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Abstract

BACKGROUND

Patients with liver cancer complicated by portal hypertension present complex
challenges in treatment.

AIM

To evaluate the efficacy of radiofrequency ablation in combination with sorafenib
for improving liver function and its impact on the prognosis of patients with this
condition.

METHODS

Data from 100 patients with liver cancer complicated with portal hypertension
from May 2014 to March 2019 were analyzed and divided into a study group (n =
50) and a control group (n = 50) according to the treatment regimen. The research
group received radiofrequency ablation (RFA) in combination with sorafenib, and
the control group only received RFA. The short-term efficacy of both the research
and control groups was observed. Liver function and portal hypertension were
compared before and after treatment. Alpha-fetoprotein (AFP), glypican-3 (GPC-
3), and AFP-L3 levels were compared between the two groups prior to and after
treatment. The occurrence of adverse reactions in both groups was observed. The
3-year survival rate was compared between the two groups. Basic data were
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compared between the survival and non-surviving groups. To identify the independent risk factors for poor
prognosis in patients with liver cancer complicated by portal hypertension, multivariate logistic regression analysis
was employed.

RESULTS

When comparing the two groups, the research group's total effective rate (82.00%) was significantly greater than
that of the control group (56.00%; P < 0.05). Following treatment, alanine aminotransferase and aspartate
aminotransferase levels increased, and portal vein pressure decreased in both groups. The degree of improvement
for every index was substantially greater in the research group than in the control group (P < 0.05). Following
treatment, the AFP, GPC-3, and AFP-L3 levels in both groups decreased, with the research group having
significantly lower levels than the control group (P < 0.05). The incidence of diarrhea, rash, nausea and vomiting,
and fatigue in the research group was significantly greater than that in the control group (P < 0.05). The 1-, 2-, and
3-year survival rates of the research group (94.00%, 84.00%, and 72.00%, respectively) were significantly greater
than those of the control group (80.00%, 64.00%, and 40.00%, respectively; P < 0.05). Significant differences were
observed between the survival group and the non-surviving group in terms of Child-Pugh grade, history of
hepatitis, number of tumors, tumor size, use of sorafenib, stage of liver cancer, histological differentiation, history
of splenectomy and other basic data (P < 0.05). Logistic regression analysis demonstrated that high Child-Pugh
grade, tumor size (6-10 cm), history of hepatitis, no use of sorafenib, liver cancer stage IIIC, and previous
splenectomy were independent risk factors for poor prognosis in patients with liver cancer complicated with portal
hypertension (P < 0.05).

CONCLUSION

Patients suffering from liver cancer complicated by portal hypertension benefit from the combination of RFA and
sorafenib therapy because it effectively restores liver function and increases survival rates. The prognosis of
patients suffering from liver cancer complicated by portal hypertension is strongly associated with factors such as
high Child-Pugh grade, tumor size (6-10 cm), history of hepatitis, lack of sorafenib use, liver cancer at stage IIIC,
and prior splenectomy.

Key Words: Radiofrequency ablation; Sorafenib; Liver cancer; Portal hypertension; Efficacy; Prognosis analysis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The combination of radiofrequency ablation (RFA) and sorafenib shows promise in treating liver cancer with portal
hypertension. This approach demonstrated improved short- and long-term efficacy, with significant reduction in portal vein
pressure and enhancement of liver function. Patients treated with this combination had higher survival rates compared to
those receiving RFA alone. Moreover, the study identified key prognostic factors, such as Child-Pugh grade, tumor size,
history of hepatitis, and the use of sorafenib, providing valuable insights for managing liver cancer complicated by portal
hypertension. These findings suggest that the RFA and sorafenib combination could be a beneficial therapeutic strategy, but
further research with larger sample sizes is warranted to validate these outcomes.

