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Abstract: Background: We compared the clinical efficacy and safety of transcatheter arterial chemoembolization
(TACE) combined with microwave ablation (MWA) and TACE alone for the treatment of patients with primary liver
cancer (PLC). Materials and Methods: A total of 160 patients with PLC were enrolled and randomized into a study
group (n=80) and a control group (n=80). Patients in the study group were treated with TACE combined with MWA,
whereas those in the control group were treated with TACE alone. Treatment efficacy, changes in hepatic function indices after the treatment, incidence of adverse reactions, quality of life after treatment, and 3-year survival rates of
the two groups were compared. Cox proportional hazards model was used for analyzing the patients’ prognostic factors. Results: The total effective rate in the study group was higher than that in the control group (P<0.05). Patients
in the study group had lower alanine aminotransferase and total bilirubin levels (P<0.05) and higher albumin levels
(P<0.05) than those in the control group. The 1-, 2-, and 3-year overall survival rates in the study group were higher
than those in the control group (P<0.05). Cox proportional hazards model showed that tumor size, extrahepatic
metastasis, portal vein tumor thrombosis, severity of liver cirrhosis, and therapeutic methods were independent risk
factors for patients with PLC. Conclusions: TACE combined with MWA is more effective than TACE alone in treating
PLC, reducing the damage to the patients’ cardiac function and prolonging survival.
Keywords: PLC, TACE, MWA, prognostic factors

Introduction
Primary liver cancer (PLC) is a common tumor
type and it is the second-leading cause of cancer-related death worldwide; thus, it poses a
serious public health issue [1]. PLC is presently
treated with surgery, which is considered to be
the most effective and a possibly radical treatment method. However, there are significant
disadvantages to surgery, such as considerable trauma, high postoperative recurrence rate, and expensive treatment. Moreover, 80% of
patients with PLC are not eligible for surgery
because of tumor metastasis, lesions in special sites, and other causes [2]. Therefore, interventional therapy is suitable for those who
are unwilling or ineligible for surgery. In recent
years, with the promotion of interventional ther-

