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Predicting Role of Preoperative Computed Tomography Features on 
Invasiveness of Thymic Neoplasms

 A B S T R A C T  
Objective: The anterior mediastinal masses are composed of neoplasms from many 
different groups, thymic epithelial tumors being the most common type. Histologic 
subtype, tumor stage and completeness of resection are considered to be the most im-
portant prognostic factors in thymic malignancies. The aim of this study is to evalu-
ate the association between the preoperative Computed Tomography characteristics 
and the histological types, mostly focusing on thymic neoplasms. 
Materials and Methods: Preoperative Computed Tomography features and patholog-
ic data of 40 patients who underwent surgery due to an anterior mediastinal mass 
were retrospectively analyzed. Patients are grouped as thymomas, thymic carcino-
mas and others.
Results: Computed Tomography characteristics such as shape, contour, necrosis, 
lymph node enlargement, surrounding organization, pathologic invasion pattern, in-
ternal density, presence of cystic component, pleural/pericardial effusion and cal-
cification were compared with histologic subtypes. Among these parameters solely 
pathologic invasion and surrounding organization were statistically different between 
the groups (p<0.001 and p=0.001, respectively). Correlation between the Computed 
Tomography and pathologic tumor sizes among histologic subtypes was also ana-
lyzed and no statistically significant difference between Computed Tomography and 
pathologic tumor sizes was detected (p>0,05). 
Conclusion: According to the results of our study, Computed Tomography imaging 
has a limited role in predicting stage and malignant potential particularly for thymic 
neoplasms and anterior mediastinal masses.
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INTRODUCTION

The anterior mediastinal masses are composed of 
neoplasms from many different groups and con-
stitute about 50% of all mediastinal masses [1]. The 
most common anterior mediastinal mass is thy-
mic epithelial tumors (TET), which constitute ap-
proximately 20% of all mediastinal tumors and 

approximately 47% of anterior mediastinal masses 
[2]. 
Histologic subtype, tumor stage and complete-
ness of resection are considered to be the most 
important prognostic factors in thymic malignan-
cies. Although most of the patients with early stage 
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disease can be cured with complete resection, pa-
tients with advanced disease may necessitate neo-
adjuvant chemotherapy to facilitate complete re-
section and prolong survival [3-5]. Therefore, the 
ability to detect patients’ stage by radiographic pre-
dictors is an important consideration to avoid un-
necessary or futile surgeries and help select appro-
priate patients for adjuvant chemotherapy. 
Computed tomography (CT) is the most commonly 
used imaging method for preoperative evaluation 
of patients with anterior mediastinal masses which 
provides important information about tumor size, 
shape, content, and its relationship to other medi-
astinal components or borders [6-7]. The purpose of 
this study is to evaluate the association between the 
preoperative CT characteristics and the stage, his-
tological types and malignancy, mostly focusing on 
thymic neoplasms. 

MATERIALS AND METHOD

Patient Selection

This retrospective study has been approved by 
the local ethics committee and conducted in ac-
cordance with the Declaration of Helsinki (2000). 
Informed consent was waived because of the retro-
spective nature of the study. A total of 40 patients 
who underwent surgery due to an anterior medi-
astinal mass between October 2007 and December 
2016 were included in the study. Patients whose sur-
gical treatment, radiologic imaging or pathologic 
examination were not available at our hospital were 
excluded from the study. Patients are grouped as 
thymomas, thymic carcinomas and others. Others 
group included anterior mediastinal masses oth-
er than thymic pathologies [Granulomatous inflam-
mation (n=1), neuroendocrine tumor (n=1), pericar-
dial cyst (n=1) and vascular malformation (n=1)]. CT 
images and medical records of the patients were 
retrospectively reviewed.

CT technique

Patients underwent thorax CT imaging with a 16-de-
tector CT (Somatom Sensation 16, Siemens Medical 
Systems, Germany) scanner (tube voltage=130 kV, 

effective mAs=90, slice thickness 5 mm, collima-
tion=2x4 mm, pitch=1.6).  One hundred milliliters 
(ml) of intravenous (IV) contrast material (300 mg/
ml Omnipaque, GE Healthcare, Ireland) at a flow 
rate of 4 ml/sec was used for CT examinations. The 
body region between the level of the lung apex and 
upper pole of kidneys was included in the CT scan 
area. CT scans were directly sent to the workstation 
(Centricity Universal Viewer, GE Healthcare, USA).

