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Abstract

Objectives '®F-fluorodeoxyglucose positron emission
tomography (FDG-PET) plays an important role in many
oncological settings. In this study, we assessed the utility of
'8E_EDG-PET for predicting the histological classification,
stage and survival of thymic epithelial tumors.

Methods We retrospectively analyzed 37 patients with
thymic epithelial tumors who underwent PET before sur-
gical resection and investigated the relationship between
the maximum of standardized uptake value (SUVmax) of
each tumor and the WHO classification, recurrence-free
survival, and tumor-related gene expressions.

Results The study included 15 males and 22 females,
ranging in age from 22 to 81 years (mean 64 years). The
tumor histology of 31 tumors was thymoma and that of the
remaining tumors was thymic carcinoma. The Masaoka
tumor stage was as follows: stage I in 18, IT in 9, III in 5
and IV in 5 patients. The patients were divided into three
groups according to a simplified histologic classification:
low-risk thymoma (types A, AB and B1, n = 21), high-risk
thymoma (types B2 and B3, n = 10) and thymic carcinoma
(n = 6). The SUVmax of low-risk group (SUVmax <4.27)
was significantly lower than that of high-risk group
(p = 0.0114) and that of thymic carcinomas (SUVmax
>4.27) was also significantly higher than that of thymomas
(p < 0.0001). The group of high SUVmax (SUVmax
>4.27) had significantly inferior recurrence-free survival to
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that of less value (SUVmax <4.27) (p = 0.0009). The
SUVmax were not correlated with tumor-related gene
expressions.

Conclusion The SUVmax of 'F-FDG-PET reflects WHO
classification of thymic epithelial tumors. High SUVmax
predicts lower recurrence-free survival of the tumors.

Keywords Thymoma - Thymic carcinoma - Positron
emission tomography

Introduction

Thymic epithelial tumors (thymoma and thymic cancer)
commonly appear as primary neoplasms in the anterior
mediastinum, though their occurrence is relatively rare.
There are two types of classifications used for these thymic
epithelial tumors; Masaoka tumor staging and TNM clas-
sification, which reflect the stage of progression, and WHO
classification, which is determined by histological type.
Both types are considered useful to predict prognosis [1-3].
Recently, 18F-fluorodeoxyglucose positron emission
tomography (FDG-PET), which is generally used for
diagnosing the malignancy and stage of a variety of tumors,
has been reported useful for assessing thymic epithelial
tumors [4-6]. In the present study, we retrospectively
examined the utility of FDG-PET as a preoperative exam-
ination for cases of resectable thymic epithelial tumor.

Subjects and methods
Among patients who underwent a thymectomy for thymic

epithelial tumors (thymoma, thymic carcinoma) in our
department in the 7-year period from January 2006 to
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December 2012, we analyzed 37 underwent preoperative
FDG-PET. They consisted of 15 men and 22 women, with
a mean age of 64.0 £ 14.6 years (range 22-81 years). The
maximum standardized uptake value (SUVmax) accumu-
lation in the tumor was determined as a parameter. Mas-
aoka tumor staging was utilized for diagnosing disease
stage. For histological diagnosis of thymoma, the tumors
were classified according to the WHO classification into 5
types; namely A, AB, B1, B2, and B3 [7]. As for histo-
logical diagnosis of thymomas, they were divided into 2
groups; low risk (A, AB, B1) and high risk (B2, B3).

For analyzing prognosis, recurrence-free survival period
was determined by taking into consideration that the
tumors were slow growing. Furthermore, the correlation
between SUVmax and tumor-related gene expression was
investigated in evaluable cases.

FDG-PET protocol

All patients fasted for at least 6 h before undergoing the
FDG-PET examination, though they were allowed to ingest
a sugar-free drink. The intravenous '*F-FDG dose was set
according to body weight, with 4 MBqg/kg given to those
weighing <55 kg and 222 MBqg/kg given to those weighing
55 kg or more. PET images were obtained at 1 h after
'"E_FDG administration.

For PET imaging, a Biograph Sensation 16 or Biograph
LSO (Siemens, Erlangen, Germany) device was used, and
images were obtained at sites ranging from the meatus of
the ear to the mid-thigh. Imaging was performed at 6-8 bed
in accordance with the body height of the patient. To
reduce radiation exposure, CT was performed at a low dose
of 9 Eff. mAs. SUVmax was determined by setting the
volume of interest (VOI) using Syngo.via (Siemens
Healthcare, Forchheim, Germany).

Measurement of tumor-related gene expression

Excised specimens were thinly sliced and then tumor
segments were collected by micro-dissection to extract
mRNA. RT-PCR was performed according to Danenberg’s
method [8] for semi-quantitation of mRNA of tumor-rela-
ted genes (Response Genetic Inc., New York, USA),
including excision repair cross-complementation group 1
(ERCC1), topoisomerase-1 (TOPO1), epidermal growth
factor receptor (EGFR), vascular endothelial growth factor
(VEGF), thymidylate synthase (TS) and dihydropyrimidine
dehydrogenase (DPD).

