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Abstract: Hepatocellular carcinoma (HCC) ranks among the top five cancers in terms of both incidence and mortality. Although
surgical resection is the first-line treatment for HCC, the significant rate of postoperative recurrence has a severe impact on patient
prognosis; therefore, adjuvant therapy is crucial for preventing recurrence. Transarterial chemoembolization (TACE), as a widely used
minimally invasive interventional procedure, has become the standard treatment for patients with advanced HCC who are ineligible for
surgery. In clinical practice, postoperative adjuvant TACE is frequently used to improve patient prognosis and reduce the risk of
recurrence. However, the clinical value of adjuvant TACE remains controversial, and the patient population likely to benefit from it has
not yet been clearly defined. This review synthesizes evidence from relevant studies to identify patient subgroups most likely to benefit
from postoperative adjuvant TACE and to evaluate clinical and molecular predictors of treatment response. A search of the PubMed
(January 2010 to May 2025) was conducted to include clinical studies focusing on postoperative adjuvant TACE with overall survival
(OS) and disease-free survival (DFS) as outcomes. Consistent evidence suggests that subgroups likely to benefit include patients with
microvascular invasion, low-grade portal vein tumor thrombus, and tumors >5 cm. Patients with hepatitis B virus associated HCC and
localized biliary duct tumor thrombus may benefit, but require enhanced monitoring or combination therapy; patients with advanced
portal vein tumor thrombus and poor liver function do not benefit and may even be at risk. Potential predictive biomarkers include
Cbx4, Ki67, and serum GGT levels, although the quality of evidence varies. These findings support a more individualized approach to
adjuvant TACE but also underscore the need for prospective validation.
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Introduction

Data from 2022 indicate that liver cancer continues to rank sixth in incidence and third in mortality worldwide. Globally,
over 40% of new liver cancer diagnoses and related deaths occur in China, highlighting the country’s disproportionate
share of this disease’s burden.' Surgical resection remains a cornerstone of liver cancer treatment and is recognized as the
first-line treatment method in all guidelines. In the management of HCC, liver resection remains the standard of care for
individuals without underlying cirrhosis.? Following surgical resection, a significant challenge persists, as more than half
of liver cancer patients may develop recurrent or metastatic disease, with figures ranging from 50% to 70%.
Consequently, the reduction of postoperative recurrence and metastasis via adjuvant therapy stands as a crucial determi-

nant for enhancing surgical outcome.’
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Postoperative recurrence factors are critical for determining the necessity of adjuvant therapy. Major clinical guide-
lines, including those from EASL and NCCN, delineate several established high-risk indicators for postoperative HCC
recurrence, such as major vascular invasion, satellite nodules, tumors exceeding 5 cm in diameter, and microvascular
invasion.>* The 2025 EASL Clinical Practice Guidelines on the management of hepatocellular carcinoma further
emphasize that adjuvant TACE may be considered as a potential therapeutic option for HCC patients with high-risk
recurrence factors (microvascular invasion, solitary tumor >5 cm, low-grade portal vein tumor thrombus) after curative
resection, while noting that the evidence for its efficacy is mainly derived from retrospective cohort studies and lacks
support from large-scale randomized controlled trials.> The Barcelona Clinic Liver Cancer (BCLC) staging system
recommends individualized adjuvant therapy decisions for post-resection HCC patients: for BCLC 0/A stage patients
with high-risk features, adjuvant TACE is a reasonable choice to reduce recurrence risk, while for patients with advanced
portal vein tumor thrombus (Vp4) or poor liver function, adjuvant TACE is not recommended due to limited benefit and
potential hepatotoxicity.” Additionally, both guidelines highlight the urgent need for high-quality prospective studies to
validate the efficacy of adjuvant TACE and define the optimal beneficiary population. Furthermore, the presence of
underlying liver disease, notably viral hepatitis or cirrhosis, is also recognized as a significant contributing risk factor.®

Currently, adjuvant treatment methods for HCC after surgery include radiotherapy, transcatheter arterial chemother-
apy, transcatheter arterial chemotherapy embolization, and local ablation therapy, with the aim of improving surgical
efficacy and reducing the risk of recurrence. TACE can simultaneously release embolization agents and chemotherapy
drugs, exerting dual tumor-suppressing effects: embolization agents block the main blood supply arteries to the liver
tumor, causing ischemic necrosis of the tumor, while simultaneously releasing chemotherapy drugs to eliminate residual
cancer cells.” Clinical evidence consistently demonstrates that TACE confers a survival benefit to inoperable HCC
patients, while also functioning as an effective bridging strategy for those awaiting liver transplantation.® Multiple studies
have demonstrated that postoperative adjuvant TACE can improve patient outcomes.” "> However there is also evidence
suggesting that it does not consistently improve survival rates for all resected patients and may even increase the risk of
early recurrence in specific subgroups. Consequently, the patient population that benefits from postoperative adjuvant
TACE and the predictive factors for its efficacy remain unclear.'*'?

Although several meta-analyses and systematic reviews on postoperative adjuvant TACE have been published in
recent years, they all have significant limitations. First, most studies focus on overall efficacy and lack deeper subgroup
stratification. Second, differing inclusion criteria across studies lead to heterogeneity in results. Third, few studies
incorporate predictive analyses that integrate molecular biomarkers with clinical factors. Finally, literature searches
generally stopped in 2023, omitting key studies on TACE combined with immunotherapy or targeted therapy, and there is
a lack of standardized evidence grading and clinical decision-making guidelines. With the rapid development of precision
oncology and emerging systemic therapies, there is an urgent need for an updated review to comprehensively synthesize
existing evidence, clarify subgroup-specific efficacy, and provide actionable clinical algorithms. However, there remains
a lack of systematic organization and integration regarding the systematic classification of patient subgroups benefiting
from postoperative adjuvant TACE for HCC and the associated predictive factors.

This review is a narrative review aimed at synthesizing existing evidence to identify patient subgroups that may
benefit from adjuvant TACE following liver cancer resection, summarizing clinical and molecular predictive factors, and
discussing the role of TACE in the current landscape of immunotherapy and targeted therapy, thereby providing a clinical
decision-making framework for personalized treatment. The main content structure of this review is shown in Figure 1.

Populations That May Gain Benefits from Postoperative Adjuvant TACE

Hepatocellular Carcinoma with Microvascular Invasion

Microvascular invasion (MVI) is described as the existence of tumor emboli in the portal vein, large cystic vessels, or
vascular spaces that are lined with endothelial cells.'® MVI is described as “a cancer cell nest consisting of more than 50
cells in the endothelial vascular lumen under a microscope”.!” Studies have shown that MV1 is an independent risk factor
for postoperative recurrence of HCC.'®'? Evidence suggests that microvascular invasion negatively affects prognosis in
individuals with solitary small HCC lesions.”® Given the prevalence of MVI in roughly 15-60% of HCC cases,”'*? its
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management has become a major research priority aimed at lowering recurrence and improving survival.In recent years,
postoperative TACE has shown significant therapeutic effect in patients with HCC with MVI, effectively improving the
survival rate of patients. Ye et al and Wang et al conducted single-center retrospective studies with follow-up periods of 3
and 5 years, respectively. The results of both studies indicated that, compared with liver resection alone, postoperative
adjuvant TACE significantly improved disease-free survival (DFS) and overall survival (OS) in patients with HCC

complicated by MVI; however, these two studies may be subject to selection bias.*>**

