scanner (DiscoveryST; General Electric 

Healthcare, Waukesha, WI, USA). Patients were fasted 4–6 h 

before the examination. The blood glucose levels were deter-

mined and controlled at < 140 mg/dL before the administra-

tion of 18F-FDG (3.7 MBq per kg body weight). The protocol 

included an initial CT scan (120 kV, 100 mA, and a slice thick-

ness of 5 mm). PET images from the head to the mid-thigh 

were acquired in 3-dimensional mode without breath-hold-

ing, with an acquisition time of 2 min per bed position (for a 

total of 6–8 bed positions) after CT scanning. The CT-based, 

attenuation-corrected PET images were reconstructed with 

an iterative algorithm. The attenuation-corrected PET, CT, 

and fused PET/CT results were reviewed and analyzed by 2 

nuclear medicine physicians with 5 and 10 years of diagnos-

tic experience in diagnosis. The mass in the supra-anterior 

mediastinum was selected as the region of interest. The vol-

ume-based parameters, including MTV, SUVmax, peak SUV 

(SUVpeak), and mean SUV (SUVmean), were obtained with 

PET VCAR, the semi-quantitative software of the GE worksta-

tion. The estimated threshold was 42% of the maximum value. 

TLG was automatically calculated with MTV multiples of the 

SUVmean.

Statistical analysis

SPSS 19.0 was used for statistical analyses and graphing. 

Group differences of volume-based parameters in each patho-

logic subtype were compared with analysis of variance for 

normally distributed data, and the Tukey comparison was 

further performed as a post hoc test. If the variables were 

not normally distributed, the Kruskal-Wallis test or Mann-

Whitney U test was performed instead of analysis of variance 

or t-test. Interrelations between variables were determined 

with Pearson correlation analysis. The diagnostic performance 

of metabolic parameters was evaluated with the area under 

the curve (AUC) and receiver operating characteristic (ROC) 

curve. A cut-off value was determined, and the sensitivity, 

specificity, and accuracy were calculated at a single point on 

the ROC curve. Generally, the level of statistical significance 

was set at P < 0.05 (two-tailed).

Results

A total of 136 patients (mean = 41.57 ± 19.12 years, range = 

3–77 years) with 71 PMLs and 65 TETs were included in this 

study. According to the histopathologic results, the patients 

were divided into the following subgroups: (1) lymphoma, 
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including the most common subtypes (diffuse large B-cell 

lymphoma, T-lymphoblastic lymphoma, and classic Hodgkin 

lymphoma) and uncommon types (follicular B-cell lymphoma 

and anaplastic large cell lymphoma), and (2) epithelial tum-

ors, including all types of thymoma (A-B3) and thymic carci-

nomas (Table 1, Figure 1).

Table 1 Demographics of patients diagnosed with primary mediastinal lymphoma and thymic epithelial tumors in this study

Pathological subtypes   N   Age   Age range   Male (%)

Primary mediastinal lymphoma   71 (52.2%)   30.25 ± 14.44   3–70   22 (31.0)

 Classic Hodgkin lymphoma   26   26.19 ± 9.82   6–50   23.1

 Diffuse large B-cell lymphoma   30   36.43 ± 14.1   15–70   30.0

 T-lymphoblastic lymphoma   9   19.33 ± 16.9   3–46   55.6

 Other types   6   33.33 ± 16.86   13–59   33.3

Thymic epithelial tumors   65 (47.8%)   54.23 ± 15.16   12–77   40 (61.5)

 Thymoma_A   4   64.75 ± 7.41   55–73   50.0

 Thymoma_AB   4   57.00 ± 9.13   46–68   50.0

 Thymoma_B1   8   53.88 ± 12.51   41–76   62.5

 Thymoma_B2   6   52.5 ± 21.67   16–72   66.7

 Thymoma_B3   4   48.75 ± 13.3   33–64   75.0

 Thymic carcinomas   39   53.77 ± 15.97   12–77   61.5

  Squamous cell carcinoma   26   55.19 ± 15.48   12–76   61.5

  Neuroendocrine carcinoma   8   58.25 ± 17.43   26–77   62.5

  Adenocarcinoma/sarcoma   5   39.2 ± 8.58   24–45   60.0

Total   136   41.57 ± 19.12   3–77   62 (45.6)

