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Abstract
Purpose  An accurate diagnosis of thymic malignancies is important, but challenging due to the broad range of differential 
diagnoses. This study aims to evaluate the efficacy of PET/CT and tumor markers for diagnosing thymic malignancies.
Methods  Patients admitted to our department between January 2012 and December 2021 with primary anterior mediasti-
nal tumors were retrospectively evaluated. We evaluated the relationship between the maximum standardized uptake value 
(SUVmax), tumor markers, and pathological diagnosis in four groups: thymic carcinoma, thymoma, lymphoma, and others.
Results  In total, 139 patients were included in this study. The SUVmax was significantly higher in lymphoma, thymic carci-
noma, and thymoma, in that order. The cytokeratin 19 fragment (CYFRA 21-1) was significantly higher in thymic carcinoma 
than in the other groups. An ROC curve analysis indicated that the optimal cut-off values of SUVmax for thymic carcinoma 
plus lymphoma and CYFRA 21-1 for thymic carcinoma were 7.97 (AUC = 0.934) and 2.95 (AUC = 0.768), respectively. 
Using a combination of cut-off values (SUVmax = 8, CYFRA 21-1 = 3), the accuracy rate for diagnosing thymic carcinoma 
was 91.4%.
Conclusions  The SUVmax and CYFRA 21-1 levels are significant indicators for the diagnosis of thymic carcinoma. Combin-
ing these indicators resulted in a more accurate diagnosis of thymic malignancies, which could facilitate the decision-making 
process for determining the optimal treatment strategies.

Keywords  Thymic malignancy · Thymic neoplasm · Anterior mediastinal tumor · Primary mediastinal lymphoma · PET/
CT

Introduction

An accurate diagnosis of anterior mediastinal tumors plays 
an important role in determining the treatment strategy; 
however, the broad differential diagnosis makes this chal-
lenging. The most common histological type is thymic epi-
thelial tumor (accounting for 35%), followed by malignant 
lymphoma (approximately 25%) [1]. There are other his-
tological types such as germ cell tumors, neuroendocrine 
tumors (NET), cystic lesions, and other atypical lesions, in 
addition to major tumors. For resectable lesions, the treat-
ment strategy (i.e., initial surgery or preoperative biopsy) 

was determined based on the findings of a differential 
diagnosis.

Thymic epithelial tumors include thymomas, thymic car-
cinomas, and NET [2, 3]. The standard procedure for resect-
able thymic epithelial tumor is complete thymectomy under 
median sternotomy [4]. Thymic carcinoma and NET have 
more malignant potential with frequent lymph-node involve-
ment and invasion of tissues other than thymoma, result-
ing in a poor prognosis [5]. However, for thymoma without 
myasthenia gravis, there are some reports that the prognosis 
after limited resection or minimally invasive surgery is simi-
lar to that after complete thymectomy [6–8]. Nevertheless, 
preoperative differentiation between thymoma, thymic car-
cinoma, and NET remains challenging.

In contrast, chemotherapy is generally indicated for 
malignant lymphoma [except for limited mucosa-associated 
lymphoid tissue (MALT) lymphoma] after making a defini-
tive diagnosis; therefore, if the anterior mediastinal tumor is 
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suspected to be malignant lymphoma, then a biopsy should 
be performed [9]. Some markers such as soluble interleu-
kin-2 receptor antibody (sIL-2R Ab) and lactate dehydroge-
nase (LDH) can help narrow down the differential diagnosis; 
however, there are some lymphoma cases in which an eleva-
tion of these markers is not observed [10, 11]. In fact, 3.7% 
of patients who underwent diagnostic surgery for suspected 
thymic epithelial tumor were diagnosed with malignant lym-
phoma after surgery [12]. To avoid unnecessary surgery, the 
preoperative differential diagnosis should therefore be more 
accurate.

