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Abstract N

Although differentiating benign and malignant thymic epithelial lesions is important to avoid unnecessary treatment and predict
prognosis, it is challenging because of overlaps in the chest computed tomography (CT) findings. In this study, we investigated
whether the diameter of the thymic vein and other CT findings could differentiate between benign (thymoma and thymic cysts) and
malignant (thymic carcinoma, [TCal]) lesions.

We conducted a retrospective study across two tertiary referral hospitals in Japan between November 2009 and June 2018. We
included 12 patients with TCa, 34 patients with thymomas, and 17 patients with thymic cysts. We analyzed the receiver operating
characteristic (ROC) curve to determine the best cut-off values and performed univariate and multivariate analyses of CT findings to
distinguish TCa from other benign lesions. Post-hoc analysis was performed for the maximum short axis of the thymic vein using the
Mann-Whitney U test, and the number of the maximum short axis of the thymic vein > the cutoff was determined using the Fisher
exact test with a family-wise error-correction using Bonferroni’s method.

ROC analysis showed that a maximum short axis of the thymic vein >2 mm was considerably more frequent in TCa than in the other
lesions (P < .001 for both), with 83% sensitivity and 86% specificity. Univariate and multivariate analyses revealed the association with
TCa of the number of the maximum short axis of the thymic vein >2mm (P=.005, multivariate generalized linear model analysis), ill-
defined margin (P=.001), and mediastinal lymphadenopathy (P < .001). Thymic vein diameter was in descendimg order of TCa >
thymoma > thymic cysts with statistically significant differences between the groups (Ps < .05).

Thymic vein diameter was significantly longer in TCa than in thymoma and thymic cysts. Measurement of the maximum short axis

\
\

of the thymic vein could be a powerful diagnostic tool to differentiate TCa from thymoma and thymic cysts.
Abbreviations: CT = computed tomography, ROC = receiver operating characteristic, TCa = thymic carcinoma.
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1. Introduction

Thymic epithelial lesions are the most common neoplasms of the
anterior mediastinum and are found in 0.45% of chest computed
tomography (CT) images.['! It is challenging to differentiate
between the most common thymic epithelial lesions, namely,
thymic carcinoma (TCa), thymoma, and thymic cysts. According
to Ackman et al, 24.3% of the patients who underwent
thymectomy for a suspected thymic epithelial tumor were
diagnosed with thymic cysts, which do not require treatment.!
Considering the serious complications of thymectomy, such as
great vessel injuries (reported in 1.5% of patients), and that the
chemotherapy regimen differs between thymoma and TCa,"! a
precise preoperative diagnosis is necessary to avoid unnecessary
thymectomy, determine the optimal regimen of chemotherapy,
and predict prognosis.

Regarding diagnostic modality, chest CT is the most accessible
for evaluating mediastinal lesions. Previous studies have
attempted to use CT for thymic epithelial tumors./*~®! In contrast,
the diagnostic utility of ultrasonography in mediastinal tumors is
limited. Although Chen et al revealed the specific patterns of
lymphoma on color Doppler sonography,!”! the method for
differentiating thymic epithelial tumors has not been established.
The peak time of the intensity curve in dynamic contrast-
enhanced study and the apparent diffusion coefficient value were
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reported to be useful in differentiating TCa from other thymic
neoplasms, especially thymoma.!®”! However, magnetic reso-
nance imaging is not widely accessible compared to CT.
Fluorodeoxyglucose-positron emission tomography CT is useful
for differentiating TCa from other thymic epithelial tumors,!*%11!
but for the same reason, CT is preferentially used.

The overlaps of the CT findings among the three pathologies
make preoperative radiological diagnosis challenging,’!
leading to the low preoperative correct diagnoses of 37.5%,
77.8%, and 61.4% cases of TCa, thymomas, and thymic
cysts, respectively.['?! To overcome this limitation, a better CT
finding for differentiating these thymic epithelial lesions is
warranted.

To our knowledge, no previous study has focused on the
diagnostic performance of the diameter of the thymic vein for
these lesions. We intended to compare this diameter in patients
with different thymic epithelial lesions. In addition, we aimed to
discuss the usefulness of the findings in differentiating these
lesions.

2. Methods

This multi-center retrospective study was approved by the
institutional review boards. The requirement for written
informed consent was waived because of the retrospective study
design. However, we protected the privacy of all patients.