Qian et al, Luo et al,and Xiang
et alall conducted multicenter retrospective studies with follow-up periods of 3—5 years and the results consistently
showed that for patients with MVI, adjuvant TACE significantly prolonged DFS and OS, whereas in MVI-negative
patients, adjuvant TACE did not demonstrate significant survival benefits. Furthermore, all three studies employed
propensity score matching to minimize confounding factors and selection bias.”> >’ Mo et al and Chen et al conducted
systematic reviews and meta-analyses, incorporating a large number of high-quality retrospective studies; the results
consistently indicated that postoperative adjuvant TACE can prolong survival in patients with MVL.*** High-quality
randomized controlled trials are scarce. Wei et al conducted a single-center randomized controlled trial, confirming that
postoperative TACE offers significant clinical benefits for patients with MVI, and this benefit is particularly pronounced
in HCC patients who underwent liver resection for a solitary tumor >5 cm with MVI; this result is consistent with the
prospective study by Qi et al However, the small sample size, single-center design, and lack of blinding limit the
generalizability of the results.***' Although a large number of high-quality retrospective studies have confirmed the
efficacy of postoperative TACE in MVI-positive HCC patients, no large-scale, multicenter randomized controlled trials
have been published to date, and there remains no unified clinical consensus on the efficacy of postoperative TACE. For
example, Wang et al found that, MVI-positive HCC patients were found to derive greater prognostic benefit from
postoperative radiotherapy than from adjuvant TACE.* Research has demonstrated that the survival advantage offered
by adjuvant TACE for MVI-positive HCC varies according to clinical circumstances. It is effective for patients beyond
the Milan criteria but does not translate to a comparable benefit for those within them.?® At the same time, while the
study by Mo et al demonstrated that postoperative TACE improves RFS and OS in patients with MVI, its subgroup
analysis revealed that in the specific subgroup of patients with “multiple nodules,” postoperative TACE did not
significantly improve survival outcomes (P = 0.23). These findings suggest that adjuvant postoperative TACE may not
be the optimal choice for patients with MVI and multiple tumors.”® These controversial findings suggest that the efficacy
of adjuvant TACE for MVI-positive HCC is closely related to patient selection and cannot be generalized to all MVI-
positive populations. With advances in precision oncology, patients with MVI-positive HCC who have failed post-
operative adjuvant TACE can receive TACE combined with systemic therapy to achieve survival benefits. A randomized
controlled trial by Fan et al demonstrated that clinical outcomes with TACE combined with sorafenib were superior to
those with TACE alone; therefore, combination therapy should be adopted for patients with MVI-positive intermediate-
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Table | Results of TACE+SR versus SR Alone in Patients with MVI-Positive HCC

References Time Number of HCC Patients 1/3/5-Year OS (%) 1/3/5-Year DFS (%)

with MVI-Positive

Receiving Different

Treatments
SR+TACE SR SR+TACE SR P SR+TACE SR P

Luo et al*® 2018-2021 | 620 620 96/82/NR 89/67/NR 0.001 | 88/61/NR 70/51/NR 0.001
Xiang et al”’ | 2013-2019 | 109 137 81.7/47.2/26.1 | /67.3/35.618.5 | 0.023 | 42/27.2/17.8 31.8/18.2/8.7 | 0.009
Ye et al® 2012-2015 | 86 174 92.7/73.1/NR | 81.3/58.8/NR | 0.019 | 72.1/54.9/NR | 52/33.7/NR 0.002
Wang et al®* | 2010-2014 | 44 84 100/80.1/73.6 | 87.8/62.7/47.7 | 0.005 | 68.2/38.6/26.3 | 45.2/25/20.7 | 0.038
Qi et al® 2012-2014 | 91 109 96.6/89.2/NR | 89.6/76.5/NR | 0.030 | 64.1/24.4/NR | 46.1/16.7/NR | 0.077
Wang et al®> | 2004-2015 | 103 73 96/74/61 79/56/39 0.006 | 68/35/30 52/27/13 0.026

Abbreviations: SR, Surgical resection; TACE, Transcatheter arterial chemoembolization; OS, Overall survival; DFS, Disease-free survival; NR, Not reported.

Table 2 Quality Assessment of Key Studies on Adjuvant TACE for MVI-Positive HCC

Study Year Study Design Sample Size Follow-Up Key Outcomes Evidence Limitations
(TACE/Surgery) Duration Strength
Ye et al?® 2017 Retrospective 86/174 3 years Improved DFS Moderate Single-center,
and OS selection bias
Wang et al** 2018 Retrospective 44/84 5 years Improved DFS Moderate Single-center,
and OS selection bias
Qian et al*® 2024 Multicenter 192/192 5 years Improved DFS Moderate-high Retrospective
retrospective and OS design
Luo et al*® 2023 Multicenter 620/620 3 years Improved DFS Moderate-high Retrospective
retrospective and OS design
Xiang et al”’ 2024 Multicenter 109/137 5 years Improved DFS Moderate-high | Small sample size
retrospective and OS Retrospective
design
Qietal' 2019 Prospective 91/109 3 years Improved DFS Moderate Small sample size
study and OS Residual
confounding
Wei et al*® 2018 Randomized 125/125 5 years Improved median | Moderate-high | Small sample size
clinical trial OS and DFS Single-center

stage HCC who have relapsed after liver resection.** Another multicenter retrospective study, which employed propen-
sity score matching, showed that in HCC patients with MVI, adjuvant TACE combined with targeted therapy or targeted
immunotherapy significantly improved DFS.*> These studies suggest that combination therapy can overcome the
limitations of TACE, particularly in high-risk MVI patients; however, large-scale randomized controlled trials are still
needed to confirm these findings. In summary, we recommend adjuvant TACE for patients with MVI-positive HCC, with
moderate evidence strength; for high-risk MVI patients, combination therapy is recommended. Results of TACE plus SR
versus SR alone in patients with MVI-positive HCC are shown in Table 1. Quality assessment of key studies on adjuvant
TACE for MVI-positive HCC is shown in Table 2.

Hepatocellular Carcinoma with Low-Grade Portal Vein Tumor Thrombus

The unique biological behavior of HCC cells and the complex vascular architecture of the liver predispose the disease to
intrahepatic metastasis. One of the key ways is that the tumor invades the portal vein system, which may eventually lead
to the formation of portal vein tumor thrombus (PVTT), with an incidence rate as high as 44%—62.2%.>>7 Currently,
two widely used PVTT grading systems are the Japanese Vp classification and the Cheng classification.*®*° Vp
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classification: Vp0: Portal vein is free of tumor thrombus. Vpl: Denotes tumor thrombus exclusively within peripheral
portal vein branches. It is characterized by thrombus presence distal to the second-order branches, which themselves
remain uninvolved. Vp2: Cancer thrombi extend to the second-level hepatic segment portal vein branches, occurring in
the second-level portal vein branches. Vp3: Cancer thrombi extend to the first-level hepatic lobe portal vein branches,
occurring in the left and right portal vein branches. Vp4: Cancer thrombi involve the main trunk or extend beyond the
hepatic hilum, occurring in the main portal vein trunk or above. Cheng classification: Type I: Cancer thrombi invade the
hepatic lobe or portal vein branches of the liver. Type II: Cancer emboli invade the left and right branches of the portal
vein. Type III: Tumor thrombi extend to the main portal vein. Type IV: The disease progression reaches the superior
mesenteric vein. HCC patients complicated by PVTT have been reported to survive longer following surgical resection,
as indicated in studies by Kim et al*® The median survival period in the surgical group was 2.87 years, while that in the
non-surgical group was 1.1 years (P < 0.001). Subgroup analysis showed that surgical resection did not prolong OS in
patients with PVTT graded as Vp4 compared to non-surgical treatmentThis finding concurs with the results of
a systematic analysis encompassing 29 studies conducted across the United States, Europe, and East Asia.*!
A national investigation demonstrated a survival advantage for HCC patients complicated by PVTT following surgical
resection, the long-term survival cohort (>3 years post-surgery) exhibited a higher proportion of individuals with Cheng
type I or II PVTT compared to the non-long-term survival group.*? Zhang et al discovered that the optimal therapeutic
approach for HCC associated with PVTT is determined by the specific type of PVTT, and surgical resection might be
more appropriate for cases of Type I or Type II PVTT.* Yang et al reported that surgery serves as the initial therapeutic
option for HCC cases complicated with Vp1-Vp3 PVTT.** However, the postoperative recurrence rate of PVTT can
reach up to 56.9%.*° Thus, postoperative adjuvant treatment represents an essential component of care. Xu et al
conducted a multicenter retrospective study with a 5-year follow-up, which demonstrated that postoperative adjuvant
TACE is an effective treatment for patients with PVTT, helping to reduce the early recurrence rate and improve OS, and
is suitable for patients with Vp1-Vp3. This study featured a large sample size and standardized follow-up, and utilized
propensity score matching to exclude confounding factors and selection bias.*® Similarly, a retrospective study by Liu
et al included HCC patients with combined Type I and Type Il PVTT. The results showed that PVTT patients with HCC
who received adjuvant TACE after surgery had a significant survival advantage, indicating that this intervention helps
achieve more favorable clinical outcomes. Among the 246 patients who did not relapse within one month postopera-
tively, the adjuvant TACE group showed significant superiority over the control group in terms of both OS and RFS.
However, this study had a smaller sample size, and its level of evidence was lower than that of Xu’s study.*’
A retrospective study by Liu et al performed multivariate Cox regression analysis on surgical patients with HCC and
Type L, II, or IIT PVTT. The results indicated that as the extent of PVTT infiltration increased, patients who received
postoperative adjuvant TACE achieved more significant protective benefits, with a corresponding reduction in the risk of
death.*® Zhou et al conducted a randomized trial comparing drug-eluting bead transarterial chemoembolization (DEB-
TACE) with conventional TACE in patients with Vp1-Vp3, showing that DEB-TACE achieved higher 2-year OS and
lower rates of hepatotoxicity. This is the first randomized controlled trial focusing on the PVTT subgroup, providing
moderate-to-high-quality evidence supporting TACE; however, the follow-up period was relatively short.*” While
adjuvant TACE after surgery markedly improves survival outcomes in PVTT patients where thrombus is at a more
peripheral stage, this benefit does not appear to translate into a comparable survival advantage for those with main trunk
involvement.’®>' Several studies have even shown that adjuvant TACE may increase the risk of liver failure and early
recurrence in patients with Vp4 PVTT, which stands in sharp contrast to the favorable outcomes observed in Vp1-Vp3
subgroups.*’>° Meanwhile, a study by Yuan et al suggests that for HCC patients with PVTT, relying solely on
postoperative adjuvant TACE is not the optimal approach; instead, it should be combined with systemic therapy (such
as targeted therapy or immunotherapy) or a multidisciplinary comprehensive treatment plan.’> The core reason for this
discrepancy lies in the distinct anatomical and pathophysiological characteristics between early and advanced PVTT. For
patients with Vp1-Vp3, tumor thrombi are confined to peripheral or lobar portal vein branches, and the main portal vein
trunk remains patent, ensuring adequate hepatic perfusion. Adjuvant TACE can specifically embolize the blood supply to
residual tumors without significantly affecting overall hepatic circulation, thereby eliminating microscopic residual
lesions while maintaining stable liver function. In contrast, Vp4 PVTT invades the main portal vein, leading to pre-
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Table 3 Quality Assessment of Key Studies on Adjuvant TACE for Low-Grade PVTT