Magnetic resonance imaging and computed tomogra-
phy are generally used as preoperative imaging examina-
tions, although their contribution to preoperative diagnosis 
is limited [13]. Recently, positron-emission tomography/
computed tomography (PET/CT) has been reported as a 
practical differential diagnostic tool for anterior mediasti-
nal tumors, especially for distinguishing between thymoma 
and lymphoma, thymoma and thymic carcinoma, and even 
for predicting the histological type of thymoma [14–16]. 
Additionally, some tumor markers such as cytokeratin 19 
fragment (CYFRA 21-1) and neuron-specific enolase (NSE) 
for thymic carcinoma, as well as sIL-2R Ab and LDH for 
lymphoma, have been reported to be efficient auxiliary diag-
nostic tools [17, 18]. However, these imaging examinations 
and tumor markers have been evaluated only in isolation. 
Therefore, we hypothesized that the combination of PET/
CT and tumor markers could facilitate narrowing of the dif-
ferential diagnosis. This study aimed to evaluate the efficacy 
of combined prediction using PET/CT and tumor markers 
for the differential diagnosis while focusing on thymic carci-
noma, thymoma, and malignant lymphoma, which are clini-
cally important and frequently occurring tumors.

Methods

Patients

The patients admitted to our department between January 2012 
and December 2021 with anterior mediastinal tumors were ret-
rospectively evaluated. Data, including patient characteristics, 
blood test results, PET/CT imaging, and pathological diag-
nosis, were collected from the medical records. Patients who 
received a definitive diagnosis of anterior mediastinal tumor 
through either biopsy or surgery were included. The exclusion 
criteria were as follows: (i) metastatic tumor, (ii) assessment 
performed after treatment, (iii) PET/CT not performed, and 
(iv) borderline tumor with indeterminate pathological diagno-
sis. The data for patients with no radiological reports of PET/
CT or without the numeric data for the maximum standardized 
uptake value (SUVmax) at 60 min after the intravenous admin-
istration of 18-fludeoxyglucose were excluded and treated as 

missing data. This study was approved by the Institutional 
Review Board of University of Tsukuba Hospital (August 10, 
2022, R04-103). The requirement for informed consent was 
waived due to the retrospective design of the study.

Evaluation

The patients were divided into four groups according to the 
pathological diagnosis as follows: thymic carcinoma, includ-
ing NET, thymoma, lymphoma, and others. We compared the 
following clinical data between the pathological groups: age; 
SUVmax; tumor markers such as LDH, sIL-2R Ab, carci-
noembryonic antigen (CEA), α-fetoprotein (AFP), CYFRA 
21-1, squamous cell carcinoma antigen (SCCA), pro-gastrin-
releasing peptide (proGRP), and NSE. For thymic carcinoma, 
including NET and lymphoma groups, the relationships with 
their histological subtypes and significant values obtained in 
the previous evaluations were also assessed.

Positron emission tomography protocol

PET/CT was conducted in most of the patients at the advanced 
imaging center affiliated with our institution and was per-
formed as an auxiliary tool for the differential diagnosis at the 
discretion of the attending physician according to the follow-
ing regulations: (i) patients had to avoid oral intake and exer-
cise for 6 h and 24 h prior to the examinations, respectively; 
(ii) blood glucose levels had to be below 180 mg/dl before the 
examination. PET/CT was performed 60 min after the intra-
venous injection of 18-fludeoxyglucose at a dose calculated 
based on the patient’s body weight.

Statistical analysis

Each value is expressed as the mean ± standard deviation. The 
amount of variation in SUVmax and tumor markers was evalu-
ated using a one-way analysis of variance between the groups, 
followed by Bonferroni correction in the groups with signifi-
cant differences as a multiple-comparison correction. Sensi-
tivity, specificity, and area under the curve (AUC) were cal-
culated using receiver-operating characteristic (ROC) curves. 
The optimal cut-off values were determined with an emphasis 
on specificity to avoid any overdiagnosis. Data were analyzed 
using the SPSS version 27.0 software program (IBM Corpora-
tion, NY, USA). Statistical significance was set at P < 0.05.

Results

Patients

Of the 207 patients with anterior mediastinal tumors, 68 
were excluded for the following reasons: (i) metastatic 
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tumor (n = 8), (ii) assessment carried out after treatment 
(n = 2), (iii) PET/CT not performed (n = 57), and (iv) bor-
derline tumor with an indeterminate pathological diagnosis 
(n = 1). In total, 139 patients were enrolled in this study. 
Four patients underwent PET/CT at other institutions.

