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Abstract. The present study retrospectively examined
the diagnostic utility of adding positron emission tomog-
raphy (PET) or magnetic resonance imaging (MRI) to
computed tomography (CT) alone for preoperative diagnosis
of anterior mediastinal tumors. A total of 104 consecutive
patients who had undergone surgical resection of anterior
mediastinal tumors were divided into two groups: Additional
PET to another modality and no additional PET to another
modality, and further subdivided into three groups: CT alone,
additional MRI to CT and additional PET to CT. The sensitivity,
specificity, and accuracy for diagnosing malignant tumors in
each subgroup was calculated. Comparing the two groups, the
diagnostic sensitivity was similar for additional PET (98.0%)
and no additional PET (95.2%) groups; however, the specificity
and accuracy for additional PET (75.0 and 92.2%, respectively)
were significantly improved compared with no additional PET
(31.6 and 65.0%, respectively). In the subgroup analysis, adding
PET to CT showed an improvement in specificity and positive
predictive value for detecting malignant tumors, compared
with either additional MRI to CT or CT alone. Additional PET,
but not MRI, has advantages over CT alone in clinically distin-
guishing benign from malignant tumors of the mediastinum.

Introduction

Anterior mediastinal tumors, including various types of
neoplasms, are relatively rare (1,2). Although percutaneous
needle biopsy is being used more frequently to obtain a
pathological diagnosis, more invasive procedures need to be
performed to obtain adequate tissue due to their size, location
and heterogeneity and patient characteristics (3-5). Therefore,
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the preoperative diagnosis of anterior mediastinal tumors is
comprehensively determined by their clinical presentation
and several imaging modalities, including computed tomog-
raphy (CT), magnetic resonance imaging (MRI) or positron
emission tomography (PET). Although essential for the
detection of anterior mediastinal tumors, CT alone cannot
differentiate between benign and malignant tumors in some
cases (5). To improve the accuracy of preoperative diagnosis,
MRI and/or PET is added to CT, depending upon the surgeon's
discretion following guidelines (5). Aside from tumor detec-
tion, MRI is useful in the qualitative assessment of tumors
such hemorrhagic or inflammatory thymic cysts that mimic
solid tumors (6,7). The utility of PET for the clinical diag-
nosis of malignant tumors, including thymoma and thymic
cancer, has been reported in numerous publications (8-19).
Fluorodeoxyglucose (FDG) accumulation in high-risk
thymoma, particularly thymic carcinoma, is evidently greater
compared with in low-risk thymoma (10-18,20). The role of fluo-
rodeoxyglucose-positron emission tomography (FDG-PET)
in differentiating benign and malignant thymic masses has
been previously evaluated by several small-scale studies (21).
Therefore, the clinical significance of PET in distinguishing
malignant from benign anterior mediastinal tumors is still
unclear. Furthermore, the diagnostic accuracy of CT for
malignant anterior mediastinal tumors may further improve
by addition of PET or MRI, but it remains unclear whether
either adding PET or MRI is useful. Accurate diagnosis of
benign tumors by imaging modalities is important to avoid
unnecessary open thoracotomy. The present study aimed to
elucidate the functionality of adding a PET or MRI to CT in
the diagnosis of the anterior mediastinal tumors, compared
with CT alone. The present study retrospectively analyzed
the sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) for these modalities.

Patients and methods

Population. The study was a retrospective analysis of the
medical records of 104 consecutive patients (52 males and
52 females; age range, 1-84 years, mean age 54.0 years) who
had undergone surgery for anterior mediastinal tumor at the
Department of General Surgical Science at Gunma University
(Gunma, Japan) between April 2003 and March 2015. Patients
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who had undergone percutaneous biopsy during the same
period for a preoperative diagnosis were excluded from the
present study. All patients had undergone clinical examina-
tion, chest X-rays and CT of the chest; additional PET and/or
MRI were determined by each surgeon during the preoperative
diagnosis. In the subgroup analysis, 31 patients with both addi-
tional PET and MRI to CT were excluded to directly compare
with the advantages of additional PET vs. MRI to CT in the
clinical diagnosis of anterior mediastinal tumors. It is diffi-
cult to determine the effect of adding either PET or MRI on
accurate diagnosis in anterior mediastinal tumors in patients
with additional PET and MRI. The study was approved by the
ethics committee of the Gunma University Hospital.

