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ABSTRACT

Background: This work analyzed the efficacy of Cone-Beam Computed Tomography
(CBCT) enhanced scan in evaluating the therapeutic effect and prognosis of
interventional therapy in patients with liver cancer (LC). Materials and Methods:
Eighty-two individuals diagnosed with primary LC were enrolled here and grouped
according to the intraoperative treatment. Patients in group A were only treated with
digital subtraction angiography (DSA) during the operation, while those in group B
received DSA and CBCT during the operation. The operation time, radiation dose,
detection rate of tumor lesions, and lipiodol deposition were compared between two
groups. Results: In group A, 54 lesions were identified before operation, 48 lesions
during intraoperative angiography, and 6 lesions remained undetected. In group B, 57
LC lesions were identified before operation, and 57 lesions during intraoperative CBCT
enhanced scan, and 2 small LC lesions not presented previously were detected. The
number of lesions with complete lipiodol precipitation in group B (42) was clearly
higher as against group A (32) (P < 0.05). The operation time of group B was clearly
longer as against group A (P < 0.05), but there existed no substantial difference in
radiation dose patients in different groups (P > 0.05). Conclusion: The results indicated
that CBCT enhanced scan was superior to conventional DSA in detecting tumor
lesions, nutrient arteries, and lipiodol deposition in patients undergoing LC
chemoembolization. Importantly, this enhanced method did not increase radiation
dose but prolonged the operation time.

INTRODUCTION

Liver cancer (LC) is generally divided into primary
LC and secondary LC. Primary LC is cancer that forms
in the liver tissue, and secondary LC is cancer that
spreads to the liver from other parts of the body.
Most LC cases are secondary or metastatic (1-3). LC
ranks as the third most prevalent malignant tumor,
following gastric cancer and esophageal cancer, in
terms of mortality rate. The initial symptoms of LC
are not obvious, and the main symptoms include liver
pain, fatigue, weight loss, jaundice, ascites, and other
late-stage manifestations. Approximately 110,000
individuals succumb to LC annually in China,
constituting 45% of global LC-related fatalities (4.
Through the monitoring of high-risk groups via
serum alpha-fetoprotein (AFP) detection combined
with ultrasound imaging, LC can be diagnosed at the
subclinical stage, and the long-term impact of early
resection becomes notably significant, leading to a
clear improvement in the five-year survival rate ).
The main cause of LC is cirrhosis caused by hepatitis

B, hepatitis C or alcohol; Other causes include
aflatoxin, non-alcoholic fatty liver disease and liver
fluke (67,

Patients with early LC can choose to undergo
surgery, where the surgeon has the option to either
extract the entire liver or the section containing the
cancer. In the case of a complete liver removal, it will
be substituted with normal liver tissue obtained from
a donor ©®). In addition, if laboratory tests indicate
good liver function in patients with LC, and there is
no evidence of cancer metastasis to nearby lymph
nodes and other parts of the body, a portion of the
liver can be removed. The surgeon removes the
tumor and normal liver tissue around its margin
together. The scope of the operation is contingent on
factors such as the size, number, and location of the
tumor, as well as the status of liver function (9-12), If
the tumor is diminutive, hasn’t extended beyond the
liver, and appropriate donor liver tissue is available,
liver transplantation becomes a viable option.
Donated liver tissue may originate from a deceased
person or a living donor. In the case of a living donor,
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the contributed tissue constitutes a segment of the
liver rather than the entire organ (13). For patients
who are not suitable candidates for surgery or liver
transplantation, they can choose for embolization or
chemoembolization. In these procedures, a small
catheter is inserted into an artery in the thigh and
advanced into the hepatic artery. In embolization,
doctors inject small sponges or other particles into
the catheter (14,

