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Background. Early screening and diagnosis are of great significance to the treatment and prognosis of patients with liver cancer.
This study aims to explore the application value of contrast-enhanced ultrasound and enhanced CT combined with tumor markers
alpha-fetoprotein (AFP) and carbohydrate antigen 199 (CA199) in the diagnosis of liver cancer. Methods. Liver cancer group
(n=256), benign disease group (n=110), and control group (n = 50) participated in this study. The liver cancer and benign disease
groups were diagnosed pathologically by contrast-enhanced ultrasound and enhanced CT before operation. The electro-
chemiluminescence method was used to detect the content of AFP and CA199. And the receiver operating characteristic (ROC)
curve was drawn. Results. The detection rate of contrast-enhanced ultrasound is higher than that of enhanced CT. Serum levels of
AFP and CA199 in the liver cancer group were significantly higher than those in the benign lesion group and the control group.
The ROC curve showed that the sensitivity, accuracy, and negative prediction rate of contrast-enhanced ultrasound and enhanced
CT combined with tumor markers AFP and CA199 in the diagnosis of liver cancer were significantly higher than that of a single
test. Conclusion. The combined detection of contrast-enhanced ultrasound and enhanced CT, AFP, and CA199 significantly
improved the sensitivity and accuracy of liver cancer diagnosis. It has a significant effect on the early diagnosis of liver cancer and

can be used as an important means of early screening.

1. Introduction

Liver cancer is a common clinical malignant tumor, which
mostly develops from viral cirrhosis and hepatitis B. It has
the characteristics of insidious onset, rapid progress, high
metastasis rate, high fatality rate, and poor prognosis [1].
Most patients with benign liver disease have no specific
symptoms and are easily ignored by patients. As the disease
progresses, patients may experience pain, discomfort, and
lumps in the upper right abdomen. When the patient went to
the hospital for examination, it was obvious that there was a
hard lump on the surface of the liver. And the mass can move
up and down with breathing and eventually can progress to
malignant tumors [2, 3]. Surgical treatment is a common

clinical treatment method for liver cancer [4]. Therefore, the
early screening and diagnosis of tumors are of great sig-
nificance for the targeted therapy of patients and the im-
provement of patient prognosis.

Liver biopsy is the “gold standard” for the clinical di-
agnosis of liver cancer, but this method has certain limi-
tations. It not only causes some trauma to patients, but not
all patients can apply [5]. Therefore, finding an accurate and
efficient noninvasive detection method has become the goal
of many medical workers. Enhanced CT and contrast-en-
hanced wultrasound are common imaging diagnostic
methods [6, 7]. Enhanced CT not only has higher tissue
resolution and spatial resolution, but also can observe tiny
lesions. It can also reflect the dynamic circulation process of


mailto:zhoushisheng@ytsyy.org.cn
https://orcid.org/0000-0002-8188-0788
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/5074571

the contrast agent in the liver, increase the positive detection
rate of liver cancer, and reduce missed diagnosis [8].
Contrast-enhanced ultrasound technology is simple to
operate and low in price. Microvascular technology can also
be used to observe the blood flow status of the lesion, and the
diagnosis accuracy rate is high [9].

It has been found that a variety of tumor markers are
abnormally expressed in malignant tumors. They are a kind
of biochemical substance produced by tumor cell prolifer-
ation or the host’s response to tumor [10, 11]. It can be used
as an important indicator for the early diagnosis of the
disease by detecting the content of tumor markers in the
patient’s blood and tissues to determine the degree of disease
progression. Among them, alpha-fetoprotein (AFP) and
carbohydrate antigen 199 (CA199) are highly expressed in
the serum of liver cancer patients [12, 13]. AFP is a highly
specific serum glycoprotein. And the positive detection rate
can be used as an important indicator of the clinical diag-
nosis of liver cancer [14]. CA199 is also a glycoprotein.
Under normal circumstances, serum CA199 levels in pa-
tients with gastrointestinal tumors will increase significantly
[15]. Therefore, if the patient’s serum CA199 level is sig-
nificantly increased, it means that they may have pancrea-
titis, liver cirrhosis, diabetes, and other diseases [16]. In
addition, it has been reported that the combined detection of
contrast-enhanced ultrasound and enhanced CT, AFP, and
CA199 can effectively improve the sensitivity and specificity
of liver cancer diagnosis [17-19], which is conducive to early
screening of disease.

