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Purpose: There are insufficient data about the optimal treatment for older patients with recurring medium or large hepatocellular
carcinoma (HCC). The study intended to assess the effect of transcatheter arterial chemoembolization combined with microwave
ablation (TACE-MWA) in an elderly cohort through a retrospective analysis.

Methods: From 2011 to 2018, a cohort of individuals (age >70 years) with recurrent HCC tumors ranging from 3.1 cm to 7 cm
underwent either a combination treatment of TACE and MWA (n = 43) or surgical intervention (n = 33). Using the Inverse Probability
of Treatment Weighting (IPTW) technique, factors of disease-free survival (DFS), overall survival (OS), and rates of major adverse
events were analyzed, retrospectively.

Results: The group that underwent surgery had a greater history of alcohol use before treatment (P= 0.001), as well as a higher
Barcelona Clinic Liver Cancer (BCLC) stage for the primary tumor before treatment (P= 0.014) and a higher primary tumor location
before treatment (P= 0.045). The TACE-MWA group had DFS rates of 86.2%, 68.8%, and 60.4% at 1, 3, and 5 years, while the
surgery group had rates of 53.0%, 42.2%, and 25.8% at the same time points. In the TACE-MWA treatment group, survival rates at
1 year, 3 years, and 5 years post-treatment were recorded as 93.0%, 80.8%, and 65.7%, respectively, while in the surgery group, they
were 62.7%, 46.9%, and 42.6%. In the univariate analysis using IPTW, the type of treatment was found to have a significant
correlation with disease progression (hazard ratio [HR] 0.41, 95% CI 0.20-0.86, P=0.017). IPTW multivariate analysis showed that
treatment modality (HR, 0.35; 95% CI, 0.17 to 0.79; P= 0.011) was the only significant prognostic factor for OS.

Conclusion: In elderly patients with recurrent 3.1 cm< HCC <7 cm, TACE-WMA was superior to surgery in the respects of DFS and
OS.

Keywords: elderly patients, hepatocellular carcinoma, transcatheter arterial chemoembolization, microwave ablation, treatment
modality

Introduction

Although surgical resection (SR) is often recommended as a curative approach for patients with extremely early or early
stage HCC,' the recurrence of HCC after hepatectomy remains a serious challenge. For patients who cannot undergo
additional locoregional treatments, systemic therapy has become an important part of managing the disease, driven by the
development of novel therapies, especially immune checkpoint inhibitors (ICIs) and targeted therapies. These treatments
offer better outcomes and are more tolerable than previous options.*® In contrast, locoregional therapy, such as
Transcatheter Arterial Chemoembolization (TACE), microwave ablation (MWA), radiofrequency ablation (RFA), and
percutaneous ethanol injection (PEI), is effective for treating localized HCC, with the exception of repeated hepatic
resection. Although improvement of the dose of ethiodized oil reaching the portal veins by the superselective manner,
patients still face the risk of recurrence caused by the tumor morphology or vascularity. Researchers found that the
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pressure within the HCC nodule is decreased from high to sluggish flow after TACE, which causes an almost complete
lack of heat loss as a result of this phenomenon, and intact and perhaps even increased portal blood flow in the
surrounding tissue can prevent heat diffusion outside the HCC nodule as well.” When ablation was performed in HCC
nodules after occlusion of their arterial supply, higher tumor response and better local control could be detected in the
results of histopathology. Over the course of almost a decade, multiple research studies have indicated that combining
TACE with ablation, such as MWA or RFA, offers a notable increase in survival rates for individuals with recurrent HCC

tumors that are 7 cm or smaller and have five or fewer lesions, in comparison to using ablation or TACE alone.'®"

Additionally, these combined methods have shown to be equally as effective as hepatectomy.'> !’

