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Abstract
Purpose  The aim of this study was to evaluate the ability of fluorine-18-fluorodeoxyglucose positron emission tomography 
coupled with computed tomography (18F-FDG-PET/CT) to predict the WHO malignancy grade, initial staging, and invasive 
potential of thymic epithelial tumors.
Methods  We retrospectively reviewed the medical records of 56 patients with thymic epithelial tumors who were evaluated 
by PET/CT before surgery and underwent surgical resection. We analyzed the relationship of the maximum standardized 
uptake value (SUVmax) with the WHO histological classification, tumor invasion, TNM classification, and the Masaoka–
Koga classification.
Results  There were differences of SUVmax of the FDG-PET between thymic carcinoma (9.09 ± 3.34) and thymoma 
(4.86 ± 2.45; p < 0.01), thymic carcinoma (9.09 ± 3.34) and high-grade thymoma (6.01 ± 2.78; p < 0.01), and high-grade 
thymoma (6.01 ± 2.78) and low-grade thymoma (4.06 ± 1.86; p < 0.01). The cut-off value for the SUVmax was 7.40 and 5.40, 
and the sensitivity/specificity for predicting the histologic subtype of each group was 0.72/0.79 and 0.61/0.85, respectively. 
According to T classification, SUVmax was significantly higher in T3 (8.31 ± 2.57) than in T1a (4.45 ± 2.06; p < 0.01). 
Regarding Masaoka–Koga classification and WHO histological classification, a significantly higher SUVmax was detected 
in patients with stage III and IV disease than in those with stage I and II diseases (p < 0.01). The cut-off value for SUVmax 
was 5.40 in Masaoka–Koga stage and 5.60 in the WHO classification; the sensitivity/specificity for predicting the histologic 
subtype was 0.85/0.80 and 0.89/0.78, respectively.
Conclusions  FDG-PET is a useful tool to predict aggressiveness of thymic epithelial tumors.

Keywords  Thymic epithelial tumors · FDG-PET · SUVmax

Introduction

Thymic epithelial tumors are the most common neoplasms 
arising from the anterior mediastinum [1]. Surgery is the 
mainstay of treatment for early stage thymic epithelial 
tumors, and complete resection is considered the radical 
cure [2]. Complete resection can even improve the prog-
nosis of patients with advanced disease. It is important to 
ascertain the WHO-based classification of malignancy grade 
and the invasive potential of thymic epithelial tumors. Sur-
geons can preoperatively diagnose the anterior mediastinal 

tumors using a computed tomography (CT) scan. However, 
it is difficult to preoperatively predict the WHO malignancy 
grade and the invasive potential of thymic epithelial tumors. 
Irrespective of size, a tumor may be considered high-grade 
and could invade into the surrounding organs. Histopa-
thology can be used for the diagnosis of thymic epithelial 
tumors and for selecting the optimal therapeutic strategy for 
patient management. Neoadjuvant therapy may be useful 
for patients with locally advanced thymic epithelial tumors. 
Moreover, following neoadjuvant therapy, patients with 
thymic carcinoma may not be required to undergo mini-
mally invasive surgery, such as robot-assisted surgery or 
video-assisted thoracic surgery (VATS) [3, 4]. Recently, a 
correlation between radio-metabolic findings and the WHO 
histological classification was shown in patients with thymic 
epithelial tumors. Thus, fluorine-18-fluorodeoxyglucose 
(18F-FDG) and the WHO histological classification may be 
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relevant [5–8]. Several imaging studies have used a simpli-
fied staging system that is subdivided into low-grade thy-
moma (type A, AB, B1), high-grade thymoma (type B2, 
B3), and thymic carcinoma [9–11]. Furthermore, it is possi-
ble that SUVmax correlates with T factor in accordance with 
Union for International Cancer Control (UICC) TNM Clas-
sification of Malignant Tumors 8th edition, and SUVmax 
might be useful in predicting T classification for the thymic 
epithelial tumor [12]. 18F-FDG-positron emission tomogra-
phy (PET) may predict the histological stage of thymic epi-
thelial tumors according to the WHO classification. The aim 
of this study was to evaluate the ability of 18F-FDG-PET/CT 
to predict the WHO malignancy grade, initial staging, and 
invasive potential of thymic epithelial tumors.