Citation: Yang LM, Wang HIJ, Li SL, Gan GH, Deng WW, Chang YS, Zhang LF. Efficacy of radiofrequency ablation combined with
sorafenib for treating liver cancer complicated with portal hypertension and prognostic factors. World J Gastroenterol 2024; 30(11):
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INTRODUCTION

Liver cancer is categorized into two types: primary and metastatic liver cancer. Primary liver cancer is more common
than primary liver cancer, and its incidence ranks fifth among malignant tumors. According to epidemiological surveys,
there are more than 600000 new cases of liver cancer worldwide. Approximately 85% to 95% of primary liver cancers
develop from liver cirrhosis, 15% to 20% of which are complicated with different degrees of portal hypertension[1,2]. The
condition of patients suffering from liver cancer complicated with portal hypertension is relatively complex, and since
there are no obvious symptoms in the initial stages, most patients visit the hospital when they are typically already in the
middle or late stages and have missed the best time for surgical treatment. Moreover, patients suffering from liver cancer
complicated with portal hypertension are in poor physical condition and cannot tolerate surgical operation[3,4]. The
treatment principle of radiofrequency ablation (RFA) is to increase the temperature of liver tissue to > 60°C and maintain
it at that temperature for a certain time to cause degeneration and irreversible necrosis of cellular proteins. Multiple
earlier research studies have revealed that RFA effectively treats liver cancer, but studies on its application in patients
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with liver cancer complicated with portal hypertension are rare[5,6]. Sorafenib, an oral tyrosine kinase inhibitor, can
reduce visceral neovascularization and ameliorate portal hypertension via the inhibition of vascular endothelial growth
factor receptor (VEGFR) and platelet-derived growth factor receptor (PDGFR) to inhibit neovascularization[7,8]. In the
present research, RFA in combination with sorafenib was applied to treat patients suffering from liver cancer complicated
by portal hypertension to study its mechanism of action and to analyze patient prognosis. This study provides a reference
for the treatment of liver cancer complicated by portal hypertension. The report is detailed below.

MATERIALS AND METHODS

General information

Data from 100 patients with liver cancer complicated with portal hypertension from May 2014 to March 2019 were
analyzed and divided into study groups (n = 50) and control groups (n = 50) according to the treatment regimen. The
research group comprised 23 women and 27 men aged 44-69 (55.46 * 6.31) years; portal hypertension symptoms: 30
patients with hemorrhage, 9 patients with ascites, and 11 patients with hemorrhage and ascites. The control group
included 31 men and 19 women aged 40-69 (57.40 + 5.69) years; portal hypertension symptoms were 22 hemorrhages, 13
ascites, and 15 hemorrhages and ascites. The two groups’ general data were comparable (P > 0.05).

Inclusion criteria

(1) Patients who satisfied the relevant standards in the “Guidelines for the Diagnosis and Treatment of Primary Liver
Cancer”[9]; (2) Patients were diagnosed with liver cancer complicated with portal hypertension by clinicopathological
and imaging examinations, and gastroscopy revealed active gastroesophageal venous active bleeding and a hepatic
venous pressure gradient > 5 mmHg; and (3) Complete clinical data.

Exclusion criteria

(1) Patients with diffuse liver cancer, extrahepatic metastasis, or history of liver cancer surgery; (2) Expected survival time
< 3 months; (3) Patients suffering from other cancerous tumors; (4) Individuals suffering from systemic infections; (5)
Individuals who experienced disturbance of consciousness; and (6) Patients who experienced allergies triggered by the
drugs utilized in this study.

Methods

The enrolled patients were screened for one month at our hospital before being included in the study, and each included
patient was numbered. The research group received RFA in combination with sorafenib, while the control group received
RFA. All the data were collected after admission and were accessed for study purposes in January 2023.

RFA therapy

A radiofrequency therapeutic instrument (CTRF220, Covidien, United States) was used for treatment, the output power
was 200 W, the frequency was set to 480 kHz, and the electrode diameter was set to 1.2 mm. Patients with multiple
tumors were treated with a multihook probe. Patients were placed in the supine or prone position, and multislice spiral
CT was used to locate the tumor site. The puncture point on the body surface and the puncture direction were selected,
and the puncture site was anesthetized with 10 mL of 2% lidocaine. RFA treatment was performed according to the tumor
size after the lesion was punctured with the ablation electrode needle, and the treatment time was 8-12 min. The ablation
area was 1-2 cm larger than the lesion area to ensure that the tumor tissue could be completely ablated and that the
infiltrated part was killed. After RFA treatment, a CT scan was again performed to observe the effect of tumor ablation.

