Original Article 4 Hiroyuki Yasui, et al.

N

= Original Article

|~

Computed tomography imaging characteristics of thymoma:
Comparison with and without myasthenia gravis
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Abstract

Background: Thymoma is the most common primary neoplasm of the anterior mediastinum. Up to 50%
of patients with thymoma have been reported to have myasthenia gravis (MG) , which can be life-
threatening. Although some imaging features of thymoma have been reported, data regarding the
characteristics of thymoma-associated MG are limited.

Purpose: To determine the computed tomography (CT) imaging characteristics of thymoma through a
comparison of patients with and without MG.

Material and Methods: We retrospectively analyzed patients with thymoma (n = 67) who underwent
both unenhanced and contrast-enhanced CT before surgery. To compare patients with thymoma with
and without MG, we evaluated patients’ characteristics and CT features such as tumor shape, tumor
edge, presence of calcification, cystic degeneration or necrosis, invasion of mediastinum or lung tissue,
longest diameter of the tumor, attenuation value on unenhanced CT, and tumor contrast enhancement
(which is calculated by the difference of CT attenuation values before and after contrast enhancement) .
Results: Patients with MG showed lower tumor contrast enhancement (29.8 + 12.2 vs. 459 = 26.3
Hounsfield units, p = 0.013) compared with patients without MG. No statistical differences were
observed in any other factors.

Conclusion: Thymoma with MG was associated with lower tumor contrast enhancement compared
with thymoma without MG.
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INTRODUCTION

MATERIALS AND METHODS

Thymoma is an epithelial thymic tumor that
represents the most common primary neoplasm
of the anterior mediastinum."” It is well known
for some remarkable features, such as an
association with myasthenia gravis (MG) 29
MG is a neuromuscular junction disease
characterized by muscular weakness and
fatigability, affecting the ocular, bulbar, and
extremity. Because of the involvement of the
respiratory muscle, MG can be life-threatening
in severe cases.” Up to 50% of patients with
thymoma have been reported to have MG

The presence of MG affects operative
procedures and perioperative risk management.”
Although guidelines recommend the preoperative
measurement of acetylcholine receptor antibodies,
10-15% of patients remain seronegative with
standard testing.7‘8) Recently, cell-based assays
have been developed to detect antibodies that
cannot be detected using routine methods.”
Because the antigens express on cell membranes
and can be clustered and maintain their natural
form, cell-based assays have higher sensitivity
for detecting the antibody than usual serum
tests do. However, these assays are not always
performed in all cases.

To select appropriate management strategies
in a timely fashion, it is crucial to confirm the
presence of MG before performing thymoma
surgery. Although some imaging characteristics
of thymoma have been reported related to the
World Health Organization (WHO) histological

10-13)
there have been few

grades and staging,
studies discussing the different imaging
characteristics of thymomas with and without
MG.

The aim of our study was to determine
computed tomography (CT) imaging characteristics
of thymoma through by comparing patients

with and without MG.
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Patients

We retrospectively analyzed all patients with
thymoma who had undergone surgery at our
hospital between March 2009 and July 2021.
Inclusion criteria were (1) final diagnosis of
thymoma made via pathology,X (2) both
unenhanced and contrast-enhanced CT of the
chest performed before surgery, and (3) patient
age >20 years. Patients without either
unenhanced CT or contrast-enhanced CT were
excluded from this study.

A total of 87 patients were enrolled in this
study. Of these, 20 patients were excluded from
further analysis because they did not undergo
unenhanced CT (n = 12) or contrast-enhanced
CT (n = 8) . Therefore, a total of 67 patients (30
males; mean age = 62.7 £ 12.8 years; age range
= 33-90 years) were included in the study. Of
these, 33 patients were included in previous
reports."” Fifty-two (77.6%) of the 67 patients
were asymptomatic. In these patients, chest
radiographs on medical checkup or routine
study or chest CT for other diseases helped
identify the tumors incidentally. The symptoms
in the remaining 15 patients included symptoms
of MG such as ptosis and diplopia (7/67, 10.4%) ,
chest pain or discomfort (5/67, 7.5%) , shortness
of breath (1/67, 1.5%) , cough (1/67, 1.5%) , and
facial swelling (1/67, 1.5%) .

After reviewing the surgical records and
pathology reports, we identified the tumor types
and pathological staging according to the
modified Masaoka-Koga staging system and the
WHO classification. The diagnosis of MG was
made based on a combination of clinical features
and one of the following examinations:
edrophonium chloride test, serum acetylcholine
receptor antibody study, or repetitive nerve
stimulation test results.

