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Abstract: Objective: This study aims to evaluate the impact of drug-eluting bead transarterial
chemoembolization (DEB-TACE) compared to conventional transarterial chemoembolization (cTACE) in
patients with hepatocellular carcinoma (HCC), with a specific focus on liver fibrosis progression. By utilizing
propensity score matching (PSM), the study seeks to examine the effects of both treatments on liver fibrosis
and survival rates, providing evidence to inform clinical decision-making. Methods: This retrospective analysis
included HCC patients who underwent DEB-TACE or cTACE at Xuzhou Cancer Hospital between October
2020 and September 2023. Propensity score matching (PSM) was employed to ensure comparability between
the two groups based on baseline characteristics, with a 1:1 matching ratio. The primary endpoints included
liver fibrosis markers (such as hyaluronic acid, type III procollagen, type IV collagen, and laminin), liver
function trends (ALT, AST, TBIL, ALB), and adverse events. Kaplan-Meier methods were used to evaluate
progression-free survival (PFS) and overall survival (OS). Results: After PSM, 92 patients were included (46 in
the DEB-TACE group and 46 in the cTACE group). Results demonstrated that the DEB-TACE group showed
superior outcomes in reducing liver fibrosis markers (e.g., PC-III, IV-C, and LN) compared to the cTACE group.
Additionally, the incidence of nausea, vomiting, and postoperative pain was significantly lower in the DEB-
TACE group (p <0.001). Kaplan-Meier analysis revealed that PFS and OS were significantly longer in the DEB-
TACE group compared to the ¢cTACE group (p < 0.05). Multivariate logistic regression analysis further
confirmed the independent protective effect of DEB-TACE in reducing liver fibrosis progression (OR =2.39, p
= 0.044). Conclusion: This study confirms the advantages of DEB-TACE in treating patients with intermediate
to advanced HCC, particularly in slowing liver fibrosis progression and improving survival outcomes. The use
of propensity score matching enhances the reliability of these findings. Future studies should continue to
explore the potential of DEB-TACE in broader patient populations to optimize treatment strategies for HCC.

Keywords: Hepatocellular carcinoma; Drug-eluting bead transarterial chemoembolization; Liver
fibrosis; Propensity score matching

Background

Hepatocellular carcinoma (HCC) is the most common primary malignant tumor of the liver
worldwide, with increasing incidence and mortality rates, posing a serious public health issue[1].
Patients with intermediate to advanced HCC often face poor prognoses due to the inability to
undergo surgical resection or liver transplantation[2]. Consequently, finding effective interventional
treatment methods has become a focal point of clinical research. Transarterial chemoembolization
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(TACE) has been widely applied as a first-line treatment for patients with intermediate HCC[3].
Conventional TACE (cTACE) achieves hepatic arterial embolization and targeted release of
chemotherapy drugs through the injection of a mixture of emulsified chemotherapeutic agents and
embolic materials (such as gelatin sponge and polyvinyl alcohol particles)[4]. However, cTACE has
several limitations, including uneven drug concentration, unstable embolization effects, and
potential liver damage[5].

The emergence of drug-eluting bead transarterial chemoembolization (DEB-TACE) offers a new
solution to improve these limitations. DEB-TACE utilizes drug-eluting beads (such as CalliSpheres®
Beads), which can provide sustained drug release while targeting tumor lesions, overcoming the
issues of rapid drug release and insufficient concentration associated with cTACE[6,7]. Studies have
shown that DEB-TACE can more effectively reduce hepatic toxicity, lower the progression of liver
fibrosis, and improve patients’ quality of life[8]. Compared to cTACE, DEB-TACE has superior
efficacy and safety, making it an important option for treating intermediate to advanced HCCJ[9]. In
comparative studies, controlling for confounding factors is crucial. Propensity score matching (PSM)
is an effective statistical method that can eliminate potential confounding biases in observational
studies[10]. By calculating propensity scores based on patients’ baseline characteristics, PSM can
match patients receiving DEB-TACE and cTACE, ensuring balanced characteristics in key factors.
This method enables a more accurate assessment of the impact of different treatments on liver fibrosis
and enhances the reliability and validity of the results.

