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Objectives: Computed tomography (CT) is an important technique for evaluating the
condition and prognosis of patients with thymomas, and it provides guidance regarding
treatment strategies. However, the correlation between CT imaging features, described
using standard report terms, and clinical characteristics, Masaoka-Koga stages, and
World Health Organization (WHQO) classifications of patients with thymomas has not been
described in detail nor has risk factor analysis been conducted.

Methods: Overall, 159 patients with thymomas who underwent preoperative
contrast-enhanced CT between September 2011 and December 2018 were
retrospectively reviewed. We assessed the clinical information, CT imaging features,
and pathological findings for each patient. A total of 89 patients were specially used
to evaluate postoperative recurrence or metastasis between September 2011 and
December 2015 to obtain an appropriate observation period. The relationship between
CT imaging features and clinical characteristics, Masaoka-Koga stage, and WHO
histological classification were analyzed, and related risk factors based on CT imaging
features were identified.

Results: CT imaging features did not significantly differ based on sex or age. Some
imaging features demonstrated significant differences between the groups with and
without related clinical characteristics. Contour (odds ratio [OR] = 3.711, P = 0.005),
abutment >50% (OR = 4.277, P = 0.02), and adjacent lung abnormalities (OR =
3.916 P = 0.031) were independent risk factors for relapse or metastasis. Among all
imaging features, there were significant differences between stage I/Il and lll/IV lesions in
tumor size, calcification, infiltration of surrounding fat, vascular invasion, pleural nodules,
elevated hemidiaphragm, and pulmonary nodules. Tumor size (odds ratio = 1.261, P =
0.014), vascular invasion (OR = 2.526, P = 0.023), pleural nodules (OR = 2.22, P =
0.048), and pulmonary nodules (OR = 3.106, P = 0.006) were identified as independent
risk factors. Tumor size, contour, internal density, infiltration of surrounding fat, and pleural
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effusion significantly differed between low- and high-risk thymomas. Tumor size (OR =
1.183, P = 0.048), contour (OR = 2.288, P = 0.003), internal density (OR = 2.192,
P = 0.024), and infiltration of surrounding fat (OR = 2.811 P = 0.005) were independent
risk factors.

Conclusions: Some CT imaging features demonstrated significant correlations
with clinical characteristics, Masaoka-Koga clinical stages, and WHO histological
classifications in patients with thymomas. Familiarity with CT features identified
as independent risk factors for these related clinical characteristics can facilitate
preoperative evaluation and treatment management for the patients with thymoma.

Keywords: computed tomography, thymoma, Masaoka-Koga stage, WHO histological classification, myasthenia

gravis

INTRODUCTION

Thymomas are thymic epithelial neoplasms most often located
in the anterior mediastinum; they account for <1% of all adult
malignancies (1, 2). Thymomas are usually slow-growing tumors
with local extension and a propensity to spread along the
pleura and pericardium, abutting adjacent vessels. Extrathoracic
metastases are uncommon (3). Often, these tumors are incidental
findings upon physical examination or when patients present
with chest pain and shortness of breath. Sometimes thymomas
are detected while investigating symptoms associated with
paraneoplastic syndrome or autoimmune disorder, such as
myasthenia gravis (4, 5). Computed tomography (CT) plays a
major role in identifying and characterizing thymomas (6, 7).
In the most patients, CT is performed to investigate tumor-
related symptoms, identify the tumor clinical stage, and reveal
the extent of pathological changes (8-10). Therefore, CT is an
important technique for evaluating the condition and prognosis
of patients with thymomas, and it provides guidance regarding
treatment strategies.

Some previous studies (8, 11-20) focused solely on the
relationship between a single CT finding and clinical features,
such as myasthenia gravis, adjacent lung invasion, surgical
resectability, and postoperative recurrence, whereas others
focused on clinical staging or World Health Organization
(WHO) histological classification (21-24). One retrospective
analysis aimed to identify metastasis or recurrence of thymomas
according to longitudinal imaging studies and cross-sectional
follow-up imaging after surgery (25). Another study reported
that the histological features of aggressive behavior in thymomas
were significantly correlated with a decreased doubling time and
rapid growth by retrospectively and dynamically evaluating the
doubling time (26). Zhao et al. (7) reported the relationship
between various CT imaging features and clinical characteristics
of thymoma. However, most studies did not systematically
investigate the association between CT findings and clinical
characteristics, Masaoka-Koga stages, and WHO histological
classifications, and no analysis has been conducted to identify
risk factors in detail based on CT imaging features. These factors
should be further explored and evaluated to provide imaging
indicators for the clinical management of thymomas.

This retrospectively study aimed to assess the correlation
between CT imaging features, described using standard report
terms, and clinical characteristics, Masaoka-Koga stages, and
WHO classifications in patients with thymomas. Furthermore,
their corresponding risk factors were comprehensively identified
using multiple logistic regression analysis.

MATERIALS AND METHODS

Patients

This retrospective study was approved by the Institutional Ethics
Review Committee of the China-Japan Friendship Hospital.
The patients were identified from a digital medical records
database located in the Department of Thoracic Surgery and
Pathology. We included patients seen between September 2011
and December 2018 who had preoperative contrast-enhanced
CT scans within 2 weeks prior to surgery, and for whom
imaging findings were available for re-evaluation. These patients
had undergone surgical thymoma resection and the results
of subsequent pathological examinations were available for
all patients. Of 187 patients, 28 were excluded because of
preoperative neoadjuvant chemotherapy or other treatments, in
which 17 were receiving steroid therapy because of myasthenia
gravis confirmed previously at the first CT examination in
our hospital. In total, 159 eligible patients were included, and
their clinical information on symptoms, myasthenia gravis,
and postoperative recurrence or metastasis was retrospectively
obtained from the medical records database. The patients were
divided into two subgroup (>49 and <49 years) according to
their average age in order to analyze the relationship between CT
imaging features and age by categorical variable.

CT Imaging and Interpretation

All the patients underwent preoperative cross-section spiral CT
examinations. The CT images were obtained with a variety
of scanners, including a 16-row multi-detector CT (MDCT)
(Toshiba Aquilion, Shipu, Tokyo, Japan), 320-row MDCT
(Toshiba Aquilion TM ONE, Shipu, Tokyo, Japan), and a
256-row MDCT (GE revolution, Boston, Massachusetts, USA).
All images were taken when the patients were in the supine
position with suspended inspiration. Intravenously administered
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contrast medium was used for all the patients. The images were
reconstructed for both the mediastinum (window width, 300~
400 HU; window level, 30-50 HU) and lungs (window width,
1,000-1,500 HU; window level, —600~—700 HU). The images
with 5-mm slice thicknesses after reconstruction were evaluated,
and the original images with 0.6-1.25 mm slice thicknesses were
available, if needed, in all cases.

All the CT images were retrospectively reviewed on a picture
archiving and communications system by two radiologists
who are experts in oncologic and thoracic imaging. The
experts were blinded to the patients clinical details and
pathological findings at the time of image interpretations.
In case of disagreement, a third radiologist with 23 years
of experience specializing in chest tumors addressed the
differences and provided the final assessment. The image
interpretation criteria used standard reporting terms defined
by the International Thymic Malignancy Interest Group
(ITMIG) for anterior mediastinal masses suspected to
be thymoma (27). The evaluated CT imaging features
included the following data on the primary mass and its
surrounding structures: lesion location (where tumors in the
anterior mediastinum were classified into centrally located,
right-sided, and left-sided lesions, and any tumors that
were located around or on the line running through the
sternum were considered to be centrally located); size in
the x, y, and z axis; contour (smooth, single lobulated, and
irregular multi-lobulated); internal density (homogenous or
heterogeneous); calcifications (without calcification, single
or multiple calcifications); infiltration of surrounding fat;
tumor abutting of an adjacent mediastinal structure (>50% or
<50%); and direct vascular endoluminal invasion. The following
information on surrounding structures were also included:
adjacent lung abnormalities, pleural effusion (without, unilateral
or bilateral), pleural nodule or nodules, mediastinal lymph node
enlargement (>1cm in short axis on an axial image), phrenic
nerve involvement (consistent with elevated hemidiaphragm
evaluated on the coronal reconstruction images), and number of
pulmonary nodules.