There are many diagnostic methods for LC,
including physical examination, blood test, computed
tomography (CT) imaging, and MRI imaging. During a
physical examination, doctors palpate the patient’s
abdomen to assess the liver, spleen, and other
adjacent organs for any masses or alternations in
shape and size, and will also inspect skin and eyes for
signs of jaundice (15.16), Several blood tests, including
AFP, can be adopted to check for liver disease. High
AFP level can indicate the presence of LC, and other
blood tests can provide insights into the status of
liver function (17.18), Connected to a computer, an
X-ray machine can acquire a sequence of intricate
images depicting the liver, along with other
intra-abdominal organs and blood vessels of the
patient. The doctor may inject or administer contrast
agents intravenously to enhance the clarity of liver
imaging, providing high diagnostic accuracy (9. A
machine with a strong magnet and a computer can be
adopted to take fine photos of internal areas of the
body. In some cases, the use of contrast materials can
enhance the clarity of the abdominal images, assisting
doctors in determining the progress of LC. However,
the cost of magnetic resonance imaging (MRI)
scanning is high, and it is not suitable for universal
application (20

This work assessed the radiological
characteristics of cone-beam computed tomography
(CBCT) and the treatment mechanism of
transcatheter arterial chemoembolization (TACE).
This facilitated a more thorough evaluation of the
vascular structure and dynamic changes in liver
cancer, providing a more reliable basis for the design
of individualized treatment plans. The findings
opened new possibilities to enhance the post-TACE
quality of life for patients with liver cancer.
Therefore, this work significantly contributed to a
deeper insight into the application of CBCT in TACE
for liver cancer, serving as a scientific foundation for
clinical practice and advancing the processes of
personalization and precision in liver cancer
treatment.

MATERIALS AND METHODS

Subjects

Eighty-two patients suffering from primary LC
treated with interventional chemoembolization in
XXX Hospital from September 2022 to May 2023

were selected as the subjects. The group comprised
49 men and 33 women, aged 41-75 years, with a
mean age of 66.07 + 7.25 years. 60 cases had a
history of hepatitis, 65 cases showed elevated AFP
and 21 cases had a liver surgery history. According to
the intraoperative treatment, all patients were
grouped. Patients in group A only underwent DSA
during the operation, while those in group B
underwent digital subtraction angiography (DSA)
examination and CBCT scan during the operation.
Participants provided written informed consent with
the consent of their family members. The trial
received ethical approval from the Hospital Ethics
Society [Research Approval Number: IEC AF/SW-
12/02.0. Ethical Approval Registration Number: 2023
(YAN)-103-01(Date: 8.13.2023). Ethics Committee
Name: the Affiliated Hospital of Shaoxing University].

Inclusion criteria: Patients who had not received
radiotherapy or chemotherapy; Those with complete
clinical data; Patients aged above 18 years old;
Patients less than 80 years old; Patients who
cooperated with the examination.

Exclusion criteria: Pregnant women; Patients with
other malignant tumors; Patients who dropped out of
the trial; distant metastasis; Patients with severe
heart disease.

Two-dimensional DSA

The procedure utilized the Siemens third-
generation Artis Zee Ceiling digital subtraction
angiography (DSA) machine from Germany.
Following local anesthesia, percutaneous puncture of
the femoral artery was performed and a 4F vascular
sheath (Puncture Kit, VBM, Germany) was inserted. A
4F hepatic duct (RH catheter) (Terumo peripheral
vascular imaging catheter hepatic duct, Japan) was
positioned into the celiac trunk and common hepatic
artery for angiography, using gadobutrol (approved
by the China Food and Drug Administration, National
Drug Approval H20054702, Shanghai, China) and a
2.8F microcatheter (Accessway™ Microcatheter,
Jiangsu, China) was introduced into the proper
hepatic artery for further angiography. The tumor
nutrient arteries were evaluated based on the images
obtained, and if the evaluation proved challenging, a
microcatheter was positioned into the left or right
hepatic artery branches for angiography.

CBCT examination

Following local anesthesia, percutaneous
puncture of the femoral artery was arranged, and a
4F vascular sheath was put. Subsequently, a 4F RH
catheter was positioned into the celiac trunk and
common hepatic artery for angiography. Following
that, CBCT angiography (Planmed, Finland) was
performed. The scanning delay was set at 5 seconds,
with a syringe flow rate of 1.5 mL/s. A contrast agent
dose of 15 mL (gadobutrol, approved by the China
Food and Drug Administration, National Drug
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Approval H20054702, Shanghai, China) was
administered. The scanning duration was 5 seconds,
the slice thickness was 0.5mm, and the matrix size
was 521x521. After confirming the tumor location,
the tumor pattern was delineated on different
sequences of images, and the nutrient arteries of the
tumor were obtained. If no obvious enhancing lesion
was identified, the tube is inserted into the suspected
nutrient artery for angiography. The image diagnosis
was carried out by two senior doctors, including the
delineation of the tumor in the image, the
identification of the feeding artery, and assessment of
deposition of lipiodol on the postoperative CT.