The number of people with age >65 years is rapidly increasing, from 461 million in 2004 to an estimated 2 billion
people by 2050, which has greatly new meaning to health and social care, especially remedy for malignant tumors.'®'?
The treatment of recurrent HCC in patients over 65 years of age presents unique challenges, as these patients often have
additional comorbidities and diminished physiological reserves. The combination of TACE and MWA offers effective
local tumor control with relatively high maintenance quality of life, making it a suitable option for patients who are not
candidates for more aggressive treatments. However, the effectiveness and adverse events of ablation combined with
TACE compared to repeated hepatic have not been proven in medium or large recurrent HCCs owing to the scarcity of
elderly subjects within the study sample. However, conducting prospective clinical trials in elderly patients can be
difficult due to the presence of multiple comorbidities, the scarce of the patients, and organ function decline. In this case,
a retrospective study can serve as an alternative approach. Therefore, a retrospective study was conducted to contrast the
treatment results of TACE-MWA versus re-hepatectomy in elderly patients with medium or large recurrent HCCs

(diameter span of 3.1-7.0 cm).

Methods

Patients

A tertiary academic center was the setting for our retrospective study, which passed the scrutiny and received approval
from the corresponding Institutional Review Board (IRB) of the hospital (Guangxi Medical University Cancer Hospital),
and that was conducted according to the guidelines of the Declaration of Helsinki. Written informed consent was
obtained from every patient prior to treatment. From 2011 to 2018, a total of 76 individuals who had a recurrence of HCC
after hepatectomy were identified based on histopathological analysis or non-invasive criteria outlined by the American
Association for the Study of Liver Diseases (AASLD) guidelines.”’ Of these patients, 33 patients were subjected to
secondary hepatectomy, whereas 43 patients were treated with TACE-MWA (Figure 1). The eligibility requirements for
this study were as follows: 1) age >70 years; 2) first intrahepatic recurrence following hepatectomy; 3) a solitary tumor
(3.1 cm< and <7 cm in diameter in maximum extent) or up to three tumors (each 3.1 cm< and <5 cm in diameter); 4)
non-invasive to vessels and no metastasis outside the liver; 5) Child-Pugh A/B classification status; 6) refused liver
transplantation. These patients comprehended all the specifics of both therapeutic approaches. Surgery was recommended
for the patients with a single tumor within one liver segment with adequate hepatic functional reserve, and the patients
with severe portal hypertension or insufficient liver remnant avoided receiving repeated hepatic resection. Additional
requirements for TACE-MWA included: 1) a clear path from the lesion to the skin surface on the ultrasound before
treatment; 2) a patient declined a second hepatectomy.

TACE and MWA

A uniform medical team executed both the TACE and MWA procedures. TACE was executed with meticulous super-
selectivity, subsequently followed by arterial embolization combined with chemotherapy. A 5-F catheter was utilized to
conduct visceral angiography, which was inserted through the femoral artery. Subsequently, a microcatheter of
2.9-French size (manufactured by Terumo Corporation, Tokyo, Japan) was positioned within the arteries that nourished
the tumor. After injecting 100 mg of oxaliplatin (made by Hengrui Medicine, Lianyungang, China) into the arteries,
chemoembolization was performed with a mixture of 60 mg epirubicin (manufactured by Zhejiang Hisun
Pharmaceutical, Taizhou, China) and 5-10 mL iodized oil (from Hengrui Medicine, Lianyungang, China), followed by
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Elderly patients with recurrent
HCC after hepatectomy
2011-2018
(n=1881)
Excluded n=1224

RFA or MWA n="757
TACE n=224
Chemotherapy n=79
Targeted drug n=112
Supportive care n=>52

Elderly patients treated with
surgery or TACE-MWA

(n=0657)
Excluded n =581
Tumor size >7.0 cm or <=3.0 cm n=219
Tumor numbers >3 n=23
Extrahepatic metastasis n=154
Portal vein thrombosis n=185
Elderly patients with recurrent
3.1 cm< HCC <7 cm were
included
(n="176)
Surgery TACE-MWA
(n=33) (n=43)
| IPTW analysis
Pseudo-population 1 Pseudo-population 2
Surgery TACE-MWA
(n=067) (n=75)

Figure | Flow diagram of this study.
Abbreviations: HCC, hepatocellular carcinoma; MWA, microwave ablation; TACE, transarterial chemoembolization.

the addition of gelatin sponge granules measuring 1-2 mm in diameter (Gelfoam brand; provided by Hangzhou Alc,
Hangzhou, China).

