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Objective: Although 18-fluorine fluorodeoxyglucose positron emission tomography (18F-FDG 

PET) is thought to be useful for predicting the histological grade of thymic epithelial tumors 

(TETs), it remains controversial. To date, just a few of many previous studies have included 

only resected cases. Therefore, we investigated 18F-FDG PET findings only in patients with 

resected TETs. 

Patients and methods: A total of 112 patients with TETs consisting of 92 thymomas and 20 

thymic carcinomas (TCs), resected at two institutes (Shizuoka Cancer Center [Shizuoka] and 

National Cancer Center Hospital [Tokyo]) between October 2002 and December 2015, were 

evaluated. Spearman rank correlation coefficient was used to assess the association between 

the maximum standardized uptake value (SUVmax) in the tumor and both the histological 

subtype and tumor stage. The cutoff value of SUVmax for differentiating thymoma from TC 

was calculated. 

Results: The SUVmax was strongly related to both the World Health Organization (WHO) histo-

logical subtype and tumor stage based on the eighth edition of the tumor-node-metastasis (TNM) 

classification (Spearman rank correlation coefficient =0.485 and 0.432; p = 0.000 and 0.000, 

respectively). There was a significant difference between thymoma and TC. The optimal SUVmax 

cutoff value for differentiating thymoma from TC was 4.58 (sensitivity: 80% and specificity: 

78.3%). In contrast, there was no significant difference between low-risk (type A, AB, and B1) 

and high-risk (type B2 and B3) thymoma, or between type B3 thymoma and the other subtypes.

Conclusion: Our results suggest that 18F-FDG PET is useful for differentiating thymoma from 

TC, but not for predicting the histologic grade of thymoma.

Keywords: 18F-FDG PET, thymic epithelial tumors, thymoma, thymic carcinoma, WHO his-

tological subtype, TNM classification

Introduction  
Although many studies have examined the clinical value of 18-fluorine fluorodeoxy-

glucose positron emission tomography (18F-FDG PET) for thymic epithelial tumors 

(TETs),1–16 its clinical usefulness and significance are still unclear. Hence, the National 

Comprehensive Cancer Network (NCCN) guidelines state that 18F-FDG PET in the 

initial evaluation for anterior mediastinal lesions is “as indicated”.17 To date, most previ-

ous studies have demonstrated that 18F-FDG PET is useful for predicting the grade of 

malignancy in TETs, and in particular that there is a significant difference in 18F-FDG 

uptake in the tumor between thymoma and thymic carcinoma (TC). Although some 

studies have reported the optimal cutoff value of maximum standardized uptake value 
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(SUVmax) for differentiating thymoma from TC,2,6,7,15,16 the 

most appropriate threshold remains controversial. In terms 

of the grade of malignancy of thymoma, most studies on 18F-

FDG PET for TETs were conducted based on a simplified 

World Health Organization (WHO) classification:18 low-risk 

group (type A, AB, and B1) and high-risk group (type B2 

and B3),3,4,8,10,12,13,15,16 or low-risk group (type A, AB, and B1) 

and high-risk group (type B2, B3, and TC),5,7,9,11,14 because 

patients with type B2 or B3 thymoma or TC have a worse 

prognosis than those with type A, AB, or B1. In contrast, 

Marchevsky et al suggested that the WHO classification 

could be simplified into three categories (type A-B1, type 

B2, and type B3), excluding TC.19 More recently, Weis et al 

evaluated whether or not the WHO histological type had an 

independent impact on  prognosis using a worldwide retro-

spective database of the International Thymic Malignancy 

Interest Group, and demonstrated in a multivariate analysis 

that the histological subtype did not have an independent 

prognostic impact on survival.20 Thus, the validity of these 

simplified classifications is still controversial and should be 

evaluated further. 

In addition to the histological classification, tumor stage 

has also been thought to correlate with the degree of 18F-FDG 

uptake in the tumor. Recently, a new tumor-node-metastasis 

(TNM) staging system for TETs has been established.21 

However, no previous study has evaluated the relationship 

between the degree of 18F-FDG uptake in the tumor and this 

new TNM staging system.

