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1 | INTRODUCTION

Primary liver cancer (PLC) is one of the most common malignant gas-
trointestinal tumors in clinical practice. The incidence of liver can-

cer in China accounts for >5% of the global incidence. In addition,
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which was significantly higher than that of 40.74% in the CG (P < .05).

Conclusion: The application of TACE combined with HIFU is effective in treating PLC,
which can prolong the life expectancy and improve the prognosis of patients with

PLC without increasing the incidence of adverse reactions.
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PLC-related mortality in China is up to 45%, ranking the first world-
wide.! For patients with PLC, surgical resection is the only interven-
tion clinically recognized as having therapeutic capacity. However,
PLC has a high degree of malignancy and an insidious onset, such

that approximately 70%-80% of patients are in the advanced stage
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before the manifestation of symptoms. This generally leads to a loss
of the optimal timing for surgical intervention.?

Transcatheter arterial chemoembolization (TACE) is the main-
stream clinical treatment for advanced PLC and the most recognized
non-surgical treatment currently.*® Although its antitumor effect has
been acknowledged, TACE cannot kill tumor cells completely. This is
complicated by the fact that repeated treatment can induce local
ischemia and hypoxia at the embolized site, leading to an increased
synthesis of vascular endothelial growth factor and hypoxia-induc-
ing factor, thus aggravating liver damage.”® The further complication
is that several adverse reactions occur during treatment, resulting in
unsatisfactory clinical effects.”'%In recent years, radiofrequency ab-
lation has been widely applied in the clinical treatment of liver can-
cer due to its small damage, exact curative effect, and high safety.!*
As a new interventional therapy, high-intensity focused ultrasound
(HIFU) ablation has attracted much attention in terms of its ther-
apeutic value in malignant tumors.*>*® For example, Vidal-Jove'4
considered HIFU to be a potentially effective and safe method for
the treatment of malignant tumors, with a survival advantage in the
treatment of unresectable pancreatic cancer. Zhang15 reported that
HIFU could achieve complete tumor necrosis even if the lesion was
located near the major liver vessels and could be safely used to ab-
late tumors adjacent to the major blood vessels. Although HIFU has
been proven to be more valuable in the treatment of pancreatic and
liver cancers, few studies have been conducted on HIFU ablation
combined with TACE in the treatment of PLC.

Therefore, in this study, we analyzed the clinical efficacy of TACE
combined with HIFU in monitoring the liver function of patients with
PLC, and examined the long-term survival rate of patients treated
with this regimen and the main factors that affect prognosis, so as to
provide a reference for the development of individualized treatment
plan and prognosis for patients with PLC.

2 | MATERIALS AND METHODS
2.1 | General information

A total of 132 patients with PLC admitted to our hospital between
June 2014 and August 2016 were selected as the study subjects.
Patients who were treated with TACE combined with HIUF were
assigned in the observation group (OG) (n = 68) and those who
were treated with TACE alone were assigned to the control group
(CG) (n = 54). There were 44 males and 24 females in the OG, aged
37-63 years (average age 51.71 + 11.26 years). In the CG, there
were 38 males and 16 females, aged 41-65 years (average age
50.29 + 10.27 years).

2.2 | Inclusion and exclusion criteria

Inclusion criteria: All the patients met the diagnostic criteria of PLC

through puncture biopsy or according to the criteria of European

Association for the Study of the Liver.!® They neither received any
prior treatment before admission nor surgical indication or anti-
surgical treatment. In addition, the patients and their family mem-
bers were fully informed, and informed consent form was signed
and provided by them. This study has been approved by the Ethics
Committee of Affiliated Hospital of Hebei University. The study
methodologies conformed to the standards set by the Declaration
of Helsinki.

Exclusion criteria: Patients with the Child-Pugh grade of the liver
function that was greater than grade C (including grade C); patients
with refractory ascites; patients with complications from other ma-
lignant tumors; patients with other cardiovascular, cerebrovascular,
liver, or renal diseases; patients taking other drugs during treatment
without the consent of the attending physician which affected the
therapeutic effects; patients with hepatic artery-portal vein fistula;
patients with a complete blockage of the main portal vein; patients
with serious diseases of heart, brain, liver, lungs, kidneys, or other
organs; patients with other malignant tumors or serious metabolic
diseases or mental diseases; and patients withdrew from the study.