Study Year Study Sample Size Follow- Key Outcomes Evidence Limitations
Design (TACE/ Up Strength
Surgery) Duration
Xu et al*® 2023 Multicenter 369/380 5 years Reduced early recurrence, | Moderate-high | Retrospective
retrospective improved OS design
Liu et al*’ 2020 Retrospective 90/196 3 years Improved DFS and OS Moderate Single-center,
selection bias
Liu et al*® 2018 Retrospective 232/232 5 years Adjuvant TACE was Moderate Single-center,
associated with a lower risk Retrospective
of death design
Zhou et al*’ 2024 Randomized 154 3 years Improved median OS and Moderate-high Small sample
clinical trial DFS size

existing portal hypertension and impaired hepatic perfusion, and often affects liver function due to cirrhosis. TACE-
induced arterial embolization further disrupts the liver’s dual blood supply, resulting in severe hepatocyte ischemia and
hypoxia, which significantly increases the risk of postoperative liver failure. Furthermore, Vp4 PVTT typically indicates
more aggressive tumor behavior and a higher likelihood of systemic metastasis. As a localized therapy, TACE alone
cannot address distant micrometastases, resulting in limited long-term efficacy. The study by Yuan et al further supports
this view: for patients with PVTT and high metastatic potential, the combination of TACE (local control) and systemic
therapy (inhibition of distant metastasis) can complement each other’s advantages, better aligning with the treatment
philosophy for advanced HCC. This also explains why single-agent adjuvant TACE is ineffective in patients with
advanced PVTT and highlights the importance of personalized and comprehensive treatment strategies. A multicenter
retrospective study with a 3-year follow-up period evaluated the efficacy and safety of immunotherapy combined with
TACE versus immunotherapy alone in patients with advanced HCC complicated by PVTT. The study found that the
median OS and PFS in the combination therapy group were significantly superior to those in the monotherapy group, and
were identified as independent predictors of improved survival, with particularly pronounced benefits observed in
patients with high-grade PVTT.* The study concluded that TACE combined with immune-targeted therapy is a safe
and effective treatment option for these patients. Another retrospective study focused on patients with HCC and PVTT.
The study compared the efficacy and safety of TACE combined with hepatic arterial infusion chemotherapy and
immunosuppressants versus TACE alone. The results showed that the efficacy of combination therapy was significantly
superior to that of TACE alone; subgroup analysis indicated that patients with high-grade PVTT benefited more from
combination therapy, whereas TACE alone had limited efficacy in this patient group.’” Results from a multicenter
randomized controlled trial by Lu et al demonstrated that the placement of radioactive metal stents prolonged survival in
patients with Vp4-PVTT compared to TACE combined with sorafenib.>* Therefore, we strongly recommend adjuvant
TACE for HCC patients with low-grade PVTT (Vp1-Vp3/Cheng I-II). Due to its superior efficacy and safety profile,
DEB-TACE is more effective than conventional TACE. For high-grade PVTT, adjuvant TACE alone yields poor results;
combination therapy (such as TACE + targeted therapy + immunotherapy) should be considered, or, if feasible, the
placement of a radioactive metal stent. Quality assessment of key studies on adjuvant TACE for low-grade PVTT is
shown in Table 3.

Hepatocellular Carcinoma with a Diameter of 25 cm

Generally speaking, the size of a tumor often influences its staging and the patient’s prognosis. For small tumor lesions,
surgical resection can typically achieve a cure. However, as tumor volume grows, the difficulty of attaining a complete
resection is heightened, thereby creating a significant clinical propensity for disease recurrence after surgery. According
to the latest EASL clinical practice guidelines for HCC, resection is advised as the primary therapeutic approach for
individuals presenting with a solitary tumor exceeding 5 cm and preserved hepatic function.* Studies have shown that
tumor size, tumor number, and treatment modality are significant factors influencing DFS in HCC patients.””> Other
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studies have confirmed that large tumors are an independent risk factor for initial extrahepatic recurrence.’® Mo et al
found that preoperative TACE does not improve the prognosis of HCC patients with tumor diameters >5 cm.>’ Therefore,
for HCC patients with large tumor volumes or multiple tumors, postoperative adjuvant therapy can be considered to
prevent postoperative recurrence and improve patient survival rates. Substantial evidence support the use of adjuvant
TACE following surgery for HCC patients presenting with tumor sizes exceeding 5 cm. A retrospective analysis revealed
that adjuvant TACE following surgery can enhance outcomes in HCC patients exhibiting risk factors for residual disease.
Within this cohort, a tumor diameter exceeding 5 cm was recognized as one such predictive factor.’® The retrospective
study results from Feng and Gao et al both indicated that patients with tumor diameters exceeding 5 cm had notable
prognostic improvements after postoperative TACE, whereas for those with tumor diameters smaller than 5 cm, no
significant difference was observed between postoperative TACE and surgery alone. Both studies had relatively large
sample sizes, and both used propensity score matching to eliminate the influence of selection bias and confounding
factors on the results; however, due to the limitations of their retrospective designs, the evidence is of moderate
quality.’”® According to the results of a 5-year retrospective follow-up study by Wang et al, postoperative adjuvant
TACE provides a safe and valuable adjuvant treatment option for patients with large-volume HCC, helping to improve
postoperative DFS and OS. This study was also free of selection bias and confounding factors.®' A subgroup analysis
from Qi et al’s prospective study indicated that the benefits of adjuvant TACE in improving DFS and OS were more
pronounced in patients with tumor diameters exceeding 5 cm or those with a multinodular morphology.®' A single-center
randomized controlled trial confirmed that adjuvant TACE provided greater benefits in patients with HCC who had