2.1. Subjects

We searched the pathology databases of 2 tertiary referral
hospitals in Japan between November 2009 and June 2018 and
found 36 pathologically proven TCa, 49 thymomas, and 24
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thymic cysts. We excluded 24 TCa, 15 thymomas, and 7 thymic
cysts based on the following exclusion criteria.

1. absence of a preoperative CT.
2. absence of a thin-slice CT (<3 mm slice thickness).
3. inability to identify the thymic vein.

Consequently, we enrolled 12 patients with TCa, 34 with
thymomas, and 17 with thymic cysts (Fig. 1).

2.2. Computed tomography acquisition

We performed chest CT using the 4-320-row multi-detector CT
unit (Aquilion 64, Aquilion PRIME or Aquilion ONE, Canon
Medical Systems, Otawara, Japan; Lightspeed Plus or Ultra VCT,
Discovery STE or CT750 HD CT scanner, GE Healthcare,
Waukesha, Wisconsin, USA) with the following parameters: tube
voltage, 120 kVp; effective current, 120 to 330 mA; helical pitch,
0.813; field of view, 30 to 45 cm; and matrix size, 512 x 512 for
all CT units. We used the auto exposure control to monitor the
radiation exposure while maintaining a sufficient resolution for
the chest CT evaluation. CT images were acquired during a single
inspiratory breath-hold to minimize motion artifacts. Recon-
struction was performed with 0.625 to 3.0mm slice thickness.
Fifty patients underwent contrast-enhanced CT, 75 to 90 seconds
after intravenous administration of an iodine contrast agent. The
remaining thirteen patients underwent plain CT.

2.3. Computed tomography interpretation

Two chest radiologists with 3 and 6 years of experience (the latter
was a board-certified diagnostic radiologist) independently
interpreted all chest CT images. They were blinded to the

Pathologically proven thymic carcinoma
from November 2009 to June 2018
in two domestic third referral facilities, n=36

Pathologically proven thymoma
from November 2009 to June 2018
in two domestic third referral facilities, n=49

absence of preoperative CT, n=3
absence of thin slice CT, n=11
inability to identify the thymic vein, n=10

absence of preoperative CT, n=3
— absence of thin slice CT, n=6
inability to identify the thymic vein, n=6

Thymic carcinoma patients included, n=12

Thymoma patients included, n=34

Pathologically proven thymic cyst
from November 2009 to June 2018
in two domestic third referral facilities, n=24

absence of thin slice CT, n=2
inability to identify the thymic vein, n=5

Thymic cyst patients included, n=17

Figure 1. Flow chart showing the inclusion and exclusion criteria.




Sakamoto et al. Medicine (2021) 100:46

www.md-journal.com

Thymic cary a
Maximum | is, 43mm

Thymoma
Maximum long axis, 59mm

g

Thymic cyst
Maximum long a

d R

Figure 2. Examples of the thymic vein and thymic lesion. (A) A computed tomography (CT) of a 70-year-old man. The maximum short axis of the thymic vein is
3.4mm. The major axis of the mediastinal mass is 43mm. Following an extended thymectomy, the patient was diagnosed with thymic carcinoma. (B) A CT of a
70-year-old woman. The maximum short axis of the thymic vein is 1.7 mm. The major axis of the mediastinal mass is 59 mm. Following a thymectomy, she was
diagnosed with thymoma. (C) A CT of a 70-year-old man. The maximum short axis of the thymic vein is 1.1 mm. The major axis of the mediastinal mass is 70mm.

Following a thymectomy, he was diagnosed with thymic cyst.

clinical information. They measured the maximum short axis of
the thymic vein and the maximum diameter of the tumor in an
axial image for each case. The final values were an average of the
values obtained by the radiologists. Figure 2A, B, and C outline
the measurement of the thymic vein. They also assessed the CT
images for lobulation of shape (lobular or not), irregularity
of contour (irregular or not), definiteness of margin (well-or
ill-defined), focal low-attenuation area (presence or absence),
involvement of great vessels (presence or absence), and
mediastinal lymphadenopathy (presence or absence). Involve-
ment of great vessels was considered positive when abutment of
>50% circumference or oppression, deformation, or occlusion of
the great vessels was observed. Mediastinal lymphadenopathy
was considered positive when the maximum short axis of the
lymph node was >10mm. If two radiologists disagreed on these
findings, another chest radiologist with 14years of experience
made the final decision.