Furthermore, previous studies involved a relatively 

small number of patients (less than 50) and most included 

not only patients with resected tumors but also those with 

biopsy alone. In this study, we investigated the relationships 

between 18F-FDG uptake in the tumor and both histologic 

subtype and tumor stage in the largest number of patients 

with only resected TETs.

Patients and methods
Patients
A total of 112 consecutive patients with TETs (92 with thy-

moma and 20 with TC) who underwent surgical resection 

with curative intent at Shizuoka Cancer Center (Shizuoka) 

and National Cancer Center Hospital (Tokyo) between Octo-

ber 2002 and December 2015 were enrolled in this study. All 

112 patients underwent preoperative 18F-FDG PET examina-

tion at each institution. In all these patients, the final histologi-

cal diagnoses were made using the resected specimens. All 

patients underwent chest radiography and contrast-enhanced 

computed tomography (CT) as well as 18F-FDG PET before 

surgery. Several patients also underwent magnetic resonance 

imaging (MRI). Before surgery, if the tumor was strongly sus-

pected to be a thymoma radiologically, we usually performed 

resection without preoperative pathological diagnosis, 

because the clinical thoracic oncological conference agreed 

to omit a preoperative diagnosis. Otherwise, we performed 

CT-guided percutaneous core-needle biopsy to achieve a 

preoperative diagnosis after the radiologic evaluation. We 

reviewed the medical records of these patients to obtain 

demographic data, as well as their radiological, operative, 

and pathological findings. The institutional review board at 

the National Cancer Center Hospital, Tokyo (No 2014-082) 

approved the study. The requirement to obtain informed 

consent from patients was waived because of the retrospec-

tive nature of the study, and no specific patient-identifiable 

information was utilized.

18F-FDg-PeT imaging
Patients fasted for at least 4 hours before 18F-FDG PET 

examinations. Patients received an intravenous injection 

of 200–250 MBq of [18] fluoro-2-deoxy-D-glucose and 

then rested for ~1 hour before undergoing imaging. Image 

acquisition was performed with an Advanced NXi PET and 

Discovery PET/CT scanners (GE Medical Systems, Milwau-

kee, WI, USA). Two-dimensional emission scanning was 

performed from the groin to the top of the skull. Acquired 

data were reconstructed by iterative ordered subset expecta-

tion maximization. To evaluate 18F-FDG uptake, the tumor 

was first examined visually, and then 18F-FDG PET data 

were evaluated semiquantitatively based on the SUVmax. 

To measure the SUVmax, a region of interest (ROI) was 

placed over the tumor after correcting for radioactive decay. 

The maximum activity in the tumor ROI was then calculated 

as tumor activity/injected dose/body weight of each patient. 

histological subtype and tumor stage
The histological subtype of TETs was determined according 

to the WHO classification18 as follows: type A, AB, B1, B2, 

B3, or TC. For the staging of patients with TET, the eighth 

edition of the TNM classification21 was used. 

statistical analysis
The mean and standard deviation of SUVmax in each tumor 

were calculated. We used a Spearman correlation coefficient 

analysis to identify correlations between SUVmax of each 

tumor and either the histological subtype or tumor stage. We 

also used Wilcoxon ranked sum tests to evaluate the differ-

ence in SUVmax in the tumor between thymoma and TC, as 
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well as between two groups in a simplified WHO histological 

classification. The cutoff value of SUVmax for differentiating 

thymoma from TC was calculated using a receiver operating 

characteristic (ROC) curve analysis. The optimal cutoff val-

ues were calculated by means of the Youden Index. A p-value 

of less than 0.05 was considered significant. SPSS Statistics 

version 22.0 for Windows (IBM Corporation, Armonk, NY, 

USA) was used to perform all statistical analyses.