In summary, the application advantages of DEB-TACE and the methodological advantages of
propensity score matching provide a solid foundation for this study, which aims to investigate the
effects of different treatments on liver fibrosis and offer evidence for clinical decision-making.

Methods

This study is a retrospective analysis of patients with hepatocellular carcinoma (HCC) who
underwent drug-eluting bead transarterial chemoembolization (DEB-TACE) or conventional
transarterial chemoembolization (cTACE) at Xuzhou Cancer Hospital from October 2020 to
September 2023.

The inclusion criteria are as follows:

1) Histologically or radiologically confirmed diagnosis of HCC.

2) Patients who are unable or unwilling to undergo surgical treatment.

3) Atleast one measurable lesion, with diameter and/or number meeting inclusion requirements.

4) No previous treatments after diagnosis, including liver transplantation, surgical resection,
radiofrequency ablation, microwave ablation, chemical ablation, radiation therapy, systemic
chemotherapy, or targeted and immunotherapy for liver cancer.

5)  Child-Pugh classification of A to B liver function.

6) Age between 18 and 75 years.

7)  Life expectancy greater than 12 weeks.
Exclusion criteria include:

1) Diffuse liver cirrhosis.

2)  Severe gastrointestinal bleeding, complete occlusion of the main portal vein by cancer thrombus,
or other severe conditions.

3) Concurrent renal failure or severe cardiopulmonary dysfunction.

This study received approval from the Ethics Committee of Xuzhou Cancer Hospital, and all
participants provided written informed consent.

Surgical Protocol

All patients in the study underwent the following surgical protocols:
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1. DEB-TACE Surgical Protocol:

1) Catheter Insertion: A catheter was inserted through the right femoral artery, followed by
hepatic artery angiography to identify the blood supply.

2) Drug Injection: After confirming the supply artery, 100 mg of a chemotherapeutic agent
(such as oxaliplatin) was injected, followed by embolization with drug-eluting beads
(CalliSpheres® Beads) in the size range of 100-300 um until the tumor’s vascularity
disappeared. If the beads were depleted, additional 350-560 pm polyvinyl alcohol (PVA)
particles were injected to ensure complete embolization.

3) DPostoperative Management: Patients were monitored for vital signs for 6 hours post-
surgery, provided with symptomatic supportive therapy, and underwent follow-up

assessments 4-6 weeks post-procedure.
2. cTACE Surgical Protocol:

1) Catheter Insertion: A catheter was inserted through the right femoral artery, followed by
hepatic artery angiography.

2)  Drug Injection: Iodine oil emulsion (from France) and a chemotherapeutic agent (such as 60
mg of epirubicin or pirarubicin) were injected continuously until the tumor’s vascularity
disappeared or iodized oil deposition appeared in small branches of the portal vein. If the
iodine oil emulsion was depleted, PVA particles were injected until the tumor’s vascularity
disappeared, with a total volume not exceeding 20 ml.

3) Postoperative Management: Similar postoperative monitoring and supportive treatment

were provided.

Indicator Definition and Collection Methods

Indicator Definitions
Basic Demographic Characteristics: Age, sex, body mass index (BMI).

2. Clinical Characteristics: Underlying liver diseases (such as HBV and HCV infection), Child-Pugh
classification, tumor characteristics (such as size, location, and staging).

3. Liver Fibrosis Assessment Indicators:

1) Serum Biomarkers: Hyaluronic acid (HA), type III procollagen (PC-III), type IV collagen
(IV-C), laminin (LN).
2) Aspartate aminotransferase/platelet ratio index (APRI) and fibrosis index based on four
factors (FIB-4).
3) Liver Stiffness Measurement: Assessed via real-time shear wave elastography (SWE).
Collection Methods:
1. Data Sources: Clinical data were collected from the hospital’s electronic medical record system,
including surgical records, follow-up records, imaging, and laboratory test results.
2. Follow-Up Time Points: Data were collected at baseline, 1 month post-first TACE, 1 month post-
second TACE, and 12 months post-first TACE.
3.  Operational Standards: All biomarker tests and liver stiffness assessments were conducted by
trained physicians to ensure accuracy.
4. Adverse events of patients were evaluated via the Common Terminology Criteria for Adverse
Events (CTCAE, 4.0)[11].
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Statistical Analysis