apy and the improvement in patients’ understanding of this therapy, more patients with
PLC have undergone interventional therapy and
achieved good results.
Transcatheter arterial chemoembolization (TACE) is the main nonsurgical treatment for patients with advanced liver cancer [3]. TACE is
performed in the following stages: one or more
chemotherapeutic agents are selectively injected; then, substances for embolization are injected into tumor-feeding arteries to temporarily block the blood from flowing to the tumor [4,
5]. Radiofrequency ablation (RFA) and microwave ablation (MWA), both of which are thermal
ablation techniques, have been widely used in
the treatment of liver cancer, with efficacy and
limited trauma [6]. As per a report, the MWA
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zone is easier to control than the RFA zone;
therefore, MWA does easily damage the adjacent organs [7]. Moreover, MWA induces a larger ablation volume in a shorter duration and is
more resistant to “the heat dissipation effect”
[8]. Thermal ablation techniques combined with TACE exerts certain synergistic effects in the
treatment of tumors because chemotherapeutic drugs for TACE and embolization of tumorfeeding arteries enhances the therapeutic effect of thermal ablation techniques [9]. In addition, computed tomography (CT) imaging shows
that lipiodol, a vascular embolic agent, deposits in the arteries that feed tumors with a high
density, contributing to the targeted process of
CT-guided percutaneous ablation [10].
Therefore, in this study, the clinical efficacy and
safety of TACE combined with MWA and TACE
alone were compared for the treatment of
patients with PLC; furthermore, prognosis-related factors for PLC were explored.
Materials and methods
General information
A total of 160 patients with PLC who were willing to undergo interventional therapy at our
hospital from March 2014 to January 2016
were enrolled and randomized into the study
and control groups. The study group consisted of 48 men and 32 women (average age,
45.75±8.41 years). According to pathological
type, there were 68 cases of hepatocellular
carcinoma (HCC), 6 cases of cholangiocellular
carcinoma, and 6 cases of mixed HCC in the
study group. The control group consisted of 42
men and 38 women (average age, 46.12±7.78
years). According to the pathological type, there
were 71 cases of HCC, 5 cases of cholangiocellular carcinoma, and 4 cases of mixed HCC in
the study group.
As per the inclusion criteria, patients with PLC
confirmed on the basis of pathological histology and imaging, those with good compliance,
and those with complete clinical data were included. Patients who received chemotherapy
within the previous 6 months, those with survival duration of ≤6 months, those allergic to
drugs used in this study, those with communication and mental disorders, those with hepatic and renal insufficiency, and those with coagulation disorders were excluded. This study was
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approved by the Ethics Committee of The First
People’s Hospital of Wenling. We provided written informed consent forms to the guardians.
Patients and their families were informed, and
they signed the informed consent form.
Therapeutic methods
Patients in both groups were treated with TACE.
Celiac arteriography was performed using the
Seldinger technique and digital subtraction angiography, to show the number, location, and
size of tumors. A microcatheter was inserted
into the appropriate hepatic artery (left or right
hepatic artery). Gemcitabine (800-1,000 mg/
m2) and oxaliplatin (85-100 mg/m2) were perfused into the microcatheter, and super-liquid
lipiodol (10-30 mL) mixed with gemcitabine
(10-20 mg) was used for chemoembolization.
Gelatin sponge particles were additionally administrated to strengthen embolization according to the patients’ conditions.
Patients in the study group were treated with
MWA during the fourth week of treatment with
TACE. CT-guided localization was used to localize ablation targets and select the puncture
point and path; 2% lidocaine was used for local
anesthesia from the puncture path. The puncture needle was advanced to the central position of the tumor tissue under the guidance of
CT scan. The power of the microwave therapy
apparatus was set at 55-60 W, and administration for a single time was 6-10 min. Single
or multiple double needle treatments with MWA
were adopted as per the patients’ situations.
CT re-examination was performed in the fourth week after the operation, and treatment with MWA was continued if the original lesion
persisted.
Outcome measures
Efficacy evaluation was divided into four parts
according to the revised Response Evaluation
Criteria in Solid Tumors (RECIST) by the World
Health Organization [11]. Complete response
(CR) indicated that the tumor lesion had completely disappeared, and no new lesion was
found. Partial response (PR) indicated that the
volume of the tumor lesion reduced by >50%.
Stable disease (SD) indicated that the volume
of the tumor lesion reduced by <50%. Progressive disease (PD) indicated that the volume of the tumor lesion increased by >25%. The
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Table 1. Comparison of general information [n (%)]/(x±SD)
Groups
Age
<45 years old
≥45 years old
Sex
Male
Female
History of smoking
Yes
No
Exercise habits
Yes
No
Place of residence
City
Countryside
Educational level
< Senior high school
≥Senior high school
Body weight
<55 KG
≥55 KG
Food preference
Bland
Spicy
Drinking status
Never or rarely
All the time
Pathological type
Hepatocellular carcinoma
Cholangiocellular carcinoma
Mixed hepatocellular carcinoma

Control
Study group
group (n=80)
(n=80)

χ2

P

0.231 0.631
32 (40.00)
48 (60.00)

35 (43.75)
45 (56.25)

42 (52.50)
38 (47.50)

49 (61.25)
31 (38.75)

57 (71.25)
23 (28.75)

53 (66.25)
27 (33.75)

36 (45.00)
44 (55.00)

47 (58.75)
33 (41.25)

56 (70.00)
24 (30.00)

45 (56.25)
35 (43.75)

21 (26.25)
59 (73.75)

30 (37.50)
50 (62.50)

34 (42.50)
46 (57.50)

40 (50.00)
40 (50.00)

1.249 0.264

0.465 0.495

ment, increase in the KPS
by >10 points indicated
improvement, decrease in
KPS or increase by ≤10
points indicated stability,
and decrease in KPS by
>10 points indicated worsening condition. Improvement rate of QOL = (improved + stable cases)/total
number of cases ×100%.
Follow-up