Clinical Characteristics and Pathologic

Evaluation

In this study, clinical characteristics evaluated were clinical
symptoms, presence of myasthenia gravis, and recurrence or
metastasis. Clinical symptoms included persistent dry cough,
shortness of breath, chest pain, and fatigue among others
(28). Presence of myasthenia gravis was first diagnosed during
hospitalization, without hormone therapy and before CT
examination. Patients were followed up by the outpatient
department every 3 months for the first year, every 6 months for
the second year, and yearly thereafter. Chest CT was performed at
6-month intervals for the first 2 years and at 1-year intervals from
the third year. A total of 89 patients who completed follow-up
were selected for this study to evaluate the relationship between
CT features and postoperative recurrence or metastasis in all 108
patients between September 2011 and December 2015 in order to
obtain an appropriate observation period (29).

A compound identification strategy based on pathological
findings or results of follow-up was employed for pleural and
pulmonary nodule confirmation (27, 30). The postoperative
pathologic analysis was performed according to standard
procedures (31, 32). The resected mass specimens usually
included the adjacent abnormal pleura and lung, and pleural and
pulmonary nodular from around the tumor could be identified by
gross and microscopic pathological examination. For the distant
nodules, most of which showed hard nodules with high density,
some cases were confirmed by puncture biopsy and the rest were
evaluated by follow-up of at least 1-year.

Masaoka-Koga Stage and WHO

Histological Classification

The final pathological staging was identified according to the
modified Masaoka-Koga staging system after a review of the
surgical records and pathological reports (33-36). Masaoka—
Koga stage III and IV lesions were considered more aggressive
than stage I and I lesions. Thymomas were classified according to
the 2015 revised WHO histological classification (37, 38), based

TABLE 1 | Clinical characteristics analysis of patients.

Variables Number of patients Number of patients
(n = 158) completed follow-up
(n =89)*
Sex
Male 72 (45.3%) 45 (50.6%)
Female 87 (54.7%) 44 (49.4%)
Age (years) 49.82 + 14.53 50.78 £ 13.7
Tumor size (cm) 6.59 + 2.15 6.83+2.4
Clinical symptom
No 84 (52.8%) 49 (55.1%)
Yes 75 (47.2%) 40 (44.9%)
Myasthenia gravis
No 128 (80.5%) 74 (83.1%)
Yes 31 (19.5%) 15 (16.9%)
Masaoka-Koga
| 57 (35.8%) 31 (34.8%)
Il 51 (32.1%) 29 (32.6%)
1l 38 (23.9%) 23 (25.9%)
\% 13 (8.2%) 6 (6.7%)
WHO classification
A 16 (10.1%) 11 (12.4%)
AB 47 (29.5%) 28 (31.5%)
B1 16 (10.1%) 14 (15.7%)
B2 45 (28.3%) 20 (22.4%)
B3 35 (22%) 16 (18%)
Postoperative relapse or metastasis
No - 71 (79.8%)
Yes - 18(20.2)
Median observation - 62.9

period (months)

*Relapse or metastasis based on a total of 89 patients with the median observation period
of 62.9 months.
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on the morphology of epithelial cells and the ratio of lymphocytes
to epithelial cells. WHO types B2 and B3 were considered to
be more malignant than types A, AB, and B1. The invasive and
non-invasive groups were divided according to stage, IIT and IV
or I and II, and the high-risk and low-risk groups were divided
according to type, B2, and B3 or types A, AB, and B1. When a
tumor showed multiple histological components, it was classified
based on the predominant component (39).

Statistical Analysis

We used the an independent two-sample t-test for comparison
of tumor size with clinical features, stages and histology
classification parameters. The y? test or Fisher’s exact tests were
employed for comparisons of two or three of the imaging feature
classification variables with clinical characteristics, Masaoka—
Koga stage I/II and III/IV lesions, and low-risk and high-risk
thymomas. Age was converted into categorical variables of >49
or <49 years. P < 0.05 represented statistical significance. Binary
logistic regression analysis was used to evaluate CT imaging
features as risk factors for the clinical presence of symptoms,
myasthenia gravis, postoperative recurrence or metastasis,
Masaoka-Koga stage, and WHO histology classifications (13).
To identify factors for inclusion in the final model, forward
stepping selection was used and the significance level was
set at P = 0.05. Odds ratio (OR) and 95% confidence
intervals (CI) were calculated to demonstrate the association
strength of risk factors. The frequency of each imaging feature
was quantitatively calculated to intuitive reflect the relative
importance of these imaging feature. It is obtained by dividing
the case number of one CT feature by the number of patients in
the subgroup. All demographic, clinical, and imaging data were
analyzed using the SPSS software package (version 23.0, SPSS,

Inc., Chicago, IL, USA) and STATA (version 15.0, StataCorp,
Texas, USA).

RESULTS

Clinical Features and Pathologic

Evaluation of Patients

Among 159 patients, 72 (45.3%) were men. Age ranged from 23
to 73 years, with a mean age of 49.82 [£14.53] years. The average
tumor size was 6.59 [£2.15] cm, which was reassessed according
to the maximum transverse diameter on the axis image. Seventy-
five (47.2%) patients had clinical symptoms and 31 (19.5%) had
been diagnosed with myasthenia gravis. Of the 159 thymomas,
108 (67.9%) and 51 (32.1%) were categorized as Masaoka-Koga
stage I or IT and stage III of IV lesions, respectively. The numbers
of thymomas according to each WHO type were as follows: 16
(10.1%) type A; 47 (29.5%) type AB; 16 (10.1%) type Bl; 45
(28.3%) type B2; 35 (22.0%) type B3. Twenty-five (15.7%) patients
had postoperative recurrences or metastases. The median follow-
up period after the initial surgical treatment was 35 months
(Table 1). Of the sample of 89 patients who completed follow-
up, 45 (50.6%) were men. Age ranged from 28 to 73 years,
with a mean age of 50.78 [+13.7] years. The average tumor
size was 6.83 [+2.4] cm, which was reassessed according to
the maximum transverse diameter on the axis image. Forty
(44.9%) patients had clinical symptoms and 15 (16.9%) had
been diagnosed with myasthenia gravis. Of the 89 thymomas,
60 (67.4%) and 28 (32.6%) were categorized as Masaoka-Koga
stage I or IT and stage III of IV lesions, respectively. The numbers
of thymomas according to each WHO type were as follows: 11
(12.4%) type A; 28 (31.5%) type AB; 14 (15.7%) type B1; 20
(22.4%) type B2; 16 (18.0%) type B3. Twenty-five (20.2%) patients

(Masaoka—Koga stage Il and WHO classification B2).

FIGURE 1 | Tumor size and pleural effusion are associated with patient’s symptoms. (A) Axial contrast-enhanced chest CT image obtained at the level of the aortic
arch showed a small thymoma with a smooth contour (Masaoka—-Koga stage | and WHO classification A), which was first found at the time of physical examination in
a 49-year-old woman. (B) A 53-year-old man with chief complains of cough, chest pain symptoms. Axial contrast-enhanced chest CT image obtained at the level of
below the aortic arch showed a larger thymoma with lobulated contour and infiltration of surrounding fat (arrows), accompanied with left pleural effusion
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TABLE 2 | Analysis of the relationship between CT imaging features and clinical characteristics.