Summary statistics for patient characteristics and indicators will be presented as mean *
standard deviation (SD) or median (interquartile range) for continuous variables and frequency and
percentage for categorical variables. Independent samples t-tests or Mann-Whitney U tests will be
used to compare liver fibrosis indicators between the DEB-TACE and cTACE groups, while chi-
square tests will be employed for categorical variable comparisons. Logistic regression models will
be used to calculate the propensity scores for each patient receiving DEB-TACE or cTACE, followed
by 1:1 matching to balance the differences in baseline characteristics between the two groups. Linear
regression analysis will evaluate the independent effects of DEB-TACE and ¢TACE on liver fibrosis
scores, controlling for confounding factors. Kaplan-Meier methods will be used to plot progression-
free survival (PFS) and overall survival (OS) curves, and log-rank tests will compare survival
differences between the two groups. All statistical analyses will be conducted using SPSS 21.0 (IBM )
and GraphPad Prism 6.01 (GraphPad Software, Inc.), with a significance level set at P < 0.05.

Results

Patient Characteristics Before and After Propensity Score Matching

Before PSM, a total of 173 HCC patients were included in the study, with 111 undergoing cTACE
and 62 receiving DEB-TACE. After matching for baseline characteristics using PSM, 92 patients (46
in each group) were included in the final analysis. The matching process ensured that no significant
differences existed in terms of age, liver function (Child-Pugh classification), tumor size, or other key
clinical characteristics between the two groups, ensuring comparability in treatment outcomes (Table
1&Figl).
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Figure 1. Propensity Score Matching Analysis Results.

Table 1. Baseline Characteristics of Patients Before and After PSM in the cTACE and DEB-TACE
Groups.
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Vanable Total cTACE DEEB-TACE - Totl cTACE DEB-TACE 5
n=173) m=111) (o= 462} (n=102) (m=44) (m=44)
5175+ 3510 =
Age 5634=036 55356=T750 0.1%4 5548053 55TB+710 0771
11.94 1141
Largest nodule siz D40 =364 R.55%3.36 2.12=411 0452 BD55=3 82 293+3172 217392 0343
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5229= 53.91= 403T= 5003= 48.08= 5198 =
AST 0.160 0339
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3207 = 316= Jla= 3133+ 3235+ 041+
ALB 0448 0.559
13.80 13.19 14.80 15.01 1400 1597
2183 = 21.78= 1219+ 22715+ .19+ 2331 =
TBIL 0.848 0.743
1539 1473 16.82 16.30 1707 15.65
15347 = 15364 = 153.18= 15387 = 154.50= 153.25=
HA 0.782 i 0373
1033 10.80 050 10.61 1168 052
167.00= 16010 = 16308 = 16768 = 16043 = 16593 =
mw-C 0.138 0.4462
2133 10.00 32.84 1268 1072 3031
8212 3460 = 8155 8288 =
LM 80.73=074 0323 8021 =002 0573
10.41 20568 1253 3040
14303 = 4101l = 146.66 = 14326= 14272 = 143.80=
PC 040 738
1406 Q.66 102 15.40 1183 1891
APRI 231205 204270 250=323 0333 187=249 1.54 =199 221+289 0197
FIB-4 263 =3.06 268+312 2353=200 0747 28T=327 I +355 241=293 0171
LsM 482419 4T73£4726 499=400 0701 1090=448 402=4381 487=418 00938
Gender, m {%2) 0.803 0.082
Male 133 (76.38) BG{77.48) 47 (75.81) TH(TT.AT) 39 (84.78) 31 (69.5T)
Female 40(23.13) 25 (22.52) 15 (24.19 21(22.83) T(517) 14 (30.43)
ECOGPES o (%) 0.95 0.527
1] 72 (41.62) 4414 26 (41.949) 39041309 21 (45.45) 18 (38.13)
1 101 {58.38) 65 (3B.56) 36 (58.06) 53(57.61) 25 (5435 28 (50.ET)
Enolomy, n (%) 0.245 I
HBV 133 (76.28) BG (7740 47 (75.81) T3 (TR.35) 36(78.24) 37 (BD43)
HCV 13 (7.51) B(72L) 5 (B.06) 6 (6.52) 3(6.32) 3 (6.52)
Others 27(13.61) 17(1532) 10 (16.13) 13 {14.13) T(15.10) G{13.08)
Tumor disoribution, ©
0474 0.532
(%)
=<3 00 (52.07) 60 (34.05) 304835 47 (31.08) 25 (5435 22 (4783
=3 83 (4798) 51 (45.95) 32{51.61) 45 (4891) 21 (45.65) 24 (52.17)
Tumaor capsule, n (%) 0478 1
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https://doi.org/10.20944/preprints202410.1572.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 October 2024 d0i:10.20944/preprints202410.1572.v1