Within the 4-week window subsequent to chemoembolization, microwave ablation was conducted, with a median of
15 days, and this interval varied between 10 and 28 days. Intravenous midazolam and fentanyl were given for conscious
sedation, along with 1% lidocaine for local anesthesia, while using the Water-tip Microwave Ablation System (ECO-
100C model, from ECO Microwave Electronic Institute in Nanjing, China) to perform ablation procedures with
continuous real-time ultrasound guidance. Tumors larger than 3 cm required the use of two electrodes deployed
sequentially to guarantee complete coverage of the tumor. In the course of extracting the MWA electrode, a step was
taken to apply thermal ablation along the needle pathway as a measure to mitigate probabilities of bleeding and tumor

metastasis. The goal was to create a boundary of ablative impact that reached a minimum of 0.5 ¢cm into the surrounding
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healthy normal tissue around the tumor, without encroaching upon the perivascular area. In instances where residual
malignancy was identified through dynamic CT scans within seven days post-MWA treatment, supplementary MWA
treatments were administered until the tumor was fully ablated.

Repeat hepatectomy

The resection surgery was performed under general anesthesia by a team of three surgeons, with the lead surgeon
possessing 12 to 20 years of experience in hepatic resection procedures. Open re-hepatectomies were performed on 30
patients to minimize the incidence of adverse events. The suspected tumor nodule, portal vein, hepatic veins, and the
liver remnant were evaluated by intraoperative ultrasound. After evaluating the size, location, patient’s overall health, and
underlying liver condition, a decision was made to either perform an anatomical hepatectomy or opt for a non-anatomical
wedge excision. Standard safety margins were set at 2 cm, except in cases where tumors are in close proximity to primary
Glissonian pedicles or major hepatic veins, where a margin of 5 mm is deemed adequate.

Follow-up

Four weeks following the conclusion of treatment, patients underwent assessments of liver function and imaging
examinations using either CT scans or magnetic resonance imaging of the liver. Subsequently, patients were subjected
to a series of assessments at specified intervals: they had regular physical check-ups, laboratory assessments including
blood counts and liver function analyses, a-fetoprotein (AFP) level determinations, and liver dynamic contrast-enhanced
CT scans on a quarterly basis throughout the initial 12-month period. From the second through fifth years, these tests
occurred biannually, and from the sixth year onward, they transitioned to an annual schedule. Disease progression was
assigned to describe three separate conditions: advancement of the primary tumor, appearance of new tumors at non-
adjacent or distinct intrahepatic sites, and the development of recurrences outside the liver during the surveillance phase.
To identify local tumor progression, we considered the emergence of heightened tumor activity within or around the area
of liver necrosis for TACE patients, while for those undergoing TACE-MWA, recurrence either within the treatment zone
or in close proximity was used as a determining factor. In patients experiencing recurrent HCC, other treatments like
MWA, systemic chemotherapy, targeted medications, and supportive care were administered. In the evaluation of adverse
events following initial treatment, the standard employed is the Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0 established by the National Institutes of Health (NIH).

Statistics

Frequency and percentage distributions were used to present categorical variables, while medians and interquartile ranges
(IQRs) were utilized for continuous variables. In the case of categorical variables, we employed either Pearson’s y* test
when appropriate or Fisher’s exact test, whereas continuous variables were subjected to the Mann—Whitney U-test for
assessment. The primary outcome measure was established as DFS, whereas another key metric, OS, serves as the
secondary endpoint. The Kaplan—Meier method was utilized to summarize DFS and OS. In order to account for the
relationship between lesions in the same patient, we utilized mixed-effects Cox models with random effects at the patient
level to examine the role played by different treatments and associated factors in determining DFS.?" In order to account
for any potential bias in the initial characteristics of the two groups, we utilized propensity scores and employed the
IPTW method grounded on these scores.'> These variables encompassed multiple critical parameters, including sex, age,
lesion count, tumor volume, Hepatitis B status, AFP levels, Child-Pugh liver function classification, BCLC staging, time
from surgery to recurrence, alcohol history, cirrhosis status, and primary tumor site. During IPTW assessment, precise
estimation of propensity scores was accomplished by employing logistic regression methods. In the IPTW approach, for
patients receiving TACE-MWA therapy, individual weights were assigned as the reciprocal of their corresponding
propensity scores; whereas for those opting for repeat hepatectomy, their individual weights were determined based on
the reciprocal of 1- propensity scores. When the IPTW method is implemented, it generates two novel weighted pseudo-
populations. The makeup of these two pseudo-populations is determined by assigning weights to individuals from the
source populations, where the weights are inversely proportional to their corresponding treatment likelihoods. In the
univariate Cox regression analysis, separate models were constructed to consider solely the treatment or to incorporate
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both one covariate and the treatment indicator. A Multivariable Cox regression analysis was conducted to identify distinct
factors associated with DFS and OS. We utilized R software (version 3.5.1, from the R Foundation for Statistical
Computing in Vienna, Austria) to perform all necessary computations. A P value <0.05 was deemed to represent
statistical significance.