Figure 1 Axial CT, PET, and fusion images (from left to right columns) of examples of primary mediastinal lymphomas (arrows) and thymic 
epithelial tumors (arrows). Panel A: 43-year-old female patient with diffuse large B-cell lymphoma (CT value = 4–38 Hu; SUVmax = 23.8 g/mL,  
MTV = 218.0 cm3, and TLG = 2774.9 g/mL cm3); panel B: 70-year-old male patient with squamous cell carcinoma (CT value = 39 Hu with 
scatteredcalcifications;SUVmax=18.7g/mL,MTV=36.28cm3, and TLG = 428.39 g/mL cm3).
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In this study, we included 62 male patients (45.6%), but 

there were differences in sex ratios between groups; males were 

the majority in the TET group, and females were the majority 

in the PML group (Table 1). The age at the time of diagno-

sis significantly differed between the 2 subgroups (χ2 = 55.19, 

P < 0.001). Patients with PMLs were significantly younger 

than patients with TETs (30.25 ± 14.44 years vs. 54.23 ± 15.16 

years; Table 2). The histogram in Figure 2 shows that the age 

was distributed separately in the 2 groups.

SUVmax, the most usable parameter in clinical practice, 

was significantly higher in the PML group than the TET 

group, as was the SUVmean. The metabolic tumor burden 

significantly differed between the subgroups, including MTV 

and TLG (χ2 = 5.74 and χ2 = 14.55, respectively; P < 0.01). The 

patients with PMLs had a higher MTV (143.98 ± 149.93 cm3) 

and TLG (1546.2 ± 1838.69 g/mL cm3) than patients with 

TETs (84.99 ± 130.10 cm3 and 641.78 ± 1381.45 g/mL cm3; 

Figure 3A and 3B, Table 2).

Within the PML subgroup, the SUVmax, SUVmean, MTV, 

and TLG values varied by molecular subtype (P < 0.01, 

Table 3). The patients with diffuse large B-cell lymphomas had 

the highest SUVmax, MTV, and TLG values, followed by those 

with T-lymphoblastic and Hodgkin lymphomas (Figure 3C 

and 3D). According to the WHO histological classification 

criteria, the TETs were sub-classified into low-risk (types A, 

AB, and B1) and high-risk (types B2 and B3) thymomas, and 

Table 2 Group comparison between the primary mediastinal lymphoma and thymic epithelial tumors

  Primary 
mediastinal 
lymphoma

  Thymic epithelial 
tumors

 
 

Group comparison

χ2   P

Age       55.19   < 0.001**

 < 40   54   8    

 ≥40   17   57    

Sex       12.68   < 0.001**

 Male   22   40    

 Female   49   25    

Malignancy       33.21   < 0.001**

 Malignant   71   40    

 Benign   0   25    

SUVmax   16.55 ± 6.38   10.64 ± 6.16   28.18   < 0.001**

 < 13.7   27   48   17.47   < 0.001**

 ≥13.7   44   17    

SUVmean   9.80 ± 3.93   6.11 ± 3.55   28.93   < 0.001**

 < 8.0   29   49   16.43   < 0.001**

 ≥8.0   42   16    

MTV (cm3)   143.98 ± 149.93   84.99 ± 130.10   5.74   < 0.05*

 < 115.8   39   53   10.9   = 0.001**

 ≥115.8   32   12    

TLG (g/mL cm3)   1546.1 ± 1838.69   641.78 ± 1381.45   14.55   < 0.001**

 < 1113.9   42   57   13.85   < 0.001**

 ≥1113.9   29   8    

SUVmax, maximum standardized uptake value; SUVmean, mean standardized uptake value; MTV, metabolic tumor volume; TLG, total lesion 
glycolysis;*and**representsignificantdifferencesofP < 0.05 and P < 0.01, respectively.
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Figure 2 Histograms of age distribution of the patients in this study, showing that most patients with primary mediastinal lymphomas (left 
panel) were < 40 years of age (76.1%), whereas most patients with thymic epithelial tumors (right panel) were > 40 years of age (87.7%).
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Figure 3 The mean metabolic tumor volume (A) and total lesion glycolysis (B) in the patients with primary mediastinal lymphomas and thymic 
epithelial tumors, and a separate comparison for each subgroup of primary mediastinal lymphoma (C) and thymic epithelial tumors (D).
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thymic carcinomas. The metabolic and volumetric parameters 

significantly differed within these subgroups (Figure 3C and 

3D). Patients with squamous cell carcinoma had the highest 

SUVmax within the subtypes of epithelial tumors (P < 0.01, 

Table 3).

