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PURPOSE

This study aimed to compare the safety and efficacy of a combined therapy involving microwave
ablation (MWA) and transarterial chemoembolization (TACE) versus only TACE for the treatment of
hepatocellular carcinoma (HCC) tumors =5 cm.

METHODS

This prospective study enrolled 186 patients with HCC tumors =5 cm. Patients were divided into
a test group (TACE + MWA) and a control group (TACE only). The average tumor size was 9.2 + 3.7
cm, ranging from 5 to 19 cm. Forty-five patients (27.4%) had Barcelona Clinic Liver Cancer class A
disease, and 119 (72.6%) had class B disease. The viable tumor volume was quantified utilizing ITK-
SNAP, a free and open-source software package for medical image segmentation and visualization,
along with contrast-enhanced magnetic resonance imaging. The tumor response was assessed ac-
cording to the modified response evaluation criteria in solid tumors rules. Serum alpha-fetoprotein
(AFP) levels were monitored, and the tumor necrosis ratio and AFP variation rate were calculated.

RESULTS

The final analysis of 164 patients (median age 57 years, range 26-80 years; 19 women, 145 men)
showed that the test group exhibited a significantly higher tumor necrosis ratio than the control
group (87.5% vs. 76.1%, P = 0.002). The serum AFP levels were markedly reduced in the test group
relative to the control group 30 days after surgery (P = 0.001). The AFP variation rate in the test
group (79.5%) was significantly greater than that observed in the control group (47.5%) (P < 0.001).
A significant positive correlation existed between the tumor necrosis ratio and AFP variation rate
(P < 0.001). Compared with the control group, the test group demonstrated a significantly higher
partial response rate (68.6% vs. 51.3%, P < 0.05), a lower rate of progressive disease (17.4% vs. 35.9%,
P < 0.05), an increased overall response rate (70.9% vs. 55.1%, P = 0.036), and an enhanced disease
control rate (82.6% vs. 64.1%, P = 0.007). Post-MWA, 3 patients experienced hemorrhage and 2 de-
veloped arteriovenous fistulae, all of which were treated with embolization.

CONCLUSION
The combination of TACE and MWA demonstrated safety, good tolerability, and greater efficacy
compared with TACE alone for HCC tumors =5 cm.

CLINICAL SIGNIFICANCE

The combination of TACE and MWA offers new possibilities for improving tumor necrosis rates,
reducing AFP levels, and enhancing short-term prognosis. These findings not only provide new
treatment options for clinical doctors but also promote the application of three-dimensional quan-
titative assessment technology and provide important references for future research and clinical
practice.
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rimary liver cancer is the sixth most
Pfrequently occurring cancer worldwide

and is the third most common cause
of death related to cancer.! Hepatocellular
carcinoma (HCC) is the predominant form
of liver cancer. More than 70% of patients
received a diagnosis during the interme-
diate to advanced stages and were limited
to non-invasive treatment options.? For pa-
tients with intermediate to advanced HCC,
transarterial chemoembolization (TACE) is
the initial treatment choice.* However, the ef-
fectiveness of TACE is restricted for large HCC
lesions, often leading to TACE-refractoriness
and deteriorating liver function with repeat-
ed treatments.*®

Recent studies indicate that combining
TACE with ablative methods is increasingly
recognized for improving tumor response
and patient survival.“® However, the majority
of these studies have concentrated on se-
quential combination therapy. Only a small
number of studies have dealt with TACE plus
concurrent ablation.”'® A retrospective study
found that microwave ablation (MWA) im-
mediately followed by TACE was a reliable
and efficient therapy for large HCC tumors."
However, prospective studies on the topic
have not been reported.

Therapeutic response in HCC was main-
ly assessed by measuring the target lesion’s
diameter through contrast-enhanced im-
aging.'? Indeed, most large HCC tumors ex-
hibit irregular morphology and significant
internal heterogeneity pre-and post-treat-
ment. Numerous studies have found that
three-dimensional (3D) quantitative assess-
ment is more precise than diameter-based
measurements.’>"> Precise delineation and
quantitative assessment of the complete tu-
mor active lesion are essential for an accurate

* The transarterial chemoembolization (TACE)
+ microwave ablation (MWA) group exhibit-
ed a significantly higher viable tumor necro-
sis ratio than the TACE group.