FDG-PET imaging. Patients fasted for at least 4 h before
BE-FDG PET examination. Patients received intravenous
FDG at a dose of 200-250 million Becquerels (MBq)
~1 h before imaging. Image acquisition was performed
using the Advance NXi PET scanner (GE Healthcare)
and the Discovery (LS) PET scanner (GE Healthcare).
Three-dimensional emission scanning was performed from
the groin area up to the top of the skull. The PET images
were reviewed independently by two experienced physicians.
The data obtained were reconstructed by iterative ordered
subset expectation maximization. To evaluate ®F-FDG
accumulation, each tumor was examined visually and the
maximum standardized uptake value (SUV) of the entire
tumor was determined.

Preoperative diagnosis and data analysis. The radiological
findings on CT, MRI or PET were examined by two radi-
ologists from the Gunma University Graduate School of
Medicine who specialized in diagnosing mediastinal lesions.
Final preoperative diagnosis was comprehensively determined
by clinical presentation and several imaging modalities that
were discussed in a conference that involved chest radiologists,
physicians and thoracic surgeons. Pathological diagnosis was
confirmed on surgically resected specimens. Clinical preoper-
ative diagnosis and surgical pathological diagnosis, as well as
sensitivity, specificity, PPV, NPV and accuracy were compared
among the patient groups. Specifically, patients were divided
into two groups: Additional PET to another modality and no
additional PET to another modality. The patients were further
subdivided into three groups to compare with the advantages
of additional PET vs. MRI to CT in the clinical diagnosis of
anterior mediastinal tumors: 1) CT alone; ii) additional MRI to
CT and iii) additional PET to CT.

Statistical analysis. McNemar's test was used to compare the
sensitivities, specificities and overall accuracies of additional
PET or MRI to CT. Student's t-test and 7 test were used to
compare continuous and categorical variables, respectively.
Calculations and statistical tests were performed using
JMP 5.0 (SAS Institute Inc.). P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Pathological diagnosis of anterior mediastinal tumors.
Among the 104 patients included in the present study,

Table I. Pathological diagnosis of anterior mediastinal tumors
after surgical resection.

Pathological diagnosis No. (%)

Benign
Thymic cysts 18 (17.3)
Mature teratoma 6 (5.8)
Bronchogenic cysts 3 (29
Pericardial cysts 3 (2.9
Other 5 (4.8)
Total (Benign) 35(33.7)

Malignant
Thymoma 51 (49.0)
Thymic carcinoma 8 (71.7)
Thymic carcinoid 4 (3.8)
Germinoma 2 (1.9
Other 4 (3.8)
Total (Malignant) 69 (66.3)

69 (66.3%) had malignant tumors, including thymoma (n=51),
thymic cancer (n=_8), thymic carcinoid (n=4), and germinoma
(n=2) (Table I). Two malignant lesions, from the stomach
and the thyroid, were of metastatic origin. The remaining
35 patients (33.7%) had benign lesions, including thymic cysts
(n=18), mature teratoma (n=6), bronchogenic cysts (n=3),
pericardial cysts (n=3), and others (n=5), such as neurogenic
tumors, lymphangioma, fibroinflammatory lesions, cavernous
hemangioma and chondroma.

Comparison of clinical factors with or without additional
PET to another modality for the detection of anterior medias-
tinal tumors. Due to increased glucose metabolism, malignant
tumors typically demonstrate higher FDG uptake compared
with benign tumors (Figs. 1 and 2). The proportion of the
patients who underwent imaging modalities with additional
PET and those without additional PET for preoperative diag-
nosis were 62.5% (n=65) and 37.5% (n=39), respectively. There
was no significant difference in the age, sex, tumor size, preop-
erative diagnosis and surgical approach in the two subgroups
(Table II). The ratio of CT enhancement and presence of
MRI images were comparable between the two subgroups. In
cases that did not undergo PET, the sensitivity and specificity
of the clinical diagnosis of malignancy was 95.2 and 31.6%,
respectively (Table III). The sensitivity, specificity, PPV, NPV
and accuracy of the additional PET in detecting malignancy
were 98.0,75.0,92.2,92.3 and 92.2%, respectively. There were
significant differences in specificity and accuracy for detecting
malignancy between the additional PET and the no additional
PET group.

Comparison of efficacy of adding PET or MRI to CT for
the detection of malignant tumors. To directly compare the
advantages of additional PET or MRI to CT in the clinical
diagnosis of anterior mediastinal tumors, a subgroup
analysis was performed on 73 patients (31 patients were
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Figure 1. Mediastinal lesions are diagnosed as malignant tumors by adding positron emission tomography due to high fluorodeoxyglucose uptake.
(A and B) Mediastinal lesions in a 71-year-old man were incidentally detected by enhanced CT during follow-up for other diseases. Pathological diagnosis
revealed the mass to be thymic carcinoma after operation. (C and D) Mediastinal cystic lesions in a 54-year-old female was detected by enhanced CT during
follow-up for other diseases. The pathological examination revealed the mass to be a type B2 thymoma.