The SUVmax, SUVmean, TLG, and MTV values were all 

able to differentiate malignant tumors from benign lesions 

with an AUC of 0.875 (95% CI = 0.797–0.953), 0.867 (95% 

CI = 0.786–0.947), 0.697 (95% CI = 0.606–0.788), and 0.807 

(95% CI = 0.732–0.881), respectively (Figure 4).

In differentiating lymphomas from TETs, the SUVmean had 

better performance than the other metabolic and volumetric 

parameters, with the highest sensitivity (76.1%), accuracy 

(72.8%), and AUC (0.767). With a cut-off value of 12.3, the 

SUVmax showed slightly higher specificity (70.8%), but lower 

sensitivity (70.4%), accuracy (70.6%), and AUC (0.764) than 

the SUVmean (Table 4, Figure 5A). The TLG value also was 

able to differentiate patients with PMLs from patients with 

TETs (AUC = 0.69, 95% CI = 0.599–0.780); the sensitivity, 

specificity, and accuracy were 70.4%, 63.1%, and 69%, respec-

tively, with a cut-off value of 350.3 g/mL cm3. MTV showed the 

highest specificity (81.5%), but the lowest sensitivity (46.5%) 

and AUC (0.619). Combining the TLG and SUVmax values 

had little effect on diagnostic ability; the sensitivity decreased, 

but the specificity slightly increased to 73.2% (AUC = 0.768, 

95% CI = 0.689–0.847; Table 4). Both the sensitivity and spec-

ificity significantly increased to 80% and 93%, respectively, 

when age and the SUVmax were combined as an independent 

tool, thus yielding an AUC of 0.908 (0.855–0.961; Figure 5B).

Discussion

A total of 44% of thymectomies have been reported to be 

unnecessary or non-therapeutic as a result of misdiagnosis 

Table 3 Comparisons of metabolic and volumetric parameters in groups of patients with primary mediastinal lymphoma and thymic 
epithelial tumors

Pathological subtypes   SUVmax   SUVmean   MTV   TLG

Total   13.72 ± 6.92   8.03 ± 4.17   115.79 ± 143.37   1113.95 ± 1692.13

Primary mediastinal lymphoma   16.55 ± 6.38   9.80 ± 3.93   143.98 ± 149.93   1546.15 ± 1838.69

 Classic Hodgkin lymphoma   14.05 ± 5.27   8.51 ± 3.53   73.4 ± 101.75   669.34 ± 888.29

 Diffuse large B-cell lymphoma   20.81 ± 5.69   12.28 ± 3.44   180.92 ± 143.32   2327.82 ± 2082.62

 T-lymphoblastic lymphoma   11.94 ± 3.39   6.87 ± 1.95   188.06 ± 134.80   1459.41 ± 1387.87

 Other types   12.99 ± 5.53   7.32 ± 3.25   199.05 ± 271.13   1567.05 ± 2733.1

  χ2, P   23.34, < 0.001   22.47, < 0.001   13.15, 0.004   13.96, 0.003

Thymic epithelial tumors   10.64 ± 6.16   6.11 ± 3.55   84.99 ± 130.10   641.78 ± 1381.45