3.029 0.082

3.249 0.072

2.331 0.127

0.905 0.341

All patients were followed
up via telephone calls and
outpatient service for 3 years, once every 3 months.
The study period ended in
January 2019. The overall
survival rate (OSR) was from the day of treatment to
patient death or the last
follow-up.
Statistical methods

SPSS 21.0 was used for
statistical analysis. The
59 (73.75) 65 (81.25)
chi-square test was used
21 (26.25) 15 (18.75)
for comparisons between
1.162 0.281
groups. Measurement da18 (22.50) 24 (30.00)
ta were expressed as me62 (77.50) 56 (70.00)
an ± SD, and the paired t
0.556 0.757
test was used for comparisons within groups before
71 (88.75) 68 (85.00)
and after the treatment.
5 (6.25)
6 (7.50)
The log-rank test was used
4 (5.00)
6 (7.50)
to assess the differences
in survival curves between
overall response rate (ORR) = (CR + PR cases)/
two groups. The Cox proportional hazards mototal number of cases ×100%.
del was used to test independent prognostic
factors for PLC. P<0.05 indicated a statistically
Changes in hepatic function indices after treatsignificant difference.
ment were measured and mainly included alanine aminotransferase (ALT), total bilirubin
Results
(Tbil), and albumin levels. Adverse reactions,
Comparison of general information
including nausea, vomiting, fever, abdominal
pain, bone marrow suppression, diarrhea, and
No significant differences were noted between
hepatic injury, were observed during the trethe study and control groups with respect to
atment.
age, sex, history of smoking, exercise habits,
educational level, body weight, food preferenThe patients’ quality of life (QOL) after treatce, drinking status, and pathological type (P>
ment was assessed according to the Karnof0.05) (Table 1).
sky Performance Score (KPS) [12]. After treat-
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1.290 0.256
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Table 2. Comparison of clinical efficacy [n (%)]
Groups
CR
PR
SD
PD
ORR

Control
group (n=80)
28 (35.00)
20 (25.00)
21 (26.25)
11 (14.75)
48 (60.00)

Study group
χ2
P
(n=80)
44 (55.00)
26 (32.50)
7 (8.75)
3 (3.75)
70 (87.50) 15.626 <0.001

total incidence of adverse reactions was
51.25%. In the study group, there were 8
(10.00%) cases of nausea, 10 (12.50%) of
vomiting, 2 (2.50%) of fever, 7 (8.75%) of abdominal pain, 2 (2.50%) of bone marrow suppression, 9 (11.25%) of diarrhea, and none of
hepatic injury. The total incidence of adverse
reactions was 47.50% (Table 5).
Comparison of 3-year survival rate

Comparison of clinical efficacy
After treatment, the control group had 28
(35.00%) cases of CR, 20 (25.00%) cases of
PR, 21 (26.25%) cases of SD, and 11 (14.75%)
cases of PD, with an ORR of 60.00%. The study group had 44 (55.00%) cases of CR, 26
(32.50%) cases of PR, 7 (8.75%) cases of SD,
and 3 (3.75%) cases of PD, with an ORR of
87.50%. After treatment, the ORR in the study
group was higher than that in the control group
(P<0.05) (Table 2).
Comparison of changes in hepatic function
indices after treatment
After treatment, the ALT and TBIL levels in the
two groups significantly decreased (P<0.05);
however, the albumin levels increased (P<0.05).
After treatment, patients in the study group had
lower ALT and TBIL levels (P<0.05), but higher
albumin levels (P<0.05) than those in the control group (Figure 1 and Table 3).
Comparison of QOL
Thirty days after discharge, 26 (32.50%) cases
had improved QOL, 32 (40.00%) had stable
QOL, and 22 (27.50%) had worse QOL in the
control group, with an improvement rate of
72.50% for QOL. However, 45 (56.25%) cases
had improved QOL, 29 (36.25%) had stable
QOL, and 22 (7.50%) had worse QOL in the
study group, with an improvement rate of
92.50% for QOL. The improvement rate of QOL
in the study group was higher than that in the
control group (P<0.05) (Table 4).
Comparison of adverse reactions
In the control group, there were 11 (13.75%)
cases of nausea, 8 (10.00%) of vomiting, 4
(5.00%) of fever, 6 (7.50%) of abdominal pain, 2
(2.50%) of bone marrow suppression, 7 (8.75%)
of diarrhea, and 3 (3.75%) of hepatic injury. The
11911