CT imaging features Sex Age Symptom MG Relapse or MT
M/F P-value >49/<49 P-value No/Yes P-value No/Yes P-value No/Yes P-value

Location

Predominant middle 25/22 24/23 (26/21) 42/5 13/2

Predominant left 26/34 0.407 29/31 0.672 (31/29) 0.92 48/12 0.123 38/9 0.313

Predominant right 21/31 23/29 (27/25) 38/14 20/7

Tumor size/P-value

6.59 + 2.15 6.27/6.84 0.101 6.70/6.49 0.546 5.64/7.66 <0.001* 6.32/7.71 0.001* 6.45/6.94 0.393

Contours/P-value

Smooth 30/37 31/36 37/30 56/11 31/2

Single-lobulated 36/38 0.501 39/35 0.516 41/33 0.213 59/15 0.544 33/9 0.001*

Multi-lobulated 6/12 711 6/12 13/5 7/7

Internal density/P-value

Homogenous 37/43 0.805 44/36 0.095 41/39 0.688 64/16 0.872 35/7 0.427

Heterogeneous 35/44 33/46 43/36 64/15 36/11

Calcification

No 45/52 43/54 51/46 82/15 50/8

Single calcification 17/24 0.845 20/21 0.178 44/32 0.502 33/8 0.06 15/6 0.029

Multiple calcification 10/11 14/7 9/12 13/8 6/4

Infiltration of fat/P-value

No 42/52 0.854 49/45 0.633 53/41 0.28 82/12 0.010* 39/7 0.224

Yes 30/35 30/35 31/34 46/19 32/11

Abutment > 50%

No 38/56 0.139 48/46 0.424 50/44 0.913 76/18 0.894 52/7 0.006*

Yes 34/31 29/36 34/31 52/13 19/11

Abutment < 50%

No 31/49 0.096 37/43 0.58 41/39 0.472 63/17 0.574 34/9 0.873

Yes 41/38 40/39 44/35 65/14 37/9

Vascular invasion

No 53/57 0.271 54/56 0.802 62/48 0.181 (93/17 0.054 47/8 0.09

Yes 19/30 23/26 22/27 35/14) 24/10

Adjacent lung abnormalities

No 40/42 0.361 37/45 0.389 43/39 0.919 70/12 0.116 50/8 0.039*

Yes 32/45 40/37 41/36 58/19 21/10

Pleural effusion

No 38/44 43/39 52/30 67/14 34/9

Unilateral 26/31 0.696 24/33 0.612 27/30 0.012* 42/15 0.343 29/8 0.654

Bilateral 8/12 10/10 5/15 18/2 8/1

Pleural nodule

No 52/54 0.091 57/49 0.056 61/45 0.092 92/14 0.005* 46/9 0.249

Yes 19/34 20/33 23/30 36/17 25/9

Lymph node enlargement

No 57/69 0.982 61/65 0.994 64/62 0.315 103/23 0.441 54/14 0.878

Yes 15/18 16/17 20/13 25/8 17/4

Elevated hemidiaphragm

No 54/63 0.713 58/59 0.63 68/49 0.026* 100/17 0.008* 48/13 0.706

Yes 18/24 19/23 16/26 28/14 23/5

Pulmonary nodule

No 58/56 0.054 53/61 0.437 63/51 0.328 98/16 0.006* 48/11 0.603

Yes 14/31 24/21 21/24 30/15 23/7

MG, Myasthenia gravis.

Relapse or MT: relapse or metastasis based on a total of 89 patients with the median observation period of 62.9 months.

*Significant differences.
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had postoperative recurrence or metastases. The median follow-
up period after the initial surgical treatment was 62.9 months
(Table 1).

In 53 cases with pleura nodule or nodules on CT imaging, 28
cases were confirmed by postoperative pathological examination,
of which six were metastatic nodules adhered to adjacent pleura
separated from tumor. The remaining cases were confirmed
malignant or benign based upon growth or stabilization after
at least 12 months follow-up, of which two cases were distant

metastases nodules. Of 45 cased with pulmonary nodule or
nodules, 18 were pathologically confirmed by examination of
postoperative specimens or puncture biopsies, of which five
were metastatic nodules in the adjacent or distant pulmonary
parenchyma. The remaining cases were considered to be benign
or malignant according after at least 15 months of follow-up, of
which no cases were considered metastasis nodules. A total of 12
patients had both pleural and pulmonary nodules observed on
CT images.

FIGURE 2 | Masaoka-Koga stage Il thymomas. (A) Axial contrast-enhanced chest CT image showed a thymoma with a clear contour (Masaoka-Koga stage lla and
WHO classification B1), which was first found at the time of physical examination in a 55-year-old woman. (B) A 50-year-old woman mainly complains of general
fatigue and subsequently was confirmed myasthenia gravis. Axial contrast-enhanced chest CT image obtained at the level of the left pulmonary trunk showed a
thymoma with a slight lobulated contour (Masaoka—-Koga stage llb and WHO classification AB).

the aortic arch was pushed backward.

FIGURE 3 | A multi-lobulated heterogeneous thymoma with vascular invasion. Axial contrast-enhanced chest CT image obtained at the level of the aortic arch
demonstrated a thymoma in a 54-year-old man complained of bosom frowsty and chest pain (Masaoka-Koga stage Il and WHO classification B1). The lesion directly
invaded the left brachiocephalic vein (A, white arrow). The tumor showed the heterogeneous attenuation distributions and multi-lobulated contour (A,B, arrow head),
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FIGURE 4 | A heterogeneous thymoma accompanied with pleural nodule. (A) Axial contrast-enhanced chest CT image obtained at the level of the pulmonary trunk
demonstrated a multi-lobulated thymoma with internal multiple calcification lesions (white arrow) in a 69-year-old man with myasthenia gravis (Masaoka—Koga stage
IVa and WHO classification B3). (B) Showed the adjacent thickened pleura (red arrow head) and pleural nodule (white arrow head).

Relationship Between CT Imaging

Features and Clinical Characteristics

The CT imaging features did not significantly differ based
on sex or age. Tumor size (P < 0.001), pleural effusion (P
= 0.012), and elevated hemidiaphragm (P = 0.026) did not
significantly differ between those with and without symptoms
(Figure 1). There were significant differences between the group
with myasthenia gravis and the group without myasthenia
gravis in terms of tumor size (P = 0.001), infiltration of
surrounding fat (P = 0.01), pleural nodules (P = 0.005), elevated
hemidiaphragm (P = 0.008), and pulmonary nodules (P =
0.006). The tumor contours (P = 0.001), calcification (P =
0.029), tumor abutment of >50% (P = 0.006), and adjacent
lung abnormalities (P = 0.039) between the groups with and
without postoperative recurrence or metastasis also significantly
differed. Among the imaging features, the tumor location,
internal density, abutment <50%, vascular invasion, and lymph
node enlargement did not significantly differ based on the clinical
characteristics (Table 2).

Relationship Between CT Imaging
Features and Masaoka-Koga Stage and

WHO Classification

When compared to the stage I/II lesions, the stage III/IV
thymomas were larger, had more irregular contours, exhibited
infiltration of the surrounding fat, calcification, and vascular
invasion based on the morphology (Figures2-4). Among all
imaging features, there were statistically significant differences
between stage I/II and III/IV lesions in tumor size (P = 0.001),
calcification (P = 0.041), infiltration of surrounding fat (P =
0.031), vascular invasion (P = 0.015), pleural nodules (P =
0.024), elevated hemidiaphragm (P = 0.022), and pulmonary
nodules (P = 0.001) (Table 3). Among all imaging features,

tumor size (P = 0.029), contours (P = 0.011), internal density
(P = 0.021), infiltration of surrounding fat (P = 0.016), and
pleural effusion (P = 0.046) significantly differed between the
low- and high-risk thymomas (Table 4). Tumors classified as
B2 and B3 tended to exhibit a larger size, irregular contours,
infiltration of surrounding fat, internal heterogeneous density,
and pleural effusion based on the morphology appearance in this
study (Figures 1, 4, 5).