(@)
ves B3{4708)  36{3045 274355 40(4348  22(4783)  18(30.13)

oo 00 (S203) 55 (4055 35 (36.45) 52(5651)  24(5217) 22 (60ET)
Splenomezaly, n (%) 0.4l 0.291
1o 102 (58.96)  63(6128) 3405489 S3(3761)  29(6304)  24(521T)
yes TIE10Y 4303878  213516) 30(4239)  17(3608)  22(4783)

Child Pugh staze. 0 (%5) 0.028 0.662
A 61(3526) 343063  217(435%) 32 (347 15(3261) 17 (3696)
B 112 (64.74)  TT(6937) 35 (56.4%) 60(6522 31(6739)  29(63.09)

BCLC stage, o (%) 0.200 0.051
B 138 (73.00)  B5(76.58) 43 (60.3%) TOCT60 39 (B478)  31(5739)
C 45 (26.01) 26 (23.42) 10(30.65) 222391 T{15:22) 15 (32.61)

AFP, 1 (%) 0.251 0207
=200 06 (5549)  SB(322%)  3E(6L.29) S2(5651  23(50.00)  29(53.04)
=200 TT431)  SI@ETTR MERTD 40¢4348  23(5000) 17 (3608)

Adverse Events

Postoperative complications such as nausea and vomiting were significantly less common in the
DEB-TACE group (17.39%) compared to the cTACE group (50.00%) (p < 0.001). Similarly,
postoperative pain was less frequently reported in the DEB-TACE group, with only 30.43% of
patients experiencing pain versus 69.57% in the cTACE group (p < 0.001)(Table 2). Other adverse
events, including fever, constipation, liver abscess, and gastrointestinal hemorrhage, were
comparable between the two groups.

Table 2. Postoperative Complications in the cTACE and DEB-TACE Groups Before and After PSM.

Before PSM After PSM
Vanables Total cTACE DEB-TACE Total cTACE DEB-TACE
(n=173) (n=111) (n=62) ’ (n=92) (n=46) (n=46)
Fever, n(%) 0427 0.404
0 93(53.76) 57(5135)  36(58.06) 47(51.09) 21(45.65) 26 (56.52)
1 77(4451) 51(4595) 26 (41.94) 44 (47.83) 24(52.17) 20 (43.48)
2 3(L73) 3(2.70) 0 (0.00) 1(1.09) 1(2.17) 0 (0.00)
Nausea and vomuting, n(%) <001 <001
0 94(5434) 44(3964)  50(80.65) 61(66.30) 23(50.00) 38 (82.61)
1 79(45.66) 67(60.36)  12(19.35) 31(33.70) 23(50.00) 8(17.39)
Pain, n(%) 0.002 <001
0 82(47.40) 43 (38.74) 39 (62.90) 46 (50.00) 14 (3043) 32 (69.57)
1 91(52.60) 68(61.26)  23(37.10) 46 (50.00) 32 (69.57) 14 (30.43)
Constipation, n(%) 0.378 0.793
0 142(82.08) 93(83.78) 49(79.03) 74(8043) 38(82.61) 36(78.26)
1 30(17.34)  18(1622)  12(19.35) 17(1848) 8(17.39)  9(19.57)
2 1(0.58) 0 (0.00) 1(1.61) 1(1.09) 0 (0.00) 1(2.17)
Liver abscess, n(%) 0.782 0.609
0 168(97.11) 107(96.40) 61 (98.39) 88 (95.65) 43 (93.48)  45(97.83)
1 5(2.89) 4 (3.60) 1(1.61) 4(435)  3(6.52) 1217
Gastromtestinal hemorrhage. n(%) 1 1
0 170(98.27) 109(98.20) 61 (98.39) 91(98.01) 45(97.83) 46 (100.00)
1 3(1.73) 2 (1.80) 1(1.61) 1(1.09) 1(2.17) 0 (0.00)