Sorafenib treatment

Sorafenib (Chongqing Yaoyou Pharmaceutical Co., Ltd., SFDA approval number: H20203403) was given orally 14 days
before RFA treatment (400 mg/time) twice daily. After oral administration of sorafenib, adverse reactions were assessed
as per the Common Terminology Criteria for Adverse Events of National Cancer Institutes[10]. If there was no adverse
reaction, the drug dose was maintained until 1-2 d before the operation; if there was an adverse reaction, the dose was
halved; if there was a grade 3 or 4 adverse reaction, the drug was stopped, and RFA was performed after 1-2 d of drug
withdrawal. If the Child-Pugh grade was A or B after RFA and there was no serious complication, sorafenib was given
orally 3-7 d after the operation (400 mg once a day). If no symptoms of discomfort occurred, a dose of 400 mg/time was
given 7 d later, two times a day. If there were grade 3-4 adverse reactions, the drug was suspended, and when the
adverse reactions were reduced to grade 2 or below, the drug was restored to 400 mg/time, twice/day or 400 mg/time,
once/day.

Observation indicators

(1) Short-term efficacy; (2) Comparison of liver function and portal hypertension status. The detection of aspartate
aminotransferase (AST) and glutamate alanine aminotransferase (ALT) was performed via an automatic biochemical
analyzer. The AST and ALT levels before and after treatment were compared between the two groups. The portal vein
pressure was compared between the two groups; (3) Comparison of liver cancer markers The levels of alpha-fetoprotein
(AFP), glypican-3 (GPC-3) and AFP-L3 were determined via ELISA. The levels of AFP, GPC-3 and AFP-L3 before and
after treatment were compared between the two groups; (4) Adverse reactions; and (5) Comparison of the 3-year survival
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rate between the two groups. Univariate analysis of the survival and non-surviving groups Basic data such as age, Child-
Pugh grade, history of hepatitis, number of tumors, tumor size, use of sorafenib, stage of liver cancer, histological differ-
entiation, and history of splenectomy were compared between the survival and non-surviving groups. Multivariate
analysis of the survival and non-surviving groups. To analyze the independent risk factors for poor prognosis in patients
with liver cancer complicated by portal hypertension, multivariate logistic regression was employed.

Efficacy evaluation criteria

The efficacy of the WHO solid tumor evaluation criteria[11] was used to evaluate the efficacy of the treatment. Complete
remission (CR) was defined as follows: Tumor disappeared completely; partial response (PR): Tumor regression area >
50% and no new lesions; no response: Tumor regression area < 50% or increased area < 25%; and progressed disease:
Increased area > 50%. The total effectiveness was calculated as CR + PR.

Statistical methods

SPSS 20.0 statistical software was used to analyze and process the collected data. The measurement data are presented as
mean * SD, and for comparisons between the groups, the independent sample ¢ test was used, while the paired t test was
used for comparisons within the groups prior to and following the treatment. Count data are presented as the frequency
or composition ratio, and the y* test was used for comparison. Logistic multivariate regression was used to analyze the
independent risk factors for poor prognosis in patients suffering from liver cancer complicated by portal hypertension. A
value of P < 0.05 indicated a statistically significant difference.

RESULTS

Comparing the clinical efficacy of the two treatments
The research group’s total effective rate (82.00%) was greater than that of the control group (56.00%), with statistically
significant differences between the two groups (P < 0.05). As illustrated in Table 1.

Comparing liver function and portal venous pressure between the two groups before and after treatment

Prior to treatment, there were no considerable differences in ALT or AST levels or portal venous pressure between the
two groups (P > 0.05). Following treatment, the ALT and AST levels in both groups increased, and the portal venous
pressure was reduced. The improvement in each index was greater in the research group than in the control group. The
differences were statistically significant (P < 0.05). As illustrated in Table 2.

Comparison of liver cancer marker levels between the two groups before and after treatment
Prior to treatment, there was no considerable difference in the AFP, GPC-3, or AFP-L3 Levels (P > 0.05); following
treatment, the AFP, GPC-3 and AFP-L3 Levels decreased in both groups, and the levels in the research group were
significantly lower than those in the control group (P < 0.05). As illustrated in Table 3, Figure 1.