2.3 | Treatment

After admission, patients in the CG received TACE alone. The spe-
cific methods were as follows: The Seldinger technique was used to
percutaneously puncture the femoral artery into the hepatic artery,
and the donor artery of the tumor was determined by DSA perfusion
angiography, followed by the conduction of TACE. The number of
times TACE was needed was determined every 3-4 weeks depend-
ing on the blood supply artery, with 1-3 times per person. Patients
in the OG underwent ultrasound ablation on the 7th day after TACE
treatment as those in the CG. JC200HIFU treatment system was
adopted, with the parameters set as follows: frequency: 0.96 MHz,
focal length: 134 mm, focus: (length x width) 6 x 2 mm?, and the
focal field sound intensity range: 4000-12 000 W/cm?. Under gen-
eral anesthesia, the treatment area was cleaned, prepared for skin
treatment, and the location and size of the tumor were determined
according to the imaging examination results. Next, the treatment
position was adjusted and artificial pleural effusion was performed
according to the patient's condition. After establishing the safety
sound channel, the patient was subjected to HIFU ablation treat-
ment. Intraoperatively, the gray scale changes in the target tissues,
skin, and adjacent organs were closely monitored. The treatment
was conducted from point to line, line to surface, and deep to shal-

low, with the coverage exceeding 1 cm of the tumor boundary.

2.4 | Efficacy evaluation

The study subjects were examined by abdominal CT or MRI be-
fore and 1 month after treatment. According to the volume change
of tumor focus, the tumor volume reduction rate was measured

and calculated as follows: volume reduction rate = (pretreatment
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TABLE 1 Generalinformation of

patients in the two groups [n(%)]/(x + SD) Categories

Gender
Male
Female
Age (y)
Smoking history
Yes
No
Drinking history
Yes
No
BMI (kg/m?)
Residence
Rural
Urban
Education level

High school and
below

High school or above

Working status
No
Yes

Tumor location
Right half liver
Left half liver

Tumor diameter

AFP level
<400ng/ml
>400ng/ml

KPS score

volume-post-treatment volume)/pretreatment volume x 100%.
The ablation effect was evaluated according to the modified
Response Evaluation Criteria in Solid Tumors (nRECIST) criterial’:
(a) complete response (CR): tumor lesion shrinkage and necrosis
of >50%; (b) partial response (PR): tumor lesion shrinkage and ne-
crosis of 25%-50%; (c) stable disease (SD): tumor lesion shrink-
age and necrosis of <25%; and (d) progressive disease (PD): tumor
lesions increased by >50%, total effective rate = CR + PR + SD.
After 3 months of treatment, the adverse reactions of the two
groups were evaluated.

2.5 | Patient follow-up

Allthe 132 patients were followed up by telephone orinterview every
3 months for 3 years until August 2019. Three months after treat-
ment is the exact testing time of the immune function after treat-
ment. The total survival period was considered from the first day

after surgery to the last follow-up or death.

WILEY--2"

The OG (n = 68) The CG (n = 54) t/y? P
0.438 .508
44 (64.71) 38(70.37)
24 (35.29) 16 (29.63)
5171+ 11.26 50.29 + 10.27 0.719 474
0.492 622
36 (52.94) 31 (57.41)
32 (47.06) 23 (42.59)
0.278 .598
41 (60.29) 30 (55.56)
27 (39.71) 24 (44.44)
23.56 +2.78 22.87 +3.31 1.251 213
0.163 .687
39 (57.35) 29 (53.7)
29 (42.65) 25 (46.3)
0.327 .568
51 (75) 38(70.37)
17 (25) 16 (29.63)
0.128 72
17 (25) 12 (22.22)
51 (75) 42(77.78)
0.624 43
38(55.88) 34 (62.96)
30(44.12) 20 (37.04)
16.45 + 5.64 15.97 + 6.86 0.424 672
0.525 469
27 (39.71) 18 (33.33)
41 (60.29) 36 (66.67)
64.72 +7.15 65.86 + 6.89 0.79 43

2.6 | Statistical analysis

The data were statistically analyzed by Statistic Package for Social
Science (SPSS) 23.0 (IBM Corp, Armonk, New York, USA). The
measurement data were expressed as mean + standard deviation
(mean + SD), and the counting data were represented by [n (%)]. A
t test of independent samples was employed for intergroup com-
parison of measurement data, and a paired t test was applied for
intragroup comparison. The counting data within the group were ex-
pressed as the number of cases (%), and the chi-square test was used

for comparison. P <.05 indicated a statistically significant difference.

3 | RESULTS
3.1 | General information

There was no statistically significant difference in the general informa-

tion between the two groups, including gender, age, smoking history,
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drinking history, body mass index (BMI), residence, education level,
working status, tumor location, tumor diameter, alpha-fetoprotein
(AFP) level, and KPS score between the two groups (P > .05, Table 1).