Screening for Risk Factors Based on
Binary Logistic Regression

Binary logistic regression analysis indicated that tumor size
(OR = 1.687, P < 0.001) and pleural effusion (OR = 1.743,
P = 0.033) were risk factors for the patients’ symptoms. The
infiltration of surrounding fat (OR = 2.873, P = 0.022), pleural
nodules (OR = 2.734, P = 0.028,), elevated hemidiaphragm
(OR = 2975, P = 0.021), and pulmonary nodules (OR =
2.708, P = 0.033,) were identified as risk factors for patients
with myasthenia gravis. Contour (OR = 3.711, P = 0.005),
abutment >50% (OR = 4.277, P = 0.02), and adjacent lung
abnormalities (OR = 3.916, P = 0.031) were risk factors for
postoperative recurrence or metastasis. Tumor size (OR = 1.261,
P = 0.014), vascular invasion (OR = 0.526, P = 0.023), pleural
nodules (OR = 2.22, P = 0.048), and pulmonary nodules (OR
= 3.106, P = 0.006) were identified as risk factors for Masaoka—
Koga stage I/II and III/IV lesions. Tumor size (OR = 1.183, P
= 0.048), Contour (OR = 2.288, P = 0.003), internal density
(OR = 2.192, P = 0.024), and infiltration of surrounding fat
(OR = 2.811, P = 0.005) were risk factors for low- and high-
risk thymomas according to the WHO classification (Table 5).
The frequency of each imaging features were quantitatively
calculated and intuitively illustrated alongside risk factors by heat
map (Figure 6).
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TABLE 3 | Analysis of the relationship between CT imaging features and the
subgroups of Masaoka—Koga stage.

CT imaging Masaoka- Masaoka—- P-value
features Koga Koga

/) (nAv)
Location 0.849
Predominant middle 30 17
Predominant left 40 20
Predominant right 36 16
Tumor size 0.001*
6.59 +£2.15 +2.11 7.35 +£2.04
Contours 0.867
Smooth 45 22
Single-lobulated 50 24
Multi-lobulated 11 7
Internal density 0.823
Homogenous 54 26
Heterogeneous 52 27
Calcification 0.041*
No 67 30
Single calcification 30 11
Multiple calcification 9 12
Infiltration of fat 0.031*
No 69 25
Yes 37 28
Abutment > 50% 0.068
No 68 26
Yes 38 27
Abutment < 50% 0.911
No 53 27
Yes 53 26
Vascular invasion 0.015*
No 80 30
Yes 26 23
Adjacent lung 0.432
abnormalities
No 57 25
Yes 49 28
Pleural effusion 0.392
No 55 26
Unilateral 36 21
Bilateral 15 6
Pleural nodule 0.024*
No 77 29
Yes 29 24
Lymph node 0.678
enlargement
No 85 41
Yes 21 12
Elevated 0.022*
hemidiaphragm
No 84 33
Yes 22 20
Pulmonary nodule 0.001*
No 85 29
Yes 21 24

*Significant differences.

DISCUSSION

All patients underwent preoperative cross-section spiral CT
examinations with same body position and methods; however,
the CT images were obtained with three different types of
scanners in this study. Uniform axial 5-mm images were
reconstructed for the evaluation of CT features from both
mediastinum and lung windows, with the same ranges of window
width and level, and the original images with 0.6-1.25mm
slice thicknesses were available ensuring the consistency of this
evaluation. Although it has been previously reported (40) that
MG has no effect on the survival rate of patients with thymoma,
patients with a history of hormonal therapy were excluded
from our study. A total of 89 patients with a median follow-
up period 62.9 months were specially used to evaluate the
relationship between CT features and postoperative recurrence
or metastasis on the basis of their long observation period
(29), although similar studies allowed a minimum follow-up
time of 6 months (25). Pleural and pulmonary nodules were
diagnosed with a compound identification strategy based on
either pathology results or follow-up examination because it
is difficult to confirm all nodules by pathology alone, even in
patients with other malignancies (30). For the distant nodules,
most of which were hardened nodules with high density, this may
be due to the fact that thymoma with distant metastasis are rare
and these nodular lesions usually shaped in a history of chronic
inflammation (28). Elevated hemidiaphragm was evaluated by
coronal images reconstructed from original images with 0.6—
1.25 mm slice thicknesses instead by section observation. Because
the supine position is not ideal for evaluating the position
of diaphragm, the elevated hemidiaphragm findings may be
overestimated in some cases. However, the suspended inspiration
and bilateral contrast observations can partially offset this error.
In addition, there were no low-density cystic thymomas in this
study. Some cases of cystic and necrotic changes in tumors were
described as either heterogeneous-density according to terms
recommended by ITMIG (27).

In this study, those <49 and >49 years of age did not have any
significant differences in imaging features. Zhao et al. (7) reported
that the infiltration of the surrounding fat was associated with
age. However, most studies did not report a relationship between
CT imaging features and age (41-44). Tumor size, pleural
effusion, and elevated hemidiaphragm significantly differed
between the groups with or without symptoms; however,
tumor size and pleural effusion were independent risk factors.
Most studies did not focus on the relationship between CT
imaging features and symptoms, with the exception of one
study which identified negative findings (7). In our study,
tumor size, infiltration of surrounding fat, pleural nodules,
elevated hemidiaphragm, and pulmonary nodules significantly
differed between patients with and without myasthenia gravis.
The infiltration of surrounding fat, pleural nodules, elevated
hemidiaphragm, and pulmonary nodules were identified as
independent risk factors for patients with myasthenia gravis.
These results were similar to those of previous studies (7, 21,
45-48). Klimiec et al. (16) suggested that routine CT imaging
can effectively identify thymomas; however, radiologists should
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TABLE 4 | Analysis of the relationship between CT imaging features and the

subtypes of WHO histological classification.

CT imaging Low- Hight- P-value
features Risk(A/AB/B1) Risk(B2/B3)

Location 0.237
Predominant middle 27 20

Predominant left 29 31

Predominant right 21 31

Tumor size 0.029*
6.59 £2.15 +1.85 6.95 + 2.36

Contours 0.011*
Smooth 38 29

Single-lobulated 36 38

Multi-lobulated 3 15

Internal density 0.021*
Homogenous 46 34

Heterogeneous 31 48

Calcification 0.375
No 50 47

Single calcification 16 25

Multiple calcification 1 10

Infiltration of fat 0.016*
No 53 4

Yes 24 41

Abutment > 50% 0.623
No 44 50

Yes 33 32

Abutment < 50% 0.814
No 38 42

Yes 39 40

Vascular invasion 0.105
No 58 52

Yes 19 30

Adjacent lung 0.093
abnormalities

No 45 37

Yes 32 45

Pleural effusion 0.046*
No 47 34

Unilateral 20 37

Bilateral 11 10

Pleural nodule 0.369
No 54 52

Yes 23 30

Lymph node 0.051
enlargement

No 66 60

Yes 11 22

Elevated 0.055
hemidiaphragm

No 62 55

Yes 15 27

Pulmonary nodule 0.528
No 57 57

Yes 20 25

*Significant differences.

be cautious in interpreting these images when differentiating
between thymic hyperplasia and a normal thymus in patients
with myasthenia gravis, as they are not reliable. This study found
that contour, abutment >50%, and adjacent lung abnormalities
were risk factors for postoperative recurrence or metastasis upon
logistic regression analysis. These findings are somewhat similar
to previous results (7, 18, 21, 49, 50). However, some studies
reported that tumor size or histological subgroups were related
to postoperative recurrence or metastasis (19, 25, 26). Kato et al.
suggested that the maximum tumor diameter and the contact
length between the tumor contour and the lung was significantly
associated with pleural recurrence after complete resection of the
thymoma (13). These differences may be a result of the thymoma
staging and the different focus of the authors. The features
of tumor location, internal density, abutment <50%, vascular
invasion, and lymph node enlargement did not significantly
differ when the clinical features were analyzed. These results
were consistent with those from most of the previous studies
(13, 18, 19, 26, 41). Therefore, we speculate that these features
do not play a significant role in the clinical features of patients
with thymoma (51, 52).