Results

Baseline characteristics

Prior to IPTW adjustment, Table 1 presents the baseline characteristics of the entire patients (n = 76). Patients in the
TACE-MWA group had more favorable alcohol history (P= 0.001), BCLC staging of the primary tumor (P= 0.014), and
primary tumor location (P= 0.045) compared to the surgery group. Regarding other features, no substantial differences
were detected among the two groups. Upon IPTW-adjustment, no considerable disparities in the covariates emerged
between the two groups.

Table | Baseline Characteristics

Characteristic Unadjusted After IPTW
Surgery TACE-MWA | P value | Surgery TACE-MWA | P value
(n=33) (n=43) (n =67) (n=175)
Gender 0.401
Male 30 (90.9) 35 (81.4)
Female 38.1) 8 (18.6)
Age, years 0914
Median 76 76
IQR 73-79 73-79
Alcohol history 0.001 0.454
Yes 26 (78.8) 17 (39.5) 46 (67.6) 43 (57.2)
No 7(21.2) 26 (60.5) 21 (324) 32 (42.8)
No. of lesions 0.929
Solitary 28 (84.8) 35 (81.4)
Multinodular 5(15.2) 8 (18.6)
Tumor diameter 0.585
<5cm 17 (51.5) 26 (60.5)
>5cm 16 (48.5) 17 (39.5)
Hepatitis B 0.429
Positive 30 (90.9) 42 (97.7)
Negative 3(9.1) 1 (2.3)
Cirrhosis 0.429 0.556
Yes 30 (90.9) 42 (97.7) 63 (94.0) 73 (97.3)
No 3(9.1) 1 (2.3) 4 (6.0) 2 (27)
AFP (ng/mL) 0.710
>400 24 (72.7) 34 (79.1)
<400 9 (27.3) 9 (20.9)
Child-Pugh class 0.590
5 5 (15.1) 7 (16.3)
6 16 (48.5) 25 (58.1)
7 12 (36.4) Il (25.6)
BCLC stage of primary tumor 0.014 0.680
A 24 (72.7) 41 (95.3) 56 (83.1) 66 (87.3)
B 9 (27.3) 2 (47) I (16.9) 9 (12.6)
(Continued)
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Table | (Continued).

Characteristic Unadjusted After IPTW
Surgery TACE-MWA | P value | Surgery TACE-MWA | P value
(n=33) (n=43) (n=67) (n =175)
Primary tumor location 0.045 0.486
Unilobar 21 (63.6) 37 (86.0) 50 (75.2) 62 (82.6)
Bilobar 12 (36.4) 6 (14.0) 17 (24.8) 13 (17.4)
Interval of recurrence from initial 1.000
treatment (years)
<l 8 (24.2) 11 (25.6)
>| 25 (75.8) 32 (744)

Abbreviations: AFP, o-fetoprotein; IQR, interquartile range; MWA, microwave ablation; TACE, transarterial chemoembolization.

DFS and OS
The TACE-MWA group’s median follow-up spanned 52.4 months (varying between 4.5 and 67.1 months), while the median

follow-up duration in the surgery group was 51.1 months (ranging from 3.3 to 66.6 months). Over the course of the follow-
up, a total of 31 fatalities were recorded among the two groups, including 17 from tumor recurrence, seven from liver failure
concurrent with non-progressing tumors, three from gastrointestinal (GI) bleeding, and four non-cancer related deaths.