In this study, 256 liver cancer patients were compared
with 110 patients with benign liver disease and 50 healthy
people. This study aims to analyze the application value of
contrast-enhanced ultrasound and enhanced CT and tumor
markers AFP and CA199 in the clinical diagnosis of liver
cancer.

2. Materials and Methods

2.1. Patients. This study is a retrospective study. 256 liver
cancer patients from March 2017 to October 2020 were
selected (liver cancer group). All patients were diagnosed
pathologically, including 165 males and 91 females. The
average age is 56.5 + 9.5 years. 110 patients with benign liver
lesions were selected into the benign lesion group. Among
them, 71 were males and 39 were females, aged 57.5+9.0
years old. 50 healthy people who have undergone physical
examination were selected as the control group. There were
32 males and 18 females, aged 56 + 9.0 years old. This study
was approved by the Ethics Committee of People’s Hospital
of Rizhao. There was no statistically significant difference in
general information among the three groups.

2.2. Inclusion and Exclusion Criteria

Inclusion criteria: (1) meet the “Standards for Diagnosis
and Treatment of Primary Liver Cancer” [20]; (2)
patients who voluntarily sign informed consent forms;
(3) patients who have not undergone surgery before
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participating in the study; and (4) patients who have
complete clinical case data.

Exclusion criteria: (1) patients with other malignant
tumors; (2) patients with mental illness and those who
do not cooperate with relevant examinations; (3) pa-
tients with blood system diseases; and (4) patients with
allergies to the drugs used in this study.

2.3. Contrast-Enhanced Ultrasound. Both groups of patients
used PHILIPSEPIQ5 color ultrasound diagnostic apparatus
for contrast-enhanced ultrasound examination with a probe
frequency of 5MHz. Before the examination, the patient
fasted for 8 hours and took the left side lying position. After
the coupling agent was applied to the abdomen, the liver was
thoroughly examined with conventional ultrasound. The
location, size, shape, edge echo, internal echo, relationship
with surrounding organs, and lymph nodes of the lesion
were observed. Then, color Doppler mode was used to
observe the blood flow in and around the lesion. The cut
surface that is least affected by the patient’s breathing can
clearly show the lesion was selected. And the probe position
was fixed. 2.4 mL of Sonovir (Bracco Imaging B.V.); contrast
medium suspension was injected through superficial venous
puncture of the patient’s left elbow, and then 5 mL of normal
saline was added. The arterial phase, portal phase, and
delayed images were acquired at 30s, 60s, and 90s after
injection, respectively. After diagnosis, all patients received
conventional surgical treatment. And the postoperative
pathological examination results were recorded. An example
of pathological examination is shown in Figure 1.

2.4. Enhanced CT Examination. Both groups of patients
used the 64-slice spiral CT machine produced by GE in the
USA for enhanced CT examination. First, a plain scan was
performed on the patient’s upper abdomen with a voltage
of 120kV, a tube current of 600 mA, and an interval of
0.965. A biphasic (arterial phase and portal vein phase)
dynamic enhancement scan was performed on the pa-
tient’s upper abdomen. 100 mL of iopromide injection
(approval number J20100030, Guangzhou Branch of
Bayer Healthcare Co., Ltd.) was injected into the patient’s
cubital vein at a rate of 3mL/s. At 30s and 60 s after the
start of the contrast agent injection, the patient was
instructed to hold his breath and scan in the arterial phase
and portal vein phase. The patient’'s CT image was
reconstructed. All data are reconstructed with 2 mm layer
thickness and 1 mm interval, and then transferred to the
background workstation. The incoming images are pro-
cessed accordingly.