 Thymoma_A   6.37 ± 0.86   3.76 ± 0.52   15.65 ± 7.77   56.34 ± 24.43

 Thymoma_AB   5.37 ± 2.00   3.14 ± 1.28   52.94 ± 36.31   136.72 ± 53.78

 Thymoma_B1   6.16 ± 2.61   3.59 ± 1.71   39.21 ± 22.59   122.32 ± 58.77

 Thymoma_B2   8.65 ± 3.85   5.07 ± 2.30   43.29 ± 21.51   210.08 ± 137.81

 Thymoma_B3   9.91 ± 8.48   5.97 ± 5.37   59.60 ± 38.04   317.35 ± 253.83

 Thymic carcinomas   12.91 ± 6.29   7.35 ± 3.60   113.79 ± 160.87   959.87 ± 1715.11

  Squamous cell carcinoma   14.22 ± 6.68   8.25 ± 3.86   99.86 ± 121.29   1005.18 ± 1872.20

  Neuroendocrine carcinoma   9.99 ± 3.94   5.86 ± 2.34   184.24 ± 278.80   1168.21 ± 1754.16

  Adenocarcinoma/sarcoma   10.78 ± 5.98   5.04 ± 2.06   73.54 ± 68.25   391.46 ± 386.17

  χ2, P   22.51, 0.002   23.05, 0.002   11.58, > 0.05   20.61, 0.004

SUVmax, maximum standardized uptake value; SUVmean, mean standardized uptake value; MTV, metabolic tumor volume; TLG, total lesion 
glycolysis.
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of lymphomas, thymic hyperplasia, cysts, and other benign 

thymic lesions as thymomas, according to CT scans6. 

Lymphomas account for more than 50% of misdiagnosed 

cases; thus, pre-operative discrimination of lymphomas from 

the other anterior mediastinal tumors according to morpho-

logic and functional information is useful. Benign tumors can 
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Figure 4 ROC curve and area under the curve of the maximum 
standard uptake value (SUVmax), mean standard uptake value 
(SUVmean), metabolic tumor volume (MTV), and total lesion glyc-
olysis (TLG) in differentiating patients with malignant tumors from 
patients with benign tumors in the pre-vascular compartment of 
the mediastinum.

Table 4 Diagnostic ability of metabolic and volumetric parameters of PET/CT in differentiating patients with primary mediastinal lymphoma 
versus thymic epithelial tumors

  Cut-off values   Sensitivity (%)   Specificity(%)  Accuracy (%)   AUC (95% CI)

SUVmax   12.3   70.4   70.8   70.6   0.764 (0.685–0.843)

SUVmean   6.9   76.1   69.3   72.8   0.767 (0.688–0.847)

TLG (g/mL cm3)   350.3   70.4   63.1   69.0   0.690 (0.599–0.780)

MTV (cm3)   106   46.5   81.5   66.1   0.619 (0.524–0.715)

SUVmax + TLG   /   66.2   73.2   /   0.768 (0.689–0.847)

SUVmax + age   /   80.0   93.0   /   0.908 (0.855–0.961)

SUVmean + age   /   83.1   88.7   /   0.912 (0.861–0.964)

SUVmax, maximum standardized uptake value; SUVmean, mean standardized uptake value; MTV, metabolic tumor volume; TLG, total lesion 
glycolysis.

usually be easily distinguished from malignant tumors in the 

pre-vascular part of the mediastinum, traditionally on the 

basis of morphologic features, including the shape, density, 

heterogeneity, extent of contrast enhancement, and involve-

ment of adjacent tissues or lymph nodes17,18. Our study 

showed that the metabolic tumor burden, including the MTV 

and TLG, as well as other 18F-FDG uptake parameters, such as 

SUVmax and SUVmean, can be used for selective diagnosis of 

lymphomas.

PET/CT improves the sensitivity and specificity of diagno-

sis by providing both anatomic and metabolic information. 