Comparison between the pathologic groups

The characteristics of the clinical data are shown in Table 1, 
thus allowing for comparisons between the pathological 
groups. The number of cases (number of resected cases) 
of thymic carcinoma, including NET, thymoma, and lym-
phoma, was 16 (11), 78 (77), and 15 (1), respectively. Sig-
nificant differences between the groups were found in age, 
SUVmax, LDH, sIL-2RAb, CYFRA 21-1, and NSE levels. 
Figure 1 shows detailed comparisons between the pathologi-
cal groups for clinical data showing significant differences. 
SUVmax was significantly higher in lymphoma, thymic car-
cinoma including NET, and thymoma, in that order (Fig. 1b). 
CYFRA 21-1 was significantly higher in thymic carcinomas, 
including NET, than in all other groups (Fig. 1c). sIL-2R Ab 
and LDH levels were also significantly higher in lymphoma 
than in all other groups (except for LDH values in thymic 
carcinoma, including NET) (Fig. 1d, e). 

ROC curves

Tumor markers that were significantly higher than those in 
any other group were further evaluated using ROC curves. 
The ROC curves for SUVmax for the diagnosis of thymic 
carcinoma, including NET and lymphoma, and thymic 
carcinoma, including NET and lymphoma, are shown in 
Fig. 2a–c. The cut-off values for SUVmax for the diagno-
sis of lymphoma, thymic carcinoma including NET, and 
thymic carcinoma including NET and lymphoma were 12.32 
(AUC = 0.934, specificity = 0.916, sensitivity = 0.867), 7.97 
(AUC = 0.798, specificity = 0.768, sensitivity = 0.800), and 
7.97 (AUC = 0.934, specificity = 0.900, sensitivity = 0.867), 
respectively.

The ROC curve for CYFRA 21-1 in the diagnosis of 
thymic carcinoma, including NET, is shown in Fig. 2d. 
The optimal cut-off value was 2.95 (AUC = 0.768, speci-
ficity = 0.961, sensitivity = 0.385). The ROC curve for sIL-
2R Ab in the diagnosis of lymphoma is shown in Fig. 2e. 
The optimal cut-off value was 806 (AUC = 0.958, specific-
ity = 0.982, sensitivity = 0.800).

Combination of SUVmax and tumor markers

Figure  3a shows the relationship between SUVmax, 
CYFRA 21-1 and pathological diagnosis (n = 93). The cut-
off values were set at 8.0 for SUVmax and 3.0 for CYFRA 
21-1 considering the results of the ROC curves, as shown Ta
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in Fig. 3. Thymic carcinomas, including NET, tend to be 
located in the right upper area (high SUVmax and high 
CYFRA 21-1), whereas lymphoma tends to be located in 
the left upper area (high SUVmax and low CYFRA 21-1). 
The thymomas tend to be located in the lower area (low 
SUVmax). The accuracy rate for the diagnosis of thymic 
carcinoma including NET was 91.4% (specificity = 98.7, 
sensitivity = 41.6) using cut-off values (SUVmax = 8.0, 
CYFRA 21-1 = 3.0). Figure 3b shows the relationship 
between SUVmax, sIL-2R Ab, and pathological diagnosis 
(n = 105). The cut-off values were set at 12 for SUVmax 
and 800 for sIL-2R Ab, considering the results of the ROC 
curves, as shown in Fig. 3b. With respect to the diagno-
sis of lymphoma, the accuracy rate was 94.2% (specific-
ity = 97.78%, sensitivity = 73.33%) using cut-off values 
(SUVmax = 12, sIL-2R Ab = 800).

Histological subtypes

For thymic carcinomas, including NET, the histological sub-
types were classified into five categories: squamous cell carci-
noma, poorly differentiated squamous cell carcinoma, poorly 
differentiated carcinoma, typical carcinoid, and atypical carci-
noid (Fig. 4a). CYFRA 21-1 tended to be high in poorly differ-
entiated carcinomas. The histological subtypes of lymphoma 
were classified into four categories: MALT, B-cell, T-cell, and 
Hodgkin lymphomas (Fig. 4b). SUVmax tended to be low in 
patients with MALT lymphoma.

