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Abstract

Background We investigated the role of 18F-fluorodeoxyglucose positron emission tomography-computed tomog-

raphy (PET-CT) in predicting the effect of induction therapy in patients with thymic epithelial tumors.

Methods Fourteen patients with thymic epithelial tumors who underwent PET-CT before and after induction therapy

were retrospectively analyzed. The relationship between the change in the maximum standardized uptake value

(SUVmax) in PET-CT, the response evaluation criteria in solid tumors and the pathologic response (Ef0, no necrosis

of tumor cells; Ef1, some necrosis of tumor cells with more than one-third of viable tumor cells; Ef2, less than one-

third of tumor cells were viable; and Ef3, no tumor cells were viable) was analyzed.

Results The study cohort consisted of 5 males and 9 females. Nine of the patients had thymoma, and 5 had thymic

carcinoma. The induction therapy included chemotherapy in 9 cases, chemoradiation therapy in 4 cases and radiation

therapy in 1 case. Among the 8 patients with a pathologic response of Ef0/1, 5 were clinically evaluated as having

stable disease (SD), while 3 were found to have had a partial response (PR). The SUVmax was elevated in 2 cases,

unchanged in 1 and decreased in 5. On the other hand, 3 of the 6 patients with a pathologic response of Ef2, 3 were

classified as having SD, while the other 3 had a PR. The SUVmax decreased in all of the patients.

Conclusions In comparison with CT, PET-CT seems to be useful for predicting the pathologic response to induction

therapy in patients with thymic epithelial tumors.

Introduction

Thymic epithelial tumors, which include thymomas, thy-

mic carcinomas and thymic neuroendocrine carcinomas,

are the most common tumors in the mediastinum [1].

Surgical resection is the mainstay of treatment, and the

complete resection of the tumor is considered to be asso-

ciated with a favorable prognosis. In advance-staged cases,

induction therapy [including chemotherapy, chemoradia-

tion therapy (CRT) and radiation therapy] is often con-

sidered. A good response to induction therapy is essential

to achieving a complete resection. Thus, the response to

induction therapy is considered to be important.

Recently, positron emission tomography using 18F-flu-

orodeoxyglucose (FDG-PET) has started to play an

important role in many oncological settings, not only in the

pre-treatment diagnosis but also in the prediction of the

treatment outcome [2, 3]. This imaging technique offers a

holistic approach for the diagnosis of malignant tumors

because it integrates the structural, functional and meta-

bolic information of the tumors. The role of FDG-PET
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computed tomography (PET-CT) in predicting the patho-

logic response to induction therapy has been reported in

several types of malignant tumors, including (but not

limited to) breast cancer [4], pancreatic cancer [5] and

rectal cancer [6]. PET-CT imaging is also utilized in

response evaluation to neoadjuvant therapy in patients with

thoracic malignancies such as primary lung cancer [7, 8],

esophageal cancer [9] and malignant pleural mesothelioma

[10]. However, there have been few reports on the role of

PET-CT in evaluating induction therapy for thymic

epithelial tumors [11, 12]. Furthermore, the relationship

between the pathologic response to induction therapy and

the change in PET-CT findings was not fully investigated.

In this study, we retrospectively analyzed 14 patients

with thymic epithelial tumors who underwent a PET-CT

examination before and after undergoing induction therapy.

The relationships among the change in the maximum

standardized uptake value (SUVmax) and SUV index in

PET-CT, the response evaluation criteria in solid tumors

(RECIST) [13] and the pathologic response were analyzed.

Patients and methods

From May 2007 to December 2014, 14 patients with

invasive thymic epithelial tumors who underwent PET-CT

before and after induction therapies at Nagoya University

Hospital were enrolled in the present study. The definitive

diagnoses of the tumors were obtained by examining

resected or biopsied specimens. These specimens were

reviewed by an experienced pathologist, and the tumors

were classified by the World Health Organization (WHO)

classification. All of the tumors were staged using the

Masaoka-Koga staging system [14]. PET-CT imaging was

performed using the same scanner and the same protocol as

in our previous report [15]. In brief, the patients received

an intravenous injection of 3.7–4.07 MBq/kg of FDG and

then rested for 50–60 min before undergoing imaging.

