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Abstract

Background and Aims: Comparative data on sequential
transarterial chemoembolization (TACE) after stereotactic
body radiation therapy (SBRT) in recurrent hepatocellular
carcinoma (HCC) remain limited. This study aimed to evalu-
ate the efficacy of this combination. Methods: We retrospec-
tively reviewed 152 patients with recurrent HCC who met
predefined eligibility criteria; 109 received SBRT alone and 43
received SBRT plus TACE. To minimize selection bias, a 2:1
propensity score matching was performed, resulting in 68 pa-
tients in the SBRT-alone group and 36 in the SBRT plus TACE
group for the final comparative analysis. Overall survival,
progression-free survival, and local control were assessed us-
ing the Kaplan-Meier method. Results: The SBRT plus TACE
group was associated with numerically higher survival rates,
although this difference did not reach statistical significance.
The cumulative one-, three-, and five-year overall survival
rates were 91.2%, 76.3%, and 61.8% for SBRT alone, com-
pared to 100.0%, 86.1%, and 77.5% for the combination
therapy ( p = 0.069). The corresponding progression-free
survival rates were 73.1%, 51.1%, and 32.3% versus 88.9%,
58.1%, and 52.3% ( p = 0.091). No acute grade >3 toxici-
ties were observed in either group. Conclusions: In this ex-
ploratory analysis of recurrent HCC, the combination of SBRT
and TACE demonstrated a favorable trend toward improved
survival compared with SBRT alone, without an increase in
severe toxicity. While these findings did not reach statistical
significance, they establish the safety profile of the combined
approach and provide preliminary evidence supporting its
potential therapeutic role. This hypothesis-generating study
justifies and informs the design of larger, prospective trials to
definitively evaluate the efficacy of this regimen.
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Introduction

According to the Global Cancer Statistics 2022, primary liver
cancer ranks as the sixth most commonly diagnosed malig-
nancy worldwide and represents the fourth leading cause of
cancer-related mortality globally.! Hepatocellular carcinoma
(HCC) accounts for approximately 80% of all primary liver
cancer cases. For early-stage HCC, liver transplantation, liver
resection, and local ablation therapies (including radiofre-
quency ablation (RFA) and microwave ablation) remain the
established curative treatment modalities with the highest
level of clinical recommendation. Standard curative thera-
pies are associated with a five-year intrahepatic recurrence
rate of 50%-70%.2:3 Stereotactic body radiation therapy
(SBRT) provides an effective alternative by delivering abla-
tive doses with higher biologically effective doses (BED) in a
hypo-fractionated regimen, offering a safe option for patients
ineligible for other treatments.* Furthermore, it serves as an
effective salvage therapy following failure of prior local treat-
ments, such as incomplete transarterial chemoembolization
(TACE) or recurrence after RFA.> Given the widespread use
of prophylactic TACE after hepatic resection for HCC, a criti-
cal question arises: whether this strategy can be translated
to the management of recurrent disease to enhance disease
control. Specifically, it remains inconclusive whether combin-
ing TACE with SBRT for recurrent HCC can eradicate subclini-
cal lesions and reduce the risk of further recurrence.

This study was conducted to assess the efficacy and safety
of TACE after SBRT for recurrent HCC patients.

Methods
This retrospective cohort study consecutively enrolled 152
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recurrent HCC patients at the Fifth Medical Center of PLA
General Hospital between December 2011 and December
2020. The cohort comprised 109 patients undergoing SBRT
only and 43 patients receiving SBRT plus TACE. All partici-
pants met the following inclusion criteria.

Patient selection

(1) Recurrent HCC was diagnosed based on contrast-en-
hanced dynamic computed tomography (CT) or magnetic
resonance imaging (MRI) findings consistent with HCC (e.g.,
arterial hyperenhancement with washout), as assessed by
an experienced abdominal radiologist. In equivocal cases, di-
agnosis was supported by elevated serum alpha-fetoprotein
levels or histopathological confirmation when available; (2)
Had a single tumor with a diameter < 7 cm; (3) Patients with
a history of surgical resection, RFA, or TACE, with the most
recent treatment occurring =3 months prior; (4) Child-Pugh
classification A or B; (5) Residual liver volume equal to or
greater than 700 cc. All patients provided written informed
consent before receiving their anti-tumor treatments.