Comparing the adverse reactions between the two groups
Instances of diarrhea, rash, nausea, vomiting and fatigue were significantly greater in the research group than in the
control group (P < 0.05). As demonstrated in Table 4.

Comparison of 1-, 2-, and 3-year survival rates between the two groups
The 1-, 2-, and 3-year survival rates of the research group (94.00%, 84.00%, and 72.00%, respectively) were significantly

greater than those of the control group (80.00%, 64.00%, and 40.00%, respectively; P < 0.05). As illustrated in Table 5,
Figure 2.

Univariate analysis of the survival group and non-surviving group

Significant differences were observed between the survival group and the non-surviving group in terms of basic data
such as Child-Pugh grade, history of hepatitis, number of tumors, tumor size, use of sorafenib, stage of liver cancer,
histological differentiation, and previous splenectomy (P < 0.05). As illustrated in Table 6.

Logistic multivariate regression analysis of poor prognosis in patients with liver cancer complicated with portal

hypertension

The items with statistically significant differences in the above factors were included in the multivariate logistic
regression model, with survival at three years of follow-up as the dependent variable and the items with statistically
significant differences as the independent variable. The values were assigned as follows: Child-Pugh grade (grade A =0,
grade B = 1), history of hepatitis (none = 0, yes = 1), number of tumors (1 = 0, > 2 = 1), tumor size (< 6 = 0, 6-10 = 1), use of
sorafenib (yes = 0, no = 1), stage of liver cancer (IIl B = 0, III C = 1), histological differentiation (high = 0, low-moderator
necrosis = 1), and previous splenectomy (none = 0, yes = 1). Logistic regression analysis demonstrated that high Child-
Pugh grade, tumor size (6-10 cm), history of hepatitis, no use of sorafenib, liver cancer stage IIIC, and previous
splenectomy were independent risk factors for poor prognosis in patients with liver cancer complicated with portal
hypertension (P < 0.05). As demonstrated in Table 7.
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Table 1 Comparison of the clinical efficacy of the two treatment regimens [n (%)]

Group CR PR NR PD Total effective rate
Research group (1 = 50) 7 (14.00) 34 (68.00) 6 (12.00) 3 (6.00) 41 (82.00)

Control group (1 = 50) 4 (8.00) 24 (48.00) 17 (34.00) 5 (10.00) 28 (56.00)

x* value 7.901

P value 0.005

CR: Complete remission; PR: Partial response; NR: No response; PD: Progressed disease.

Table 2 Comparison of liver function and portal venous pressure between the two groups before and after treatment (mean + SD)

. ALT (U/L) AST (UL) Portal venous pressure (cm H,0)
roup Before treatment  After treatment Before treatment  After treatment Before treatment  After treatment

Research group (7=50)  40.06 + 6.15 71.45 + 9.85° 53.16 + 6.98 75.90 +10.09" 39.71 +7.56 28.93 +5.98°

Control group (n =50)  40.99 +7.51 89.27 +11.26° 51.21 +9.32 95.45 + 9.29° 39.83 +5.15 31.51 +5.88"

t value 0.676 8.425 1.184 10.076 0.089 2174

P value 0.501 <0.001 0.240 <0.001 0.929 0.032

P < 0.05 when compared to the same group prior to treatment.
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

Table 3 Comparison of liver cancer marker levels before and after treatment between the two groups (mean * SD)

e AFP (ug/L) GPC-3 (ng/mL) AFP-L3 (ng/L)

roup Before treatment  After treatment Before treatment  After treatment  Before treatment  After treatment
Research group (7=50)  645.88 +56.05 463.12 + 40.45° 11.52 +2.88 6.46 +1.43° 1751.54 + 214.99 867.26 + 153.14"
Control group (1 =50)  655.80 + 53.69 563.21 + 41.46" 11.89 + 2.58 4.84 126" 1787.74 +177.19 1179.48 + 175.10°
t value 0.904 12.220 0.665 5.975 0.919 9.491
P value 0.368 <0.001 0.508 <0.001 0.360 <0.001

P < 0.05 when compared to the same group prior to treatment.
AFP: Alpha-fetoprotein; GPC-3: Glypican-3.