a solitary tumor diameter >5 cm and were classified as MVI.**

However, for patients with HCC tumors greater than 5 cm,
evidence from a number of studies points to limited long-term advantage from adjuvant TACE following surgery. Liang
et al further confirmed through a systematic review and meta-analysis that adjuvant TACE did not significantly improve
5-year OS in patients with HCC larger than 5 cm, which may be related to the high rate of distant metastasis in this
population and the limitations of TACE as a local treatment.®* Peng et al also found that, after propensity score matching,
adjuvant TACE did not provide a significant survival benefit in patients with resectable large HCC tumors, suggesting
that it should be used in combination with other high-risk factors (such as MVI and PVTT) in patients with tumors
>5 c¢m.% Studies have shown that while adjuvant TACE after surgery may theoretically help reduce the risk of
recurrence, its long-term survival benefits are limited. Specifically, for patients with tumors larger than 5 cm and no
microvascular invasion (MVI), adjuvant TACE alone did not significantly improve survival rates.”> Systematic reviews
further indicate that relying solely on TACE makes it difficult to completely eradicate large tumor cells; meta-analyses
add that, in the overall patient population, adjuvant TACE does not significantly improve OS, and benefits may only be
observed in specific high-risk subgroups (such as those with vascular invasion).** The differences in outcomes are
primarily attributed to patient selection and tumor biological characteristics. In patients with high-risk factors such as
MVI, PVTT, or incomplete surgical margins, adjuvant TACE can eliminate local residual disease and reduce the risk of
intrahepatic recurrence; however, in patients without these high-risk factors, a large tumor volume alone does not
necessarily indicate a high risk of local residual disease, and TACE is unable to address distant micrometastases.
Furthermore, tumor heterogeneity further exacerbates these differences: well-differentiated, low-grade large tumors
may benefit from local control, whereas highly aggressive tumors are prone to early systemic dissemination, making it
difficult for adjuvant TACE to achieve long-term efficacy in such cases. A retrospective analysis showed that, for patients
with multinodular or large (>5 cm) HCC, the combination of TACE with targeted and immunotherapy was superior to
single-agent transarterial chemoembolization combined with targeted therapy in terms of prolonging PFS and OS, and the
treatment was well-tolerated.®® Therefore, we recommend adjuvant TACE for large HCC (>5 c¢m) with high-risk factors
(MVI, PVTT, incomplete resection), supported by moderate evidence of short- to mid-term DFS improvement, though
the long-term OS benefit is limited. For large HCC without high-risk factors, TACE is not recommended. In cases of
unresectable large tumors, a combination of TACE with immunotherapy and targeted therapy is advised. Quality
assessment of key studies on adjuvant TACE for HCC with tumor diameter >5 cm is shown in Table 4.
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Table 4 Quality Assessment of Key Studies on Adjuvant TACE for HCC with Tumor Diameter 25 cm

Study Year Study Sample Size | Follow-Up Key Outcomes Evidence Limitations
Design (TACE/ Duration Strength
Surgery)

Fabian et al*® 2024 Retrospective 101 3 years A tumour diameter greater than | Moderate- Single-center
2 5 cm has been identified as one low Retrospective

of the predictive factors design

Improved OS

Feng et al*’ 2023 Retrospective 153/336 5 years Adjuvant TACE is effective only in | Moderate Single-center
patients with high-risk factors Retrospective

design
Gao et al*° 2024 Retrospective 70/227 5 years Adjuvant TACE is particularly Moderate Single-center,
effective for patients with Retrospective

multiple tumours or large design

tumours
Wei et al* 2018 Randomized 125/125 5 years Improved median OS and DFS Moderate- Small sample
clinical trial high size Single-
center

Hepatocellular Carcinoma with Hepatitis B

Globally, chronic hepatitis B virus (HBV) infection persists as a leading etiological factor for liver disease, accounting for
a substantial portion of both morbidity and mortality. The most recent World Health Organization (WHO) report (2024)
indicates that around 254 million people globally are affected by chronic HBV infection, leading to about 1.1 million fatalities
each year.The vast majority of these fatalities are attributable to HBV-related complications, primarily liver cirrhosis and
HCC.° HBV infection is a significant risk factor for HCC, with over 80% of liver cancer patients in China testing positive for
HBV.®” A retrospective study found that the recurrence rate among liver cancer patients without HBV infection was
significantly lower than that among those with HBV infection.®® Huang and He et alnoted that persistently high viral load
during surgery is the primary mechanism for postoperative recurrence in HCC patients, and viral load acts as a valuable
prognostic indicator for HBV-related HCC.%%"® This is consistent with the conclusions of three large-scale prospective
studies.”""” There are various treatment options for HCC with HBV coinfection, such as surgical resection, antiviral therapy,
and TACE. After balancing long-term benefits, costs, side effects, and potential treatment risks of antiviral therapy and TACE,
postoperative TACE remains one of the most cost-effective options for preventing recurrence.”* A retrospective study by Yan
et al enrolled 120 HCC patients with HBV infection, randomly assigning them to four groups: a control group, an antiviral
therapy group, a TACE group, and a combination therapy group. The results showed that postoperative TACE prolonged DFS
in all patients, regardless of whether it was combined with antiviral therapy (P=0.015); therefore, postoperative TACE can
prevent early recurrence of HCC.”* Through an analysis of 432 HBV-positive HCC patients, a retrospective study by Tu et al
established a prognostic model showing that, compared with surgery alone, postoperative combined TACE significantly
improved 1-year, 3-year, and 5-year OS.”> The findings of Zhu et al indicated that patients receiving combined antiviral
therapy and TACE had significantly better OS and DFS than those receiving TACE alone.”® A retrospective cohort study
showed that among HBV-positive patients, those with tumor diameters greater than 5 cm or accompanied by microvascular
invasion constituted the subgroup deriving the greatest benefit from adjuvant TACE. These patients have an extremely high
risk of postoperative recurrence, and TACE can effectively eliminate residual micrometastases. This study had a large sample
size and balanced baseline characteristics, resulting in a high level of evidence.”” A previous prospective randomized
controlled trial indicated that postoperative TACE significantly reduces tumor recurrence and prolongs OS and DFS in
patients with intermediate- to high-risk HBV-associated hepatocellular carcinoma.”® In the randomized controlled trial by Li
et al, results showed that postoperative adjuvant TACE improves survival rates in HBV-positive HCC patients compared to
surgery alone.”” However, some studies suggest that postoperative TACE is not beneficial for all patients with HBV-related
HCC. For example, in patients with active HBV replication or impaired liver function (Child-Pugh B/C grade), adjuvant
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Table 5 Quality Assessment of Key Studies on Adjuvant TACE for HBV-Related HCC

Study Year Study Sample Size Follow- Key Outcomes Evidence Limitations
Design (TACE/ Up Strength
Surgery) Duration
Yan et al’* 2013 Retrospective 120 3 years Reduced early recurrence, | Moderate-low Single-center
improved OS Retrospective design
Tu et al”® 2023 Retrospective 432 5 years Improved DFS and OS Moderate Single-center
Retrospective design
Zhu et al’® 2015 Retrospective 118/176 5 years Improved DFS and OS Moderate Single-center
Retrospective design
Li et al”” 2024 Retrospective 1488 5 years Improved median OS and | Moderate-high | Retrospective design
DFS
Wang et al’® 2018 Randomized 140/140 5 years Reduced early recurrence, | Moderate-high Small sample size
clinical trial improved median OS and
DFS

TACE not only fails to improve survival rates but may also increase the risk of liver failure; moreover, the hepatotoxicity
associated with postoperative TACE is particularly pronounced in patients with active HBV replication.*® This is primarily
because the chemotherapeutic agents used in TACE can directly suppress the body’s immune function, disrupting the immune
balance and thereby inducing HBV reactivation. Reactivated HBV further invades and damages hepatocytes, triggering acute
hepatitis and, in severe cases, leading to irreversible liver failure; Additionally, TACE blocks blood supply to the liver, causing
ischemia and hypoxia in normal liver tissue. In patients with active HBV replication, hepatocytes are already in a state of
chronic inflammation and damage due to long-term viral infection; the ischemia-reperfusion injury and chemotoxicity induced
by TACE further exacerbate hepatocyte necrosis, ultimately leading to liver failure.®'** A 2023 retrospective study further
confirmed that, in terms of recurrence rates and survival, postoperative TACE offers no significant advantage over surgery
alone for patients with low viral loads and good liver function.®* The key factors driving this difference lie in the liver’s ability
to tolerate TACE and the extent of viral replication: moderate- to high-risk patients (high viral load, mild liver dysfunction)
may benefit from TACE’s anti-recurrence effects under the protection of antiviral therapy; whereas in patients with active viral
replication or poor liver function, whose hepatocytes are already damaged, TACE’s chemoembolization may further exacer-
bate liver injury, thereby offsetting the therapeutic benefits. Furthermore, patients with low viral loads and good liver function
have a lower risk of recurrence due to residual localized lesions; therefore, they cannot fully utilize the local therapeutic
advantages of TACE. Currently, researchers have utilized Cox regression models to establish risk scoring models or
nomograms based on risk predictive factors to guide decision-making for postoperative TACE in HBV-related HCC patients
and predict tumor recurrence following postoperative TACE.”>*%% In summary, we recommend adjuvant TACE for patients
with HBV-related HCC who have moderate-to-high viral loads (HBV-DNA >10* TU/mL) and Child-Pugh A liver function;
the evidence for this is moderate-to-high. Concurrent use of antiviral medications is an essential measure to reduce the risk of
HBYV reactivation. TACE is not recommended for patients with low viral load, good liver function, active HBV replication, or
Child-Pugh A liver function. Quality assessment of key studies on adjuvant TACE for HBV-related HCC is shown in Table 5.