Previous studies (7, 16, 21, 23, 26, 41) on thymoma CT
were based on the Masaoka-Koga clinical staging system.
In the present study, tumor size, calcification, infiltration of
surrounding fat, vascular invasion, pleural nodules, elevated
hemidiaphragm, and pulmonary nodules significantly differed
between stage I/II and III/IV lesions. Tumor size, vascular
invasion, pleural nodules, and pulmonary nodules were identified
as independent risk factors in multiple regression analysis. Zhao
et al. reported that the tumor contour, calcification, infiltration
of surrounding fat, and degree of abutment of vessels were
related to the Masaoka-Koga stage subtypes (7). Ozawa et al.
considered that larger tumor size and necrosis was related
to Masaoka-Koga stage III/IV (21). Choe et al. reported that
the histological features of aggressive tumor behavior were
significantly correlated with decreased doubling time and rapid
growth (26). These results fully demonstrated that thymoma is a
type of heterogeneous tumor, and its clinical staging is associated
with multiple imaging features. However, the tumor samples
collected in each study may differ. Stage III/IV thymomas were
larger, had more irregular contours, and exhibited infiltration of
surrounding fat, calcification, and vascular invasion compared
with stage I/11 lesions based on morphology (13, 26, 41, 51).

The tumor size, contours, internal density, infiltration of
surrounding fat, and pleural effusion significantly differed
between low-risk and high-risk thymomas among all imaging
features in our study. However, upon logistic regression analysis,
pleural effusion was not an independent risk factor. These
results were similar to those of previous studies (7, 21, 53),
although CT could not more effectively differentiate the WHO
histological subtypes of thymomas (7, 54). Johnson et al. studied
the pathologic response of tumors to neoadjuvant treatment
and found an association between CT of tumor response
after neoadjuvant treatment and pathologic response (51). CT
imaging was of limited value in discriminating between thymoma
subtypes. Tumor size of >7 cm was considered a B3 thymoma
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lesion (A, red arrow) and at the level of left hilum (B, red arrow).

FIGURE 5 | A thymoma with infiltration of surrounding fat and lymph node enlargement. Axial contrast-enhanced chest CT image obtained at the level of the
pulmonary trunk demonstrated a thymoma in a 49-year-old man (Masaoka—-Koga stage IVb and WHO classification B3). (A,B) Showed the thickened pleura (red
arrow head), infiltration of surrounding fat (white arrows), and bulging margin (white arrow head). The lymph node enlargement appeared at the superior level of the

TABLE 5 | Screening of risk factors for clinical characteristics, Masaoka-Koga stage and WHO classification by binary logistic regression analysis.

Clinical characteristics, stage and classification CT imaging features P-value OR (95% C.l.)

Presence of symptom Tumor size <0.001 1.687 (1.373-2.127
Pleural effusion 0.033 1.743 (1.046-2.906

Presence of Myasthenia gravis Infiltration of fat 0.022 2.873 (1.166-7.080

Pleural nodule

( )
( )
( )
0.028 2.734 (1.114-6.710)
( )
( )
( )

Elevated hemidiaphragm 0.021 2.975 (1.177-7.518
Pulmonary nodule 0.033 2.708 (1.081-6.784
Postoperative relapse or metastasis* Contour 0.005 3.711 (1.491-9.241
Abutment > 50% 0.020 4.277 (1.2565-14.572)
Adjacent lung abnormalities 0.031 3.916 (1.133-13.533)
Masaoka-Koga stage Tumor size 0.014 1.261 (1.048-1.516)
Vascular invasion 0.023 2.526 (1.138-5.604)
Pleural nodule 0.048 2.220 (1.008-4.488)
Pulmonary nodule 0.006 3.106 (1.392-6.931)
WHO classification Tumor size 0.048 1.183 (1.002-1.398)
Contour 0.003 2.288 (1.323-3.957)
Internal density 0.024 2.192 (1.120-4.322)
Infiltration of fat 0.005 2.811 (1.375-5.746)

*Postoperative relapse or metastasis: based on a total of 89 patients with the median observation period of 62.9 months.

OR, Odds ratio; 95% C.1., 95% confidence interval.

in a previous study (20), but this finding was not evident in
our study.

Our study demonstrated that the CT findings were associated
with clinical characteristics, Masaoka-Koga stage, and WHO
histological classification of thymomas, in which tumor size,
contour, internal density, abutment >50%, fat infiltration,
vascular invasion, adjacent lung abnormalities, pleural effusion,
pleural and pulmonary nodules, and elevated hemidiaphragm
were identifled as independent risk factors. To the best of

our knowledge, there have been no prior studies on detailed
risk factors evaluation based on various imaging features
(24, 55-57). Based on the logistic regression analysis, the
elevated hemidiaphragm were not independent risk factors for
the patients’ symptoms. Tumor size was not an independent
risk factor for thymomas in patients with myasthenia gravis.
Calcification, infiltration of surrounding fat, and elevated
hemidiaphragm were not independent risk factors for Masaoka—
Koga stage. Additionally, pleural effusion was not an independent
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significant difference (P < 0.01) by the binary logistic regression analysis.

FIGURE 6 | The schematic diagram of CT imaging features as risk factors for clinical characteristics, Masaoka-Koga stage, and WHO histological classification. The
X-axis displayed the CT imaging features and Y-axis indicated the clinical characteristics, Masaoka-Koga stage, and WHO histological classification. The ratio of
occurrence frequency of one imaging feature was quantitatively calculated in one subgroup and size of ratio value was represented by color bar (With and without
relapse or metastasis were based on a total of 89 patients). The circle and oval circle showed the imaging features as risk factors for the related clinical characteristics,
Masaoka-Koga stage, and WHO histological classification. The single star (*) indicated the significant difference (P < 0.05) and the double stars (**) indicated the
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risk factor for the WHO classification of thymomas. However,
these results can provide reference indicators for clinical
management and should not be regarded as absolute results
based on retrospective imaging data statistics due to confounding
factors that are difficult to detect (13, 51, 58, 59).

This study was subject to several limitations. First, the
incidence rate of thymoma was very low and data of some
variables in this study were retrospectively collected and
analyzed. Second, the CT scanners used in this study and their
parameters were dissimilar and diaphragm evaluation was based
on the coronal reconstruction images. However, we believe that
these parameters do not strongly affect our evaluation of the
manifestations of thymoma that can be assessed using CT.
Finally, the number of eligible cases was slightly smaller especially
for the evaluation of recurrence or metastasis. Future studies
should endorse multi-center collaborations to include more
thymoma cases in order to obtain more accurate conclusions.
High-dimensional data from quantitative analysis of volume and
radiomics of thymomas should be used for the exploratory and
excavated research in order to get more relevant results in the
next phase (9, 59-61).

In conclusion, this study demonstrated that part of CT
imaging features had significant correlations with clinical
characteristics, Masaoka-Koga clinical stage, and WHO

histological ~ classification of thymomas. Consequently,
familiarity with certain CT features analyzed as independent
risk factors can facilitate preoperative evaluation, decision-
making and postoperative ~management for patients
with thymomas.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the
manuscript/supplementary files.