Methods

Patients

We retrospectively reviewed the medical records of 142 
patients with thymic epithelial tumors who underwent sur-
gical resection at Chiba University Hospital, Chiba, Japan, 
between 2009 and 2016. Of these, 86 patients were excluded, 
because a preoperative PET/CT was not performed. FDG-
PET was not popular in the first half of the study periods, 
and we have not undergone FDG-PET before surgery in all 
cases for the thymic epithelial tumor. Surgeon in charge of 
the patients has decided whether or not to perform FDG-
PET at his discretion. Finally, the data of 56 patients were 
included in this study. A definitive diagnosis was made by 
histological examination of surgical specimens obtained 
after thymectomy. The patients were staged according to the 
WHO classification, UICC TNM Classification of Malig-
nant Tumors 8th edition, and the Masaoka–Koga classifica-
tion. The tumors were divided into six subtypes based on 
the WHO classification: type A, type AB, type B1, type B2, 
type B3, and thymic carcinoma; these subtypes were further 
categorized into three groups: low-grade thymoma (types A, 
AB, B1), high-grade thymoma (types B2, B3), and thymic 
carcinoma. We analyzed the relationship of the maximum 
standardized uptake value (SUVmax) with the WHO histo-
logical classification, tumor invasion, TNM classification, 
and the Masaoka–Koga classification.

18F‑FDG‑PET/CT

Whole-body 18F-FDG-PET/CT was performed using a 
dedicated PET/CT scanner (Discovery PET/CT, GE Medi-
cal System, Tokyo, Japan or Aquiduo, Toshiba Medical 
Systems, Tochigi, Japan). Patients fasted ≥ 6 h before the 
intravenous injection of FDG was given. The intravenous 
18F-FDG dose was calculated based on the body weight of 

the patient. PET images were obtained at 1 h after 18F-FDG 
administration. We used a 16-slice CT scanner. Together 
with the PET system, the CT scanner was used both for 
attenuation correction of PET data and for localization 
of FDG uptake in PET images. The PET/CT scans were 
reviewed by two experienced chest radiologists. Imaging 
findings were recorded for each patient. A clinical CT stage 
was assigned, and FDG uptake was recorded to determine 
the SUVmax. Figure 1 shows representative CT and PET/
CT images of patients with thymoma and thymic carcinoma 
(Fig. 1a–d).

Statistical analysis

Pairwise comparisons were performed using Student’s t test 
or Wilcoxon two-sample test. A p value < 0.05 was consid-
ered statistically significant. We used the R statistical pack-
age (www.r-proje​ct.org) for analyses. In the null hypothesis 
(no difference between the groups), 95% of all risk differ-
ences over time will lie within the confidence interval.

Results

Patient characteristics

The clinical and histopathological characteristics of patients 
are shown in Table 1. There were 32 men (57.1%) and 24 
women (42.9%). The median age was 61.3 years (range 
27–80 years). Forty-four (78.6%) patients had a histologi-
cally diagnosed thymoma, and twelve (21.4%) had thymic 
carcinoma. When staged according to the WHO histological 
classification, there were two patients with type A thymoma, 
14: with type AB thymoma, 10 with type B1 thymoma, eight 
with type B2 thymoma, 10 with type B3 thymoma, and 12 
with thymic carcinoma. Subsequently, 26 patients (46.4%) 
were categorized into the low-grade thymoma group, 18 
(32.2%) into the high-grade thymoma group, and 12 (21.4%) 
into the thymic carcinoma group. Among the 12 patients 
with thymic carcinoma, there were five patients (41.6%) with 
stage II, two (16.6%) with stage III, one (8.4%) with stage 
IVA, and four (33.4%) with stage IVB disease. A new TNM 
classification for thymic epithelial tumors was proposed by 
the International Association for the Study of Lung Cancer 
(IASLC) and the International Thymic Malignancy Inter-
est Group (ITMIG); based on this staging system patient 
were categorized as follows: stage I, n = 36 (64.3%); stage 
II, n = 3(5.3%); stage IIIA, n = 6 (10.7%); stage IIIB, n = 0 
(0%); stage IVA, n = 9 (16.1%); and stage IVB, n = 2 (3.6%). 
When staged according to the Masaoka–Koga system, there 
were 19 patients (34.0%) with stage I, 16 (28.6%) with stage 
II, 11 (19.5%) with stage III, 6 (10.7%) with stage IVa, and 
4 (7.2%) with stage IVb disease.