Hepatocellular Carcinoma with Bile Duct Cancer Embolism

The occurrence of HCC with concurrent bile duct tumor thrombus (BDTT) is infrequent in clinical settings, reported rates
falling within a range of 0.5% to 12.9%.** BDTT is characterized by malignant thrombus formation inside the biliary tract
subsequent to tumor infiltration. Such thrombi can extend distally, potentially causing obstruction of the extrahepatic bile
ducts. When the tumor extends into the proximal bile duct, pieces may break off and travel downstream. This process may
precipitate bleeding, cause partial or complete bile duct blockage, and induce obstructive jaundice. Once this occurs, the
patient’s condition will deteriorate rapidly, and without timely treatment, death may result from liver failure.® Studies indicate
that the development of BDTT in HCC portends a worse clinical outcome than cases where it is absent.*® For HCC patients
presenting with BDTT and preserved liver function, surgical resection is generally considered the treatment of choice in
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clinical settings, and is capable of yielding satisfactory clinical results.®” Retrospective analysis has shown that patients with
HCC and extrahepatic BDTT can achieve favorable long-term survival following extrahepatic bile duct-preserving
hepatectomy.®™ Adjuvant treatments, including postoperative TACE, radiotherapy, antiviral therapy, and targeted immu-
notherapy, may further enhance survival outcomes for HCC patients diagnosed with BDTT.*** This investigation focuses on
assessing whether adjuvant TACE following surgery improves clinical outcomes in HCC cases complicated by BDTT. In
a retrospective clinical study, Luo et al examined 184 patients with HCC complicated by BDTT; the results indicated that
curative hepatectomy combined with BDTT resection and TACE is the optimal treatment regimen for these patients.”® This
study had a small sample size and was conducted at a single center, resulting in a low level of evidence. In another
retrospective analysis, Chen et al confirmed that both OS and DFS were lower in the group receiving surgery alone compared
to the cohort that received adjuvant TACE postoperatively. This study had a moderate sample size, with no selection bias or
confounding factors, and the evidence was of moderate quality.91 Additionally, a case report described a patient with PVTT
and BDTT. Following radical resection, the patient underwent postoperative TACE. Postoperative follow-up revealed
a decrease in alpha-fetoprotein levels and resolution of jaundice. Although residual lesions were detected during the one-
month postoperative follow-up, no significant recurrence was observed.® Huang et al found through propensity score
matching analysis that HCC patients with BDTT who received adjuvant TACE after surgery had significantly better short-
term recurrence rates and overall survival rates than those who did not receive TACE, and that adjuvant TACE was an
independent protective factor for improved prognosis.”> Nevertheless, only a few investigations have been conducted to date
examining how postoperative TACE affects survival outcomes in BDTT-associated HCC. The therapeutic value of post-
operative TACE in HCC cases complicated by BDTT is still subject to considerable controversy. Some studies have found that
TACE does not improve OS in patients with severe BDTT (involving the common bile duct) or mixed biliary obstruction;
more seriously, in patients who undergo extrahepatic cholangiectomy and choledochojejunostomy, postoperative TACE
significantly increases the risk of complications such as liver abscesses.”> The primary reasons for these differences in
treatment outcomes are the extent of BDTT and the surgical approach: for patients with localized BDTT (confined to the
intrahepatic bile ducts) who are candidates for complete surgical resection, adjuvant TACE can eliminate residual lesions and
reduce recurrence; for patients with severe BDTT or biliary obstruction, bile stasis causes hepatocyte damage, and adjuvant
TACE may further impair hepatocytes, increasing the risk of complications. Furthermore, in patients who have undergone
biliary-enteric anastomosis, changes in biliary drainage occur; inflammation induced by TACE can trigger infection, rendering
adjuvant TACE ineffective or even harmful. Although BDTT increases the difficulty of surgery, surgical resection can still
significantly prolong patient survival when performed during an appropriate surgical window (when jaundice is controlled and
liver function is good). Adjuvant TACE is recommended for patients with localized intrahepatic thrombosis and those
undergoing total surgical resection for BDTT. However, TACE is not recommended for patients with severe BDTT or
those who have undergone choledochoenterostomy, due to limited efficacy and an increased risk of complications. Quality
assessment of key studies on adjuvant TACE for HCC with BDTT is shown in Table 6.

Table 6 Quality Assessment of Key Studies on Adjuvant TACE for HCC with BDTT

Study Year Study Sample Size Follow- Key Outcomes Evidence Limitations
Design (TACE/ Up Strength
Surgery) Duration
Luo et al”® 2009 Retrospective 184 3 years Radical hepatectomy Moderate- Single-center
combined with BDTT low Retrospective design
resection and TACE is the Small sample size
optimal treatment regimen
Chen et a.”! 2022 Retrospective 134/174 5 years Improved DFS and OS Moderate Single-center
Retrospective design
Anh et al® 2024 Case Report - - Improved DFS and OS Moderate Case study
Huang et al” 2020 Retrospective 61/48 3 years Reduced early recurrence, Moderate Small sample size
improved OS Retrospective design
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Hepatocellular Carcinoma with Positive Mesenchymal Circulating Tumor Cells

In 1896, scientists from Australia were the first to identify a class of cells in the blood of patients with metastatic
cancer that bore morphological similarity to tumor cells; these were subsequently designated as circulating tumor
cells (CTCs). CTCs originate from the primary tumor or metastatic sites and are considered precursors to tumor
metastasis and recurrence.”® Studies demonstrate that postoperative detection of mesenchymal CTCs (mCTCs) in the
bloodstream is independently associated with early tumor recurrence after curative HCC resection and could
function as a promising prognostic indicator.”>*® This is primarily because CTCs originating from the primary
tumor participate in the hematogenous spread of HCC, leading to extrahepatic and intrahepatic recurrence. This
review has elaborated on the substantial survival advantages that postoperative adjuvant TACE can offer to a subset
of HCC patients. Therefore, determining the potential of adjuvant TACE to extend survival in HCC patients with
positive mCTC status merits further investigation. This is an area that requires further exploration. A retrospective
study by Zhang et al involving 261 patients with HCC showed that, compared with patients who received surgery
alone, those with mCTC-positive disease who underwent postoperative TACE treatment had significantly improved
RFS and OS (P=0.004, P=0.045). An analysis of 102 mCTC-positive HCC patients showed that, compared with
patients who underwent surgery alone, those who received adjuvant TACE therapy postoperatively had
a significantly lower mCTC positivity rate (46.4% vs. 88.4%, P=0.031).° This single-center study had a small
sample size and a short follow-up period, resulting in low-quality evidence. Due to the low incidence of this disease,
no other studies have been published to date, and it remains to be determined whether postoperative TACE can
improve the prognosis of these patients. More robust clinical trials are needed to clearly evaluate the therapeutic
efficacy of postoperative TACE for mCTC-positive HCC. Therefore, adjuvant TACE may improve outcomes for
patients with mCTC-positive; however, the evidence is limited and of low quality, and further exploration through
large-scale clinical trials is still needed.