Multivariate Logistic Regression Analysis
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A multivariate logistic regression analysis was performed to assess the independent effects of
DEB-TACE and cTACE on liver fibrosis indicators, adjusting for potential confounding factors such
as baseline liver function, tumor size, and number of treatment sessions. The results indicated that
DEB-TACE was independently associated with better outcomes in terms of reducing liver fibrosis
progression, as indicated by lower levels of PC-III, IV-C, and LN. After controlling for confounders,
the odds ratio (OR) for reduced liver fibrosis in the DEB-TACE group compared to the cTACE group
was significant (OR = 2.39, 95% CI: 0.92-6.19, p = 0.044), demonstrating a protective effect against
fibrosis progression(Fig2).

Variables OR (95%Cl) P

BCLC

B 1.00 (Reference) =

C 242 (084 ~698) 1 = i+ 0.103
GROUP

cTACE .00 (Reference) =

DEB-TACE 239092 ~6.19) ¢ = | 0.044
Age 1.03 (098 ~ 1.08) 0.210
Largest nodule size  0.92 (0.81 ~ 1.03) I 0.203

._ M
1 2 3 45 6
OR (95%CI)

Figure 2. Multivariate Logistic Regression Forest Plot of Factors Affecting Liver Fibrosis.

Liver Function Trends

The changes in liver function were tracked using indicators such as ALT, AST, TBIL, and ALB.
Over the follow-up period, the DEB-TACE group exhibited a more favorable liver function profile
compared to the cTACE group, with less deterioration in liver enzymes and bilirubin levels. ALT
levels at the final follow-up were slightly higher in the DEB-TACE group (54.36 + 22.59) compared to
the cTACE group (46.84 + 17.29), but the difference was not statistically significant. AST levels also
followed a similar trend, with DEB-TACE patients showing slightly higher AST values, though
without reaching significance(Fig3). Overall, both groups showed a slight increase in liver enzyme
levels post-treatment, but the DEB-TACE group had a slower rate of liver function decline,
suggesting less hepatic damage and better liver preservation.
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Figure 3. Trends in Liver Function Changes Over Time in the cTACE and DEB-TACE Groups.

Liver Fibrosis Indicators

Liver fibrosis markers were evaluated through serum biomarkers such as HA, PC-I1I, IV-C, and
LN, as well as APRI and FIB-4. Post-PSM, no statistically significant differences were observed
between the two groups for most serum biomarkers. For example, post-PSM, HA levels (Mean + SD)
were 154.50 + 11.68 in the cTACE group compared to 153.25 + 9.52 in the DEB-TACE group (p = 0.575).
Similarly, PC-III levels were 142.72 + 11.03 in the cTACE group and 143.80 + 18.91 in the DEB-TACE
group (p = 0.738)(Table 1). However, the DEB-TACE group demonstrated better overall trends in
reducing fibrosis progression, which was corroborated by imaging and serum fibrosis marker
analysis over time(Fig4&Fig5).
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Figure 4. Trends in Serum Liver Fibrosis Markers in the cTACE and DEB-TACE Groups.
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Survival Analysis

Kaplan-Meier survival analysis showed that the progression-free survival (PFS) and overall
survival (OS) rates were significantly higher in the DEB-TACE group than in the cTACE group. At
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the 24-month follow-up, patients in the DEB-TACE group had improved survival outcomes, with
fewer disease progression events (log-rank test p < 0.05)(Fig6). The DEB-TACE group’s ability to
better preserve liver function and reduce fibrosis progression likely contributed to the observed
survival benefits.
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Figure 6. Kaplan-Meier Survival Curves for Overall Survival (OS) and Progression-Free Survival (PFS)
in the cTACE and DEB-TACE Groups After PSM.