Based on the presence of MG, we divided
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these thymoma patients into two groups: an MG
group and non-MG group. The MG group
included patients who received a diagnosis of
MG preoperatively as well as patients in whom
MG appeared during the postoperative follow-up
period. Out of 67 patients, 15 patients had MG,
comprising 11 with preoperative onset MG and 4
with postoperative onset MG.

Age, sex, body mass index (BMI) , and
symptoms were recorded for all patients.
Summary of patients’ characteristics are shown
in Table 1.

The institutional review board approved all
aspects of this study. Considering the study’s
retrospective nature, informed consent was

Table 1. Summary of Patients’ Characteristics

Original Article 4 Hiroyuki Yasui, et al.

obtained using the opt-out method on our
hospital website.

CT protocol

Unenhanced and contrast-enhanced CT was
performed for all patients with a tube voltage of
120 kVp before surgery using a multidetector
CT (Aquilion ONE; Toshiba, Tokyo, Japan;
Aquilion 64; Toshiba, Tokyo, Japan; Lightspeed
VCT; GE Medical Systems, Waukesha, WI, USA;
Revolution HD, GE Healthcare, Milwaukee,
Wisconsin, USA; and SOMATOM Definition
Flash; Siemens Healthcare, Forchheim,
Germany) . After unenhanced CT, iodinated
contrast media (Iopamiron; Bayer Yakuhin,

With MG (%)

Without MG (%)

n=15 n =52
Age (years) 559 + 157 64.6 + 11.2
Sex
Male 6 (40.0) 24 (46.2)
Female 9 (60.0) 28 (53.8)
BMI 248 £ 54 23.2 x40
Masaoka-Koga staging
3 (20.0) 15 (28.8)
I 9 (60.0) 30 (57.7)
2 (13.3) 7 (13.5)
Va 1(6.7) 0
WHO pathologic classification
A 1(6.7) 8 (15.4)
AB 3 (20.0) 17 (32.7)
B1 2 (13.3) 7 (13.5)
B2 3 (20.0) 10 (19.2)
B3 6 (40.0) 7 (13.5)
MNT 0 3 (5.8)

Abbreviations: BMI, body mass index; MG, myasthenia gravis; MNT, micronodular thymoma with

lymphoid stroma; WHO, World Health Organization.

Values are given as n or mean £ SD.
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Osaka, Japan; 350 mgl/mL, 600 mgl/kg patient
weight) was administered intravenously, and
postcontrast images were acquired in the portal
venous phase using a scan delay of 60-70
seconds. Axial and coronal images at 5-mm
thickness were used for the following image
analysis.

Image analysis

Two diagnostic radiologists with 3 and 10 years
of experience in CT interpretation separately
reviewed all CT images on a PACS workstation
in randomized order. The radiologists were
aware that the patients had thymomas but did
not know the presence or absence of MG.

The collected qualitative data were the
shape of the tumor (classified as round if the
long- to short- axis ratio <1.5, round/other) ,
tumor edge (classified as smooth if the entire
contour is smooth, smooth/rough) , presence of
calcification (with/without) , cystic degeneration
or necrosis (presence of focal areas of low
attenuation in the tumor, with/without) , and
invasion of mediastinum or lung tissue (yes/no) .
The collected quantitative data were longest
diameter of the tumor (observed in the axial
and coronal, with the longest lesion diameter
noted) , attenuation value on unenhanced CT,
and tumor contrast enhancement (which is
calculated by the difference of CT attenuation
values before and after contrast enhancement) .
To measure the attenuation value, the region of
interest (ROI) was manually drawn at the level
where the tumor appeared largest on the cross-
sectional image. Peripheral areas, calcifications,
cystic or necrotic components, and beam-
hardening artifacts were excluded from the
ROIs.

In cases of discrepancies in qualitative data
between the two radiologists, consensus was
reached to determine the imaging data. For
quantitative data, if the difference between the
results of the two measurements was <10%, the
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average value was used for further analysis. If
the difference was > 10%, the two radiologists
remeasured the values together.

Statistical analysis

We performed the Mann-Whitney U test to
compare continuous data and chi-square test
(Yates chi-square test and Fisher's exact test)
to compare the categorical data between the
two groups. All tests were two-sided, and p
values <0.05 were considered statistically
significant. All statistical analyses were
performed using SPSS software (IBM SPSS
Statistics 28; IBM Japan, Tokyo, Japan) .

RESULTS

Patients with MG showed lower tumor contrast
enhancement (29.8 = 122 vs. 459 = 26.3
Hounsfield units [HU], p = 0.013) as compared
with patients without MG (Figures 1-3) .
Although there was a tendency towards higher
rate of invasion (33.3% vs. 11.5%) and slightly
longer diameter of the tumor (62.6 = 30.5 vs.
546 = 26.8 mm) in patients with MG group,
the difference was not significant. No significant
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Fig. 1 Box plot of tumor contrast enhancement for
patients with thymoma with and without MG. Tumor
contrast enhancement was significantly lower in patients
with MG than in those without MG (p = 0.013) .
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differences in any other factors were apparent
between the two groups (Table 2) .