Statistics

Values are shown as the mean £ SD. For comparisons
between groups, an unpaired ¢ test was used, while analysis
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of variance (ANOVA) was used for comparing among 3 or
more groups. Survival rate was calculated by the Kaplan—
Meier method. A log-rank test was used for comparisons
among groups. Receiver operating characteristic (ROC)
curve analysis was done to estimate the optimal sensitivity
and specificity in the prediction of recurrence according to
different cutoff levels of SUV levels, using MedCalc
ver.12.7.7 (Ostend, Belgium). A risk rate of 5 % or below
was considered to be significant.

Results

Patient backgrounds are shown in Table 1. Eighteen were
classified as clinical stage 1, 9 as stage 2, 5 as stage 3, and 5
as stage 4. Histological type was type A in 4 patients, type
AB in 14, type Bl in 3, type B2 in 7, type B3 in 3, and
thymic carcinoma in 6. Masaoka stage did not correlate
with SUVmax.

Mean SUVmax was 3.04 &+ 0.79 in the low-risk and
442 4+ 2.06 in the high-risk thymoma groups (Fig. 1),
which were significantly different (p = 0.0114). Further-
more, SUVmax in the thymic carcinoma group
(9.50 &+ 6.76) was significantly greater than in the thy-
moma groups as a whole (3.48 £+ 1.46) (p < 0.0001). ROC
curve of relationship between SUVmax and recurrence-free
survival is shown in Fig. 2. Area under ROC curve was
0.881 (p < 0.0001). Cutoff value was 4.27. SUVmax of
thymic carcinoma was not <4.27 and low-risk thymoma
was not higher than 4.27.

Five-year recurrence-free survival for the low-risk thy-
moma group was 100 %, whereas that for the high-risk
group was 63 %. Also, the 4-year survival rate for thymic
carcinoma was 54 %. Recurrence-free survival was sig-
nificantly lower in the high-risk thymoma and thymic
carcinoma groups as compared to the low-risk thymoma
group (p = 0.0011).

Recurrence-free survival rates for patients with thymic
epithelial tumor (thymoma + thymic carcinoma) using
an SUVmax cutoff level of 4.27 are shown in Fig. 3.
Five-year survival for those with SUVmax more than
4.27 was 40.9 %, while that for those with a level of
4.27 or less was 95.5 %, which showed a significantly
poor prognosis than those with SUVmax of 4.27 or less
(p = 0.0009).

Tumor-related gene expression was simultaneously
examined in 9 of the 37 patients. Histologic types of the
nine patients were 4 of thymoma (type A: 3, type B3: 1)
and 5 of thymic carcinoma. The relationships between
the relative expression levels of various mRNAs and
SUVmax are shown in Fig. 4. No correlation was
observed among ERCCI1, TOPO-1, EGFR, VEGF, TS,
and DPD.
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Table 1 Patient characteristics

Case Sex Age Masaoka WHO Tumor size SUVmax Induction Adjuvant
stage classification (cm) therapy therapy

1 F 72 I A 33 4.04

2 F 75 I A 33 2.19

3 M 72 I A 2.0 1.12

4 M 71 I A 4.7 3.29

5 F 58 I AB 35 2.58

6 F 62 I AB 5.9 3.43

7 M 39 I AB 52 3.00

8 F 48 I AB 22 2.50

9 F 44 I AB 53 3.09

10 F 45 I AB 4.9 3.23

11 F 63 I AB 3.1 2.78

12 M 76 I AB 35 221 RT 40 Gy

13 M 56 I AB 8.2 3.23

14 F 60 I AB 25 3.00

15 F 58 II AB 7.5 3.22

16 F 65 II AB 7.7 3.64

17 M 79 I AB 2.3 4.20

18 M 70 I AB 39 3.55

19 F 49 I B1 2.7 4.27

20 M 67 I B1 3.6 1.71

21 F 72 II Bl 35 3.58

22 F 81 I B2 11.2 6.29

23 F 73 IVa B2 49 5.92

24 M 39 I B2 22 1.86

25 F 22 111 B2 4.1 2.92

26 M 71 I B2 7.5 4.46 CAMP RT 50 Gy

27 M 64 I B2 1.7 1.22

28 M 72 IVa B2 6.5 3.81

29 F 39 I B3 4.3 3.90 RT 50 Gy

30 F 62 II B3 3.6 6.30 RT 45 Gy

31 F 78 II B3 4.0 7.47

32 M 36 IVb C 42 6.86 RT 50 Gy

33 M 72 I C 42 5.67 RT 60 Gy

34 F 58 111 C 3.6 10.37 RT 48 Gy

35 F 80 111 C 6.0 7.08 CRT

36 M 75 IVb C 5.5 4.36

37 M 53 IVb C 72 22.68 CBDCA + PTX

RT radiotherapy, CAMP cisplatin + adriamycin + methyl-predonisolone, CRT chemoradiotherapy using cisplatin + vinorerbin, CBDCA car-