Image analysis and description of CT findings 

CT images were reviewed by two radiologist expe-
rienced in thoracic radiology and were blinded to 
the surgical, clinical and pathology findings, and ra-
diology reports. Imaging characteristics were deter-
mined as size in the largest dimension, shape (oval, 
round or irregular), contour (smooth, lobulated or ir-
regular), internal density, homogenity, calcification, 
necrosis or cystic appearance, invasion, pleural or 
pericardial effusion, capsule integrity, lymphade-
nopathy, central density and ratio of anteroposte-
rior length to sternum-vertebra distance. The mor-
phological features which were ambiguously deter-
mined by the reviewers were reassessed together in 
a second session, and the exact finding was deter-
mined by a consensus decision.

Clinical and Pathological Assessment

Clinical symptoms, presence of comorbidities and 
the duration of hospital stay were recorded for all 
patients. The tumor subtype, pathological size in 
the largest dimension, surgical margin positivi-
ty and microscopic invasion were also recorded as 
pathological findings.

Statistical Analysis

Statistical analysis was performed using the SPSS 
20.0 for Windows (SPSS, Inc., Chicago, USA) pack-
et program. As a statistical analysis, the categori-
cal variables in the descriptive findings are given 
in terms of number, percent, and continuous vari-
ables are expressed as mean ± standard deviation 
and median (smallest, largest value). Pearson Chi-
square was used to compare categorical variables. 
The normal distribution of the data was analyzed by 
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Kolmogorov-Smirnov test and Kruskal Wallis, one-
way ANOVA and Wilcoxon signed rank tests. The 
homogeneity of the variances in Anova test was 
evaluated by Levene Test. In cases where there was 
a significant difference between the groups, two-
tailed post-hoc comparisons were made using the 
Tukey test. Correlation between tumor subtypes 
and pathologic dimension and correlation between 
pre and post-operative hemoglobin values was as-
sessed by Pearson or Spearman Correlation tests ac-
cording to normal distribution fit. The statistical sig-
nificance level was accepted as p <0.05.

RESULTS

This study consisted of 24 men (64.8%) and 13 wom-
en (35.2%) with a median age of 51 years (range, 21 
– 92 years). Histological subtypes of patients are 

shown in Table 1. The relationship of the tumor to 
surrounding tissues was investigated. Eighteen pa-
tients (45%) had surrounding tissue invasion (Table 
2). CT characteristics such as shape (circle, oval, ir-
regular), contour (lobulated, irregular, smooth), ne-
crosis, lymph node enlargement, surrounding orga-
nization, pathologic invasion pattern, internal den-
sity (homogeneous, heterogeneous), presence of 
cystic component, pleural/pericardial effusion and 
calcification were compared with histologic sub-
types (Table 3). Among these parameters solely 
pathologic invasion (73.3%, 85.7% and 5.7 in thymo-
ma, thymic carcinoma patients and other group, re-
spectively; p<0.001) and surrounding organization 
(66.7%, 85.7% and 16.7 in thymoma, thymic carcino-
ma patients and other group, respectively; p=0.001) 
were statistically different between the groups. 

Diagnosis Number Number

Thymic carcinoma 7 7

Thymic cyst 8 8

Thymic hyperplasia 2 2

Follicular hyperplasia 3 3

Thymoma type A 3 3

Thymoma type AB 2 2

Thymoma type B1 2 2

Thymoma type B2 7 7

Thymoma type B3 1 1

Undifferentiated pleomorfic sarkoma 1 1

Granulmatous inflammation 1 1

Neuroendocrine tumor 1 1

Pericardial cyst 1 1

 Vascular malformation 1 1

 Total 40 40

Table 1. Histological subtypes of patients
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Surrounding tissue invasion     N          %

