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ABSTRACT Objective: To study the clinical application value of enhanced computed tomography (CT) image texture parameters
combined with serum carcinoembryonic antigen (CEA) and carbohydrate antigen 724 (CA724) in the recurrence and metastasis of
esophageal cancer after operation. Methods: 86 patients with esophageal cancer who underwent operation treatment in our hospital from
June 2019 to July 2021 were selected. The serum CEA and CA724 levels were detected before operation, and enhanced CT scanning was
performed, the image data of the arteriovenous phase were analyzed by texture, and the mean value, median, standard deviation, uneven-
ness, skewness, kurtosis, entropy and other parameters were recorded. The patients with esophageal cancer were followed up for 12
months after operation. According to whether they had recurrence and metastasis, they were divided into recurrence and metastasis group
(n=32) and non-recurrence and metastasis group (n=54). The differences of texture parameters of enhanced CT images and serum CEA
and CA724 levels in the two groups were compared. Receiver Operating characteristic (ROC) curve was used to analyze the predictive
value of enhanced CT image texture parameters combined with serum CEA and CA724 for postoperative recurrence and metastasis of
patients with esophageal cancer. Results: The arterial stage entropy in the recurrence and metastasis group was higher than that in the
non-recurrence and metastasis group (P<<0.05). The inevenness and entropy of venous phase in the recurrence and metastasis group were
higher than those in the non-recurrence and metastasis group(P<<0.05). The serum CEA and CA724 levels in the recurrence and metasta-
sis group were higher than those in the non-recurrence and metastasis group(P<<0.05). ROC curve showed that the combination of serum
CEA and CA724 had significantly improved the arterial phase entropy, the venous phase unevenness, the area under the curve (AUC) of
the entropy, the sensitivity and the specificity compared with the single application of each index, and the combined application had higher
predictive efficiency. Conclusion: The serum CEA and CA724 levels and the increase of the entropy and the inhomogeneity and the

arterial phase entropy and the inhomogeneity and the entropy of venous phase are related to the recurrence and metastasis of the postop-
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erative patients with esophageal cancer. The combination of the arterial phase entropy and the inhomogeneity and the entropy of venous

phase with the serum CEA and CA724 has of high application value in predicting the recurrence and metastasis of the postoperative

patients with esophageal cancer.
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Table 1 Comparison of arterial phase texture parameters between the two groups(x+ s )

Standard
Groups n Mean value Median Unevenness Skewness Kurtosis Entropy
deviation
Non-recurrence and 1094.93+
1095.10+ 9.53  18.75+ 2.56  0.018+ 0.006 -0.142+ 0.451 1.003% 0.241 3.68+ 0.19
metastasis group 10.04
Recurrence and 1091.85% 1091.78%
32 19.27+ 3.50  0.019%+ 0.003 -0.044+ 0.605 0.917+ 0310  3.87% 0.20
metastasis group 14.83 15.29
t 1.148 1.242 0.792 0.879 0.856 1.436 4.396
P 0.254 0.218 0.430 0.382 0.395 0.155 <0.001
R 2 FHBBKIASEES ML R (1t 5)
Table 2 Comparison of vein phase texture parameters between the two groups(x+ s )
Standard
Groups n Mean value Median Unevenness Skewness Kurtosis Entropy
deviation
Non-recurrence and 1102.25+ 1103.14+
17.34+ 2.36  0.014%+ 0.002 -0.312+ 0.318 0.651% 0.059  3.75% 0.12
metastasis group 10.43 11.26
Recurrence and 1098.83+ 1101.58+
32 1775+ 2.81  0.019% 0.006 -0.279+ 0.320 0.630+ 0.057  3.94% 0.23
metastasis group 15.02 12.53
t 1.244 0.595 0.725 5.637 0.464 1.616 5.035
P 0.217 0.553 0.471 <0.001 0.644 0.110 <0.001
2.2 FZAME CEA CAT724 K FEbEE (P<0.05), L% 3,
SRR LI TS CEA (CAT24 KV F & ki A
% 3 WAMT CEA.CA724 KFELE (xt 5)
Table 3 Comparison of serum CEA and CA724 levels between the two groups(xt s )
Groups n CEA(ng/mL) CA724(U/mL)
Non-recurrence and metastasis group 54 21.03% 2.51 10.68% 1.41
Recurrence and metastasis group 32 38.49+ 4.17 19.95+ 2.37
t 24.278 22.780
P <0.001 <<0.001

2.3 1838 CT BRSUESH . MF CEA.CAT24 K EXMEERE
BEREELXEBHTNNES
ROC ks BN, 1155 CEA CAT24 BEA STk E M
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& 4 MiE CEACAT24 BREEK M ERBIRPR S EBENREREEREEREBHBNMNE

Table 4 Prediction value of serum CEA, CA724 combined with arterial phase entropy, venous phase inhomogeneity and entropy on postoperative

recurrence and metastasis of esophageal cancer patients

Indexes Critical value AUC Sensitivity(%)  Specificity( % ) P Youden index 95%CI
CEA 28.97 ng/mL 0.690 62.5 81.5 0.003 0.440 0.564~0.816
CA724 12.07 U/mL 0.763 75.0 77.8 <0.001 0.528 0.655~0.870
Arterial phase
3.67 0.686 77.5 52.6 0.004 0.301 0.572~0.800
entropy
Venous phase
0.015 0.723 65.6 722 0.001 0.378 0.606~0.840
unevenness
Entropy of
3.86 0.728 59.4 81.5 <0.001 0.409 0.611~0.845
venous phase
Joint diagnosis - 0.885 84.4 85.2 <0.001 0.696 0.816~0.953
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Fig.1 ROC curve of prediction value of serum CEA and CA724 combined
with arterial phase entropy and venous phase unevenness and entropy on

postoperative recurrence and metastasis
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