Image acquisition was performed using a PET/CT scanner

(Biograph16; Siemens Medical Solutions, Erlangen, Ger-

many). The emission PET images were reconstructed using

iterative ordered subset expectation maximization with

non-contrast CT. For the semiquantitative assessment,

regions of interest (ROIs) were overlaid on FDG-avid

tumors, and the SUVmax (the maximum ROI activity

[MBq/g]/injected dose [MBq]/body weight [g]) of each

tumor was measured. In order to normalize SUVmax, the

mean SUV of the right liver lobe (liver SUVmean) for each

patient was also calculated. The normalized SUV was

defined as the SUVindex, which was calculated as the ratio

of tumor SUVmax to liver SUVmean. The mean duration

between PET-CT imaging and the initiation of induction

therapy was 23 ± 13 days. The mean period from the last

date of induction therapy to the second PET-CT imaging

session was 28 ± 18 days. We classified the pathologic

response to induction therapy into four groups (Ef0, no

necrosis of tumor cells; Ef1, some necrosis of tumor cells

with more than one-third of viable tumor cells; Ef2, less

than one-third of tumor cells were viable; and Ef3, no

tumor cells were viable) according to the criteria of the

Japan Lung Cancer Society [16]. The relationships among

the changes in the SUVmax in PET-CT, the RECIST score

and the pathologic response were analyzed.

The Wilcoxon signed-rank test was used for the com-

parison of the SUVmax and SUVindex before and after

induction therapy. p values of \0.05 were considered to

indicate statistical significance. All of the statistical anal-

yses were performed using the STATA Ver. 11 (College

Station, TX, USA) software program. The Institutional

Review Board of the Nagoya University Hospital approved

this retrospective study (approval number: 2014-0100).

Results

The study cohort consisted of 5 males and 9 females who

were from 25 to 71 years of age (median, 60 years).

Pathological examinations of the resected or biopsied

specimens revealed 9 thymomas, including 1 type AB

tumor, 3 type B1 tumors, 4 type B2 tumors and 1 type B3

tumor. The remaining 5 tumors were all diagnosed as

thymic carcinomas, including 4 squamous cell carcinomas

and 1 large cell neuroendocrine carcinoma (Table 1).

Three stage II tumors, 6 stage III tumors and 5 stage IV

tumors were observed. There were no patients with distant

metastasis. The induction therapies that were administered

included chemotherapy (n = 9), chemoradiation therapy

(n = 4) and radiation therapy (n = 1). Eight patients with

thymoma underwent induction chemotherapy using a cis-

platin, doxorubicin and methylprednisolone (CAMP) regi-

men [17]. The distribution of the patients’ pathologic

responses was as follows: Ef0 (n = 1), Ef1 (n = 7) and

Ef2 (n = 6). No patients showed a pathologically complete

response (Ef3), after induction therapy.

The change in the patients’ SUVmax from before to after

induction therapy is shown in Table 1 and Fig. 1. Among

the 8 patients with an Ef0/1 response, 5 (62.5%) were

classified as having stable disease (SD) and 3 (37.5%) were

classified as having a partial response (PR). The SUVmax of

the tumor was elevated in 2 patients (25%), unchanged in 1

(12.5%) and decreased in 5 (62.5%) (reduction rate:

10–37%). No differences were observed in the SUVmax

(p = 0.1824) and SUVindex (p = 0.125) before and after

induction therapy. On the other hand, among the 6 patients

with an Ef2 response, 3 were classified as having SD and 3

were classified as having a PR. The SUVmax decreased in
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all cases (reduction rate: 3–87%). The SUVmax

(p = 0.0277) and SUVindex (p = 0.0277) after induction

therapy were significantly lower than those before induc-

tion therapies.

Figure 2 shows the CT and PET-CT images of a patient

before (a, b) and after (c, d) induction therapy (case 14).