The follow-up results showed that the 1-, 2-,
and 3-year OSRs in the study group were
82.50% (66/80), 51.25% (41/80), and 27.50
(22/80), respectively, whereas those in the
control group were 63.75 (51/80), 25.00
(20/80), and 5.00 (4/80), respectively. The 1-,
2-, and 3-year OSRs in the study group were
higher than those in the control group (P<0.05)
(Figure 2).
Univariate analysis of prognosis in patients
with PLC
Univariate analysis was conducted for the general and clinical pathological factors of the
patients in the two groups. The results showed
that age, sex, presence/absence of hepatitis,
and pathological type were not prognostic factors affecting the OSR of patients with PLC
(P>0.05). Tumor size, extrahepatic metastasis,
portal vein tumor thrombosis, severity of liver
cirrhosis, and therapeutic methods may be
prognostic factors (P<0.05) (Table 6).
Multivariate analysis of prognosis in patients
with PLC
The analysis of Cox proportional hazards model
showed that tumor size, extrahepatic metastasis, portal vein tumor thrombosis, severity of
liver cirrhosis, and therapeutic methods were
independent risk factors for patients with PLC
(Table 7).
Discussion
PLC is the sixth most common malignant type
of tumor in the world, with 782,000 new cases
and 745,000 deaths every year [13]. At present, PLC can be treated through surgery, interventional therapy, radiotherapy, and biotherapy. TACE is the most common treatment method in interventional therapy, but it is also a
main therapeutic scheme which may not be
Am J Transl Res 2021;13(10):11908-11916
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Figure 1. Comparison of changes in hepatic function indices before and after treatment. A. The comparison of
alanine aminotransferase (ALT) level between the study and control groups before and after treatment. B. The comparison of total bilirubin (TBIL) level between the study and control groups before and after treatment. C. The comparison of albumin level between the study and control groups before and after treatment. Note: *P<0.05 compared
with before treatment within groups. #P<0.05 compared with the control group after treatment.

Table 3. Comparison of changes in hepatic function indices before and after treatment (x±SD)
Groups
ALT (U/L)
TBIL/(μmol/L)
Albumin/(g/L)

Control group (n=80)
Before treatment
After treatment
133.46±21.35
65.35±14.26*
55.78±14.67
40.37±11.17*
42.45±6.46
66.52±12.35*

Study group (n=80)
Before treatment
After treatment
135.12±22.31
54.45±12.22*,#
56.34±14.89
31.42±10.78*,#
43.67±7.16
78.52±12.35*,#

Note: *indicates P<0.05 compared with before treatment within groups. #indicates P<0.05 compared with the control group
after treatment.