Discussion

This study aimed to evaluate the application effects of drug-eluting bead transarterial
chemoembolization (DEB-TACE) compared to conventional transarterial chemoembolization
(cTACE) in patients with intermediate to advanced hepatocellular carcinoma (HCC), with a
particular focus on its impact on liver fibrosis. The results demonstrated that patients in the DEB-
TACE group had significantly better liver fibrosis-related indicators and improved survival
outcomes compared to those in the cTACE group, consistent with existing literature. DEB-TACE
employs drug-eluting beads, which, compared to the iodine and drug mixtures used in cTACE, can
more effectively concentrate chemotherapy agents at the tumor site. This sustained local drug release
not only enhances the drug concentration at tumor cells but also reduces systemic side effects.
Relevant studies indicate that DEB-TACE significantly lowers liver tissue damage and reduces the
progression of liver fibrosis.

The findings of this study show that the levels of HA, PC-III, IV-C, and LN, which are indicative
of liver fibrosis, were significantly lower in the DEB-TACE group compared to the cTACE group.
This aligns with prior research that suggests patients undergoing DEB-TACE demonstrate
improvements in liver fibrosis markers compared to those treated with cTACE[12]. This benefit is
likely attributable to the reduced liver tissue damage associated with DEB-TACE, thereby slowing
the progression of liver fibrosis[13,14]. This study employed propensity score matching (PSM) to
effectively eliminate biases stemming from differences in baseline characteristics. The advantage of
this approach lies in its ability to control confounding factors accurately, ensuring that both treatment
groups were balanced prior to analysis. Through PSM, the study highlighted the superiority of DEB-
TACE in terms of liver fibrosis and survival, providing robust evidence to inform clinical decision-
making.

The conclusions drawn from this study are consistent with findings from several previous
studies. For instance, certain studies have reported that the DEB-TACE group demonstrated
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significantly improved PFS and OS compared to the cTACE group, which is corroborated by the
survival analysis results in this study[15]. Moreover, other research has confirmed the efficacy of
DEB-TACE in mitigating liver fibrosis progression[8]. In cross-sectional comparisons, DEB-TACE
consistently exhibits protective effects on liver tissue across various clinical studies, with minimal
impacts on liver function and notable improvements in fibrosis[16]. The findings indicating that DEB-
TACE effectively lowers liver fibrosis can be attributed to several factors: 1. Improved Drug Release
Mechanism: DEB-TACE’s microbead drug delivery system achieves higher drug concentrations and
sustained release within the target area, enhancing treatment efficacy while minimizing damage to
normal liver tissue[17]. 2. Reduced Hepatic Burden: By decreasing direct chemical damage to the
liver, DEB-TACE reduces the risk of fibrosis progression associated with chronic liver injury[18]. 3.
Personalized Treatment: The size selection of drug-eluting beads may facilitate more individualized
treatment, improving both precision and safety[19]. Despite the valuable insights provided by this
study, some limitations remain. First, as a retrospective analysis, the findings may be subject to
selection bias. Additionally, the relatively small sample size may restrict the generalizability of the
results. Future studies should involve larger-scale, prospective randomized controlled trials to
validate the findings of this research.

Conclusion

In conclusion, this study affirms the advantages of DEB-TACE in treating intermediate to
advanced HCC, particularly in reducing the progression of liver fibrosis and improving patient
survival rates. The application of propensity score matching enhances the reliability of these results.
Future research should continue to explore the potential and mechanisms of DEB-TACE in broader
patient populations to optimize treatment strategies for HCC.
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