Figure 2. Cases with growing cystic lesions with benign thymic cysts misinterpreted as cystic thymoma by enhanced CT in anterior mediastinal tumors in (A) a
61-year-old male or (B) a 49-year-old female. (C and D) These lesions were correctly interpreted as benign lesions by adding positron emission tomography to
CT as the fluorodeoxyglucose uptake of lesions was not detected. Surgical resections were conducted by patients' preferences.

excluded) with additional PET and MRI to CT. The propor-
tion of the patients who underwent preoperative diagnosis
by CT alone, additional MRI to CT and additional PET to
CT were 28.7% (n=21), 26.0% (n=19) and 45.2% (n=33),
respectively (Table SI). To directly compare the efficacy
between adding PET and MRI, three subgroups were
selected: CT alone, adding MRI to CT and adding PET to
CT. As shown in Table IV, CT alone had sufficient diag-
nostic sensitivity for malignant tumors and there was no
additional improvement in sensitivity after adding PET or
MRI. However, all seven benign lesions were diagnosed as
malignant by CT alone (Table IV). None of the patients with
benign tumors were classified correctly (specificity=0%);

in these cases, the specificity and NPV of adding MRI
to CT to detect malignant lesions increased up to 50 and
100%, respectively; the accuracy was comparable with CT
alone. Adding PET to CT showed a significant improve-
ment in specificity and accuracy for detecting malignant
tumors, compared with either additional MRI to CT or CT
alone.

However, the results of the present study are subject to bias
due to its retrospective design. Although almost all the clini-
copathological factors were comparable among the groups, the
mean age of the additional MRI to CT group was lower and
had a higher frequency of benign lesions compared with other
groups (Table SI).
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Table II. Comparison of clinical factors with or without additional PET to another modality for the detection of anterior

mediastinal tumors.

Characteristic PET- (n=39) PET+ (n=65) P-value
Age, mean (range) (years) 50.6 (1-84) 56.5 (28-79) 0.0776
M/F [n (%)] 18/21 (46.2/53.9) 34/31 (52.3/47.7) 0.5433
Tumor size, mean (range) (cm) 43(14-9.5) 4.6 (1.0-11.5) 0.6530
CT enhancement -/+ [n (%)] 9/30 (23.1/76.9) 6/59 (9.2/90.8) 0.0558
Additional MRI -/+ [n (%)] 19/20 (48.7/51.3) 33/32 (50.8/49.2) 0.8395
Preoperative diagnosis, benign/malignant [n (%)] 7/32 (18.0/82.0) 13/52 (20.0/80.0) 0.7972
Approach, VATS/open [n (%)] 16/23 (41.1/58.9) 29/36 (44.6/55.4) 0.7206
M, male; F, female; VATS, video-assisted thoracoscopic surgery.

Table III. Efficacy comparison of adding PET for the detection of malignant tumors.

Subgroup Sensitivity Specificity PPV NPV Accuracy
PET- 95.2 (19/20) 31.6 (6/19) 60.6 (19/32) 85.7 (6/7) 65.0 (25/39)
PET+ 98.0 (48/49) 75.0* (4/16) 92.2 (48/52) 92.3 (12/13) 92.2* (60/65)
2P<0.05 vs. PET-. PET, positron emission tomography; PPV, positive predictive value; NPV, negative predictive value.

Table IV. Efficacy comparison of adding PET and/or MRI to CT for the detection of malignant tumors.

Subgroup Sensitivity Specificity PPV NPV Accuracy
CT alone 929 (13/14) 0 (0/7) 69.0 (13/20) 0 (0/1D) 61.9 (13/21)
CT + MRI 100 (6/6) 50.0* (6/12) 50.0 (6/12) 100 (6/6) 63.1 (12/19)
CT + PET 100 (28/28) 80.0%" (4/5) 96.6 (28/29) 100 (4/4) 97.0** (32/33)
"P<0.05 vs. CT alone. "P<0.05 vs. CT + MRI. PET, positron emission tomography; PPV, positive predictive value; NPV, negative predictive
value.

Discussion without surgical indication because our series included only

Preoperative diagnosis of anterior mediastinal tumors is
comprehensively determined by clinical presentation and
several imaging modalities as needle biopsy is usually
anatomically difficult to perform. Because there has been no
consensus on the optimal preoperative diagnosis of anterior
mediastinal tumors, the choice of imaging modality to add to
CT is determined by the surgeon (1-5). The present study found
the utility of adding PET, but not MRI, to CT for detecting
benign from malignant anterior mediastinal tumors.