The SUV, a PET/CT semi-quantitative index demonstrat-

ing the uptake of glucose in tumors and normal tissues, has 

been widely accepted by physicians for daily use. Studies have 

reported that the SUVmax can help establish differential diag-

nosis of tumors in the pre-vascular compartment12-14, and the 

SUVmax has also been found to be useful for the differential 

diagnosis of low- and high-risk TETs15-17. Nevertheless, these 

findings remain questionable because the semi-quantitative 

SUVmax is the SUV on the highest image pixel reflecting a 

single-pixel value of the maximum intensity of 18F-FDG 

activity in the tumor, thus ignoring the extent of metabolic 

abnormalities and differences in tracer distribution within the 

entire tumor mass19,20. The SUV is influenced by many fac-

tors, and the SUVmax has been found to be unreliable and 

therefore is not recommended because of poor reproducibility 

(3% ± 11%)21,22. Given these controversies, researchers have 

suggested that volume-based variables, such as the SUVmean 

and metabolic tumor burden, including MTV and TLG, quan-

titatively reflect the metabolic activities within the entire 

tumor mass. The values indicate not only the intensity of FDG 
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accumulation but also the extent of metabolic volume, thus 

avoiding bias due to the heterogeneity within the entire tumor.

Studies have verified the promise of 18F-FDG PET/CT for 

patients with TETs; most studies have found that FDG uptake 

in thymic carcinomas is significantly higher than that in thy-

momas12-14,23. The intensity of FDG uptake or the SUV is 

associated with the grade of the malignancy: high FDG uptake 

reflects the invasiveness of the malignancy or the proliferation 

ability in TETs24-27. Metabolic tumor burden and volume- 

dependent parameters, including the MTV and TLG, have also 

been reported to differentiate benign mediastinal tumors from 

malignant tumors, but not to correlate with the WHO classifi-

cation of TETs27. In our study, which involved only TETs and 

PMLs, both the metabolic and volumetric variables were able 

to distinguish malignant tumors from benign tumors, and the 

SUVmax had the best performance and thus may be used to 

decrease the high rate of unnecessary thymectomies.

Ruling out PMLs from the TETs in the pre-vascular com-

partment of the mediastinum is crucial because PMLs are the 

disease most commonly misinterpreted as TETs pre-opera-

tively. In our study, not only the SUVmax but also the volu-

metric variables, including the SUVmean, MTV, and TLG, 

were significantly different between TETs and PMLs. Among 

these metabolic and volumetric parameters, SUVmean had 

the highest sensitivity and accuracy, with a cut-off value of 6.9. 

The performance of the SUVmean was similar to but slightly 

better than that of the SUVmax. The MTV had relatively 

high specificity (81.5%) but lower sensitivity than the other 

parameters, because the TLG is the product of the MTV and 

SUVmean. The TLG had the same sensitivity as the SUVmax 

but lower specificity than the SUVmax.

Overall, all these metabolic and volumetric variables are sta-

ble, with a sensitivity and specificity of approximately 70%, 

but are not satisfactory for clinical use. Because both TETs and 

PMLs are age-dependent, we introduced age as a collaborative 

index. The sensitivity and specificity significantly increased to 

80% and 93%, respectively, when age and the SUVmax were 

combined as an independent tool to differentiate TETs from 

PMLs. The combination of age and SUVmean resulted in 

higher sensitivity (83.1%) but lower specificity (88.7%) than 

age and the SUVmax. Both the combined tools showed much 

better diagnostic performance, with an AUC > 0.9. However, 

these results are preliminary and must be further tested before 

widespread clinical use.

There were several limitations to this study. First, it was a 

retrospective cohort study and therefore had unavoidable bias. 

Although other CT characteristics, such as morphology, den-

sity, enhancement manifestations, and metastasis sites/num-

bers can also be used to differentiate PMLs and TETs, previ-

ously published papers have discussed those points in detail. 

Therefore, we focused only on the effectiveness of metabolic 

parameters. This study would have been more comprehensive 
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Figure 5 ROC curve and area under the curve of the maximum standard uptake value and mean standard uptake value in differentiating 
patients with thymic epithelial tumors from patients with primary mediastinal lymphomas in the pre-vascular compartment of the mediasti-
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epithelial tumors from patients with primary mediastinal lymphomas.
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if more data were included and analyzed. Second, the ratio of 

subtypes in both PML and TET, such as low-risk thymomas, 

would affect the mean value of metabolic parameters as well 

as the difference between PML and TET. In addition, some 

types of lymphoma that are not commonly seen in the medi-

astinum, such as MALT, were not examined in this study. The 

average value of FDG uptake might have been lower if MALT 

had been included, because it is not FDG-avid. Third, a larger 

sample of patients with lesions in the pre-vascular compart-

ment of the mediastinum must be included for better under-

standing of the usefulness of the metabolic tumor burden in 

the pre-vascular mediastinum.