+ Post-treatment serum alpha-fetoprotein
(AFP) levels were significantly lower in the
TACE + MWA group than in the TACE group.
The AFP variation rate was significantly
higher in the TACE + MWA group than in the
TACE group.

+ A positive correlation was found between
tumor necrosis ratio and AFP variation rate.

* The TACE + MWA group demonstrated su-
perior partial response, overall response
rate, and disease control rate relative to the
TACE group.

evaluation of therapeutic efficacy. Few stud-
ies have evaluated the treatment efficacy on
large HCC tumors by measuring viable tumor
volumes using contrast-enhanced magnetic
resonance imaging (MRI). Furthermore, al-
though dynamic changes in serum alpha-fe-
toprotein (AFP) levels have been shown to
correlate with treatment efficacy and patient
outcomes,'®'” the relationship between vi-
able tumor volume and AFP dynamics re-
mains unexplored.

Therefore, we performed a prospective
study to assess changes in viable tumor vol-
ume and AFP levels before and after treat-
ment, aiming to precisely analyze short-term
efficacy differences between TACE alone and
TACE combined with MWA in treating large
HCC tumors.

Methods

Study design

A prospective, randomized controlled tri-
al was performed at a single center for this
research. The study was registered on Clini-
calTrials.gov (NCT04721470). Before being
enrolled, all patients gave their written in-
formed consent. The study protocol received
approval from all relevant institutional re-
view boards, adhering to the Declaration of
Helsinki and local regulations. The study
was approved by the Ethics Committee of
Zhongshan Hospital Affiliated to Fudan Uni-
versity (protocol number: B2018-146R, date:
17.11.2018). Participants were randomly as-
signed to either the TACE-only group or the
TACE plus MWA group between December
2018 and December 2021. Demographic
and clinical data, such as age, gender, tumor
diameter, Child—Pugh class, hepatitis B virus
(HBV) infection status, and serum AFP levels,
for patients with HCC were obtained from
medical records.

The main inclusion criteria were as fol-
lows: (1) age =18 years; (2) nodular and
hypervascular HCC diagnosis was estab-
lished using either non-invasive methods
or pathological examination; (3) large (=5
c¢m) HCC lesions confined to the liver as de-
termined by contrast-enhanced MRI before
treatment; (4) Barcelona Clinic Liver Cancer
(BCLC) stage A or B; and (5) eastern cooper-
ative oncology group performance status
score of <2. Participants were excluded if
they satisfied any of the following condi-
tions: (1) having more than three HCC le-
sions (3 patients); (2) were involved in other
clinical research treatments simultaneously
(5 patients); (3) showed extrahepatic me-
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tastasis or significant vascular invasion (11
patients); (4) did not undergo MRI enhance-
ment assessment 30 days after treatment (3
patients); or (5) had a platelet concentration
<3 x 10°/L and prothrombin activity <40%,
which excluded 22 patients. Randomization
occurred within 1 week following the veri-
fication of eligibility, with treatment proto-
cols commencing in the subsequent week.
Figure 1 depicts the study population inclu-
sion process flowchart. Three interventional
radiologists, each with >10 years of experi-
ence, conducted all treatment procedures
at the study’s onset.

Transarterial chemoembolization group

Angiography of the hepatic artery was
conducted through the right common femo-
ral access with a 5-F catheter (RH; Terumo, To-
kyo, Japan) to evaluate the tumor’s burden,
localization, and blood supply. A 2.7-F mi-
crocatheter (Progreat; Terumo) was precisely
manipulated to access the tumor’s supplying
arteries. A mixture of 5-20 mL iodized oil (li-
piodol) and 50 mg epirubicin (Farmorubicin;
Pfizer, Wuxi, China) was used for chemoem-
bolization. The tumor’s vascular characteris-
tics, size, and number primarily dictated the
dosage of ethiodized oil. The tumor’s blood
supply was cut off by fully embolizing all its
arterial branches for optimal devasculariza-
tion. Embolization was performed using a
lipiodol emulsion mixed with gelatin sponge
particles (350-560 mm; Ailikang Medicine
Co,, Ltd.).