Table 4 Comparison of adverse reactions between the two groups [n (%])]

Diaphragm Portal vein and biliary Gastrointestinal Nausea and

Grou . Diarrhea Rash . ) o Fatigue
P injury tract injury bleeding vomiting g

Research group (3 (6.00) 14 (28.00) 20 13 (26.00) 5 (10.00) 9 (18.00) 33

=50) (40.00) (66.00)
Control group (1= 1 (2.00) 2(4.00) 2(4.00) 10 (20.00) 3 (6.00) 1(2.00) 10

50) (20.00)
¥ value 1.042 10714  18.881  0.508 0.543 7.111 21583
Pvalue 0.307 0.001 <0.001 0476 0.461 0.008 <0.001
DISCUSSION

Currently, the occurrence of liver cancer is increasing annually, and approximately 70%-90% of liver cancer patients are
complicated with cirrhosis[12,13]. The common causes of liver cancer complicated with portal hypertension are as
follows: Liver cancer usually develops from cirrhosis, which can cause portal hypertension; the formation of arteri-
ovenous fistula in the tumor body can lead to increased portal vein load; and impaired portal vein patency can increase
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Table 5 Comparison of 1-, 2-, and 3-year survival rates between the two groups

1-yr survival rate 2-yr survival rate 3-yr survival rate
SR Number of cases  Survival rate (%) Number of cases Survival rate (%) Number of cases Survival rate (%)
Research group (n =50) 47 94.00 42 84.00 36 72.00
Control group (n=50) 40 80.00 32 64.00 20 40.00
Log-y* value 4.465 5.337 9.223
P value 0.035 0.021 0.002

Table 6 Univariate analysis of the survival group and death group [n (%)]

Item Survival group (n = 56) Death group (n = 44) X? value Pvalue
Age

<60 yr 43 (76.79) 29 (65.91) 1.446 0.229

> 60 yr 13 (23.21) 15 (34.09)

Child-Pugh grade

Grade A 45 (80.36) 23 (52.27) 8.931 0.003
Grade B 11 (19.64) 21 (47.73)

History of hepatitis
Yes 18 (32.14) 29 (65.91) 11.278 0.001
None 38 (67.86) 15(34.09)

Number of tumors

1 35 (62.50) 15 (34.09) 8.266 0.016
2 16 (28.57) 20 (45.45)
3 5 (8.93) 9 (20.45)

Tumor size (cm)
<6 49 (87.50) 15 (34.09) 30.506 <0.001
6-10 7 (12.50) 29 (65.91)

Use of sorafenib
Yes 36 (64.29) 14 (31.82) 10.390 0.001
No 20 (35.71) 30 (68.18)

Stage of liver cancer
1I1B 47 (83.93) 20 (45.45) 16.496 <0.001
mc 9 (16.07) 24 (54.55)

Histological differentiation

High 28 (50.00) 14 (31.82) 6.810 0.033
Low-moderate 18 (32.14) 12 (27.27)
Necrosis 10 (17.86) 18 (40.91)

Previous splenectomy
Yes 18 (32.14) 30 (68.18) 12.822 <0.001

None 38 (67.86) 14 (31.82)
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Table 7 Logistic multivariate regression analysis of poor prognosis in patients with liver cancer complicated with portal hypertension

Item B SE Wald P value Exp (B) 95%Cl

High Child-Pugh grade 1.470 0.738 3.970 0.046 4.349 1.024-18.469
History of hepatitis 2.286 0.803 8.098 0.004 9.833 2.037-47.463
Tumor size (6-10 cm) 2.399 0.788 9.268 0.002 11.008 2.350-51.567
No use of sorafenib 2483 0.829 8.963 0.003 11.981 2.357-60.884
Liver cancer of stage ITIC 1.900 0.719 6.988 0.008 6.683 1.634-27.329
Previous splenectomy 1.629 0.741 4.835 0.028 5.101 1.194-21.800