http://www.r-project.org
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18F‑FDG‑PET/CT and tumor classification

The SUVmax of the thymic epithelial tumor in each 
group is shown in Fig. 2. We found that the SUVmax 
was significantly higher in the thymic carcinoma group 

(9.09 ± 3.34) than in the thymoma group (4.86 ± 2.45; 
p < 0.01). The cut-off value for the SUVmax was 7.40; 
the sensitivity and specificity for predicting the histologic 
subtype was 0.84 and 0.73, respectively (Fig. 2a). The 
SUVmax was significantly higher in the high-grade thy-
moma group (6.01 ± 2.78) than in the low-grade thymoma 
group (4.06 ± 1.86; p < 0.01). The cut-off value for SUV-
max was 5.40; the sensitivity and specificity for predict-
ing the histologic subtype was 0.61 and 0.85, respectively 
(Fig. 2b). The SUVmax was significantly higher in the 
thymic carcinoma group (9.09 ± 3.34) than in the high-
grade thymoma group (6.01 ± 2.78; p < 0.01). The cut-off 
value for the SUVmax was 7.40; the sensitivity and speci-
ficity for predicting the histologic subtype were 0.72 and 
0.79, respectively (Fig. 2b).

18F‑FDG‑PET/CT and tumor invasion

The SUVmax of the thymic epithelial tumor in each group 
is shown in Fig. 3. The mean SUVmax ± SD of thymic 
epithelial tumors that did not invade the pericardium was 
5.41 ± 2.85, and of those that invaded the pericardium was 
8.17 ± 3.06 (p < 0.01; Fig. 3a). The mean SUVmax ± SD 
of thymic epithelial tumors that did not invade the lungs 
was 5.54 ± 3.14, and of those that invaded the lungs was 
7.96 ± 2.21 (p = 0.02; Fig. 3b). The mean SUVmax ± SD of 
thymic epithelial tumors that did not invade the brachioce-
phalic vein was 5.56 ± 2.92, and of those that invaded the 
brachiocephalic vein was 8.48 ± 3.02 (p = 0.01; Fig. 3c).

Fig. 1   Positron emission tomog-
raphy/computed tomography 
(CT) and CT images of type 
AB thymoma. Axial enhanced 
CT demonstrated an anterior 
mediastinal mass (a). FDG-
PET image shows intense FDG 
uptake within the mass with 
SUVmax of 3.0 (b). PET/CT 
and CT images of thymic can-
cer. Seventy-one-year-old man 
with thymic carcinoma. Axial 
enhanced CT demonstrated an 
anterior mediastinal mass (c). 
FDG-PET image shows intense 
FDG uptake within the mass 
with SUVmax of 9.5(d)

Table 1   Patient’s characteristics of study population

IASLC/ITMIG The International Association for the Study of Lung 
Cancer/The International Thymic Malignancy Interest Group, WHO 
World Health Organization

Variable

Sex (male/female) 32/24
Age (mean) 61.3(27–80)
Thymoma/Thymic carcinoma 44/12
IASLC/ITMIG classification
Stage I 36
Stage II 3
Stage IIIA 6
Stage IIIB 0
Stage IVA 9
Stage IVB 2
WHO classification
Type A 2
Type AB 14
Type B1 10
Type B2 8
Type B3 10
Thymic carcinoma 12
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18F‑FDG‑PET/CT and TNM classification

The distributions of SUVmax for thymic epithelial tumors 
according to T classification are shown in Fig. 4. The SUV-
max was 4.45 ± 2.06 in T1a, 4.9 ± 0 in T1b, 7.12 ± 2.69 in 
T2, 8.31 ± 2.57 in T3, and 9.79 ± 7.48 in T4. Although there 
was no significant difference among the five groups, the 
SUVmax was significantly higher in T3 thymic epithelial 
tumors (8.31 ± 2.57) than in T1a thymic epithelial tumors 
(4.45 ± 2.06; p < 0.01; Fig. 4). The SUVmax of thymic epi-
thelial tumors that have metastasized to the lymph nodes 
(7.58 ± 1.76) is not significantly different from those that 
have not metastasized to the lymph nodes (5.69 ± 3.0). The 

SUVmax of thymic epithelial tumors that have distantly 
metastasized (7.97 ± 3.45) is not significantly different from 
those that have not distantly metastasized (5.43 ± 2.74).