Interventional chemoembolization

Interventional chemoembolization was performed
according to the medical requirements. After
identifying the nutrient artery of the patient’s tumor,
the microcatheter was positioned into the target
vessel.  Subsequently, epirubicin  (Epirubicin
Hydrochloride, National Drug Approval H20000496,
Jiangsu, China) and a mixed emulsion of iodized oil
(Iodized Oil Injection, Jiangsu, China) (at 1:2) were
gradually injected under fluoroscopy. When the blood
flow slowed down, an appropriate amount of sponge
particles was injected, and the complete stagnation of
blood flow was observed as the end point of
embolization.

Statistical methods

SPSS19.0 was adopted for data analysis.
Measurement data were presented as mean * SD
("x%s), and count data were presented as percentage
(%). Repeated measures analysis of variance was
adopted to compare the related indicators between
two groups. A two-sided test with P < 0.05 was
considered statistically meaningful.

RESULTS

Baseline data of patients

As illustrated in figures 1-2, the mean age of
patients in group A was 64.94 + 8.25, consisting of 26
men and 15 women. Among them, 28 cases suffered
from a history of hepatitis, 9 cases experienced a
history of surgery and 36 and 5 cases were classified
as Child-Pugh grade A and B, respectively. For tumor
maximum diameter, 22 cases were < 3 cm, 15 cases
were 3 - 5 cm, and 4 cases were > 5 cm. In group B,
the mean age of the patients was 67.04 * 6.81, with
23 men and 18 women. Among them, 32 cases
confirmed a history of hepatitis, 12 cases reported a
history of surgery, and 38 cases were classified as
Child-Pugh grade A, while 3 cases were Child-
Pughgrade B. For tumor maximum diameter, 24 cases
were < 3 cm, 12 cases were 3 - 5 cm, and 5 cases were
> 5 cm. There existed no clear difference in the
average age, number of males and females, history of
hepatitis, history of surgery, Child-Pugh classification,

and maximum tumor diameter between patients in
different groups (P > 0.05).
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Figure 1. Mean age and the ratio of male to female of
patients. (A), illustrated the number of patients in groups A
and B categorized by age and gender; (B) depicted that based
on the history of hepatitis and surgery.
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Figure 2. Child-Pugh classification and tumor maximum
diameter. (A), described the distribution of patients in groups
A and B based on the Child-Pugh classification, where Level A
corresponded to Child-Pugh A and Level B corresponded to
Child-Pugh B; (B) illustrated the number of patients in groups
A and B based on tumor diameter categories (<3 cm,3-5cm
and >5cm).

CT images of patients before and after treatment.

Figure 3A displayed the tumor CT scan image of a
patient before he was treated, revealing a diffusely
restricted lesion with low signal and the presence of a
pseudocapsule. Figure 3B showcased post-treatment
CT images of the patient’s liver, where DWI indicated
unrestrained diffusion of the lesion, presenting an
isosignal.

Figure 3. The tumor CT images before and after treatment.
(A), represented the pre-treatment liver CT image of a patient
with LC. The blood flow signal in the tumor area was
abnormal, characterized by large solitary low-density nodules
or masses with a circular shape, and the periphery of the mass
appears blurry; (B) shows the post-treatment liver CT image of
the same LC patient, where the lesion exhibits an isosignal.