DISCUSSION
This study investigated the CT imaging

characteristics of thymoma by comparing
patients with and without MG. We showed that
contrast enhancement of thymoma was
significantly lower in patients with MG
compared to those without MG. Since 10-15% of
patients remain seronegative with standard
acetylcholine receptor antibodies testing, the
results of the current study may assist in
determining whether to apply an additional cell-
based assay in patient with thymoma who are
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negative for acetylcholine receptor antibodies.

To design appropriate treatment strategies in
a timely fashion, preoperative tumor staging and
classification based on imaging characteristics are
important. Although several studies have
investigated the staging and classification of
thymoma using preoperative imaging modalities
such as CT, magnetic resonance imaging, and
positron emission tomography, data regarding
the characteristics of thymoma-associated MG
(T-MG) are limited."™"”’

Some patients with thymoma can develop
MG after thymectomy, even though they have
no history of MG or associated symptoms.
Previous studies have reported that MG

Fig. 2 A male patient in his 50 s with thymoma (WHO type B3) with MG. Axial (a) unenhanced CT and (b)
contrast-enhanced CT showing lower tumor contrast enhancement (17.8 HU) (arrows) .

Fig. 3 A female patient in her 50 s with thymoma (WHO type A) without MG. Axial (a) unenhanced CT and
(b) contrast-enhanced CT showing higher tumor contrast enhancement (95.5 HU) (arrows) .
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developed in 1.5-28% of thymoma cases after

" which is consistent with the

total thymectomy,'
proportion found in our study (7.1%, 4/56) .

In our study, contrast enhancement of
thymoma was significantly lower in patients
with MG compared with those without MG,
possibly reflecting pathological differences.
Previous studies reported that T-MG was more
common in patients with cortical thymoma
(WHO type B) ™ In fact, in our study, type
B was more commonly observed in the MG
group (73.3%, 11/15) compared with the non-
MG group (46.2%, 24/52) . Furthermore, it was

reported that type B thymoma might have

lower enhancement, compared with that of type
A This might be due to a lower extracellular
volume fraction of type B thymoma.m) However,
since we used the portal venous phase as
postcontrast images in our study, further studies
with equilibrium phase may be needed to
confirm this hypothesis.

Regarding other results of CT imaging
features of thymoma, we found a tendency
towards higher rate of invasion and longer
diameter of the tumor without significant
differences. This may also be due to higher
proportion of type B in the MG group, as type B
thymoma has been reported to tend to exhibit a

Table 2. Imaging features of thymoma patients with and without MG

With MG (%) Without MG (%) p value
n=15 n =52

Tumor shape 1.000
Round 5 (33.3) 17 (32.7
Other 10 (66.7) 35 (67.3)

Tumor edge 0.154
Smooth 6 (40.0) 32 (61.5)
Rough 9 (60.0) 20 (38.5)

Presence of calcification 0.327
Yes 5 (33.3) 11 (21.2)
No 10 (66.7) 41 (78.8)

Cystic degeneration or necrosis 0.771
Yes 8 (53.3) 24 (41.2)
No 7 (46.7) 28 (53.8)

Invasion of mediastinum or lung tissue 0.106
Yes 5 (33.3) 6 (11.5)
No 10 (66.7) 46 (88.5)

Longest diameter of the tumor (mm) 62.6 = 30.5 54.6 + 26.8 0.340

Attenuation value on unenhanced CT (HU) 422 + 9.8 416 = 13.0 0.741

Tumor contrast enhancement (HU) 298 + 12.2 459 + 26.3 0.013

Abbreviations: CT, computed tomography; HU, Hounsfield units; MG, myasthenia gravis.

Values are given as n or mean £ SD.
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larger size and infiltration of surrounding
stractures.”

The present study had some limitations.
First, the study was retrospective and included
only patients who underwent surgical resection;
thus, selection bias was unavoidable. Second, the
sample size of the study was small (n = 67) ,
especially for T-MG cases (n = 15) . Because
the small sample size may lead to limited
statistical power, the evidence was limited
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regarding the use of a specific number of tumor
enhancements in this study as a cutoff value for
a prediction of MG.

CONCLUSION

Patients with thymoma with MG had lower
tumor contrast enhancement compared with
those without MG. To determine the specific
cutoff value for predicting T-MG, further studies
with larger sample sizes are needed.
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