Fig. 1   Detailed comparison of the clinical data between the patholog-
ical groups (A: Age, B: SUVmax, C: CYFRA 21-1, D: LDH, E: sIL-
2R Ab, F: NSE). B SUVmax was significantly higher in Lymphoma, 
Thymic carcinoma including NET, and Thymoma, in that order. C 
CYFRA 21-1 was significantly higher in Thymic carcinoma includ-
ing NET compared to all other groups. D, E sIL-2R Ab and LDH 
were significantly higher in Lymphoma compared to all other groups 
(except for LDH values in thymic carcinoma including NET). F NSE 
was significantly higher in Lymphoma than in Thymoma and Others. 

The upper and lower borders of the boxes represent upper and lower 
quartiles. The horizontal line indicates the median value. The crosses 
represent the mean values. The whiskers show the minimum and 
maximum values, excluding outliers. *P < 0.05 and **P < 0.01 repre-
sent significant differences between the pathological groups. CYFRA 
21-1: Cytokeratin 19 fragments. NET, neuroendocrine tumor; NSE, 
neuron-specific enolase; LDH: Lactate dehydrogenase; sIL-2R, solu-
ble interleukin-2 receptor antibody; SUVmax: maximum standard 
uptake value
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Discussion

The treatment strategy for anterior mediastinal tumors, 
including the surgical indications, preoperative biopsy, 
or initial surgery, changes depending on the preoperative 
diagnosis, particularly for resectable lesions. In this study, 
we evaluated the efficacy of the combination of PET/CT 
and tumor markers for the differential diagnosis of clini-
cally important and frequently occurring tumors, including 
thymic carcinoma, thymoma, and malignant lymphoma, in 
keeping with clinically relevant situations.

A tumor marker analysis showed that sIL-2R Ab and 
LDH levels were significantly higher in lymphomas. In 
limited-stage malignant lymphoma, elevations in LDH and 
sIL-2R Ab have been observed in 50–80% and 55% of 
patients, respectively [10, 11]. Additionally, B symptoms 
are present in less than 20% of patients [11]. As these 
rates could differ depending on the histological subtypes, 
the preoperative accuracy, which can be achieved using 
these values in addition to imaging examinations, such 

as computed tomography and magnetic resonance imag-
ing, would not be sufficiently high to determine the treat-
ment strategy. As a matter of fact, this study includes a 
patient who was first diagnosed with malignant lymphoma 
through surgery.

In this study, CYFRA 21-1 was also significantly higher 
in thymic carcinomas, including NET, than in other groups, 
such as thymoma and malignant lymphoma. Additionally, 
CYFRA 21-1 tends to be higher in poorly differentiated 
(squamous cell) carcinoma than in other types of tumors, but 
there was no significant difference between the histological 
subtypes of thymic carcinoma. CYFRA 21-1 was reported 
by Shiiya et al. to be an efficient marker for the diagnosis 
of thymic carcinoma [17]. In their report, the cut-off value 
for the differential diagnosis between thymic carcinoma and 
thymoma was set at 2.7 (AUC = 0.86, specificity = 95.2, 
sensitivity = 68.8). The AUC was higher than that in our 
study, which could be due to the larger number of thymic 
carcinoma cases (n = 32) and exclusion of carcinoids in their 
study. However, there were also no significant differences in 

Fig. 2   ROC curves for the SUVmax for the diagnosis of A 
thymic carcinoma including NET (AUC = 0.798), B lymphoma 
(AUC = 0.934), and C thymic carcinoma including NET and lym-
phoma (AUC = 0.934). D ROC curve for CYFRA 21-1 for the diag-
nosis of thymic carcinoma including NET (AUC = 0.768). E ROC 

curve for sIL-2R Ab for the diagnosis of lymphoma (AUC = 0.958). 
CYFRA 21-1: Cytokeratin 19 fragment, NET: Neuroendocrine tumor, 
sIL-2R Ab: Soluble interleukin-2 receptor antibody, SUVmax: Maxi-
mum standard uptake value
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CYFRA 21-1 between the histological subtypes of thymic 
carcinoma, which was similar to our findings.