Transarterial chemoembolization plus mi-
crowave ablation group

A right common femoral approach was
used for hepatic artery angiography to as-
sess tumor burden, localization, and blood
supply.  Ultrasound-guided  percutane-
ous MWA (IPC-1530; Aloka, Tokyo, Japan)
was performed, followed immediately by
chemoembolization.

The MWA utilized a water-cooled micro-
wave system (ECO-100C; Nanjing, Jiangsu,
China) featuring a 2.45 GHz generator with
adjustable power of 0-100 W. The antenna
placement, power, and emission duration
were customized according to the tumor’s
characteristics. Power was set between
60-100 W for 5-15 minutes per session,
as per guidelines. Multiple overlapping
ablations were monitored via real-time
ultrasound. A 14-gauge antenna-or two
if necessary—was placed into the target tu-
mor to cover the tumor’s margin. The ses-
sion was ended if the deep region of the
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December 2021 (n = 186)

Patients included between December 2018 to

Patients included
(n=164)

Patients excluded (n = 22)

(1) Multifocal patients (n = 3)

(2) Received additional treatments (n = 5)

(3) Showed metastasis or vascular invasion (n=11)
(4) Incomplete MR (n = 3)

l

l

|

TACE + MWA group
(n=86)

TACE group
(n=78)

Figure 1. Flowchart of the study. TACE, transarterial chemoembolization; MWA, microwave ablation; MR,

magnetic resonance.

lesion was covered by hyperechoic regions
on ultrasound. Subsequently, the antenna
was withdrawn gradually, and microwave
emission was restarted. The end of the
procedure was signaled when the entire
tumor was hyperechoic on ultrasound.
Post-ablation, needle pathway coagula-
tion was performed to reduce bleeding or
the spread of the tumor.

After MWA, hepatic angiography was
quickly performed to evaluate ablation re-
sults, check for remaining tumor vascularity,
and detect complications, such as arterio-
venous fistula or bleeding. A mixture of 2-20
mL iodized oil (lipiodol) and 20-50 mg epi-
rubicin (Farmorubicin; Pfizer, Wuxi, China)
was used for chemoembolization until the
tumor’s blood supply was saturated. Gelatin
sponge particles, sized 350-510 pm (Ailikang
Medicine, Hangzhou, China) and combined
with a contrast medium, were then injected
to reduce any remaining blood flow. In cases
of arteriovenous fistula or hemorrhage, ar-
terial embolization was performed utilizing
gelatin sponge particles or a Tornado em-
bolization coil (Cook, Bloomington, Indiana).
Patients were monitored with an electrocar-
diograph for 24 hours afterward.

Magnetic resonance imaging protocol

All participants underwent contrast-en-
hanced MRl using a 1.5 T scanner (Magnetom
Aera, Siemens Healthcare, Germany). Liver
protocols included T1-weighted imaging
in-phase and opposed-phase, T2-weighted
imaging, diffusion-weighted imaging with b
values of 0, 50, and 500 s/mm?, and dynam-
ic contrast-enhanced imaging. The MR units
automatically calculated the apparent dif-
fusion coefficient. Gadopentetate dimeglu-

mine was administered at 2 mL/s with a 0.1
mmol/kg dose, followed by a saline flush. Im-
ages for arterial, portal, and delayed phases
were captured at 20-25, 70-90, and 150-180
seconds, respectively.

Viable tumor volume segmentation

The MRI were processed using open-
source software (ITK-SNAP, version 3.8.0,
www.itksnap.org) for segmentation and
quantification by a radiologist with 12 years
of experience. The free ITK-SNAP package
provides the capabilities of semi-automatic
segmentation as well as image navigation.
Regions of interest were placed on arterial
phase images to measure viable tumor vol-
ume (Figure 2), unless no lesion enhance-
ment was detected, indicating inactivity
(Figure 3). Another radiologist with 15 years
of experience verified all segmented images.