2.4. Statistical analysis

We used the intraclass correlation coefficient (2, 1) to assess the
inter-rater reliability for the maximum diameter of the tumor and
the maximum short axis of the thymic vein. We also evaluated the
Cohen’s Kappa values for the rest of the imaging findings. In
addition, we compared the differences in age, maximum diameter
of the tumor, and mean maximum short axis of the thymic vein
between the lesions using the Kruskal-Wallis tests. Fisher exact
tests were performed to compare the categorical factors.

A receiver operating characteristic (ROC) curve was generated
when the maximum short axis of the thymic vein was significantly
longer in TCa than in the other thymic pathologies. This
facilitated determination of the cut-off value for TCa diagnosis.
We calculated the sensitivity and specificity for differentiating
TCa from the other pathologies (thymoma and thymic cysts) and
from thymoma for the maximum short axis of the thymic vein
diameter in 0.5 mm increments. Fisher exact test helped examine
the differences in the number of true-positives and false-positives
between the three pathologies.

We performed the univariate generalized linear model analysis
to assess variance for each patient parameter and image findings.
For the parameters and findings with P <.05, a multivariate
generalized linear model analysis was performed. If both the
maximum short axis of the thymic vein and the number of
the maximum short axis of the thymic vein > cut-off value based
on ROC analysis were P<.05, the latter was included in the
multivariate generalized linear model analysis.

We also performed a post-hoc analysis for the maximum short
axis of the thymic vein using the Mann—Whitney U test, and
the number of the maximum short axis of the thymic vein > the
cut-off using Fisher exact test. A family-wise error-corrected
P value <.05 was considered statistically significant. A family-
wise correction was performed using Bonferroni’s method.

We performed the statistical analyses using JMP Pro, version
15.2.1 (SAS Institute, Cary, North Carolina, USA) and R
software version 4.1.1 (The R foundation, Vienna, Austria).

3. Results

The mean age of the patients was 62.2+11.4years (mean +
standard deviation; range 34-85years); 36 (57%) were men.
There was no significant difference in age and sex among the
three pathologies. Table 1 summarizes the patient characteristics.
In line with the World Health Organization classification,
thymomas were classified as follows: type A, n=6; type AB, n=35;
type B1, n=9 type B2, n=6; and type B3, n=7. One patient had
a metaplastic thymoma. The types of TCa were as follows:
squamous carcinoma, n=10; adenocarcinoma, n=1; and large
cell neuroendocrine carcinoma, n=1. Thymic cysts were
surgically resected for the following reasons: inability to rule
out thymoma, n=14; increase in size, n=2; and chest pain,n=1.

3.1. Diameter of the thymic vein

Table 1 also summarizes the CT imaging findings. The maximum
short axis of the thymic vein was 2.42+0.46mm (range 1.7-
34mm) for TCa, 1.71+0.35mm (range 1.2-2.8mm) for
thymoma, and 1.50+0.51mm (range 0.9-2.8 mm) for thymic
cysts. The maximum long axis of the tumor was 45.5+19.9 mm
(range 9.0-84.3mm) for TCa, 32.8+16.0mm (range 9.2-
70.8mm) for thymoma, and 33.8+17.7mm (range 15.0-76.5
mm) for thymic cysts. The Kruskal-Wallis test revealed a
significant difference in the maximum short axis of the thymic
vein among the 3 pathologies (P<.001), while no significant
difference was found in the maximum long axis of the tumor
(P=.16). Among the other imaging findings, Fisher exact test
revealed statistically significant differences in ill-defined margin
(P=.003), focal low-attenuation area (P<.001), involvement
of great vessels (P=.005), and mediastinal lymphadenopathy
(P<.001).

ROC curve analysis revealed that a 2 mm maximum short axis
of the thymic vein was preferable as the cut-off value for
distinguishing TCa from thymoma and benign lesions. The
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Table 1
Patient characteristics and CT image findings.
All patients (n=63)  Thymic carcinoma (n=12) Thymoma (n=34) Thymic cysts (n=17) P value

Age* 62.2+11.4 (34-85) 64.0+6.7 (56-78) 60.7 +£12.8 (34-80) 63.7+10.5 (45-85) a7
Sex .55

