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[ Abstract] Background and purpose: Thymic epithelial tumor (TET) is the most common primary tumor in the anterior
superior mediastinum with considerable histologic heterogeneity. This study aimed to compare the value of preoperative multi-slice
spiral computed tomography (MSCT) signs and texture analysis based on computed tomography (CT) images in predicting World
Health Organization (WHO) simplified pathological classification of TET. Methods: A total of 120 patients with pathologically
confirmed TET in Fudan University Shanghai Cancer Center from Jan. 2011 to Jun. 2018 were retrospectively analyzed. According
to the WHO simplified pathological classification, patients were divided into low-risk group (A1, AB, B1 thymoma) and high-risk
group (B2, B3 thymoma and thymic adenocarcinoma). CT signs of each TET patient were evaluated and recorded. Texture feature
extraction was performed on CT images of mediastinal window. Predictive models based on CT signs, texture features and the

combination of them were developed with the least absolute shrinkage and selection operator (Lasso) regression. The predictive
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effectiveness of the model was evaluated by receiver operating characteristic (ROC) curve and compared with the area under curve

(AUC). DeLong test was used to compare the diagnostic effectiveness of different prediction models. Results: A total of 120 patients
with TET were enrolled in this study. Totally 11 CT signs and 14 texture features of each patient were recorded and extracted. CT
model, texture model and the combination model were established. The AUCs of the three models in predicting low-risk group
and high-risk group TET were 0.78, 0.80 and 0.88, respectively. The sensitivity was 86.4%, 88.1% and 93.2%, respectively. The
specificity was 60.7%, 65.6% and 67.2%, respectively. And the accuracy was 70.8%, 74.2% and 80.0%, respectively. DeLong test
showed that the combination model held the highest predictive efficiency (P<0.05). Conclusion: MSCT examination is the preferred
imaging examination method for TET. Texture features can better reflect the micro-heterogeneity of TET than those obtained by
naked eye evaluation. The combination of CT signs and texture features has more advantages in predicting the malignant degree of
TET, and provides more comprehensive and accurate basis for clinical treatment and prognosis evaluation.

[Key words] Thymic epithelial tumor; WHO pathological classification; Multi-slice spiral computed tomography; Texture
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Fig. 1 Chest enhanced CT images of a 55-year-old man with type B2 thymic epithelial tumor

Texture features were extracted from the primary tumor area (green overlay). A: Transverse section; B: Coronal section; C: Median sagittal section; D:

Histogram
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Tab.1 Clinical and demographic characteristics of TET patients
Item LTET HTET P value
(N=61) (N=59)
Gender 7 (%) 0.04°
Male 28 (46.0) 38 (64.0)
Female 33 (54.0) 21 (36.0)
Age (X+s)/year 56.44£9.48 51.76 £ 12.08 0.02"
Symptom 7 (%) 0.36"
+ 36 (59.0) 29 (49.0)
25 (41.0) 30(51.0)

LTET: Low-risk TET; HTET: High-risk TET; SD: Standard deviation;
P value was the results of univariable association analyses of each
characteristic
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Fig. 2 The cross-correlation matrix for covariates

The depth of color indicates the intensity of the correlation between covariates. The darker the color, the higher the correlation was. Blue represented

positive correlation and red represented negative correlation
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Fig.3 Features selection for CT model by Lasso regression

Tuning parameter (4) selection used 10-fold cross-validation.
The X-axis showed log (1), and the Y-axis showed the model
misclassification rate. The 4 features with non-zero coefficients were
indicated with the optimal \ value of 0.07 for CT model
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Fig. 5 Features selection for combination models by Lasso
regression

The 4 features with non-zero coefficients were indicated with the
optimal 4 value of 0.06 for combination model

LM AR IS A (E5) . BRG T
FiI=2.37-0.01 xfz/NME+0.65 %31 2:+0.72x W Ffs
I174%-0.04>F-241{H

T R AR R ARG BE A RHIE AL
ArEfedirh AR L (P<005, #2) .
2.5 TFMAERISTEE AT R PR

ABIFSE EE ST 1 34 TR ASE TR 1) 8 A5 A b ot
RAERFETET (£3) o DeLongfr a5 R,
CTHUMABLAY | S A AL LRI Pl s 76 1y
BURBMR UG i, I0CA A TR (14 FIN 25 B A e R i
i (P<0.05, K6) .

16 1513 1212 11 10 987764421111

0.55 4
0.50
0.45 4
0.40 4

0.35

Misclassification error

030 seve 0o’Te

0.25

Log(»)
B 4 A LassoE B ik CTLIR4FIE
Fig. 4 Features selection for TA model by Lasso regression

Only 1 feature with non-zero coefficients was indicated with the
optimal 4 value of 0.19 for TA model
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Tab.2 Pre-scores of prediction models and their compositions of

TET patients

Item LTET (N=61)  HTET (N=59) P value
Short diameter D/mm 35.48 29.85 0.04

X+£s (21.50, 45.00) (20.00, 36.00) ’
Boundary 7 (%) 0.00

Smooth 53 (86.9) 30 (50.8)

Rough 8 (13.1) 29 (49.2)

111.54 124.83

Enhancement (86.50, 131.00) (106.00, 142.00) %3
Mediastinum fat

line 7 (%) 0.00

Clear 45 (73.8) 20 (33.9)

Unclear 16 (26.2) 39 (66.1)
Mean value 67.71 49.13 0.00

(56.52, 78.55)

Values refer to median (interquartile range, IQR)

(40.82, 58.18)
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Tab.3 Performance of the models to predict the risk of TET

Item AUC 95% C1 Sensitivity/% Specificity/% Accuracy/% P value
CT model 0.78 0.69-0.86 86.4 60.7 70.8 0.00
TA model 0.80 0.72-0.88 88.1 65.6 74.2 0.00
Combination model 0.88 0.82-0.94 93.2 67.2 80.0 0.00
1.0 4
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2 061
2
vl
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AUC_CT model: 0.78
AUC_TA model: 0.80
AUC_Combination model: 0.88
0.0 4
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Fig. 6 ROC curve analysis of the prediction models
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