
© Gland Surgery. All rights reserved.   Gland Surg 2021;10(2):690-696 | http://dx.doi.org/10.21037/gs-20-718

Introduction

The chances of detecting thymic epithelial tumors 
(TETs) are increasing with the spread of computed 
tomography (CT) screening for lung cancer (1,2). However, 
distinguishing between thymic carcinomas with thymomas, 

especially small tumors, by preoperative diagnostic imaging 
is very difficult. For this reason, it is difficult to select the 
patients who should be treated with a neoadjuvant treatment 
and we cannot select the adequate chemotherapy regimens. 
Limited surgery, such as partial and subtotal thymectomy, 
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can be performed to manage small thymoma (3-5). In cases 
of small thymic carcinoma, however, expanded resection, 
including lymph node dissection, is needed because thymic 
carcinoma is more likely to invade locally and spread via 
the regional lymphatic system than thymoma with non-
myasthenia gravis (MG) (6). A more reliable diagnostic tool 
is thus required to determine the appropriate procedure.

The usefulness of 18F-fluorodeoxy glucose-positron 
emission tomography (18F-FDG PET) for predicting the 
malignant grade in TETs has been reported (7-12). These 
previous reports suggested that the FDG uptake of thymic 
carcinomas was higher than that of thymomas. However, 
there have been few studies focusing on the tumor size  
of TETs.

In the present study, we investigated the usefulness of 
18F-FDG PET for the preoperative imaging diagnosis 
of TETs as a novel diagnostic tool. Furthermore, the 
correlation between the maximum standardized uptake 
value (SUVmax) and tumor size was evaluated. We present 
the following article in accordance with the STARD 
reporting checklist (available at http://dx.doi.org/10.21037/
gs-20-718).

Methods

Patients

We retrospectively investigated 51 patients with TETs 
diagnosed from 2005 to 2018 at Toyota Memorial Hospital. 
The clinical background characteristics, postoperative 
pathological diagnosis, Masaoka stage and 18F-FDG uptake 
in each case were investigated. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study protocol was approved by the Institutional 
Review Board of Toyota Memorial Hospital and Nagoya 
City University Graduate School (No. 60190126) and 
individual consent for this retrospective analysis was waived. 
This study was registered on the UMIN Clinical Trial 
database (ID: 000040365).

PET/computed tomography (CT)

PET/CT was performed for all patients. These patients 
fasted for at least 5 hours before injection of 18F-FDG. 
PET/CT image acquisition started at 60 min after 
intravenous injection of 4.3 MBq/kg of 18F-FDG. Image 
acquisition was performed with biograph S16 (Siemens 
Medical Systems, USA). The PET/CT scan was performed 

from the groin to the forehead of patients, scanning by150 
sec per a bed and 6–8 bed per a patient. Acquired data were 
reconstructed by ordered subset expectation maximization 
(OSEM).

Statistical analyses

The FDG uptake (SUVmax) of thymomas and thymic 
carcinomas was compared using the t-test. The correlation 
between the SUVmax and the tumor size of those lesions 
was evaluated by Pearson’s product moment correlation 
coefficient. All statistical analyses were performed using the 
EZR software program (13). Significance was defined as a 
probability value of less than 0.05.

Results

The characteristics of the 51 patients are shown in Table 1. 
There were 34 males and 17 females, and the median age 
was 56 years old (range, 44–67 years old). The 12 (23.5%) 
cases diagnosed as thymic carcinoma included 11 squamous 
cell carcinomas and 1 neuroendocrine carcinoma. There 
were 39 (76.5%) thymomas. Thymomas with MG were 
three cases. The World Health Organization (WHO) 
histological subtype was type A in 3, type AB in 7, type 
B1 in 7, type B1/B2 in 1, type B2 in 15, type B3 in 4 and 
micronodular thymoma with lymphoid stroma in 2. The 
Masaoka stage was stage I in 26, stage II in 14, stage 
III in 7, stage IVa in 3 and stage IVb in 1. The median 
maximum tumor size was 3.4 cm (range, 0.9 to 10 cm). The 
operative approach was median sternotomy in 27, video-
assisted thoracic surgery in 23, thoracotomy via lateral 
incision in 1. The operative procedure of 39 thymomas 
was extended thymectomy in 4, total thymectomy in 23, 
subtotal thymectomy in 3 and partial thymectomy in 9. 
The operative procedure of 12 thymic carcinoma was total 
thymectomy in 8, subtotal thymectomy in 1 and partial 
thymectomy in 3. All thymomas with MG were performed 
extended thymectomy. Only one case was diagnosed with 
thymic carcinoma preoperatively.