3.2 | Comparison of clinical efficacy between the
OG and the CG

After treatment, there were 6 cases (8.82%) of CR, 36 (52.94%) of PR,
15 (22.06%) of SD, and 11 (16.18%) of PD in the OG, with the total ef-
fective rate of 83.82%. In the CG, 3 cases (5.56%) presented with CR, 16
(29.63%) with PR, 11 (20.37%) with SD, and 24 (44.44%) with PD, and
the total effective rate was 55.56%. Therefore, the total effective rate of
the OG was significantly higher than that of the CG (P < .05) (Table 2).

3.3 | Adverse reactions in the two groups

In the OG, there were 3 cases (4.41%) of skin burns, 2 (2.94%) of liver
function injury, and 6 (8.82%) of nausea and loss of appetite, and the
incidence of total adverse reactions was 16.18%. In the CG, there was
1 case (1.85%) of skin burns, 3 (5.56%) of liver function injury, and 5
(9.26%) of nausea and loss of appetite, and the total incidence of ad-
verse reactions was 16.67%. The above data indicated that there was no
significant difference in the incidence of skin burns, liver function injury,
nausea, and loss of appetite between the OG and CG (P > .05) (Table 3).

3.4 | Changes of serum CD3+, CD4+, CD8+, CD4+/
CD8+, and NK cells before and after treatment in the
two groups

There were no significant differences in serum CD3+, CD4+,
CD8+, and CD4+/CD8+ between the two groups before treatment

TABLE 2 Comparison of clinical efficacy between the CG and
the OG [n(%)]

The OG The CG
Categories (n=68) (n=54) x?value P
CR 6(8.82) 3(5.56) 12.7 .005
PR 36 (52.94) 16 (29.63)
SD 15(22.06) 11 (20.37)
PD 11 (16.18) 24 (44.44)
Total effective rate 57 (83.82) 30(55.56) 11.76 .001

(P> .05). However, after treatment, the serum CD3+, CD4+, CD4+/
CD8+, and NK cells were all significantly increased in the two groups
(P < .05), and the concentration of CD8+ was significantly lower
than that before treatment (P < .05). The OG presented significantly
higher concentrations of serum CD3+, CD4+, CD4+/CD8+, and
NK cells (P < .05) and a lower concentration of CD8+ than the CG
(Table 4, Figure 1).

3.5 | Three-year survival of patients in the OG and
CG after surgery

We performed statistical analysis on the patient's 3-year survival
after surgery. All the patients were successfully followed up, and no
patient was lost to follow-up. In the 3 years, 58 patients died and 64
survived, with the survival rate of 52.46%. Among them, 26 patients
died and 42 survived in the OG, with the survival rate of 61.76%.
However, 32 patients died and 22 patients survived in the CG, with
the survival rate of 40.74%. K-M survival curve was plotted accord-
ing to the 3-year survival of the patients in the two groups, and it was
found that the 3-year survival rate of the OG was higher than that of
the CG, with a statistically significant difference (P < .05) (Figure 2).

3.6 | Univariate analysis on the prognosis of
patients with PLC

The clinical data of patients in the survival and death groups were
collected for univariate analysis. It was observed that there was no
difference in terms of gender, smoking history, tumor location, WBC,
PLT, or tumor location between the two groups (P > .05). However, a
significant difference was observed in the lesion size, bilirubin level,
treatment methods, combined with collateral portal vein circulation,
and AFP (P < .05) (Table 5).

3.7 | Multivariate analysis of prognosis and
survival of patients with PLC

Indicators with differences in univariate analysis were included in
the assignment (the assignment tables are shown in Table 6), fol-
lowed by multivariate Cox regression analysis. The results indicated
that lesion size, bilirubin level, treatment methods, combined with
portal vein collateral circulation, and AFP were independent risk fac-
tors affecting the prognosis of HCC (P < .05) (Table 7).

TABLE 3 Comparison of the incidence of toxic and side effects between the OG and the CG [n(%)]

Categories The OG (n = 68)
Skin burn 3(4.41)
Liverfunction injury 2(2.94) 3(5.56)
Nausea and loss of appetite 6(8.82)

Total incidence rate 11 (16.18)

The CG (n = 54) xz value P
1(1.85) 0.622 430
0.523 469

5(9.26) 0.523 469
9 (16.67) 0.301 .583
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TABLE 4 Comparison of serum CD3+, CD4+, CD8+, CD4+/CD8+, and NK cells (x + SD)

NK cells (%)

CD4+ (%) CD8+ (%) CD4+/CD8+

CD3+(%)