The TACE-MWA group had initial, 3-year, and 5-year DFS rates of 85.7%, 68.1%, and 52.3%, while the surgery
group had rates of 50.7%, 37.7%, and 22.3%. Following IPTW, 1-, 3-, and 5-year DFS rates were 86.2%, 68.8% and
60.4% after TACE-MWA and 53.0%, 42.2% and 25.8% after surgery, respectively (Figure 2A). The 1-, 3-, and 5-years
OS rates without IPTW were 93.0%, 80.8%, and 65.7% in the TACE-MWA group, and 62.7%, 46.9%, and 42.6% in the
surgery group, respectively. Following IPTW, the TACE-MWA group showed OS rates of 89.3%, 79.5%, and 64.9% at
1-, 3- and 5-years, while the surgery group had rates of 69.1%, 49.8%, and 28.4% at the same time points (Figure 2B).

In IPTW univariate analysis, treatment modality (HR, 0.41; 95% CI, 0.20 to 0.86; P= 0.017 for surgery vs TACE-
MWA) showed a significant association with disease progression (Table 2). Meanwhile, treatment modality (HR, 0.36;
95% CI, 0.16 to 0.81; P= 0.014) and tumor number (HR, 2.03; 95% CI, 1.01 to 4.07; P= 0.047) were revealed as
influential factors for overall survival. The treatment modality and tumor number were included in an IPTW multivariate
analysis, which demonstrated that treatment modality (HR, 0.35; 95% CI, 0.17 to 0.79; P = 0.011) was the sole significant
prognostic factor for OS (Table 3).

In subgroup analysis, eight subgroups showed that treatment modality significantly correlated with disease progres-
sion (Figure 3A), including patients with alcohol history (HR, 0.23; 95% CI, 7.76x10% to 0.69; P= 9x10>), patients
with solitary tumor (HR, 0.41; 95% CI, 0.18 to 0.95; P= 0.038), patients with tumor diameter <5 cm (HR, 0.33; 95% CI,
0.14 to 0.78; P=0.012), patients with alpha-fetoprotein (AFP) >400 ng/mL (HR, 0.28; 95% CI, 0.13 to 0.62; P=0.001),
patients with Child-Pugh class B (HR, 0.09; 95% CI, 0.03 to 0.31; P= 1x10 %), patients with unilobar primary tumor
(HR, 0.32; 95% CI, 0.14 to 0.76; P= 0.009), patients with recurrence within 1 year of initial treatment (HR, 0.28; 95%
CI, 0.09 to 0.88; P=0.029), and patients with time span since initial treatment until disease recurrence >1 year (HR, 0.43;
95% CI, 0.19 to 0.99; P= 0.048). Six subgroups showed that treatment modality significantly correlated with overall
survival (Figure 3B), including patients with solitary tumor (HR, 0.34; 95% CI, 0.12 to 0.95; P= 0.039), patients with
tumor diameter <5 cm (HR, 0.25; 95% CI, 0.10 to 0.65; P= 0.004), patients with AFP > 400 ng/mL (HR, 0.37; 95% CI,
0.16 to 0.84; P= 0.017), patients with Child-Pugh class B (HR, 0.25; 95% CI, 0.08 to 0.76; P= 0.015), patients with
unilobar primary tumor (HR, 0.21; 95% CI, 0.09 to 0.54; P=0.001), and patients with recurrence within 1 year of initial
treatment (HR, 0.15; 95% CI, 0.04 to 0.53; P= 0.003).

Twenty-three patients experiencing re-recurrent HCC in the surgery group and 18 patients also grappling with re-
emerging HCC in the TACE-MWA group received other therapy. Among the 23 patients, two had MWA, three received
intravenous systemic chemotherapy, seven were administered targeted drug, and 11 relied on best supportive care.
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Figure 2 (A) Disease-free survival (DFS) for the transarterial chemoembolization (TACE) plus microwave ablation (MWA) and the surgery groups. (B) Overall survival (OS)
for the transarterial chemoembolization (TACE) plus microwave ablation (MWA) and surgery groups.
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Table 2 Univariate Analysis of Factors Associated with Disease
Progression