Results
Patient characteristics
The baseline characteristics of the patients are shown in 

Table 1. There were 50 men and 62 women with a median 

age of 61 years (range: 40–79 years). Two patients had 

myasthenia gravis before surgery. With regard to preopera-

tive therapy, one patient with type AB thymoma received 

preoperative steroid therapy and one TC patient received 

induction chemoradiotherapy. All patients underwent 

macroscopically complete resection. Regarding the type of 

operation, 67 patients underwent resection of tumor with 

total thymectomy (64 through median sternotomy and 3 

through video-assisted thoracic surgery [VATS]), while 45 

underwent resection of tumor with partial thymectomy (4 

through median sternotomy, 6 through anterolateral thora-

cotomy, and 35 through VATS). The median tumor size was 

5.0 cm (range: 1.5–13.0 cm). Twenty (18%) patients had a 

tumor of 3 cm or less in diameter. Figure 1 shows CT and 

PET-CT findings of two tumors (type AB thymoma and TC) 

that measured 3 cm or less.

histological subtypes based on WhO 
classification
Regarding the histological subtypes determined by resected 

specimens, type A was observed in 12 patients, AB in 45, 

B1 in 19, B2 in 10, B3 in 6, and TC in 20. Thirty-three 

(29.5%) of the 112 patients underwent CT-guided biopsy. 

Of these, six were diagnosed with thymoma, but the WHO 

histological subtype could not be determined. In addition, 

of these six patients, the diagnosis was changed from thy-

moma to TC after resection in one patient. The histological 

subtype determined using biopsy specimen was equivalent 

to that determined by resected specimen in 20 patients (1 

exhibited type A, 1 type AB, 2 type B1, 1 type B2, 2 type 

B3, and 13 TC). In the remaining seven patients, the WHO 

histological subtype determined using biopsy specimen 

was not equivalent to that determined by resected speci-

men. After resection, the histological subtype was changed 

from B1 to B2 in two patients, from type B2 to AB in two 

patients, from B3 to B1 in one patient, and from TC to B3 

in two patients. 

Tumor stage 
Among the 112 patients, 89 (79.5%) were in stage I, 3 (2.7%) 

in stage II, 11 (9.8%) in stage III, and 9 (8.0%) in stage IV. 

Of the 11 patients in stage III, 5 had a tumor with invasion 

to the lung, 5 had a tumor with invasion to both the lung 

and pericardium, and 1 had a tumor with invasion to the left 

brachiocephalic vein. Of the nine patients in stage IV, two 

patients had a tumor with perithymic lymph node metastasis 

(N1 disease), six had a tumor with deep thoracic lymph node 

metastasis (N2 disease), and one had a tumor with pleural 

dissemination.

Table 1 Baseline characteristics of the patients

Variable Value

Median age (range), years 61 (20–80)
gender, n (%)

Male 50 (45%)
Female 62 (55%)

Median tumor size (range), cm 5.0 cm (1.3–13.0)
size category, n (%)  

≤3.0 cm 20 (18%)
3.1–5.0 cm 36 (32%)
5.1–7.0 cm 28 (25%)
7.1–10 cm 26 (23%)
>10 cm 2 (2%)

A C

DB

Figure 1 CT and PET-CT findings of patients with type AB thymoma and thymic 
carcinoma. (A and B): a 40-year-old male with stage i type aB thymoma; (C and D): 
a 67-year-old female with stage iV thymic carcinoma. The tumor size was 1.2 cm for 
type aB thymoma and 2.0 cm for thymic carcinoma. The sUVmax was 1.63 for type 
aB thymoma and 4.88 for thymic carcinoma.
Abbreviations: CT, computed tomography; PeT, positron emission tomography; 
sUVmax, maximum standardized uptake value.
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Correlation between sUVmax and either 
WhO histological subtype or tumor 
stage 
Upon visual inspection, all tumors showed 18F-FDG uptake 

to various degrees. Table 2 shows the relationship between 

SUVmax in the tumor and the histological subtype based 

on WHO classification. The degree of 18F-FDG uptake in 

the tumor tended to gradually increase from type A to TC. 

The correlation between SUVmax in the tumor and the 

histological subtype was statistically significant (Spearman 

correlation coefficient =0.485, p = 0.000). Table 3 shows 

the relationship between SUVmax in the tumor and the 

tumor stage. The degree of 18F-FDG uptake in the tumor 

also tended to gradually increase from stage I to IV. The 

correlation between SUVmax in the tumor and tumor stage 

was also statistically significant (Spearman correlation coef-

ficient =0.432, p = 0.000).