Definition and evaluation of data

The viable tumor necrosis ratio was calcu-
lated as follows:

VOLUME pretherapy — VOLUME posttherapy
VOLUME pretherapy

Tumor necrosis ratio = x 100%

Patients underwent contrast-enhanced
MR examinations 7 days before and 30 days
after the surgery. The volume of the viable tu-
mor was calculated using ITK-SNAP. Patients
were then followed up with contrast-en-
hanced MRI or computed tomography (CT).
Routine laboratory tests, including AFP level
evaluations, were conducted within 30 days
post-treatment and subsequently every 6-8
weeks. Six months after initial treatment, lo-
cal tumor response was assessed using the
modified response evaluation criteria in solid
tumors rules, categorizing outcomes as com-
plete response (CR), partial response (PR),

stable disease, or progressive disease (PD)."?
The disease control rate (DCR) and objective
response rate (ORR) were also evaluated. The
approach was evaluated by two radiologists
with >10 years of specialization in abdomi-
nal imaging. The AFP variation rate was cal-
culated 30 days after treatment as follows:

AFPpretherapy — AFPposttherapy

0,
AFPpretherapy * 100%

AFP variation rate =

Possible complications during treatment
include contrast agent extravasation (indi-
cating bleeding) or arteriovenous fistula. The
most common short-term complication was
postembolization syndrome, including mild
to moderate pain, fever, nausea, and vomit-

ing.
Statistical analysis

Statistical analysis was performed using
GraphPad Prism 9.0 (GraphPad Software, San
Diego, CA, USA) and SPSS Version 24 (IBM
Corporation, Armonk, NY, USA). Continuous
variables with a normal distribution were
presented as mean + standard deviation and
analyzed using either the Student’s t-test or
the Mann-Whitney U test, based on their dis-
tribution. Spearman tests assessed correla-
tions between pre-therapy viable tumor vol-
ume and post-therapy necrosis rate, as well
as post-therapy viable tumor volume necro-
sis rate and AFP decline rate. Chi-squared
tests were used for categorical variables, with
significance set at P < 0.05.

Results

The study included 164 patients (median
age 57 years, range 26-80 years; 19 wom-
en, 145 men), divided into TACE (n = 78)
and TACE + MWA (n = 86) groups. The pri-
mary HCC lesions had a median size of 8.6
c¢m (range 5-17 cm), with 62.2% of patients
having elevated AFP levels (=20 ng/mL) and
62.8% having HBV infection. Table 1 shows
there were no notable differences in clinical
characteristics or laboratory results between
the treatment groups.

Table 2 shows there were no significant
differences in viable tumor volume between
the two groups, both pre- and post-treat-
ment. The MRI 30 days post-treatment indi-
cated a significantly higher tumor necrosis
ratio in the TACE + MWA group (87.5%) than
in the TACE group (76.1%) (Figure 4).

Before treatment, both groups exhibit-
ed comparable elevated AFP levels, with no
significant difference (P = 0.137). The AFP
levels declined in all patients (Table 3), with
the TACE + MWA group showing significantly
lower levels (46.7 vs. 601.3, P < 0.001) than

TACE + MWA for HCC tumors =5 cm » 3
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Figure 2. Images of a 76-year-old female patient with hepatocellular carcinoma. Arterial phase contrast-
enhanced T1-weighted imaging before transarterial chemoembolization (TACE) revealed a tumor with a
volume of 285,400 mm?3 in the right liver lobe (a). Contrast-enhanced T1-weighted imaging in the arterial
phase revealed heterogeneous enhancement 30 days after TACE. The volume of tumor enhancement
(viable tissue) was 187,000 mm? (b).