Mediastinal fat tissue 7 17,5

Capsula 3 7,5

Capsula, Mediastinal fat tissue 2 5,0

Lung, Capsula, Mediastinal fat tissue, lymph node 1 2,5

Lung 1 2,5

Phrenic nerve, Mediastinal fat tissue 1 2,5

Capsula, Pleural metastasis 1 2,5

Mediastinal fat tissue, Lung 1 2,5

Pericard 1 2,5

No invasion 22 55,0

Table 2. Tissue invasion characteristics of the tumors

Table3. CT features of patients

Characteristics Thymoma Thymic carcinoma Others

N % N % N % p*

Shape

0,527
Circle (n=6) 1 6,7 1 14,3 4 22,2

Oval (n=24) 10 66,7 3 42,9 11 61,1

Irregular (n=10) 4 26,7 3 42,9 3 16,7

Contour

Lobulated (n=9) 5 33,3 2 28,6 2 11,1

Irregular (n=15) 6 40,0 5 71,4 4 22,2

Smooth (n=16) 4 26,7 0 0,0 12 66,7

Necrosis

No (n=29) 12 80,0 5 71,4 12 66,7

Necrotic (n=6) 3 20,0 2 28,6 1 5,6

Cystic (n=5) 0 0,0 0 0,0 5 27,8

Lymph node enlargement

No (n=35) 13 86,7 5 71,4 17 94,4
0,293

Yes (n=5) 2 13,3 2 28,6 1 5,6

Surrounding organization

No (n=21) 5 33,3 1 14,3 15 83,3
0,001

Yes (n=19) 10 66,7 6 85,7 3 16,7

Pleural-Pericardial effusion

No (n=36) 14 93,3 6 85,7 16 88,9
0,838

Yes (n=4) 1 6,7 1 14,3 2 11,1

Pathologic invasion

No (n=22) 4 26,7 1 14,3 17 94,4
<0,001

Yes (n=18) 11 73,3 6 85,7 1 5,6

Internal density

Heterogeneous (n=15) 5 33,3 5 71,4 5 27,8  0,118

Homogeneous (n=25) 10 66,7 2 28,6 13 72,2

Calcification

No (n=35) 12 80,0 6 85,7 17 94,4
0,453

Yes (n=5) 3 20,0 1 14,3 1 5,6

* P values were calculated using the Pearson chi-square test
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Correlation between the CT and pathologic tumor 
sizes among histologic subtypes are summarized 
in Table 4. There was no statistically significant dif-
ference between CT and pathologic tumor sizes 
among the histologic groups (p>0,05). Correlation 

analysis also showed a strong correlation between 
pathologic and CT tumor sizes (correlation coeffi-
cient (r): 0.952). The distribution of pathologic and 
CT sizes among histologic subtypes are summa-
rized in Table 5. 

Mean SD Median Min Max p

CT size

Thymoma (n=15) 6,07 2,63 7,00 2 10

0,143*Thymic Ca (n=7) 7,14 3,02 7,00 4 11

Others (n=18) 5,22 3,45 4,00 2 15

Pathologic size

Thymoma (n=15) 6,80 2,78 7,00 2 11

0,154*Thymic Ca (n=7) 9,29 4,38 8,00 4 15

Others (n=18) 6,13 4,24 5,00 2 18

 * Data analyzed by Kruskal Wallis test. CT: Computed Tomography; SD: Standard Deviation; Ca: Carcinoma

Table 4. Comparison of CT and pathologic tumor sizes among histologic subtypes

Histologic subtype
                

Pathologic 
size

Thymoma CT Size
r                      

0,950

p <0,001

Thymic carcinoma CT size
r 0,946

p 0,001

Others CT size
r 0,960

p <0,001

CT: Computed Tomography; r: Correlation Coefficient

Table 5. Correlation analysis of CT and pathologic sizes within histologic subtypes