Distinction between thymoma and TC 
or two groups of a simplified WHO 
classification for thymoma 
There was a significant difference in SUVmax in the tumor 

between thymoma and TC (p = 0.000). The usefulness of the 

SUVmax value for differentiating thymoma from TC was 

evaluated. When an SUVmax of 4.58 was used as a cutoff 

value with a sensitivity of 80.0% and a specificity of 78.3%, 

the area under the curve was measured to be 0.855 (95% CI, 

0.760–0.950) using a ROC analysis (Figure 2). For tumors 

that measured 3 cm or less, when an SUVmax of 4.57 was 

used as a cutoff value with a sensitivity of 75.0% and a speci-

ficity of 93.8%, the area under the curve was 0.859 (95% CI, 

0.672–1.000) using a ROC analysis (Figure 3). In terms of 

differences in SUVmax between two groups according to a 

Figure 2  a receiver operating curve showing the differential diagnosis of thymoma 
and thymic carcinoma using SUVmax values. The sensitivity and specificity were 
80.0% and 78.3%, respectively, when an sUVmax of 4.58 was used as a cutoff value. 
The area under the curve was 0.855 (95% Ci, 0.760–0.95). 
Abbreviation: sUVmax, maximum standardized uptake value.
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Table 2 sUVmax in the tumor for each histological subtype

Histological 
subtype

No of  
patients

SUVmax

Mean ± SD Range

a 12 3.5 ± 1.3 1.3–6.3
aB 45 3.5 ± 1.3 1.2–6.9
B1 19 4.1 ± 0.9 2.5–6.5
B2 10 4.2 ± 1.0 2.7–5.9
B3 6 4.8 ± 2.6 2.4–8.6
Thymic carcinoma 20 8.0 ± 4.7 3.0–21.8
Total 112 4.5 ± 2.8 1.2–21.8

Abbreviation: sUVmax, maximum standardized uptake value.

Table 3 sUVmax in the tumor for each stage

Stage No of 
patients

SUVmax

Mean ± SD Range

i 89 3.9 ± 1.7 1.2–13.5
ii 3 4.7 ± 1.7 2.8–5.9
iii 11 7.4 ± 5.3 3.2–21.8
iV 9 7.6 ± 3.9 3.7–15.5
Total 112 4.5 ± 2.8 1.2–21.8

Abbreviation: sUVmax, maximum standardized uptake value.
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Figure 3 a receiver operating curve showing the differential diagnosis of thymoma 
and thymic carcinoma using sUVmax values for tumors measuring 3 cm or less. 
The sensitivity and specificity were 75.0% and 93.8% when an SUVmax of 4.57 was 
used as a cutoff value. The area under the curve was measured to be 0.859 (95% 
Ci, 0.672–1.000). 
Abbreviation: sUVmax, maximum standardized uptake value.
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simplified WHO classification, there was no significant dif-

ference between low-risk (type A, AB, and B1) and high-risk 

(type B2 and B3) thymoma (p = 0.101;  Figure 4). Further-

more, no significant difference was observed between type 

B3 and the other subtypes of thymoma (p = 0.607; Figure 5). 

Discussion
Although there have been many studies on the usefulness 

of 18F-FDG PET in TETs,1–16 they involved relatively few 

patients, and most included not only patients with surgical 

resection but also those with biopsy alone. With regard to the 

histological diagnosis of TETs, it can sometimes be difficult 

to determine the histological subtype based on the WHO clas-

sification with the use of small biopsy specimens.22 Indeed, 

in 33 (29.5%) of the112 patients who underwent CT-guided 

biopsy in this study, the histological subtype determined using 

biopsy specimens was consistent with that determined by 

analysis of resected specimens in 20 (60.6%) patients. In the 

remaining 13 (39.4%) patients, the histologic subtype could 

not be determined using biopsy specimens or was inconsis-

tent with that determined by the use of resected specimens. 

Lococo et al stated that pathological specimens obtained by 

percutaneous biopsy were deemed to be unreliable in com-

parison to 18F-FDG PET findings.12 Furthermore, not only 

histological subtype but also tumor stage can be determined 

more accurately in resected specimens.23 Therefore, in this 

study we enrolled only patients with surgical resections. 