Constant 6.685 1.486 20.226 <0.001 0.001

1000 20—
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Figure 1 Comparison of alpha-fetoprotein, glypican-3 and alpha-fetoprotein-L3 levels before and after treatment between the two groups.
A: Alpha-fetoprotein (AFP); B: Glypican-3; C: AFP-L3 levels before and after treatment between the two groups. 2P < 0.05 compared with the same group before
treatment; ®P < 0.05 compared with the control group after treatment. AFP: Alpha-fetoprotein; GPC-3: Glypican-3.

blood flow resistance. Patients suffering from liver cancer complicated with portal hypertension are at high risk of
surgery, and hepatectomy can further lead to increased portal vein pressure. For this reason, the clinical treatment of
patients with liver cancer complicated by portal hypertension relies mainly on alleviating portal vein symptoms. RFA is a
kind of local ablation therapy. The treatment principle of RFA is to increase the temperature of liver tissue to > 60°C and
maintain it at that temperature for a certain time to cause degeneration and irreversible necrosis of cellular proteins. It is
suitable for patients with unresectable liver cancer complicated with portal hypertension. Sorafenib is a tyrosinase
inhibitor that can reduce the generation of visceral neovascularization and ameliorate portal hypertension. Sorafenib can
improve portal hypertension by improving hemodynamics, inhibiting the activation of HSCs, and reducing neovascular-
ization. Several previous studies have applied sorafenib to patients suffering from liver cancer complicated with portal
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Figure 2 The 1-, 2-, and 3-year follow-up survival curves of the two groups. A: 1-year follow-up survival curves; B: 2-year follow-up survival curves for
the two groups; C: 3-year follow-up survival curves for the two groups.

hypertension, and the effect of this treatment is good[14-16]. In the present study, the research group received RFA in
combination with sorafenib, while the control group received RFA alone. The outcomes revealed that the research
group’s total effective rate (82.00%) was greater than that of the control group (56.00%). Following treatment, the ALT
and AST levels of both groups were elevated, and the portal vein pressure was reduced. The degree of improvement for
every index in the research group was substantially greater than that in the control group (P < 0.05). The results indicate
that RFA in combination with sorafenib effectively treats liver cancer patients with portal hypertension and can
effectively reduce portal vein pressure and improve liver function. This may be because, on the basis of RFA for the
treatment of liver cancer, sorafenib, a molecularly targeted drug, blocks the further growth of tumor cells and inhibits the
development of tumors and the generation of neovascularization. In addition, sorafenib improved portal hypertension,
and the two treatment methods had synergistic effects; thus, the treatment effect was better.

AFP is a common marker of liver cancer and is strongly expressed in the serum of liver cancer patients and is directly
associated with their prognosis[17,18]. GPC-3, a heparan sulfate glycoprotein, is expressed at low levels in normal liver
tissues and nodular hyperplasia tissues and is overexpressed in patients with liver cancer. The specificity and sensitivity
of the serum GPC-3 concentration for diagnosing liver cancer are greater than those of the AFP concentration[19,20]. AFP-
L3 is a variant of AFP. According to relevant studies, the value of AFP-L3 in assessing the prognosis of liver cancer
patients is greater than that of AFP, and high serum AFP-L3 levels can indicate the occurrence and poor prognosis of liver
cancer[21,22]. According to the present research, the improved serum AFP, GPC-3, and AFP-L3 Levels in the present
study were greater than those in the control group, implying that RFA in combination with sorafenib is capable of more
efficiently protecting the liver function of patients suffering from liver cancer complicated with portal hypertension.
Compared to those in the control group, the incidences of diarrhea, rash, nausea, vomiting, and fatigue in the research
group were greater than those in the control group. These conditions are all typical adverse reactions to sorafenib,
suggesting that changes in patients during the course of their clinical treatment should be closely monitored and that
effective measures should be taken for patients with serious adverse reactions in time. In this study, the 1-, 2-, and 3-year
survival rates of the individuals in the research group (94.00%, 84.00%, 72.00%) were greater than those of the individuals
in the control group (80.00%, 64.00%, 40.00%), indicating that the long-term efficacy of RFA in combination with sorafenib
for treating liver cancer patients with portal hypertension is better. Sorafenib can dramatically increase the survival
duration of patients who have advanced liver cancer, according to numerous earlier studies[23-25]. The outcomes of the
present research are in line with these findings and are related to the antitumor effect of sorafenib and the effect of
reducing portal hypertension.