2.5. AFP and CA199 Detection. 5mL of fasting cubital ve-
nous blood was centrifuged at 3000 r/min (centrifugal radius
15 cm) for 10 min. And the upper serum was separated. After
standing for 6 hours, the ADVIA Centaur XP automatic
chemiluminescence immunoassay analyzer produced by
Siemens was used for AFP and CA199 detection. The ex-
periment was performed using Siemens kits and in strict
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FIGURE 1: The example diagram of pathological examination. (a) Hepatocellular carcinoma (grade II). The tumor volume is
1.9 * 1.3 % 0.4 cm. Most of the tumor cells are located in the bile duct without invading the liver capsule. The surrounding liver tissue showed
chronic inflammation (G3S4), but no tumor was found at the surgical margin of nodular cirrhosis. (b) Moderately differentiated he-
patocellular carcinoma. The tumor volume is 2.5 * 2.5 % 2 cm, without invasion of the capsule. No tumor thrombus was found in the vessel,
and the small nerve bundles were not involved. Cancer was found at the surgical margin. (c) Moderately differentiated hepatocellular
carcinoma. The tumor volume is 13.5 * 10.5 * 5.8 cm, and it did not invade the liver capsule. The surrounding liver tissue showed changes in
liver cirrhosis, and no cancer was found at the surgical margin. (d) Liver nodule. The proliferation of hepatocytes is active under the

microscope. And the hepatic cord is widened.

accordance with the instructions. The test result is compared
with the normal value of the index test. If the sample value is
higher than the normal value, it is positive. If it is lower than
the normal value, it is negative. The normal ranges of various
indicators are as follows: AFP: 0 ng/mL~25ng/mL; CA199:
0 ug/mL~39 yg/mL.

2.6. Observation Indicators. The contents of AFP and CA199
in the three groups were compared. The sensitivity, speci-
ficity, and accuracy of AFP and CA199 in the diagnosis of
liver cancer were compared. With surgical pathological
tissue examination or immunological diagnosis results as the
gold standard, the diagnostic value of the combination of
contrast-enhanced ultrasound and enhanced CT, AFP, and
CA199 for liver cancer was compared. In the single test
method, a positive judgment is liver cancer, and a negative
judgment is a benign lesion. In the case of combined de-
tection, if all 4 testing methods are negative, it is considered
to be a benign lesion. If any test method is positive, it is
judged as liver cancer. All images were read by two senior
radiologists. It is considered valid when the conclusions are
consistent. When the conclusions are inconsistent, other

doctors were jointed or discussed together to reach a con-
sensus as the final diagnosis.

Sensitivity calculation method: true-positive number/
(true-positive  number + false-negative  number) x
100%.

Specificity calculation method: true-negative number/
(true-negative  number + false-positive  number) x
100%.

Accuracy calculation method: (true-positive num-
ber + true-negative ~ number)/total  number  of
cases X 100%.

2.7. Statistical Analysis. All experiments were repeated 3
times. Statistical analysis was performed using SPSS 23.0
software. The measurement data are expressed by x + s, and
the counting data are expressed as a ratio (%). The X” test is
used to analyze the data. Receiver operating curve (ROC)
was drawn to obtain the area under the curve (AUC). The
diagnostic value of AFP and CA199 combined contrast-
enhanced ultrasound and enhanced CT detection for liver
cancer was calculated. The difference was statistically sig-
nificant at P <0.05.



3. Results

3.1. The Diagnostic Value of Contrast-Enhanced Ultrasound
and Enhanced CT for Liver Cancer Is Compared. For liver
cancer, contrast-enhanced ultrasound diagnosed 227 posi-
tive cases and 96 negative cases (Table 1). Enhanced CT
diagnosed 201 positive cases and 81 negative cases (Table 1).
The above results indicate that the detection rate of contrast-
enhanced ultrasound is higher than that of enhanced CT.

3.2. Comparison of Ultrasound Characteristics between Pa-
tients with Liver Cancer and Benign Liver Lesions. The
proportion of liver cancer patients in terms of tumor
boundary, echo, morphology, aspect ratio, blood flow signal,
and lymph node metastasis were significantly higher than
that of patients with benign lesions (P <0.01, Table 2).