In routine clinical practice, it is important to be able to 

accurately predict whether a mediastinal mass is a thymoma 

or another malignant tumor including TC. In the initial 

management of anterior mediastinal lesions, the NCCN 

guidelines state that biopsy should be avoided if a resectable 

thymoma is strongly suspected based on clinical and radio-

logical findings.17 Conversely, a biopsy should be performed 

for an anterior mediastinal lesion that is suspected to be TC 

based on radiological evaluation unless the procedure needs 

a transpleural approach. Furthermore, when an anterior 

mediastinal mass is suspected to be TC, special treatment 

strategies such as the surgical approach24 should be taken 

into consideration. Currently, a minimally invasive approach 

for TETs should be performed only at specialized centers 

with surgeons who have expertise in these techniques. This 

perspective is based on the results of retrospective studies 

on minimally invasive resection for only early-stage thymo-

mas.17,24 In addition, TC is sometimes found to be a more 

advanced disease at the pathological evaluation after surgical 

resection than during clinical evaluation.25 Hence, at present, 

such a minimally invasive approach is not appropriate for a 

thymic lesion that is suspected to be TC. 

In previous studies,2,6,7,15,16 the optimal cutoff value of 

SUVmax in the tumor for differentiating thymoma from TC 

was from 5 to 6 (Table 4). This study shows a cutoff value 

of 4.58, which is slightly lower than those reported in previ-

ous studies. Our result may be attributed to the percentage 

of patients with small-sized TC included in the study. The 

threshold of SUVmax that separates thymoma and TC needs 

to be further evaluated. The incidence of small-sized medias-

tinal tumor is expected to increase in the near future due to 

SU
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Figure 4 Box and whisker plots show a comparison of the mean sUVmax values 
of two groups: a+aB+B1 and B2+B3. The horizontal line in the middle of each box 
indicates the median, the top and bottom borders of the box mark the 75th and 
25th percentiles, respectively, and the whiskers mark the 90th and 10th percentiles. 
The mean sUVmax ± sD was 3.65 ± 1.23 in a+aB+B1 and 4.42 ± 1.68 in B2+B3. The 
difference was not statistically significant (p = 0.101). 
Abbreviation: sUVmax, maximum standardized uptake value.
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Figure 5 Box and whisker plots show a comparison of the mean sUVmax values 
of two groups: a+aB+B1+B2 and B3. The horizontal line in the middle of each box 
indicates the median, the top and bottom borders of the box mark the 75th and 
25th percentiles, respectively, and the whiskers mark the 90th and 10th percentiles. 
The mean sUVmax ± sD was 3.71 ± 1.21 in a+aB+B1+B2 and 4.79 ± 2.56 in B3. The 
difference was not statistically significant (p = 0.607). 
Abbreviation: sUVmax, maximum standardized uptake value.
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the worldwide spread of CT screening. Yano et al investigated 

clinicopathological findings and prognosis of small-sized 

anterior mediastinal tumors (SSAMTs) of 3 cm or less and 

stated that SSAMTs were good candidates for VATS; how-

ever, conversion to sternotomy should be considered if there 

are intraoperative findings of pericardial invasion or a rapid 

pathological diagnosis of TC.26 Our cutoff value of 4.57 in 

tumors measuring 3 cm or less showed a high specificity of 

93.8%. Thus, 18F-FDG PET might be useful for such small 

anterior mediastinal lesions when deciding among surgical 

strategies. 

In contrast to some studies, no significant difference in 

SUVmax was observed between low-risk (type A, AB, and 

B1) and high-risk (type B2 and B3) thymoma in this study. 

While several studies have shown that there is a significant 

difference between the two groups,4,12 others have not.3,8,10,13,15 

A recent study demonstrated that type B3 thymoma had worse 

disease-free and overall survival than the other histological 

subtypes,27 and Benveniste et al demonstrated a significant 

difference in SUVmax between type B3 and the other sub-

types.13 Although we conducted the same analysis in this 

study, we did not observe a significant difference in SUVmax 

between type B3 and the other subtypes. The usefulness of 
18F-FDG PET for predicting the malignancy grade of thy-

momas remains controversial and further evaluation will be 

needed to clarify this point.