Treatment procedure of SBRT group

SBRT was delivered using the CyberKnife® robotic radiosur-
gery system (Accuray, USA). Prior to treatment planning,
three to four fiducial markers were percutaneously implanted
in the hepatic parenchyma adjacent to the target lesion under
CT imaging guidance. Treatment simulation was performed
using CT, during which the radiation oncologist delineated
the gross tumor volume (GTV) and critical organs at risk,
including, but not limited to, the stomach, uninvolved liver
parenchyma, esophagus, duodenum, kidneys, spinal cord,
and bowel. The planning target volume was generated by
applying a 3-5 mm isotropic expansion margin to the GTV.
The prescribed radiation doses ranged from 48 to 55 Gy,
delivered in 5 to 8 fractions. The corresponding BED, calcu-
lated using the linear-quadratic model with an a/f ratio of 10
Gy for HCC [BED = Total dose x (1 + Fraction dose/(a/B))],
ranged from 76.8 to 105.6 Gy. Dosimetric optimization en-
sured that 80%-100% of the GTV received the prescribed
dose as defined by the encompassing isodose curve. All treat-
ment plans were computationally optimized, and dose calcula-
tions were performed using the CyberKnife Multiplan® treat-
ment planning system (software versions 4.0.2 and 4.1.0),
incorporating inverse planning algorithms to achieve optimal
dose conformity while adhering to established organ-at-risk
constraints (AAPM TG101 report® and Timmermen sheet’).

Treatment procedure of TACE group

The TACE procedure was performed as a single-session in-
tervention following SBRT, with a median interval of 2 days
(range, 1-5 days) between the completion of SBRT and
TACE. Under local anesthesia, the femoral artery was cath-
eterized using the Seldinger technique. Subsequent hepatic
angiography visualized the arterial anatomy, including the
common hepatic artery and its branches. After identifying
tumor staining, interventional radiologists advanced a mi-
crocatheter into the tumor-feeding artery and administered
an emulsion of 5-20 mL iodinated oil (Lipiodol; Guerbet,
Aulnay-sous-Bois, France) and 40 mg of epirubicin. In cases
of confirmed arteriovenous shunting, embolization was sup-
plemented with gelatin sponge particles (Cutanplast; Mascia
Bruneili S.p.A., Milano, Italy). The embolization endpoint was
defined as near-stasis of antegrade flow in the target vessel.

Toxicity assessment methodology
Treatment-related toxicities were systematically evaluated

using the National Cancer Institute’s Common Terminol-
ogy Criteria for Adverse Events (CTCAE v4.0).8 For patients
undergoing CyberKnife®-delivered stereotactic body radio-
therapy, hepatotoxicity was assessed using established radi-
ation-induced liver disease (RILD) criteria®10: classical RILD
(anicteric hepatomegaly, ascites, and elevated alkaline phos-
phatase > 2x upper limit of normal) and non-classical RILD
(=Grade 3 transaminase elevation or liver function deteriora-
tion meeting CTCAE criteria).

Longitudinal surveillance protocol

A standardized follow-up protocol was implemented, where-
in all participants underwent clinical assessments every 3
months for the first 24 months, then every 6 months until
September 2025 or death, whichever occurred first. Compre-
hensive surveillance included systematic physical examina-
tions, imaging (thoracic CT, contrast-enhanced abdominal CT
or MRI, and additional modality-specific studies as clinically
indicated), and laboratory tests (complete blood count, he-
patic function panel, coagulation profile, and serum alpha-
fetoprotein quantification).

Statistical analysis

Overall survival (OS) was defined as the time from the initia-
tion of SBRT to the date of last follow-up or death from any
cause. Progression-free survival (PFS) was measured from
SBRT initiation to radiographic disease progression or death
from any cause. Local control (LC) referred to the interval
between SBRT initiation and progression of the irradiated le-
sion, as assessed by contrast-enhanced CT or MRI according
to mRECIST criteria.!! Imaging reviews were performed by
radiologists blinded to the treatment assignment. To mitigate
potential selection bias, propensity score matching (PSM)
was performed using a multivariable logistic regression mod-
el that included the following clinically relevant covariates:
gender, age, etiology of underlying chronic hepatitis, Child-
Pugh classification, maximum tumor diameter, BED, serum
alpha-fetoprotein level, portal vein tumor thrombus, treat-
ment history (categorized as recurrence after one prior treat-
ment or after multiple treatments), and ECOG performance
status. A 2:1 (SBRT group: SBRT plus TACE group) nearest-
neighbor matching algorithm with a caliper width of 0.02
logit standard deviations was applied, and unmatched cases
were subsequently excluded from analysis. After matching,
balance was assessed using the absolute standardized mean
difference (SMD), with an SMD < 0.1 considered to indicate
good balance. All matched covariates achieved an SMD below
this threshold.