The observed efficacy of combined therapy involving RFA and sorafenib in the treatment of liver cancer complicated
by portal hypertension can be attributed to the synergistic actions of these modalities, each targeting specific aspects of
disease pathophysiology. RFA, a local ablation therapy, exerts its effects by inducing thermal damage to liver tissue,
leading to cellular degeneration and irreversible necrosis. This approach is particularly advantageous in patients with
unresectable liver cancer complicated by portal hypertension, where surgical intervention may not be feasible due to the
patient's clinical condition. The localized tissue destruction achieved through RFA contributes to a reduction in tumor
burden, thereby alleviating portal vein pressure and improving liver function, as evidenced by the observed reduction in
transaminase levels and portal venous pressure in the study population.
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Concurrently, the incorporation of sorafenib, an oral tyrosine kinase inhibitor, complements the effects of RFA by
targeting critical molecular pathways involved in neovascularization and tumor progression. The mechanism of action of
sorafenib includes the inhibition of VEGFR and PDGFR, which are known to play pivotal roles in the promotion of tumor
angiogenesis and vascular remodeling. By disrupting these signaling pathways, sorafenib not only impedes tumor
neovascularization but also exerts modulatory effects on portal hypertension, thereby contributing to the overall
improvement in clinical outcomes observed in the present study.

Moreover, the synergy between RFA and sorafenib may extend beyond their individual mechanisms of action. It is
plausible that the localized tissue injury caused by RFA creates an environment conducive to the antitumor effects of
sorafenib, potentially enhancing its penetration and efficacy within the tumor microenvironment. This interplay between
the two treatment modalities underscores the importance of combination strategies in addressing the complex interplay
of factors associated with liver cancer complicating portal hypertension, with the potential to offer a more comprehensive
and efficacious approach to disease management.

In the present research, all patients underwent a three-year follow-up to observe their prognosis, and based on their
survival status, they were separated into a survival group and a death group. The basic data of the patients were
analyzed via univariate analysis. Considerable differences were found in Child-Pugh grade, history of hepatitis, number
of tumors, tumor size, use of sorafenib, stage of liver cancer, histological differentiation, previous splenectomy, and other
basic data between the survival and death groups (P < 0.05), suggesting that Child-Pugh grade, history of hepatitis,
number of tumors, tumor size, use of sorafenib, stage of liver cancer, histological differentiation and previous
splenectomy are strongly associated with the prognosis of liver cancer patients complicated with portal hypertension.
Logistic multivariate regression analysis demonstrated that high Child-Pugh grade, tumor size (6-10 cm), history of
hepatitis, no use of sorafenib, liver cancer stage IIIC, and previous splenectomy were independent risk factors for poor
prognosis in patients with liver cancer complicated with portal hypertension. A high Child-Pugh grade, large tumor
diameter, history of hepatitis, and liver cancer stage IIIC indicate severe disease, so the prognosis is poor. The patients
who did not use sorafenib composed the control group in this research, and the treatment effect in the control group was
worse than that in the research group; thus, the prognosis was poor. Patients with portal hypertension often exhibit
hypersplenism, and a history of previous splenectomy indicates that portal hypertension is more serious in these patients,
so the prognosis is poor. It is suggested that effective treatment and nursing measures be taken to improve the prognosis
of patients with high Child-Pugh grade, large tumor size (6-10 cm), history of hepatitis, no use of sorafenib, liver cancer of
stage IIIC, or previous splenectomy.

The findings of this study contribute to elucidating the efficacy and potential challenges associated with combined
therapy comprising RFA and sorafenib for the treatment of liver cancer complicated by portal hypertension. While the
results indicate a promising improvement in patient outcomes, it is essential to acknowledge the observed increase in
adverse reactions, particularly in the form of diarrhea, rash, nausea, vomiting, and fatigue, within the research group.
These adverse reactions have been documented as common side effects of sorafenib therapy. Therefore, in light of these
findings, it is imperative to address potential strategies for mitigating these adverse events to ensure the overall well-
being and treatment adherence of patients.