In this study, the tumor stage was determined according to 

the eighth edition of the TNM classification.21 We evaluated 

the relationship between SUVmax in the tumor and tumor 

stage based on the TNM staging system for the first time, and 

demonstrated that the correlation between them was statistically 

significant. The proportion of patients with stage I disease was 

remarkably high (79.5%), as noted by Fukui et al in their study.28 

Further studies will be needed on the association between the 

findings of 18F-FDG PET and the new TNM staging system. 

It is becoming clear that 18F-FDG PET may play an impor-

tant role as a surrogate end point for assessing the clinical 

efficacy of novel oncologic therapies.29 However, the value of 
18F-FDG PET in the assessment of a therapeutic response in 

patients with TETs has not been fully investigated. Recently, 

Thomas et al reported for the first time the usefulness of 
18F-FDG PET for monitoring treatment efficacy in patients 

with unresectable stage III or IV TETs, and demonstrated 

that there was a close correlation between early metabolic 

response and the subsequent best response using Response 

Evaluation Criteria In Solid Tumors.30 Further investigations 

will also be needed to determine whether or not 18F-FDG 

PET is suitable for therapy monitoring in patients with TETs. 

Limitations
This study has several limitations. First, we included only 

patients with TETs. However, in routine clinical practice, 

several diseases such as malignant lymphomas and germ 

cell tumors, as well as benign lesions such as thymic cyst 

and hyperplasia should be considered for the differential 

diagnosis of thymic lesions. Accordingly, 18F-FDG PET find-

ings of all thymic lesions, not only benign lesions but also 

malignant tumors, should be investigated simultaneously in 

future studies. Second, while 18F-FDG PET can be useful 

as a staging procedure in malignant tumors, we could not 

investigate its usefulness for staging patients with TETs. In 

addition, while 18F-FDG PET can play an important role in 

predicting the prognosis of patients with malignant tumors, 

prognostic information was not available in this study. From 

a clinicopathological viewpoint, 18F-FDG PET in TETs may 

be able to provide useful information regarding the prognosis 

of patients with TETs. The value of 18F-FDG PET for staging 

and predicting prognosis in patients with TETs should also be 

evaluated further. Finally, although our study included more 

patients with TETs than previous studies, there were still not 

enough patients for each histological subtype. In particular, 

we included a large number of patients with type AB, but only 

a small number of patients with type B3, which has a more 

aggressive nature among the five histological subtypes of thy-

moma. Additional studies with sufficient number of patients 

will be needed to clarify the usefulness of 18F-FDG PET in 

TETs. Due to the rarity of these tumors, it is imperative that 

such studies are conducted in a multi-institutional setting. 

Table 4 Cutoff values for differentiating thymoma from thymic 
carcinoma in the literature

Authors No of 
patients

Type of 
TET

No of 
patients

Cutoff 
value

Sensitivity, 
specificity 

sasaki et al 
(1999)2

26 Thymoma    13 5.0 84.6%, 92.3%

TC 13
shibata et al 
(2009)6

40 Thymoma 37 6.3 100%, 92%

TC 3
inoue et al 
(2009)7

46 Thymoma  35 6.2 63.6%, 91.4%

TC 11

Toba et al 
(2013)15

33 Thymoma 25 5.0 75%, 80%

TC 8
Park et al 
(2016)16

61 Thymoma   54 5.1 not reported

TC 7
Present study 112 Thymoma 92 4.6a 80.0%, 78.3%

TC 20

Note: a4.58 rounded off to the nearest tenth to 4.6.
Abbreviations: TeT, thymic epithelial tumor; TC, thymic carcinoma.
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Conclusion 
In conclusion, the degree of 18F-FDG uptake in TETs was 

significantly correlated with both the histological subtype 

based on WHO classification and tumor stage. 18F-FDG PET 

is useful for differentiating thymoma from TC, but not for 

predicting the grade of malignancy of thymoma. 
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