Variable Univariate Analysis
HR 95% CI P value

Treatment

Surgery vs TACE-MWA 0.41 | 0.20 to 0.86 0.017
Gender 3.05 | 0.52to 18.0 0.219
Age 1.01 | 0.93 to 1.09 0.820
Alcohol history 1.64 | 0.73 to 3.67 0.230
Tumor size 0.77 | 037 to 1.59 0.486
Tumor number 1.73 | 0.85 to 3.55 0.131
Hepatitis B 1.36 | 0.29 to 6.36 0.700
AFP 2.30 | 0.80 to 6.59 0.122
Child-Pugh class 1.27 | 0.61 to 2.63 0.528
BCLC stage of primary tumor 1.68 | 0.58 to 4.87 0.340
Primary tumor location 1.71 | 0.84 to 3.45 0.137
Interval of recurrence from initial treatment | 0.64 | 0.30 to 1.37 0.252

Abbreviations: AFP, a-fetoprotein;, MWA, microwave ablation; TACE, transarterial
chemoembolization.

Table 3 Univariate and Multivariate Analysis of Factors Associated with Overall Survival

Variable Univariate Analysis Multivariate Analysis
HR 95% CI P value | HR 95% CI P value

Treatment

Surgery vs TACE-MWA 0.36 | 0.16 to 0.81 0.014 | 035 | 0.17 to 0.79 0.011

Gender 222 | 036 to 137 0.390

Age 1.03 | 0.95to I.I1 0.469

Alcohol history 1.88 | 0.70 to 5.07 0.211

Tumor size 0.84 | 0.37 to 1.90 0.680

Tumor number 2.03 1.0l to 4.07 0.047 1.95 | 0.95 to 4.02 0.066

Hepatitis B 0.895 | 0.17 to 4.52 0.893

AFP 2.63 | 0.80 to 857 0.110

Child-Pugh class 1.59 | 0.74 to 3.43 0.197

BCLC stage of primary tumor 2.5 0.84 to 7.43 0.099

Primary tumor location 2.06 | 091 to 4.64 0.081

Interval of recurrence from initial treatment | 0.56 | 0.25 to 1.24 0.153

Abbreviations: AFP, o-fetoprotein; MWA, microwave ablation; TACE, transarterial chemoembolization.

Among the 18 patients, two underwent further MWA therapy, five received systemic chemotherapy, five were given
targeted drug, six were given best supportive care.

Adverse events

In the context of the treatment, no fatalities directly related to the therapy have occurred. In comparing the two treatment
groups, no statistically discernible disparities were observed in the frequencies of all adverse events associated with
therapy and the incidence of severe adverse events graded 3 to 4 (with P-values equating to 0.818 and 0.103,
respectively). In both groups of patients, some frequently observed adverse events encompassed ascites, appetite loss,
nausea, vomiting, discomfort, fever, and hepatic insufficiency (Table 4). Grade 3 to 4 pain (P= 0.046), Grade 1 to 2 pain
(P =0.032) and Grade 1 to 2 fever (P= 0.015) were more frequent adverse events in the surgery group. In the context of
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A Subgroup Surgery TACE-MWA Hazard Ratio (95% CI) P value

Alcohol history

Yes 46 43 | 2 0.23 (7.76x102 to0 0.69) 8.98x10~

No 21 32 — - 1.52(0.31 to 7.56) 0.609
No. of lesions

Solitary 55 64 i 0.41 (0.18 to 0.95) 0.038

Multinodular 12 11 Hll— 0.48(0.13t0 1.75)  0.266
Tumor diameter

<5cm 36 41 [ 3] 0.33(0.14 t0 0.78) 0.012

>5cm 31 34 H— 0.71 (0.19 t0 2.57) 0.600
AFP (ng/mL)

>400 42 50 | ;] 0.28 (0.13 t0 0.62) 0.001

<400 25 25 -.— 0.66 (0.12103.68)  0.640
Child—Pugh class

A 47 55 Hll— 0.61 (0.25 to 1.59) 0.313

B 20 20 W 0.09 (0.03t0 031)  1x10*

Primary tumor location
Unilobar 50 62 [ 3 0.32(0.14t0 0.76)  0.009
Bilobar 17 13 Hll— 0.42 (0.12 to 1.39) 0.156
Interval of recurrence from initial treatment (years)