Table 1. Clinical characteristics of patients (n = 164)

Characteristic TACE + MWA TACE Pvalue
(n=86) (n=78)

Age (y)

>60 38 (44.2%) 36 (46.2%) 0.8

<60 48 (55.8%) 42 (53.8%)

Sex

Male 78 (90.7%) 67 (85.9%) 0.34

Female 8(9.3%) 11 (14.1%)

Tumor diameter (cm)

5-10 51 (59.3%) 52 (66.7%) 0.33

>10 35 (40.7%) 26 (33.3%)

Child-Pugh class

A 67 (77.9%) 61 (78.2%) 0.96

B 19 (22.1%) 17 (21.8%)

Hepatitis B virus infection

Yes 52 (60.5%) 51 (65.4%) 0.52

No 34 (39.5%) 27 (34.6%)

AFP level (ng/mL)

>20 52 (60.5%) 50 (64.1%) 0.63

<20 34 (39.5%) 28 (35.9%)

TACE, transarterial chemoembolization; MWA, microwave ablation; AFP, alpha-fetoprotein.
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those in the TACE group after treatment (Fig-
ure 5). The AFP variation rate in the TACE +
MWA group was significantly higher than
that in the TACE group (Figure 6) (P < 0.001).
Furthermore, a positive correlation was iden-
tified between tumor necrosis ratio and AFP
variation rate (r = 0.46, P < 0.001) (Figure 7).

In the TACE + MWA group, the CR, PR, SD,
and PD rates were 2.3%, 68.6%, 11.6%, and
17.4%, respectively, whereas in the TACE
group, they were 3.8%, 51.3%, 8.9%, and
35.9%, respectively. Both PR and PD signifi-
cantly differed between the groups (P < 0.05).
The TACE + MWA group had a DCR of 82.6%
and an ORR of 70.9%, both significantly high-
er than the TACE group’s DCR of 64.1% (P =
0.007) and ORR of 55.1% (P = 0.036) (Table 4).

The treatment was well-tolerated, with no
major complications or procedure-related
fatalities. Post-MWA, 3 patients experienced
hemorrhage and 2 developed arteriovenous
fistulae, all of which were treated with embo-
lization. Post-embolization syndrome was the
most frequent short-term complication, treat-
ed with medication and supportive care. Ala-
nine aminotransferase (150.3 + 82.8 U/L) and
aspartate aminotransferase (135.2 + 25.6 U/L)
levels were transiently increased on the third
day after treatment compared with baseline
levels (42.3 + 7.6 U/L and 67.3 + 6.3 U/L, re-
spectively). The respective aminotransferase
levels decreased to 39.8 + 9.9 U/L and 60.1 +
4.7 U/L at 1 month after treatment.

Discussion

This study assessed the effectiveness
of combining TACE with MWA versus TACE
alone for treating HCC tumors =5 cm. The
results indicated that the combination treat-
ment led to better short-term outcomes, in-
cluding greater tumor volume reduction and
lower serum AFP levels. The combined thera-
py showed promise in controlling tumor pro-
gression and improving patient outcomes
for large HCC tumors.

For patients with BCLC stage A and B tu-
mors =5 cm who are ineligible for surgical
resection, TACE is generally preferred. How-
ever, complete tumor necrosis is difficult
to achieve. TACE with drug-eluting beads
achieves precise delivery and sustained re-
lease of drugs through drug-loaded micro-
spheres, which may reduce systemic toxic-
ity and improve local efficacy. In contrast,
conventional TACE relies on iodized oil as a
chemotherapy carrier, which is suitable for
a wider range of clinical scenarios. Recent
studies indicated that combining TACE with
ablation was more effective for liver cancer

Liu etal.
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Figure 3. Images of a 62-year-old male patient with hepatocellular carcinoma. An arterial phase contrast-
enhanced T1-weighted image revealed a tumor with a volume of 113,400 mm? in the right liver lobe before
treatment (a). No enhancement was observed in the tumor (complete necrosis) 30 days after transarterial
chemoembolization + microwave ablation (b).
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Figure 4. Boxplot of tumor necrosis ratio. TACE, transarterial chemoembolization; MWA, microwave ablation.