This patient underwent induction CRT due to Masaoka-

Koga stage III squamous cell carcinoma. The maximum

tumor size changed from 7.3 to 6.3 cm (SD). The SUVmax

dramatically decreased from 18.2 to 2.4 (-87%). A

pathological examination of resected tumor showed that

the response was nearly Ef3. In this case, PET-CT seems to

have been more useful for predicting the pathological

response to induction therapy than the CT findings.

Figure 3 demonstrates the receiver operating character-

istic (ROC) curve for predicting good pathological

responders (Ef2). The area under the curve (AUC) was

0.667 when the rate of the reduction in the tumor size on

CT was used (Fig. 3a). The sensitivity and specificity were

88.3 and 62.5%, respectively, when the cutoff point was set

at -27%. On the other hand, the AUC was 0.896 when the

rate of the reduction in the SUVmax on PET-CT was used

(Fig. 3b). The sensitivity and specificity were 88.3 and

100%, respectively, when the cutoff point was set at

-55%. There was little change in AUC (0.8875) by nor-

malizing SUVmax (Fig. 3c).

Table 1 Patient characteristics

Case Age Sex Stage Histology Induction therapy Ef RECIST Tumor size (%) SUVmax SUVindex

Pre Post Change Pre Post Change (%)

1 50 M III B1 CT 0 PR -43 5.3 3.3 -37% 1.59 1.1 -30

2 71 F III SqCC CT 1 SD -16 7 8.7 23% 2.16 2.78 28

3 71 F IVa B3 CT 1 SD -24 4.9 5.1 3% 1.69 1.59 -6

4 62 F II AB CT 1 SD -1 3.2 3.2 0 0.98 0.84 -14

5 33 F IVa B2 CT 1 SD -15 2.6 2.4 -10% 0.95 0.71 -26

6 58 M III B2 CT 1 PR -42 4.3 3.4 -21% 1.52 1.1 -27

7 25 F II B1 CT 1 PR -30 4.9 3.3 -32% 2.07 0.97 -53

8 64 M IVb SqCC CRT 1 SD -15 8.5 5.8 -32% 2.55 1.96 -22

9 64 M II B1 CT 2 PR -33 2.9 2.8 -3% 0.89 0.69 -22

10 54 M IVa B2 CT 2 PR -32 4.3 1.9 -55% 1.29 0.54 -58

11 47 F III B2 RT 2 SD -28 4.4 1.7 -62% 1.52 0.65 -57

12 57 F III LCNEC CRT 2 PR -57 10.7 3.5 -67% 3.61 1.27 -65

13 63 F IVb SqCC CRT 2 SD -27 12.6 2.5 -80% 3.87 0.79 -79

14 60 F III SqCC CRT 2 SD -15 18.2 2.4 -87% 6.03 0.79 -86

Ef0: no necrosis of tumor cells

Ef1: some necrosis of tumor cells with more than one-third of tumor cells were viable

Ef2: less than one-third of tumor cells were viable

Ef3: no tumor cells were viable

Pre: pre-induction therapy

Post: post-induction therapy

CT chemotherapy, RT radiation therapy, CRT chemoradiation therapy, PR partial response, SD stable disease, SUV standardized uptake value,

RECIST response evaluation criteria in solid tumors, LCNEC large cell neuroendocrine tumor, SqCC squamous cell carcinoma

Fig. 1 Change in the SUVmax values from before to after induction

therapy. The SUVmax values decreased in all of the Ef2 cases (-3 to

-87%). The SUVmax in the Ef0/1 cases tended to remain unchanged
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Discussion

The role of PET-CT in thymic epithelial tumors has been

well reported. Most researchers have reported that PET-CT

was useful in the differential diagnosis between thymomas

and thymic carcinomas, because the SUVmax of thymic

carcinoma was significantly higher than that of thymoma

[15, 18, 19]. A few studies have been reported regarding

the role of PET-CT in the evaluation of the treatment

response in thymic epithelial tumors. Kaira et al. [11]

reported the role of FDG-PET in patients with unre-

sectable thymic tumors. They concluded that FDG-PET

might be useful for monitoring the response and prognosis

after treatment in such cases. Thomas et al. [12] evaluated

the utility of PET-CT by analyzing 56 patients with unre-

sectable Masaoka stage III or IV thymic epithelial tumors.