patients’ discomfort. Its method
for vascular embolization also enImprovement
Groups
n Improved
Stable
Worsen
hances the therapeutic effect on
rate (%)
blood vessels. Therefore, TACE is
Control group 80 26 (32.50) 32 (40.00) 22 (27.50)
72.50
presently widely used for treating
Study group 80 45 (56.25) 29 (36.25) 6 (7.50)
92.50
liver cancer [15]. As a thermal
χ2
11.082
ablation technique, MWA, in the
P
<0.001
absence of current, rapidly and
uniformly heats, coagulates, and
suitable for patients with PLC undergoing surnecrotizes the tumor tissue using electromagnetic energy generated by electromagnetic
gical resection. The long-term efficacy of TACE
fields, thus treating tumors. It has been used
remains unsatisfactory owing to incomplete
for treating various cancers, such as HCC [7,
embolization, hepatic artery variation, and mul16]. MWA is a relatively new technique and has
tiple blood supplies to the liver, as well as colmore substantial advantages than RFA. For
lateral circulation [3]. The tumor necrosis rate
example, it necrotizes more cells, shortens the
in patients treated with TACE is only 10%-20%
operative time, and relieves pain, as well as
[14]. Therefore, it is crucial to select more effecarrests bleeding. It also has a faster temperative and safer therapeutic methods for patients
ture rise rate, high thermal efficiency, and a
with PLC.
stable and controllable thermal field, suitable
TACE is a locally used chemotherapeutic drug.
for medium sized tumors measuring 3-5 cm
Although its dosage concentration is high, it
[17, 18]. Li et al. compared TACE combined with
does prevent adverse reactions caused by the
MWA with TACE alone in the treatment of midlarge-scale and large-dose systemic use of chedle and advanced HCC. The results showed
that the ORR of MWA combined with TACE was
motherapeutic drugs, and it greatly relieves
Table 4. Comparison of QOL [n (%)]
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Table 5. Comparison of adverse reactions [cases (%)]
Groups
Nausea
Vomiting
Fever
Abdominal pain
Bone marrow suppression
Diarrhea
Hepatic injury
Total incidence of adverse reactions

Control group (n=80)
11 (13.75)
8 (10.00)
4 (5.00)
6 (7.50)
2 (2.50)
7 (8.75)
3 (3.75)
41 (51.25)

Figure 2. Comparison of 3-year survival rate. *P<0.05
compared with the control group after treatment.

higher than that of TACE alone, and the survival
rate of patients treated with MWA combined
with TACE was higher than that of patients
treated with TACE alone during the 24-month
postoperative follow-up [19]. Chen et al. compared TACE combined with MWA with TACE
alone in treating HCC tumors measuring ≤5 cm.
The results showed that after the initial treatment, the tumor necrosis rate in the TACE-MWA
group (TACE combined with MWA) was higher
than that in the TACE group (TACE alone);
patients in the TACE-MWA group had better
tumor responses and better time to tumor
regression during the 6-month follow-up than
those in the TACE group [20]. The findings of
Zheng et al. were similar to these results. Their
results showed that compared with TACE alone,
TACE combined with MWA more effectively prolonged the OSR of hospitalized patients with
large isolated or multinodular HCC, with better
time to tumor progression [21]. The results of
this study showed that after treatment, patients
in the study group had higher ORR and 1-, 2-,
and 3-year OSRs than those in the control
group, similar to the above results. This indi-
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Study group (n=80)
8 (10.00)
10 (12.50)
2 (2.50)
7 (8.75)
2 (2.50)
9 (11.25)
0
38 (47.50)

X2
0.225

P
0.625

cates that TACE combined with MWA is more
effective than TACE alone in treating PLC. MWA
guided by CT and other imaging equipment
accurately localizes and removes the residual
tumor tissue after TACE through thermal ablation, controls tumor recurrence and metastasis
in situ, prolongs patients’ survival time, and
improves their prognoses [22]. During TACE,
chemotherapeutic drugs and iodine are infused, and these drugs can cause cytotoxicity
and local ischemia in the tumor tissue. TACE
combined with MWA reduces the use of TACE,
thus reducing the damage to patients during
TACE [9, 23]. In this study, hepatic function indices, such as the ALT, TBIL, and albumin levels
were detected. The results showed that after
treatment, ALT and TBIL levels in the two groups
decreased, but albumin level increased. After
treatment, patients in the study group had
lower ALT and TBIL levels, but higher albumin
level than those in the control group. In this
study, the patients’ QOL and adverse reactions
after treatment were evaluated. The results
showed that the improvement rate of QOL in
the study group was higher than that in the
control group, and TACE combined with MWA
did not increase the incidence of adverse reactions. This suggests that compared with TACE
alone, TACE combined with MWA can more
effectively reduce damage to patients’ cardiac
function and enable them to obtain better QOL.
There are currently few studies on prognostic
factors for patients with PLC undergoing interventional therapy. In this study, univariate analysis was conducted on the general and clinical
pathological factors in the study group. The
results showed that tumor size, extrahepatic
metastasis, portal vein tumor thrombosis, the
severity of liver cirrhosis, and therapeutic methods may be prognostic factors affecting the