Despite its low frequency, thymic carcinoma has a vari-
ety of histological subtypes. Although thymic carcinoids are 
classified as thymic neuroendocrine neoplasms rather than 
thymic carcinomas, the characteristics of thymic carcinoids 
(such as low frequency, high invasiveness into surround-
ing tissues and lymph nodes, and the surgical indications 
for resectable lesions) are similar to those of thymic car-
cinomas; therefore, these tumors were classified as thymic 
carcinomas including NET in this study [2].

The SUVmax was significantly higher in lymphoma, 
thymic carcinoma including NET, and thymoma, in that 
order. There were significant differences between the 
groups, suggesting that SUVmax is an efficient indicator. 
These differences have been reported between thymoma and 
lymphoma or between thymoma and thymic carcinoma, and 
even for the prediction of histological types of thymoma 
[14–16]. Although a significant difference was observed 
between lymphoma and thymic carcinoma, there was some 
overlap, as shown in Fig. 1b. This differential diagnosis 
divides the options for the next strategy into initial surgery 

Fig. 3   A Relationship between the SUVmax, CYFRA 21-1 and 
the pathological diagnosis (n = 93). Thymic carcinoma tends to be 
located in the right upper area (high SUVmax and high CYFRA 
21-1), and lymphoma tends to be located in the left upper area (high 
SUVmax and low CYFRA 21-1). Focusing on the diagnosis for 
thymic carcinoma including NET, the accuracy rate was 91.4% (spec-
ificity = 98.7%, sensitivity = 41.6%) using the cut-off values (SUV-
max = 8.0, CYFRA 21-1 = 3.0). The red dotted line shows the cut-off 
values set at 8.0 for SUVmax and 3.0 for CYFRA 21-1. B Relation-

ship between the SUVmax, sIL-2R Ab, and the pathological diagno-
sis (n = 105). Focusing on the diagnosis for lymphoma, the accuracy 
rate was 94.2% (specificity = 97.78%, sensitivity = 73.33%) using the 
cut-off values (SUVmax = 12, sIL-2R Ab = 800). The blue dotted line 
shows the cut-off values set at 12 for SUVmax and 800 for sIL-2R 
Ab. CYFRA 21-1: Cytokeratin 19 fragment, NET: Neuroendocrine 
tumor, sIL-2R Ab: Soluble interleukin-2 receptor antibody, SUVmax: 
Maximum standard uptake value

Fig. 4   A Histological subtypes in thymic carcinoma including NET. 
CYFRA 21-1 tended to be high in poorly differentiated carcinoma. 
B Histological subtypes in lymphoma. SUVmax tended to be low in 

MALT lymphoma. CYFRA 21-1: cytokeratin 19 fragment, MALT: 
mucosa-associated lymphoid tissue, NET: neuroendocrine tumor, 
SUVmax: maximum standard uptake value
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or biopsy; however, it would be difficult to distinguish them 
preoperatively based on the SUVmax alone.

The accuracy rate for the diagnosis of thymic carcinoma, 
including NET, was as high as 91.4% (specificity = 98.7, sen-
sitivity = 41.6) using optimal cut-off values (SUVmax = 8, 
CYFRA 21-1 = 3). Although an elevation of CYFRA 21-1 
in thymic carcinoma is not frequent, its accuracy can be 
enhanced when combined with SUVmax. The same can be 
said for lymphoma using cut-off values (SUVmax = 12, sIL-
2R Ab = 800) to achieve an accuracy rate of 94.2% (specific-
ity = 97.78%, sensitivity = 73.33%). Consequently, the com-
bination of PET/CT and tumor markers can contribute to a 
more precise differential diagnosis of anterior mediastinal 
tumors.