ETHICS STATEMENT

Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.

AUTHOR CONTRIBUTIONS

XH acquired, analyzed and explained data, and drafted the
manuscript. WG, LD, and YC analyzed and explained the
imaging data. JD, HY, and RG acquired the clinical information
and revised the manuscript. LZ and GM designed the study and
revised the manuscript.

Frontiers in Oncology | www.frontiersin.org

11

October 2019 | Volume 9 | Article 1041


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Han et al.

Analysis of CT Imaging Features for Thymoma

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Luo T, Zhao H, Zhou X. The clinical features,

. Marom EM. Advances in thymoma imaging. J Thorac Imaging. (2013)

28:69-80; quiz:81-3. doi: 10.1097/RT1.0b013e31828609a0

. Yanagawa M, Tomiyama N. Prediction of thymoma histology and

stage by radiographic criteria. (2010) 21:1-12.

doi: 10.1016/j.thorsurg.2010.08.008

Thorac Surg Clin.

. Marom EM. Imaging thymoma. ] Thorac Oncol. (2010) 5(10 Suppl.

4):5296-303. doi: 10.1097/JTO.0b013e3181{209ca

. Narahari NK, Gongati PK, Kakarla B, Nizami MI, Boddula RP, Sattavarapu

LR. Thymoma-associated immunodeficiency:
for the clinician. Asian Cardiovasc Thorac Ann.
doi: 10.1177/0218492316687934

a diagnostic challenge
(2017) 25:146-9.

. Toro J, Cuellar-Giraldo D, Duque A, Minota K, Patifio ], Garcia M.

Seronegative paraneoplastic limbic encephalitis associated with thymoma.
Cogn Behav Neurol. (2017) 30:125-8. doi: 10.1097/WNN.0000000000000134

. Hayes SA, Huang J, Plodkowski AJ, Katzen ], Zheng ], Moskowitz

CS, et al. Preoperative computed tomography findings predict
surgical resectability of thymoma. J Thorac Oncol. (2014) 9:1023-30.
doi: 10.1097/]7T0O.0000000000000204

. Zhao Y, Chen H, Shi J, Fan L, Hu D, Zhao H. The correlation of

morphological features of chest computed tomographic scans with clinical
characteristics of thymoma. Eur J Cardiothorac Surg. (2015) 48:698-704.
doi: 10.1093/ejcts/ezu475
diagnosis and
management of recurrent thymoma. J Cardiothorac Surg. (2016) 11:140.
doi: 10.1186/s13019-016-0533-9

. Dong D, Tang L, Li ZY, Fang MJ, Gao JB, Shan XH, et al. Development

and validation of an individualized nomogram to identify occult peritoneal
metastasis in patients with advanced gastric cancer. Ann Oncol. (2019)
30:431-8. doi: 10.1093/annonc/mdz001

Liu Z, Li Z, Qu J, Zhang R, Zhou X, Li L, et al. Radiomics of multiparametric
MRI for pretreatment prediction of pathologic complete response to
neoadjuvant chemotherapy in breast cancer: a multicenter study. Clin Cancer
Res. (2019) 25:3538-47. doi: 10.1158/1078-0432.CCR-18-3190

PA]J, R, Heyman S, Verheuen L, Lauwers P,
Hendriks JM, et al. Myasthenia gravis appearing after thymectomy
heralding recurrent thymoma. Acta Chir Belg. (2019) 119:195-7.
doi: 10.1080/00015458.2018.1438556

Hakiri S, Kawaguchi K, Fukui T, Nakamura S, Ozeki N, Mori S, et al.
Verification of the diagnostic strategy for anterior mediastinal tumors. Int |
Clin Oncol. (2019) 24:385-93. doi: 10.1007/s10147-018-1362-8

Kato T, Iwano S, Taniguchi T, Kawaguchi K, Fukui T, Ishiguro F
et al. The contact length between the tumor contour and the lung on
computed tomography is a risk factor for pleural recurrence after complete
resection of thymoma. Gen Thorac Cardiovasc Surg. (2015) 63:343-8.
doi: 10.1007/s11748-015-0525-z

Do YW, Lee HJ, Narm KS, Jung HS, Lee JG, Kim D], et al. Tumor perimeter
and lobulation as predictors of pleural recurrence in patients with resected
thymoma. Lung Cancer. (2016) 98:79-83. doi: 10.1016/jlungcan.2016.
05.017

Pandey S, Jaipal U, Mannan N, Yadav R. Diagnostic accuracy of
multidetector computed tomography scan in mediastinal masses assuming
histopathological findings as gold standard. Pol ] Radiol. (2018) 83:e234-42.
doi: 10.5114/pjr.2018.76709

Klimiec E, Quirke M, Leite MI, Hilton-Jones D. Thymus imaging in
myasthenia gravis: the relevance in clinical practice. Muscle Nerve. (2018)
58:153-6. doi: 10.1002/mus.26096

Luo H, Xie S, Ma C, Zhang W, Tschope C, Fa X, et al. Correlation between
thymus radiology and myasthenia gravis in clinical practice. Front Neurol.
(2019) 9:1173. doi: 10.3389/fneur.2018.01173

Green DB, Eliades S, Legasto AC, Askin G, Port JL, Gruden JF. Multilobulated
thymoma with an acute angle: a new predictor of lung invasion. Eur Radiol.
(2019) 29:4555-62. doi: 10.1007/s00330-019-06059-1

Okumura M, Yoshino I, Yano M, Watanabe SI, Tsuboi M, Yoshida K, et al.
Tumour size determines both recurrence-free survival and disease-specific
survival after surgical treatment for thymoma. Eur J Cardiothorac Surg. (2019)
56:174-81. doi: 10.1093/ejcts/ezz001

Beckers Mercelis

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

Marom EM, Milito MA, Moran CA, Liu P, Correa AM, Kim ES, et al.
Computed tomography findings predicting invasiveness of thymoma. J
Thorac Oncol. (2011) 6:1274-81. doi: 10.1097/JTO.0b013e31821c4203

Ozawa Y, Hara M, Shimohira M, Sakurai K, Nakagawa M, Shibamoto
Y. Associations between computed tomography features of thymomas
and their pathological classification. Acta Radiol. (2016) 57:1318-25.
doi: 10.1177/0284185115590288

Yano M, Sasaki H, Moriyama S, Hikosaka Y, Okuda K, Shitara M, et al.
Clinicopathological analysis of small-sized anterior mediastinal tumors. Surg
Today. (2014) 44:1817-22. doi: 10.1007/s00595-013-0727-x

Tomiyama N, Miiller NL, Ellis S, Cleverley JR, Okumura M, Miyoshi S, et al.
Invasive and noninvasive thymoma: distinctive CT features. J] Comput Assist
Tomogr. (2001) 25:388-93. doi: 10.1097/00004728-200105000-00010
Tomiyama N, Johkoh T, Mihara N, Honda O, Kozuka T, Koyama M, et al.
Using the World Health Organization classification of thymic epithelial
neoplasms to describe CT findings. AJR Am ] Roentgenol. (2002) 179:881-6.
doi: 10.2214/ajr.179.4.1790881

Khandelwal A, Sholl LM, Araki T, Ramaiya NH, Hatabu H, Nishino
M. Patterns of metastasis and recurrence in thymic epithelial tumours:
longitudinal imaging review in correlation with histological subtypes. Clin
Radiol. (2016) 71:1010-7. doi: 10.1016/j.crad.2016.05.007

Choe J, Lee SM, Lim S, Choi SH, Kim N, Do KH, et al. Doubling time of thymic
epithelial tumours on CT: correlation with histological subtype. Eur Radiol.
(2017) 27:4030-6. doi: 10.1007/s00330-017-4795-y