3.3. Contrast-Enhanced Ultrasound Images. Figures 2 and 3,
respectively, show the liver, gallbladder, pancreas, spleen,
kidney, and other parts of the patient. Figure 2 shows liver
cancer at stage L. The patient’s liver section was slightly larger.
The surface of the envelope was not smooth. The echo in the
liver was thickened and enhanced, and the distribution was
uneven. The structure of the intrahepatic duct was blurred,
and the echo was abnormal. The inner edge was clear. The wall
was thin, and the rear echo was enhanced. The shape and size
of the gallbladder section were normal. No obvious abnormal
echo was found. The shape and size of the pancreas were
normal, and the pancreatic duct was not significantly ex-
panded. Due to the influence of gas, the tail display was not
clear. The spleen and kidneys were normal. Figure 3 shows
liver cancer in stage III. The patient’s liver slice had abnormal
morphology. The surface of the envelope was not smooth.
Echoes in the liver were enhanced and thickened, and the
distribution was uneven. Tumors can be found in the liver and
vary in size and shape. The internal echo was low, and the
edges were not clear. The tail of the pancreas was unclear. The
gallbladder, spleen, and kidneys were all normal.

3.4. Enhanced CT Image. An example of enhanced CT image
for liver cancer patients is shown in Figure 4. Figure 4(a)
shows the liver cancer at stage I. The shape and size of the
patient’s liver were normal. The right lobe of the liver was
round and slightly low-density shadow, and the boundary
was unclear. Figure 4(b) shows liver cancer in stage II.
Circular low-density shadow can be found in the patient’s
liver. And the boundary was not clear. Figure 4(c) shows
liver cancer in stage III. The patient’s liver was full, and the
edges were not smooth. Large areas of low-density shadows
were found in the liver. Figure 4(d) shows the liver cancer in
stage III. The patient’s liver was morphologically abnormal.
Multiple low-density shadows and high-density deposits can
be found in the liver. The boundary of the lesion was unclear.

3.5. Comparison of Serum AFP and CA199 Levels in the Three
Groups. Serum levels of AFP and CA199 in the liver cancer
group were 191.43 +21.66 ng/mL and 87.57 +11.45 yg/mL,
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respectively. In addition, the levels of serum AFP and CA199
in the liver cancer group were significantly higher than those
in the benign lesion group and the control group (P <0.01,
Figures 5 and 6).

ROC curve of AFP and CA199 combined with contrast-
enhanced ultrasound and enhanced CT for the diagnosis of
liver cancer.

The area under the ROC curve for the diagnosis of liver
cancer by CA199 was 0.724 (0.563~0.907), and the best
cutoff value was 91.66 (Figure 7). The area under the ROC
curve for the diagnosis of liver cancer by AFP was 0.747
(0.581~0.931), and the best cutoff value was 187.65 (Fig-
ure 7). The area under the ROC curve of AFP and CA199
combined with contrast-enhanced ultrasound and enhanced
CT in the diagnosis of liver cancer is 0.962 (0.896~0.997,
Figure 7).

3.6. The Diagnostic Value of Contrast-Enhanced Ultrasound
and Enhanced CT Combined with Tumor Markers AFP and
CA199 in Liver Cancer Is Compared. The sensitivity of
combined detection for liver cancer was 96.88%. The
specificity was 91.82%, and the accuracy was 95.36%. The
positive prediction rate was 96.50%, and the negative pre-
diction rate was 92.66%. Sensitivity, specificity, accuracy,
positive prediction rate, and negative prediction rate were all
higher than individual trials (Table 3). The sensitivity, ac-
curacy rate, and negative prediction rate were significantly
higher than the single tests (P <0.05, Table 3).