Groups

After

Before

After

Before
treatment

Before

Before

After

Before

treatment

treatment

treatment

After treatment

treatment

treatment After treatment

treatment

treatment

22.31 +5.57*
19.45 + 4.63*

3.031

16.37 +4.78
16.29 +5.03

1.86 +0.34*

1.04 +0.11
1.06 +0.15

0.849

22.65 + 3.58"
25.59 +2.37*

5.196

3243 +2.96
3291 +3.54

35.27 + 2.83"

41.37 + 3.52*
10.350
<0.001

32.35+ 342
32.88 +3.12

77.85 + 6.38"
61.87 + 3.51*

17.580
<0.001

56.59 + 6.37
56.97 + 6.46

The OG (n = 68)

1.25+0.17*

12.040
<0.001

The CG (n = 54)

0.090

0.929

0.816

0.884

0.379

0.325

t value

0.003

0.397

<0.001

0.416

0.746

Note:: * indicates P < .05 compared with before treatment.

WILEY->"

4 | DISCUSSION

PLC is one of the most common malignant tumors. According to
clinical studies, people aged 40-50 years are the most susceptible
to the occurrence of PLC, and its incidence in males is significantly
higher than that in females.’®? To date, the etiology of PLC has not
been determined; however, some scholars believe that PLC is re-
lated to liver cirrhosis, viral hepatitis, aflatoxin, and environmental
factors.?%2! |ts clinical symptoms include pain and digestive tract
symptoms, and in severe cases, liver cancer metastasis results in sys-
temic symptoms, which seriously affects patients’ quality of life and
health.?22% However, with the deterioration associated with liver
cancer, far fewer than 20% of patients can receive surgical treat-
ment. Therefore, it is of great significance to explore new treatment
methods for patients with PLC.242°

TACE is a kind of chemotherapy that selectively embolizes tumor
blood vessels through catheters, thereby making tumor cells isch-
emic and necrotic through vascular embolization and exerting an
antitumor role. TACE has been proven to inhibit vascular invasion,
delay tumor progression, and prolong patient survival.?® HIFU abla-
tion is a new type of interventional therapy with the advantages of
high penetrability and focusability of ultrasound on tissues, which
can focus on the tumor target tissues with low intensity with body
surface penetrability, and increase the temperature of local target
tissues to >65°C within a short time, leading to the destruction of
tumor cells due to coagulative necrosis. As a noninvasive antitumor
interventional therapy, HIFU ablation has been recognized for its ef-
ficacy and safety in the treatment of liver cancers.?’?? The results
of this study showed that the clinical efficacy of the OG was sig-
nificantly higher than that of the CG, and there was no significant
difference in the incidence of skin burns, impairment of liver func-
tion, and abdominal discomfort between the two groups (P < .05).
Siyu®C observed that the effective and total effective rates of TACE
combined with HIFU were 61.1% and 94.4%, respectively, which
were significantly higher than those in the CG. According to Luo,*
TACE combined with HIFU for PLC had a higher overall response
rate and a lower incidence of damage to normal liver tissues, which
could completely kill tumor cells and reduce postoperative local re-
currence and metastasis rate with fewer adverse reactions. This was
consistent with the results of our study that TACE combined with
HIFU ablation was a feasible option with considerable efficacy.

The occurrence, progression, and metastasis of PLC are closely
related to the immune function of the body.32 Cellular immunity
is the main mechanism of antitumor effect, with T-lymphocyte
exerting vital regulatory effects in the tumor immune response.
Although the T-lymphocyte subsets are one of the most important
cell groups in the immune system and are the paramount immune
cells that maintain the internal environment of the immune system
and mediate cellular immunity,33 CDA4+, as a helper T-lymphocyte,
can secrete cytokines that enhance the ability of CD8+ and NK cells
to kill tumors.®* CD8 + T lymphocytes can directly kill tumor cells
and inhibit cellular and humoral immunity.3> The dynamic balance

between the two plays an important role in maintaining immune
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FIGURE 1 Comparison of serum CD3+, CD4+, CD8+, CD4+/CD8+, and NK cells in the CG and the OG before and after treatment. Note:
*indicates P < .05 compared with before the treatment period and #indicates P < .05 compared with the CG after treatment

100+
80+
60
40-

20- P<0.05

Percent survival(%)