Predictors of Clinical Benefit from Postoperative Adjuvant TACE

Treatment for Hepatocellular Carcinoma
The predictive factors for clinical benefit from postoperative adjuvant TACE treatment for hepatocellular carcinoma are
shown in Table 7.

Chromobox 4 (Cbx4)

Cbx4, which belongs to the CBX protein family, functions as a distinctive Polycomb group (PcG) protein. By
participating in essential biological processes, it plays a role in cancer progression and cell cycle modulation. As
a core component of the Polycomb group (PcG) family, polycomb repressive complex 1 (PRC1) acts as a key regulatory
complex responsible for chromatin modification and transcriptional repression'®® Cbx4 expression is notably upregulated
in hepatocellular carcinoma tissues. High Cbx4 expression also shows connections to several negative prognostic factors,
for instance, heightened AFP, enlarged tumor size, inferior differentiation grade, and progressed TNM stage.'® Increased
levels of Cbx4 are linked to poorer OS outcomes in individuals with HCC.""® Cbx4 has been found to promote
angiogenesis and metastasis in HCC via the acetylation of hypoxia-inducible factor la, according to recent
research.''’ Additional research confirms that Cbx4 promotes vascular endothelial growth factor (VEGF) upregulation
in hypoxic HCC cellular environments. In parallel, significant associations have been identified between Cbx4 expres-
sion, VEGF levels, and markers of angiogenesis in clinical HCC tissue samples.''? Jiao et al carried out a retrospective
investigation involving 727 HCC patients, who either received postoperative TACE or did not undergo the treatment. For
patients with elevated Cbx4 expression, TACE was associated with a marked extension in OS. In the low-expression
population, however, no such prolongation of survival was demonstrated.''' Consequently, Cbx4 might be considered
a candidate indicator for anticipating therapeutic outcomes from postoperative TACE.
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Table 7 Predictive Indicators for the Efficacy of TACE Treatment After Surgery

Indicator References Number of Patients in the TACE/ 1/2/3/5-Year OS (%) Median/1/3/5-Year DFS (%)
Control Group
High Expression Low Expression High Expression Low Expression High Expression Low Expression
TACE+SR TACE+SR TACE+SR TACE+SR
High Expression SR Low Expression SR High Expression SR Low Expression
SR
Kié7 Zhao et al”’ 38/37 45/46 97.5/85/79.5/NR 91.7/83.3/74.3/NR 80/77.5/69.2/NR 63.9/55.6/42.9/NR
79.1/48.8/42.9/NR 91.7/88.9/71.4/NR 53.5/39.5/32.6/NR 83.3/63.9/55.6/NR
P=0.001 P=0.89 P<0.001 P=0.279
MicroRNA-465 | Zhang et al’® NR NR High expressionTACE (-):MST:8 months;MRT:6 months
High expressionTACE (+):MST:23 months;MRT:15 months
Low expressionTACE (-):MST:34 months;MRT:24 months
Low expressionTACE (+):MST:29 months;MRT:26 months
Cripto-| Li et al” NR NR Median OS:36.5 months/NR/NR/NR/40.9 NR
Median OS:22.5 months/NR/NR//NR/28.1
NLR22.5 Feng et al'® 84/45 82/40 97.4/87.2/76.9/NR 95.2/80.9/78.4/NR 74.4/71.8/59/NR 73.8/61.7/59.2/NR
82.2/62.2/50.8/NR 92.5/80/67.3/NR 57.8/40/28.9/NR 87.5/69.5/59.1/NR
References Indicator os P
HR 95% CI
Hu et al® Increase in liver function grading>2 1.264 1.063-1.502 0.008
Thrombocytopenia<|00 0.659 0.461-0.941 0.022
Tumor diameter25cm 1.67 1.101-2.534 0.016
MVI 1.36 1.029-1.798 0.031
Increased serum HBYV viral load 1.612 1.179-2.205 0.003
Increase in liver function grading=| 1.48 0.93-2.36 0.033
Serum HBYV viral load>104 1.71 1.13-2.59 0.012
Tumor size25cm 1.75 1.15-2.65 0.008
MVI 1.53 0.99-2.36 0.008
TNM (Il 0.547 0.346-0.865 0.015
Guetal' Tumor size (>5 cm) 0.593 0.389-0.905 0.025
Tumor number (>1) 0.403 0.195-0.835 0.034
Preoperative AFP (>100 ng/mL) 0.585 0.367-0.932 0.037
HBV positive 0.557 0.377-0.822 0.007
Spleen diameter (2110 mm) 0.533 0.332-0.855 0.019
ALP (>95U/1) 0.566 0.360-0.890 0.024
MONO(>0.4x10°/1) 0.437 0.272-0.702 0.003
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Liu et al'® GGT (>80UIL) 3.249 1.946-5.425 <0.001
Zhao et al'® GLR (230.39) I 0.14-0.6 0.001
AFP (2400) [ 0.31-0.84 0.008
MVI | 1.96-8.17 <0.001
Chen et al'®™ FHR (>23) 3.338 1.810-6.157 <0.001
Xia et al'%® AHR (>0.94) Univariable analysis:6.376 2.584-15.735 <0.001
Multivariable analysis:6.698 2.561-17.519 <0.001
IRE 2.204 0.990-4.906 0.053
2.800 1.186—6.608 0.019
PTC 0314 0.135-0.732 0.007
0.401 0.166-0.965 0.041
Liang et al'® LIPI 4018 1.716-9.408 0.001
2.205 1.416-3.434 <0.001
References 1/3/5-year OS (%) 1/3/5-year DFS (%) Recurrence rate/Mortality rate (%)
Early-stage TACE Delayed TACE P Early-stage TACE Delayed TACE P Early-stage TACE Delayed P
TACE
Sun et al'”’ 94.5/79.8/65.4 93.4/66.7/51.2 NR 72.1/48.8/37.7 59.4/37.5/26.1 NR 52.72/29.41 70.75/46.23 <0.01
Gu et al'” 2-year survival rate 2-year survival rate 78 0.021 NR 20.8 40.8 0.006
88.7

Abbreviations: SR, Surgical resection; TACE, Transcatheter arterial chemoembolization; OS, Overall survival; DFS, Disease-free survival; NR, Not reported; HR, Hazard Ratio; MST, Median Survival Time; MRT,
Median Recurrence Time; AFP, Alpha-Fetoprotein; ALP, Alkaline Phosphatase; MONO, Monocyte; GLR, GGT-to-Lymphocyte Ratio; FHR, Ferritin-to-Hemoglobin Ratio; NLR, Neutrophil-to-lymphocyte ratio AHR, ALT-to-
Hemoglobin Ratio; IRE, Indeterminate Rim Enhancement; PTC, Peritumoral Capsule.
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Kié67

Ki67 is a protein found in the cell nucleus. It cannot be detected in cells in the resting phase (GO phase). As a result, Ki67
is considered a marker of proliferative activity, and elevated expression levels show a significant relationship with disease
prognosis across various malignant tumor types. Elevated Ki67 expression correlates independently with poorer prog-
nosis and reduced survival rates in patients with HCC, as indicated by clinical reports.''> Zhao et al carried out
a retrospective investigation involving 180 HCC patients, and the results demonstrated that for HCC patients with
high Ki67 expression, postoperative TACE was able to effectively lower the likelihood of tumor recurrence and extend
0S.°” However, Xu et al observed in their retrospective study that postoperative TACE appeared to provide benefits
solely to patients with low or moderate Ki67 indices, and might not be advisable for those with high Ki67 indices.''
Despite the discrepancy between these two studies, both imply that the extent of Ki67 expression could be a useful

indicator in predicting response to adjuvant TACE after surgery.

MicroRNA-465 |

MicroRNAs (miRNAs) represent a category of non-coding single-stranded RNAs transcribed from endogenous genes,
and they have an approximate length of 22 nucleotides. These RNA molecules have the function of regulating target
mRNAs. It has been reported that microRNAs have significant implications for the prognosis of HCC patients.''> The
microRNA-4651 gene encodes a small RNA molecule, microRNA-4651, which has been found to be present in HCC
individuals who are positive for aflatoxin B1. It demonstrates potential for predicting the prognosis of aflatoxin B1-
associated HCC.''® Zhang et al reported in a retrospective investigation that microRNA-4651 overexpression potentiated
the efficacy of postoperative TACE treatment in patients diagnosed with HCC. When microRNA-4651 expression is
elevated, the implementation of postoperative TACE in HCC cases is associated with prolonged OS, reduced mortality,
and decreased rates of tumor recurrence.”® These findings suggest that microRNA-4651 is a valuable prognostic indicator
for determining whether HCC patients require postoperative adjuvant TACE therapy and can also serve as one of the
indicators for predicting the efficacy of postoperative TACE treatment.