18F‑FDG‑PET/CT and tumor staging

The SUVmax of the thymic epithelial tumor in each group 
is shown in Fig. 5. When staged according to the Masa-
oka–Koga classification, the mean SUVmax ± SD of patients 
with stage I and II diseases was 4.52 ± 2.66, and of those 
with III and IV was 7.73 ± 2.83. The SUVmax detected 
in patients with stage III and IV disease was significantly 
higher than in those with stage I and II diseases (p < 0.01). 
The cut-off value for the SUVmax was 5.40; the sensitivity 
and specificity for predicting the histologic subtype were 
0.85 and 0.80, respectively (Fig. 5a). When staged based 
on the newly proposed TNM staging system, the mean 
SUVmax ± SD of patients with stage I and II disease was 
4.56 ± 2.66, and of those with stage III and IV disease was 
8.18 ± 2.77. The SUVmax detected in patients with stage III 
and IV diseases was significantly higher than in those with 
stage I and II diseases (p < 0.01). The cut-off value for the 
SUVmax was 5.60; the sensitivity and specificity for predict-
ing the histologic subtype were 0.89 and 0.78, respectively 
(Fig. 5b).

Discussion

For the standard surgical treatment of patients with thymic 
epithelial tumors, the trans-sternal approach and minimally 
invasive approach (VATS, radius surgical system, and the da 
Vinci surgical system) are commonly used [13]. A preopera-
tive diagnosis is required to determine the optimal surgical 
approach. It has been shown that patients with thymic carci-
noma have poor survival and a higher tumor recurrence rate 
than those with thymoma [14]. Additionally, the outcomes 
of surgery for patients with stage III thymoma were found 
to be favorable unless chest wall invasion was present. Chest 
wall invasion is the only independent adverse predictor for 
disease-free survival [15].

We have reported cases of synchronous multiple thy-
moma [16]. PET is a useful tool, and may provide additional 
radiological findings and a more accurate preoperative diag-
nosis of synchronous multiple thymoma [17]. The detection 
of mediastinal fat infiltration on the CT images is important 
predictors of carcinoma [11]. The contact length between the 
tumor contour and the lung on a CT scan was found to be 
associated with pleural recurrence after complete resection 
of thymoma. The contact length between the tumor contour 
and the lung can be evaluated before surgery to predict pleu-
ral recurrence [18]. A magnetic resonance imaging (MRI) 

(a)

(b)

Fig. 2   a Box plots of maximum standardized uptake value in thy-
moma versus thymic carcinoma. b Box plots of maximum standard-
ized uptake value by low-grade thymoma versus high-grade thymoma 
versus thymic carcinoma
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scan also may help to accurate staging for the IASLC/ITMIG 
thymic epithelial tumor [19].

Thymic epithelial tumors are the most common adult 
anterior mediastinal tumors [20, 21]. Thymoma accounts 
for 37.3%, thymic carcinoma accounts for 7.1%, and thymic 
carcinoid accounts for 0.8% of mediastinal tumors. Surgery 
is the standard treatment for patients with thymic epithelial 
tumors [21]. Thymomas are present in 10% of the patients 
with myasthenia gravis [22]. A recent study showed that 
thymectomy could improve clinical outcomes over a 3-year 
period in patients with nonthymomatous myasthenia gravis 
[23].

Timely preoperative diagnosis of thymic epithelial tumors 
is important, because patients in an advanced stage receive 
neoadjuvant chemotherapy that enables effective resec-
tion. PET findings provided useful information for the dif-
ferential diagnosis of anterior mediastinal tumors [12, 24]. 
Recently, several studies have reported that the SUVmax 
helps to distinguish thymic epithelial tumors according to 
the histological classification. We found a significant differ-
ence in SUVmax between patients with thymoma and those 
with thymic carcinoma [5, 9]. A refined and simplified his-
tological classification of thymic epithelial tumors has been 
proposed by WHO: low-grade thymoma (type A, AB, B1), 
high-grade thymoma (type B2, B3), and thymic carcinoma 
[10]. The previous studies suggested that the SUVmax might 
be useful for discriminating low-grade thymoma from high-
grade thymoma [28]. Moreover, recently, some studies have 
showed that the relationship is observed between SUVmax, 
tumor size, and histological WHO classification of thymic 
epithelial tumors [6, 7]. In addition, SUVmax may be the 
parameter for predicting the recurrence of anterior medias-
tinal tumors [8].