4. Discussion

In recent years, with the changes in people’s living stan-
dards and eating habits, the incidence of liver cancer has
increased year by year. It mostly occurs in the elderly and is
related to factors such as liver cirrhosis, viral hepatitis, and
carcinogens. Liver cancer patients are present with ab-
dominal distension, weight loss, and liver pain. Liver
cancer has the characteristics of high degree of malignancy
and great harm [21]. Early liver cancer has no obvious
clinical symptoms, and early liver cancer is not easy to
attract attention [22]. Therefore, the diagnosis of liver
cancer is difficult. With the development of the disease, the
fibrous tissue of the liver increases, which evolves into liver
focal nodular hyperplasia—cirrhosis—liver cancer. Hypo-
tunction of liver will seriously shorten the survival time of
patients and even endanger the life safety of patients [23].
Therefore, the early diagnosis and treatment of liver cancer
are very important for prolonging the survival time and
improving the life quality of patients. Pathological diag-
nosis is the gold standard for clinical diagnosis of liver
cancer [24]. However, pathological diagnosis will cause
certain skin trauma to the patient. At the same time, needle
tract bleeding is prone to occur. These limitations make it
difficult for many patients to accept. On the other hand, the
sample size of liver biopsy is small and cannot fully reflect
the pathological conditions of the liver [25]. If the liver
lesions are unevenly distributed, the diagnosis may be
wrong.
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TaBLE 1: Comparison of the diagnostic value of contrast-enhanced ultrasound and enhanced CT for liver cancer ().

Contrast-enhanced ultrasound Enhanced CT
Features . . . ) Total
Positive Negative Positive Negative
Positive 227 29 201 55 256
Negative 14 96 24 86 110
Total 241 125 225 141 366

TaBLE 2: Comparison of ultrasound characteristics between patients with liver cancer and benign liver lesions ().

Ultrasound characteristics Liver cancer (n=256) Benign lesions (n=110) X2 P
Location Mii‘gft'o“rip - 1‘3 Z? 1.489 >0.05
Boundary %ilsf;;;t 18;‘2 Zi 35358 <0.01°*
Echo %’rﬁzﬁfi 16888 ZZ 37.067 <0.01°*
Morphology Irieg%ﬁirity 19615 Zg 33.063 <0.01**
Aspect ratio 2 19597 % 23.686 <0.01**
Blood flow signal (2):; 16915 gé 83.135 <0.01**
Lymph node metastasis SI{\Ie(: }gé g 7.519 <0.01**

**P<0.01.

(®)

() (d)

FIGURE 2: The picture of contrast-enhanced ultrasound for liver cancer at stage L
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(d)

F1GURE 3: The picture of contrast-enhanced ultrasound for liver cancer at stage III.
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FiGure 4: Enhanced CT image.

As we all know, the content of serum tumor markers will ~ abnormalities in the body as soon as possible and improve
change with the continuous development of the disease. The the early diagnosis rate of tumors [26]. AFP and CA199 are
detection of serum tumor markers helps to detect = commonly used tumor markers for the diagnosis of liver
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FIGURE 5: The serum level of AFP was compared between the liver cancer group (n=256) and the control group (n=50) or benign lesion
group (n=110). P<0.05.
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FIGURE 6: The serum level of CA199 was compared between the liver cancer group (n =256) and the control group (1 =50) or benign lesion
group (n=110). P<0.05.
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Figure 7: ROC curve of AFP and CA199 combined with contrast-enhanced ultrasound and enhanced CT in diagnosing liver cancer
(n=256).
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TaBLE 3: Comparison of the diagnostic value of contrast-enhanced ultrasound and enhanced CT combined with tumor markers AFP and

CA199 in liver cancer.

Method

Sensitivity

Specificity

Accuracy

Positive rate

Negative rate

Contrast-enhanced ultrasound

Enhanced CT
AFP

88.67 (227/256)
78.52 (201/256)
77.73 (199/256)

87.27 (96/110)
78.18 (86/110)
80.00 (88/110)

88.25 (323/366)
78.42 (287/366)
78.42 (287/366)

94.19 (227/241)
89.33 (201/225)
90.05 (199/221)

76.80 (96/125)
60.99 (86/141)
60.69 (88/145)