Teratocarcinoma-Derived Growth Factor-1 (Cripto-1)

Cripto-1 exerts its oncogenic role by triggering epithelial-mesenchymal transition, a key mechanism that subsequently
supports the invasive and migratory behaviors of cancer cells.; it also directly boosts cell proliferation, inhibits
apoptosis, and enhances angiogenesis. It has been established in prior research that high expression of Cripto-1
indicates that HCC tumor cells exhibit invasive, proliferative, and migratory capabilities, leading to poor prognosis in
HCC patients."'” It was noted by Li et al that among HCC individuals with diminished Cripto-1 expression, post-
operative TACE was linked to earlier disease recurrence and did not significantly improve OS when contrasted with
those not treated with TACE. Conversely, individuals with high Cripto-1 expression exhibited enhanced OS following
adjuvant TACE therapy.”® The researchers also integrated Cripto-1 expression with high-risk recurrence factors to
evaluate the response to adjuvant TACE in postoperative HCC patients. The results showed that among patients with
high recurrence risk factors, individuals with low Cripto-1 expression gained no benefit from adjuvant TACE; in
contrast, among those with high Cripto-1 expression, patients who received adjuvant TACE had a longer OS than those
who did not. The results indicate that Cripto-1 expression could be useful in evaluating the clinical outcomes of
diverse HCC patients following adjuvant TACE.

Gamma-Glutamyl Transferase (GGT)

GGT is one of the indicators of liver function tests, primarily involved in glutathione metabolism. Clinically, elevated
GGT levels may indicate liver or biliary tract diseases in patients. Given its non-invasiveness and ease of acquisition,
GGT has garnered significant attention in tumor prognosis.''® Within the multivariate analytical framework developed by
Liu et al, sustained high levels of gamma-glutamyl transferase (GGT) were correlated with increased mortality in
advanced-stage HCC. Additionally, patients with low GGT levels exhibited notably higher 2-year survival rates in
comparison to those with high GGT levels (P=0.001). The findings of the study suggest that, irrespective of factors
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associated with the primary tumor, patients with high GGT levels have an unfavorable long-term prognosis. More
importantly, postoperative adjuvant TACE decreased late mortality in individuals with high GGT levels.''? Similarly, Ke
et alnoted that the higher the GGT elevation in advanced HCC patients, the greater the benefit they derived from
postoperative TACE."'® Therefore, serum GGT levels can predict the effectiveness of TACE treatment in patients with
HCC following surgery.

Gamma-Glutamyl Transferase to Lymphocyte Ratio (GLR)

Lymphocytes are crucial for tumor immunity in the human body. When high levels of lymphocytes are present around
a tumor, it indicates a better prognosis. As discussed in Section 2.5, high levels of GGT indicate a poor prognosis for
HCC. GLR is calculated using these two predictive factors and is able to comprehensively evaluate a patient’s liver
function and immune status. Therefore, a high GLR indicates severe liver dysfunction and impaired immune status.'® In
a multivariate analysis performed by Zhao et al, GLR emerged as a standalone factor in predicting HCC outcomes.'®

Moreover, in HCC patients treated with postoperative TACE, GLR independently predicts OS outcomes.

Ferritin-to-Hemoglobin Ratio (FHR)

Within the human body, ferritin primarily serves the function of store iron. It not only participates in the
hematopoietic process but also regulates the function of the immune system. Serum ferritin levels can assess iron
storage status and the body’s overall nutritional status. Pathological studies have shown that free iron is
a mechanism leading to tumorigenesis.'?’ The liver is the primary site for the synthesis and storage of ferritin,
and hepatocellular carcinoma cells can synthesize and secrete ferritin, leading to a significant elevation in serum
ferritin levels.'?' Therefore, elevated serum ferritin levels indicate the progression of HCC. Studies reveal a higher
prevalence of anemia among oncology patients, along with substantial shifts in hemoglobin measurements before
and after treatment.'*> Chen et al observed that high FHR is linked to tumor progression and poorer OS, and
postoperative adjuvant TACE can notably extend OS in HCC patients with high FHR.'** Consequently, the FHR
could function as a promising biomarker for predicting the efficacy of adjuvant TACE following HCC resection.
Implementing TACE in postoperative patients with high FHR levels may significantly enhance their clinical
outcomes.

Neutrophil-to-Lymphocyte Ratio (NLR)

Neutrophils, as the most abundant inflammatory cells, are a key component of the immunosuppressive microenvir-
onment in HCC and are significantly related to HCC progression and immune escape.'®> Published reports have
confirmed that NLR is a prognostic predictor for HCC, with higher NLR values being associated with poorer
outcomes.'**'?3 A meta-analysis by Li et al demonstrated that increased preoperative NLR predicts adverse clinical
outcomes in HCC patients treated with TACE, highlighting its utility as an important prognostic assessment tool.'*®
Additionally, Feng et al further observed that patients with lower preoperative NLR had a lower likelihood of
benefiting from postoperative TACE, in contrast, the administration of TACE after surgery can lead to better
prognosis in patients who present with increased preoperative NLR.'° This indicates that NLR not only serves as
a prognostic evaluation indicator for TACE treatment of HCC but also functions as a predictive factor for
postoperative adjuvant TACE therapy.

Lung Immune Prognosis Index (LIPI)

LIPI comprises the derived neutrophil-to-lymphocyte ratio and lactate dehydrogenase. The prognostic value of LIPI has
recently been demonstrated for patients receiving immune checkpoint inhibitor therapy for cancer.'?” A prospective study
established an effective cutoff point based on preoperative prognostic factors through multivariate analysis and validated
it in a validation cohort.'’ The findings indicated that LIPI exhibited better predictive performance for HCC recurrence
in comparison to other inflammatory biomarkers. It was also first proposed that preoperative LIPI may serve as a strong
predictive factor for HCC patients who undergo postoperative TACE.
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Timing of Postoperative Adjuvant TACE

While adjuvant TACE after surgery enhances outcomes for certain HCC patients, the optimal timing of TACE administration
remains without established consensus. Several researchers recommend initiating TACE soon after surgery for HCC patients
meeting the eligibility criteria for this treatment;*® however, performing TACE too early after liver resection, when liver
function has not yet recovered, may exacerbate the burden on the liver. Additionally, if postoperative infections are not fully
controlled, complications such as liver failure may occur.'®'? In their research, Sun et al applied logistic and Cox regression
analyses to assess the effect of postoperative TACE timing on clinical outcomes. For HCC patients characterized by high-risk
recurrence indicators, the study demonstrated that the postoperative timing of TACE independently influences prognosis.
Earlier application of TACE was linked to substantially lower recurrence and fatality rates versus delayed administration.
Significantly improved 1-, 3-, and 5-year DFS and OS were observed in patients receiving early TACE compared to those
undergoing delayed TACE. The study recommended that patients undergo postoperative TACE approximately one month
postoperatively.'”” Additional research confirmed that early TACE intervention (within 4-8 weeks post-resection) in HCC
cases led to a reduction in postoperative recurrence and better survival rates.'°* Therefore, the optimal timing of postoperative
TACE can predict its therapeutic efficacy.