Tumor detection

As illustrated in Figure 4, utilizing the pathological
diagnosis results as the gold standard, 54 lesions (31
were < 3 cm, 18 were 3 - 5 cm, and 5 were > 5 cm)
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were identified in group A preoperatively, 48 lesions
(26 were < 3 cm, 17 were 3 - 5 cm, and 5 were > 5
cm) were observed by intraoperative angiography,
and 6 lesions were not visualized. In group B, 57
lesions were detected preoperatively (35 were < 3
cm, 15 were 3 - 5 cm, and 7 were > 5 cm), and 57
lesions were identified by intraoperative CBCT
enhanced scan (35 were < 3 c¢cm, 15 were 3 - 5 cm,
and 7 were > 5 cm), and 2 small LC lesions that were
not identified preoperatively were detected.
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Figure 4. Tumor detection of patients. A and B: the

preoperative and intraoperative examination results in groups
A and B, respectively.

Results of nutrient artery assessment

Figure 5 suggested the assessment results of
nutrient arteries. In group B, 125 suspected
tumor-nutrient arteries were identified under
routine DSA, including 121 proper hepatic arteries
and 4 extrahepatic arteries. CBCT confirmed 84
tumor-nutrient arteries, including 80 proper hepatic
arteries, 4 extrahepatic arteries, and 41 non-tumor-
nutrient arteries. The results indicated no
remarkable difference in the number of
tumor-feeding arteries identified under DSA
examination compared to CBCT examination,
showing no visible difference (P > 0.05).

140

Figure 5. Results of nutrient
artery assessment. The
figure primarily described
the number of tumor-
feeding arteries identified
through CBCT and DSA
examinations in the patients.

Hepatic artery Extrahepatic artery
Nutrient artery type

Lipiodol deposition at the tumor site

Figure 6 revealed 32 lesions with complete
lipiodol deposition, 17 with partial absence of
lipiodol, and 5 without obvious lipiodol deposition in
group A. In contrast, group B composed of 42 lesions
with complete lipiodol deposition, and 15 with
partial absence of lipiodol. The number of lesions
with complete lipiodol precipitation in group B (42)
was much higher as against group A (32) (P < 0.05).

Operation time and radiation dose of patients in
different groups

Figure 7 suggested the operation time was
44.61+7.23 min, and the radiation dose was 205.77 +
18.34 mGy in group A. Conversely, the operation time

was 52.72 * 6.44 min, and the radiation dose was
217.08 + 32.65 mGy for patients in group B. The
operation time of group B was longer as against group
A, exhibiting a great difference (P < 0.05). However,
similar was observed in radiation dose between
patients in various groups (P > 0.05).
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Figure 6. Lipiodol deposition in the patient’s tumor.
Note: * indicated group A versus group B, P < 0.05. The figure
illustrated the sedimentation status and the number of lesions
in patients from groups A and B after iodized oil examination.

The X-axis represented the iodized oil sedimentation

conditions: 1) lesions with complete lipiodol deposition; 2)

partial lipiodol absence and 3) no obvious lipiodol deposition.
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Figure 7. Contrast of operation time and radiation dose. This
figure primarily depicted the differences in operation time and
radiation dose between patients in different groups. Figure A
represented the operation time and figure B represented the
radiation dose.

DISCUSSION

LC stands among the malignant tumors with the
highest global mortality and morbidity rates.
Although surgical resection is the primary choice for
LC treatment, only about 20% - 30% of patients can
obtain the opportunity of surgical resection due to
factors such as hepatitis B infection, cirrhosis, and
liver insufficiency, multicentric occurrence of tumor,
and early spread and metastasis in China. TACE
involves the controlled injection of plugs into the
supply vessels of diseased organs through arterial or
intravenous catheters to cause occlusion and
interrupt the blood supply. This aims to control
bleeding, treat tumors and vascular lesions, and
eliminate the function of diseased organs. At present,
TACE or radioembolization serves as the core
treatment for patients with hepatocellular LC who
can't accept radical treatments like liver
transplantation, tumor resection, or percutaneous
radiofrequency ablation. As an auxiliary diagnostic
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method for primary LC, the biggest advantage of
CBCT is its fast imaging. The short scanning time
reduces the image ambiguity caused by the patient’s
body movement and the image distortion caused by
the patient’s internal organ movement, thereby
improving the X-ray tube efficiency (2122), [t was
observed that there was similar in the average age,
number of males and females, history of hepatitis,
history of surgery, Child-Pugh classification, and
maximum tumor diameter between two groups
(P>0.05), which provided reliability for the later
study.