treatment than TACE alone.”'®* The me-
ta-analysis evaluated TACE combined with
MWA versus TACE alone for BCLC stage A
or B patients with HCC tumors =5 cm. The
findings indicated notable enhancements
in CR, PR, and ORR with the combined TACE
and MWA treatment.® Another study demon-
strated that combined therapy significantly
improved ORR and DCR compared with TACE
alone?® These findings are similar to our

study. Our prospective study revealed that
combined therapy significantly improved PR,
ORR, and DCR compared with TACE alone.
These findings may be attributed to the di-
rect ablative effect of MWA on the lesion
core, whereas TACE demonstrates a more
pronounced therapeutic impact on the hy-
pervascularized peripheral regions of the
lesion. However, those investigations pre-
sented results for combination treatments

on tumors exhibiting heterogeneous size
ranges, stages, and tumor burden. This study
focused mainly on tumors =5 cm.

Traditional liver cancer treatment eval-
uation relied on measuring the target le-
sion’s diameter during arterial phase en-
hancement.”? However, this method may
not accurately reflect the true condition of
the tumor, as it only considers changes in a
single dimension and overlooks variations
in volume and shape. Recent research sug-
gested that 3D quantitative analysis offered
a more comprehensive assessment of tumor
response.?’?* Pandey et al.?' found that it can
more precisely assess the tumor response
and patient prognosis after treatment by ac-
curately measuring tumor volume. Flecken-
stein et al.?? found that 3D quantitative anal-
ysis can be used to evaluate early responses
in patients with liver cancer following local
therapy, which is crucial for the timely ad-
justment of treatment plans. These findings
support our study. The TACE + MWA cohort
showed a greater necrosis ratio than the
TACE cohort (P < 0.05), suggesting greater ef-
ficacy of the combined treatment. Addition-
ally, another study pointed out that changes
in tumor volume enhanced by 3D imaging
significantly correlated with overall patient
survival.??* However, this aspect was not ad-
dressed in our study.

CT can evaluate the morphological and
hemodynamic changes of tumors, but it is
not as effective as MRI in displaying viable
lesions. For patients with renal insufficiency
or allergies to CT/MRI contrast agents, con-
trast-enhanced ultrasound can be used as a
useful complementary technique.?® The ITK-
SNAP interactive software package allows
manual and semi-automatic 3D medical
image segmentation on computers.?® Com-
pared with traditional methods that require
specific workstations, ITK-SNAP is more flex-
ible and suitable for various clinical and re-
search environments. The use of ITK-SNAP
is not limited to image “omics” research but
is also widely applied in clinical practice for
precise tumor volume measurement. In clin-
ical applications, the semi-automatic seg-
mentation function of ITK-SNAP has been
proven to reduce the time required for man-
ual segmentation significantly while main-
taining high accuracy.?

In patients with HCC, AFP levels were of-
ten used as a biomarker for diagnosis and
prognosis assessment. Studies have shown
that the dynamic changes in AFP levels can
reflect the effectiveness of treatment and pa-
tient outcomes.'®?”2® Previous studies have

TACE + MWA for HCC tumors =5 cm « D



shown that a notable reduction in AFP levels
may suggest increased tumor necrosis and
improved treatment outcomes.’®'”?® Guo et
al?® found that AFP levels significantly de-
creased in both groups after treatment, with
the test group showing a greater reduction
than the control group. This is in agreement
with our results. Additionally, there was a sig-
nificant positive correlation between the ne-

crosis ratio and AFP variation rate after treat-
ment in the present study, indicating that
treatment has led to the death of tumor cells,
thereby reducing AFP production. In addi-
tion, the decline in AFP levels can help iden-
tify patients who respond well to treatment,
guiding subsequent treatment decisions.”®

To date, numerous investigations have
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Figure 5. Boxplot of alpha-fetoprotein level after treatment. TACE, transarterial chemoembolization; MWA,
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Figure 6. Boxplot of alpha-fetoprotein variation rate. TACE, transarterial chemoembolization; MWA,

microwave ablation; AFP, alpha-fetoprotein.