Marom EM, Rosado-de-Christenson ML, Bruzzi JE, Hara M, Sonett JR, Ketai
L. Standard report terms for chest computed tomography reports of anterior
mediastinal masses suspicious for thymoma. ] Thorac Oncol. (2011) 6(7 Suppl.
3):81717-23. doi: 10.1097/JTO.0b013e31821e8cd6

Scorsetti M, Leo F, Trama A, D’Angelillo R, Serpico D, Macerelli M, et al.
Thymoma and thymic carcinomas. Crit Rev Oncol Hematol. (2016) 99:332-50.
doi: 10.1016/j.critrevonc.2016.01.012

Huang ], Detterbeck FC, Wang Z, Loehrer PJ Sr. Standard outcome
measures for thymic malignancies. J Thorac Oncol. (2010) 5:2017-23.
doi: 10.1097/JTO.0b013e3181f13682

Blagev DP, Lloyd JE Conner K, Dickerson ], Adams D, Stevens SM, et al.
Follow-up of incidental pulmonary nodules and the radiology report. ] Am
Coll Radiol. (2016) 13(Suppl. 2):R18-24. doi: 10.1016/j.jacr.2015.12.008
Detterbeck FC, Moran C, Huang J, Suster S, Walsh G, Kaiser L, et al. Which
way is up? Policies and procedures for surgeons and pathologists regarding
resection specimens of thymic malignancy. J Thorac Oncol. (2011) 6(7 Suppl.
3):81730-8. doi: 10.1097/JTO.0b013e31821ea567

Detterbeck FC, Nicholson AG, Kondo K, Van Schil P, Moran C. The
Masaoka-Koga stage classification for thymic malignancies: clarification
and definition of terms. J Thorac Oncol. (2011) 6(7 Suppl. 3):S1710-6.
doi: 10.1097/JTO.0b013e31821e8cff

Liang G, Gu Z, Li Y, Fu J, Shen Y, Wei Y, et al. Comparison of the
Masaoka-Koga staging and the International Association for the study
of lung cancer/the International Thymic Malignancies Interest Group
proposal for the TNM staging systems based on the Chinese Alliance for
Research in Thymomas retrospective database. ] Thorac Dis. (2016) 8:727-37.
doi: 10.21037/jtd.2016.03.22

. Carter BW, Benveniste MF, Madan R, Godoy MC, Groot PM, Truong

MT, et al. IASLC/ITMIG staging system and lymph node map for thymic
epithelial neoplasms. Radiographics. (2017) 37:758-76. doi: 10.1148/rg.20171
60096

Carter BW, Benveniste ME Madan R, Godoy MC, de Groot PM,
Truong MT, et al. ITMIG classification of mediastinal compartments and
multidisciplinary approach to mediastinal masses. Radiographics. (2017)
37:413-36. doi: 10.1148/rg.2017160095

Xie Y, Zhang S, Liu J, Liang X, Zhang X, Zhang Y, et al. Value of CT spectral
imaging in the differential diagnosis of thymoma and mediastinal lymphoma.
Br ] Radiol. (2019) 92:20180598. doi: 10.1259/bjr.20180598

Kong LY, Zhang W, Zhou Y, Xu H, Shi HB, Feng Q, et al. Histogram analysis
of apparent diffusion coefficient maps for assessing thymic epithelial tumours:
correlation with world health organization classification and clinical staging.
Br ] Radiol. (2018) 91:20170580. doi: 10.1259/bjr.20170580

Hwang Y, Park IK, Park S, Kim ER, Kang CH, Kim YT. Lymph node dissection
in thymic malignancies: implication of the ITMIG lymph node map, TNM

Frontiers in Oncology | www.frontiersin.org

October 2019 | Volume 9 | Article 1041


https://doi.org/10.1097/RTI.0b013e31828609a0
https://doi.org/10.1016/j.thorsurg.2010.08.008
https://doi.org/10.1097/JTO.0b013e3181f209ca
https://doi.org/10.1177/0218492316687934
https://doi.org/10.1097/WNN.0000000000000134
https://doi.org/10.1097/JTO.0000000000000204
https://doi.org/10.1093/ejcts/ezu475
https://doi.org/10.1186/s13019-016-0533-9
https://doi.org/10.1093/annonc/mdz001
https://doi.org/10.1158/1078-0432.CCR-18-3190
https://doi.org/10.1080/00015458.2018.1438556
https://doi.org/10.1007/s10147-018-1362-8
https://doi.org/10.1007/s11748-015-0525-z
https://doi.org/10.1016/j.lungcan.2016.05.017
https://doi.org/10.5114/pjr.2018.76709
https://doi.org/10.1002/mus.26096
https://doi.org/10.3389/fneur.2018.01173
https://doi.org/10.1007/s00330-019-06059-1
https://doi.org/10.1093/ejcts/ezz001
https://doi.org/10.1097/JTO.0b013e31821c4203
https://doi.org/10.1177/0284185115590288
https://doi.org/10.1007/s00595-013-0727-x
https://doi.org/10.1097/00004728-200105000-00010
https://doi.org/10.2214/ajr.179.4.1790881
https://doi.org/10.1016/j.crad.2016.05.007
https://doi.org/10.1007/s00330-017-4795-y
https://doi.org/10.1097/JTO.0b013e31821e8cd6
https://doi.org/10.1016/j.critrevonc.2016.01.012
https://doi.org/10.1097/JTO.0b013e3181f13682
https://doi.org/10.1016/j.jacr.2015.12.008
https://doi.org/10.1097/JTO.0b013e31821ea567
https://doi.org/10.1097/JTO.0b013e31821e8cff
https://doi.org/10.21037/jtd.2016.03.22
https://doi.org/10.1148/rg.2017160096
https://doi.org/10.1148/rg.2017160095
https://doi.org/10.1259/bjr.20180598
https://doi.org/10.1259/bjr.20170580
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Han et al.

Analysis of CT Imaging Features for Thymoma

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

stage classification, and recommendations. J Thorac Oncol. (2016) 11:108-14.
doi: 10.1016/j.jth0.2015.09.001

Ried M, Eicher MM, Neu R, Sziklavari Z, Hofmann HS. Evaluation of the
new TNM-staging system for thymic malignancies: impact on indication and
survival. World J Surg Oncol. (2017) 15:214. doi: 10.1186/s12957-017-1283-4
Nakayama H, Kase M, Imada T, Osqwa H, Mukai K, Yamagata T, et al. A
clinicopathologic study of thymomas: a review of 52 cases, with particular
reference to results of treatment. Kyobu Geka. (1993) 46:13-20.

Shen Y, Ye ], Fang W, Zhang Y, Ye X, Ma Y, et al. Efficacy of computed
tomography features in predicting stage III thymic tumors. Oncol Lett. (2017)
13:29-36. doi: 10.3892/01.2016.5429

Ried M, Marx A, Gotz A, Hamer O, Schalke B, Hofmann HS. State of
the art: diagnostic tools and innovative therapies for treatment of advanced
thymoma and thymic carcinoma. Eur J Cardiothorac Surg. (2016) 49:1545-52.
doi: 10.1093/ejcts/ezv426

Benveniste MF, Korst RJ, Rajan A, Detterbeck FC, Marom EM, International
Thymic Malignancy Interest Group. A practical guide from the International
Thymic Malignancy Interest Group (ITMIG) regarding the radiographic
assessment of treatment response of thymic epithelial tumors using
modified RECIST criteria. J Thorac Oncol. (2014) 9(9 Suppl. 2):S119-24.
doi: 10.1097/JT0.0000000000000296

Fujimoto K, Hara M, Tomiyama N, Kusumoto M, Sakai F, Fujii Y. Proposal
for a new mediastinal compartment classification of transverse plane images
according to the Japanese Association for Research on the Thymus (JART)
general rules for the study of mediastinal tumors. Oncol Rep. (2014) 31:565-
72. doi: 10.3892/0r.2013.2904