Survival was analyzed using the Kaplan-Meier method,
with between-group comparisons evaluated by log-rank
tests. Both unadjusted and adjusted hazard ratios (HRs)
were calculated through Cox proportional hazards regression
modeling. Categorical baseline characteristics were com-
pared using Pearson’s x2 tests or Fisher’s exact tests, as ap-
propriate for the data distribution. Statistical significance was
set at a two-sided a of 0.05, with computations performed
using STATA version 17.0 (Stata Corp LLC, College Station,
TX) and SPSS version 24.0 (IBM Corporation, Armonk, NY)
statistical software packages, and website: https://mengte.
online.

Results

The baseline characteristics of the patients are summarized
in Table 1. The initial cohort included 152 patients, compris-
ing 109 in the SBRT group and 43 in the SBRT plus TACE
group. After 2:1 ratio PSM, the final analysis consisted of
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Fig. 1. Density curves of propensity scores demonstrating improved balance after matching. SBRT, stereotactic body radiation therapy; TACE, transarterial

chemoembolization.

68 SBRT and 36 SBRT plus TACE patients. The quality of
this matching was assessed by comparing the propensity
score distributions before and after PSM, as evidenced by
the density curves in Figure 1 (the love plot is shown as Sup-
plementary Fig. 1), which demonstrated markedly improved
covariate balance. No significant differences in baseline char-
acteristics remained after matching.

Survival outcome

Before matching, the one-, three-, and five-year OS rates
were 92.6%, 77.6%, and 65.4% for the SBRT group versus
97.7%, 79.1%, and 69.5% for the SBRT plus TACE group (
p = 0.300; Fig. 2A). Corresponding PFS rates were 76.7%,
50.9%, and 30.2% versus 83.7%, 50.9%, and 46.0% ( p
= 0.144; Fig. 2B), and LC rates were 98.1%, 95.7%, and
92.0% versus 97.7%, 94.9%, and 94.9% ( p = 0.918; Fig.
20).

Following PSM, the SBRT plus TACE group showed nu-
merically higher survival rates across all endpoints. The one-
, three-, and five-year OS rates were 91.2%, 76.3%, and
61.8% with SBRT alone compared to 100.0%, 86.1%, and
77.5% with combination therapy (p = 0.069; Fig. 2D). PFS
rates were 73.1%, 51.1%, and 32.3% versus 88.9%, 58.1%,
and 52.3% (p = 0.091; Fig. 2E), and LC rates were 96.9%,
93.2%, and 89.2% versus 100.0%, 96.9%, and 96.9% (sp
= 0.344; Fig. 2F).

The results of the univariate and multivariate analyses for
prognostic factors are shown in Figure 3. Before matching,
Child-Pugh classification emerged as an independent predic-
tor for OS (Fig. 3A), while platelet count was independently
associated with PFS (Fig. 3B). Additionally, patients co-in-
fected with hepatitis C virus exhibited inferior LC compared
to those with hepatitis B virus co-infection (Fig. 3C).

After matching, the treatment group and Child-Pugh clas-
sification remained significant factors for OS (Fig. 3D), and
platelet count and gender were prognostic factors for PFS
(Fig. 3E). In the final multivariate analysis of the matched
cohort, no significant independent prognostic factors were
identified (Fig. 3F).

Treatment outcomes and disease progression

With a median follow-up of 76 months (range: 6-161), dis-
ease recurrence or metastatic progression was observed in
110 patients (SBRT group: 80 cases; SBRT plus TACE group:
30 cases) by September 2025. Sixty patients died (SBRT
group: 45 deaths; SBRT plus TACE group: 15 deaths). A com-

parison of metastasis patterns, subsequent therapies, and
mortality before and after matching is provided in Table 2.