DISCUSSION

The objective of this study was to evaluate which CT 
characteristics were associated with the patholog-
ic features and malignant potential of anterior me-
diastinal masses focusing on thymic malignancies. 
Although we found that some CT parameters were 
significantly associated with the malignancy of the tu-
mor, most of the features were found to be indepen-
dent from the malignant potential of thymic tumors. 
Currently, CT imaging is considered the preferred 
method for the initial assessment and follow-up for 
patients with anterior mediastinal masses [8]. In the 
present study, we primarily focused on the CT features 
of thymic tumors due to the very limited number of 

non-thymic anterior mediastinal masses. There are 
limited studies comparing CT appearance of thy-
mic malignancies with staging of the neoplasm 
and the results are controversial [9-12]. Although 
several studies have indicated that CT imaging is 
not adequate to differentiate the histological sub-
types of thymoma, some studies showed that CT 
scanning can sufficiently predict histologic classifi-
cation [6,8,13,14]. Some studies indicated that het-
erogeneous density of the tumor in CT scan was 
suggestive of higher stage [10,12]. In Shen’s study, 
there was no correlation between the internal den-
sity of the tumor and staging [8]. Results of our 



Uysal et al.Acta Medica 2020; 51(3): 18 - 24

© 2020 Acta Medica. All rights reserved. 23  

study is similar to Shen’s study. 
According to Tomiyama’s and Priola’s studies, occur-
rence of calcification is higher in stage II/III/IV thy-
momas than in stage I thymoma [10,12]. However, 
Harris et al. and Shen et al. found no difference 
among stages in terms of calcification frequency 
[8,15]. Our results are in consistency with the latter 
studies. 
Ability of CT scan to predict stage status accord-
ing to invasion into surrounding structures is also 
debatable. Tomiyama et al. suggested that CT is a 
poor predictor of invasion into surrounding tissues 
[12]. Similarly, Priola et al. highlighted the difficulty 
of distinguishing between simple adhesion and in-
vasion solely based on CT features [10]. On the con-
trary, in Marom’s study suspicion of infiltration into 
mediastinal structures is found to be associated 
with higher stages [9]. Likewise, several studies have 
shown that the infiltration of surrounding fat sug-
gests an invasive thymoma [5,16,17]. Our study has 
confirmed these studies, which showed a statistical-
ly significant association between invasion to near-
by structures and malignancy (p=0,001). 
In Zhao’s study incidence of cyst formation or ne-
crosis is 45.6% in thymoma patients [5]. In our study 
occurrence of necrosis is lower with an incidence 
of 20% and 28.6% in thymomas and thymic carci-
nomas, respectively. We couldn’t detect any cystic 
component in any of our thymic neoplasm patients. 
According to many studies in the literature, lob-
ulated or irregular tumor contour of the tumor is 
a predictive of invasiveness [9,10,12,17]. In the cur-
rent study, we were unable to find any association 
with contour features and tumor invasion or stage. 
Tumor shape and mediastinal lymph node enlarge-
ment is found to be associated with the World 
Health Organization (WHO) histological classifica-
tion of thymic malignancies in many studies [5,8]. 

However, these features are not confirmed as pre-
dictive of invasiveness of tumor stage as was also 
observed in our study [5,18,19]. Pericardial or pleural 
effusion is another CT feature of thymic malignan-
cies which is correlated with staging. In this study, 
there were no correlation between occurrence of 
effusion and invasiveness of the tumor. 
Although this study was performed in a homoge-
nous cohort of a single institution undergoing re-
section for anterior mediastinal masses, sample size 
was relatively small compared to the multicentre 
studies. This small sample size probably limits the 
power of the analysis to detect significant associa-
tions. Besides, surgically resected patients were in-
cluded, therefore patients who were already refer-
eed to be unresectable may have been excluded. In 
addition, this is a retrospective study which may en-
tail inherit problems of selection bias. Prospective 
studies are needed to verify our results. 

In sum, many of the radiological features of thymo-
mas that have previously been investigated and de-
bated such as shape, contour, necrosis, lymph node 
enlargement, internal density, presence of cystic 
component, pleural/pericardial effusion and calcifi-
cation, were found to be not associated with inva-
siveness and stage of the tumor in our study. Solely, 
invasion to nearby structures and surrounding orga-
nization were significantly correlated with tumor in-
vasiveness and malignancy. Thus, according to our 
study, CT imaging has a limited role in predicting 
stage and malignant potential particularly for thy-
mic neoplasms and anterior mediastinal masses. 
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