Conclusions

Our study confirmed the roles of metabolic and volumet-

ric variables in the diagnosis and differentiation of PMLs 

from TETs in the pre-vascular compartment of the medi-

astinum. Our results have practical value in providing more 

accurate and reliable evaluation for differential diagnosis of 

thymic lesions pre-operatively. FDG PET/CT parameters, 

the SUVmax, SUVmean, volumetric parameters (TLG and 

MTV), and the combination of age and SUVmax or SUVmean 

could help prevent more patients from receiving unnecessary 

thymectomy or other invasive surgical procedures.

Acknowledgments

This work was supported by the Tianjin Science and 

Technology Program Fund (grant No. 18PTZWHZ00100 and 

H2018206600).

Conflict of interest statement

No potential conflicts of interest are disclosed.

References

1. Carter BW, Benveniste MF, Madan R, Godoy MC, de Groot 

PM, Truong MT, et al. ITMIG classification of mediastinal 

compartments and multidisciplinary approach to mediastinal 

masses. Radiographics. 2017; 37: 413-36.

2. Meurgey A, Girard N, Merveilleux du Vignaux C, Maury JM, Tronc 

F, Thivolet-Bejui F, et al. Assessment of the ITMIG statement on 

the WHO histological classification and of the eighth TNM staging 

of thymic epithelial tumors of a series of 188 thymic epithelial 

tumors. J Thorac Oncol. 2017; 12: 1571-81.

3. Carter BW, Benveniste MF, Madan R, Godoy MC, Groot PM, 

Truong MT, et al. IASLC/ITMIG staging system and lymph node 

map for thymic epithelial neoplasms. Radiographics. 2017; 37: 

758-76.

4. Drevet G, Collaud S, Tronc F, Girard N, Maury JM. Optimal 

management of thymic malignancies: current perspectives. Cancer 

Manag Res. 2019; 11: 6803-14.

5. Heyman B, Yang Y. New developments in immunotherapy for 

lymphoma. Cancer Biol Med. 2018; 15: 189-20.

6. Ackman JB, Verzosa S, Kovach AE, Louissaint Jr A, Lanuti M, 

Wright CD, et al. High rate of unnecessary thymectomy and 

its cause. Can computed tomography distinguish thymoma, 

lymphoma, thymic hyperplasia, and thymic cysts? Eur J Radiol. 

2015; 84: 524-33.

7. Goldstein AJ, Oliva I, Honarpisheh H, Rubinowitz A. A tour of the 

thymus: a review of thymic lesions with radiologic and pathologic 

correlation. Can Assoc Radiol J. 2015; 66: 5-15.

8. Padda SK, Terrone D, Tian L, Khuong A, Neal JW, Riess JW, et al. 

Computed tomography features associated with the eighth edition 

TNM stage classification for thymic epithelial tumors. J Thorac 

Imaging. 2018; 33: 176-83.

9. Yano M, Sasaki H, Moriyama S, Hikosaka Y, Okuda K, Shitara 

M, et al. Clinicopathological analysis of small-sized anterior 

mediastinal tumors. Surg Today. 2014; 44: 1817-22.

10. Marom EM. Advances in thymoma imaging. J Thorac Imaging. 

2013; 28: 69-80.

11. Fatima N, Zaman M, Gnanasegaran G, Zaman U, Shahid W, Zaman 

A, et al. Hybrid imaging in oncology. Asian Pac J Cancer Prev. 2015; 

16: 5599-605.

12. Yabuuchi H, Matsuo Y, Abe K, Baba S, Sunami S, Kamitani T, et al. 

Anterior mediastinal solid tumours in adults: characterisation 

using dynamic contrast-enhanced MRI, diffusion-weighted MRI, 

and FDG-PET/CT. Clin Radiol. 2015; 70: 1289-98.