The SUVmax was compared between the 12 thymic 
carcinomas and 39 thymomas using 18F-FDG PET. The 
mean SUVmax of thymic carcinomas and thymomas was 
5.71±2.6 and 3.08±1.4, respectively. The SUVmax of 
thymic carcinomas was significantly higher than that of 
thymomas (P<0.001) (Figure 1). Although the SUVmax was 
compared between the low-risk thymomas (type A, AB, and 
B1) and high-risk thymomas (type B2 and B3), there was no 
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statistical difference between these two groups of thymoma 
(P=0.37).

Among the analyzed TETs in this study, we identified 
3 thymic carcinomas and 13 thymomas with a maximum 
tumor size of ≤2 cm. The mean SUVmax of these small 
thymic carcinomas and thymomas was 2.97±0.24 and 
1.79±0.47, respectively. The SUVmax of the small thymic 
carcinomas was significantly higher than that of the 
thymomas (P=0.001) (Figure 2). The SUVmax of small 
TETs was lower than that of the larger TETs (Figure 3).

Regarding the correlation between the SUVmax and 
TET sizes, a positive correlation was recognized between 

the two variables (correlation coefficient: 0.632, P<0.001) 
(Figure 4). Similar results were obtained in the group 
divided into thymic carcinomas with thymomas (Figure 5).

A receiver operating curve (ROC) analysis was conducted 
for the differential diagnosis of thymic carcinoma and 
thymoma using the SUVmax (Figure 6). When the SUVmax 
of 5.23 was used as a cut-off value, the sensitivity and 

Figure 1 The maximum standardized uptake value of thymic 
carcinoma and thymoma. Data are expressed as mean ± SD. A 
statistically significant difference was defined as P<0.05. SD, 
standard deviation.

Figure 2 The maximum standardized uptake value small thymic 
epithelial tumors (maximum tumor size ≤2 cm). Data are expressed 
as mean ± SD. A statistically significant difference was defined as 
P<0.05. SD, standard deviation.

Table 1 The clinical and pathological characteristics of patients 
with thymic epithelial tumors

Variables Total (n=51)

Sex

Male/female 34/17

Age (years)

Median [range] 56 [44–67]

Pathological diagnosis

Thymic carcinoma 12

Squamous cell carcinoma 11

Neuroendocrine carcinoma 1

Thymoma 39

Type A 3

AB 7

B1 7

B2 15

B1/B2 1

B3 4

Micronodular thymoma with lymphoid stroma 2

Pathological Masaoka stage

I 26

II 14

III 7

IVa 3

IVb 1

Maximum tumor size (cm)

Median [range] 3.4 [0.9–10]
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specificity were 92.3%and 58.3%, respectively, and the area 
under the curve (AUC) was 0.811 [95% confidence interval 
(CI), 0.672–0.95] (Figure 6A). Regarding the cases with a 
maximum tumor size of ≤2 cm, when the SUVmax of 2.70 
was used as a cut-off value, the sensitivity and specificity 
were 100% and 100%, respectively, and the AUC was 1 

(95% CI, 1–1) (Figure 6B). Furthermore, for cases with 
maximum tumor size of ≤3 cm (4 thymic carcinoma and 19 
thymoma), when the SUVmax of 2.70 was used as a cut-off 
value, the sensitivity and specificity were 78.9% and 100%, 
respectively, and the AUC was 0.842 (95% CI, 0.679–1) 
(Figure 6C).

Discussion

Regarding 18F-FDG PET in the preoperative imaging 
diagnosis of TETs, it was suggested that the SUVmax of 
thymic carcinoma was higher than that of thymoma, but 
there was no significant difference in these values between 
high- and low-risk thymoma in this study. Even for small 
TETs, the SUVmax was significantly different between 
thymic carcinomas and thymomas, although the values 
were not very high. The correlation between the SUVmax 
and tumor size for TETs was found to be positive. We also 
evaluated the cut-off value of SUVmax for differentiating 
thymoma from thymic carcinoma by an ROC analysis and 
found that the cut-off value for tumors of all sizes was 5.23, 
while that for small tumors (≤2 and ≤3 cm) was 2.70. The 
accuracy seemed to differ between tumor ≤2 and ≤3 cm in 
size (AUC 1, 95% CI: 1–1 vs. AUC 0.842, 95% CI: 0.679–
1). Therefore, when using the SUVmax to differentiate 
thymomas from thymic carcinomas, it may be necessary to 
set the appropriate cut-off value according to the maximum 

Figure 4 The correlation between the maximum standardized 
uptake value and the maximum tumor size in thymic epithelial 
tumors. A statistically significant difference was defined as P<0.05.