boplatin, PTX paclitaxel

Discussion

Our findings indicate that SUVmax of FDG-PET reflects
not only the WHO classification, but also serves as a
parameter for predicting prognosis prior to treatment.
Previous reports have shown that SUVmax obtained in
FDG-PET examinations for thymoma and thymic

carcinoma were useful for predicting low- and high-grade
tumors, as defined in the WHO classification [5, 6, 9—11].
Benveniste et al. [5] found that SUVmax levels were dif-
ferent between thymoma and thymic carcinoma, and
reported a significant difference between Type A-B2 and
B3, even in thymoma cases. Similarly, Sung et al. [6] noted
significant differences regarding SUVmax among type
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Fig. 1 SUVmax for thymoma and thymic carcinoma
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Fig. 2 ROC curve showing the optimal sensitivity and specificity in
the prediction of recurrence in relation to the cutoff SUV levels

Fig. 3 SUVmax and prognosis
of thymic epithelial 1
malignancies. The vertical axis
shows recurrence-free survival
and the horizontal axis the o8l
observation period (years).
Filled diamonds SUVmax

A-B1, B2-3, and thymic carcinoma groups. Our results
were similar to those. Furthermore, the SUVmax may be
useful to distinguish low-risk thymoma (SUVmax <4.27)
from thymic carcinoma (SUVmax >4.27). Accordingly, we
consider that FDG-PET findings reflect the WHO classifi-
cation for thymic epithelial tumors. Meanwhile, Benveniste
et al. [5] did not find a correlation between SUVmax and
Masaoka tumor stage. As our results were also similar to
theirs, we propose that FDG-PET results have a stronger
relationship with histological type than Masaoka progres-
sion stage.

Previous studies have suggested that WHO classification
and Masaoka tumor stage might reflect the prognosis of
thymic tumors [1-3]. In the present study of subjects
divided into 3 groups by WHO classification, we found
significant differences regarding prognosis among those
groups. Meanwhile, no previous studies have investigated
whether SUVmax obtained in FDG-PET examinations at
the time of diagnosis have a direct relationship with the
prognosis of patients with thymic tumors. Kaira et al. [12]
compared FDG-PET findings before and after chemother-
apy or radiotherapy in 12 patients with unresectable thymic
epithelial tumors, including 10 with thymic carcinoma, and
analyzed the ratio (T/M ratio) of maximum and mean SUV
in the mediastinum for comparing therapeutic effect and
survival. According to their report, when analyzing only
patients with thymic carcinoma, those with better post-
therapeutic partial metabolic response had better survival.
However, they found no significant difference when all 12
patients were analyzed.

In the present study, we examined 37 patients with
resectable thymoma and thymic carcinoma, and found a
significant difference for recurrence-free survival between
patients divided by an SUVmax cutoff value of 4.27.
SUVmax obtained prior to treatment were significant pre-
dictors of recurrence-free survival. Thus, our findings
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Fig. 4 Correlation between tumor-related gene expression and SUVmax.

Y-axis SUVmax

indicate that FDG-PET is an important examination for
predicting the prognosis of thymic epithelial tumors at the
time of diagnosis.

Since the SUVmax values were high in the high-risk
thymoma and thymic carcinoma groups, demonstrating
high malignancy, we investigated the correlation with
tumor-related genes considered to be possibly important in
thoracic tumors. However, we found no significant corre-
lation with any of the tumor-related genes examined. A
previous study found that VGEF expression was specifi-
cally increased in thymic carcinoma [13]. On the other
hand, we observed no correlation between expression of
the VGEF gene and SUVmax. Among the tumor-related
genes examined, it is known that TS and DP are involved
in nucleic acid metabolism, while ERCCI1 is involved in
DNA repair and TOPO-1 in cell division. We think that the

The X-axis shows the relative expression level of each mRNA and the

genes examined in the present study might not have
showed any correlation because they are not directly
involved in glucose metabolism. Meanwhile, another study
suggested the involvement of EGFR in glucose metabolism
[14], while that was not seen in our results, though that
result might have been affected by the small number of
cases. Because the number of examined cases for each
subtype of thymic epithelial tumors and examined tumor-
related gene expression were limited, additional studies and
case accumulation are necessary.

Conclusion

We found that FDG-PET findings are related with WHO
classification in regard to thymic epithelial tumors.
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Furthermore, recurrence-free survival after surgical resec-
tion was significantly low in cases with an SUVmax of
more than 4.27. Accumulation of additional cases as well
as further detailed studies is important, as thymic epithelial
tumors are rare.
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