The management of adverse reactions related to sorafenib therapy is paramount for ensuring the continued effect-
iveness of the treatment approach. Given the adverse reactions identified in the research group, it is crucial for health care
providers to proactively monitor and manage these side effects to optimize patient tolerance and compliance. Strategies
for mitigation may include personalized patient education on potential side effects, proactive symptom management,
dose adjustments based on individual tolerability, and prompt intervention for severe adverse events. Additionally,
comprehensive supportive care measures, such as nutritional support and psychological counseling, can play a
significant role in contributing to the overall well-being of patients receiving this combined therapeutic approach.

Furthermore, future research endeavors should focus on investigating novel approaches to reduce the incidence and
severity of these adverse events, potentially through the exploration of alternative dosing regimens, the use of adjunctive
medications for symptom management, or the identification of predictive markers for susceptibility to specific adverse
reactions. By addressing these challenges, health care providers can work toward optimizing the therapeutic benefits of
RFA in combination with sorafenib while minimizing the impact of treatment-associated adverse reactions on patient
quality of life.

It is also necessary to acknowledge the limitation of the sample size, which underscores the need for a more compre-
hensive investigation to establish stronger conclusions. While the present study offers valuable insights, a larger-scale
investigation is warranted to reinforce the robustness and generalizability of the findings. Therefore, conducting a study
with a larger sample size would address this limitation and ensure broader applicability of the results, enhancing the
overall strength of the conclusions.

CONCLUSION

In conclusion, RFA in combination with sorafenib can successfully enhance patient liver function with good short- and
long-term efficacy and has clinical therapeutic potential in the treatment of liver cancer complicated by portal
hypertension. The disadvantage of the present research is the small sample size, which may produce a risk of selection
bias; therefore, further research should be conducted with a larger sample size.
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ARTICLE HIGHLIGHTS

Research background

Liver cancer, frequently arising from cirrhosis, presents with accompanying portal hypertension in a substantial portion
of cases. Current treatments are limited due to the challenging nature of surgical interventions and poor physical
tolerance of affected patients. Radiofrequency ablation (RFA) is a known therapeutic approach, but its application in liver
cancer complicated by portal hypertension has been insufficiently explored.

Research motivation

Given the complexity and limited treatment options for patients with liver cancer and portal hypertension, investigating
novel therapeutic strategies is crucial. Understanding the potential benefits of combining RFA with sorafenib in this
context could offer improved efficacy and survival outcomes.

Research objectives

This study aimed to assess the effectiveness of RFA in combination with sorafenib for patients with liver cancer
complicated by portal hypertension, discern prognostic factors, and evaluate their impact on patient outcomes. The study
also sought to analyze the potential synergistic effects of both treatments and their impact on liver function and survival
rates.

Research methods

A total of 100 patients were analyzed and categorized into a research group (RFA with sorafenib) and a control group
(RFA alone). Short-term efficacy, liver function, portal hypertension, cancer markers, adverse reactions, and survival rates
were assessed. Multivariate logistic regression analysis was employed to identify independent risk factors for poor
patient prognosis.

Research results

The combined RFA and sorafenib treatment demonstrated a significantly higher total effective rate compared to RFA
alone, effectively reducing portal vein pressure, improving liver function, and lowering liver cancer markers. Patients in
the combined treatment group exhibited higher survival rates at 1-, 2-, and 3-year follow-ups, highlighting the potential
long-term benefits of this approach.

Research conclusions

The combination of RFA and sorafenib yields promising results in treating liver cancer with portal hypertension, offering
improved short- and long-term efficacy. Prognostic factors such as Child-Pugh grade, tumor size, history of hepatitis, and
the use of sorafenib were identified as significant predictors of patient outcomes, providing valuable insights for clinical
management.

Research perspectives

These findings underscore the potential clinical therapeutic value of combining RFA with sorafenib for liver cancer
complicated by portal hypertension. However, further research with larger sample sizes is warranted to validate these
outcomes and establish guidelines for optimizing treatment protocols and patient care.
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