Male 36 8 17 11

Female 27 4 17 6
Maximum long axis of tumor (mm) 35.5+18.0 (9.0-84.3) 455+19.9 (9.0-84.3) 32.8+16.0 (9.2-70.8) 33.8+17.7 (15.0-76.5) 16
Maximum short axis of the thymic vein (mm) 1.79+£0.52 (0.9-3.4) 2.42+0.46 (1.7-3.4) 1.71+£0.35 (1.2-2.8) 1.50+0.51 (0.9-2.8) <.001
Lobulated shape 7 16 6 .052
Irregular contour 2 1 0 15
lI--defined margin 5 1 0 003"
Focal low-attenuation area 8 8 0 <.001‘*‘**
Involvement of great vessels 4 1 0 .005
Mediastinal lymphadenopathy 5 0 0 <.001

“mean =+ standard deviation (minimum-maximum).
Kruskal-Wallis test.

™ Fisher exact test.

maximum short axis of the thymic vein was >2mm in 10/12
(83%), 5/34 (15%), and 2/17 (12%) patients with TCa,
thymoma, and thymic cysts, respectively (P<.001, Table 2).
This cut-off value could differentiate TCa from the other two
pathologies and thymoma with 83% sensitivity and 86%
specificity, and 83% sensitivity and 85% specificity, respectively.
Figure 3 demonstrates the relationship between the maximum
short axis of the thymic vein and the diameter of the 3
pathologies. The maximum short axis of the thymic vein of the
TCa is frequently greater than the cutoff (2mm) compared to the
other two pathologies. Table 2 summarizes the aforementioned
results.

The results of the univariate and multivariate generalized linear
model analyses are summarized in Table 3. The multivariate
generalized linear model analysis revealed a statistically signifi-
cant association between TCa and the maximum short axis of
the thymic vein >2mm, ill-defined margin, and mediastinal
lymphadenopathy.

Post-hoc analysis revealed that the diameter was progressively
larger in the order of TCa, thymoma, and thymic cysts (TCa vs
thymoma, P <.001; TCa vs thymic cysts, P <.001; and thymoma
vs thymic cysts, P=.011) (Table 4).

The inter-rater reliability was almost perfect for each imaging
finding (Table 5).

4. Discussion

To our knowledge, this is the first study to demonstrate the
difference in the maximum short axis of the thymic vein for
differentiating between TCa, thymoma, and thymic cysts. The
maximum short axis of the thymic vein was significantly longer in
patients with TCa than in those with thymoma and thymic cysts
and in patients with thymoma than in those with a thymic cysts.
The frequency of patients with a maximum short axis >2 mm was
significantly more in TCa than in the other 2 pathologies. Thus,
measurement of the maximum short axis of the thymic vein could

ROC analysis for the cut-off value of the maximum short axis of the thymic vein for distinguishing thymic carcinoma from other thymic

lesions.

Cut-off maximum short axis of the thymic vein (mm)

1 15 2 25 3

versus Thymoma + Thymic cysts

Area under the ROC curve 0.89

Sensitivity (%) 100 100 83 50 8

Specificity (%) 2 37 86 92 100

True-positive (n) 12 12 10 6 1

False-positive (n) 50 32 7 4 0

P value [Fisher exact tes] >.99 012" <.001" 002" 19
versus Thymoma

Area under the ROC curve 0.89

Sensitivity (%) 100 100 83 50 8

Specificity (%) 0 24 85 94 100

True-positive (n) 12 12 10 6 1

False-positive (n) 34 26 5 2 0

P value [Fisher exact test] >.99 .090 <.001" 002" .26

) Statistically significant.
ROC = receiver operating characteristic.
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Figure 3. Scatter diagram of the maximum diameter of the thymic vein and the
diameter of the thymic lesion.

be a useful diagnostic tool to differentiate the three most common
thymic epithelial lesions into malignant and benign lesions.

Some authors have reported other methods for differentiating
between the three pathologies.”>**'3 Tomiyama et al differen-
tiated them based on the presence of irregular contours (75%) in
TCa. Furthermore, thymoma was associated with smooth
contours (100%) and round shapes (88%).1°! According to Jung
et al, TCa is characterized by an invasion of the great vessels,
lymph node enlargement, phrenic nerve palsy, and extrathymic
metastases.l*! However, Li et al could accurately diagnose TCa
preoperatively in only 37.5% of cases based on those CT
findings. This can be attributed to the overlap of the imaging
findings.""?! In addition to thymic vein diameter, our univariate
and multivariate analyses revealed the usefulness of enlarged
lymph nodes and ill-defined margin, consistent with previous
studies.*®! It is speculated that the addition of thymic vein
diameter measurements to these findings might allow a more
accurate diagnosis of TCa.

www.md-journal.com

Comparison and post-hoc analysis of the maximum short axis of
the thymic vein.