<1 13 16 [ = 028 (0.09100.88)  0.029

>1 52 59 - 043 (0.19100.99)  0.048

1 2 3 4 5 6 7 8
<—TACE-MWA Better— —Surgery Better—>

B Subgroup Surgery TACE-MWA Hazard Ratio (95% CI) P value

Alcohol history

Yes 46 43 t - 4 1.15(0.30t0 4.39)  0.835

No 21 32 — 0.76 (0.16 t0 3.64)  0.728

No. of lesions
Solitary 55 64 Hll— 0.34(0.12t00.95)  0.039

Multinodular 12 11 - — 0.44(0.12t0 1.67)  0.231

Tumor diameter

<Sem 36 41 Hl— 0.25(0.1010 0.65)  0.004

>5em 31 34 — 0.65(0.17t02.54) 0536
AFP (ng/mL)

>400 2 50 H o — 0.37(0.16t0 0.84)  0.017

<400 25 25 — - 042 (0.05t03.63)  0.429

Child—Pugh class
A 47 55 Hill— 042(0.14t01.27)  0.124
B 20 20 Hl— 0.25(0.08t0 0.76)  0.015
Primary tumor location
Unilobar 50 62 - 0.21(0.09t0 0.54)  0.001
Bilobar 17 13 Hl— 037(0.12t0 1.12)  0.077

Interval of recurrence from initial treatment (years)

<1 13 16 [ ] 0.15(0.04 t0 0.53)  0.003
>1 52 59 Hl— 0.40 (0.16 to 1.01) ~ 0.053
0 05 1 s 2 25 5 35 4 45
<—TACE-MWA Better— —Surgery Better—>

Figure 3 Subgroup analysis. (A) Disease-free survival (DFS) for subgroups by treatment modality. (B) Overall survival (OS) for subgroups by treatment modality.
Abbreviations: MWA, microwave ablation; TACE, transarterial chemoembolization.
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Table 4 Adverse Events After IPTW Adjustment

Variable Surgery TACE- P value
MWA
(n=67) (n=175)

Total 59 (88.1) 64 (85.3) 0.818

Grade 3or4 | 10 (14.9) 4 (5.3) 0.103
Ascites

Grade | or2 3 (4.5) 2 (27) 0.667

Grade 3 or 4 2 (3.0 2 (27) 0.735
Anorexia

Grade | or2 | 30 (44.8) 38 (50.6) 0.594
Nausea

Grade l or2 | 17 (25.4) 23 (30.7) 0.608
Vomiting

Grade | or2 | 16 (23.8) 15 (20.0) 0.722
Pain

Grade | or2 | 38 (56.7) 28 (37.3) 0.032

Grade3or4 | 8(l11.9) 2(5.3) 0.046
Fever

Grade | or2 | 29 (43.3) 17 (22.7) 0.015
Liver failure 3 (4.5) 1 (1.3) 0.622
Hospital days 12 7 (5-10) 0.001

(9-22)

Abbreviations: MWA, microwave ablation; TACE, transarterial
chemoembolization.

hospitalization duration, patients under the surgical group exhibited a substantially longer stay in comparison to those
undergoing TACE-MWA group (P= 0.001).

Discussion

The recurrence of HCC is a critical therapeutic failure for patients undergone surgical resection.””?* Diverse therapeutic
approaches have been utilized in addressing recurrent intrahepatic tumors, such as TACE, TACE-MWA, and targeted
drug. Whereas there exists no documented comparative analysis concerning surgical intervention versus TACE-MWA for
elderly patients with recurrent 3.1 cm< HCC < 7 cm.