They concluded that there was a close correlation between

the change in the SUV in PET-CT and the subsequent best

response using RECIST. The authors also reported that

metabolic responders whose SUV decreased by C 30%

after treatment showed significantly better progression-free

survival. However, both studies focused on the relationship

between the change in the FDG uptake on PET-CT and the

RECIST score in patients with unresectable thymic

epithelial tumors. To the best of our knowledge, this is the

first report regarding the role of PET-CT in the evaluation

of the pathologic response to induction therapy in patients

with resectable thymic epithelial tumors.

Several studies have documented a relationship

between the change in the SUVmax on PET-CT and the

pathologic response to induction therapy in patients with

other thoracic malignancies, including non-small-cell

lung cancer (NSCLC) and esophageal cancer. Cerfolio

et al. [7] analyzed 56 NSCLC patients who underwent an

FDG-PET scan before and after induction therapy and

reported that repeat FDG-PET can predict the pathologic

response to induction therapy. Out of 56 patients, 19

patients were complete pathologic responders (CPRs).

The AUC of ROC curve for CPR was 0.935, which is

considered to be quite high. Kukar et al. [9] investigated

the role of repeat PET-CT in predicting the pathologic

response following induction CRT for esophageal ade-

nocarcinoma. Out of 77 esophageal adenocarcinoma

patients who underwent PET-CT before and after

induction CRT, 22 patients were CPRs and the rest were

incomplete pathologic responders (IPRs). The authors

reported that patients with a \45% decrease in their

SUVmax were more likely to be IPRs, with a positive

predictive value of 91.7%. Unfortunately, there were no

CPRs in our study cohort. However, patients presenting a

CPR might appear in a larger cohort or after new

induction chemotherapy regimens are introduced.

Fig. 2 CT and PET-CT findings of a representative patient with thymic carcinoma (a 61-year-old female, Masaoka stage III) before (a, b) and

after (c, d) induction therapy. The maximum tumor size decreased from 7.3 to 6.3 cm (SD). The SUVmax dramatically decreased from 18.2 to 2.4
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Our retrospective analysis is associated with some lim-

itations. First, the number of patients was small; however,

to our knowledge, this is the first report to show the rela-

tionship between the change in the SUVmax on PET-CT

and the pathologic response to induction therapy in patients

with invasive thymic tumors. Second, the period from the

last date of induction therapy to the second PET-CT

imaging showed some range (mean 28 ± 18 days).

Thirdly, the method for determining the SUVmax varies

between institutions because they use different recon-

struction algorithms and methods for drawing the ROI. One

method of making the SUVmax universal would be to cal-

culate the ratio of SUVmax of the tumors and the mean SUV

of the mediastinum [19]. Correcting the SUVmax by the

mean liver SUV is another method [20]. Even though some

additional steps are required to calculate these adjusted

SUVmax, it would be necessary to employ these methods to

perform multi-institutional prospective studies. In our ser-

ies, all of the patients underwent PET-CT imaging at our

institution using the same machine and the same protocols,

which is considered to be the strength of this study. Lastly,

the variety of induction therapy (chemotherapy, radiation

therapy and chemoradiation therapy) is also considered to

be the limitation of this study.

Conclusions

In comparison with CT, PET-CT seems to be a useful

modality for predicting the pathologic response of induc-

tion therapy in patients with invasive thymic epithelial

tumors. Validations using larger study cohorts are needed

to confirm our findings.

Fig. 3 Receiver operating characteristic curve for predicting patho-

logical good responders (Ef2). The area under the curve values using

the rate of the reduction in the tumor size on CT (a), the rate of the

reduction in the SUVmax value on PET-CT (b) and SUVindex (c) was

0.667, 0.896 and 0.8875, respectively
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