Maximum short

axis of the
thymic vein >2 mm maximum
(mm, mean + SD) short axis (%)
Thymic carcinoma (n=12) 2.42 +0.46 10 (83%)
Thymoma (n=34) 1.71+0.35 5 (15%)
Thymic cysts (n=17) 1.50+0.51 2 (12%)
P value <.001"% <0017
Post-hoc analysis P valug™" P value’™
Thymic carcinoma vs thymoma <001 <.001™"
Thymic carcinoma vs thymic cysts <.001”" <.001™
Thymoma vs thymic cysts o117 >.99

*‘Statistically significant.

**Statistical\y significant after family-wise error correction by Bonferroni’s method.
Kruskal-Wallis test.

"Fisher exact test.

T "Mann-Whitney U test.

Preoperative diagnosis of thymic cysts can be challenging,
particularly in cases where contrast agents cannot be used
because of renal dysfunction or allergy. A well-defined, round or
oval, water-attenuated mass was reported as the typical CT
finding of thymic cysts.'*l However, thymic cysts occasionally
show high attenuation due to infection or hemorrhage, leading to
unnecessary thymectomy.!*! Additionally, thymic cysts can grow
over time. Kim et al reported on the growth of 23.2% (n=13/56)
of thymic cysts during the median 193-day follow-up (inter-
quartile range, 98-763days). Moreover, the frequency of
increase in size was not significantly different between thymic
cysts and other thymic epithelial tumors.!

The difference in the maximum short axis of the thymic vein
can be attributed to the advanced angiogenesis and metabolic
changes in the thymic epithelial lesions.!"**"®! The increased blood
flow in TCa might lead to a greater enlargement of the thymic
vein as a drainage vein compared to that seen in thymoma
and thymic cysts. From the results of the present study, TCa
should be considered when the maximum short axis of the thymic
vein is >2 mm.

Our study had some limitations, including its retrospective
design and relatively small sample size. We had to exclude some

The univariate and multivariate generalized linear model analysis for patient characteristics and CT image.

Univariate Multivariate

0dds ratio P value 0dds ratio P value
Sex (male) 1.08 (0.88-1.31) 46
Age (yr) 1.00 (0.99-1.01) 54
Maximum short axis of the thymic vein (mm) 1.56 (1.34-1.82) <.001"
Maximum short axis of the thymic vein >2 mm 1.72 (1.45-2.05) <001 1.27 (1.08-1.49) 005"
Maximum long axis of the tumor (mm) 1.01 (1.00-1.01) 032" 1.00 (0.99-1.00) 37
Lobulated shape 1.10 (0.90-1.34) .35
Irregular contour 1.65 (1.06-2.57) 032" 1.03 (0.66-1.62) .88
ll-defined margin 2.04 (1.53-2.70) <.001" 1.75 (1.27-2.39) 001"
Focal low-attenuation area 1.51 (1.24-1.85) <.001" 1.10 (0.94-1.31) .25
Involvement of great vessels 1.94 (1.40-2.68) <.001" 0.86 (0.60-1.25) 43
Mediastinal lymphadenopathy 2.41 (1.80-3.22) <.001" 2.06 (1.44-2.95) <.001"

) Statistically significant.
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Intraclass correlation coefficients and Kappa value of each
measurement and finding between the 2 readers.

Intraclass correlation
coefficients (2,1)

Maximum short axis of the thymic vein 0.98
Maximum long axis of the tumor 0.99
Kappa value
Shape 0.82
Contour 1.00
Margin 0.84
Focal low-attenuation area 0.91
Involvement of large vessel 1.00
Mediastinal lymphadenopathy 0.88

cases of thymoma and thymic cysts because the thymic vein was
undetectable due to its small size. Thus, we might have
underestimated the usefulness of the maximum short axis of
the thymic vein in this differentiation.

In conclusion, thymic vein diameter was larger in the order of
TCa, thymoma, and thymic cysts. The 2 mm maximum short axis
of the thymic vein could be a useful cut-off parameter for
distinguishing TCa from other pathologies.
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