13. Toba H, Kondo K, Sadohara Y, Otsuka H, Morimoto M, 

Kajiura K, et al. 18F-fluorodeoxyglucose positron emission 

tomography/computed tomography and the relationship between 

fluorodeoxyglucose uptake and the expression of hypoxia-inducible 

factor-1alpha, glucose transporter-1 and vascular endothelial 

growth factor in thymic epithelial tumours. Eur J Cardiothorac 

Surg. 2013; 44: e105-12.

14. Morita T, Tatsumi M, Ishibashi M, Isohashi K, Kato H, Honda 

O, et al. Assessment of mediastinal tumors using SUVmax and 

volumetric parameters on FDG-PET/CT. Asia Ocean J Nucl Med 

Biol. 2017; 5: 22-9.

15. Eguchi T, Yoshida K, Hamanaka K, Shiina T, Koizumi T, Kawakami 

S, et al. Utility of 18F-fluorodeoxyglucose positron emission 

tomography for distinguishing between the histological types of 

early stage thymic epithelial tumours. Eur J Cardiothorac Surg. 

2012; 41: 1059-62.

16. Matsumoto I, Oda M, Takizawa M, Waseda R, Nakajima K, Kawano 

M, et al. Usefulness of fluorine-18 fluorodeoxyglucose-positron 

emission tomography in management strategy for thymic epithelial 

tumors. Ann Thorac Surg. 2013; 95: 305-10.



Cancer Biol Med Vol 17, No 2 May 2020 477

17. 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.

18. Lodge MA, Chaudhry MA, Wahl RL. Noise considerations for PET 

quantification using maximum and peak standardized uptake 

value. J Nucl Med. 2012; 53: 1041-7.

19. Burger IA, Huser DM, Burger C, von Schulthess GK, Buck A. 

Repeatability of FDG quantification in tumor imaging: averaged 

SUVs are superior to SUVmax. Nucl Med Biol. 2012; 39: 666-70.

20. Nahmias C, Wahl LM. Reproducibility of standardized uptake value 

measurements determined by 18F-FDG PET in malignant tumors. 

J Nucl Med. 2008; 49: 1804-8.

21. Laffon E, Cazeau AL, Monet A, de Clermont H, Fernandez P, 

Marthan R, et al. The effect of renal failure on 18F-FDG uptake: a 

theoretic assessment. J Nucl Med Technol. 2008; 36: 200-2.

22. 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.

23. Benveniste MF, Moran CA, Mawlawi O, Fox PS, Swisher SG, 

Munden RF, et al. FDG PET-CT aids in the preoperative assessment 

of patients with newly diagnosed thymic epithelial malignancies. J 

Thorac Oncol. 2013; 8: 502-10.

24. Lee HS, Oh JS, Park YS, Jang SJ, Choi IS, Ryu JS. Differentiating 

the grades of thymic epithelial tumor malignancy using textural 

features of intratumoral heterogeneity via (18)F-FDG PET/CT. 

Ann Nucl Med. 2016; 30: 309-19.

25. Viti A, Bertolaccini L, Cavallo A, Fortunato M, Bianchi A, Terzi A. 

18-Fluorine fluorodeoxyglucose positron emission tomography 

in the pretreatment evaluation of thymic epithelial neoplasms: 

a metabolic biopsy confirmed by Ki-67 expression. Eur J 

Cardiothorac Surg. 2014; 46: 369-74.

26. Watanabe T, Shimomura H, Mutoh T, Saito R, Goto R, Yamada T, 

et al. Positron emission tomography/computed tomography as a 

clinical diagnostic tool for anterior mediastinal tumors. Surg Today. 

2019; 49: 143-9.

27. Park SY, Cho A, Bae MK, Lee CY, Kim DJ, Chung KY. Value of 

18F-FDG PET/CT for Predicting the World Health Organization 

malignant grade of thymic epithelial tumors: focused in volume-

dependent parameters. Clin Nucl Med. 2016; 41: 15-20.

Cite this article as: Zhu L, Li X, Wang J, Fu Q, Liu J, Ma W, et al. Value of 

metabolic parameters in distinguishing primary mediastinal lymphomas from 

thymic epithelial tumors. Cancer Biol Med. 2020; 17: 468-477. doi: 10.20892/ 

j.issn.2095-3941.2019.0428