Treatment-related toxicity and complications

All patients completed the planned SBRT course. Acute grade
1-2 toxicities, including fatigue, vomiting, anorexia, and ab-
dominal pain, were observed in 56 patients (51.32%), with
42 cases in the SBRT-alone group and 14 in the SBRT plus
TACE group. No acute grade 3 or higher toxicities were re-
corded. RILD was diagnosed in 11 patients (7.23%), com-
prising 8 (6.98%) in the SBRT group and 3 in the combina-
tion group. Its primary manifestations were mild ascites or
a modest decline in albumin, resulting in a Child-Pugh score
increase of 2 points from baseline. In the SBRT plus TACE
group, 8 (18.60%) patients experienced transient epigastric
pain following TACE, and 2 (4.65%) developed post-proce-
dural fever, which was ruled out as infectious after laboratory
tests. All these adverse events were managed effectively
with symptomatic medication. Critically, no treatment-relat-
ed deaths occurred in either group.

Discussion

In the management of primary and recurrent HCC with tu-
mor lesions < 5 cm, effective local treatments include sur-
gical resection, RFA, and SBRT. A multicenter retrospective
study!? compared RFA, SBRT, and surgical resection for the
treatment of single HCC (<5 cm). The results showed that
surgical resection provided the most optimal local tumor
control, followed by SBRT and RFA. In addition, the recur-
rence-free survival (RFS) achieved with SBRT was compa-
rable to that of resection. Furthermore, SBRT demonstrated
superior RFS over ablation specifically for tumors adjacent
to intrahepatic vessels. Our previous studies!3:14 found that
for patients with previously untreated HCC, SBRT achieves
efficacy comparable to both RFA and surgical resection. No-
tably, we also found that for HCCs situated in liver segments
S7/S8, SBRT provides significantly better LC than RFA. In a
randomized controlled trial of recurrent small HCC, Yaojun
Zhang et al.1> demonstrated that SBRT achieved better LC
(as measured by local progression-free survival), compared
with RFA, especially for tumors < 2 cm. However, no signifi-
cant differences were found in PFS, OS, or safety between
the two treatments. These findings support SBRT as an ef-
fective treatment option for both primary and recurrent HCC.

Interventional procedures can serve not only as a thera-
peutic approach for HCC but also, in some cases, as an ef-
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fective adjunct diagnostic tool. Historically, some medical
institutions routinely administered interventional therapy
after local treatment, believing it could reduce the risk of
recurrence and metastasis. An earlier phase III randomized
controlled trial'® demonstrated that the combination of TACE
with RFA was associated with significantly improved OS
compared to RFA alone. However, a randomized phase III
clinical trial conducted by Professor Liang Tingbo's team?!”
challenged this practice. The trial enrolled 332 HCC patients
with histologically confirmed AJCC TNM stage I or II disease.

These patients were randomized to either postoperative ad-
juvant TACE or observation only following curative resection.
The study results demonstrated that postoperative adjuvant
TACE was not associated with prolonged RFS or OS in this
patient population.

Previous studies!819 showed that following treatment for
recurrent HCC, the risk of subsequent recurrence remains
substantial, coupled with a short progression-free interval.
In this study, preventive TACE following SBRT did not sig-
nificantly improve LC. Similarly, the addition of TACE did not
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Fig. 3. Univariate and Multivariate Cox regression analysis before and after propensity score-matched analysis: Before propensity score-matched
analysis. (A) Overall survival rates, (B) Progression-free survival rates, (C) Local control rates. After propensity score-matched analysis: (D) Overall survival rates,
(E) Progression-free survival rates, (F) Local control rates. SBRT, Stereotactic body radiotherapy; TACE, Transarterial chemoembolization; ECOG PS Score, Eastern
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Table 2. Number of metastases, subsequent therapies, and death

Before PSM After PSM
Total
SBRT plus SBRT SBRT plus
e::i(;l;etcsl ?:ETI%';’)UP TACE group group TACE group
'(’n = 152) = (n = 43) (n = 68) (n = 36)

Number of patients with metastases (% of Total)
Metastases (% of recurrent cases)
Single organ metastasis
Liver
In-field recurrence
Bone
Lung
Lymph node
Pelvis
Multiple organ metastasis
Metastases to two organs
Metastases to three organs
Subsequent therapies (% of recurrent cases)
Single treatment
Multiple treatments (=2 sessions)
Conservative treatment

Number of patients who died (% of Total)

110 (72.36%)

96 (87.27%)
90 (81.82%)
13 (11.82%)
3 (2.73%)
1 (0.91%)
1 (0.91%)
1 (0.91%)
14 (12.73%)
12 (10.91%)
2 (1.82%)

50 (45.45%)
32 (29.09%)
28 (25.45%)
60 (54.55%)

80 (73.39%)

69 (63.30%)
67 (61.47%)
9 (13.04%)
1 (0.92%)