Table 2. Measurements of viable tumor before and after treatment (n = 164)

explored the application of transcutane-
ous thermal ablation in conjunction with
TACE for the management of HCC. Never-
theless, the majority of existing reports on
combination therapy described sequential
treatment regimens with diverse temporal
intervals (from 1-42 days).5?*3' Recent stud-
ies have validated the safety and efficacy
of TACE combined with thermal ablation,
showing no significant impairment of liv-
er function.®"7 In this prospective study,
MWA combined with simultaneous TACE
was a safe treatment for HCC tumors =5 cm
without increasing the risk of major compli-
cations. These findings were consistent with
previous studies." Immediate TACE after
MWA was considered to increase tumor ne-
crosis by exposing sublethal heat-damaged
tumor tissues to high drug concentration,
potentially reducing the dosage of iodinat-
ed oil and chemotherapy drugs in subse-
quent TACE. Severe complications related
to MWA, including arteriovenous fistula and
hemorrhage, can be promptly identified and
treated.”"" In addition, immediate TACE after
MWA can reduce hospitalizations and costs.
Hence, this method has a high potential for
popularization in clinical applications. In
studies on performing TACE prior to MWA,
the accuracy of needle punctures into le-
sions is improved, and the “thermal settling
effect” during the ablation process is re-
duced. Previous studies have not compared
the two operation sequences, nor have they
indicated a clear optimal sequence.

Our study had several limitations. First,
some HCC tumors were diagnosed using
clinical criteria, including contrast-enhanced
MRI findings and AFP level, rather than his-
topathological confirmation. Second, this
investigation assessed the effectiveness of
the treatment over a short period and did
not include an analysis of long-term efficacy,
which is inadequate to establish conclusively

Characteristic TACE + MWA (n = 86) TACE (n=78) Pvalue
Pretherapy viable tumor volume 275,700 mm? 250,000 mm? 0.683
Posttherapy viable tumor volume 32,245 mm? 54,995 mm? 0.085
Tumor necrosis ratio 87.5% 76.1% 0.002*
*Data are statistically significant results. TACE, transarterial chemoembolization; MWA, microwave ablation.
Table 3. Alpha-fetoprotein level before and after treatment (n = 102)

TACE + MWA (n =52) TACE (n = 50) P value
AFP level before treatment (ng/mL) 978.7 2,178.5 0.137
AFP level after treatment (ng/mL) 46.7 601.3 0.001*
AFP variation rate 79.5% 47.5% <0.001*

*Data are statistically significant results. TACE, transarterial chemoembolization; MWA, microwave ablation; AFP, alpha-fetoprotein.
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Table 4. Assessment of target lesion response according to the modified response
evaluation criteria in solid tumors rules (n = 164)

TACE + MWA (n = 86) TACE (n=78) P value
CR 2(2.3%) 3(3.8%) 0.572
PR 59 (68.6%) 40 (51.3%) 0.024*
SD 10 (11.6%) 7 (8.9%) 0.578
PD 15 (17.4%) 28 (35.9%) 0.007*
ORR 61 (70.9%) 43 (55.1%) 0.036*
DCR 71 (82.6%) 50 (64.1%) 0.007*

*Data are statistically significant results. CR, complete response; PR, partial response; SD, stable disease; PD,
progressive disease; ORR, objective response rate; DCR, disease control rate; TACE, transarterial chemoembolization;

MWA, microwave ablation.
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Figure 7. Scatter plot of the correlation between the tumor necrosis ratio and the alpha-fetoprotein variation

rate. AFP, alpha-fetoprotein.

the superiority of combination therapy. Fi-
nally, as a single-center study, it was limited
by a small sample size and a unique patient
setting. Therefore, larger sample sizes in mul-
ticenter studies are necessary to further val-
idate the treatment protocol’s efficacy and
safety.

In conclusion, TACE combined with MWA
was more effective for treating HCC tumors
>5 cm than TACE alone, as it significantly
reduced AFP levels and enhanced tumor
necrosis. This suggested that the combined
therapy could be a viable treatment option
for larger HCC tumors. However, larger mul-
ticenter studies are needed to confirm these
benefits.
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