Figure 5 The correlation between the maximum standardized 
uptake value and the maximum tumor size in thymic carcinoma 
and thymoma. A statistically significant difference was defined as 
P<0.05.

Figure 3 Differences in the maximum standardized uptake value 
between small and large thymic epithelial tumors. A statistically 
significant difference was defined as P<0.05.
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tumor size.
These results were different from previous reports (9-12). 

Park et al. reported that there was no correlation between 
tumor size and the SUVmax for 61 patients with TETs  
(54 thymomas and 7 thymic carcinomas) (11). Furthermore, 
Nakagawa et al. explored the cut-off value of SUVmax 
for differentiating thymoma from thymic carcinoma in  
112 patients with TETs (92 thymoma and 20 thymic 
carcinoma) (12). In their report, the SUVmax of 4.58 
was used as a cut-off value with a sensitivity of 80% 
and a specificity of 78.3%. Regarding TETs of ≤3 cm, 
the SUVmax of 4.57 was used as a cut-off value with a 
sensitivity of 75.0% and a specificity of 93.8%. There 

therefore seems to be no correlation between the SUVmax 
and tumor size.

Why these results from previous studies differed 
from our own might be because our study had a higher 
proportion of small tumors than the other studies. Indeed, 
in Park’s report, the mean tumor size was 6.1±3.4 cm. In 
Nakagawa’s report, the median tumor size was 5.0 cm 
(range: 1.3–13.0 cm), and 20 (18%) out of 112 cases were 
small TETs (≤3 cm). In our study, the maximum tumor 
size was 3.4 cm (range: 0.9–10.0 cm), and 16 (31.3 %) 
of the 51 cases were ≤2 cm, including, 3 (5.9%) cases of 
thymic carcinomas. Lococo et al. analyzed the data of 
47 patients with TETs in multicenter and reported that 

Figure 6 A receiver operating curve for the differential diagnosis of thymic carcinoma and thymoma using the maximum standardized 
uptake value. (A) All cases; (B) the cases with a maximum tumor size of ≤2 cm; (C) the cases with a maximum tumor size of ≤3 cm. CI, 
confidence interval.
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SUVmax and SUVmax/tumor size were predictive factors 
in distinguishing thymomas from thymic carcinomas (14). 
Tomita et al. also reported that both SUVmax and SUVmax/
tumor size were useful for differentiating low-risk thymoma 
(A, AB, B1) from high-risk-thymoma (B2, B3) and thymoma 
from thymic carcinoma in 73 patients with TETs (15). 
Moreover, both parameters significantly correlated with 
Masaoka stage. Korst et al. reported the only prospective 
study using the International Thymic Malignancy Interest 
Group (ITMIG) database (16). In this report, the value of 
SUVmax that maximizes sensitivity and specificity in the 
prediction of WHO histologic type (A, AB, B1, B2 vs. B3, 
carcinoma) was 5.55 (sensitivity, 81% and specificity, 66%). 
There was a very weak correlation between maximum 
tumor size and SUVmax.

Given the present findings, regarding small TETs, even 
if the SUVmax is relatively low, the possibility of thymic 
carcinoma should be considered. In clinical practice, when 
thymic carcinoma is suspected in cases of small TETs, it 
might be necessary to diagnose pathologically whether it is 
thymic carcinoma or thymoma during surgery. If the lesion 
is found to be thymic carcinoma, it will then be necessary to 
determine the suitable extent of resection.

However, our study had some limitations. First, there 
were only a small number of patients with TETs. A large-
scale, prospective study of TETs should be conducted 
to evaluate the usefulness of 18F-FDG PET for the 
preoperative diagnostic imaging of TETs. Second, 18F-FDG 
PET might not have actually been performed for TETs, 
as our study was retrospective. In addition, we investigated 
only patients with resected TETs, and un-resected TETs 
were not included, so there might have been some selection 
bias. Third, especially small tumor-size may alter PET 
image quantitation because of the partial volume effect, 
which most strongly affects the smallest structures due to 
the poor spatial resolution of PET.

In conclusion, 18F-FDG PET might be useful for the 
preoperative evaluation of TETs. However, the tumor size 
of TETs should be considered when conducting assessments 
using 18F-FDG PET.
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