0 (0.00%)

1 (0.92%)

0 (0.00%)
11 (10.09%)
9 (8.26%)

2 (1.83%)

35 (32.11%)
25 (22.94%)
20 (18.35%)
45 (41.28%)

30 (69.77%)

27 (62.79%)
23 (53.49%)
4 (14.81%)
2 (4.65%)
1(2.33%)

0 (0.00%)
1(2.33%)

3 (6.98%)

3 (6.98%)

0 (0.00%)

15 (34.88%)
7 (16.28%)
8 (18.60%)
15 (34.88%)

49 (72.06%)

46 (67.65%)
45 (66.18%)
8 (17.39%)
1 (1.47%)

0 (0.00%)

0 (0.00%)

0 (0.00%)

3 (4.41%)

2 (2.94%)

1 (1.47%)

19 (27.94%)
17 (25.00%)
13 (19.12%)
30 (44.12%)

24 (66.67%)

22 (61.11%)
18 (50.00%)
3 (13.64%)
2 (5.56%)

1 (2.78%)

0 (0.00%)

1 (2.78%)

2 (5.56%)

2 (5.56%)

0 (0.00%)

13 (36.11%)
6 (16.67%)
5 (13.89%)
10 (27.78%)

PSM, propensity score-matching; SBRT, Stereotactic body radiotherapy; TACE, Transarterial chemoembolization.

lead to statistically significant improvements in PFS (HR =
0.620, 95% CI 0.378-1.018) or OS (HR = 0.429, 95% CI
0.206-0.894). While the survival curves demonstrated late
separation and the point estimate for OS was substantial,
these findings must be interpreted in the context of their
statistical uncertainty. It is noteworthy that the upper bound
of the 95% CI for OS (0.894) lies below 1.0, indicating that
the data do not suggest a harmful effect at the population
level. The observed pattern of late curve separation, though
not statistically confirmed, is consistent with a delayed treat-
ment effect. One biologically plausible explanation for such a
pattern could be the suppression of subclinical lesions, which
are prevalent in recurrent HCC. Therefore, while this study
does not provide evidence to change clinical practice, the
collective data—comprising the direction and magnitude of
effect estimates, the reassuring confidence interval for OS,
and the visual curve morphology—generate a coherent and
mechanistically grounded hypothesis. Combining SBRT with
TACE (and potentially immunotherapy) should be considered
a candidate strategy for future investigation. This hypoth-
esis warrants definitive testing in a prospective, adequately
powered trial designed to detect a potential delayed survival
benefit in recurrent HCC.

With the development of clinical research, radiation-in-
duced immunogenic cell death may prime a systemic anti-
tumor immune response, which could be synergistically
augmented by the localized inflammatory effect of TACE,
collectively contributing to the control of subclinical or mi-
crometastatic disease. Looking forward, this rationale aligns
with the evolving paradigm of combining radiotherapy with
systemic agents. The success of the EMERALD-1 phase III
trial,2® which established the significant benefit of adding

durvalumab (an anti-PD-L1 immune checkpoint inhibitor)
and bevacizumab to TACE in intermediate-stage HCC, ro-
bustly validates the concept of integrating locoregional ther-
apy with modern systemic therapy. Therefore, this evolving
rationale warrants further exploration of combining SBRT,
TACE, and immunotherapy as a promising strategy to im-
prove outcomes in recurrent HCC.

While a previous prospective study?! demonstrated su-
perior outcomes for TACE combined with radiotherapy over
radiotherapy alone, it should be noted that TACE was ad-
ministered prior to radiotherapy in that protocol. In contrast,
our study examined the reverse sequence—TACE delivered
after SBRT. This intentional sequencing is grounded in a
distinct biological rationale involving high-dose radiation-in-
duced modulation of the tumor microenvironment. Although
SBRT exerts potent cytotoxic effects, evidence indicates it
can also induce transient vascular dysfunction and hypoxia
within residual tumor tissue.2223 This post-radiation state
may improve the delivery and therapeutic efficacy of chemo-
therapeutic agents administered in subsequent TACE. Simul-
taneously, the embolization component of TACE may inhibit
hypoxia-driven neovascularization. Through this sequential
strategy, we intended to convert potential recurrence-pro-
moting factors into a synergistic benefit of the combined
modality.