In this work, CBCT and DSA were employed to
examine the lesion status in liver cancer patients. It
can be concluded that CBCT-enhanced scanning is
superior to conventional DSA in detecting tumor
lesions. This superiority is attributed to the higher
spatial resolution and real-time dynamic imaging
advantages of CBCT, allowing for clearer visualization
of small tumors or vascular abnormalities. Its three-
dimensional imaging aids in a more comprehensive
understanding of the tumor’s condition. In contrast,
DSA, with lower resolution, provides two-
dimensional vascular images, which may lead to
potential instances of misdiagnosis (23). Additionally,
research indicates that preoperative digital
subtraction angiography can reduce the probability
of postoperative bleeding 24). In a study by Kato et al.
(2021) @9 the combined use of CBCT and DSA
revealed that three-dimensional fusion images
provided clear visualization of stent and parent
artery structures, demonstrating excellent diagnostic
reliability. In group B, 125 suspected tumor nutrient
arteries were observed under routine DSA,
containing 121 proper hepatic arteries and 4
extrahepatic arteries. 84 tumor-nutrient arteries
were confirmed by CBCT, containing 80 proper
hepatic arteries, 4 extrahepatic arteries and 41
non-tumor-nutrient arteries. Currently, in
chemoembolization treatment, the femoral artery is
often cannulated to the coeliac trunk artery for
angiography to determine the tumor nutrient artery
and its shape, and then chemoembolization of the
corresponding artery is performed (26). Therefore,
obtaining information about tumor nutrient arteries
and their shape is particularly important. The above
results indicate that contrast-enhanced CBCT scans
are superior to conventional DSA in the detection of
nutrient arteries. In investigating the application of
CBCT in bronchial artery embolization and
chemotherapy, studies have found that, compared to
standalone DSA, CBCT enhances the credibility of
tumor signal diagnosis before targeted arterial
treatment (27),

In general, the interventional treatment of LC
involves inserting a catheter through the patient’s
femoral artery to reach the blood supply site of the
liver tumor. Embolic agents or chemotherapy drugs
can be injected through the arteries supplying blood

to the liver to delay tumor growth, thereby
prolonging the survival of patients (28). A commonly
adopted embolic agent is lipiodol, as LC cells have a
strong affinity for it. Interventional therapy uses
lipiodol to achieve the purpose of embolization of
tumor blood supply arteries (29). The work revealed
that the number of lesions with complete lipiodol
deposition in Group B patients was sharply higher in
contrast to that in group A patient, and it also
prolonged the operation time. This finding aligns
with the results of Xu R et al.'s research (39), indicating
that the iodized oil deposition rate in patients
undergoing CBCT-enhanced scans is higher than in
those undergoing conventional DSA angiography.
However, the radiation dose for patients in the
CBCT-enhanced scan group does not increase; it only
extends the operation time. This suggests that, while
obtaining more treatment information, the study
aims to ensure the effectiveness of treatment and the
safety of radiation.

In summary, when compared to standalone DSA,
the combination of CBCT and DSA demonstrates a
notable enhancement in the detection performance
of tumor lesions, feeding arteries, and iodized
oil deposition in patients undergoing
chemoembolization for liver cancer. It enhances the
detection rate of tumor lesions and related arterial
abnormalities, all while maintaining a comparable
radiation dose, thus ensuring good safety during
treatment.

CONCLUSION

The results of this work indicated that CBCT-
enhanced scanning outperforms conventional DSA
angiography in detecting tumor lesions, feeding
arteries, and iodized oil deposition in patients
undergoing chemoembolization for liver cancer. It
provided a more comprehensive and accurate
diagnosis of the vascular structure and dynamic
changes in liver cancer, offering new possibilities for
improving the efficacy of TACE treatment and the
quality of life for patients. This work also suggested
that the combination of CBCT and DSA application
prolongs the operation time without increasing the
radiation dose. However, it was essential to note that
the sample size was small and comes from a single
source, which may introduce some bias to the results.
Additionally, this work lacked follow-up records
on the occurrence of complications after
chemoembolization, and there is a shortage of
corresponding prognosis data for analysis.
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