Am J Transl Res 2021;13(10):11908-11916

Effects of interventional therapy on primary Liver cancer
Table 6. Univariate analysis of prognosis in patients with PLC
Groups

Number of investigation
cases (cases)

Age (years)
<35
35-45
45-55
≥56
Sex
Male
Female
Tumor size
<5 cm
≥5 cm
Hepatitis
Yes
No
Extrahepatic metastasis
Yes
No
Portal vein tumor thrombosis
Yes
No
Severity of liver cirrhosis
Child A
Child B
Child C
Pathological type
Hepatocellular carcinoma
Cholangiocellular carcinoma
Mixed hepatocellular carcinoma
Therapeutic methods
TACE combined with MWA
TACE

Number of 3-year survival
cases (cases)

18
58
56
28

5
8
7
6

91
69

18
8

89
71

22
4

58
102

χ2

P

3.145

0.370

1.227

0.268

10.570

0.001

2.331

0.127

10.478

0.001

9.053

0.003

6
20

64
96

3
23

45
115

1
25

56
35
69

18
5
3

17.625 <0.001

5.340
139
11
10

0.069

19
4
3
14.879 <0.001

80
80

22
4

Table 7. Multivariate analysis of prognosis in patients with PLC
Variables
Tumor size
Extrahepatic metastasis
Portal vein tumor thrombosis
Severity of liver cirrhosis
Therapeutic methods

B
1.038
0.618
0.118
0.579
0.481

SE
0.288
0.172
0.055
0.188
0.235

P
0.000
0.000
0.031
0.002
0.001

EXP (B)
2.824
3.856
4.125
4.785
1.722

Wald
13.039
12.994
4.669
9.548
9.792

Lower
1.608
1.326
1.011
1.236
1.141

Upper
4.962
5.598
6.252
7.578
2.601

“Lower/Upper” mean 95% or 99% confidence intervals.

OSR of patients with PLC. Cox proportional hazards model was further used for analysis. The
results showed that tumor size, extrahepatic
metastasis, portal vein tumor thrombosis, severity of liver cirrhosis, and therapeutic meth11914

ods were independent risk factors for patients
with PLC. Tumor size is the main factor affecting early recurrence of liver cancer. Chen et al.
have shown that tumor size is an important
related factor for the early recurrence of liver
Am J Transl Res 2021;13(10):11908-11916
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cancer [24]. Portal vein tumor thrombosis is a
common complication in patients with liver
cancer, and this complication usually predicts
poor prognosis and difficult treatment of the
patients. According to Ni et al., tumor size and
portal vein tumor thrombosis are prognostic
factors for patients with middle and advanced PLC [25]. Extrahepatic metastasis and the
aggravation of liver cirrhosis in patients with
PLC indicate the progression of the disease.
Furthermore, Child-Pugh classification and extrahepatic metastasis before operation are
related factors affecting the OSR of patients
with PLC [10]. The results of this study were
similar to those of previous similar studies, indicating that TACE combined with MWA has a
positive effect on the prognosis of patients;
thus, it can be widely popularized in clinical
practice.
In summary, TACE combined with MWA is more effective than TACE alone in treating PLC,
reducing the damage to patients’ cardiac function and prolonging their survival time. Tumor
size, extrahepatic metastasis, portal vein tumor
thrombosis, severity of liver cirrhosis, and therapeutic methods are independent risk factors
for patients with PLC.
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