Baseline Characteristics of Patients Prior to Postoperative Adjuvant TACE

Hu et al identified five risk factors closely linked to prognosis via multivariate Cox regression analysis: Pretreatment
HBYV load, platelet level, MVI presence, tumor dimension, and an increase by >2 points. Among these, a low
platelet count was considered an independent risk indicator for postoperative TACE.®® Despite the moderate survival
benefit conferred by adjuvant TACE, factors such as vascular invasion and large tumor dimensions play a more
dominant and potent role in predicting HCC prognosis. In two additional multivariate analyses, it was noted that
increased Child-Pugh score, HBV levels, tumor diameter, and the presence of MVI are strongly correlated with
predicting postoperative TACE prognosis.* Gu et al found that TNM stage (III), tumor size (>5 cm), tumor number
(>1), preoperative AFP (>100 ng/mL), HBV positivity, and spleen diameter (>110 mm) are important factors in
predicting the efficacy of postoperative TACE. More importantly, in this study, spleen diameter was first identified
as an important predictive factor, and elevated alkaline phosphatase and monocyte counts were first reported as risk
factors for postoperative TACE outcomes.'®" In a multivariate regression analysis conducted by Xia et al, irregular
rim-like enhancement in the arterial phase (IRE), peritumoral capsular enhancement (PTC), and the alanine
transaminase-to-hemoglobin ratio (AHR) were identified as independent prognostic factors for OS following
TACE.'% All of these variables may function as prospective markers for predicting response to postoperative
adjuvant TACE.

In summary, we believe that GGT and NLR, owing to their ease of acquisition, low cost and extensive validation
in research, can serve as practical tools to guide decisions regarding adjuvant TACE at present; furthermore, key
clinical parameters that directly influence treatment outcomes (timing of adjuvant TACE [1 month post-procedure],
tumour diameter, HBV viral load), as well as pre-procedure AFP levels and spleen diameter, may also be used as
references for comprehensive assessment. Although molecular biomarkers (Cbx4, Ki67, MicroRNA-4651, Crypto-1)
and novel inflammatory markers (GLR, FHR) have demonstrated predictive value in preliminary studies, the
evidence primarily stems from small-sample, single-centre retrospective studies, and testing standards remain
inconsistent. Before these can be adopted as routine clinical biomarkers, validation through large-scale prospective
studies is urgently required.

Limitations of Existing Evidence

Although numerous retrospective studies and meta-analyses suggest that adjuvant TACE after surgery may offer potential
survival benefits for specific subgroups of HCC patients, the current evidence remains significantly limited, which
constrains its clinical implementation and application. First, the study designs are limited; most existing evidence comes
from retrospective cohort studies, which are prone to selection bias. High-quality, multicenter randomized controlled
trials are extremely scarce, and existing randomized controlled trials often have small sample sizes and short follow-up
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periods, resulting in low overall evidence strength. Second, there are significant differences in study designs. Definitions
of high-risk factors, protocols for adjuvant postoperative TACE (chemotherapy drugs, embolization agents, treatment
cycles), and follow-up criteria vary across studies, resulting in poor comparability and limited ability to synthesize
findings. Third, there is a lack of standardization and external validation for biomarkers. For example, testing standards
for predictive markers such as Cbx4 and Ki67 have not been unified, and relevant conclusions are often derived from
single-center studies, making clinical translation challenging. Fourth, there is insufficient attention to the impact on liver
function. Few existing studies systematically evaluate the influence of liver function status (Child-Pugh classification,
HBYV replication levels) on the efficacy of adjuvant TACE, and the risk of hepatotoxicity associated with TACE in
patients with impaired liver function has not been fully validated. Fifth, combination therapy strategies remain unclear.
There are few reports on the combined use of adjuvant TACE with emerging therapies such as immunotherapy and
targeted therapy, and the optimal combination regimens and sequential treatment strategies have yet to be established.
Fifth, the optimal combination therapy strategy remains unclear. Although there are numerous reports on the combined
use of adjuvant TACE with emerging therapies such as immunotherapy and targeted therapy, the optimal combination
regimens and sequential treatment strategies have yet to be established.

Summary
HCC treatment remains a complex and formidable challenge in clinical practice. The rate of tumor recurrence and distant
metastasis at five years following surgery for HCC reaches 40% to 70%. To improve patients’ quality of life, post-
operative adjuvant therapy is often required. TACE, as one of the adjuvant therapy methods, has been widely applied in
clinical practice. While numerous studies support the survival advantage of postoperative TACE in HCC, its appropriate
use depends on careful evaluation of diverse patient-specific factors. Wang et al observed that postoperative TACE
yielded greater clinical benefit for high-risk patients, characterized by conditions like diabetes or cirrhosis and a tumor
size of at least 5 cm. However, patients with protective factors such as tumor encapsulation, anatomical liver resection,
no severe surgical complications, and no blood transfusion can also benefit from postoperative TACE. This suggests that
multiple factors should be considered when deciding on postoperative TACE."*® We synthesized the existing evidence
and conducted a stratified analysis to provide clear clinical recommendations and evidence grading. Patients with MVI,
low-grade PVTT (Vp1-Vp3), tumors >5 cm, and high-risk factors (incomplete resection, satellite nodules) should receive
postoperative adjuvant TACE, as it significantly reduces the rate of intrahepatic recurrence and improves DFS. For high-
risk MVI-positive patients, combination therapy with immunotherapy and targeted therapy is recommended if liver
function permits. Patients with HBV-related HCC who have a moderate-to-high viral load (HBV-DNA >10* IU/mL) or
intrahepatic localized BDTT may benefit from adjuvant TACE, but must concurrently receive antiviral therapy or
postoperative biliary drainage to reduce the risk of hepatotoxicity. For patients with Vp4-positive PVTT presenting
with Child-Pugh B/C liver function, active HBV replication (HBV-DNA >10° IU/mL), or tumors >5 cm in diameter but
without other high-risk factors, adjuvant TACE monotherapy should be avoided, as it does not prolong OS and may
increase complication rates. It is recommended that Vp4-PVTT patients undergo TACE combined with immunotherapy
or targeted therapy, and placement of a radioactive metal stent may be considered when feasible. Adjuvant TACE
improves DFS in mCTC-positive patients, but this requires confirmation by large-scale prospective studies. Additionally,
this review identifies several potential factors predictive of postoperative TACE treatment outcomes, including Cbx4,
ki67, MicroRNA-4651, Cripto-1, and inflammatory indices (GGT, GLR, FHR, NLR), as well as clinical factors such as
the optimal timing for postoperative TACE (1 month after surgery), preoperative AFP level, and spleen diameter. GGT
and NLR have been well-validated as guides for decision-making regarding adjuvant TACE. The optimal timing for
TACE (1 month post-surgery), tumor diameter, and HBV viral load are clinical parameters that directly influence
treatment outcomes and should be incorporated into clinical decision-making for adjuvant TACE. Cbx4, Ki67,
MicroRNA-4651, and Crypto-1 show promise in predicting treatment response to adjuvant TACE; however, current
evidence primarily stems from small-sample, single-center retrospective studies. Validation in large-scale, multicenter,
prospective cohorts is urgently needed before these can be adopted as standard clinical biomarkers.

Based on the above evidence, we have developed a decision pathway to guide clinical decision-making regarding
adjuvant TACE following surgery for HCC (Figure 2).
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The postoperative condition of the HCC patient
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Figure 2 Clinical decision algorithm diagram.

Future Prospects

Although this review has identified patient groups that may benefit from postoperative adjuvant TACE therapy for
HCC, due to tumor heterogeneity and the current limitations and controversies, further studies are needed to
precisely identify the beneficiary population. To address the limitations of the current evidence and optimize the
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use of TACE, future research should focus on the following areas: conducting large-scale randomized controlled
trials in key subgroups, such as those involving patients with MVI-positive or low-grade PVTT, to validate the
findings of retrospective studies; developing standardized predictive models; constructing nomograms that integrate
clinical factors, serum markers, and molecular biomarkers; and conducting external validation to ensure clinical
applicability; Optimizing combination therapy strategies by exploring the use of TACE in combination with various
emerging therapies, with the primary goal of maximizing therapeutic efficacy and minimizing the incidence of
adverse events; and exploring treatment strategies for specific subgroups by conducting large-scale cohort studies in
patients with Vp4-PVTT and mCTC-positive PVTT to investigate the efficacy of adjuvant TACE combined with
immunotherapy or targeted therapy in these populations. In summary, adjuvant TACE is a treatment strategy that can
effectively prevent postoperative recurrence of HCC, but its efficacy depends on patient selection. Future high-level
prospective clinical trials and retrospective case-control studies are still needed to identify the patient subgroups that
benefit from adjuvant TACE after HCC surgery, to guide the development of clinical treatment protocols, and to
improve the survival and quality of life of HCC patients. By identifying and evaluating clinical predictors of
adjuvant TACE after HCC surgery and taking into account the specific type of liver cancer, the optimal treatment
strategy for HCC patients can be formulated.
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