CA199 78.13 (200/256) 70.00 (77/110) 75.68 (277/366)  85.84 (200/233) 57.89 (77/133)
Combined detection 96.88 (248/256) 91.82 (101/110)  95.36 (349/366)  96.50 (248/257)  92.66 (101/109)
x? 7.614 1.335 6.143 2.012 10.467

P value <0.05" >0.05 <0.05* >0.05 <0.05*
*P<0.05.

cancer. Although the detection of the two marker levels is
simple, the detection sensitivity and specificity are not high
[27, 28]. Therefore, missed diagnosis can easily occur be-
cause these two serum markers are highly expressed not only
in liver cancer patients, but also in many other malignant
tumors. This brings difficulties to the differential diagnosis of
liver cancer. This study showed that the levels of AFP and
CA199 in the liver cancer group were higher than those in
the benign liver disease group and the control group. The
proliferation of liver cancer cells stimulates the expression of
AFP and CA199 in serum, leading to a significant increase in
the levels of AFP and CA199. However, patients with benign
lesions only show inflammation. Although the levels of AFP
and CA199 have also increased, their levels are much lower
than those of the liver cancer group.

In recent years, imaging technology has developed
rapidly in the medical field. It plays a key role in the early
screening of malignant tumors and provides an important
reference for rationally formulating surgical plans and
prognostic effects [29, 30]. Contrast-enhanced ultrasound
and enhanced CT are important imaging methods for the
clinical diagnosis of liver cancer. Enhanced CT can clearly
observe small lesions and can also better reflect blood flow
through the use of contrast agents. It can also prevent image
artifacts caused by normal breathing and provide imaging
evidence for the clinical diagnosis of liver cancer [31].
However, the presence of ionizing radiation in this test will
cause a certain degree of harm to the patient’s body. At the
same time, the blood supply of some patients with benign
lesions and some liver cancer patients is almost the same,
which is easy to cause misdiagnosis or missed diagnosis [32].
Contrast-enhanced ultrasound technology is a new type of
ultrasound imaging detection technology. The contrast
agent contains tiny bubbles to enhance the scattered echo,
thereby improving the accuracy and sensitivity of disease
diagnosis [33]. It not only has the ability of ordinary two-
dimensional ultrasound to diagnose tumor echo, mor-
phology, boundary, and other nonquantifiable indicators
[34], but also increases the qualitative and quantitative in-
formation of blood perfusion. Therefore, the contrast-en-
hanced ultrasound technology can show the differences
between different liver lesions more intuitively and in detail
[35]. In addition, the nonradiation, noninvasiveness, and
high-cost performance of this technology make it popular
with patients and clinicians [36]. In this study, the detection
rate of contrast-enhanced ultrasound was significantly

higher than that of enhanced CT. Although enhanced CT
has high tissue resolution and can show small lesions, it is
easily confused with liver hemangioma, liver cyst, and other
diseases, which increases the misdiagnosis rate [37]. The
time of contrast-enhanced ultrasound examination is longer
than that of enhanced CT, which can make the blood vessels
and small lesions more clearly and accurately displayed [38].
This study found that the combined detection of con-
trast-enhanced ultrasound and enhanced CT, AFP, and
CA199 has a high diagnostic value for the early diagnosis of
liver cancer. The sensitivity and accuracy of combined de-
tection for diagnosing liver cancer were 96.88% and 95.36%,
which were significantly higher than single detection. It is
suggested that the diagnostic value of combined detection in
liver cancer is better than single detection, which is helpful
for the early clinical diagnosis of liver cancer. Combined
detection can better make up for the shortcomings of single
index detection in the diagnosis of liver cancer and improve
the accuracy of diagnosis. However, the sample of this study
is still relatively small. In the future, we need to continue to
expand the sample size to further verify our conclusions.

5. Conclusion

In summary, the combined detection effect is significant,
improves the sensitivity and accuracy of diagnosis, and is
beneficial to the early diagnosis of liver cancer. Therefore,
combined detection can be used as an auxiliary form of
clinical screening for early liver cancer and provide a ref-
erence basis for clinicians to formulate a reasonable plan and
prognosis.
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