In our study, TACE was deliberately administered as a sin-
gle session utilizing epirubicin as the sole chemotherapeutic
agent. This conservative strategy aimed to minimize the risk
of cumulative toxicity, particularly considering the potential
for delayed radiation-induced adverse events. TACE chemo-
therapeutic regimens vary widely across institutions, with
common agents including anthracyclines, platinum-based
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drugs, mitomycin, fluorouracil, and raltitrexed. A recent
open-label, randomized phase 1V trial conducted by Haikuan
Liu et al.?* in 2025 reported superior efficacy of idarubicin-
based TACE regimens in BCLC stage B HCC patients. The
idarubicin group demonstrated significantly improved me-
dian PFS and OS compared to the epirubicin group, while
maintaining a comparable safety profile with no significant
differences in adverse event rates, including hematological
toxicities. The optimal frequency of TACE sessions, particu-
larly as adjuvant treatment, remains controversial. A previ-
ous study?> suggested that repeated adjuvant TACE following
RFA was associated with improved survival compared to a
single session. However, no consensus exists regarding the
number of TACE sessions when combined with SBRT, high-
lighting the need for further investigation.

Based on the survival outcomes of this study, Child-Pugh
classification was identified as a significant determinant of
OS. This scoring system not only reflects the severity of liver
cirrhosis, with higher scores indicating an elevated risk of
cirrhosis-related complications, but also serves as a critical
factor in determining eligibility for further treatment upon
disease recurrence. Importantly, the clinical utility of the
Child-Pugh score extends beyond determining treatment eli-
gibility to directly reflect hepatic functional reserve, which is
critical for tolerance to locoregional therapies. Patients with
poor Child-Pugh scores often become unsuitable for addition-
al anticancer therapies despite tumor recurrence.

Furthermore, platelet count emerged as an independent
predictor of PFS. Platelets are a well-established indicator of
hepatic functional reserve, and their reduction is closely as-
sociated with the progression of cirrhosis. Progressive portal
hypertension exacerbates hypersplenism over time, leading
to a further decline in platelet counts. This thrombocyto-
penia may signify not only portal hypertension but also an
underlying state of chronic inflammation that fosters a pro-
tumorigenic microenvironment and could impair treatment
response. We hypothesize that patients with more advanced
cirrhosis may be more prone to malignant transformation
from dysplastic nodules into HCC, which could partly explain
the observed association between lower platelet counts and
poorer PFS.

This study has several limitations. First, its single-cent-
er, retrospective design inherently carries risks of selection
bias and limits the generalizability of the findings due to the
lack of an external validation cohort. Second, while PSM was
employed to balance measurable baseline characteristics,
residual confounding from unrecorded variables, such as
detailed tumor location (e.g., proximity to vessels) or the
degree of response to prior therapies, cannot be excluded.
Third, our analysis lacks detailed dosimetric data, including
radiation dose to the non-tumor liver parenchyma and the
cumulative chemotherapeutic dose from prior and concur-
rent treatments, which may influence long-term liver func-
tion and toxicity outcomes. Fourth, the potential influence of
prior transarterial therapy cannot be fully discounted, despite
our protocol requiring a treatment-free interval and radio-
logical confirmation of progression prior to enrollment. Fifth,
the study did not incorporate patient-reported outcomes or
serial liver function assessments, thereby missing an evalu-
ation of quality of life and the dynamic impact of treatment
on hepatic reserve. Finally, and most critically in interpret-
ing the primary results, the modest sample size, even after
matching, likely rendered the study underpowered to detect
clinically meaningful differences. This is reflected in the non-
significant p-values observed despite a visual separation in
the survival curves. Consequently, larger, prospective, multi-
center studies are warranted to validate these findings.

This exploratory study evaluated the feasibility and pre-
liminary efficacy of combining SBRT with TACE for recurrent
HCC. Although the observed survival benefit did not reach
conventional statistical significance, the combination regi-
men demonstrated a consistent, directional trend toward
improved outcomes and was not associated with increased
toxicity.

Conclusions

This study provides the first clinical evidence and a mecha-
nistic rationale for the hypothesis that adjunctive TACE may
suppress subclinical disease following SBRT. We further pro-
pose that optimizing the TACE component, such as through
repeated sessions or modulated chemotherapeutic regimens,
may enhance its therapeutic effect. Therefore, this study not
only establishes the safety profile of the combined approach
but also generates a robust, clinically grounded hypothesis
that merits definitive evaluation. Prospective, adequately
powered trials are now warranted to validate this strategy
and determine its role in the management of recurrent HCC.
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