0 T T Ll
0 10 20 30

Time (month)

function, only when the CD4+/CD8+ ratio is normal can normal
antitumor effects be produced.’® NK cells are mainly distributed
in the blood circulatory system and lymphatic organs. Under the
action of chemotactic mediators, they can quickly enter a lesion
site through the blood and kill tumor cells. Hence, a decrease in
the NK cell activity usually indicates a distant metastasis of the
tumor.®” The majority of patients with PLC are often found in the

middle and late stages, with reduced T lymphocytes, imbalanced

— QObservation group
— Control group

FIGURE 2 Three-year survival of
patients in the two groups. The 3-year
survival rate in the OG (61.76%) was
significantly higher than that in the CG
(40.74%) (P < .05)

T-lymphocyte subgroup, and decreased immune function. In this
study, the serum CD3+, CD4+, CD4+/CD8+, and NK cells in the
two groups were significantly increased after treatment (P < .05),
and CD8+ concentration was significantly lower than that before
treatment (P < .05). The intergroup comparison demonstrated
that after treatment, serum concentrations of CD3+, CD4+, NK
cells, and CD4+/CD8+ in the OG were significantly higher than
those in the CG (P < .05), whereas the CD8+ concentration was
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TABLE 5 Univariate analysis of
prognosis of MM patients (x + SD)

TABLE 6 Assignment table

Factors

Lesion size

Bilirubin
Treatment methods
Combined with portal vein collateral

circulation

AFP

Factors
Age (y)
<60
260
Gender
Male
Female
Smoking history
Yes
No
AFP level
<400 ng/mL
>40 Ong/mL
Tumor location
Right half liver
Left half liver
WBC
<4 x 10%/L
24 x 10°/L
PLT
<100 x 10%/L
2100 x 107/L
Lesion size
<3 cm
>3 cm
Bilirubin
<1.5 mg/dL
>1.5 mg/dL

collateral portal vein
circulation

Yes
No

Treatment methods
TACE

HIFU combined with
TACE

Assignments
3=0;>3=1

<1.5mg/dL = 0;
>1.5mg/dL=1

HIFU combined with
TACE=0; TACE=1

Yes=0;No=1

<400=0;>400=1

WILEY-"”

The survival group The death group

(n=64) (n=58) x? value [

0.728 467
51 (79.69) 43 (74.14)
13(20.31) 15 (25.86)

0.587 444
45 (70.31) 37 (63.79)
19 (29.69) 21 (36.21)

0.612 434
33(51.56) 34 (58.62)
31 (48.44) 24 (41.38)

9.946 .002
32 (50) 13 (22.41)
32 (50) 45 (77.59)

0.081 776
37(57.81) 35(60.34)
27 (42.19) 23(39.66)

0.229 632
27 (42.19) 22 (37.93)
37 (57.81) 36 (62.07)

0.698 404
39 (60.94) 31 (53.45)
25 (39.06) 27 (46.55)

5.334 021
42 (65.63) 26 (44.83)
22 (34.38) 32 (55.17)

0.618 432
21(32.81) 23 (39.66)
43(67.19) 35 (60.34)

6.229 013
33 (51.56) 17 (29.31)
31 (48.44) 41 (70.69)

9.239 .002
20 (31.25) 34 (58.62)
44 (68.75) 24 (41.38)

significantly lower than that in the CG, indicating that TACE com-
bined with HIFU improved the immune function of patients with
PLC to a greater extent and enhanced the antitumor ability of the
body. Maybe through the regulation improve the T lymphocytes,
balance the T-lymphocyte subgroup, and increased immune func-
tion. Subsequently, we statistically analyzed the 3-year survival
of the patients and found that the 3-year survival rate of the OG
was significantly higher than that of the CG, suggesting that TACE
combined with HIFU improves the survival of patients with PLC.
Finally, multivariate Cox regression analysis was performed, which

demonstrated that lesion size, bilirubin level, treatment methods,
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B SE Wald P
Lesion size 0.21 0.137 3.215 0.732
Bilirubin 0.73 0.264 6.832 0.007
Treatment methods 3.74 1.868 4.20 0.469
collateral portal vein 0.65 0.138 5.643 0.021
circulation
AFP 2.69 0.543 22.711 0.872

combined with portal vein collateral circulation, and AFP were in-
dependent factors for PLC patients. This suggests that they can be
used as clinical indicators to evaluate the prognosis of PLC.

However, this study has certain limitations. First, due to the lim-
ited experimental conditions, narrowed sample size, and the insuffi-
cient time span for survival analysis, more cases need to be collected
for long-term follow-up study. Secondly, the correlation between
other relevant clinical indicators and PLC has not been discussed in
depth. This should be explored in subsequent trials.

In conclusion, TACE combined with HIFU regimen has a better
efficacy in treatment of PLC. It can also prolong the survival of pa-
tients without increasing the incidence of adverse reactions, which

is clinically useful.
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