Kanou et al. reported an SUVmax cut-off value of 5 
(specificity = 0.75, sensitivity = 0.90) for distinguishing 
between thymic carcinoma and thymoma, which was lower 
than that in our report [16]. This may be because our cut-
off value of 8 (specificity = 0.768, sensitivity = 0.800) was 
set with an emphasis on specificity to minimize the number 
of false-positive patients considering the additional risks 
of biopsy, as resectable thymic epithelial tumors should be 
treated with initial surgery according to the guidelines [19, 
20]. The other candidate cut-off value was 6.36 (Fig. 2a), 
which was closer to that of Kanou et al. Byrd et al. also 
reported that a cut-off value of SUVmax less than 7.5 was 
highly suggestive of resectable thymoma, while a value 
greater than 12.85 was highly suggestive of lymphoma, 
which was similar to our findings [14].

While a limited resection is gaining acceptance for thy-
moma, sternotomy should be indicated for thymic carcinoma 
to achieve complete resection, which is one of the most sig-
nificant prognostic factors [19, 21, 22]. Additionally, some 
reports suggested that systematic lymph-node dissection 
should be performed in cases of thymic carcinoma or NET 
because of the high rate of lymph-node involvement [3, 22, 
23]. This method can also be beneficial for determining the 
surgical approach or range of resection preoperatively, which 
may contribute to better surgical outcomes.

A preoperative biopsy is considered in cases of unre-
sectable lesions or in cases where malignant lymphoma 
or malignant germ cell tumors are suspected. In cases of 
thymic epithelial tumor, a biopsy could result in tumor 
implantation along the puncture route or pleural dissemi-
nation; therefore, initial surgery is recommended [24]. 
According to the European Society for Medical Oncol-
ogy clinical practice guidelines, postoperative adjuvant 
radiation is considered for TNM stage I or higher in 
thymic carcinoma and TNM stage III or higher in thy-
moma [20]. Because thymic carcinoma tends to be found 
at an advanced stage, most cases of thymic carcinoma 
are treated with postoperative radiation therapy. The 

implantation risk due to preoperative biopsy could be off-
set to some degree by postoperative radiation in thymic 
carcinoma, therefore; a preoperative biopsy might be 
acceptable in such cases [19, 20]. In other words, the dif-
ferential diagnosis not between lymphoma and others, but 
between thymic carcinoma in addition to lymphoma and 
others, could be an efficient method to decide the optimal 
treatment strategy for cases with high SUVmax (SUV-
max > 8.0) that do not fit the criteria (CYFRA 21-1 > 3.0 
or sIL-2RAb > 800) described above.

This study is associated with three limitations. First, it 
was a retrospective, single-site study. The analyzed data 
included missing data owing to the retrospective design 
of the study. PET/CT was conducted at the discretion of 
the attending physician. Therefore, PET/CT tended to be 
omitted in patients with suspected benign or small tumors. 
Moreover, if indicated, such tumors tended to present with 
a low uptake, which was displayed as non-numeric data 
labeled as “slight uptake” in our institution (minimum 
SUVmax = 1.49). These cases were categorized as having 
‘missing data’. Second, we enrolled patients with anterior 
mediastinal tumors, regardless of whether or not the tumor 
was resectable. The degree of tumor progression could 
influence the PET/CT results and tumor markers. Moreo-
ver, in unresectable cases, the accuracy of the pathological 
diagnosis could be limited, because only small specimens 
were obtained through needle biopsy. Third, we catego-
rized thymic carcinoid as “thymic carcinoma including 
NET”, even though thymic carcinoid has been classified 
as thymic NET rather than thymic carcinoma, in light of 
their similar treatment strategy. These histological sub-
types have different features that can affect the results.

In conclusion, SUVmax and CYFRA 21-1 are sig-
nificant indicators for the diagnosis of thymic carcinoma 
and lymphoma. An SUVmax higher than 8 could be an 
efficient indicator for the diagnosis of thymic carcinoma, 
including NET, in addition to lymphoma. Both an SUV-
max higher than 8 and CYFRA 21-1 higher than 3.0 can be 
predictors of thymic carcinoma. The combination of these 
values demonstrated a more accurate preoperative diagno-
sis of anterior mediastinal tumors, which could contribute 
to the decision-making regarding the treatment strategies.
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