CT is essential for the diagnosis of anterior mediastinal
tumors (5). It was reported that morphological changes,
including intralesional fat, midline location and triangular
thymic shapes on the CT may help characterize thymic
masses as benign (22,23). In the present study, all seven
benign lesions were diagnosed as malignant by CT alone,
based on the lobulated contour, heterogeneous enhancement
and increased diameter. The specificity of CT examination
alone was more accurate in all cases, including follow-up cases

consecutive patients who had undergone surgical resection for
highly suspicious malignant lesions. However, in the present
study, CT alone had higher sensitivity, but lower specificity in
detecting malignancy, indicating that it was not sufficient for
the diagnosis of benign anterior mediastinal tumors.
Numerous studies reported the utility of PET for the diag-
nosis of malignant anterior mediastinal tumors (8-20). Due
to increased glucose metabolism, malignant tissues typically
demonstrate higher FDG uptake compared with benign and
normal tissue. The role of FDG PET in differentiating benign
and malignant thymic masses was previously evaluated in a
study, albeit a small sample size (21). Therefore, the clinical
significance of PET in differentiating benign and malignant
anterior mediastinal tumors is still unclear. The present
study found that adding PET to CT showed high sensitivity
and specificity for detecting these tumors. In particular, the
specificity and PPV improved after adding PET, as almost all
the benign anterior mediastinal lesions did not have an FDG
uptake, resulting in true diagnosis as a benign lesion (Fig. 2).
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The high accuracy of additional PET to CT was not affected
by irrespective of MRI presence. Therefore, preoperative diag-
nosis of anterior mediastinal tumors by CT requires additional
PET, but not MRI. A number of patients may undergo invasive
procedures for benign disease; in fact, in the present study,
28 patients underwent resection and 13 patients underwent
sternotomy. Additional PET to CT may be valuable in deciding
the need for the surgical resection of anterior mediastinal
tumors and could be considered as standard procedure in the
preoperative assessment of patients with these tumors in the
future.

MRI is useful for the qualitative assessment of tumors,
especially cystic lesions, including benign thymic cysts (5).
Therefore, adding MRI to CT may improve the specificity and
false-positive rate of detecting malignant tumors. The present
study found that compared with CT alone, adding MRI to CT
substantially increased the specificity, but the false-positive
rate was higher (CT: 7/7, MRI: 6/12). The proportion of benign
lesions detected by additional MRI to CT was significantly
higher (63.2%) compared with the other groups (37.1%);
differences in patient characteristics may have contributed
to the lower specificity of additional MRI to CT. A study
reported that diffusion-weighted (DW) MRI had much higher
specificity and accuracy for differentiating between malignant
and benign anterior mediastinal lesions than conventional
MRI protocols (24). Further analysis is needed to confirm the
utility of MRI in the diagnosis of anterior mediastinal tumors.

In addition, it was reported that DW MRI could add a
‘histologic’ parameter for malignant invasion by measuring cell
density and apparent diffusion coefficient (ADC) values (24).
Therefore, combining the SUV of PET and the ADC of DW
MRI may be more useful in diagnosing malignancy. Further
studies are needed to confirm this possibility.

The present study did not assess the utility of each
modality for detecting malignant tumors because, in our
opinion, a comprehensive diagnosis using several imaging
modalities may be more clinically realistic. Clinical presen-
tation, including tumor markers and signs of myasthenia
gravis (MG), also play an important role in the preoperative
diagnosis of anterior mediastinal tumors (1-5). In the present
study, the number of patients diagnosed with thymoma with
MG by CT alone was higher than that by adding PET to CT
(data not shown). These data showed that additional PET did
not improve the specificity and accuracy of CT alone. Several
detailed examinations on clinical presentation are needed to
establish the utility of PET.

The present study had several limitations. First is the retro-
spective design with the relatively small number of samples;
although >100 patients were included, we plan to extend the
study to a larger patient population. Since anterior mediastinal
tumors are relatively rare, a large scale, prospective multicenter
study is needed. Second, the selection bias is inevitable as only
patients who underwent surgical resection were included.
Therefore, more cases, including follow-up cases treated by
chemotherapy or radiotherapy without surgical indication,
should be included to determine the true accuracy of addi-
tional PET to CT. Third, the selection is based on surgeon's
decision, which may cause selection bias.

In conclusion, additional PET has advantages over CT alone
in clinically distinguishing benign from malignant tumors of

the mediastinum, regardless of additional MRI. Furthermore,
adding PET may help guiding the decision-making process for
performing surgical resection for anterior mediastinal tumors.
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