Bhora FY, Chen DJ, Detterbeck FC, Asamura H, Falkson C, Filosso PL,
et al. The ITMIG/TASLC thymic epithelial tumors staging project: a proposed
lymph node map for thymic epithelial tumors in the forthcoming 8th edition
of the TNM classification of malignant tumors. ] Thorac Oncol. (2014) 9(9
Suppl. 2):588-96. doi: 10.1097/JTO.0000000000000293

Gochi F Omasa M, Yamada T, Sato M, Menju T, Aoyama A, et al. Factors
affecting the preoperative diagnosis of anterior mediastinal cysts. Gen Thorac
Cardiovasc Surg. (2015) 63:349-53. doi: 10.1007/s11748-015-0530-2

Ackman JB, Verzosa S, Kovach AE, Louissaint A Jr, Lanuti M, Wright CD,
et al. High rate of unnecessary thymectomy and its cause. Can computed
tomography distinguish thymoma, lymphoma, thymic hyperplasia, and
thymic cysts? Eur ] Radiol. (2015) 84:524-33. doi: 10.1016/j.ejrad.2014.11.042
Romeo V, Esposito A, Maurea S, Camera L, Mainenti PP, Palmieri G, et al.
Correlative imaging in a patient with cystic thymoma: CT, MR and PET/CT
comparison. Pol ] Radiol. (2015) 80:22-6. doi: 10.12659/PJR.892105
Shimamoto A, Ashizawa K, Kido Y, Hayashi H, Nagayasu T, Kawakami A, et al.
CT and MRI findings of thymic carcinoid. Br ] Radiol. (2017) 90:20150341.
doi: 10.1259/bjr.20150341

Priola AM, Priola SM, Giraudo MT, Gned D, Fornari A, Ferrero B,
et al. Diffusion-weighted magnetic resonance imaging of thymoma: ability
of the Apparent Diffusion Coefficient in predicting the World Health
Organization (WHO) classification and the Masaoka-Koga staging system
and its prognostic significance on disease-free survival. Eur Radiol. (2016)
26:2126-38. doi: 10.1007/s00330-015-4031-6

Johnson GB, Aubry MC, Yi ES, Koo CW, Jenkins SM, Garces YI,
et al. Radiologic response to neoadjuvant treatment predicts histologic

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

response in thymic epithelial tumors. J Thorac Oncol. (2017) 12:354-67.
doi: 10.1016/j.jth0.2016.09.118

Huang K, Shojania K, Chapman K, Amiri N, Dehghan N, Mezei M.
Concurrent inflammatory myopathy and myasthenia gravis with or without
thymic pathology: a case series and literature review. Semin Arthritis Rheum.
(2019) 48:745-51. doi: 10.1016/j.semarthrit.2018.05.004

Omata S, Ozawa Y, Nakagawa M, Hara M, Shibamoto Y. Useful computed
tomography features for differentiating between focal atelectasis and pleural
dissemination on preoperative evaluations of thymic epithelial tumors. Eur J
Radiol. (2018) 103:38-43. doi: 10.1016/j.ejrad.2018.04.001

Priola AM, Priola SM. Imaging of thymus in myasthenia gravis: from
thymic hyperplasia to thymic tumor. Clin Radiol. (2014) 69:e230-45.
doi: 10.1016/j.crad.2014.01.005

Nakazono T, Yamaguchi K, Egashira R, Takase Y, Nojiri J, Mizuguchi M,
et al. CT-based mediastinal compartment classifications and differential
diagnosis of mediastinal tumors. Jpn ] Radiol. (2019) 37:117-34.
doi: 10.1007/s11604-018-0777-5

Zhang W, Zhou Y, Xu XQ, Kong LY, Xu H, Yu TFE et al. A whole-tumor
histogram analysis of apparent diffusion coefficient maps for differentiating
thymic carcinoma from lymphoma. Korean ] Radiol. (2018) 19:358-65.
doi: 10.3348/kjr.2018.19.2.358

Natsag J, Tomiyama N, Inoue A, Mihara N, Johkoh T, Sumikawa H,
et al. Preoperative assessment of thymic veins on multidetector row CT:
optimization of contrast material volume. Radiat Med. (2007) 25:202-10.
doi: 10.1007/s11604-007-0125-7

Peng H, Dong D, Fang MJ, Li L, Tang LL, Chen L, et al. Prognostic value of
deep learning PET/CT-based radiomics: potential role for future individual
induction chemotherapy in advanced nasopharyngeal carcinoma. Clin Cancer
Res. (2019) 25:4271-9. doi: 10.1158/1078-0432.CCR-18-3065

Wang S, Shi ], Ye Z, Dong D, Yu D, Zhou M, et al. Predicting EGFR mutation
status in lung adenocarcinoma on computed tomography image using deep
learning. Eur Respir J. (2019) 53:1800986. doi: 10.1183/13993003.00986-2018
Sato Y, Yanagawa M, Hata A, Enchi Y, Kikuchi N, Honda O, et al. Volumetric
analysis of the thymic epithelial tumors: correlation of tumor volume with the
WHO classification and Masaoka staging. J Thorac Dis. (2018) 10:5822-32.
doi: 10.21037/jtd.2018.09.133

Song J, Shi J, Dong D, Fang M, Zhong W, Wang K, et al. A new
approach to predict progression-free survival in stage IV EGFR-mutant
NSCLC patients with EGFR-TKI therapy. Clin Cancer Res. (2018) 24:3583-92.
doi: 10.1158/1078-0432.CCR-17-2507

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2019 Han, Gao, Chen, Du, Duan, Yu, Guo, Zhang and Ma. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Oncology | www.frontiersin.org

13

October 2019 | Volume 9 | Article 1041


https://doi.org/10.1016/j.jtho.2015.09.001
https://doi.org/10.1186/s12957-017-1283-4
https://doi.org/10.3892/ol.2016.5429
https://doi.org/10.1093/ejcts/ezv426
https://doi.org/10.1097/JTO.0000000000000296
https://doi.org/10.3892/or.2013.2904
https://doi.org/10.1097/JTO.0000000000000293
https://doi.org/10.1007/s11748-015-0530-2
https://doi.org/10.1016/j.ejrad.2014.11.042
https://doi.org/10.12659/PJR.892105
https://doi.org/10.1259/bjr.20150341
https://doi.org/10.1007/s00330-015-4031-6
https://doi.org/10.1016/j.jtho.2016.09.118
https://doi.org/10.1016/j.semarthrit.2018.05.004
https://doi.org/10.1016/j.ejrad.2018.04.001
https://doi.org/10.1016/j.crad.2014.01.005
https://doi.org/10.1007/s11604-018-0777-5
https://doi.org/10.3348/kjr.2018.19.2.358
https://doi.org/10.1007/s11604-007-0125-7
https://doi.org/10.1158/1078-0432.CCR-18-3065
https://doi.org/10.1183/13993003.00986-2018
https://doi.org/10.21037/jtd.2018.09.133
https://doi.org/10.1158/1078-0432.CCR-17-2507
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Relationship Between Computed Tomography Imaging Features and Clinical Characteristics, Masaoka–Koga Stages, and World Health Organization Histological Classifications of Thymoma
	Introduction
	Materials and Methods
	Patients
	CT Imaging and Interpretation
	Clinical Characteristics and Pathologic Evaluation
	Masaoka–Koga Stage and WHO Histological Classification
	Statistical Analysis

	Results
	Clinical Features and Pathologic Evaluation of Patients
	Relationship Between CT Imaging Features and Clinical Characteristics
	Relationship Between CT Imaging Features and Masaoka–Koga Stage and WHO Classification
	Screening for Risk Factors Based on Binary Logistic Regression

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