In our study, we discovered that the blend of TACE and MWA proved to be more effective in managing disease
progression and overall survival for intrahepatic recurrent 3.1 cm< HCC < 7 cm after hepatectomy. This result mirrored
the advantages of combining TACE and MWA over surgical treatment in terms of their principal therapeutic mechan-
isms. Researchers have found that implementing an arterial perfusion occlusion strategy for HCC can enhance the
efficacy of ablation therapy.>* After TACE treatment, the pressure within hepatocellular carcinoma nodules is signifi-
cantly reduced to a sluggish perfusion state, but this does not lead to a substantial decrease in blood flow supply to the
surrounding healthy hepatic tissue. Regarding this occurrence, the amount of heat lost is almost non-existent, and the
unaltered or possibly increased blood flow in the nearby healthy liver tissue can effectively block the spread of heat
beyond the HCC nodule. Histopathological analysis after RFA treatment on HCC nodules subsequent to arterial blockade
disclosed that nodules below 5 cm in diameter exhibited complete necrosis, whereas in a nodule of 5.2 cm diameter,
necrosis levels were detected to exceed 90%.%° Meanwhile, in clinical practice, researchers reported that TACE in
conjunction with RFA could cause necrotic areas up to 7 cm in diameter in one tumor lesion.”® Additionally, TACE
facilitates the detection and management of microsatellite nodules, while thermotherapy concurrently enhances the
efficacy of chemotherapeutic agents. Although RFA and MWA have comparable safety and efficacy in the treatment
of HCC patients with lesions <3 ¢cm,?” 2* MWA offers specific technical benefits in reducing the heat sink effect and
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achieving quicker ablation.’**' Therefore, for 3.1 cm< HCC < 7 cm, combination of TACE and MWA has higher DFS
and OS.

The combination of TACE and MWA has been shown to be particularly advantageous in specific subgroups of
patients with HCC. Patients with a history of alcohol use often have underlying liver disease (eg, alcoholic cirrhosis),
which can complicate treatment and limit surgical options. Liver function preservation is key in this group, as the
combination of TACE and MWA can effectively control the tumor while reducing the burden on the remaining liver
tissue compared to more invasive approaches. Tumor size is a critical factor in HCC treatment. Tumors <5 cm are more
likely to be fully ablated with MWA, while TACE enhances this by reducing the blood supply and making the ablation
more effective. Some studies suggest that the outcomes for TACE+MWA in this subgroup may approach those of
surgical resection. High AFP levels (>400 ng/mL) are often associated with more aggressive disease and poorer
prognosis. In patients with high AFP levels, TACE+MWA can provide an advantage by offering dual therapy that
targets both tumor growth (via embolization) and tumor destruction (via ablation), potentially reducing the tumor burden
more effectively than either modality alone. Therefore, TACE+MWA can offer good short- to medium-term tumor
control also, particularly in those who are not candidates for curative treatments like resection or transplantation.

Notably, prior studies have reported a range for the 5-year DFS (29.6-41.4%), as well as a 5-year OS (33-52%)
within the TACE-RFA group.’*** In comparison to earlier studies, our results have proven to be superior. Potential
explanations for this finding could be fewer lesions, more patients with early primary tumor stages, and unidentified
factors in our treatment groups that could be linked to the biological traits of the host or tumor, ultimately decreasing the
chances of recurrence and metastasis. When contrasted with TACE-MWA, surgery was connected with higher rates of
Grade 3 to 4 pain after treatment. Although this complication was manageable, these adverse events might increase the
risk of unplanned hospitalization, leading to a prolonged hospital day.

This study has several limitations. First, while patient demographics and tumor traits were evenly distributed between
the two treatment groups in this study, it must be acknowledged the inherent flaws associated with the retrospective
nature of the research. Second, this study’s sample size is relatively diminutive, potentially compromising its statistical
power. Third, the lack of information of elderly patients with primary medium or large the HCC, which did not reflect
integrally the landscape of elderly patients with 3.1 cm< HCC < 7 cm.

The combination of TACE and MWA holds great potential for recurrent HCC in patients over 70 years of age. In the
future, we can expect this approach to become more refined, such as integrated with newer systemic therapies such as
immunotherapy, by addressing several knowledge gaps through well-designed clinical trials, real-world evidence, and
multidisciplinary collaboration that will significantly advance the field.

Conclusion

In summary, TACE-MWA provides excellent DFS and OS for patients with recurrent medium or large HCC. TACE-
MWA and surgery can both be considered as first-line options for elderly patients with intrahepatic recurrent HCC
following hepatectomy, while TACE-MWA should be preferred over surgery for elderly patients with recurrent 3.1 cm<
HCC <7 cm.
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