In the present study, we retrospectively analyzed the 
relationship between the SUVmax and the WHO malig-
nancy grade in patients with thymic epithelial tumors using 
18F-FDG-PET/CT in the initial disease staging. As reflected 
by the SUVmax, 18F-FDG uptake was significantly higher 
in the thymic carcinoma group than in the thymoma group. 
Moreover, 18F-FDG uptake was significantly higher in the 
thymic carcinoma group than in the high-grade thymoma 
group. Similarly, 18F-FDG uptake detected in the high-
grade thymoma group was significantly higher than that in 
the low-grade thymoma group.

The Masaoka–Koga staging system has been widely 
used for staging patients with thymic epithelial tumors [26, 
27]. As reflected by the SUVmax, a significantly higher 

(a)

(b)

(c)

Fig. 3   a Box plots of maximum standardized uptake value by no 
invasion versus invasion of pericardium. b Box plots of maximum 
standardized uptake value by no invasion versus invasion of lung. c 
Box plots of maximum standardized uptake value by no invasion ver-
sus invasion of brachiocephalic vein

▸
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18F-FDG uptake was detected in patients with stage III 
and IV thymoma than those with stage I and II thymoma. 
Recently, the IASLC and the ITMIG proposed a new TNM 
classification for thymic epithelial tumors. When staged 
according to this TNM classification, a significantly higher 
18F-FDG uptake, as reflected by the SUVmax, was detected 
in patients with stage III and IV thymic epithelial tumors 
than those with stage I and II thymic epithelial tumors. SUV-
max correlate with T factor and may be useful in predicting 
T classification for the thymic epithelial tumor. As our study 
indicates, Watanabe et al. reported that the SUVmax may 
reflect the invasiveness of thymic epithelial tumor [12].

In contrast to this study, Nakagawa et al. reported that 
18F-FDG-PET is useful for differentiating from thymic can-
cer, but not for predicting the grade of malignancy of thy-
moma [28]. 18F-FDG-PET could not differentiate between 
low-risk and high-risk thymomas, these parameters might be 
able to distinguish between benign and malignant mediasti-
nal tumors noninvasively, as well as thymomas and thymic 
carcinomas [29].

A preoperative identification of the WHO malignancy grade 
and the Masaoka–Koga stage of thymic epithelial tumors helps 
surgeons to decide the management strategy for the patients. 
FDG-PET-based preoperative diagnosis of advanced-stage 
disease, high-grade thymoma, or thymic carcinoma helps to 
evaluate the need for preoperative chemotherapy [30]. Biopsy 
is considered the gold standard for diagnosing a suspected 
thymoma. However, this may not confirm the diagnosis. 
Fine-needle aspiration and core needle biopsy are used; how-
ever, biopsy procedures sometimes cause tumor implantation 
along the needle track after aspiration. Therefore, non-invasive 

imaging studies that help to determine the histologic subtype 
of thymic epithelial tumors may be useful.

Our study has several limitations. First, the study had a 
retrospective design, which might have introduced a selec-
tion bias. Second, the sample size was small. Third, the use 
of different FDG-PET might have influenced the evaluation 
of some features of the thymic epithelial tumors. Additional 
prospective and large multicenter clinical trials using a similar 
FDG-PET/CT protocol are required to confirm the findings of 
our study.

Fig. 4   Box plots of maximum standardized uptake value according to 
T classification

(a)

(b)

Fig. 5   a Box plots of maximum standardized uptake value by Masa-
oka−Koga stage I, II versus III, IV. b Box plots of maximum stand-
ardized uptake value by IASLC/ITMIG stage I, II versus III, IV
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Conclusion

In this study, we showed that the SUVmax determined by 
18F-FDG-PET/CT could be useful for diagnosing patients 
with thymic carcinoma and thymoma. Furthermore, we dem-
onstrated a statistically significant difference in the SUV-
max between low-grade thymoma and high-grade thymoma, 
between thymic carcinoma and high-grade thymoma, and 
between early and advanced stages of the disease. In addi-
tion, we found that 18F-FDG-PET/CT could predict tumor 
invasion into the surrounding tissues. Further investigation 
will be required to confirm our conclusions.
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